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ABSTRACT 

This work aims to present a computational process of conversion of tomographic and MRI medical images from 
patients in voxel structures to an input file, which will be manipulated in Monte Carlo Simulation code for 
tumors' radiotherapic treatments. The problem's scenario inherent to the patient is simulated by such process, 
using the volume element (voxel) as a unit of computational tracing. The head's voxel structure geometry has 
voxels with volumetric dimensions around 1mm3 and a population of millions, which helps - in that way, for a 
realistic simulation and a decrease in image's digital process techniques for adjustments and equalizations. With 
such additional data from the code, a more critical analysis can be developed in order to determine the volume 
of the tumor, and the protection, beside the protection around its vicinity, which provides to the patient a better 
quality on treatment. For this work, the patients' medical images were borrowed by Clínicas Oncológicas 
Integradas (COI/RJ), joined to the previous performed planning. In order to execute this computational process, 
SAPDI computational system is used in a digital image process for optimization of data, conversion program 
Scan2MCNP, which manipulates, processes, and converts the medical images into voxel structures to input files 
and the graphic visualizer Moritz for the verification of image's geometry placing. 

1. INTRODUCTION 

According to a recent report from International Agency for Research of Cancer 
(IARC/WHO), the cancer's global impact has doubled in thirty years. In 2008, 12 million 
new cases of cancer and 7 million deaths were estimated. The continuous population growth, 
besides their aging, will affect significantly the cancer impact around the world. Such impact 
will happen mainly in average and low developed countries. In this same year, IARC/WHO 
estimated that half of new cases and two thirds of deaths are going to happen in those 
locations [1]. 
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In Brazil, the estimative for the year of 2011 shows an occurrence about 489,270 new cancer 
cases. The most common types of cancer, except the skin one (not melanoma), will be 
prostate and lung for men and breast and cervix for women, which follows the same 
magnitude model for Latin America. 

For this reason, the study and development of computational systems in the health area has 
been showing a growth which intends to increase treatments' quality, from 2D and 3D 
images' computational data, which may help in diagnosis. The realistic simulation code 
MCNPX [2] is one of the tools that can be used in order to generate data for help the medical 
crew to search better parameters in radiotherapical treatments. However, in the first place, the 
reproduction of experimental scenario in a virtual environment with all its dimensions well 
defined and the description of data's variables in the system are required. This work precedes 
a study and the parameter development which can reproduce the experimental scenario in a 
virtual environment with the maximum fidelity from a set of DICOM images [3] of a patient. 
With the computational scenario, the manipulation of this information is possible using 
simulation code Monte Carlo, and the helping results for medical crew choices can be 
provided by statistic process. 

2. MATERIAL FOR ANALYSIS 

2.1. DICOM standard 

DICOM (an acronym for Digital Imaging Communications in Medicine) is an image format 
which was developed in order to standardize diagnostic images, such as CTs, MRIs, 
Radiographs and Ultrasonography. DICOM standard is a set of policies which allows medical 
images to be commuted among images equipment, computers and hospitals. This standard 
sets up a common language among different equipments, usually not compatible, and 
between image equipments and computers, either in hospitals, clinics or laboratories. 

DICOM standard is a consolidated format and has been being developed for three decades. 
This standard was started by members of NEMA (National Electric Manufacturers 
Association, from USA) and by medical images users communities, such as American 
College of Radiology, American College of Cardiology and European Society of Cardiology. 
The fast adoption of DICOM standard by industries provided a raise in diagnostic quality and 
in effectiveness on medical cares. Figure 1 shows DicomWorks [4] manipulating DICOM 
images from pelvis area of a patient. 
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Figure 1. DicomWorks software while manipulates 
DICOM images from a patient's pelvis region. 

3. COMPUTATIONAL PROCESS 

3.1. Computational system's development 

Intending to automate the digital process of filtration for data recognizing in different regions 
of DICOM images, a computational system called SAPDI (Sistema Automatizado de 
Processamento Digital de Imagem) was developed in order to simplify the initial procedure 
during the DICOM images' preparation for segmentation process. The development of this 
computer system was proceed in a MATLAB environment [5]. 

