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Abstract: The aim of study is to highlights the biomechanical behaviour of three dental materials during loading 
related to bruxism. It was created a finite element model of mandibular canin. The modelling was performed in 
Rhinoceros, AutoCad and the finite element analysis was performed in COSMOSWorks 2010. Occlusal loading 
was applied vertical and had a value of 1000N. The analysed cervical restorations were performed by dental 
amalgam, composite resins and glassionomer cements. The results confirm clinical observations related to the 
correlations between maximal occlusal forces to incisal margin of canin and maximal tensions to the level of 
cervical restorations.   
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INTRODUCTION 

The clinical and epidemiological 
studies performed in various countries 
highlighted the increase of dental erosions 
correlated with patients age. The 
tridimensional modelling and finite 
element analysis (FEA) allow the study of 
unlimited number of clinical situations.(1) 
The major advantage of this method is 
represented by the possibility to visualise 
internal tensions inside dental structures. 
The major aim of this research is to 
develop and validate an analogic model 
used for the investigation and assessment 
of forces and dental biomechanics, 
simulating dental movements and the 
distributions of periodontal pressures to 
the level of  single root teeth. 
 

MATERIAL AND METHODS 
The modelling was performed with 

3D softwares like Rhinoceros, AutoCad, 
3DstudioMax SoliWorks2010. The model 
was exported in a format compatible with 
software FEA (Finite Element Analysis). 
The baseboard for FEA was performed 
using COSMOSWorks 2010.  

During mastication appear horisontal 
and vertical loadings (forces). This 
combination of forces determines the 
movement of teeth in various directions. 
The contact angle is influenced by occlusal 
morphology. The value of masticatory 
force is assessed  to 500 N  for molar teeth 
and from 100 to 200 N in incisal region. 
The maximal values for axial loading are 
in range 70-150 N. 
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The maximal level of loading is 
associated with patients with bruxism. The 
occlusal loading for this category of 
patients is 1000 N (2). Because of its 
dynamic nature, the real loading, during 
mastication, are difficult to assess (3). 
Because of loading dispersion, the study 
used a model of homogenous loading to 
perform a linear parametrical analysis. 
This unit presents horizontal and vertical 
(axial) components applied to the level of 
contact point.    
 

RESULTS AND DISCUSSIONS 
The analysis was focused on the 

influence of forces related to bruxism 
patterns on the three materials used for 
cervical restorations.  

In our study the value of 1000 N was 
considered as maximal pathological limit. 
The study analysed the influence of forces 
applied on different areas and orientations. 
We must consider that maximal limit, for 
physiological and reversible periodontal 
changes, is about 200 N.  

 
Fig.1. The application of forces and constraints  

 
The images obtained using FEA 

present areas of compression both in areas 
of force application and holding 
area.(Fig.1) At the level of studied area are 
observed stretching and compression areas 
that sustain the possibility of fissures in 

bulk of cervical restorations associated 
with inadequate technique.    

For a real simulation, our study 
defined the principal parameters of the 
materials submitted to FEA (table 1). 

 
Material Young modulus 

(Gpa) 
 Resistance to 

compression (Mpa) 
Dental amalgam 55 0,33 310 
Glassionomer 

cement 
85 0,3 414 

Composite resine 220 0,22 551,49 
Table 1.The parameters of studied materials  
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The introduction of data in a 
database forewent the solving of the 
differential equation systems related to the 
studied processes. The visualization of the 
results performed on a chromatic scale and 

the data interpretation was related to the 
mathematical processes and to the 
materials resistance theories (von Mises 
tensions, Mohr-Coulumb etc). 

 
Fig.2 Bruxism - Von-Mises values for dental amalgam 

 
Fig.3 Bruxism - Von-Mises values for glassionomer cements 

 
Fig.4 Bruxism - Von-Mises values for composite resins 
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Fig.5 Axial tensions 

 
Fig.6 Von-Mises tensions distribution on canin crown related to material  

 
Because of specific elasticity 

properties of the three materials, the Von-
Misses tensions are clearly differentiated 
under the action of forces. The application 
of maximal force of 1000N willl induce 

maximal tensions : 7,92*106 N/m2 for 
dental amalgam, 8,86*106 N/m2 for 
composite resins and 1,13*107 N/m2 for 
glassionomer cement (Fig.2-5, Fig.6). The 
dental amalgam buffer very efficient the 
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forces and tensions appears only in inner 
areas of restorations. The composite resins 
present a higher resistance comparing with 
dental amalgam and glassionomer 
cements, presenting only minimal structure 
changes.  

Tooth wear from attrition can readily 
be discriminated from tooth-tissue loss by 
erosion on teeth worn into the dentine 
using scanning electron microscopic 
criteria. The habit of bruxism may produce 
wear patterns characteristic of attrition on 
occluding tooth surfaces which are 
different from the patternsof occlusal 
tooth-tissue loss associated with dental 
erosion.(4) 

The composite resin present high 
resistance to deformation and wear 
because they have light modulus elasticity.  

CONCLUSIONS 
 The dental amalgam presents the best 

absorption of the deformation shocks  
because of the distribution of tension 
inside material; in the case og high tension 
dental amalgam presents risk of 
deterioration; 
 The composite resin accumulates 

medium tensions comparing with the other 
materials, and present high resistance to 
deformation because of adhesive forces 
developed inside it structure.  
 The glassionomer cement accumulates 

highest tensions to the forces application, 
but presents better biomechanical 
behaviour comparing with dental 
amalgam. However, in the case of patients 
with bruxism there is a high risk of 
cervical restorations deterioration. 
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