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Abstract - This document shows the design of a software for the detection of very pronounced edges,
fissures and fractures of bone structures in radiological images, using image processing techniques as an
enhancement method. A graphic interface was used for the user to select the bone to inspect, by means of
an object labeling algorithm, the coordinates of said bone, "'region of interest ROI are identified, after
which the thresholding of the image will be performed, then a series of morphological operations will be
applied and in this way the detection of the lesion, which is highlighted by the change of color for the
visualization in the output image, making an overlap of the fissures and / or fractures in the original
image.

Keywords - Image processing, Biomedical computing, Fissures recognition

I. INTRODUCTION

The use of medical image processing as a help for medical diagnosis, presents a number of applications [1],
[2], some of which have a determined ROI (region of interest) [3], [4], while others try to get to determine this
region using different segmentation techniques [5], some of these techniques use characteristic extraction by
iterative search of certain structures [6], some others seek certain type of fissures, cracks or ruptures in
structures to analyze [3], others look through statistical methods [7] regions or characteristics to analyze. At the
same time, behavioral analysis of certain organs, muscle and bone structures, dental [8] can be performed using
non-invasive methaods [9], taking the information from electrodes, resonances and digitalized radiographs.

In this application the user determines the ROl by means of the mouse cursor on the digitalized radiography,
after this a series of Cartesian validations are carried out to determine exactly which area of the image will be
analyzed looking for the vortices of the same [10], after having the segmented image, a series of morphological
operations is carried out to determine fissures or fractures [3], [2] on the selected bone, at the end an
enhancement process is carried out so that the user can identify and analyze the lesion on the bone to study.

This analysis is currently carried out for images of 2D digitalized radiographs, but in a future work this same
methodology can be applied for 3D diagnostic images [8], [11], in order to analyze in more detail, the nature of
the damage on the bone.

The analysis of the characteristics, structures and formations of the human body can not only be used for
diagnostic tasks and detection of diseases, pathologies or injuries, in addition to this applications could be used
to identify people [12], chek of characteristics of medicine alternative that verify the state of certain parts and
organs of the body, such as the analysis of the eye and tongue [13], skull bones [14] or another specific part of
the human anatomy that can yield information to analyze.

To understand the methods of detecting fissures or breaks on the bone, an explanation of the image
operations used to perform said task and how the extraction of the ROI to be analyzed is performed.

Il. METHODOLOGY
A. Opening and Closing Function

It is based on the algebra of sets as a form of reduction or equalization of vertices based on a structuring
object, the writing based on sets for the function opening is given by the letter A that identifies the set and the
structuring object B:

AoB = (ASB) BB )
For the case of the closing function the set A is treated with the structuring object B of the form:
A-B=(A®B) 6B )

It is the following example it can be observed the effect of a spherical structuring object with radius R that is
applied to an object with several dimensions.
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Fig. 1. Application of the Opening-Closing function [15]

It can be seen that based on the structuring object with radius R the object to be treated is traversed step by
step, in the areas where the structuring object B occupies a larger space between the areas of the object, it
removes them as seen in the second line of images, followed by the expansion of the object A based on the
structuring object B an expansion of the object is obtained and therefore a larger area to perform the opening
and closing. At the end of the whole assembly process it is reduced the region of the figure that had a contact
greater than the value of the diameter of the structuring object and the rest of the regions of part A are
conserved.

B. Bwlabel Function

The bwlabel function with the syntax for use in matlad described as [L, num] = bwlabel (BW, n) analyzes a
black and white image (BW) in which it assigns a numbering to an element of the image, this assigns a number
0 or 1, 1 for totally white areas and O for totally black areas. After this the value n is assigned so that the
function connects 4 or 8 nearby objects with the value in the matrix of 1 as necessary, in the case of omitting
this default value would be 8 nearby objects.

The matrix L has as elements the values as element 0 which are the black background, 1 for the first detected
element, 2 for the second detected element and so on for the identification of the N objects that appear in the
image for them. It will be seen in Fig. 2 an example of the assignment.
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'l 1 1 0 0 0 0 07
11101100
11101100
|11 1.0 0 0 1 O
BW=l1 11000 1 0
11100 010
11100 010
.1 1 1.0 0 0 0 O

L = bwlabel(BW, 4)
1 1 1 0 0 0 0 07
1 1102 2 00
1110 2 2 00
|11 1.0 0 0 3 O
BW = 11100 0 3 0
11100 0 30
11100 0 3 0
i1 11 0 0 0 0 O

Fig. 2. Matrix generated by the bwlabel function

In the Fig. 2 the BW matrix it can be observed how the function assigns the values of 1 to the white regions
found and the values O for the black regions, in the matrix L after making the connection for values close to 4 or
next 8 the function will assign the numbering ascending for each region that it finds on the image and is
reflected with the ascending values in the matrix, in this case region 1, 2 and 3 respectively.

