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Sistema computacional para dosimetria de néutrons e fétons baseado em métodos estocasticos aplicado
a radioterapia e radiologia
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Objective: The present paper describes a procedure for conversion of computed tomography or magnetic resonance
images into a three-dimensional voxel model for dosimetry purposes. Such model is a personalized representation of
the patient that can be utilized in nuclear particle transport simulations by means of the MCNP (Monte Carlo N-Particle)
code, reproducing the stochastic process of nuclear particles interaction with human tissues. Materials and Methods:
The developed computational system — SISCODES — is a tool designed for 3D planning of radiotherapy or radiological
procedures. Based on tomographic images of the patient, the treatment plan is modeled and simulated. Then, the
absorbed doses are shown by means of isodose curves superimposed on the model. The SISCODES couples the three-
dimensional model with the MCNP5 code, simulating the protocol of exposure to ionizing radiation. Results: The
SISCODES has been utilized by the NRI/CNPq in the creation of anthropomorphic and anthropometric voxel models
which are coupled with the MCNP code for modeling brachytherapy and teletherapy applied to lung, pelvis, spine, head
and neck tumors, among others. The current SISCODES modules are presented together with examples of cases of
radiotherapy planning. Conclusion: The SISCODES provides a fast method to create personalized voxel models of any
patient which can be used in stochastic simulations. The combination of the MCNP simulation with a personalized model
of the patient increases the dosimetry accuracy in radiotherapy.
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Objetivo: Este artigo mostra um procedimento de conversao de imagens de tomografia computadorizada ou de res-
sonancia magnética em modelo de voxels tridimensional para fim de dosimetria. Este modelo é uma representagéo
personalizada do paciente que pode ser usado na simulacao, via codigo MCNP (Monte Carlo N-Particle), de transporte
de particulas nucleares, reproduzindo o processo estocastico de interagdo de particulas nucleares com os tecidos
humanos. Materiais e Métodos: O sistema computacional desenvolvido, denominado SISCODES, é uma ferramenta
para planejamento computacional tridimensional de tratamentos radioterapicos ou procedimentos radiolégicos. Par-
tindo de imagens tomogréficas do paciente, o plano de tratamento é modelado e simulado. S&o entdo mostradas as
doses absorvidas, por meio de curvas de isodoses superpostas ao modelo. O SISCODES acopla o modelo tridimen-
sional ao cédigo MCNP5, que simula o protocolo de exposigéo a radiagdo ionizante. Resultados: O SISCODES vem
sendo utilizado no grupo de pesquisa NRI/CNPq na criagéo de modelos de voxels antropomdrficos e antropométricos
que sdo acoplados ao codigo MCNP para modelar braquiterapias e teleterapias aplicadas a tumores em pulmdes, pelve,
coluna, cabega, pescogo, e outros. Os médulos atualmente desenvolvidos no SISCODES séo apresentados junto com
casos exemplos de planejamento radioterapico. Conclusao: O SISCODES prové de maneira rapida a criagdo de mo-
delos de voxels personalizados de qualquer paciente que podem ser usados em simulagdes por codigos estocasticos
tipo MCNP. A combinacgao da simulacao via MCNP com um modelo personalizado do paciente traz grandes melhorias
na dosimetria de tratamentos radioterapicos.

Unitermos: SISCODES; Radioterapia; Dosimetria; Dose absorvida; Teleterapia; Braquiterapia.
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Radiotherapy isan important oncologic
treatment technique™®. In such a treatment
modality, ionizing radiation is directly ap-
plied to thetumor in order to at least retard
its growth. Approximately 50% of all can-
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cer patients will be submitted to radio-
therapy, which may be used as a single
treatment or in association with other trest-
ment modalities.

The Monte Carlo method is applied to
reproduce astatistical processsimilar tothe
interaction of nuclear particleswith human
tissues. Such atechnique is of particular
interest in solving complex problems that
cannot be modeled by deterministic com-
putational methods. In the transport of
nuclear particles, the Monte Carlo tech-
nique follows up each one of the many
primary or secondary particlesgenerated by
aradioactive source, during itslifetime up
toitstotal withdrawal at any terminal event
such as: absorption, scattering, escapefrom
the system, among others®. The three-di-
mensional simulation of nuclear particles
transport plays a relevant role in the im-
provement of quality in radiotherapy pro-
cedures®. Such type of computational
planning was created with the purpose of
eliminating the deficiencies of the 2D plan-
ning®. Kijewski et a.® have demonstrated
that the model s applied in such simulations
must be personalized in order to obtain an
effective treatment protocol, generating an
absorbed dose sufficient to achieve control
of the tumor growth while minimizing the
dose at healthy adjacent tissues.

