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ABSTRACT 
 

The Intensity Modulated Radiation Therapy – IMRT is an advanced technique to cancer treatment widely 
used on oncology around the world. The present paper describes the SOFT-RT software which is a tool 
for simulating  IMRT protocol. Also, it will be present a cerebral tumor case of studied in which three 
irradiation windows with distinct orientation were applied. The SOFT-RT collect and export data to 
MCNP code. This code simulates the photon transport on the voxel model. Later, a out-module from 
SOFT-RT import the results and express the dose-response superimposing dose and voxel model in a 
tree-dimensional graphic representation. The present paper address the IMRT software and its function as 
well a cerebral tumor case of studied is showed. The graphic interface of the SOFT-RT illustrates the 
example case. 
 
 

1 INTRODUCTION 
 

The aim of radiation treatment is to specify an optimum and well-determined dose of 
ionizing radiation for an area or areas to be irradiated so that the dose is as uniform as 
possible over a target area and as low as possible outside it. 

On the last twenty years considerable progress in methods for radiation therapy was 
observed. The development of classical techniques was aimed on the improvement of 
precision and accuracy, specially on the definition of tumor volume. Such approach 
enables  limiting the absorbed dose in healthy tissue, surrounding of the tumor. This 
trend was stimulating the development of treatment planning systems and enforced 
special requirements for radiation devices, especially for irradiation field shaping 
systems [1]. 

Concerning the treatment planning systems, progress in diagnostic methods, as 
Computer Tomography (CT), Magnetic Resonance Imaging (MRI) and Positron 
Emission Tomography (PET), was of essential meaning. Three dimensional imaging 
makes it possible to define specific target volume. It is then possible to design a 
treatment, in which particular levels of radiation dose are delivered to these volumes as 
a function of fractionation scheme. It allows increasing the dose on target volume, 
making the treatment process more effective. To better conformity of irradiation field 
shape and the target volume definition, multi-leaf collimators (MLCs) have been 
developed [1]. 



The Intensity Modulated Radiation Therapy – IMRT is an advanced technique to 
treatment widely used on the oncology industry on the entire world. The Multi-leaf 
collimator is a base of this protocol. It has became the most advanced system of 
radiotherapy up to date. The group of research NRI/CNPq – Núcleo de Radiações 
Ionizantes - NRI at UFMG has been developed software for radiation therapy planning. 
Herein, the called SOFT-RT, which provides condition of simulate of the IMRT 
protocol, will be presented.  
 

2 MATERIALS AND METHODS 
 
2.1 Computational Modeling 
 

Graphic computation is the area of the Computer Science that studies the generation, 
manipulation and image analysis, based on computer. Currently the graphic 
computation is present in almost all the areas of the human knowledge, such as the 
engineering that uses traditional tools CAD (Computer-Aided Design), or the medicine 
that works with modern techniques of visualization to assist the diagnosis images [2]. 

The pixel (or a picture element) represents an individual point on the screen. 
Therefore, entities and phenomena of the real physical world can be represented into a 
computer from a matrix of points. Some methods of representing a matrix of points in 
the screen of a computer exist and some are of public domain [2]. A voxel is a volume 
element that holds a sufficiently similar concept to a pixel (image element), but with 
domain in a three-dimensional space. 

The computational system for dosimetry in radiotherapy for neutrons and photons 
based on the stochastic model - SISCODES has been developed early. The SISCODES 
prepares a voxel model which represents an anthropometric and anthropomorphic model 
of a portion of the patient, inserted into one analytical phantom adjusted to correspond 
to the biometry of the patient. On the SISCODES, the visualization of the voxel model 
of the patient is made through a plan with three sights that presents the reconstruction of 
the cross-sections in axis X-Y, Z-Y and X-Z. 

 
2.2 Issues SOFT-RT 
 

The SOFT-RT was development using the robust and multiplatform C++ language 
with representation of matrix of blocks using the library of graphical routines and 
modeling from the bi and three-dimensional OpenGL (Open Graphics Library [3]), 
since it has open domain and is portable and fast. With this library, it is possible to 
develop interactive applications and generated images of 3D scenes, with a high degree 
of realism. Linux operational system was adopted, with architecture customer/serving. 

The software SOFT-RT comprehends of two operational modules. The first provides 
the planning treatment of IMRT protocol and the second, out-module, provide the 
visualization of the result-dose to each voxel calculated in the simulation using the 
MCNP code. 

In the first module of SOFT-RT, the three-dimensional representation of the model is 
made by CT or MRI digitalized images. The SISCODES code is used to make the user 
identification of the all tissues and its respective densities. That model is read in the 
IMRT software simulation (SOFT-RT) and it is possible to create the treatment planning 
using one radiation beam which taking account the angles θ and φ of rotation around the 
tumor. A cross-section plan is provided by the equation of plan passing on the tumor 
centroidal point and a irradiation vector orientation. This cross-section is plotted. The 
width and height are measured to get of the tumor limits. All parameters are export to 



MCNP version 5. MCNP is used to simulate the nuclear particle transport on the tumor 
and adjacent healthy tissues for each orientation of the beam planning. The software 
allows also the rotation and translation of the model around of axis of coordinate 
system.  

The results calculate by MCNP is read in the IMRT out-module and the three-
dimensional representation is done at gray scale using the density of each tissues as 
gray-level weight. The doses are showed using different colors defined by the user using 
an interval scale of percentage. 

