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Abstract
The brain volume measurements have important
clinical applications in the treatment of

neurodegenerative illnesses. The segmentation taand t
volume calculation are important in the medical
context to provide information to assist the phigsic

in disease diagnostic and prognostic. Furthermate,
can improve the speed of the diagnostic. dbjective

of this article is to describe the development and
evaluation of a tool for calculation of the brainlume
using Tsallis Entropy.

1. Introduction

The quantification of the cerebral volume is a
relatively simple procedure; even so, when made
manually, it is a time consuming exhaustive task.
Moreover, there is a large variability between the
results of different individuals. To solve theselgems
the use of an automatized segmentation process i
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Initially, an anisotropic filter is used for smoat
the image. This procedure tends to minimize theenoi
After this, a binary image is created using the
autoT hreshold method inlmagePr ocessor class.
The Snake is a particular type of active contour in
which an initial curve is deformed towards the ety
the action of internal and external forces. Active
contours make use of local information on a contour
Its use is indicated when we do not have necessary
information of the geometry of the edges of objeldtk
The result is a binary mask. Finally, an AND opierat
is applied tahe mask and the original image.

2.2 Classification of the Brain tissues. To segment
the brain in different cerebral tissues (White Matt
gray Matter and cerebrospinal fluid) we applied an
algorithm based on maximum generalized entropy
principle. The entropy is frequently used to indkcthe

émount of information contained in a certain source

required. However, the computational algorithm & b Entropy is also used to graduate the disorder or

used must be precise to detect small differences an
robust to allow reproducible measurements to be use
in evolutionary accompaniments.

This paper proposes a method with the objective o
skull extraction segmentation and volume calculation
of cerebrospinal fluid (CSF), white (WM) and gray
(GM) matters

2. Methodology

This method was developed using

f

ImageJ as

development base. ImageJ, created by the Nationa

Institute of Health (NIH), is a software for image

processing and analysis developed under an open

architecture, in which allows creation of Javagihs
making it possible to extend its functionalities.

In this section we detail the developed algorithm
and the study made to evaluate the method.

2.1. Skull Extraction: The head magnetic
resonance images (MRI) are used for skull extradtio
two stages: pre-processing, consisting on
application of a series of filters with the objeetito

the

complexity of a dataset. [2]

For a certain class of physical systems, whichilenta
long-range interactions, long time memory and
mulitifractal feature macro states, some kind of
extension becomes necessary. Inspired by mult#isct
concepts, Tsallis has proposed a generalizatiomeof
Boltzmann-Gibbs—Shannon (BGS) statistics. [4] The
Tsallis statistics has been considered useful in
describing the thermodynamics properties of
Qonadditive systems, and it is based on a genedaliz
ntropic form:
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Wherek is the total number of possibilities of the
system and the real numbgiis an entropic index that
characterizes the degree of nonadditivity. This
expression meets the BGS entropy in the ligaitl.
The Tsallis entropy is nonadditive in such a wagtth
for a statistically dependent system, the entrdpthe

obtain adequate images to application of the Snakesystem is defined by the following nonadditivity

active contour procedure.

entropic rule

S(A+B)=3(A)+S(B)+(1-0)-S(A)-S(B)  (2),



ConsideringS0 in the pseudo-additive formalism
of Eq. 1, three entropic classifications are defitaes
follows
*Subadditive entropyn(< 1)S,(A+B)<§,(A)+S(B) (3)
*Additive entropy: ¢ = 1) S,(A+B) = §(A)+S(B) (4)
*Superadditive entropyce1)S,(A+B)>S,(A)+S(B) (5)

The entropy of an image is a positive measure and

The algorithm in subject is independenttba pulse
sequence and insensitive to the non uniformityhef
image signal that could influence the results.

The sensibility was evaluated througriations of
the volume of these structures in patients of Nleti
Sclerosis along the time.

The statistical analyses demonstrated that thik too

the maximum entropy occurs when an image containsis reliable for volume calculation. It is possibie

the same amount of pixels for all intensities, tbatll
intensities have the same occurrence probabiftly. [

observe a small variation on the volume along ithe;t
however this variation is statistically insignifitaas

The developed algorithm is based on the entropyshown in analyses enclosed.

algorithm proposed by KAPUR and PUN. [5,6]
According to the Pun algorithm, the entropy asgedia
to the black pixels (dark pixels), Sb, and the auyr
associated to the white pixels (bright pixels), Ssv,
delimited by the threshold value t. The algorithm

Thuswe can conclude that this tool hetsown to be
sensitive enough to detect the variation of theltot
volume along the time besides the decrease of tiite w
matter, as it is told thoroughly in the literatufg]
However it was not capable of detecting differerags

assumes that t is such that maximizes the totalthe gray matter and the cerebrospinal fluid in tthees

accumulated entropy function. In this case, Sb Swd
are: Sb is the accumulated entropy ranging fronk dar
black gray level till threshold and Sw is the
accumulated entropy from threshold till bright vehit
gray level.

slices of 1 and 2 years.
4. Discussion

This tool was shown efficient for atrophy
detection, because it was shown invariant for ttal t
volume (p < 0,05) and it got to detect variationghe

The first structure segmented is the cerebrospinalpatiemis white matter with Multiple Sclerosis (p <

fluid that is then subtracted from the original gea
The image without the cerebrospinal fluid is sulbeait
again to the algorithm of maximum entropy that

0,05), as it is told thoroughly in the literature.
The method has been shown able to define tissue
volumes with the necessary sensitivity to detect

extracts the gray matter. Once subtracted the graycerebral atrophy. This study suggests that theqseg

matter has the white matter.

2.3 Volume Calculation: From the information
contained in the header of DICOM images, it is
possible to get severainformation tags regarding the

patient and the exam. Among these information tags,

algorithm is a good alternative when we just wamt t
know whether atrophy is present or not in examined
patients.
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