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ABSTRACT 
The radiological examination is part of complementary para-clinic examinations currently used in dental 
practice. This work present a method of improving the quality of X-ray dental images obtained through the 
classical techniques by specific image processing. The method consists of contours detection and bone density 
evaluation for interest areas. It is an easy approach for any type of retro-dental Rx investigation suggesting 
clinical decisions. 
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INTRODUCTION 

The radiographic examination is one of the 
routine laboratory examinations, absolutely 
indispensable to establish the diagnosis, 
treatment plan and the accuracy of the 
performed dental treatments. The dentistry 
benefited of the development of medical 
imaging, the conventional radiographic 
techniques tend to be replaced by the digital 
radiographs, the dental CT, and the latest 
cone beam CT technology, with indisputable 
advantages in terms of information quality, 
but with limitations related to the acquisition 
costs of these devices [1, 2, 4, 5, 6, 7].

This work represents a method of 
assessing the dental-periodontal support 
through processing X-ray dental images 
obtained through the classical technique, 
representing an attempt to validate and 
quantify the results for which a simple 

analysis of radiographic imaging is 
inconclusive or with an erroneous possibility 
of interpretation from the practitioner [1, 3].  

 
MATERIAL AND METHODS 

There were two types of image processing 
taken into consideration:  
 the first type consisted in the selection of 

the interest areas and the automatic 
detection of contours; 

 the second type consisted in the measuring 
of areas and bone density on the areas of 
interest compared to the adjacent areas.  
Previously, there were also image pre-

processing steps by changing the contrast, 
brightness, noise filtering operations and 
rescaling to improve image quality.  

At this stage, the analysis focused on the 
delimitation of the periapical areas with 
pathological processes, for which the area and 
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the bone density was already determined. The 
possibility of assessing these parameters as 
well as the comparative analysis in time 
through the subtraction method can provide 
valuable clues on the conservative or surgical 
treatment, and implicitly, on the prosthetic 
value of the analysed teeth.  

The Matlab platform was used for image 
processing.  

Matlab is one of the solutions commonly 
used in 1D or 2D signals processing due to 
their multiple integrated functions, as well as 
to the good documentation of these functions, 
thus facilitating the development of complex 
applications. 

Functions already existing in the Matlab 
toolboxes were used within the project, as 
well as a series of functions specifically for 
this project, namely functions for displaying 
radiographic images (available in electronic 
format by their scanning in advance), the 
change of images to optimally visualize the 
areas of interest, functions extracting the 
contour of the areas of interest, the saving of 
the final data in specific folders, functions 
calculating the area of the interest zone, the 
bone density and the size of the area of 
interest (dimensions in mm). 

The first step in the proposed project was 
the scanning of dental X-rays to a resolution 
of 300 DPI and the storage on digital media. 
Thus, the information contained on 
radiographic film is available in digital format 
and can be accessed and processed on a 
computer.  

The developed program has the following 
structure:  
1. loading of the radiographic image 
2. pre-processing the image by modification 

of the contrast, brightness and noise 
filtering operations. These operations aim 
at improving the image clarity.  

3. outlining the area of interest with a mouse 
or the automatic extraction of contour. 
One of these two options will be chosen, 

depending on certain details of the X-ray, 
namely, the clarity of the interest area and 
the tracked features.  

4. the calculation of the area (expressed in 
mm2) of the interest zone defined at the 
previous step  

5. the calculation of the density of the colour 
/ shades of grey  

6. the calculation of the relative bone density, 
depending on a certain threshold and on 
the adjacent areas of interest.  
1. The loading of the radiographic image  

the program offers the opportunity to select 
the desired image, which can be stored, 
processed and then displayed.  

2. Pre-processing the image by modifying 
the contrast, brightness and noise filtering 
operations. These operations aim at 
improving the image clarity.  

3. Outlining the interest area with a mouse 
or the automatic extraction of the contour. 
One of these two options will be chosen, 
depending on certain details of the X-ray, 
namely, the clarity of the interest area and the 
tracked features.  