The present study describesatechnique
for conversion of computed tomography
(CT) or magnetic resonance (MRI) images
into three-dimensional voxel model for do-
simetry purposes. Voxelsarethe equivalent
to pixels (image elements) in a three-di-
mensiona space. Such model may beaper-
sonalized representation of the patient,
which is applied to the simulation of the
particle transport phenomenon, for ex-
ample by means of the MCNP (Monte
Carlo N-Particle) code. The SISCODES (a
computational system for neutron/photons
dosimetry based on stochastic methods) is
utilized in the implementation of such
voxel model generation technique and per-
forms dosimetric calculations. The system
was developed for Linux in C++, PHPR,
Python and SQL, and has had its registra-
tion filed at Instituto Nacional de Proprie-
dade Intelectual (INPI) (National Intellec-
tual Property Institute) by the Committee
for Innovation and Technology Transfer
(Comissdo de Inovagéo e Transferéncia

110

Stochastic method-based system for dosimetry

Tecnoldgica— CITT) of Universidade Fe-
deral de Minas Gerais (UFMG). Such sys-
tem has been utilized by the Nucleo de
Radiactes | onizantes/Conselho Nacional
de Desenvolvimento Cientifico e Tecnol 6-
gico (NRI/CNP)® (Center of lonizing
Radiations/National Council for Scientific
and Technological Development) for the
development of anthropomorphic and an-
thropometric voxel models that can be in-
serted into the MCNP code for the model-
ing of brachytherapy and teletherapy ap-
plied to lung, pelvis, spine, head and neck
tumors, among others”®. The SISCODES
provides a fast method to create personal-
ized voxel models of any patient. The a-
ready developed SISCODES modules are
shown with examples of cases of radio-
therapy planning.

MATERIALSAND METHODS

The computational system known as
SISCODES s atool for three dimensional
computational planning of radiotherapy or
radiological procedures, providing friendly
interfacesthat allow health professionalsto
operate the system. Based on tomographic
images of the patient, the treatment planis
modeled and simulated. Then, the SIS
CODES shows the absorbed doses by
means of isodose curves superimposed on
the model.

The SISCODES couples the 3D model
with the MCNP5 code, s mulating the pro-

tocol of exposuretoionizing radiation. The
system presentsaclient/server architecture,
running in three distinct environments: the
workstation; the Internet; and the server.
The server may be a supercomputer or a
cluster of microcomputers, and is utilized
for the stochastic calculations, manage-
ment and storage of the nuclear datain the
databank. Internet allows the server to be
accessed from workstations virtually any-
where in the world. And the client/server
architecture allows the required hardware
to be shared amongst various research
groups, thus sharing the costs and making
the system even more accessible.

The SISCODES is developed in mod-
ulesor sub-systems, with each modulerun-
ning independently and has been in usefor
research in radiotherapy planning since
2003.The system architecture is shown on
Figure 1.

Two different methods are utilized to
develop the patient model to be utilized in
simulations. Firstly, an analytical phantom
with the patient’s biometry must be gener-
ated by acomputational code coupled with
SISCODES. Such code utilizes anatomical
measurements of the patient to develop a
standard phantom, in such a way that it
matches the patient's biometry®. A
SISCODES interface assiststhe user inthe
process of selecting and entering the
patient's data. The generated analytical
model is an anatomical representation of
the whole patient’s body. A three-dimen-
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Figure 1. Simplified SISCODES architecture showing the modules that are executed in the server and

those that are executed directly at the workstations.
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sional voxel model is generated for the re-
gion of interest. Such model isa3D matrix,
in which each element represents a tissue
equivaent to the corresponding biological
tissue. Such model faithfully resemblesthe
patient’s anatomy in the region of interest.
The construction of the patient’s voxel
model is done in four steps:

1. Digitization of tomographic images:
DICOM CT or MRI images are selected or
if necessary digitized from radiological
images.

2. Imagestreatment: the selected images
are processed and cut down to be limited
to the region of interest. The SISCODES
modulecalled “ Tratalmagem” (image pro-
cessing) is utilized in this step.

3. Conversion of the patient’s images
selection into a three dimensional matrix
based on grayscale images: a voxel model
based on the grayscaleimages of the patient
isautomatically generated. The SISCODES
module called “Gera Modelo de Cinza’
(gray model generator) performsthis task,
in which each element in the matrix is at-
tributed a value between 0 and 255 based
on the image grayscale.

