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Background: As a routine method for stepping source simulation, a Monte Carlo program is

run according to the number of steps and then the summation of dose from each run is

taken to obtain total dose distribution. This method is time consuming.

Aim: As an alternative method, a matrix shift based technique was applied to simulate a

stepping source for brachytherapy.

Materials and methods: The stepping source of GZP6 brachytherapy unit was simulated. In a

matrix shift method, it is assumed that a radiation source is stationary and instead the data

matrix is shifted based on the number of steps. In this study, by running MCNPX program

for one point and calculation of the dose matrix using the matrix shift method, the isodose

curves for the esophageal cancer tumor lengths of 4 and 6 cm were obtained and com-

pared with the isodose curves obtained by running MCNPX programs in each step position

separately (15 and 23 steps for esophageal cancer tumor lengths of 4 and 6 cm, respectively).

Results: The difference between the two dose matrixes for the stepping and matrix shift

methods based on the average dose differences are 3.85 × 10−4 Gy and 5.19 × 10−4 Gy for

treatment length of 4 cm and 6 cm, respectively. Dose differences are insignificant and these
two methods are equally valid.

Conclusions: The matrix shift method presented in this study can be used for calculation of

dose distribution for a brachytherapy stepping source as a quicker tool compared to other

routine Monte Carlo based methods.
© 2010 Greater Poland Cancer Centre, Poland. Published by Elsevier Urban & Partner Sp.
1. Background

Brachytherapy consists in the positioning of sealed radioac-

tive sources very close to or in contact with the target tissue.
Because the absorbed dose falls off rapidly with the distance
from the source, high doses may be delivered safely to a
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localized target region over a short time.1 The application
of Monte Carlo simulation in medical physics is dates back
to the end of the 1970s.2 From those days till now, Monte
ums.ac.ir (M. Abdollahi).

Carlo techniques have been widely used in different areas
of medical physics, in particular in physics of radiotherapy.
Several calculation methods, especially Monte Carlo meth-
ods, have been employed to assess the absorbed dose near

. Published by Elsevier Urban & Partner Sp. z.o.o. All rights reserved.
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Fig. 1 – Schematic diagram of stepping source channel of
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ment, first zero matrixes of 600 cells × 280 cells in dimensions
were assumed corresponding to the size of data matrix. The
ZP6 brachytherapy unit.

rachytherapy sources.3–9 Stepping source in brachytherapy
ystems is used to treat a target lesion longer than the effec-
ive treatment length of the source, such as cancerous lesions
n cervix, esophagus and rectum.10 Monte Carlo dosimetry
n HDR brachytherapy stepping sources have been studied
idely.10–14

. Aim

n this study, a Co-60 stepping source (channel 6) of GZP6 after-
oading intracavitary brachytherapy system made by (Nuclear
ower Institute of China) has been simulated by Monte Carlo
-Particle (MCNPX) code.15 The routine method employed to

imulate a stepping source is the running of Monte Carlo pro-
rams based on the number of steps and then summation of
he data acquired following successive running of the pro-
ram. For example, for treatment of a 6 cm tumor by GZP6
rachytherapy unit, the size of each step is 2.5 mm and Monte
arlo programs should be run 23 times which requires a long

ime. To overcome this problem, a matrix based method was
eveloped to obtain dose distributions of stepping sources.

n the matrix based method we assumed that the position
f the source is fixed and instead the data matrix is shifted
ased on the number of steps. This method has been evaluated
y comparing the dose distributions obtained by the conven-
ional Monte Carlo based stepping method and the matrix
hift method for two clinically important treatment lengths
f esophagus cancer.

