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In this study, SuperMC (Super Monte Carlo simulation program for nuclear and radiation simu-
lation) was tested and verified for simulation of a high-dose-rate brachytherapy source. The Monte
Carlo simulation includes calculations of the air kerma strength, dose rate constant, radial dose func-
tion and anisotropy function as recommended by the American Association of Physicists in Medicine
(AAPM) in Task Group reports 43 and 43U1 (TG-43, TG-43U1). The air kerma strength, dose rate
constant, radial dose function and anisotropy function were compared with previously published
Monte Carlo simulation results and experimental data. The calculated parameters were found to
be in good agreement with published Monte Carlo and measured data. The value obtained from
the SuperMC simulation for the air kerma strength was 9.779 × 10−8 U·Bq−1 and the dose rate
constant was 1.1092 ± 0.02% cGy·h−1·U−1. The time to transport 5 × 107 photons showed Su-
perMC to be relatively faster than MCNP. The results show that SuperMC can be used for fast
and accurate simulations and dosimetric calculations of HDR brachytherapy sources.
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I. INTRODUCTION

Brachytherapy is a method of radiotherapy in which
sealed radionuclides are placed near the surface to be
treated so that the source to surface distance (SSD) is
comparable to the treatment depth, resulting in a rapid
dose fall off. This is achieved by (i) placing the source
directly onto the surface to be treated (molds, plaques,
beta applicators), (ii) inserting the sources into body
cavities (intra-cavity), and (iii) implanting the source,
temporarily or permanently, directly into the tumor (in-
terstitial).

192Ir high dose rate (HDR) brachytherapy sources are
usually used for the treatment of cervix, breast, prostate,
lungs etc. tumors [1]. Clinically theses sources require
an accurate determination of all the dosimetric parame-
ters, that are necessary for the treatment planning sys-
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tem (TPS) [2]. The American Association of Physicists
in Medicine (AAPM) has recommended in task group
reports 43 and 43U1 (TG-43, TG-43U1) [3,4] that as in-
puts for the TPS, accurate dosimetric data on a realistic
geometry and on the mechanical characteristics of the
sources must be acquired using standard methods.

Experimental dosimetry in brachytherapy is very com-
plex because of the high dose abruptness near the source
and is even impossible at very small distances. Also,
the dose fluctuation with solid angle in a 4Pi geometry
of the source should be analyzed because ordinary ex-
perimental measurements do not represent this. One of
the most widely used technique to solve this issue is a
Monte Carlo (MC) simulation of transport. In modern
brachytherapy, a MC simulation is the primary dosime-
try tool and plays a key role in clinical practice and re-
search. The most recognized application of MC methods
in brachytherapy is the determination of the dose dis-
tributions around individual radiation sources [5]. Prior

pISSN:0374-4884/eISSN:1976-8524 -1077- c©2017 The Korean Physical Society



-1078- Journal of the Korean Physical Society, Vol. 70, No. 12, June 2017

to the calculation of the dosimetric parameters through
MC methods, a validation of the Monte Carlo transport
code for brachytherapy must be done using experimen-
tal data and other Monte Carlo codes that have already
been validated extensively, such as EGSnrc [6], MCNP
[7], PENELOPE [8].

In this study, the SuperMC code was tested by cal-
culating the air kerma strength, dose rate constant, ra-
dial dose function, and anisotropy function of the 192Ir
microselectron v2 HDR brachytherapy source according
to the AAPM TG-43 and TG-43U1 formalisms. The
verification was done by comparing the dosimetric pa-
rameters obtained in this study with those obtained in
other Monte Carlo studies such as those of Taylor and
Rogers [6] using EGSnrc code simulations, Daskalov et
al. [9] using MCPT code simulations, and Lopez et al.
[8] using PENELOPE code simulations. Further simu-
lation results were compared with the measurements of
Sharma et al. [10]. The MCNP was also used to verify
the dosimetric results calculated through SuperMC.

