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ABSTRACT

Some of the commercial solid phantoms were unable to provide a good simulation to water at
low and high energy ranges. A potential phantom from Malaysian mangrove wood family,
Rhizophoraspp was fabricated with addition of Soy Protein. An Electron Gamma Shower

(EGSnrc) code was used to evaluate the dose distribution on Rhizophoraspp Soy Protein

phantom at 6 MV photon beam energy.
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The result of the Rhizophoraspp Soy Protein phantom was then compared with the water
phantom and the solid water phantom. This study showed that the uncertainty between
Rhizophoraspp Soy Protein phantom and the water phantom and the solid water phantom is
less than 8 % at certain depth. These comparable results have demonstrated the potential of
the Rhizophoraspp Soy Protein phantom as another option for solid phantom in dosimetry
purposes.

Keywords: mangrove wood; solid water phantom; water equivalent phantom; EGSnrc; depth

dose.

1. INTRODUCTION

Water is the best medium recommended for dosimetry at high-energy photon and electron
beams. Water utilized as reference medium since the measurement was approximately closed
to the estimation of radiation absorption and scattering from human soft tissue. However, it is
not always common sense to perform dosimetric measurements in a water phantom because it
is hard to deal at hectic department [1]. Therefore, solid water equivalent phantoms such as
solid water, perspex, polystyrene and proprietary materials have become a preference mostly
for clinical dosimetry [2].

Studies on Rhizophoraspp as a water equivalent material have been conducted by several
authors by found that the Rhizophoraspp has a favourable composition with water [2-3].
Comparison between Rhizophoraspp and water properties was further conducted at diagnostic
energy ranges by few researchers [4-5]. In 2001, Rhizophoraspp properties were evaluated in
high energy photons and electron beams [6]. Based on their study, they found out that the
dose discrepancy between Rhizophoraspp and water was within 2.4 and 2.6% for electron and
photon beam respectively.

The binderlessRhizophoraspp particleboard that was lacks in stability was then upgraded by
adding adhesive to improve the dimensional stability as aparticleboard. This indication
improved its dimensional stability as well its morphology structure. The mass attenuation
results also showed that there was no significant difference between Rhizophoraspp with soy
protein at energies between 15.7 to 25.3 keV [7].

A Monte Carlo user-friendly code, Electron Gamma Shower (EGSnrc) code as an advanced
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and reliable technique was used to perform radiation dose calculation. Monte Carlo is widely
used for treatment planning in photon and electron beams [8]. This technique is proved to
provide accuracy between 2-3 % in various phantom setup [9-11]. It uses a random numbers
and probability statistics to model a complex physical system calculation. Monte Carlo
techniques are performed by simulating millions of particles through matter. A larger number
of simulation particles (particle histories) will increase the accuracy in predicting dose
distribution. Although the Monte Carlo techniques provide high accuracy in treatment
planning, computational time initially was prohibitively long for clinical setting. However,
improvements in computing power, technology and approximation method have reduced
computing time to overcome this problem.

In this current study, a model of Primus Linear Accelerator (LINAC) treatment head was
constructed using the EGSnrc code. A 6 MV photon beam energy model was validated using
the actual Primus LINAC beam measurement data before simulation was conducted in
Rhizophoraspp Soy Protein phantom. The dose distribution results of the Rhizophoraspp Soy
Protein phantom was then compared with the water phantom and the commercial solid water

phantom.

2. MATERIALS AND METHODS

2.1. Fabrication of Rhizophoraspp Soy Protein Phantom

The middle part of Rhizophorasppwas harvested from the mangrove forest Taiping, Perak,
Malaysia. The trunk was sawn and reduced into wood chips based on the previous study [12].
The chips were then grounded into small wood dust into the size of 50-104 pm based on the
available horizontal sieve machine. The particleboard with dimension 30 x 30 x 0.5 cm® was
fabricated with target density, 1 g/cm’. Cold pressed were apply on the wood dust of
Rhizophoraspp and Soy Protein at approximately 200 kg/cm’® for 3 min followed with hot
pressed at 200 °c temperature for 20 min and 250 kg/cm3 .

2.2. Monte Carlo Modelling and Validation

The geometrical model of the Siemens Primus LINAC was set up according to the
information provided by the manufacturer, as shown in Fig. 1. Every details of component

module, including density, material composition, position, and direction was necessary to
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build an accurate treatment head of Siemens Primus LINAC.

The 6 MV Siemens Primus LINAC used in this study comprises of a target, primary
collimator, scattering foil, ionization chamber, mirror, secondary collimator, movable jaws
and reticle. The phase space files were generated for 10x10 cm?® field sizes. These phase
spaces contain all of the information (i.e., position, energy, direction and type) for each
particle that exits the treatment head of the Linear Accelerator.

The phase space file was set to be 100 cm from the target. Parameters used to perform the
phase space files were based on recommendation made previous author [13]. Electron cut-off
energy (AE=ECUT) was set to 0.7 MeV, and photon cut-off energy (AP=PCUT) was set to
0.01 MeV. The simulation was performed using 2x10® particle histories. The number of
particle histories was decided the number of primary electrons hitting the target.