. Materials and methods

.1. HDR Co-60 source

DR Co-60 GZP6 afterloading unit has six channels includ-
ng one stepping and five non-stepping Co-60 sources for
ntracavitary treatment such as cervix, rectum, esophagus
nd nasopharynx malignancies. The GZP6 stepping source
onsists of a Co-60 active cylinder (length = 2 mm, diam-
ter = 1 mm). The source has a very thin Nickel plating
nd a Titanium capsule (length = 3.5 mm, diameter = 1.5 mm).
here are a number of inactive steel balls in the source
raid (diameter = 1.5 mm). The active and non active pellets
re covered by a steel spring. A schematic representation

f the GZP6 stepping source channel is demonstrated in
ig. 1.
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3.2. Monte Carlo simulations

To calculate dose distribution of a stepping source for intracav-
itary brachytherapy, the stepping source (channel 6) of GZP6
afterloading intracavitary brachytherapy system was simu-
lated by employing the MCNPX code.15 This code is capable
of simulating complicated geometrical structures to a greater
extent than other widely used Monte Carlo programs.9 A cylin-
drical water phantom (length = 80 cm, diameter = 50 cm) was
simulated for dose calculation. The source was located at the
centre of the water phantom. Two photons with emission
probabilities of 0.5 and energies of 1.17 and 1.33 MeV were
defined in a source definition card.

The pedep mesh tally (Type 1) was employed for the
absorbed dose calculation in each mesh cell. The rectan-
gular mesh dimensions for the stepping method were 280
cells × 280 cells × 1 cell. The rectangular mesh dimensions for
the mesh shift method were 600 cells × 280 cells × 1 cell in
which 600 mesh cells and 280 mesh cells spatially are equiv-
alent to 30 cm and 14 cm, respectively. The resolution of
rectangular mesh in both methods was 0.05 cm. The conver-
sion program gridconv was used for converting the mesh tally
output file data into a text file. The pedep mesh tally scores the
average energy deposition per unit volume (MeV/cm3/source-
particle) for the particle type P. The outputs were converted to
dose (Gy) by corresponding conversion factors. For both meth-
ods, a total number of 5 × 108 photon histories were scored
to acquire less than 0.2% statistical uncertainty in the Monte
Carlo calculations. In the stepping method, 15 and 23 MCNPX
programs were run for esophageal tumor length of 4 and 6 cm,
respectively, and dose distribution was calculated in each step
position separately and then the summation of dose from each
run was taken to obtain the total dose distribution.

In the matrix shift method, a Monte Carlo program was
run for one point and the data matrix was shifted based on
the number of steps (15 and 23 steps for esophageal cancer
tumor lengths of 4 and 6 cm, respectively). The isodose curves
for two clinically important treatment lengths of 4 and 6 cm for
esophagus cancer were obtained by both methods and were
compared with each other. The treatment lengths and the step
size (2.5 mm) were selected according to a practical treatment
plan by the GZP6 treatment planning system.

3.3. Matrix shift technique

As an alternative method, a matrix shift technique was
developed to simulate the stepping source for intracavitary
brachytherapy. In this method we assumed that the posi-
tion of the radiation source is stationary and instead of the
stepping movement of the source, the data matrix is shifted
based on the number of steps. This process is similar to a
situation where the source is fixed and the cylindrical water
phantom is shifted. The resolution for the Monte Carlo mesh
grids is considered at 0.05 cm in both Monte Carlo simula-
tion methods. Matrix shifting was performed by a MATLAB
(version 7.2.0.232) program. To simulate the stepping move-
data were shifted based on the step size and put in the zero
matrixes. Through this data shifting, considering the step size
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of the average dose difference is 5.19 × 10−4 Gy. The difference
is small and these two methods are equivalent.

Fig. 3 – The isodose curves acquired by the stepping
method and matrix shifted method for treatment length of
Fig. 2 – Schematic figur

(2.5 mm) and the mesh resolution (0.05 cm), the data were
shifted in over 5 mesh cells in Z direction. As it is showed
schematically in Fig. 2 for a 7 cells × 5 cells matrix, the quantity
of Ak,j is put in Ak+5,j. This process was repeated according to
the number of steps that corresponds to the treatment length.
For example, assuming the step size of 2.5 mm, the matrix
was shifted in 23 steps for getting the isodose curves of 6 cm
tumor length. Finally, all matrixes were summed up and the
isodose contours were plotted. A schematic representation of
the matrix shift method is shown in Fig. 2.

