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Determination of the geometry function
for a brachytherapy seed, comparing
MCNP results with TG-43Ul analytical
approximations
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Maryam G. Ghonchehnazi,
Parvaneh Shokrani,
Mahdi Sadeghi

Abstract. Geometry function is the only dosimetry parameter of a brachytherapy source seed, introduced in TG-43U1
protocol which is determined using calculational methods rather than physical measurement. In order to evaluate the
accuracy of point and line source approximations, for calculation of the geometry function, the MCNP computer code has
been used for a typical brachytherapy seed and the results have been compared. The MCNP has been used to simulate
the geometry and activity distribution of a Pd-103 seed in order to calculate the geometry function for various angles and
distances from the source. The comparison of results shows that at distances close to the source, the values predicted
with different methods are not in agreement. The difference between the MCNP calculations and line approximation
for small angles from 6 = 0 to 15° is about 27% at 0.25 cm from the seed center. This difference is so much higher for
point source approximation (up to a factor of 3) even up to distances of 0.5 cm from the source. As 0 increases, the dif-
ference between MCNP and approximate methods is reduced. Therefore, for small distances from brachytherapy seeds,
it is recommended to calculate the geometry function using more detailed methods instead of point and linear source
approximations. This will provide more accurate results for other TG-43U1 dosimetry parameters such as radial dose
function or anisotropy function which for some points are calculated via interpolation or extrapolation of the available

discrete dosimetry data.
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Introduction

Brachytherapy is more extensively employed today
for treatment of cancers involving eye, head and
neck, breast, cervix and especially prostate for which
interstitial techniques are being used. This increase
is mainly due to the benefits such as the simplicity
of the implementation of the treatment and less side
effects, compared to external beam therapy and surgery.
In permanent implant interstitial brachytherapy, low
energy photon emitting source seeds (in cylindrical
geometry) are embedded in tumor tissue [1, 5-9]. Dose
distributions around cylindrical seeds are considerably
asymmetric and for the purpose of treatment planning,
it is necessary to accurately identify the dose distribution
around the source [3, 11]. According to the AAPM TG-
43U1 protocol [10], the necessary dosimetry parameters
for brachytherapy sources include: air-kerma strength
(Sx), dose-rate constant (A), geometry function (G(r,
0)), radial dose function (g(r)) and anisotropy function
(F(r,8)). These parameters are integrated in Eq. (1) to
calculate spatial dose distribution, D(r, 8), according to
the coordinate system shown in Fig. 1.
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where X = P for point-source approximation and X = L
for line-source approximation.
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where L, r, B, and 0 are the parameters shown in the
coordinate system used for brachytherapy dosimetry
calculations (Fig. 1). In Equation (2), d is the calibra-
tion distance; K(d) is the air kerma rate at distance d
from the source center on the transverse plane. In dose
calculations, the reference point is selected atr, = 1 cm,
on the transverse axis bisecting the source (6 = 90). Ac-
cording to TG-43U1 protocol, the geometry function
takes into account the effect of the distribution of the
radioactive material inside the source.

Accuracy in the calculation of the geometry function
yields accuracy in the interpolation and extrapolation of
the radial dose and anisotropy functions [10]. However,
this function is the only dosimetry parameter in TG-
43U1 protocol which is determined through calculations
rather than physical measurements. In this research the
geometry function of the first Pd-103 seed (NRCAMO1)
manufactured at Iranian Agricultural, Medical and
Industrial Research School (AMIRS) has been calcu-
lated using the MCNP computer code and the results
are compared with the values calculated using the
analytical methods mentioned in TG-43U1.
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Fig. 1. Coordinate system used for brachytherapy dosimetry
calculations [10].

Materials and methods
Source description

The Pd-103 seed used in this research (NRCAMO01)
is a cylindrical tube made of titanium with an internal
diameter of 0.7 mm and external diameter of 0.8 mm.
The physical length of the tube is 4.5 mm and weld thick-
ness at each end is 0.1 mm. The seed includes 4 resin
beads, each having a diameter of 0.6 mm with Pd-103
uniformly absorbed inside. NRCAMOL1 also contains
a cylindrical copper marker, having a height of 1.5 mm
and diameter of 0.6 mm, located at the center of the
seed. Schematic diagram of the source is shown in
Fig. 2. According to TG-43U1 protocol, the active
length of the seed is considered as the distance between
proximal and distal aspects of the activity distribution
which is 3.9 mm for NRCAMOL1.