The system works based on Hounsfiled contrast scale, and the application of filter sequences 
has variations which depend on the body part to be processed. The system also provides the 
possibility of conversion and preparation of JPG, BMP or TIFF images to DICOM standard 
and vice versa. Like much other scientific measurement software do not provide DICOM 
format for uploading, the conversion of such images in JPG, BMP or TIFF becomes 
necessary in order to use such programs. 

SAPDI works with DICOM images processing in order to help in MCNPX simulation code 
either through 128 X 128 pixel matrices manipulation through PDI DICOM LOW, with 256 
X 256 pixel matrices through PDI DICOM MIDDLE program function, or 512 X 512 pixel 
matrices with program function PDI DICOM HIGH. In the first two processes, the data are 
compacted inside the images, which demands recovering techniques of sets of pixels which 
were displaced in different regions of the image. Enhancement techniques are used, intending 
to perform the segmentation processes as well. Also in this process of compactation, the 
reduction from real dimensions of the objects and the volume-element unit (voxel). 
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Therefore, at the end of conversion process, i. e., during input file's generation, the 
recalculation of geometry and voxel's dimensions are necessary. It can be proceeded in this 
system by the options 128 >>> 512 and 256 >>> 512 with the insertion of data on each 
standard. In PDI DICOM HIGH command, which is used during the processing of the head's 
image for this work, there is no compactation process, and the images' treatments are directed 
to data amplification (from sets of pixels) for analysis and scan. The computational system 
SAPDI and its control panel are illustrated by Figure 2. 

Figure 2. SAPDI computational system and its 
panel (right size). 

The images' processing performed by system configures sequentially a set of images 
according to the provided input data. 

One of the system's options is the possibility of joining in DICOM images from CT and MRI 
equipments, providing a final image with a higher level of data, giving extra help for 
segmentation step. For the using of such function the command MIX DICOM is chosen, 
preceding an overdub of these images with a factor of 0.5 by 0.5 of contribution each (50%). 

The factor of contribution can be changed according to the desired aims for final images. In 
Figure 3 the operation screen of option MIX DICOM is shown. 

SAPDI system was designed to be one step during conversion's computational process of a 
set of processed images for an input file intending to perform computational simulation 
(dosimetric ones) in MCNPX code. 
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Figure 3. SAPDI system and MIX DICOM's 
operation in progress. 

3.2. Image area's analysis and measurements 

In order to precede dimensional measurements of images' areas, computational system 
Image Pro [6] - which is considered complete software focused on industrial and scientific 
researches, disposing tools and resources for image analysis - was used. The first step is the 
system's calibration from the maximum matrices structure, by Measure > Calibration > 
Spatial command. A configuration screen is showed to the user and in that way it informs 
the kind of measurement to be executed and which distance's standard is adopted. After 
software's calibration, the image sequences is started by Measure > Measurements 
command. Other commands for analysis of several regions' formats are available, "Create 
click and drag line feature" like tool. All of the processed measurements are recorded in a 
monitoring screen called "Measurements". Figure 4 shows the proceeding of measurements 
in Image Pro system. 
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Figure 4. Image Pro Software and the proceeding 
of image's dimension measurements before the 
segmentation step. 

3.3. Insertion of non-regular geometries in DICOM image's structure 

It's possible, due to evolution of image's editing systems, to insert any object inside the 
image by digital processing. It allows the increase of degrees of freedom on computational 
simulation area, aiding, in that way, the experimental area in resolution of certain problems 
and obtaining more accurate results. In the processed head's medical images for this work, 
the insertion of a non-regular geometry next to optical nerve region was inserted, in order to 
simulate a tumor. The advantage of such technique is the possibility of a great number of 
cases to be modeled. The process starts with the creation of a desired structure which can be 
either regular or not. The creation of this structure can be done by Paint Windows software, 
which is well known due to its editing and creation environment. The respective DICOM 
image which will receive de object is converted to JPG standard by SAPDI system. The next 
step is the choice of the image which represents the tumor and, right after, the DICOM 
image' slice from the head - which is about to receive the tumor - is opened and the object is 
insert there. In the end of processing, the file is saved in JPG format and SAPDI turns that 
image into DICOM again. The measurement of the created tumor can be preceded by Image 
Pro, relating the distance (mm) with pixels in the measurement. In Figure 5 a red dash circle 
detaches the object (tumor) which is inserted in DICOM image. 
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Figure 5. Inserted Object (tumor) in DICOM 
images, pointed out by a red circle. 