As Fig. 2 shows, after shifting a matrix, equal to the step
size, a number of mesh cell data will be equal to zero and a
number of them will be omitted. Finally, when the matrixes
are summed up with each other, these zero cells reduce the
quantity of the dose. To avoid this problem, the mesh size
defined in Monte Carlo input program should be large enough
for the isodose contours to be far from these cells. Therefore,
depending on the treatment length and the region for which
the isodose curves are plotted, the mesh size in the matrix
shift method should be larger than the stepping method. For
this purpose, it was suggested that the mesh size be consid-
ered at the most, 3 times greater than the stepping movement
length. It was also suggested that the mesh cells should be at
a suitable distance from the phantom edges to obtain a full
scatter situation. In this study, the rectangular mesh dimen-
sions for the mesh shift method were 600 cells × 280 cells × 1
cell in which 600 mesh cells and 280 mesh cells spatially are
equivalent to 30 cm and 14 cm, respectively. According to the
mesh size in the Monte Carlo simulation, the data were put
on a 600 pixels × 280 pixels matrix in MATLAB software. The
isodose curves for the esophageal cancer tumor lengths of 4
and 6 cm were obtained by running MCNPX for one point and
then the final dose matrix was calculated by summing all of
the shifted matrixes. In this stage for comparing the isodose
curves obtained by two methods, the dose matrix was cut and
transformed to a 280 pixels × 280 pixels matrix. Through this
process the zero matrix cells were omitted.
4. Results

Dose distributions for the stepping source of GZP6 unit in
water, acquired by two methods of stepping and matrix shift,
matrix shift technique.

are presented in Fig. 3. This Figure shows the contours corre-
sponding to doses of 7.5, 6.25, 5, 3.75, 2.5, 1.25 Gy prescribed
for treatment of 4 cm esophageal tumor length. The matrix
shift method and stepping method contours are shown by
Lines colormap and Jet colormap, respectively.

The difference between two dose values resulting from the
stepping and matrix shift methods on the basis of the aver-
age dose difference is 3.85 × 10−4 Gy for the treatment length
of 4 cm. The dose difference is insignificant and these two
methods are equivalent.

In Fig. 4, the contours corresponding to doses of 7.5, 6.25, 5,
3.75, 2.5, 1.25 Gy acquired from the treatment length of a 6 cm
tumor length were plotted. The matrix shift method and step-
ping method contours are presented by Lines colormap and Jet
colormap, respectively. The differences between the two dose
matrixes for stepping and matrix shift methods on the basis
4 cm. The matrix shift method and stepping method
contours are shown by Lines colormap and the colormap,
respectively. Contours correspond to doses of 7.5, 6.25, 5,
3.75, 2.5, 1.25 Gy.
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Fig. 4 – The isodose curves obtained by the stepping
method and matrix shift method for treatment length of
6 cm. The matrix shift method and stepping method
contours are shown by Lines colormap and Jet colormap,
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espectively. Contours correspond to doses of 7.5, 6.25, 5,
.75, 2.5, 1.25 Gy.

. Discussion and conclusions

n this study, a matrix shift technique was developed as an
lternative method for dose calculation of a brachytherapy
tepping source. The isodose curves for two clinically impor-
ant treatment lengths of 4 and 6 cm for esophagus cancer
ere obtained by both the stepping and matrix shift methods
nd were compared with each other. As shown in Figs. 2 and 3,
wo sets of isodose curves are practically equal to each other
nd the results of the matrix based method are in good agree-
ent with the result that we have obtained by running MCNPX

rograms in each step position separately. It can be concluded
hat this new technique can be an alternative method for
imulating a stepping source movement with desirable steps.
s a final result, the Monte Carlo based matrix shift method
resented in this study can be used for calculation of dose dis-
ribution for a brachytherapy stepping source as a quicker tool
ompared to the other routine Monte Carlo stepping method.
he new method also has the same accuracy as the stepping
ethod.
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