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Abstract

The human body represents the most important topic for many researchers. In the case of dental medicine, because of the nature
of the teeth material, the dimensions and the geometrical position, a very important problem, like fractures, cannot be study with
practical classic engineering tools, such as tensometric markers. Under 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. This paper presents the model
and the simulation of the implant under different conditions of mastication forces. In the work, stress and deformation are
calculated for different forces acting on the superior zone of the implant. The results are important and gives dental practicians
information for the every day work.
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1. Introduction

Dental implants are designed to provide a foundation for replacement teeth that will look and function like a
natural teeth. The implants consist in tiny metal posts which are inserted into the jawbone where 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 cases. Because of the geometry,
dimensions, and position, the direct measuring of the teeth, implant, bone displacement and stress are very difficult
to be measured. Classical methods for measuring the state of stress in a structure involve the use of strain gauges, a
situation that can't be possible in analyzing the behaviour of an implant inserted into the bone structure of the
mandible or maxilla, components of the human anatomy. Working in this situation is totally different to that of
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classical mechanical engineering. Second, the measurement of displacement is also difficult considering the fact that
everything is working on human anatomy and classical measurement methods are not applicable. During the
research were analyzed many load cases in different situations of bone tender and applying classical techniques of
measurement would require a lot of time when that might be applicable. In this situation, analytical calculation
methods based on finite element method are the most suitable because they get a very good approximation of the
results provided correct input data and achievement of the geometry structure as closely as possible [14],[17].
Consequently, we chose this research method [12] because experimental methods do not give satisfactory results
when analyzing human structures. This method enabled the successful determination of movements and stress in the
bone and implant, as they are the most important data used by dentists. They need customization works because
each person is unique and implants behaviour is not similar in any situation. The displacements and strains
prognosis is important to achieve the shape and size of blunt attachment and crown. The FEM can be used with
success in the condition of very good approximation of all the data [1],[4], [13].

Paper presents the modelling and simulation of an inserted implant into the jawbone structure that consists in
cortical and trabecular bone [11]. The analysis was performed to predict the system bone-implant behaviour in
different loading conditions and bone resorption. The study presents the case of a healthy jawbone followed by
different bone resorption values.

The jawbone consists in a trabecular zone placed below the cortical bone which fixes the implant. Two forces are
acting on the implant on vertical and horizontal directions with different values presented in table 1 [2], [3],[7], [8],
[9],[16]. Figure 1 presents the studied structure that consists in the cortical bone, trabecular bone, implant and
abutment. The implant with the diameter 6 = 3.75 mm and length 1 = 11 mm is inserted into the cortical bone.

Table 1. Loading case of an implant.

Case/force Fy [N] F, [N]
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 figure 1a [10]. The model is
designed according to mechanical and physical properties of materials [5].
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Fig.1. FEM input data; (a) Structure geometry 1 — cortical bone; 2 — trabecular bone; 3 — implant; 4 - abutment; (b) bone-implant-abutment
structure; (c) spatially discretized structure; (d) application of the loading forces.

a b c d

Figure 1b presents a spatial image of the assembly bone-implant-abutment. To solve the problem, the structure
has to be spatial discretised as it is presented in figure 1c. The loading system consists of two forces that act on the
abutment frontal face. The loading values are presented in table 1, direction and force direction are presented in
figure 1d. In the first study, the applied forces are Fx = 100 N and Fz= -75 N, and the structure is deformed and
important stress appears.
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2. Stress And Displacement Calculation For The Bone-Implant - Abutment System

As a result of applied forces, on the OX axis, displacement developed are presented in the figure 2a, and b. From
the image analysis, the important zones like bone and abutment are studied. From this viewpoint, the displacement
of the cortical bone is about UXyoe = 0.45 - 10 m. The abutment moves at the point UX,p, = 0.83- 10 m, but both
values are not important at this point.

a b c d
Fig. 2. Structure deformation and stress on the first loading case; (a) OX axis deformation, (b) OZ axis deformation,
(c) OX axis stress, (d) OZ axis stress.

