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ABSTRACT

The aim of this report is to present a new two-piece thyroid-neck phantom produced by
the concurrent use of epoxy resin and poly(methyl methacrylate) (PMMA: plexiglass)
soft tissue equivalent materials. Accordingly, mass attenuation coefficients of the ep-
oxy resin and the plexiglass compounds were obtained from simulation (NIST XCOM
3.1) and measurements (practical dosimetry) and compared to those related to human
soft tissue (ICRU 44). The thyroid-neck phantom and thyroid gland dimensions were
derived from scientific references and the atlas of human anatomy, respectively. The
thyroid phantom was designed by CATIA V5R16 software and produced by the epoxy
resin compound by three-dimensional printer. Other organs were designed by ProNest
software and made by the plexiglass sheets by CNC laser cutting machine. The mass
attenuation coefficients for the epoxy resin (50 keV- 20 MeV) and the plexiglass (0-
20 MeV) were comparable to human soft tissue (ICRU 44), all with standard relative
deviation beneath 5%. In addition, the SPECT images indicated the similarity between
human thyroid tissue and its phantom. In conclusion, this study proves the feasibility
and reliability of epoxy resin application in the production of two-piece thyroid-neck
phantom. This phantom can be applied in the calibration of gamma camera systems,
dosimetry and gamma spectrometry in the nuclear medicine field.
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Introduction
n the therapeutic and diagnostic processes of nuclear medicine, a
radiopharmaceutical is administered to the patient orally or intra-
venously which exposes the patients, occupational staff and general
public to radiation exposure. Currently, there are many nuclear medical
centers around the world, which mainly use ionizing radiation in diag-
nosis or treatment. In most centers, working personnel perform different
tasks such as avoidance, fractionation, labelling and injection, which
increase the risk of exposure and require the implementation of regular
instructions and monitoring to compute the internal dosages of staff [1,
2]. In particular, it is necessary to evaluate the risk of the dose prescribed
by therapeutic methods for the patient. Therefore, a standard method is
necessary to estimate the internal doses in patients [3, 4].
The evaluation of internal doses of radionuclide depends both on the
total number of nuclear transformations of radionuclide around the
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source and on the energy absorbed per unit
mass in the target tissue [5, 6]. The radioac-
tivity of such sources can be measured using
quantitative imaging, direct measurement in
the whole body or specific organs, or by in-
direct measurement in biological specimens
especially in urine. The absorbed dose in the
target tissue can also be calculated by Monte
Carlo simulations [5-7] or Kernel Point doses
[8].

In order to measure the absorbed dose, an-
thropomorphic phantoms are used [5]. These
phantoms are made from materials with an at-
tenuation coefficient similar to that of human
tissue and also represent the anatomical shape
and geometrical dimensions of the target tis-
sue. Phantoms are also used for quality con-
trol, calibration and correction of imaging de-
vices such as gamma camera systems. Current
commercially-available thyroid-neck phan-
toms are fabricated with poly(methyl methac-
rylate)(PMMA: Plexiglass).

In this research, we aim to construct a phan-
tom by the concurrent use of plexiglass and
epoxy resin materials for the first time. Since
epoxy resin is not used in the designation of
these phantoms, the study of physical prop-
erties such as mass density and mass attenu-
ation coefficient were also required. These
coefficients were obtained from measurement
and XCOM database [9, 10], and compared
with the ICRU 44 protocol (soft tissue) which
was previously reported by Berger and Hub-
bell, indicating that polyester resin is equiva-
lent to the soft tissue of human thyroid. The
phantom comprises the spinal cord, trachea
and the esophagus, all based on the images of
magnetic resonance imaging (MRI) as well as
the dimensions given by Bouchet et al. [11].
The phantom can be used in the calibration of
gamma camera for in-vivo measurements in
order to determine patient-specific therapeutic
activity. It can be further used to control the
quality of gamma spectrometry system uti-
lized in nuclear medicine [8].

