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ABSTRACT 

 
The tools developed recently in the areas of computer graphics and animation movies to computer games allow 

the creation of new voxel anthropomorphic phantoms with better resolution and thus, more anatomical details. 

These phantoms can be used in nuclear applications, especially in radiation protection for estimating doses in 

cases of occupational or accidental radioactive incidents, and in medical and biological applications. For dose 

estimates, the phantoms are coupled to a Monte Carlo code, which will be responsible for the transport of 

radiation in this environment. This study aimed to develop a computational tool to estimate the isodose curves 

in the prostate after brachytherapy seed implants. For this, we have created a model called FANTPROST in the 

shape of a 48 mm side cube, with a standard prostate inserted in the center of this cube with different 

distributions of brachytherapy seeds in this volume. The prostate, according to this model, was obtained from 

the phantom voxels MASH2 developed by Numerical Dosimetry Group, Department of Nuclear Energy – 

Federal University of Pernambuco. The modeling of the seeds, added to FANTPROST, was done through the 

use of geometric information of Iodine-125 Amersham 6711 commercial seed. The simulations were performed 

by the code MCNP5 for spatial distributions containing different amounts of seeds within the FANTPROST. 

The obtained curves allowed an estimation of the behavior of the maximum dose that decreases with distance, 

showing that this tool can be used for a more accurate analysis of the effects produced by the presence of such 

seeds in the prostate and its vicinity.  

 

 

1. INTRODUCTION 

 

The tools developed recently in the areas of computer graphics allow the creation of new 

voxel anthropomorphic phantoms with better resolution and thus, more anatomical details. 

These tools are based on polygonal mesh surfaces. These phantoms can be used in nuclear, 

medical and biological applications, especially in radiation protection and dose estimations in 

organs and in their neighborhoods. For dose estimation, the phantoms are coupled to a Monte 

Carlo code, which will be responsible for the transport of radiation in this environment. 

Together, they form a computer model containing the geometrical characteristics of the 

problem. 

 

This work aimed to develop a computational tool to estimate the isodose curves in the 

prostate. For this, computer models were created with different spatial distributions of seeds 

implanted in MASH2 voxel phantom prostate model. The dimensions of the modeled seeds 

were obtained from geometric information of Iodine-125 Amersham 6711 commercial model. 

The set prostate-seeds formed the phantom called FANTPROST which was coupled to the 

MCNP5 Monte Carlo code to perform the simulations. 
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2. MATERIALS AND METHODS 

 

2.1.   The MASH Phantom 

 

The MASH phantom (Fig. 1a) was developed by the Numerical Dosimetry Group of the 

Department of Nuclear Energy from Federal University of Pernambuco [1-2]. Its construction 

is based on polygonal mesh surfaces widely used in 3D games motion graphics. These 

features allow MASH to show further anatomical details in pictures than its predecessor, the 

MAX06 phantom voxels [3] with lower resolution (Fig. 1b). 

 

The volume occupied by MASH is shaped like a parallelepiped with 57.36 cm wide,  

30.96 cm deep and 175.44 cm high. The voxels are cubic with 0.12 cm edge. The phantom 

was adjusted according to the data provided by ICRP 89 [4] to the reference man and when 

coupled to a Monte Carlo code that simulates the transport of radiation on the human body or 

organs of the body, it can be used for studies in radiological protection or medical physics. 

The MASH may be downloaded from the page of Numerical Dosimetry Group [5]. 
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Figure 1.  Front view of the phantom: a) MASH 

and b) MAX06. 
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2.2.   Computational Model 

 

The computational model developed in this work consists of a prostate voxel´s phantom, the 

(FANTPROST) coupled to the Monte Carlo code MCNP5. The FANTPROST was created 

with the density and size of the prostate used in MASH. Its voxels have 1 mm side and this 

phantom´s prostate is centered on a cubic volume with 48 mm edge, equivalent to 48 lines, 48 

columns and 48 slices. 

 

Sources of radiation used in this work were created by modeling small brachytherapy seeds 

added to FANTPROST. We developed five different distributions with: three seeds (Fig. 2) 

and two, four and five seeds (Fig. 3). 
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Figure 2.  Views of FANTPROST containing three 

internal seeds of brachytherapy along y-axis: XZ 

plane (a), YZ plane (b) and XY plane (c); along x-

axis: XZ plane (d), YZ plane (e) and XY plane (f). 
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Figure 3.  Views of FANTPROST containing two 

internal seeds of brachytherapy: XZ plane (a) and 

YZ plane (b), four internal seeds of 

brachytherapy: XZ plane (c) and YZ plane (d), 

five internal seeds of brachytherapy: XZ plane (e), 

YZ plane (f) and XY plane (g). 