  
 

3 CASE OF STUDIES 
 

A study of case was proposing which goal is to illustrate the main functions of 
SOFT-RT. The “Brain” model was prepared by the Sâmia Freitas Brandão on the NRI-
research group. It had kindly offered to this study. 

The simulation involves a radiation therapy planning using IMRT protocol together 
with the linear accelerator of 10MV LINAC. The simulation was prepared with three 
windows of irradiation around the target volume. 

Three rotation sets were defined as: 
 
1º angles in 20º (θ) and 20º (φ), with view from up; 
2º angles in 0º (θ) and 90º (φ), with view from side; 
3º angles in 90º (θ) and 90º (φ), with view from back; 
 
All the results were visualized with the out-module of SOFT-RT. 
 

1º IRRADIATION SET (20º Θ E 20º EM Φ) 

Figure 1 shows the 3D view of the brain and the first set beam simulated, with the 
angles in 20º (θ) and 20º (φ). In this figure is possible to see the model in which some 
tissues were selected to be depicted together with few parameters about the model, such 
as: the position of the beam, the angle of rotation of the beam, the dimensions of the 
model and the size of voxel used. 

 

 
FIGURA 1– Model “Brain” 

 
Figure 2 shows the 2D-view of the tumor tissue toward the beam orientation. It is 

possible to see the angle of rotation in the window screen, as well the weight and height 
of the tumor at that perspective.  

 



 
FIGURA 2– Model “Brain” showing the tumor tissue and the beam position 

 

Figure 3 shows the model “Brain” in the SOFT-RT out-module and the dose 
distribution generated by the MCNP simulation. In that case the model is showed in 
gray scale and the result of simulated is plotted with a scale of dose-response. The 
maximum and minimum value found in the simulation is showed in the window screen. 

 

 
FIGURA 3– Visualization of the model “Brain” in the SOFT-RT out-module and the dose absorbed 

 

2º IRRADIATION SET (0º Θ E 90º EM Φ) 

Figure 4 shows the 3D view of the brain and the second beam simulated. 
 

 
FIGURA 2– Model “Brain” show the tumor tissue. 

 
 

Figure 5 shows the 2D-view of the tumor tissue toward the lateral beam orientation, 
together with a 3D-view of the tumor and beam pointer. .  
 



 
FIGURA 5– Model “Brain” showing the tumor tissue and the beam position 

 
 Figure 6 shows the model “Brain” in the SOFT-RT out-module and the dose 
distribution generated by MCNP simulation.. 

 

 
FIGURA 6– Visualization of the model “Brain” in the SOFT-RT out-module and the dose absorbed 

 

3º IRRADIATION SET (90º Θ E 90º EM Φ) 

Figure 7 shows the 3D-view of the brain and the third beam simulated. 
 

 
FIGURA 7– Model “Brain” show the tumor tissue. 

 
Figure 8 shows the 2D-view of the tumor tissue toward the lateral beam orientation. 

Also, a 3D-view of the tumor and a pointer of the irradiation orientation is setup. 
 



 
FIGURA 8– Model “Brain” showing the tumor tissue and the beam position 

 
Figure 9 shows the model “Brain” in the SOFT-RT out-module and the dose 

distribution. 
 

 

 
FIGURA 9– Visualization of the model “Brain” in the SOFT-RT out-module and the dose absorbed 
 
Figure 10 shows the model “Brain” in the SOFT-RT out-module and the dose 

distribution obtained with the three fields simulated. It is possible to see the sum of 
dose-response in all field of rotation planed. It is present also in the window screen. 

 

 
FIGURA 10– Visualization of the model “Brain” in the SOFT-RT out-module and the sum of dose-

answer obtained with the three beams simulated 
 

Figure 11 shows the model “Brain” in the SOFT-RT out-module and the dose 
distribution obtained with three fields simulated. It is possible to see the beams crossing 
in the center of tumor tissue. 
 



 
FIGURA 11– Visualization of the model “Brain” in the SOFT-RT out-module and the cross beams in the 

center of tumor 
 

Figure 12 shows the model “Brain” in the SOFT-RT out-module in gray scale and the 
dose distribution obtained with sum of the three fields simulated. A function of the 
system provides to possibility of express just the dose distribution in the tumor tissue 
placing  another tissues in gray scale. 

 

 
 

FIGURA 12– Visualization of the model “Brain” in the SOFT-RT in scale gray and the dose distribution 
in the tumor tissue 

 

Figure 13 shows the model “Brain” in the SOFT-RT out-module in gray scale and the 
dose distribution obtained with the sum of the three fields simulated. A function of the 
system provides to visualization of just the dose distribution into the tumor tissue, 
removing all other surrounding tissues or organs. 

 

 
FIGURA 13– Visualization of the model “Brain” in the SOFT-RT of the dose distribution in the tumor 

tissue 



 

A function of the SOFT-RT system can define any tissues to be the tumor tissue. So, 
it is possible to see the total dose distribution in each tissue of the model. This tool of 
the system helps to analyze the dose-response obtained on the MCNP simulation. On 
Figure 14, it is possible to identify the 3D dose distribution in the optic nerve, 
separating only this tissue to be plotted. 

 

 
FIGURA 14– Visualization of the model “Brain” in the SOFT-RT of the dose distribution in the optic 

nerve  
 

 

4 CONCLUSIONS  
  
 The system features has been showed by the images presented. The dose-
response representation by the SOFT-RT out-module  confirms that all beams crossed 
on in the center of the tumor tissue, improving the tumor dose. Other simulations with 
various irradiation fields will address in future work. 
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