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Abstract 

Concerns about occlusal overload and the presumed consequences of occlusal trauma have led to 

meticulous replacement of missing teeth and the incorporation of a large number of supporting teeth into fixed 

dentures. For the experimental study of the state of tension and deformation that arises in the masticatory system 

during mastication, various methods are used, of which the most used in Romania are the methods that use 

resistive electrical tensometry, optical methods. Among the optical methods that provide the most commonly used 

qualitative and quantitative results are: the brittle varnish method and the holographic method. The obtained 

results are congruent with the results obtained by other researchers and through the conclusions drawn, the 

methodologies designed can be used for the experimental analysis of the state of tension and deformation in the 

masticatory system. 
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Introduction 

Occlusal overload and the 

presumed consequences of occlusal trauma 

have led to meticulous replacement of 

missing teeth and the incorporation of a 

large number of supporting teeth into fixed 

dentures.[1,2] Moreover, teeth mobility 

was considered to be a pathological sign 

that endangers the prognosis of a tooth. [3] 

The Ante law stated that "the total 

area of periodontal support tissue must be 

equal to or greater than that of the teeth to 

be replaced". Subsequently, the claims 

argued that “the length of the periodontal 

attachment of a support tooth should be at 

least one-half or two-thirds that of its 

normal attachment”. [4] 

As a logical consequence, a 

number of teeth with substantially reduced 

periodontal tissue support could no longer 

be used as support teeth for fixed prostheses 

and were therefore removed and replaced. 

[5]  

In this context, it is important to 

realize that tooth mobility is not a 

pathological condition. Rather, it represents 

a physiological tissue adaptation to the 

altered function.  

Dental movement through 

intrusion increases exponentially together 

with the increase in magnitude of the 
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applied forces, but also with the increase of 

the extent of periodontal trouble (horizontal 

bone loss), even becoming double when the 

tooth is affected up to 66% compared to 

33%. [6,7] 

The teeth have a physiological 

mobility, because they are not ankylosed in 

the alveolar bone, but are suspended by the 

periodontal ligament. [3] 

Tooth mobility is clinically 

assessed as the amplitude of crown 

displacement and results from the 

application of a standardized force. Its 

magnitude has been used to distinguish 

between physiological and pathological 

teeth mobility. [5] 

Increased mobility of a tooth, with 

a healthy periodontal support, but without 

an enlarged periodontal ligament, should be 

considered "physiological" dynamic 

mobility. [4] 

Furthermore, the results of studies 

incorporating force transducers in 

prosthetic reconstructions have shown that 

wide fixed dentures on support teeth with 

low but favourably distributed periodontal 

support (i) can withstand normal-sized 

occlusal forces and (ii) do not adversely 

affect the process of occlusion and 

mastication. [4] 

Examining restored and 

unrestored teeth over a 15-year period, 

Miyamoto et al. (2007) noted that tooth 

preparation significantly reduced the long-

term prognosis for prepared teeth. [3,5] 

The movement of the natural tooth 

affects the bearing capacity of fixed 

prostheses whenever a long-length 

prosthesis is constructed (for example, a 

beam length of 24 mm or two premolars or 

molars). 

  The Finite Elements Method (FEM) 

is a high-precision computer-assisted 

numerical technique used in the accurate 

investigation and identification of structural 

stress, based on the physical properties of 

the analysed structure and of the 

movements caused by the action of various 

external factors acting on a body. [8,9]   

In dentistry, FEM has the advantage of 

reproducing the heterogenity of dental, 

periodontal and alveolar structures, as well 

as the irregularity of the tooth outline in a 

mathematical model. [10] 

For the experimental study of the 

state of tension and deformation that arises 

in the masticatory system during 

mastication, various methods are used, of 

which the most used in Romania are the 

methods that use resistive electrical 

tensometry, optical methods. 

 

Experimental study 

We used the ARAMIS HS system 

for the analysis of the stress and strain state 

that arises in the masticatory system. At the 

“Dunărea de Jos” University of Galați, 

there is such equipment (At the Faculty of 

Naval Architecture) called ARAMIS HS.  

Galati Basically, this equipment consists of 

an optical system (two high-resolution 

cameras with high shooting speed) coupled 

to a computer (desktop type) on which an 

image processing program is installed.[11] 

The results provided are presented in 

graphical form (for comparison with a 

possible numerical modelling) as well as in 

editable format. The specimen to be tested 

must be prepared by painting with matte 

white paint: After applying this paint, 

because before the end of the experiment 

the equipment is calibrated on the 

specimen, black matte paint is also applied 

by spraying. In fact, the optical system 

constantly measures the distances between 

the points of black paint during the test. 
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Then using known relations from the optics, 

the program determines the deformations 

and then calculates the components of the 

voltage state. 

To perform the experiment, a skull 

model was used, obtained from internet 

sources and resulting from a 3D scan of a 

natural skull, then printed with a 3D printer. 

The used material is PLA, for use with 3D 

printers. This material was chosen because 

at this stage it was desired to establish the 

methodology for performing measurements 

and interpreting the results. 