 

The source model (Fig. 4) was based on the geometry of Amersham 6711 seeds. The source 

6711 consists of a silver rod (  = 10.5 g/cm3), covered along its entire length by a radioactive 
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layer composed of a mixture of AgBr and AgI present in the molecular ratio of 2.5:1 with 6.2 

g/cm3 density. The whole system is encapsulated by a titanium cylinder (  = 4.54 g/cm3). 

The thickness of the radioactive layer is estimated to be between 1.0 and 2.5 m [6]. The 

silver rod, which is the radiographic marker of this seed, is 2.8 mm long and has a radius of 

0.25 mm. 

 

The ends of the silver rod are conical sections bevelled at 45 degrees and the end faces of the 

silver rod have a radius of 0.175 mm. The encapsulation is done by a titanium tube 3.75 mm 

long, wall thickness of 0.07 mm and outer diameter of 0.8 mm. Due to the different 

thicknesses shown in the welding of the ends of the seeds [6], their dimensions are given at 

intervals and the average is a half-sphere with radius 0.375 mm. The inner surface of the 

welds in this model was considered flat. The total length of the seed is 4.55 mm (Fig. 5). 
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Figure 4. Views of the brachytherapy seed model 

based on AMERSHAM 6711. 

 

 

 

 
 

Figure 5. Geometry model of the 6711 seed [6]. 
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3. RESULTS AND DISCUSSION 

 
For validation, comparisons were made between simulations performed by MCNP5 and EGSnrc 

Monte Carlo codes [7]. The tests showed differences less than 3% and 10% for the radial dose and 

anisotropy functions. 

 

The simulations were performed for five different spatial distributions of seeds (Table 1) 

placed inside the FANTPROST and distributed in the volume of the prostate phantom. These 

simulations were performed on a computer with an Intel ® Corel ™ 2 Duo,  CPU E6750 @2.66GHz, 

1.99 GB of RAM and Microsoft Windows XP operating system, version 2002 service pack 3. 

 

 

 

Table 1.  Number of seeds placed in each distribution in the FANTPROST. 

 

Distribution Number of seeds 

1 02 

2 03 along x-axis. 

3 03 along y-axis. 

4 04 

5 05 

 

 

The distance between axis for seeds placed in the same height is 10 mm. For seeds placed in 

the same axis, the distance between half the length of each seed is 10 mm. 

 

To view the isodose curves in more detail, it was necessary to create a new phantom from 

FANTPROST with new dimensions. The new phantom was named FANTPROSTvisual, and 

it has 480 columns, 480 lines and 480 slices with voxels edges of 0.1 mm. 

 

This technique was used only as a visual feature, because the seeds developed in the model 

have dimensions of approximately 0.8 mm in diameter and 4.5 mm long and these 

dimensions are of the same order of the FANTOPROST voxel which is 1 mm edge. 

 

Using the distributions of seeds listed in Table 1, the spatial regions of FANTPROSTvisual 

were obtained (Fig. 6, 7, 8 and 9). It´s possible to notice that the prostate irradiated regions 

suffer the effect of isodose curves simulated with the MCNP5 code with the FMESH tools. 
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Figure 6. Isodose curves obtained for three seeds 

(view in the XY plane): (a) X-axis and (b) Y-axis. 
 

 

 

 
 

Figure 7. Isodose curves obtained for five seeds 

(view in the XY plane). 
 

 

 

  
 

Figure 8: Isodose curves obtained 

for two seeds (view in the XZ plane). 

 

Figure 9: Isodose curves obtained 

for four seeds (view in the XZ 

plane). 
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The isodose curves illustrated in Fig. 6, 7, 8 and 9 shows the regions of higher or equal to 3% 

of the maximum dose for seeds with activity of 0.7 mCi. These curves have a maximum 

radius of approximately 2.2 mm (Fig. 10). To cover a larger area of the body using this 

model, it´s needed to increase the amount of seeds distributed and decrease the distance 

between their vertical axes. 
 

 

 

 
 

Figure 10. Isodose curve from a modeled seed. 
 

 

 

In brachytherapy treatment with seeds, between 80 and 120 units on average are distributed 

in the prostate and the vertical distance between their axes is approximately 5 mm. This 

indicates that each seed will deposit energy in a circular area of 2.5 mm radius in average in 

the organ of interest. 

 

The comparison between the simulated isodose curves with the experimental ones showed a 

relative error of 12%. This result encourages the continuation of the study and refinements 

will be done. 

 

 

 

4. CONCLUSIONS  

 

 

This work developed a computational tool to estimate the isodose curves in the prostate. 

Computer models were created with different spatial distributions of seeds implanted in 

MASH2 voxel phantom prostate model. The computer models created in this first stage of the 

study showed satisfactory results when compared to the experimental ones. 
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