I11. IMPLEMENTATION AND RESULTS
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Fig. 3. Flow diagram

The analysis focuses on the identification of bone structure based on mathematical morphology for zones of
abrupt change on its structure (for the identification of fractures and bone fissures) based on the flow chart of the
Fig. 3, the image is captured and escalated, receives a treatment for conversion to grayscale and later black and
white, after the treatment the selection of the region that the user previously made as shown in Fig. 4 will be
used and thanks to the function bwlabel previously mentioned will take the area of interest.
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This area will be compared to its shape with reconstructions based on the opening and closing function with
a structuring object that eliminates the most acute points, then with the original image and the new smoothed
image the difference will be obtained in the form of superposition that in this particular case is the fissure
painted red on the original figure. It will be easier to observe the damage on the bone structure for its treatment.

Fig. 4. Radiograph with fissure and increase on it.

The parameters established for this function are given by:
sel = strel(‘disk’,5);
im_obt_close = imclose(im_obt,sel);
not_im_obt = bitxor(im_obt,1);
fisura = bitand(im_obt_close,not_im_obt);
Where:

» sel: establishes the structuring object, in this case a disk with radius equal to 5.
e im_obt_close: starts the "closing™ and the displacement of the structuring object by the edges of the
object to be processed, as shown in the Fig. 5.

B

Q — A~ By
\

Fig. 5. Process of "closing" based on a structuring object [15]

e not_im_obt: with a window value of color space already established (ven = 40) it negates the image to
contrast the fissure in the original figure.

« fissure: it counteracts the two images both the original with the previously negative image to obtain
only the fissure and then highlight it based on the original Fig. 4.
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Next, it will be seen the algorithm developed in Matlab:

Algorithm 1.BasicOperation

im = imread('RX mano con fisura.jpg");

figure()
imshow(im)
img = rgb2gray(im);

media_g = mean(mean(img));

ven = 40;

imbw = im2bw(im, ((media_g+ven)/255));
imbw = imfill(imbw,'holes");
L = bwlabel(imbw,4); %

figure()
imshow(imbw)

[x, y] = ginput;
X = round (x);
y =round (y);

valor = L(y,x)

for R = 1:size(im,1)
for C = 1:size(im,2)
if (L(R,C) ==valor)
im_obt(R,C) = 1;
else

im_obt(R,C) =0;
end

end

end

figure()
imshow(im_obt)

sel = strel('disk’,5);

im_obt_close = imclose(im_obt,sel);
not_im_obt = bitxor(im_obt,1);

fisura = bitand(im_obt_close,not_im_obt);

figure()

imshow(im_obt_close)

figure()
imshow(fisura)

im_salida(:,:,1) = im(:,:,1)+uint8(fisura*255);

im_salida(:,:,2) = im(:,:,2);
im_salida(:,:,3) = im(:,:,3);

figure()
imshow(im_salida)
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The results obtained will be shown in Fig. 6 where are taken cuts of the figures obtained during the
execution of the algorithm in Matlab.

(a) (b) (c) (d)
Fig. 6. Images obtained from the process

The Fig. 6(a) shows the original figure or radiograph enlarged to clearly see the fissure at this scale, Fig. 6(b)
is the image treated with grayscale and subsequently converted to black and white, with the morphological
operations observed in the Fig. 6(c) the smoothing and post elimination of both fissures and abrupt changes on
the figure, finally at the exit of the algorithm it can be seen the fissure on the bony structure highlighted, without
an approach it is difficult to recognize without the color highlight.

The algorithm was applied to a series of selected images, with fissures and ruptures, in some hardly
differentials, the selection of the region runs by hand of the user that believes to have identified a fissure and this
one wants to confirm it with the previously worked algorithm.

The detection of fissure was achieved in 95% of the radiographs applied as shown in Figure 7, the algorithm
was applied to 40 images of different body areas in which one or multiple fissures and breaks were evident,
within 5% resultant, the fissures were highlighted, but so were the elements that appeared in the image as
artifacts and very pronounced edges of the x-ray images. The execution time from the taking of the coordinate to
the view of the highlighted fissure was 0.77 seconds, tests performed in Windows 10, 64-bit with an Intel Core
17-4720HQ CPU @ 2.60Hz and 8 GBytes of RAM.

Figure 7. Radiographs with fissure enhancement
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IV. CONCLUSIONS

A software application that performs the detection of fissures and / or fractures in digitalized radiographs as
a diagnostic tool was made, highlighting the region of interest by changing the color of the monochromatic
image to a red color, so that the person who is making the diagnosis can verify in detail the bone injury in the
analyzed bone.

A series of tests were performed on different diagnostic images with the software implemented, verifying
that the lesions were detected in a satisfactory manner, this with the design of a small graphical interface that
allows pointing with the mouse pointer the bone to be analyzed and so this way to isolate the algorithmic
problem; these tests were satisfactory in 95%, since in some cases the fissure was in edges or artifacts of the
radiography, which made it difficult to detect them using the mentioned technique.

On the other hand, the effectiveness of the use of morphological operation in the analysis and detection of
edges, fissures or fractures of some types of binary images was verified, within which are the diagnostic images
of monochromatic bones.
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