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ABSTRACT
Background: Most of the current brachytherapy treatment planning systems (TPS) 
use the TG-43U1 recommendations for dosimetry in water phantom, not considering 
the heterogeneity effects.
Objective: The purpose of this study is developing a method for obtaining correc-
tion factors for heterogeneity for Cs-137 brachytherapy sources based on pre-calculat-
ed MC simulations and interpolation.
Method: To simulate the effect of phantom heterogeneity on dose distribution around 
Cs-137 sources, spherical water phantoms were simulated in which there were spheri-
cal shells of bone with different thicknesses (0.2cm to 1.8cm with 0.1cm increment) 
at different distances (from 0.1cm to 10cm, with 0.5cm increment) from the source 
center. The spherical shells with 0.1cm thickness at different distances from 0.1cm to 
10cm were used as tally cells. The doses at these cells were obtained by tally types F6, 
*F8, and *F4.The results indicate that the percentage differences between the doses in 
heterogeneity sections with the dose at the same positions inside the homogeneous wa-
ter phantom vary when the distance of bone section from the source center increases, 
because of decreasing the average energy of photons reaching the bone layer. Finally, 
the results of Monte Carlo simulations were used as the input data of MATLAB soft-
ware, and the percentage dose difference for each new configuration (i.e. different 
thickness of inhomogenity at different distances from the source) was estimated using 
the 2D interpolation of MATLAB.
Results: According to the results, the algorithm used in this study, is capable of 
dose estimation with high accuracy.
Conclusion: The developed method using the results of Monte Carlo simulations 
and the dose interpolation can be used in treatment planning systems for heterogeneity 
corrections.
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Introduction

The recommendations of the AAPM task group #43 (TG43, and 
TG43U1) has been widely used in most treatment planning sys-
tems for dosimetry of brachytherapy sources. One of the main 

defects of the TG-43 recommendations is considering the homogeneous 
water phantom, not taking the tissue inhomogenity into account. Variety 
of tissues (i.e. bone, soft tissue, air cavities, and etc) with different phys-
ical and radiological properties exists inside the human body. Accurate 
prediction of the dose in presence of heterogeneities is a very important 
issue in maximize the therapeutic benefit in brachytherapy and radiation 
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therapy. The heterogeneity corrections in ra-
diation therapy treatment planning have been 
the topic of different studies [1-5].

The purpose of this study is developing a 
new fast method for the heterogeneity correc-
tions in brachytherapy treatment planning

Material and Methods

Monte Carlo Simulations
Today, the Monte Carlo codes have been 

accepted as the gold standard for medical 
dosimetry. MCNP4C Monte Carlo code has 
been widely used for dosimetry in brachyther-
apy [6,7,8]. In this study, MCNP4C code was 
used for heterogeneity correction for Cs-137 
brachytherapy sources. This code is capable 
of simulating different photon and electron in-
teractions. Various tallies of this code can be 
used for scoring the dose in the phantom. 

In this study, first a spherical water phantom 
was simulated. The tally cells were spherical 
shells with thicknesses of 0.1cm. To score the 
dose at the tally cells, tally types F6, and *F8 
(divided by the mass of the shell), and *F4 
(multiplied by the mass absorption coefficient 
of the tissue) were used. Then the percentage 
differences between the results of these tallies 
were calculated.

In the next step, the spherical layers of bone 
with different thicknesses were simulated in-
side the phantom at different distances from 
the source. Finally the percentage difference 
between the dose in homogeneous and inho-
mogeneous phantom were obtained.

Method for heterogeneity correc-
tion

In this step, the results of the simulations 
were used as the input data in the MATLAB 
software. The percentage dose difference for 
bone layers of other thicknesses in other dis-
tances were obtained using two dimensional 
interpolations in MATLAB for thick bone lay-
ers, and distance based correction factors for 
thin bone layers.

Results and Discussions 

Comparison of different tallies
The dose at different distances (0.1cm to 

10cm) of water phantom were obtained using 
three common tally types *F4, F6, and *F8. 
Figure 1 shows the percentage differences be-
tween the results of the three tallies. Accord-
ing to the results, the percentage difference 
between the dose calculated by *F4 tally and 
the other two tallies, increase by increasing the 

Figure 1: The percentage differences between the doses obtained by different tallies of MC-
NP4C. 
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tally cell distance from the source. The figure 
show that the maximum difference between 
*F4 tally and the other tallies was found to be 
3%. While the difference between the doses 
obtained by tallies *F8 and F6 are less than 
1% at all points. Therefore the tally F6 was 
used for obtaining the dose in heterogeneous 
phantoms containing bone layers.

