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ABSTRACT: The human body represents the most important topic for many researchers. In the case of dental medicine, because the 
teeth material nature, the dimensions and the geometrical position, a very important problem, like fractures, cannot be study with 
practical classic engineering tools, like tensometric markers. In these conditions, the finite element method represents the only 
method that helps and indicates what is hapening in the structure of maxilar bone and teeth. The paper presents the model and the 
simulation of the implant in different situation of real practice medical situation. Very often, the jawbone offert in very variable in 
dimension that depends of the general health of the patient. In the work, stress and deformation are calculated for different 
dimenions of the bone. The results are important and offeres to dental practicians informations for the every day work. 
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1. INTRODUCTION  
Dental implants are designed to provide a foundation 
for replacement teeth which look and function like a 
natural teeth. The implants consists in tiny metal 
posts which are inserted into the jawbone where the 
teeth are missing. During mastication, important 
stress are developing as a result of different force 
that acts on implant surface. Also, important 
displacement of the implant and jawbone are 
detected in some loading case. Because of the 
geometry, dimensions, and position, the direct 
measuring of the teeth, implant, and bone 
displacement and stress are very difficult to be 
measured.  
The FEM can be used with success in the condition 
of very good approximation of all the data. 
The article presents the modeling and simulation of 
an  inserted implant in the jawbone structure that 
consists in cortical and trabecular bone. The analize 
was performed to predict the sistem bone-implant 
behavior in different loading conditions and bone 
resorbtion. The study presents the case of a healthy 
jawbone followed by different bone resorbtion 
values.     
The jawbone consists in a trabecular zone placed 
below the cortical bone which fix the implant. On 
the implant there are acting two forces on vertical 
and horizontal directions with different values 
presented in the table1. In the figure 1 it is presented 
the studied structure that consists in the cortical 
bone, trabecular bone, implant and abutment. The 
implant with the diameter θ = 3.75 mm and length l 
= 11 mm is inserted in the cortical bone. 

The authors researches focused on different applied 
forces in the implant abutment. Table 1 presents all 
the forces acting in these cases.  
 

Table 1 Loading cases of the implant 
Case\ Force Fx Fz 

a 100 -75 

b 125 -75 
c 150 -75 
d 100 -100 
e 125 -100 
f 150 -100 

 
In the implant superior part it is placed the abutment 
as it is presented also in the figure 1. The model is 
designed according to mechanical and physical 
properties of materials. 
The loading force selected [1],[2] in not a very 
comfortable situation, described by Fx = 150 N şi Fz 
= -100  N [3], [6]. The bone resorbtion is frequently 
meet in practical implantology work and the 
influence for long term is very important.     

2. STRESS AND DISPLACEMENT 
CALCULATION OF THE BONE-IMPLANT 
SYSTEM 

2.1 No bone resorbtion case 
The FEM analize starts considering the favorable 
case, when there is no bone resorbtion. The 
spongious bone volume is greater than the cortical 
volume, presumtion that will remain constant 
throught the whole analize.   
Figure 1 presents the analized structure with the 
bones proportion and the inserted implant. This 
situation implies  a lower mechanical resistance at 
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the forces appeared  in the mastication process [3]. 
The finite element method presents the great 
advantage of a good prediction in such a situation 
when other direct measuring possibilities are not 
possible. The implant with the diameter θ = 3.75 mm 
and length l = 11 mm is inserted into the cortical 
bone [5],[6],[7],[8]. 
        

 
 
                             1              2                       3 

Figure 1. Bone-implant structure 
1. – cortical bone; 2 – spongious bone; 3 – implant 

 
The first anaysed case presents the structure 
deformation on the OX and OZ axis. The most 
important displacements are of the implant superior 
part UXimp =  0.37 mm, while the bone's largest 
displacement is UXbone = 0.29 mm (figure 2a) [4]. 
The values are important and are able cause 
prob2alems during the masticatios process. For the 
OZ axis, the maximal deformations, presented in the 
figure 2b, are  UZ = 0.067 mm. The value, in this 
situation, is not a higher one and don't presents any 
attention.   

 
                    a 

 
                                                  b                                             

Figure 2. Structure deformation: 
a - On the OX axis; b - on the OZ axis 

 Because of the mastication forces, in the 
structure important stress are induced. In the figure 3 
a, on the OX axis, stress presented with the maximal 
value SX = 1.2·108 N/m2 that implies an elastic 
behavior but the stress is important and has to be 
considered even in this situation. For the considered 
stress on the OZ axis, the figure 3 b presents the a 
very interesting stress distribution. 

The maximal values are uniform distributed in the 
bone and implant. Because the higher Young 
modulus of the implant material, no problems are 
presented for the implant. The spongios bone is 
effected because the stress value is important, quite 
near the elasticity modulus.   

       

 
a 

 
                                            b 

Figure 3. Stress  map for the first geometrical situation: a - 
stress on the OX axis; b - stress on the OZ axis 

 
2.2 Bone resorbtion case - 1.5 mm 

 To consider the second study case, with 1.5 
mm bone resorbtion, the structure is modified as in 
the figure 4.  larger zone of the implant geometry 
will be not inserted in the bone. In this case, the 
structure will be not so stable.  

