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ABSTRACT 
 
Brachytherapy is used for treating certain types of cancer by inserting radioactive sources into tumours. 
CDTN/CNEN is developing brachytherapy seeds to be used mainly in prostate cancer treatment.  Dose 
calculations play a very significant role in the characterization of the developed seeds. The current state-of-the-
art of computation dosimetry relies on Monte Carlo methods using, for instance, MCNP codes. However, 
deterministic calculations have some advantages, as, for example, short computer time to find solutions. This 
paper presents a software developed to calculate doses in a two-dimensional space surrounding the seed, using a 
deterministic algorithm. The analysed seeds consist of capsules similar to IMC6711 (OncoSeed), that are 
commercially available. The exposure rates and absorbed doses are computed using the Sievert integral and the 
Meisberger third order polynomial, respectively. The software also allows the isodose visualization at the 
surface plan. The user can choose between four different radionuclides (192Ir, 198Au, 137Cs and 60Co). He also 
have to enter as input data: the exposure rate constant; the source activity; the active length of the source; the 
number of segments in which the source will be divided; the total source length; the source diameter; and the 
actual and effective source thickness. The computed  results were benchmarked against results from literature 
and developed software will be used to support the characterization process of the source that is being 
developed at CDTN. The software was implemented using Borland Delphi in Windows environment and is 
an alternative to Monte Carlo based codes.  
 
 

1. INTRODUCTION 
 
Brachytherapy play an important role in the treating of the various types of cancer through 
the clinical use of small encapsulated radioactive sources (seeds) placed at short distances of 
the target volume in order to irradiate the malignant tumor cells [1]. 
 
CDTN/CNEN is developing a brachytherapy seed intended to be used mainly in prostate 
cancer treatment. Within the characterization process of the developed seeds the dose 
calculation play a very important role. In general, the numeric methods for computation 
dosimetry fall into two groups: (i) probabilistic methods based on Monte Carlo simulation; 
(ii) deterministic methods, for instance, using the classical Siervert integral. Monte Carlo 
simulations, based on MCNP codes, for example [2], are highly accurate and general, and can 
handle complex 3-D geometries [3, 4]. However, such calculations require both considerable 
human and hardware costs and long computation times. On the other hand, deterministic 
methods have comparatively some advantages as dose estimation with similar accuracy, by 
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employing considerable simpler and faster algorithms, resulting in shorter time to find 
solutions. 
 
This paper presents a computer implementation of exposure rates and absorbed doses 
calculations using deterministic algorithms. These parameters were calculated using the 
Sievert integral and Meisberger third order polynomial. 
 
The doses were calculated in a two-dimensional space surrounding a seed similar to IMC 
6711 (Oncoseed), taken as example. 
 
 

2. NUMERICAL MODEL 
 
The exposure rate distribution surrounding a linear brachytherapy source can be computed 
using Sievert integral and Meisberger polynomial. The approach to this problem is to divide 
the active region into smaller regions and then apply the square inverse of distance law, and 
use attenuation parameters at each one of the smaller sources [6].  
 
The summation of the all contributions of smaller sources to dose rate, Dp, is given by 
equation 1: 
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where 
• PD    → Dose rate at point  P, cGy.h-1; 

• f     → Dose conversion factor for the tissue, Gy.R-1; 

• Γ      → Exposure rate constant for gamma rays, R.cm2.mCi-1.h-1; 
• C      → Source activity, mCi; 
• N      → Number of segments in which the source is divided; 

• µ      → Linear attenuation coefficient for photons in the source capsule material, cm-1; 

• it       → Distance that the gamma rays travel through the attenuating material, cm; 

• )(dM → Absorption and scattering correction factor, at a distance d, given by 
Meisberger polynomial. 

 
The Meisberger polynomial is used for calculating the absorbed dose in tissue and can be 
given by equation 2. 
 

)(dM = A + B.d + C.d2 + D.d3 ,    (2) 
 
where A, B, C and D are the polynomial constants and d is the distance from source until the 
point where the dose will be calculated. Table 1 presents the values of the polynomial 
constants for Iridium 192 (192Ir), Gold 198 (198Au), Caesium 137 (137Cs) and Cobalt 60 
(60Co), as well as the exposure constants for the gamma rays, specific for these isotopes. 
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Ctf 

Cnaf 

Dnaf 

Erb 

Eeb 

 
Table 1.  Constants A, B, C and D of Meisberger 

polynomial for 192Ir, 198Au, 137Cs e 60Co, and 
exposure constants, Γ , for gamma rays of specific 

isotopes [7]. 
 