The structure displacement on the OZ axis is showed in figure 2b where the bone and abutment has the same
maximal displacement UZ ,putment = UZpone 0.13 - 10 m. From the point of view of the calculated stress, figure 2¢
presents the OX stress. The maximal stress values refer to the bone structure. Because the implant material is
Titanium low stress values is developed. The bone stress has to be studied and the maximal value on the OX axis is
SX = 0.12: 10° N/m’. The value, in this loading case, is not great in proportion with cortical bone Young modulus
but very close to trabecular bone elasticity modulus. From this point of view the loading case is very near to
permanent deformations of this bone type with possible repercussion in the mastication process [6]. On the OZ axis,
maximal stress has the value SZ = 0.13-10° N/m? for the both kind of bones but the value is not important and the
structure has elastic behaviour.

The second loading case consists in the Fz = -75 N and Fx = 125 N forces. The maximal displacement on the
OX axis are UXpope = 0.87-107 m. and UX,py = 0.98-10 m. These values are greater than in the first case but are
also with no importance in the mastication process and are presented in figure 3a. For the OZ axis, the
corresponding image is 3b and the deformations are UZype = UZqpy = 0.15-10 m. The values are higher than in the
first case but also with no functional implications.

a b c d
Fig. 3. Structure deformation and stress on the second loading case; (a) OX axis displacement; (b) OZ axis displacement; (c) OX axis stress; (d)
OZ axis stress.

Stress on the OX axis (fig. 3.¢), SXpone = 0.116-10° N/m?, is near the same with the first loading case and implies
an elastic behaviour. Bone stress that refers to OZ axis (fig. 3d) is also the same with the first case, SZ = 0.13-10®
N/m’. On the inferior part of the bone, stress values are greater and near the elasticity modulus of the spongious
bone, SZ = 0.16-10° N/m®. A close analysis of the image shows high stress values in the cortical bone, but very
close to spongious bone.

The third loading case consists in mastication force values Fx = 150 N si Fz = -75 N. In this situation, the OX
deformation values (fig.4a) are UXyone= 0.1- 10”m and UX,pu= 0.12:10° m, are important, in the field of tenth of
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millimetre. For the OZ axis, the corresponding displacement values are presented in figure 4b and the maximal
values are about UZ = 0.19-10 m. These values are about hundredth of millimetre and don't present any problems
from this point of view.

a b c d
Fig. 4. Structure deformation and stress on the third loading case; (a) OX axis displacement; (b) OZ axis discplacement;
(c) OX axis stress; (d) OZ axis stress.

In figure 4, the stress map presents the OX and OZ values. On the first situation (fig.4c), the maximal value is SX
= 0.15-10° N/m?, value not important for the cortical bone but near the Young modulus of the trabecular bone. A
higher OZ stress maximal value is SZ = 0.26-10° N/m’, presented in figure 4d.

The fourth loading case considers an increased force Fx = 100N and smaller value for Fz = -100 N. On the OX
axis, the maximal displacement value is UXy,,. = 0.49- 10*m and UX,p = 0.75-10* m. and is presented in figure 5a.
Image 5b presents the displacement on the OZ axis with the maximal value UZ=0.13-10" m.

a. b c d
Fig. 5. Structure deformation and stress on the fourth loading case, (a) OX axis displacement; (b) OZ axis displacement;
(c) OX axis stress; (d) - OZ axis stress.

For the fourth loading case, figure 5c presents the stress on the OX axis with the maximal value SX = 0.15-10"°
N/m” The OZ axis stress (fig. 5d) has the maximal value SZ = 0.16-10° N/m?, below the Young Modulus of the
cortical and spongious bone. Thus, the system behaviour is elastic.

The fifth loading case consists in the force action Fz = -100 N and Fx = 125 N. For this situation, the maximal
structure displacement on the OX axis are UXpqpe = 0.13- 107 m and UX,py = 0.2-107 m. These values are important
and cannot be negligible (fig.6a). For the OZ axis, in figure 6b, the maximal bone and abutment displacement, UZ =
0.36-10™* m, are quite equal and not important.

a b c d
Fig. 6. Structure deformation and stress on the fifth loading case; (a) OX axis; (b) OZ axis;
(c) - OX axis stress; (d) - OZ axis stress.
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The stress on the OZ axis is presented in figure 6d with the maximal value SZ = 0.45-10° N/m’. Figure 6¢ depicts
the OX stress axis with the difference of the cortical and trabecular bone. On the trabecular bone, while the maximal
stress is SX, = 0.12- 10'° N/m?, the maximal stress on the cortical bone being SX, = 0.6 10° N/m?. Starting with
this loading case, the stress refers to dangerous values especially for the trabecular bone which can suffers plastic
deformations.