Another important factor that 

recommended the use of a 3D printer with 

PLA material was that after cooling the 

printed models of this material do not 

change their shape. This is important for the 

following discussions. 

The imported scanned model, due 

to the presence of points cloud obtained 

after the scanning procedure, had to be 

properly prepared to be faithful to the 

human original. Thus, the scanned model 

was imported into the Rhinoceros program, 

where elementary surfaces were obtained 

from the point cloud, which then together 

form the 3D image of the skull and 

mandible. Figure 1 a shows the volume of 

the skull obtained from elementary 

surfaces. This mode of division is then 

useful for analysis using the finite element 

method. Also, the use of this methodology 

allows the discretization in the smallest 

details of the masticatory system (as can be 

seen in figure 1 b), where we have selected 

a molar and 1 c where 2 molars have been 

selected). 

 
 

  

b. c) 

Figure 1, a, b, c. The scanned model was imported into the Rhinoceros program. 
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Figure 2 a) shows the 3D model of 

the skull portion ready for printing. This 

was done with the own program of the used 

3D printer. 

The whole skull was not printed 

because a flat surface was needed to hold it 

to the test stand. Figure 2 b) shows the 3D 

model of the skull portion ready for 

printing. 

A Creality CR-10-S5 3D printer 

with a printing area of 50 * 50 * 50 cm 

(shown in the appendix) was used for 3D 

printing. 

  
a) b) 

 

Figure 2, a and b. 3D printed model 

 

Following the printing process in 

the image in figure 3 you can see the 

masticatory system mounted in the test 

stand. This stand consists of: 

- Rigid metal support; 

- System for performing the test 

force. This system in turn consists of: 

- Pneumatic cylinder for achieving 

the test force. The choice of this cylinder 

was made so as to ensure a test force of 

maximum 500 N. 

- Pressure regulating valves to 

control the test force; 

- Electronic piston displacement 

control system for simulating the chewing 

operation; 

- Electric system for controlling 

the operation of the compressor that 

performs the working pressure. 

In the image in figure 3 b) you can 

see the raster of black dots created on the 

masticatory system. 

 

  

a) b) 

Figure 3 a and b. The masticatory system mounted in the test stand. 
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The stand for the experimental study of the biomechanics of the masticatory system 

is presented in the image from figure 4 a and b. 

 

  
a b 

Figure 4. A and b Stand for the experimental study of the biomechanics of the masticatory 

system 

 

The measurements were carried out in such a way that the force of stress was 

determined to be 95,6 N. 

After performing the experiment and after processing the images with the help of the 

specialized program of the ARAMIS HS system, the voltage state shown in figure 5 resulted 

for the area of interest. 

 

  
a b 

 

Figure 5. a and b. Diagrams from the Aramis program regarding the voltage state 

 

Thus, maximum stresses were 

recorded in the area of interest marked in 

figure 5 b) in the mandible bone of 4.26 

MPa.  

Among the optical methods that 

provide the most commonly used 

qualitative and quantitative results are: the 

brittle varnish method and the holographic 

method. Lately, with the advent of optical 

systems for measuring stresses and strains 

from the German company GOM, 

experiments on the human bone system in 

general are gaining a new dimension.  

The simplicity of the equipment as 

well as the use of generally accepted 

calculation relations leads to obtaining 

credible results and minimal errors.  

The subsequent study analysed, 

using multivariate analysis, the importance 

of the parameters that influence the values 

of movement as a result of applied forces, 

the included parameters being the applied 
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force and the extent to which the 

periodontium is affected. [1,2] 

Subsequent research will be 

performed to experimentally detect the 

variation of the state of deformation and 

stress in case an implant is found in the 

dental alveolus. [12-14] The behaviour of 

the mandibular bone will be investigated in 

various situations of stress and application 

of the load on the teeth.  

Within the limits provided by the 

knowledge in the field, the present paper, 

through the elements of comparative 

novelty introduced by the analysis of the 

numerical and experimental masticatory 

system can be a starting point for future 

more in-depth studies of the biomechanics 

of the masticatory system.[6,7,10] 

Until now, numerical and 

experimental studies have had a certain 

degree of limitation. The conditioning was 

caused by the computing power of the 

systems from the “Dunărea de Jos” 

University of Galați. [11] 

In the future, depending on the 

possibilities mentioned above, I aim to 

analyse the behaviour of the masticatory 

system in its entirety, not only parts of it. 

The results obtained so far lead to 

the conclusion that the experimental and 

numerical methodology for the study of the 

biomechanics of the masticatory apparatus 

is correct. 

These results are relatively close to 

the results obtained by other research 

teams.  

 

Conclusions  

The following objectives were 

fulfilled in the studies carried out to 

elucidate the behaviour of the masticatory 

apparatus: 

1. Design and construction of an 

experimental stand for determining the state 

of stresses and strains in a mandible; 

2. Designing a methodology for 

experimental determination of the state of 

stresses and strains in a mandible; 

3. Designing a numerical 

methodology for analysing the elements of 

the masticatory system using specialized 

finite element analysis programs. 
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