MCNP4c results for heterogeneous 
phantom

The percentage differences between the 
doses in bone layers of heterogeneous phan-

tom with different thicknesses (from 0.2 cm 
to 1.8 cm) located at 1 cm distance from the 
source center, and the doses at the same posi-
tions inside the homogeneous water phantom 
are shown in Figure 2. As it is obvious from 
the figure, the dose in the bone layer is less 
than the dose in water. This is due to the fact 
that in the photon energy spectrum at distance 
(r=1cm), the Compton interaction is more 
probable than photoelectric interaction; there-
fore the dose in the bone layer is less than the 
dose in water phantom. Figures 3, and 4 shows 
the dose variation inside the heterogeneity 
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Figure 2: Percentage difference between the dose in inhomogeneous phantom and the dose in 
water phantom for different thicknesses of the bone layer (at r=1cm). 
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Figure 3: Percentage difference between the dose in inhomogeneous phantom and the dose in 
water phantom for different thicknesses of the bone layer at r=5cm.
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Figure 4: Percentage difference between the dose in inhomogeneous phantom and the dose in 
water phantom for different thicknesses of the bone layer at r=7cm.

Figure 5: Percentage difference between the dose in inhomogeneous phantom and the dose in 
water phantom for bone thickness of 2cm located at different positions from the source center.
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when the bone layers of different thicknesses 
are located at the distance of 5 and 7 cm from 
the source center. 

Figure 5 shows the percentage dose differ-
ence between water phantom and the phantom 
containing bone layers with equal thicknesses, 
located at different distances from the source. 
The figure shows that the dose in bone layer in-
creases by increasing the distance of the bone 
layer from the source center. This is due to the 
fact that increasing the distance of the bone 
layer from the source center has an important 

effect on energy spectrum of the source, and 
the average energy of the photons reaching the 
bone layer, decreases in bone layers far from 
the source. The photon energy spectrum at dif-
ferent distances from the source (obtained by 
tally F8) is shown in Figure 6. The average 
energy of photons reaching at each layer is ob-
tained by equation 1.

average i iE f E=∑       (1)

The results show that the average energies of 
photon reaching the far layers, decrease signif-
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Figure 6: The spectrum of photons in different layers of phantom (a: logarithmic scale, b: linear 
scale)
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Figure 7: Dose ratio for thin bone layer.

icantly, therefore photoelectric effect begins 
to become dominant, so that the dose in bone 
layer becomes more than the dose in water.

Correction factor for thin inho-
mogenity

The ratio of the dose in the thin inhomogen-
ity layer (i.e. less than 0.4cm) to the dose at the 
same layer in homogeneous water phantom is 
shown in figure 7. According to the figure, a 
correction factor can be introduced for dose 
rate constant obtained in homogeneous water 
phantom according to equation 2.

Λinhomogenity = Λwater
inhomogenity

water

D
D

 
× 
 

or

Λinhomogenity=Λwater ( )30.00003 0.006 0.957x x× − + +  (2)

Where x is the distance of the inhomogenity 
from the source center.

The results of interpolation for 
thick inhomogenity

The MC simulated dose in inhomogeneous 
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phantom with the dose in water phantom for 
a 2cm bone inhomogenity located at different 
distances was compared with those obtained 
by the new method (two dimensional interpo-
lation and applying some correction factors 
for the points in the boundaries). The results 
indicate that the maximum error of the new 
method for dose estimation in heterogeneity 
layer is found to be less than 0.4%.

Conclusion
A new method for inhomogenity correction 

for thick and thin layers of inhomogenities was 
proposed in this study. Different thicknesses 
of inhomogenities were simulated at different 
distances from the Cs-137 source using MC-
NP4C Monte Carlo code. The results of the 
simulations were inserted to a MATLAB pro-
gram in matrix form. The 2D interpolation of 
MATLAB was used to predict the behaviour 
of the dose in bone heterogenities with dif-
ferent thicknesses, and in different distances 
from the source. The results indicate that the 
2D interpolation can predict the changes in 
dose in presence of thick inhomogenities. For 
thin inhomogenities a distance dependent cor-
rection factor for dose rate constant have been 
proposed. 

The accurate results for bone inhomogenity 
shows that the new method can be generalised 
for other inhomogenities inside the phantom 
and other high energy brachytherapy sources. 
This method can be used in treatment planning 
systems for increasing the dosimetry accuracy.
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