Material and Methods

Methods

Mass Attenuation Coefficient

Mass attenuation coefficient of epoxy resin,
plexiglass and soft tissue were derived from
XCOM database in the range 0.1 keV to 20
MeV. Using dosimetry measurement, mass
attenuation coefficient was obtained for the
above-mentioned materials at 364 keV energy
(for radioactive "'l source). Mass attenuation
coefficient was governed by equation 1 as fol-
lows:

um = (1/pt) In (I,/T) (1)

Where, p, t, I, I and pm are absorber den-
sity, absorber thickness, initial intensity, total
transmitted intensity and mass attenuation co-
efficient for a specific photon energy, respec-
tively.

Dosimetry

As shown in Figure 1, a specific arrangement
including collimators, "'l radioactive source,
samples and the dosimeter was set up for prac-
tical dosimetry, and the absorbed dose was
measured by X5Cplus dosimeter. This cham-
ber has a 0.25 c¢m?® sensitive volume, and its
useful energy is from 40 keV to 1.3 MeV for
X and gamma rays. The initial collimator was
set up by 4 lead blocks with 12 cm thickness.
The epoxy resin sample with 10 mm thickness
and 10 cm diameter was fixed at 26 cm from
the source. The second collimator was also 4
lead blocks with the same dimensions starting
at 33 cm from the source. The detector was
located at 53 cm from the source at the end of
lead blocks. Using measured data and equa-
tions 1 and 2, mass attenuation coefficient was
calculated. Photon beams were radiated from
the 'l source with 1.5 cm radius. To elimi-
nate beta particles, a 1 cm thickness sheet was
used.

Design

The thyroid-neck phantom was designed
by CATIA V5R16 software based on geom-
etry dimensions recommended by Bouchet
et al. [11]; this phantom is a cylinder with
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Figure 1: The radiation transport set up for
practical dosimetry

12 cm diameter containing a 20 c¢cm?® thyroid.
The morphology of thyroid tissue, vertebral
column, trachea and esophagus were derived
from MRI and CT images in the atlas of hu-
man anatomy (Figure 2)[12]. The geometry
of each tissue was fed into the CATIA V5R16
software based on the above-mentioned refer-
ences. The designed thyroid gland is illustrat-
ed in Figure 3.

Materials

NIST XCOM

NIST XCOM version 3.1 released by the
National Institute of Standards and Technol-
ogy, Maryland, USA, was used to obtain at-
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Figure 2: Human neck cross-section at C6
vertebrae indicating the thyroid gland (Th),
the trachea (Tr), the esophagus (E) and the
vertebral column (VB) derived from [12]

tenuation coefficients. It is a database used to
calculate photon cross-section, photoelectric
absorption, Compton scattering, pair produc-
tion and total attenuation coefficients for ele-
ments and compounds in the range of 1 keV
to 1000 GeV. Cross-sections below and above
absorption edges are accurately represented in
this database [9, 10]. Mass attenuation coef-
ficients of all materials were calculated in the

Figure 3: The thyroid gland sketch designed by CATIA V5R16 based on actual dimensions de-

rived from the atlas of human anatomy
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range of 0.001-20 MeV using this software.

ProNest

The sketch of neck phantom was performed
by ProNest software to cut the plexiglass
sheets (Figure 4). ProNest is one of the best
cutting and nesting software tools in the mar-
ket which was used in the CNC laser cutting
machine.

Plexyglass and Epoxy Resin

Six plexiglass sheets, each with 2 cm thick-
ness, were cut by ROTEC laser cutting ma-
chine. Since chloroform melts the outer layer
of plexiglass, it was used to attach PMMA
sheets to prevent air bubbles and probable in-
homogeneity between the sheets.