To study the OX displacement of the bone - implant 
the analize of the figure 5a is needed. In this case, 
the implant maximum deformation is UXimp = 0.44 
mm. 
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Figure 4. Bone-implant structure in the case of 1.5 mm bone 

resorbtion 
   
This value is considered quite great and could 
influence de system stability. The bone deforms also 
with an important measure UXbone = 0.29 mm, as it 
can be seen on the figure 5b. Tenth of millimeter is 
an important deformation for a bone in the 
mastication condition.   

 

 
a 

 
  b 

Figure 5. Structure displacement in the second geometry 
study: a - on the OX axis; b - on the OZ axis 

 
For the OZ axis, the structure displacement  are 
lower than on the OX axis with the maximum value  
OZ = 0.07 mm and could not be considered 
dangerous. 
Stress developed in the structure are presented in the 
figure 6. The stress maximal value for the bone on 
the OX axis is  SX = 3.7·108 N/m2, presented in the 

figure 6a. This value is greater than the 
corresponding Young modulus and starting from this 
point the bone could be permanently deformed or 
very small cracks are possible to appears. 

 

 
a 

 
  b 

Figure 6. Stress map for the second geometrical situation; a - 
stress on the OX axis; b - stress on the OZ axis 

 
Regarding the OZ axis, the stress value are not so 
important for the structure, SZcortical = 1.7·108 N/m2. 
The maximal stress values are positioned on the 
lower structure part where the mechanical resistance 
is greater.   
2.3 Bone resorbtion case - 2 mm. 
The third studied case consists in a more bone 
resorbtion, case in wich the implant fixation is 
lowering. Figure  7 presents this geometry. 

 

 
Figure 7. Bone - implant structure in the case of 2 mm bone 

resorbtion 
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Whole structure displacement is calculated in the 
figure 8a. The bone maximum value is UXbone = 0.45 
mm. that represents an abnormal value for this 
anatomy structure. For the OZ axis, UZ = 0.08 mm, 
the maximum value of the bone displacement, do not 
represents any dangerous value but is becoming 
important and is represented in figure 8b.   

 

 
a 

 
 b 

Figure 8. Structure displacement in the second geometry case 
 a - on the OX axis; b - on the OZ axis 

  
The third geometry presents higher stress value that 
for the OX axis reaches the top value SX = 2.7·108 
N/m2 that implies a dangerous behavior during 
mastication process (fig. 9 a). For the first time in 
this study, the maximal stress, SZ = 3.4·108 N/m2, 
corresponding to OZ axis is greater than trabecular 
Young modulus. This situation, with both plastic 
bone bahavior on OX and OZ axis is real dangerous 
for the jawbone.   

 

 
a 

 
 b 

Figure 9. Stress map for the second geometrical situation 
 a - stress on the OX axis; b - stress on the OZ axis 

 
2.4 Bone resorbtion case - 2.3 mm 
The most dangerous situation, when the dental 
practician meets a bone resorbtion of 2.3 mm is 
presented in figure 10. The implant has a very 
unstable fixation in the jawbone.  

 

 
Figure 10. Bone - implant structure in the case of 2.3 mm bone 

resorbtion 
 

For this extreme situation it is observed that for the 
first time in the analize the OX maximal 
displacement is greater that a milimeter, UXbont = 
1.06 mm, that is to much for implant behavior 
related with other teeth. In the same time, the bone 
has the displacement about UXbone = 0.7 mm, that is 
also a great value (fig. 11a).   

 

 
a 
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b 

Figure 11. Structure displacement in the second geometry 
study: a - on the OX axis; b - on the OZ axis 

 
From the  OZ axis point of view the displacement 
became very  important also.    
The last geometrical case shows great stress values 
for the OX axis, SX = 6.8·108, which indicates 
plastic behavior for the analized structure in this 
extreme, but possible situation (fig. 12a).  

 

 
a 

 
                                               b 
Figure 12. Stress map for the second geometrical situation 

 a - stress on the OX axis; b - stress on the OZ axis 
 

On the OZ axis, the maximal stress, SZ = 7.6·108 
N/m2, overcomes the Young modulus that shows the 
possibility of possible bone damages like fractures. 

3. CONCLUSIONS 
In dental practice, many situations are possible to be 
met, case in which it is very useful to predict, to 
know the implant behavior. Of course, a lot of bone 
offers are possible but a general and common view 
can be generalized.   
For a better representation, in the figure 13 the 
displacement graph for the for geometrical situation 
is presented. As the bone resorbtion is increasing, 
the implant and the bone have greater displacements.  

 

 
Figure 13. UX and UZ displacement variation for the forth 

cases of bone offer 
 
From the point of view of internal stress that 

appears as a result of forces that appears during 
mastication, in the figure 14 the corresponding graph 
is presented.  

 

  
Figure 14. SX and SZ displacement variation for the forth 

cases of bone offer 
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Second graph indicates a permanent stress 
increasing of the stress plotted versus OZ axis, not 
uniform, but normal variation. If the bone resorbs up 
to two milimetters, the stress has a uniform 
variation. In the last situation, the stress increase 
dramatically with very dangerous bone behavior.  
For the first three loading cases, figure 15 presents 
the bone stress on the OX and OZ axis. This 
variation is important because the abutment induced 
stress is not high and oral health can be influenced 
by a high bone stress. 

 

 
Figure 15.  Stress Variation for hree loading cases 

 
In conclusion, the bone offer is very important for a 
long life implant duration. This analyze has to be 
done by dental practicians for each patient very 
carefully in the scope of very good implant results 
by the point of view of mechanical resistance.  
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