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Abstract: The Fractal Analysis of Medical Images is an investigation field in those that numerous results of
important value have been obtained. This work describes the basic foundations of the Fractal Analysis and its
application has more than enough medical images, leaning on in five scientific investigations.
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Introduction

A complex object in an image, it cannot be described if the Euclidian Geometry is used, which is
based on such regular objects as cubes, cylinders, cones, etc. Hausdorff (2) it introduced a method to
measure the dimension of complex objects through a real value, although it presented certain
difficulty in the practices. However Mandelbrot (2) in 1983 it defined a method to which I call Fractal
Dimension (FD) that is not but that the space that occupies a fractal set. This groups contain self-
similar elements that are independent of scale. The natural images are composed by self-similar
elements, then, all natural image can be considered as a fractal set. Investigators have used the FD for
many applications: quantification of noises (3), segmentation of images (4,5), analysis of textures (6),
recognition of patterns (7), biometrics (8), ecology (9), cancer detection (10) and tomography (11).

In the field of the biology we can find a great variety of systems that develop rough or irregular
interfaces, being the but important the growth tumoral. The form of the profile of the tumor allows
us to classify and to study the tumor type according to its geometry and dynamics, as well as it has
been observed that the form of the contour gives a valuable indication of the dynamic behavior of the
tumor (12). Kikuchi (13) it showed that the surface of an adenocarcinoma endometrial possesses a
structure fractal, and that the FD differs chord to the histological grade. In Lee’s work (14), the FD
allowed to differ among scaly cells, carcinoma and adenocarcinoma of the lung. Vasiljevic (15) it
showed that the parameters of the analysis multifractal are significantly different among three groups
of malignancy (renal, mammaries, lungs) that produce metastasis in the bones, discovering a new
potential application to detect primary tumors in patient with cancer metastasis of unknown origin.

The works mentioned previously possess as denominator common images, which are processed
by different algorithms to obtain encouraging results and to offer a better one diagnose this way to
patient. This work seeks to show some general results in the environment of the Digital Prosecution
of Medical Images, through the application of technical and methods sustained in the FG, to what is
denominated Fractal Analysis (FA).

Fractal Geometry

The word fractal derives of Latin fractus that means broken. It was given to know for the scientific
B. Mandelbrot in the year 1975, to describe complex objects that presented a peculiar property to
infinite scales (1). Each object fractal can be divided in parts but small, each one of those which is
similar to the complete object, either in way: exact, almost-exact or statistic- exact. It is this property
definig for this objects, and it is denominated self - similarity. Mandelbrot showed that the form of
building these objects is through functions recursives or iteratives. Two classic examples are: the flake
of snow of Koch (it Figure 1) and the Triangle of Sierpinsky (it Figure 2).(1)
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Figure 1. Flake of Snow of Koch.
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Figure 2. Triangle of Sierpinsky.

We can characterize the objects fractales quantitatively using the concept of Fractal Dimension
(FD). To determine the FD of an object, a standard unit of measure is used. To measure the longitude
of a segment, we will use the unit of having measured ¢, for the total longitude of the segment L,
then:

L=N=xe¢ 1)

where N is the number of units ¢ that are needed to cover the segment.
If we needed to cover a surface, we would use as standard measure a side square ¢, for that that
the surface it would be given for:

L[> =N *¢g? ()
In a similar way it would be calculated for a volume,
I3 =N # g3 3)
and in general,
P =N=x¢gP 4)

where D is the dimension topological of the object.
Clearing D in (4) we obtain:

In(N)
T & ©)
The equation (5) we will write it as:
_ In(N)
Tnd (©)

and we will call Fractal Dimension to Dy.

Fractal Analysis

The Fractal Analysis (FA), in one of their branches, tries to characterize objects through the FD.
Reason of interest and of wide investigations they are the images, in particular the medical images
(MI).

One in the ways but common of calculating the FD it has more than enough images, for their
simple implementation, it is the Method Box Counting (16) (BC). BC takes an image of M X M, where
M =2k, and it segments the image in size windows R = %, (R=2%i=0..k) and it counts the
quantity of windows that they cover the object, N(R), like it is shown in the Figura 4. Then FD is
calculated as:
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_ In(N(R))
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where R # 1.

Object border

Necessary boxes to
cover the border

Figure 4. Method BC. In this case they are necessary 20 boxes to cover the whole border of the
object.

Quantifcation of Structural Heterogeneity Using Fractal Analysis®?.

