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ABSTRACT 

 
Using voxel phantom MAX 06 coupled to the code MCNPX it possible to plot the isodose curves for the main 

levels involved in the treatment of prostate brachytherapy, V100 and V150 which are, respectively corresponding 

curves 144 and 216 Gy to curves are indicative of the quality of the existing implant of prostate brachytherapy. 

The number of 79 seeds 
125

I, were placed in the voxels simulator MAX 06, in the slices x = 7.0, 7.5, 8.0, 8.5, 

9.0, 9.5, 10.0 with the calculation model used in MCNPX in all voxels present in a matrix, it was possible to 

trace the isodose curves for MATLAB. For comparison's and using own routines MCNPX was possible to trace 

the same curves using mesh tallies. The results showed agreement with predicted values in the planning system 

prowess 3D.  

 

 

I. INTRODUCTION 

 

There are many works in the dosimetry area that discuss the applications of 
125

I seeds for 

prostate brachytherapy treatments. In these works, quantities depending on the anisotropy 

factor, radial dose function, constant dose rate and intensity of air kerma are evaluated [9], 

[8], [2], [4].  However, in the literature no studies describing the simulation of brachytherapy 

seeds implanted in voxel phantoms, using the Monte Carlo Method (MCNP), with Mesh 

Tallies program weren’t identified. 

 

In this study the MCNPX code, based on Monte Carlo method, was used to simulate 

permanent implants in prostate using I-125 seeds and MAX  voxel phantom with  edge voxel 

measuring 0.12 cm. As a mass has a typical value of 21.46 g, the activity of 0.27 mCi was 

considered and the number of seeds inserted into the voxel phantom was 88, which represents 

an average number of seeds used in Brazilian clinics [1]. The dose calculation was performed 

considering the integration of the equation of the decay on an infinite time period. 
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Making the use of computer simulation with the processing of data obtained by MATLAB 

program was possible to trace the isodose curves for a selected slice of MAX voxel phantom, 

which has shown in a realistic way which organs or tissues were included by the respective 

isodoses curves. 

 

II. METHODOLOGY 

 

The most commonly seeds used in prostate implants are the manufacturer Amersham model 

6711. They have 4.5 mm in length by 0.8 mm in diameter, enclosed by 0.05 mm of titanium, 

as illustrated in Figure 1 [2]. 

 

The seeds can be supplied individually or packaged in Vicryl, an absorbable suture material 

which when hardened maintain the seeds  fixed  within the tissue to be treated to facilitate the 

dosimetry and minimize their movement. The seeds in general are provided in kits containing 

10 units each. Normally an 
125

I seed is produced with an activity of 0.9 mCi (33.3 MBq), 

however the typical activity of each seed brachytherapy for prostate surgery ranges from 0.27 

mCi (10.0 MBq) at 0 , 38 mCi (14.1 MBq). 

 

 

Figure 1. Geometry of  
125

I seed [2]. 

 

2.1 The insertion of the 
125

I seeds in the MAX phantom 

 

The MAX phantom (Male Adult voxels) was developed by Kramer and colleagues [3], based 

on segmented images of an adult male VOX_TISS8 provided by Zubal et al 2001. The 

MAX06 phantom [4] is an update of the MAX phantom. It includes structures such as 

bronchi, lymph nodes and prostate, which were not available in the original phantoms. There 
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were also changes in the edge of the voxel of 3.6 mm to 1.2 mm for MAX version 06, this 

edge  reduction increase  the number of voxels in the order of 27 times, which makes the 

simulation impossible even for a computer to 8GB of RAM.  

 

Through TomoMC software, 154 slices were selected along the x-axis (18.48 cm), 163 slices 

along the y-axis (19.56 cm) and 131 slices along the z axis (15.72 cm), resulting thus 

3,288,362 voxels instead of 150,000,000 of the total voxels existing in MAX 06, this 

reduction implies elimination of error of dynamic allocation of computer and optimizes the 

computing time of simulation.  Figure 3 shows the 3D prostate view and its adjacent cells. 

 

 

 

Figure 2. 3D view of 
125

I  seeds in the graphical 

viewer Moritz illustrating the prostate cells (35), 

the walls of bladder (40) and the content of 

bladder: water and urine (32) [7].  

 

Figure 2  shows the views of 
125

I seeds in the prostate volume along the x-axis, in steps of 

0.25 cm, except for the first and last slice 6.8 cm and 10.3 cm, respectively. The modeling 

was done to try to homogenize the dose around the prostate volume and respecting the 

standard distance of seeds in the needle used during the operation, which is 1 cm. 