4. Conversion of the grayscale model
into a voxel model based on tissues: the
SISCODES module called “ Gera Modelo
de Tecidos” (tissue model generator) a-
lows the user to perform the conversion of
the model obtained from step 3 (grayscale
voxel model) into atissue voxel model, in
which each voxel storestheinformation on
the patient’s tissue.

The SISCODES implements and sup-
ports a databank comprising nuclear data
on tissues, which runsindependently from

Stochastic method-based system for dosimetry

the generation of the voxel model, even
though it is utilized for such generation.
The SISCODES module called “ Adminis-
trativo” (administrative module) allowsthe
management of the data from each tissue,
such ascolor of therepresentation, el emen-
tary chemical composition, photons and
neutrons kerma, the value of relative bio-
logical effectiveness (RBE), and other
weighting factors, aswell asaof alink to
the nuclear library of photonsand neutrons
— Evaluated Nuclear Data File Bank-Edi-
tion 7 (ENDFB-7), utilized at the MCNP.

The SISCODES’ module called “Gera
ROIs” (ROIs generator) alows the selec-
tion of the voxelsin which required infor-
mation (fluence, dose or dose rate) is of
interest for the simulation. Such module
also alows the conversion of the files ac-
cording to the SISCODES standard into the
fileformat required for entering the M CNP.
The voxels model and the analytical phan-
tom must be coupled to alowing the
MCNP to complete the simulation. Once
the simulation is completed, the user ex-
ecutes the SISCODES module “Gera
Saida’ (output generator). Such module
convertsthe neutron or photon fluenceinto
dose by multiplying the kerma versus
fluence coefficients and shows isodose
curves plotted over the patient’s voxel
model. A summary of the process for the
simulation of a radiotherapy planning is
shown on Figure 2.

1. SISCODES basic modules

Image processing module — On this
modul e the user uploadsthe patient’ stomo-
graphic images (CT or MRI) and, by ma-

nipulating such images, builds a layered
model that isactually acollection of the set
of images whose resolution has been stan-
dardized. The images must be obtained
with asuitable resolution which allowsthe
development of theimage faithfully repro-
ducing the tomography and preserving the
visibility to the user. The image resolution
may be around 100 or 200 DPI (dots per
inch).

Grayscale voxel model generator
module — In this module the user uploads
the previous layered model. The user also
defines the size of each voxel, the number
of planesin the voxel model and, by adjust-
ing, theimages placed on thelayered model
and the grasped area on the image corre-
sponding to the model, builds a grayscale
voxel model.

The layered model images may have
been digitized either in colors or in
grayscale. When a color image is utilized,
the grayscale stored in avoxel will be the
arithmetic mean of the color channels
(RGB- red, green, blue) of the pixels cho-
sen to represent that voxel. Studies have
been undertaken in an attempt to identify
the algorithm that best represents a given
voxel. However, asthe grayscale model is
used only as areference for the construc-
tion of the tissues model, one opted to uti-
lizethe grayscal e of the central pixel of the
areaon theimagethat representsthevoxel,
thus making the algorithm of choice
computationally efficient.

Tissuevoxel model generator module
— The interface that generates the voxel
model based on tissuesis shown on Figure
3A. The user uploads the grayscale model
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Figure 2. Simplified process of the voxel model construction and simulation of the radiotherapy treatment at SISCODES: tomographic images are digitized (1),
converted into a layered model (2), converted into a grayscale voxel model (3) and into tissue voxel model (4). The ROIs are marked on the model (5). This
model is combined with the parametric phantom and with the information from the radioactive sources. The resulting file is simulated at MCNP (6). After the
simulation is completed, the user can visualize the isodoses curves with the spatial distribution of the absorbed dose (7).
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Figure 3. A: Interface of the tissue voxel model generating module showing the construction of the voxel
model of the ear region. B: Web interface of the administrative module showing the page where it is
possible to edit the chemical composition of tissues and materials.

from the gray scale voxel model generator
module and by means of a coloring tool
changesthe color in each individual voxel
or ingroupsof voxels, that may be selected
individually or in both 2D and 3D groups.
The group selection is based on the simi-
larity of gray tones, whose variation toler-
ancemay beadjusted. Theuser helpsinthis
process by associating a tissue from the
databank to each voxel of the model, iden-
tifying the organs and tissues of interest.