Calculation methods for geometry function
Analytical calculations

According to the AAPM’s TG-43U1 protocol, for
point source approximation, the activity distribution is
considered as a dimensionless point with an isotropic
dose distribution around the source, therefore the
geometry function G(r, 0) is calculated from Eq. (4a).
In line source approximation, however radioactivity
is assumed to be uniformly distributed along a one
dimensional line-segment with active length L. The
geometry function is calculated using Eq. (4b) where
B is the angle subtended by the tips of the hypothetical
line source with respect to the calculation point, P(r,0),
and is calculated using Eq. (7).
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where x = r-cos 0, and y = r-sin 6.
Calculations using MCNP computer code

Usually, the geometry function, even for sources with
complex geometries, is calculated according to point
or line approximation. In this research, using the
capability of MCNP code [2] for simulation of complex
geometries, we have applied it to calculate the geometry
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Fig. 2. Schematic diagram of the Pd-103 seed used in this
research.
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function for the seed “NRCAMO1”. The seed geometry
was simulated as shown in Fig. 2. The geometry function
has been determined using tally F4 at different distances
and several angles with respect to the source longitudi-
nal axis. The medium inside and around the seed has
been considered as vacuum in order to disregard the
absorption and scattering in the seed and the surround-
ing media, therefore purely representing the effect of
the activity distribution and inverse square law.

Results and discussion

Geometry function values for the first Pd-103 seed
manufactured at AMIRS (NRCAMO1) have been cal-
culated analytically and by MCNP at various distances
from the source and for angles 8 = 0° to 30° and 6 = 45°
to 90°. The results are shown in Table 1. The values
are normalized to G (1 cm, n/2) [4, 9]. To compare the
results calculated with different methods, the behavior
of the geometry function for several angles vs. distance
from the seed center are demonstrated in Figs. 3-8. The
results for angles 15° and 30° have been observed to be
nearly the same as those calculated for 45°, therefore
not presented.
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Fig. 3. Calculated values of G (r, 0)/G(ro, 8y) using analytical
methods with point approximations and line approximations
and by MCNP computer code.
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Fig. 4. Calculated values of r’G(r, 5)/G(ry, 8y) using analytical
methods with point approximations and line approximations
and by MCNP computer code.

It is seen that at distances close to the source, the
values predicted by MCNP calculations are not in agree-
ment with the results obtained from the point and line
source approximations. For the line approximation,
the maximum difference belong to the 6 = 0 to 15°.
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Fig. 5. Calculated values of ’G(r, 45)/G (ro, 6y) using analytical
methods with point approximations and line approximations
and by MCNP computer code.
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Fig. 6. Calculated values of r’G(r, 55)/G (ry, 6) using analytical
methods with point approximations and line approximations
and by MCNP computer code.
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Fig. 7. Calculated values of *G(r, 60)/G (o, 6) using analytical
methods with point approximations and line approximations
and by MCNP computer code.
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Fig. 8. Calculated values of r*G(r, 90)/G (ry, 6,) using analytical
methods with point approximations and line approximations
and by MCNP computer code.

For example for these angles at 0.25 cm from the seed
center which corresponds to a distance of 0.025 cm
from the capsule wall, the MCNP calculations predicted
a value which is 27% higher than the results of the line
approximation. For the point approximation this dif-
ference is so much higher as can be seen in Table 1. At
0.25 cm from the seed center, as 0 increases the differ-
ence between the results of MCNP calculation and line
approximation is reduced to 18, 6 and 1% for 6 = 30,
45, and 55°, respectively. For the seed “NRCAMO01” for
angles of 6 < 55°, the MCNP results are always higher
and for angles of 6 > 55° lower than those derived ana-
lytically. It is worth mentioning that for 6 = 55°, the
difference between the three methods is less than 4%.
The difference between the MCNP results and the line
approximation is less than 1% for all distances from the
source. This phenomenon is due to the activity gap in-
side the NRCAMO1 seed which has a non active marker
at the center and two active beads at each side of the
marker. For distances of » > 5 cm, the differences for
all angles are small (< 1%), because at far distances,
the seed behaves as a point source regardless of the
method of calculation.

Conclusion

The disagreement between the MCNP predictions and
the values derived from the point and line analytical ap-
proximations, shows that these approximations are not
reliable for points close to the seed, especially for smaller
angles. According to the TG-43U1, the distances less
than 1.5 cm are very important in brachytherapy and the
accuracy in predicting the values for geometry function

will increase the accuracy of other source parameters
due to more accurate extrapolation and interpolation of
the radial dose and anisotropic functions. This research
showed that in order to calculate the geometry function
of a brachytherapy seed more accurately, it is necessary
to account the activity distribution inside the source
using more detailed methods such as Monte Carlo
calculations. Therefore, it is concluded that instead of
using the approximate analytical approaches, more ac-
curate methods or computer codes such as MCNP could
be applied to calculate the geometry function with more
detailed consideration of the activity distribution inside
the source. This will provide more accurate results for
other TG-43U1 dosimetry parameters such as radial
dose function or anisotropy function which for some
points are calculated via interpolation or extrapolation
of the available discrete dosimetry data.
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