II. MATERIALS AND METHODS

1. Super Monte Carlo (SuperMC) Code De-
scription

SuperMC is a CAD-based general purpose Monte
Carlo program and is currently under development by
the FDS (Fusion Driven System) Team in China [11].
SuperMC is designed for high-fidelity simulations of ra-
diation sources and detectors, medical physics analyses,
safety analysis of nuclear systems, etc. It is also de-
signed to be coupled with deterministic transport meth-
ods. The latest released version of SuperMC is equipped
with the functions of automatic modeling, visualization,
simulation and cloud computing. SuperMC has been ap-
plied to the studies of the FDS-I [12,13], FDS-II [14,15],
FDS-III [16], FDS-ST [17, 18], ITER [19, 20] fusion re-
actors and other reactor [21–23] and is designed for the
Monte-Carlo-based dose-calculation engine of KylinRay
(Accurate Radiotherapy System) [24,25].

In SuperMC, CAD models can be automatically
converted to MC calculation geometry models. The
geometry models are represented by Constructive
Solid Geometry (CSG), which is based on primitive
solids. Advance geometry acceleration methods, such
as the neighbor search method, axis-aligned bounding
box method and 3D spatial subdivision method, have
been designed to improve the efficiency of geometry
navigation in the simulation [11]. Besides the CAD
geometry, CT images can be converted to geometry
models for dose calculations in radiation shielding or
medical physics [26].

Fig. 1. MicroSelectron-HDR 192Ir source design used in
this work. Dimensions are in cm.

2. Radioactive Source Description

Figure 1 illustrates the details of the geometry design
and the material composition of the microSelectron v2
HDR 192Ir source used in our SuperMC calculations. The
active core is a pure 192Ir metal cylinder and has a length
of 3.6 mm and a diameter of 0.65 mm. Uniform exposure
is expected to be distributed around it. The core is en-
capsulated in stainless steel (SS) having a 4.5-mm length
and a 0.9-mm outer diameter and woven steel cable hav-
ing a 0.7-mm diameter. The capsule and the cable are
made of steel but with different densities. The densities
of the Ir metal, the stainless steel (SS), and the woven
steel cable are 22.39, 8.02, and 4.81 g/cm3 respectively.

The half-life of 192Ir is 73.825 days [27], and one av-
erage decay will emit one electron and 2.363 photons.
The source activity, A, as a function of the number of
photons released per sec, Nphoton, can be expressed as

Nphoton = A · (2.363 ± 0.3%) [photon × s−1], (1)

where the uncertainty is calculated from the published
spectrum of 192Ir by Duchemin and Coursol [27].

3. TG-43 Dose Calculation Formalism

The AAPM TG-43 dose calculation formalism is de-
signed to calculate the dose at any specific point (r, θ)
relative to the source’s center. All quantities are designed
to be evaluated using sparse dose-rate grids, which are
derived from measurements or Monte Carlo calculations.
The dose rate, D(r, θ), at (r, θ) is calculated in the TG-43
model by using

Ḋ(r, θ) = Sk × Λ × G(r, θ)
G(r0, θ0)

× g(r) × F (r, θ), (2)

where Sk is the air kerma strength, Λ is the dose rate
constant, G(r, θ) is the geometry function, g(r) is the ra-
dial dose function and F (r, θ) is the anisotropy function.
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The brachytherapy source strength can be determined
by using the air kerma strength, Sk in terms of U, can
be written as

Sk = K̇air(d) × d2, (3)

where K̇air(d) is the air kerma rate in free space at a
specified distance, d. The dose rate constant, Λ, is the
ratio of the dose rate at a reference position to Sk and
can be written as follows

Λ =
Ḋ(r0, θ0)

Sk
. (4)

The radial dose function, gL(r), is a relative dose func-
tion that accounts for the variation of the dose with per-
pendicular distance from the source due to photon at-
tenuation or absorption and can be written as (using the
line-source approximation)

gL(r) =
Ḋ(r, θ0)
Ḋ(r0, θ0)

× Ġ(r0, θ0)
Ġ(r, θ0)