 

Isotope 
 

Γ  A B C D 

198Au 
 

4.66 
 

1.0306x100 -8.134x10-3 1.111x10-3 -1.597x10-4 

192Ir 
 

2.32 
 

1.0128x100 5.019x10-3 -1.178x10-3 -2.008x10-5 

137Cs 
 

3.26 

 

1.0091x100 -9.015x10-3 -3.459x10-4 -2.817x10-5 

60Co 
 

12.8 

 

9.9423x10-1 -5.318x10-3 -2.60x10-3 1.327x10-4 

 
 
 

3. COMPUTER IMPLEMENTATION 
 
The described model for calculating doses in a two-dimensional space surrounding the seed 
was implemented using Borland Delphi® in a Windows® environment. The software, named 
ISODOSE, calculates the radiation dose at a point defined by the user, as well as plots a curve 
in a two-dimensional space connecting points of equal calculated doses (isodose curve). 
 
The geometric modeling of the brachyterapy seed, implemented in ISODOSE software, is 
described by two concentrical cylinders. The smaller cylinder represents the active core of the 
source and the greater one represents the shielding cask [6]. 
 
The total source length (Ctf), the active source core length (Cnaf), the active source core 
diameter (Dnaf), the real (Erb) and effective (Eeb) shielding thicknesses describing the 
geometric parameters of the seed, are shown in Figure 1. This figure represents a capsule 
similar to IMC 6711 (OncoSeed) that is commercially available. 
 
 
 
 

 
 
 
 
 
 
 
 
Figure 1.  Geometrical two-dimensional modeling 
of a seed similar to IMC 6711 and its dimensional 

parameters. 
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In order to make possible the dose calculations the active core is divided into smaller discs 
and the resulting dose in a defined point is the summation of the contributions of each disc 
individually. The number of disks in which the source core will be divided in each calculation 
is a parameter defined by the user. The implemented model supposes that the source is 
horizontally placed and its geometric center coincides with the origin of Cartesian 
coordinates system (x=0, y=0). The user shall also define the (x, y) coordinate where the 
radiation dose will be computed. 
 
Another fundamental variable to determine the dose rate for this type of source is the distance 
traveled by gamma rays inside the shielding cask. Thus, there are three different regions 
when calculating the doses, each one with a different mathematical approach. The definition 
of these regions depends on the segment to be analyzed, because these regions are defined in 
terms of segments of straight lines that start from the center of each segment n until the 
internal and external ends of the shielding cask, as illustrated in Figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 2.  Illustration  of the regions 1, 2 and 3 of 

the dose calculation model. 
 
 
 
The thickness traveled by gamma rays inside the shielding cask, EPer, is obtained by triangle 
similarity, as illustrated in Figure 3. This figure shows a specific mathematical approach for 
region 1. A similar approach is used when analyzing the other regions. 
 
 
 
 
 
 
 
 
 

Region 1 

Region 1 

Region 2 

Region 2 

Region 3 

Region 2 

Region 2 

Region 3 



INAC 2009, Rio de Janeiro, RJ, Brazil. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.  Illustration of the mathematical 
approach for region 1 using triangle similarity. 

 
 

 
Then, the shielding thickness traveled by gamma rays in region 1, EPer, is calculated by 
equation 
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where D1 is the hypotenuse of triangle 1, y1 is the y-coordinate of the point where the dose 
rate will be calculated (P(x1,y1)), y2 is function of y1 and of the external diameter of the 
shielding (deb), and y3 is function of y1, deb and the real shielding thickness (Erb). 
 
 

4. RESULTS AND DISCUSSION 
 
Figure 4 shows the main screen of ISODOSE software, where the input data for dose 
calculations are entered. The input data for 137Cs radiation source presented as an example for 
dose calculations using the implemented software are shown in Table 2. Figure 4 also shows 
at the lower right corner the intermediate results of dose rates for some smaller disks and the 
final result of the rate at point (x, y) calculated as the summation of dose rates of the smaller 
disks. 
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Figure 4.  Main screen of ISIDOSE software, 
showing the input data for dose calculations and 

some calculated dose rates. 
 

  
 

Table 2.  Input data of the example shown in 
Figure 4. 

 
INPUT DATA VALUE  UNIT 

Dose conversion factor for the tissue 0.957 Gy.R-1 
Exposure rate constant for gamma rays for 
137Cs 

3.32 R.cm2.mCi-1.h-1 

Source activity 2.67 mCi 
Number of segments in which the source is 
divided 

16 - 

Linear attenuation coefficient for photons 
in the source capsule material 

1.25 cm-1 

Total source length 2 cm 
Active source core length 1.35 cm 
Active source core diameter 0.305 cm 
Effective shielding thickness 0.058 cm 
Real shielding thickness 0.05 cm 
x-coordinate of the point where the dose 
rate will be calculated 

3 cm 

y-coordinate of the point where the dose 
rate will be calculated 

3 cm 
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At Figure 5 is shown an isodose for the calculations carried out as example, using the input 
data shown in Figure 4. As can be seen, at the longitudinal direction of the source, the effects 
of heterogeneous shielding are clearly noted. 
 