The same procedure can be utilized in
previoudly built models, in order to make
changes in parts of such models.

112

The tissues are previously entered into
the SISCODES databank by using the ad-
ministrative module. The voxel filled with
atissue receives the color associated with
that particular tissue, allowing the user to
easily differentiate the voxels that have al-
ready been associated with a tissue from
those that are yet to receive one.

ROI's generator module — Such mod-
ulerunssimilarly to the previousone, how-
ever the user selects on which voxels the
neutrons or photons fluence will be evalu-
ated. Such step is critical, as in case the
fluence is evaluated in al voxels of the

model, thetime required for the ssimulation
of the radiotherapy planning will be unac-
ceptable. Up to the present moment, by uti-
lizing this module, the user can generate
fragments of the MCNP input files, which
represent the voxel model, the chemical
composition of the tissues, the utilized li-
braries and the output requests. Such files
must be concatenated together with the
analytical model, the sources and what is
executed at MCNP. After execution, SIS
CODES can process the generated output.

M anagement module — Such module,
shown on Figure 3B, was written in PHP
language (PHP Html Preprocessor) and
must be accessed by means of an Internet
browser. The administrator user can in-
clude tissues in the SISCODES databank,
along with their chemical composition and
mass density. The administrator user may
aso include individual chemical elements
in the SISCODES databank. Each chemi-
cal element hasits kerma conversion coef-
ficients for neutrons and photons filed for
a wide spectrum of energy (0.0025 eV to
20 MeV). RBE coefficients for specific
nuclear reactions may also be filed. Such
module makes the interpolation of kerma
coefficients for each chemical element,
dividing the spectrum at small and regular
intervals. For this purpose, the equation
below is applied. By utilizing the kerma
coefficients of the chemical elements and
the elementary composition by weight of
the tissues, such module calculates the
kermaof each filed tissue or organ, by con-
sidering the kerma coefficient of the ele-
ment weighted by percentage of mass of
such element inthetissue. In order to make
thedose calculation easier, only thefluence
isevaluated in the MCNP simulation; thus
the effect of dose-enhancing agents can be
quickly calculated according to the type of
particles or type of tissue radiosensitivity
and the application of RBE coefficientson
the applied dose.

loglelCal)

C=Cq E \log|Ep/ Ea|
Ea

Such equation is utilized in the interpo-
lation of kerma coefficients, where: C —
kerma coefficient to be calculated; Ca —
previous kerma coefficient: the known co-
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efficient with the highest energy, immedi-
ately inferior to the oneto be calculated; Cp
— later kerma coefficient: the known coef-
ficient with the lowest energy immediately
subsequent to the oneto be calculated; E—
energy of the kerma coefficient to be cal-
culated; Ea—energy of the previouskerma
coefficient; Ep —energy of the later kerma
coefficient.

SISCODES aso allows the register of
radioactive brachytherapy or teletherapy
sources. The radioactive spectrum of radio-
nuclides or from Bremsstrahlung interac-
tions can be included in the SISCODES
databank, with the possibility of being as-
sociated with an external or an internal
source.

Output visualization module — This
modulethat is shown on Figure 4 readsthe
MCNP output file, the tissue voxel model
and the fileswith the ROIs; and shows the
isodose curves superimposed over the
voxels model. The fluence in each voxel
obtained from the MCNP simulation, and
the kerma coefficients are utilized in the
calculation of the absorbed dose (seeitem
3). In order to allow a good visualization
of the isodoses on the voxel model, it is
magnified by means of a bicubic interpo-
lation and the isodoses are calculated on
this new model by means of an isotropic
interpolation. The user can control the
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transparency level of theisodosesrepresen-
tation, selecting the one that provides the
best visualization.

2. SISCODES - advanced modules

Sources positioning module — This
module alows the user, by means of a
graphic interface, to select and position the
radioactive sources utilized in the smula-
tion. In this interface, both the brachy-
therapy and teletherapy sources are posi-
tioned. Thepositionisgiven by an arbitrary
point on the model (defined by values on
the X, Y and Z axes) and by an also arbi-
trary orientation (defined by alpha— XY
and beta — XZ angles). For teletherapy
sources, the distance between the source
and the reference point aswell asthe win-
dow dimensions must aso be informed.

Simulation management module —
This model allows the user to assemble a
complete MCNP input file and to manage
the simulation execution. The user selects
thefilesrequired for the simulation, creat-
ing a group of files. Subsequently, the
module assembles the MCNP input file,
sendssuch filefor running and receivesthe
results after its execution.