. (5)

The anisotropy function, F (r, θ), is the dose variation as
a function of the polar angle at a given distance around
the source and can be written as

F (r, θ) =
Ḋ(r, θ)
Ḋ(r, θ0)

× Ġ(r, θ0)
Ġ(r, θ)

. (6)

4. Monte Carlo Simulations

In this study, the air kerma strength and the dose dis-
tribution of 192Ir brachytherapy source were simulated
using the SuperMC v3.0 Monte Carlo code developed

by the FDS team in China [11]. MCNP5, a particle
transport code developed by Los Alamos National Lab-
oratory [28], has been extensively used for dosimetric
calculations in different areas of medical physics, such
as brachytherapy, radiotherapy, radiation protection etc.
[29]. Therefore, to validate SuperMC for dosimetric cal-
culations involving brachytherapy sources, we also did
Monte Carlo calculations of these dosimetric parame-
ters by using MCNP5. For both SuperMC and MCNP5,
192Ir source spectrum was obtained from Duchemin and
Coursol [27] and the photon cross-section was taken from
ENDF/B-VII [30]. The photon cut off was set to be 1
keV. Dose calculations were carried out with the source
placed at the center of a spherical water phantom (den-
sity: ρ = 0.998 g/cm3) with a radius of 30 cm. Some
dose calculations were carried out in a spherical water
phantom with a radius of 15 cm to make a comparison
with the data published by Daskalov et al. [9]. The
time to transport 5 × 107 photons was recorded for
both SuperMC and MCNP by using a single core run-
ning at window 7. The water phantom and the 192Ir
source were modeled by using the automatic and intel-
ligent CAD-based modeling module of SuperMC. This
modeling function of SuperMC significantly reduces the
manpower and enhances the reliability of the calculation
model. More features of SuperMC/MCAM are discussed
elsewhere [9].

The air kerma strength per unit source activity Sk/A,
in terms of UBq−1, was calculated by placing a small
sphere of dry air with a volume of 0.05 cm3 at a distance,
d, of 100 cm in a direction perpendicular to the axis of
the source. The source was placed at the center of a
spherical vacuum phantom with a radius 100 cm. The
air kerma per initial particle is given by

Sk

A
= 3.6 × 109 × 1.602 × 10−10 × 2.363 ×

Emax∑
5 keV

Φ(Ei) ×
(

μen(Ei)
ρ

)
× ΔE [UBq−1] (7)

where Ei and ΔE are the central point of each energy
bin and the energy bin size respectively.

(
μen(Ei)

ρ

)
is

the X-ray mass energy-absorption coefficient for air at
energy Ei taken from the NIST compilation by interpo-
lation [31]. Φ(Ei) [MeV−1cm−2] is the photon fluence
differential in energy within each energy bin. The fac-
tor 1.602 × 10−10 is necessary to convert K̇air from
MeVg−1 to Gy while the factor 2.363 is taken from Eq.
(1). The factor 3.6 × 109 is used to convert the unit
Gym2s−1Bq−1 to UBq−1.

The radial dose distributions were calculated in 0.5-
cm radial increments up to 14 cm while the anisotropic
dose distributions were setup for 5◦ increments from 0◦

to 180◦ from the axis through the center of the device
along the woven cable. To estimate K̇air and calculate
the absorbed dose to water at each radial distance and
angular distribution, we used the energy deposition tally
(T6) in SuperMC.

III. RESULTS AND DISCUSSION

The results for the air kerma strength per unit source
activity and the dose rate constant at their reference po-
sition are presented in Table 1 and are compared with
their respective published experimental and Monte Carlo
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Table 1. Comparison of and from this study with those from published Monte Carlo and experimental studies.