The run time of the program is very short, even when the calculations are carried out in a 
personal computer in Windows® environment. The results show good agreement with 
available literature data related to similar seeds, obtained by deterministic approaches [6, 7, 
8]. Table 3 shows the dose rate distribution in a plane containing the long axis of the 137Cs 
and the radial distance calculated by the ISODOSE software (Sievert integral and Meisberger 
Polynomial) and results obtained by Monte Carlo Methods [9]. As can be seen, the ISODOSE 
results are around 15% smaller than Monte Carlo results at radial distances between 1.5 and 3 
cm. Close to the source and at radial distances around 5 cm the differences between the 
results are greater. 
 
 
 

 
 

Figure 5.  Isodose visualization for calculations carried out as example. 
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Table 3. Dose rate (cGy/h) distribution of a cylindrical 137Cs calculated by (a) ISODOSE 
software and (b) Monte Carlo Method [9]. 

 
a) Calculated by ISODOSE software 

Axial 
distance 

(cm) 

Radial distance (cm) 

0.00 0.50 1.00 1.50 2.00 2.50 3.00 4.00 5.00 
0.00 ¯  ¯  ¯  0.513 0.250 0.150 0.100 0.054 0.034 
0.50 ¯  2.049 1.017 0.440 0.228 0.139 0.093 0.049 0.032 
1.00 ¯  0.706 0.496 0.310 0.195 0.130 0.091 0.050 0.031 
1.50 0.382 0.354 0.286 0.211 0.152 0.110 0.081 0.048 0.031 
2.00 0.221 0.210 0.182 0.148 0.116 0.090 0.070 0.044 0.030 
2.50 0.143 0.138 0.125 0.107 0.089 0.073 0.059 0.040 0.028 
3.00 0.099 0.097 0.090 0.080 0.070 0.059 0.050 0.035 0.025 
4.00 0.056 0.055 0.052 0.049 0.045 0.040 0.035 0.027 0.021 
5.00 0.035 0.035 0.034 0.032 0.030 0.028 0.026 0.021 0.017 

 

b) Calculated by Monte Carlo Method [9] 

          
0.00 ¯  2.885 0.945 0.452 0.261 0.169 0.118 0.066 0.042 
0.50 ¯  2.420 0.835 0.419 0.249 0.163 0.115 0.065 0.041 
1.00 ¯  1.181 0.584 0.337 0.215 0.148 0.107 0.062 0.040 
1.50 0.571 0.506 0.363 0.249 0.175 0.127 0.095 0.058 0.038 
2.00 0.279 0.264 0.227 0.178 0.137 0.105 0.082 0.083 0.036 
2.50 0.167 0.160 0.151 0.129 0.106 0.086 0.070 0.047 0.033 
3.00 0.112 0.107 0.105 0.095 0.082 0.070 0.059 0.042 0.030 
4.00 0.060 0.057 0.058 0.056 0.052 0.047 0.042 0.032 0.025 
5.00 0.037 0.035 0.036 0.036 0.034 0.032 0.030 0.025 0.020 

 
 

5. CONCLUSIONS 
 
It was implement a computer program named ISODOSE that computes doses and dose rates 
in a two-dimensional space, using a deterministic algorithm. The results computed with 
ISODOSE show good agreement with available literature data related to similar seeds, 
obtained by deterministic approaches. When benchmarked against results from literature 
based on Monte Carlo simulations they are around 15% smaller at radial distances between 
1.5 and 3 cm. Close to the source and at radial distances around 5 cm the differences are 
greater. The short computer time to find solutions  and the way the deterministic algorithm 
was implemented, that makes possible the upgrading of the program for 3-D applications, are 
motivations for continue the development of related future works. 
 
However, it should be noted that the analytic form, as given by Sievert integral, usually 
underestimates the doses at points along or near the source axis, as can be seen at the 
presented results. The reason for this is that the Sievert integral does not account for multiple 
scattering of photons in the source or its capsule. Moreover, the absorption and scatter 
corrections given by different Meisberger polynomials, show relatively large differences at 
distances around and above 5 cm, compared to AAPM TG 43 formalism, for instance [10]. A 
more accurate approach is to use the Monte Carlo techniques for the calculation of filtration 
effects. Despite Monte Carlo codes (like MCNP) be flexible and reliable to find solutions to 
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complex problems involving heterogeneities, they have to be used very carefully, for instance 
in defining simulation conditions, like geometrical, physical and tally definition, and in 
interpretation of the output files. They also often require large amount of time to prepare the 
input data, calculate doses and analyze the results. 
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