A beam data processor (BEAMDP) was used to analyse the photon energy spectrum at the
surface of the water phantom. BEAMDP used phase space data as the input and derived into
spectral distribution and X-Y scatter. The same space phase was then applied as aninput file to
simulate particle transport in the water phantom using DOSXYZnrc/EGSnrc code. A
3-dimensional (3D) water phantom with dimension of 28x28x30 cm® was simulated with a

source to surface distance (SSD) set at 100 cm.
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Fig.1. Schematic diagram of the Primus linear accelerator in EGSnrc/BEAmnrc code

2.3. Calculation of Dose Distribution on Rhizophoraspp Soy Protein Phantom

The RhizophorasppSoy Protein particleboard was scanned on the Computed Tomography (CT)
Scanner using abdomen protocol; 120 kVp with 3 mm slice thickness as in Fig. 2. An image
from the CT scanner was in Digital imaging and communication in medicine (DICOM)
format. DICOM format is the standard communication between different diagnostic and
therapeutic modalities. However, CT phantom option on EGSnrc/DOSXYZnrc code allows
calculation of dose distribution in *.egsphant file format. Thus, CTCreate was used converted
the DICOM format from CT scanner into *.egsphant using process as proposed [14] using
CTCREATE code.

The dose distribution of Rhizophoraspp Soy Protein particleboard was then compared with
the dose distribution on the water phantom and solid water phantom. The dose error at each

depth for the phantom was calculated using the equation below

Dose at Rpb—Dos atSp

Dose error (%) = x 100 % (1)

DoseatS,

whereRp is the Rhizophoraspp Soy Protein Phantom and Sp is the standard phantom; water
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phantom and solid water phantom.

Fig.2.Rhizophoraspp Soy Protein phantom was scanned on CT scanner via abdomen protocol

3. RESULTS AND DISCUSSION

3.1. Validation of Treatment Head Linear Accelerator

Aprecise and validated model of the Primus LINAC was required to ensure that the Monte
Carlo model was accurate for dose calculations. The X-Y scatter and energy spectral were

calculated by BEAMDP utility from the phase space file at SSD =100 cm.

Fig.3. X-Y Scatter plots of the 6 MV photon beam energy
Fig. 3 illustrates the X-Y scatter plots of the 6 MV photon beam energy at 10 x 10 cm? field
size. The jaws (X and Y jaws) were open as expected. The jaws also functioned to collimate
the beam very well to generate the accurate field sizes. Some scattered radiation was expected
in the scatter plot due to the interaction that occurred between the electron beam and the

accessories on the treatment head of the linear accelerator.
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Fig.4. Energy spectrum for 6 MV photon beam at 10x10 cm?2 field size
Fig. 4 shows the energy spectrum of 6 MV photon beam. The spectrum was measured at a
distance of 100 cm, where phase space was placed. Energy spectra are dependent on the
accelerator tube and scattering foil [10]. As illustrated, the energy spectrum had one peak and
the ended at 6 MeV (6 MV photon mode) due to its initial kinetic energy. It was comparable

with the previous researcher that uses the same energy on their study [15].
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Fig.5. Comparison of dose along the central axis between Monte Carlo simulation and ion
chamber measurement from linear accelerator in a water phantom

The dose along the central axis from the Monte Carlo simulation was then compared with the
ion chamber measurement from the linear accelerator in a water phantom as shown in Fig. 5.
The curves were normalised to depth at maximum dose. Generally, dose along the central axis
is dependent on the initial kinetic energy as well as the energy distribution in material it is
interacting. In this study, initial kinetic energy for the 6 MV photon beam was set based on the
information provided by the manufacturer.

The curves for the simulation Monte Carlo and measurement data were similar in shape with

good agreement by having less than 2 % percentage difference. These small differences
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between simulation and measurement data can be explained by the electron contamination
that occurred when the electrons interacted with the phantom in the surface region [15].
Another possible reason from the observed discrepancy is because of statistical uncertainties
of Monte Carlo method [16]. The number of histories is directly affecting the length of time to
complete the calculation. It worked as important parameter to achieve a precise statistical.
However, there is none of literature provide an exact number of particle history that was
enough for simulation.

3.2. Comparison Depth Dose on the Rhizophoraspp Soy Protein Phantom, the Water
and the Solid Water phantom

The MC calculation on depth dose of Rhizophoraspp Soy Protein particleboard, water
phantom and solid water phantom were illustrated in Fig. 6. In Fig. 7 and 8, the dose error

between the Rhizophoraspp Soy Protein, the water phantom and the solid water future

detailed.
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Fig.6. Monte Carlo dose calculation on depth dose of Rhizophoraspp Soy Protein phantom,
water phantom and solid water phantom

The Monte Carlo calculated values of dose error for 6 MV photon beams for Rhizophoraspp
Soy Protein with water phantom is less than 2 %. The depth dose at the depth of maximum
dose (Dmax), 1.5 cm was observed identical with the calculation in water phantom. However,
the discrepancies remained within 2 % between dmax and depth 7.5 cm.

For the comparison of dose error between Rhizophoraspp Soy Protein particleboard and solid
water phantom, the discrepancies is within 5 %. At the Dmax, the dose difference was 1 %

between the Rhizophoraspp Soy Protein phantom and the solid water phantom.
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Fig.7. Dose error between Rhizophoraspp Soy Protein phantom and water phantom at certain

depths
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Fig.8. Dose error between Rhizophoraspp Soy Protein phantom and solid water phantom at

certain depths

4. CONCLUSION

In this study, the performance of Rhizophoraspp Soy Protein phantom was verified using
Monte Carlo method. The comparable results of Rhizophoraspp Soy Protein phantom with
water and solid water phantom at high energy photon beams promising a new chapter of
water equivalent materials with discrepancy of measurement less than 2 %. Thus, the

Rhizophoraspp Soy Protein phantom can be potential dosimetric phantom in the near future.
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