 

In the Figure 3. Are represented the views of 125I seeds in prostate volume along the x-axis 

(x1 = 7.0, x2 = 7.5, x3 = 8.0, x4 = 8.5, x5 = 9.0, x6 = 9.5, x7 = 10.0). The modeling was done to 

try to homogenize the dose around the prostate volume and respecting the standard distance 

of the seeds in the needle used during operation, which is 1 cm. 
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Figure 3. Viewing the input geometry, with 100 

sources using Moritz program (RIPER, 2008). 

 

2.2 MAX Voxels phantom 

 

The results of MAX06 phantom simulations was presented  considering the initial activity of 

0.27 mCi and putting the average number of seeds is 88, [1], [6]. Table 1 shows the total 

number of transformations for the two initial activities and the three seed configurations. In 

this work, was considered the integration of equation (1) on an infinite time period: 

 

 (1) 

 

The Equation 1 solution ,  , was used to calculate the final dose to the treatment of prostate 

cancer due the implantation of 
125

I seeds. The 88 seeds configuration  with 0.27 mCi initial 

activities is the total number of transformations in infinite time period of 6.51 x 10
15

 

(MeV/trans). 

 

2.3 Methodology for the construction of isodose curves in the MAX 06 phantom. 

 

The MCNPX *F8 tally, used for energy deposition assessment, was used to construct the 

isodose curves in a 3D voxels matrix, obtained from the slices selected in figure 3 of the 

MAX06 phantom. This matrix contains not only prostate voxels, but also voxels 

corresponding to some organs that are adjacent to the prostate, as the bladder and colon. Fig. 

5 depicts the coordinates in x-axis (58); y-axis (48:65) and z-axis (64:78), and the 

representation of some adjacent organs, that are part of the pelvis [18]:  

 Prostate (35); 

 Muscles (9); 

 Fat (22); 
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 Lymphonodes (118). 

 

 
Figure 4. methodology for obtaining isodose curves 

using the * F8 tally 

 

 

3. RESULTS 

 

Figure 4 shows the isodose curve for the slice 7.0 cm MAX 06. The blue color represents the 

72,5 Gy curve, the light blue curve 145 Gy, and the color yellow represents the 216,5 Gy 

curve. The cell 35 represents the prostate, 9 the muscle, 118 lymph nodes, 22 colon. 

 

 
Figure 5. Isodose curves for slice x1 = 7.0 cm and 

x2 = 7.5 cm. 
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Figure 6. Isodose curves for slice x3 = 8.0 cm and 

x4 = 8.5 cm. 

 

 
Figure 7. Isodose curves for slice x5 = 9.0 cm and 

x6 = 9.5 cm. 

 

 

 
Figure 8. Isodose curve for slice x7 = 10.0 cm 
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Making use of the MAX 06 phantom, employing a setting of 79 seeds with initial 

activity of 0.28 mCi, it was possible use of the MCNPX code it was possible to derive 

the energy deposited in all the voxels of the phantom containing the 125I seeds. Later, it 

was determined with the aid of MATLAB, the isodose curves for all slices in which iodine 

seeds were inserted. From the isodose curves obtained for the slice positioned at x = 7.0 cm, 

the implant quality indicators V100 and V150 were assessed.  The results showed a difference 

of 13.3%, when compared with the dosimetry protocol TG-64; 0.2% in comparison with the 

work of Amadei [1] and 0.4%, in comparison with França et al [7] .  

 

Table 3. Comparisons between implant quality factors V100 and V150, obtained by MCNP and 

planning systems described in the literature. 

Authors and reference V100 V150 

TG-64 > 95% < 50% 

AMADEI 81,5% 31,0% 

FRANÇA et al 82,0% 47,0% 

This work 81,7% 22,8% 

 

 

4.  CONCLUSIONS 

 

This work design the isodose curves, for the surgery of prostate brachytherapy, with iodine 

125, using mesh tallies of the Monte Carlo code MCNPX. The results were compared with 

the reference values of the AAPM 137, 72.5 Gy, 145 Gy, 216.5 Gy, 290 Gy. The results 

showed that is possible to combine the renowned Monte Carlo method with de voxel 

phantom MAX 06. 

In the future this procedure will be done directly with the tomographic images obtained from 

the patient, for comparisons aimed the optimization of the prostate brachytherapy; 
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