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ABSTRACT 

The main objective of this study was to investigate if there is a relation between the cortical 

bone thickness of human mandibles, with age and patient gender. In this work, the measure of 

the cortical bone thickness was obtained using different medical images.  

Different human mandibles were obtained, with high resolution, through computed 

tomography. The cortical thickness was measured using image processing software (Sante 

DICOM Viewer FREE, Santesoft). The three dimensional visualization of the medical images 

was obtained using InVesalius 3.0 (FREE Beta 2 Software, C. T. I. Renato Archer). An initial 

work with this purpose was produced by [Fonseca, et al 2010] using other software. 

A total of eight medical images were analysed in two different groups. One group was 

characterized with four female mandibles, from different ages (26-79 years old). Other group 

with four male mandibles has similar age (42-57 years old). The cortical thickness value was 

obtained for each studied case. A comparison between gender patients was obtained.  

Conclusions about the cortical bone thickness of the mandible affected by tooth extraction, 

age and gender patient will be produced. The use of this type of information could be useful 

for complementary diagnostic information and clinical treatment planning. 
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INTRODUCTION 

Computed tomography (CT) is the most common technique used for examination of 

maxillofacial, because it permits the visualization of soft tissues and bone structures in the 

same medical image [Cavalcanti, et al 2001]. This technique is used in several clinical 

dentistry applications even by axial slices, in two (2D) and three-dimensional (3D) 

reconstructed images [Rocha, et al 2003], [Fonseca, et al 2010]. In some regions of the 

maxilla or mandible is very difficult to distinguish between cortical and trabecular bone 

[Natali, 2003]. Therefore, with thresholding, segmentation operations and to built separate 

models, the modelling procedure is possible using dedicated software package.  
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METHODS 
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between 26 and 79 years old (F79, F59, F57, F26). The cortical bone thickness was calculated 

in seven different positions for each layer, and between symmetric planes, for outer and inner 

side of mandible, measuring the number of pixels.  

All studied cases are represented in figures 2 and 3. A 3D scan of each case was represented, 

using the software InVesalius 3.0 (FREE Beta 2 Software, C. T. I. Renato Archer) for 

visualisation. The numbers of teeth in F mandibles are 8, 10 and 13. The old F mandible has 

no teeth or is edentulous. 

 

F79 

0 teeth 

F59 

10 teeth 

F57 

8 teeth 

F26 

13 teeth  

    

    

Figure 2. Number of teeth, 2D and 3D scan of F mandibles. 

 

Figure 3 represents all images for M mandibles. As shown, the number of teeth is similar 

between all images, 12 or 13.  

 

M57 

13 teeth 

M53 

13 teeth 

M43 

12 teeth 

M42 

12 teeth 

    

    

Figure 3. Number of teeth, 2D and 3D scan of M mandibles. 

 



RESULTS 

In this work eight mandibles (four for each gender) were studied. Different axial slices were 

selected and seven measurements were made for each other. The estimated value of cortical 

thickness was the mean of these calculations.  

Tables 1 and 2 give the mean values of cortical thickness, according the age and patient 

gender for each measured point. Cortical thickness of mandible (CTM) is also represented in 

these tables. CTM is the mean of all collected values from the measured points for outer and 

inner side of each mandible.  

 

Table 1. Mean values of cortical thickness for outer side, mm. 

Measured 

Points 

F79 

0 teeth 

F59 

10 teeth 

F57 

8 teeth 

F26 

13 teeth 

M57 

12 teeth 

M53 

13 teeth 

M43 

12 teeth 

M42 

12 teeth 

1 0.977 2.638 2.230 1.816 1.488 2.141 1.168 2.366 

2 1.715 2.895 1.688 2.520 2.426 3.233 3.264 3.658 

3 1.348 2.247 1.242 2.460 2.894 3.016 2.036 1.685 

4 1.579 2.000 1.786 1.559 1.857 2.010 1.201 1.583 

5 1.572 1.998 1.390 2.220 2.748 2.338 1.563 1.482 

6 1.572 3.290 1.425 2.050 2.363 2.517 2.931 2.426 

7 0.931 2.008 3.370 2.726 0.523 1.400 0.988 1.707 

CTM 1.39 2.44 1.88 2.19 2.04 2.38 1.88 2.13 

 

Table 2. Mean values of cortical thickness for inner side, mm. 

Measured 

Points 

F79 

0 teeth 

F59 

10 teeth 

F57 

8 teeth 

F26 

13 teeth 

M57 

13 teeth 

M53 

13 teeth 

M43 

12 teeth 

M42 

12 teeth 

1 0.977 2.638 2.230 1.824 1.488 2.141 1.168 2.366 

2 0.809 1.215 1.408 2.473 2.112 2.117 1.954 2.641 

3 1.348 1.714 1.848 3.203 3.604 3.278 2.336 2.325 

4 3.157 2.808 2.704 2.319 3.026 3.081 2.867 2.628 

5 1.168 1.758 1.934 2.768 3.635 3.725 1.941 1.853 

6 0.786 1.026 1.522 1.531 1.643 2.430 1.502 1.725 

7 0.931 2.008 3.370 2.170 0.360 1.400 0.988 1.707 

CTM 1.31 1.88 2.15 2.327 2.267 2.60 1.82 2.18 

 



DISCUSSION 

The CTM measurements in tables 1 and 2 show significant differences between the age, tooth 

extraction and patient gender. Through tables 1 and 2 a comparison of cortical bone thickness 

between different ages and groups, for outer and inner side, were represented. 

According table 1, the values of cortical thickness for F79 patient is the smaller. The teeth 

extraction results in a decrease of the mandible strength. M group has a range of cortical 

thickness values between 1.88 and 2.60mm. The measured points 2 and 6 present higher 

values and always in M patients.  

Table 2 represent the same conclusion about F patient. Cortical thickness for F79 patient is 

smaller. Between M and F mandibles there are differences and a different behaviour. For 

point nº4, in the middle of measure, the values are similar in all patients and present the 

higher values.  

The most difference in edentulous patient is the tendency for cortical thickness to be lesser in 

positions 1 and 7, when compared with other patients with teeth. This conclusion is also 

presented by [Dabney & Dechow, 2002]. 

Figures 4 and 5 represent the CTM values for outer and inner side of mandibles in all patients. 

 

 

Figure 4. CTM values for F and M patients, (outer side). 

 

As can see in figures 4 and 5, F79 patient has always the smaller CTM value. F59 present 

higher values for outer side and a relative difference between the inner side. F26 present the 

thickness value more constant between all different sides (2.19-2.32). This mandible presents 

the higher value of teeth (13) in F mandibles. M patients have more similar values, around 

1.82-2.6mm for outer and inner side of mandible. All M patients have similar value of teeth 

(12-13). The thickness behaviour of F26 is similar with M patients, although the age was the 

smaller. F patients have a different behaviour and are possible to verify the cortical bone 

reduction more pronounced when compared with M mandibles.  
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Figure 5. CTM values for F and M patients, (inner side). 

 

 

CONCLUSION 

The cortical bone thickness of the human maxilla/mandible may be affected by tooth 

extraction, age and patient gender. Edentulous mandible causes a bone reduction and a 

decrease in the strength. The use of this information is useful for complementary diagnostic 

and clinical treatment planning. Nevertheless, for continue to obtain a better correlation 

between different ages groups and gender, more CT should be analysed. The use of CT 

method is an excellent way to distinguish different tissues, as verified in this work. With this 

capability was possible to determine the cortical mean thickness value in different human 

mandibles. 
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