4. The calculation of the area (expressed 
in cm2 or in mm2) of the interest area defined 
at the previous step is based on determining 
the number of pixels from the inside of the 
contour and on the size of a pixel (which is 
calculated according to the resolution used for 
scanning that is expressed in the DPI 
international format, representing the number 
of pixels required for the representation of a 1 
inch line). 

For example, for the marked area of 
interest: 

Area_mm = 56.9568 
Area_cm = 0.5696 
5. The calculation of the colour density / 

shades of grey represent the average grey 
level from the inside of the interest area.  

For example, for the marked area of 
interest: mean_density = 83.9330 (grey level). 
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Fig. 1 

  
Fig. 2 

6. The calculation of the relative bone 
represents the reported grey level of 256 
which is the absolute white colour.  

For example, for the marked area of 
interest: mean_percent_density = 32.9149 

 
RESULTS 

The automatic detection of contours 
allows the delimitation of the areas where 
there is a significant difference between the 
radio opacity or radio transparency, thus 
allowing a better interpretation of the X-ray 
images. The delimitation of these areas can be 
made on different levels of grey, but the 
colour coding of the grey shadings allows a 
better image view. Also, depending on the 
number of shades taken into account, and by 
comparing the successive images with the 
initial X-ray, there is a higher degree of 
certainty concerning the interpretation the 
extension of areas with periapical processes 
and the bone lysis in periodontitis.  

The interpretation of images in sequence 
shows the delimitation of the periapical lesion 
process and the fact that the bone density is 

scratchy within.  
The same case was examined one month 

later after the initiation of the endodontic 
treatment based on calcium hydroxide. The 
images show a slight decrease of the lesion 
process and changes in the delimitation of 
contours within the lesion process.  

In order to determine the bone density we 
have discussed the same two previous cases 
for which we have manually delimited interest 
contours represented by: dental root, other 
periapical areas that had an increased radio 
transparency as well as lesion area. For the 
mentioned areas, the program has the ability to 
automatically determine the selected area. 

The selected areas B2 and C2, B3 and C3 
show almost identical surfaces. These areas 
show relative significant differences in bone 
density, which leads to the previous conclusion 
that the endodontic treatment resulted in bone 
regeneration phenomena. Comparative analysis 
of the areas B2 and B3, C2 and C3 show that 
density is reduced in the areas neighbouring the 
root, they subsequently slightly increase 
towards the periphery of the lesion process. 
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Fig. 3. Peri-apical X-ray Fig. 4. Automatically extracted contour on 5 

levels of colour density 

  
Fig. 5. Automatically extracted contour on 8 

levels of colour density 
Fig. 6. Automatically extracted contour on 10 

levels of colour density 

  
Fig. 7. Automatically extracted contour on 12 

levels of colour density 
Fig. 8. Automatically extracted contour on 15 

levels of colour density 

  
Fig. 9. Automatically extracted contour on 5 

levels of colour density 
Fig. 10. Automatically extracted contour on 8 

levels of colour density 
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Fig. 11. Automatically extracted contour on 10 

levels of colour density 
Fig. 12. Automatically extracted contour on 12 

levels of colour density 

  
Fig. 13. Case I: Area B1( in mm2) = 43.8498 

Relative bone density = 50.8414 
Fig. 14. Case I: Area B2( in mm2) = 12.4440 

Relative bone density = 44.5027 

  
Fig. 15. Case I: Area B3( in mm2) = 28.5906 

Relative bone density = 42.3826 
Fig. 16. Case II: Area C1( in mm2) = 20.1620 

Relative bone density = 23.0701 

  
Fig. 17. Case II: Area C2 (in mm2) = 11.7606 

Relative bone density = 12.3467 
Fig. 18. Case II: Area C3( in mm2) = 33.1092 

Relative bone density = 16.9264 

DISCUSSIONS 
The evaluation of significant groups of 

patients, feasible not only for the simple 
retrodental X-rays, but also on 

orthopantomographs could be the basis for a 
new classification on bone density based on 
density value limits paraclinically 
determined, with practical application in 
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