The wicked tumors possess a heterogeneous structure, that which is recognized as one of the
main problems in the propagation of the cancer and in the quimio-resistance (18,19, 20). The
evaluation of the texture of fabrics allows the detection and estimate of the homogeneity of the tumors
in medical images, which cannot be predicted for the human eye (21). Previous works have
demonstrated that the heterogeneity of the structure of the tumors this correlated with the answer to
the treatment in cancer of: head, neck, esophagus, lung and renal, in patients evaluated with images
of tomography (TC) (22).

In this work, use of the software ImageJ is made (National Institutes of Health, available in
http://rsb.info.nih.gov/ij) and the plugin FracLac (available in
http://rsb.info.nih.gov/ij/plugins/fraclac/FLHelp/Introduction.htm).

Using the software, the Method is applied BC it has more than enough images in scales of gray

of 8-bit, to calculate the FD and to use it like a measure of heterogeneity or complexity. The region of
interest (RDI) of the tumor it was selected manually by an observer (H.-W, 3 years of experience in
interpretation of abdominal TC), and supervised by a gastroenterologist (K.H, 14 years of experience
in interpretation of abdominal TC). A partial result of a sample in the Figure 5.

Figure 5. To the left tumor of Type [; to the right Tumor of Type III.

This study is the first report that it could demonstrate an impact in the I diagnose of the stomach
cancer making use of the Fractal Analysis it has more than enough images TC, since it demonstrates
that a high value of FD of a tumor, this significantly associated to the progression of this tumor,
bearing to a worsening of the illness.
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Use Of The Methods Of Segmentation C-Means, K-Means And Fractal Geometry In The Study In Alive Of
the Cancer Of Lung (12).

The FA applied to the lesions of lung tumors (e.g., Figure 6) it has allowed the quantitative
characterization of fabrics, the classification of the tumors and the quantification of the changes in the
vascularization associated to the pathologies of the cancer.

Figure 6. Representation of the four steps that were made to have the segmentation finally cuts to
court of the images TC of each tumor.

In this work, the growth of lung tumors in alive has been characterized by the analysis scaling,
using data of TC. The cases that consist on different types of tumors, as the lung adenocarcinomas,
non small cells and healthy fabric in lung, were analyzed keeping in mind the morphology of the
interface of the tumor - guest to calculate their geometric dimensions, that is to say, the FD and the
exponent criticize of local ruggedness a,,.. As it was expected, the complexity of the tumor-guest’s
interface increases as the lesion becomes but aggressive, a fact that is reflected in the exponents of
local ruggedness. Also, in the Chart #1 are observed that each one of the stadiums in you become
cancerous them of lung they have very marked differences.

Chart #1: Tumors of Lung. Interface of the tumor - host characterized by the FD, determined by the
method BC, and the exponent of local ruggedness.

Type dp average Qioc average
I111A 2.251+ 0.01 0.050 + 0.02
I11IB 2.151 + 0.01 0.580 + 0.01
I1HIC 2.081 + 0.01 0.676 + 0.01
111D 2.042 + 0.01 0.723 + 0.01

Although the complex dynamics of the growth tumoral requires a deep and extensive analysis
to describe them appropriately, the dimension of the fractal capacity has demonstrated to be a fine
and effective describer to establish differences among the properties of the fabric through the
transition from the normal fabric to the neoplasic, what makes it appropriate to incorporate it in
clinical protocols and decisions prescribes.

Fractal Analysis of nets microvasculars in human retinas (23).

In this work, a total of 10 images of the retina of the human eye has been examined, obtained of
the database of images STARE (Structured Analysis of the Retina), available in
http://www.ces.clemson.edu/A.Hoover/stare, that they correspond to patient with some pathology.
The images were taken with a specialized camera for the capture of pictures of retinas TopCon it
marks TRV-50 to 35 FOV and digitized to a resolution of 700x605 pixels. In this database, they are
three groups, two of them segmented by two different observers in a manual way and a third
segmented group using the algorithm proposed by A. Hoover and collaborators (24). In the Figure 7
an image of the database is shown.
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Figure 7. Image im0001 for a patient with antecedents of diabetic retinopatia. original image; b)
image in binary; c) segmented image.

In a previous study presented by Santiago - Cortes and collaborators (25), the dimension fractal
is analyzed for a groups of images of 10 healthy patients’ retina, with the same segmentation
technique and the same characteristic in the I calculate of the dimension fractal carried out work
presently. To the results of patient healthy (25), with those obtained for patient with some pathology,
itis observed that the values of dimension fractal present a less fluctuating behavior in patient healthy
that those observed in the patients with pathology. The graph of the values average in upward order
for patient healthy and with pathologies it is observed in the Figure 8.

. «— healthy
1sal E pathologies

Figure 8. Dimension fractal average of the retinas of patient healthy of patient healthy reported by
Santiago - Cortes and collaborators (25) and patient with pathologies reported in this work.