3. Calculation of doses at SISCODES

SISCODES runs as an interface for the
MCNP code. MCNP is a nuclear code

) Bk

ks
32y
==

Figure 4. Interface of the output visualization module, showing the obtained curves as a result of simu-
lation on the model of the ear region. Such module reads the voxel model and the output from MCNP
and draws the isodoses curves over the patient’s images reconstruction.
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based on stochastic processes, in which the
trajectory of each generated radioactive
particle is tracked, forecasting the interac-
tion of such particles with matter. The his-
tory of each particleisthen memorized. At
SISCODES, the voxel model is converted
into a MCNP input file, which then simu-
lates the interaction of nuclear particles
with the chemical elementsthat are present
in the tissues associated to each voxel.

The MCNP returns to SISCODES the
number of incident particles per area unit
for each voxel (fluence), normalized by the
number of particles emitted by the source.
The fluence generated at the MCNP simu-
lation is transformed into absorbed dose
that is multiplied by the appropriate
fluence-kerma conversion coefficients, by
the source upwelling (number of particles
emitted by time unit) and by the exposure
time. Thus, SISCODES can calculate the
absorbed dose in each voxel and, if neces-
sary, apply to such dose the RBE coeffi-
cients, obtaining a biologically weighted
dose. The RBE is defined for each tissue
and each nuclear reaction, and is recorded
at the SISCODES databank by means of
the administrative module.

The MCNP can directly calculate the
absorbed dose or dose rate and transfer
such values to the SISCODES. However,
the SISCODES operates with the fluence
and converts it into absorbed dose or bio-
logically weighted dose, according to the
user’sinterest. Thisis due to the fact that
radioprotectors or radio-potentiators can
affect the absorbed dose, but do not affect
thefluence. Boron neutron capture therapy
(BNCT) may be mentioned as an example
of evaluation that involves the need for
potentiators. By applying a fluence-dose
conversion process, the system can quickly
calculate the impact of the utilization of
such protectors/potentiators, asthe MCNP
isrun only once.

RESULTS

The SISCODES has been in use by the
NRI research group at the Nuclear Engi-
neering Department of UFMG (DEN/
UFMG) for the construction of several
voxels models representing anatomic re-
gions of human beings and of small ani-
mals. Some of these models have been
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applied in the simulation of brachytherapy
or teletherapy procedures. In this section,
some of these models are described and
some simulations results are reported.

Human female thorax

Thismodel was constructed at NRI and
is shown on Figures 5A and 5B9), |t was
developed side by side with an actual an-
thropometric and anthropomorphic phan-
tom in order to investigate treatments for
breast, esophagus and lung cancers. Such
phantom can be very useful in the evalua-
tion of the SISCODES accuracy by means
of the comparison between absorbed doses
evaluated in experiments with the actual
phantom and those obtained through com-
putational simulation.

Breast cancer is particularly difficult to
irradiate because of its proximity with the
lungs, which arevery radio-sensitive. Such
model may be useful in the devel opment of
better protocols for breast cancer radio-
therapy, allowing the selection of those that
produce lower doses to the lungs and
higher doses to the tumor.

Human male pelvis

This model was developed at SIS
CODES in order to alow studies about
prostate cancer”). Asin the case of the fe-
male thorax model, this model has its ac-
tual equivalent, allowing its use in the
evaluation of the SISCODES accuracy. The
voxels model was developed from images
of the Visible Human Project™, which
were also the basis for the actual phantom
built from tissue-equivalent material. Pros-
tate cancer isone of the most common can-
cersin men. Such model may be utilizedin
the simulation of teletherapy and radio-
therapy protocols. A section of this model
is shown on Figure 5C.

Human ear

Thismodel representsthe human ear re-
gion, as shown on Figure 6. It was devel-
oped inamaster’sresearch project with the
purpose of studying side-effects after head
and neck teletherapy?. The knowledge of
actual absorbed doseisrelevant because of
two factors: @) to know what dose level
causes side-effects in the ears; b) to assist
in the choice of the best protocol for each
irradiation window, avoiding exposure of
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Figure 5. Creation of the thorax voxel model. A: Digitized CT image of the thorax. B: older interface ver-
sion of the tissue voxel model of SISCODES, showing the model at the same plane of the image. C: Voxel

model of a male pelvis.
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Figure 6. Isodoses curves of the ear region, with the respective scale. The shown doses are absorbed
due to a protocol of ear irradiation. Notice the wide heterogeneity of the dose as compared with the evenly

distributed doses in a water phantom.

theear. Two treatment protocolswere simu-
lated, and presented great heterogeneity of
dose in the petrous bone, that may be as-
sociated with the tissue heterogeneity and
with photon scattering. The observed dose
heterogeneity cannot be modeled in the
water phantoms utilized in radiotherapy
centers for calibration of isodoses curves.
The application of homogeneous methods
for dose calculation may result in either

over- or under estimation of the dosein the
ear structure.