3.4. Segmentation 

The definition of image segmentation is connected directly to the area on which it is going to 
be applied. On computation field, the segmentation is linked to the image's decomposition 
process in several segments (regions) [7]. The component objects of a image have two basic 
characterics, i. e., either they exibit some internal uniformity, in relation to a image's 
proprieties, or they contrast in relation to its vicinity. One of the main questions on 
segmentation is related to the continuity principles, i. e., the image set of pixels according to 
the conformity degree of either gray scale or regions' texture, and the smooth and continuity 
of the boundaries as well. 

The most commonly using methods are the spatial domain, the segmentation in 
measurement's space or segmentation in frequency domain [7]. 

In this work DICOM images from a patient's head are converted to JPG format by SAPDI 
system and later segmented in Windows Paint image editor. After the segmentation of all of 
images, they are converted to DICOM by SAPDI system. Figure 6 shows the comparison 
between a raw DICOM images to one which was segmented in image editor. 
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Figure 6. (a) DICOM Image without segmentation. 
(b) DICOM Image with segmentation. 

3.5. Scan2MCNP Software 

With the set of processed and segmented DICOM images, the next step is the use of 
Scan2MCNP software [8] in order to convert that set of images in a based on voxels 
computational phantom and, lately, proceeding the recording of their numerical data in an 
input file. With all head's medical images have been processed in 512 X 512 pixel matrices 
(high resolution), the input file will have millions of voxels. With such amount of voxels, 
inherent issues on border effect are severely reduced. In general words, Scan2MCNP convert 
the TC and MRI images to a MCNPX code input file. The shape of the generated input file 
may be chosen from the software parameters' adjustments, such as the geometry's choice, 
which can be generated as either a R lattice structure or one without compression. In order to 
identify the image's regions, the software uses ID's resource, which identifies sets of 
elements in each region by an attached library. At the time when the conversion was 
performed, the input file will have the certain data from each region. Figure 7 shows 
Scan2MCNP software in use during crop settings process. 
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Figure 7. Scan2MCNP software with crop settings 
process in progress. 

3.6. Input file for MCNPX code 

As the conversion is completed, the information data from input file are analyzed and 
whether all of the parameters determined by Scan2MCNP were executed correctly. In input 
file, there are geometry, densities, chemical composition, big box and voxel's plans, and the 
dimension of the universe where the simulation was preceded. The file has 75,232,080 voxels 
and size about 9Mb. 

In order to visualize the input file which was generated by Scan2MCNP software, the Moritz 
geometry tool [9] is used. Moritz has exhibition modes either in 2D of the cartesian axis or in 
a single 3D window. The 3D graphic exhibition uses OpenGL graphics, which gets the 
maximum of graphic driver. In this software the last checks on computational phantom is 
preceded and, from the input file, specific parameters are inserted for the performing of 
computational simulation of a radiotherapic treatment on MCNPX code. 
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Figure 8. Visualization of input file from 
Phantom's head (patient). 

4 . CONCLUSIONS 

Studies and techniques which were demonstrated in this work show how the computational 
process of conversion of medical images to computational voxel phantom can be improved 
by the use of computational resources from digital image processing field. The created input 
file has a quality in information defined in voxels, which provides a realistic simulation 
process. With the control of computational scenario, in addition to the treatment parameters 
(physical data), the simulations' results can offer to medical crew data which may help in 
future radiotherapic treatments. The Monte Carlo MCNPX code is a powerful tool which can 
help the medical field. 
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