So that a method of I diagnose it is efficient from the clinical point of view, it is necessary that
this it provides elements that allow to carry out a process of early discrimination of the normal
condition (including the biological variability) of the condition already with a pathology, besides
showing high sensibility and appropriate specificity. As a result of this investigation, it was obtained
that the value average of the FD of the vascular system of the retina in patient with pathologies is of
1,55 + 0,05. When quantifying the FD of the vascular system of the retina, it is not possible to identify
a characteristic pattern that allows to distinguish with clarity the different pathologies, however, if
allows to differ among patient healthy and sick. Finally you concludes that the use of the analysis of
the FD has a great potential in the evaluation clinical non invasive of the human retina and offers
clear advantages, but its interpretation this limited one to only value that you cannot use in the
detection and quantification of some pathology in the retina.

Characterization of Border Structure Using Fractal Dimension in Melanomas®20.

Melanoma is the type of skin cancer but common inside the Caucasian population. If early is
detected big possibilities they exist of eliminating it completely and that the patient recovers
satisfactorily. Their identification is possible thanks to characteristic distinctive that differentiate
them of the moles. Nevertheless, certain difficulty exists to recognize these characteristics, even for a
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trained dermatologist. It is this one of the reasons of the development of on-line applications that
allow the attendance to the specialists to make an I diagnose early and but I specify of a Melanoma.

One of the characteristics that a Melanoma of a common mole differs, is the irregularity of its
border, which can be quantified with the help of the FD. The key of the process of detection of the
border of the Melanoma, this in being able to differ between the mole and the skin in an image
anyone, I process the one that is known as segmentation. After the segmentation process, the FD is
calculated, like it is shown in the Figure 9.

Fractal Dimension
onso @O

Fractal Dimension
om0 @D

1 10 100 1,000 1 10 100 1,000
Box Size [pixels] Box Size [pixels]

(a) (b) (cy (dy

Figure 9. Border detection for: (a) Lunar normal, (b) Melanoma.

And their respective FD calculated by the method BC: (c) Lunar normal, (d) Melanoma.

As a result of the carried out tests, it was obtained that the algorithm developed computational
possesses a success to detect Melanomas of the one 87%, and to detect Lunar normal a success of the
one 83%. You concludes that the automatic classification of Melanomas is possible, that that not this
exempt of risks. Nevertheless the risk of the one 13% it could be paid with the attendance of a
specialist in Dermatology.

Study Of Dimension Fractal, Entropy And Analysis Of Data For Mammographies With Micro - calcification
Or Tumor.

In this work they were carried out studies with images of mammographies where are presented
micro - calcifications (MC) or tumors (T). The main objective was to identify the tumor area (T - area)
(it Figure 10) and micro - calcification (MC - area) (it Figure 11) of the rest of the mammography
image, which we call area of the tissue (t - area), and to know its location, in an easy way and with a
high precision. We associate two quantities to each area to be able to differentiate MC and T with the
rest of the mammography: dimension fractal (FD) and entropy of Shannon (S). They were calculated
for the regions that belong to T or MC and fabric of the map of densities. What was obtained was that
the values of FD, are bigger for MC - area and T - area, while t - area is smaller.
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Figure 11. Micro - calcifications.

The present work proposes one where it is possible to visualize the MC and T, by means of a
code that requires some few seconds of work computational, simple and easy of using that it doesn’t
require but that to elevate to some power the intensity of each bin. You also confirms the identity of
each brilliant area by means of the relationships of S and FD, and differs of the tissue by means of the
value of or product of the histograms. They are three methods that help us to characterize and to
isolate wicked T and MC in the mammography image.

In conclusion, it is a reliable method to find a MC or T in a mammography that doesn’t depend
but that of parameters characteristic of the image and not of the interpretation of the I prescribe
radiologist, however it is not sought to substitute the paper of the I prescribe, but offering support in
the I diagnose. The development of the method contributes in the early detection of the cancer of he
mammaries, because among 30% and 50% of the cases diagnosed as cancer of mammaries at world
level, they have been through the detection of MC (28). It is also a tool that provides objective
information of the images that are analyzed and of the characteristics that can be extracted by means
of the use of the programmed code of them, that is to say that by means of the use of the mathematics,
we can identify MC and T in a mammogram.

Conclusiones

The application of the Fractal Analysis to the Digital Prosecution of Images Prescribes it is of
great utility for the medical community, since allows to make an diagnose but I specify of the different
pathologies and of its possible evolution in the time, being in less treatments or but aggressive as they
are the cases, what would propitiate an increase of the effectiveness of the treatment and for ende in
the quality and hope of the patients’ life.
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