This Work Published Monte Experimental

Carlo Studies Studies

Sk/A (U·Bq−1)
SuperMC MCNP Borg and Rogers Daskalov et al. Lopez et al. using Anctil et al. [32]

using EGSnrc [31] using MCPT [9] PENELOPE [8]

9.779 × 108 9.776 × 108 9.71 × 108 - 9.78 × 108 -

Λ (cGy·h−1·U−1) 1.1092 ± 0.02% 1.109 ± 0.02% 1.1092 ± 0.02% 1.1092 ± 0.11% 1.1119 ± 0.04% 1.134 ± 2.9%

Table 2. Computational time comparison to simulate pri-
mary photons from a 192Ir source in a water phantom with
different numbers of volume elements.

number of Time (min)

volume elements SuperMC MCNP

7 × 103 39.64 40.03

8 × 104 64.07 65.93

2.5 × 105 70.60 78.92

2 × 106 110.23 133.54

simulated results. The air kerma strength per unit source
activity is estimated from the Monte Carlo calculated
photon fluence spectrum around the source. These es-
timates do not include the bremsstrahlung contribution
to the air kerma strength. A comparison of Sk/A and Λ
shows that the values obtained in this simulation agree
well with the previously published values. We note that
the uncertainties in the above comparison are statistical
uncertainties.

Table 2 shows a computational-time comparison be-
tween SuperMC and MCNP to simulate 5 × 107 pri-
mary photons as a function of the number of volume el-
ements (or voxels). It has been observed that SuperMC
and MCNP have simulated 104 volume elements in ap-
proximately 65 minutes while for a maximum number
of elements, SuperMC is approximately 1.2 times faster
than MCNP.

The radial dose function gL(r) was determined by us-
ing the line source approximation at 18 different radial
distances ranging from 0.5 to 20 cm along the transverse
axis as shown in Fig. 2. Also, gL(r) was determined at
14 different radial distances from 0.5 to 14 cm. A com-
parison between the simulated results of this work and
previous results shows that, at 0.5 ≤ r ≤ 20 cm, our
values are 0.5% (on average) less than the values calcu-
lated by Taylor and Rogers [6] and Lopez et al. [8] while
at 0.5 ≤ r ≤ 14 cm, our values are 0.2% (on average)
greater than the values calculated by Daskalov et al. [9].
The radial dose function is observed to depend on the
phantom size, as the differences are less than 0.2% up
to a radius of 5 cm and increase rapidly with increasing

Fig. 2. (Color online) Radial dose function calculated in a
spherical phantom with a radius of 30 cm.

radius thereafter.
The values of the anisotropy function F (r, θ) at 1.0,

2.0, and 5.0 cm for angles 0◦ to 180◦ are presented in
Fig. 3. Figures 3(a) - (c) show a comparison of the
anisotropy function obtained in this work with published
experimental data and Monte Carlo studies. The differ-
ence between the values of the anisotropy function at
each radial position is less than 2%. Anisotropy function
has been observed not to depend on the phantom size.

With the automatic modeling of SuperMC, the user
can define the actual geometry of the source model,
which not only reduce the manpower but also increase
the efficiency. Results show that the modeling function
of SuperMC is accurate and that the transport algorithm
is generic. Furthermore, it can be used in brachytherapy
applications, e.g. for accurate modeling of applicators,
etc..

IV. CONCLUSION

In this study, validation and verifications methods as
recommended by AAPM TG43, were adopted to vali-
date the performance of SuperMC for a 192Ir microSe-
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Fig. 3. (Color online) Anisotropy function calculated in a
spherical phantom with a radius of 30 cm at radii of (a) 1.0
cm, (b) 2.0 cm, and (c) 5.0 cm.

lectron v2 HDR brachytherapy source. The air kerma
strength, dose distribution (in water), radial dose func-
tion and anisotropy function were calculated to test Su-
perMC. Our results were compared with the experimen-
tal data set of Sharma et al. [10] and the Monte Carlo
studies of Daskalov et al. [9], Taylor and Rogers [6] and
Lopez et al. [8]. The results obtained with SuperMC

were in very good agreement with the results from other
published Monte Carlo and experimental studies. Su-
perMC is concluded to be relatively faster than MCNP
and can be used for accurate modeling, simulation and
calculation of high-dose-rate brachytherapy sources.
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