In the sixth loading case, when the forces values are greater, the OX maximal displacement for the bone is UXyope
=0.74-10" m and for the abutment UXp, = 0.9-10 m (fig.7a). The presentation for the OZ displacement is done in
figure 7b that shows a maximal value UZ = 0.16-10" m.

ANSYS| ANSYS|

a b c d

Fig. 7. Structure deformation and stress on the sixth loading case; (a) OX axis displacement; (b) OZ axis displacement;
(c) OX axis stress; (d) - OZ axis stress

Figure 7d presents the stress that acts on the OZ axis with the maximal value in the bone SZ,,. = 0.18- 10° N/m?.
This value is lower than the Young modulus of the both bone type. For the OX axis, the stress map indicates a
maximal value SX = 0.19-10° N/m” (fig. 7c).

3. Conclusions

The finite element method represents a very useful tool used in engineering design. The medical discipline
became a relatively new branch that derives benefits from this powerful calculation software. For a better
understanding, in the following paragraphs, the graph variation of the stress and displacement that resulted in the
bone-implant-abutment will be presented. One of the problems to be solved by practicing medical doctors is the
knowledge of implant displacement through tenses. These displacements that may cause crown friction during
chewing or cracks in situations where contact between them is strong, caused by large displacements, resulting from
the applied tenses field or bone tender, not always optimal. Another important element, shown in Figure 8, is the
analysis of bone deformations, strains that can cause even its crack. For this type of response (bone deformities),
FEM is the most simple, safe and accurate calculation method.

Figure 8 presents the bone and abutment deformations on the OX and OZ axis in the first three loading cases, at a
constant Fz = 75 N force. These values are increasing and the remark refers to the same bone and abutment
displacement on the OX and OZ axis. Calculated maximum values are tenths of mm, values which, if compared to
tooth structure, are very important.
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Fig. 8. Bone and abutment deformations on the OX and OZ axis in the first three loading cases, at Fz =75 N.

The second important set of results concerns the stress analysis. The stress to be interpreted refers to those
developed in the bone structure because they can cause fractures and are those that can cause pain during
mastication. Implant mechanical stress, don’t have high values compared to the elasticity modulus of the material
and the subject of the article is the study from human point of view, anatomic, not mechanically realization of the
implant.For the first three loading cases, figure 9 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. In
the third loading case, the bone starts to have important stress, very near to the elasticity modulus that may imply

potential damages [2].
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Fig. 9. Bone displacement on the OX and OZ axis.

Figure 10, presents the last three cases of bone and abutment displacement, at the acting force Fz = 100 N.
As it is normal, most important bone deformations are on the OX axis which reaches very important level for the
last loading case. As it is normal, these deformations have higher values than the previous case with deformations
leading to tenths of a millimeter. The calculated values may cause displacement of the implant crowns, the contact
between them and possible cracking. Calculated values, as shown in Figure 10, the bone at the end UXbone = 0.15
mm, an important value taking into account the distances between crowns that are often smaller than these values.

25

15

0.5

-

%

—

v

o

100 125

150

——&— Def. x axis bone

—f— Def x axis for abutment

Def. Z axis bone

——— Def Z axis for abutment

Fig.10. Bone and abutment deformations on the OX and OZ axis in the last three loading cases, at Fz = 100 N.
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The FEM resolves an important problem of practical dental medicine when the knowledge about the forces that

can be supported by an implant is crucial in long time duration of the dental work. Being prepared with theoretical
information about each teeth structure, the dental doctors are more informed and better prepared for each surgical
activity. By modelling, each geometric and functional particularity can be better understand and the implant rate of
success is increased.

For an even better modelling and simulation of implants behaviour in different cases of bone resorption and

different loading situations, still aims to implement a much better geometric model, based on the implant area scan
of each patient. The image thus obtained can then be inserted into the finite element programs and afterwards
analyzed according to the specific application conditions of the patient.
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