Epoxy resin was applied to produce the thy-
roid phantom. This material was composed of
Epichlorohydrin and Bisphenol A. This com-
pound is electrically and chemically (against
acids, bases, lipids, etc.) resistant. It is, like-
wise, waterproof and has little shrinkage com-

— 1825mm

27.00 mm

- 120.00 mm -

Figure 4: The thyroid-neck phantom de-
signed by ProNest software. The central
cylinder is an aluminum rod equivalent to
vertebral column. The bigger cylinder was
produced by PMMA and the dark section on
the top is thyroid container made by epoxy
resin

pared to Polyester resin. (Figure 5)

The curing process which leads to solidify-
ing the liquid epoxy resin was performed by
an Amine hardener based on [13] and [14].
The epoxy: hardener ratio was 10: 5 based on
the recommendations of its producing compa-
ny. A homogeneous blend was solidified after
4 hours in the mold.

Results and Discussion

The comparison of the measured (dosimetry)
versus calculated (XCOM) mass attenuation
coefficients for soft tissue (based on ICRU
44), plexiglass and epoxy resin is illustrated

<

<

)

Figure 5: A section of phantom which was
produced by epoxy resin material. The red
line shows the location and dimension of the
thyroid phantom

in Figure 6. This figure demonstrates the rela-
tive standard deviation (%RSD) below 4% in
the range of 0.05- 20 MeV between mass at-
tenuation coefficients of the above-mentioned
materials. Thus, epoxy resin can be a feasible
and reliable substitution for plexiglass in the
production of nuclear medicine phantoms.
Due to lower effective atomic number of ep-
oxy resin compared to PMMA and soft tissue
in the range of 0.001- 0.05 MeV, the %RSD
correlates inversely with photon energy from
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Figure 6: Mass attenuation coefficient of
plexiglass, epoxy resin and soft tissue de-
rived from XCOM database in the range
0.001 to 20 MeV

7% to 4%.

Table 1 presents the mass attenuation coef-
ficients of soft tissue, PMMA and epoxy resin
at 364 keV energy ("' source most probable
energy). The %RSD between PMMA and ep-
oxy resin results at this energy is 2% which
proves the XCOM outputs.

Figure 7 demonstrates the constructed phan-
tom with a 2.7 cm diameter aluminum cylin-
der at the center and two rhombic air columns
with 1 and 10 mm diameters as trachea. The
esophagus is designed as a cylinder with 1.3
cm diameter. The thyroid phantom was pro-
duced as a separate section for convenience. In
addition, our design allows the use of different
thyroid morphologies in order to assess some

pathological thyroid diseases (e.g. hyperthy-
roidism) in which the size and volume of the
gland would vary.

Figure 8 shows a scintigraphy of the new
thyroid-neck phantom captured by Infinia
Hawkeye 4 gamma camera to evaluate the
phantom morphology. This image proves the
similarity of the new thyroid phantom and the
human thyroid gland.

Figure 7: The constructed thyroid-neck com-
posed of plexiglass and epoxy resin including
the aluminum cylinder as vertebral column.
The cavities 1 and 2 are considered for the
injection into the thyroid phantom

Conclusion

This research proves the feasibility and reli-
ability of epoxy resin compound in the pro-
duction of different phantoms concurrently
with poly(methyl methacrylate) in the energy
range of 50 keV to 20 MeV. The new two-
piece thyroid-neck phantom reported here can
be applied in the calibration of gamma camera
systems, dosimetry and gamma spectrometry
in the nuclear medicine field.

Table 1: Measured (dosimetry) versus calculated (XCOM) mass attenuation coefficients and rel-
ative standard deviation (%RSD) between epoxy resin, plexiglass and soft tissue.

Method Mass Attenuation Coefficient (cm?/g) %RSD
Plexiglass Epoxy Resin  Soft Tissue ER*/ PMMA ER / Soft Tissue
XCOM 1.070E-01 1.043E-01 1.09E-01 25% 4.4 %
Measurement 1.084E-01 1.062E-01 - 2%

* ER = Epoxy Resin
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Figure 8: The scintigraphy of the new thy-
roid phantom captured by Infinia Hawkeye 4
gamma camera
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