Child head

This model was built for the study of
brachytherapy implants of 1-125 seeds or
bioactive glass seeds with Sm-153 or Ho-
166 (this type of implant may be an ater-
nativeto 1-125 implants)***¥. Theisodose
curves shown on Figure 7A represent the

Radiol Bras. 2011 Mar/Abr;44(2):109-116
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doses produced by gamma rays emitted by
Sm-153 implanted seeds.

Rabbit liver

Models of parts of small animals, such
as rabbit brain and abdomen were devel-
oped at NRI®>9_ Sych models alow ex-
perimental and computational dosimetry in
studieswith small animals. Inthiscase, the
computational model isuseful to reducethe
number of animal s utilized in experiments.
The dosimetric evaluation in this case was
aimed at estimating the spatial distribution
of betaand gamma particles energies, pro-
duced by brachytherapy sources (radioac-
tive ceramic seeds). For such a study, a
voxel model of the thorax and abdomen of
arabbit was developed and simulations of
radioactive implants were performed. The
respective isodoses curves are shown on
Figure 7B.

Rabbit brain

A voxel model of arabbit head wasbuilt
by Costain order to study bioglassimplants
in the brain®”. The implants comprise 15
Ca-Si bioglass seeds with Sm-153182D, A
voxel model wasbuilt at SISCODES based
on CT images of the animal. In this study,
the simulation demonstratesthe spatial dis-
tribution of dose rate in the rabbit brain as
aconsequence of the bioglass Sm-153 im-
plants. The respective isodoses curves are
shown on Figure 7C.

DISCUSSION

The presented computational system
has been in use by the NRI research group

Stochastic method-based system for dosimetry

in the development of computational an-
thropomorphic and anthropometric phan-
toms based on voxel models and in the
simulation of radiotherapy treatments. The
system is being applied in the study of
nuclear particles transport in the treatment
of breast, lung, uterine cervix, prostate,
spine, and head and neck cancers, among
others.

The graphic interface provided by
SISCODES allows the utilization of the
MCNP by professionals that otherwise
would not be able to use such code, con-
sidering the complexity of its input file
syntax and the output visualization module
capability to extract the results from the
simulation and to represent such resultson
images.

The developed models and data stored
inthe databank, together with SISCODES,
comprise the basis for radiotherapy simu-
lations. Such basis allowsthe devel opment
of studies on radiotherapy trestment with
efficiency in terms of research swiftness,
whichis much higher than one can achieve
without its use, and with the dosimetric
accuracy achieved by the utilization of the
MCNP.

The treatment simulation results dem-
onstrate that the absorbed dose presents a
great spatial heterogeneity inregionsof the
body presenting great variationsin massor
density, such ashones, air cavitiesand low-
density tissues such asinflated lungs, pos-
sibly diverging fromthevalues obtainedin
homogeneous water phantoms and even
from dose values found by complex ana-
lytical methods. Such dose heterogeneity

can only be obtained by simulations utiliz-
ing the MCNP, as the analytical methods
are not capable of correctly dealing with
variations found in human tissues, particu-
larly in interface regions®29,

CONCLUSIONS

The system allows the construction of
personalized voxel model of apatient in a
relatively short time, making the radio-
therapy planning more accurate whenever
stochastic codes such as MCNP are uti-
lized. The biometric representation of the
patient together with the irradiation region
faithfully represented by the voxel model
makes the simulation more specific and
personaized. The combination of MCNP
simulation with a personalized patient’s
model provides great improvements in
dosimetry of radiotherapy treatments, con-
tributing to theincrease in treatment effec-
tiveness with reduction in the morbidity
rates. The authors expect this study to bea
contribution to the enhancement and im-
provement of dosimetric evaluation proce-
dures present in radiotherapy and radiol-

ogy.
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Figure 7. A: Isodoses curves obtained from the simulation of bioglass seeds with Sm-153 implants in a child’s brain. B: Isodoses curves generated by ceramic
seeds implants in a rabbit liver. C: Isodose curves generated by bioglass seeds implants in a rabbit brain.
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