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Abstract: Simulating the biomechanical behavior of a reconstruction using the finite element analysis
method is a modern method necessary before the practical stage of a research, thus enabling the
precise shaping of certain trajectories in the approach of certain directions of practical applicability,
as well as obtaining final results with relevant data (results coupled with experimental models that
reiterate the clinical situation that will be later analyzed).
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1.Introduction

Our study aimed to analyze, using the finite element method, the state of stress and strain recorded
at the point of direct contact between two structures (two hard dental structures in tripod relation), and
determine the points of their maximum wear.

2.Material and method

In order to determine the state of tension and estimate the areas of maximum wear between the two
structures in direct contact, we used a group of 10 patients that needed dental prosthetics.

A tridimensional analysis of the clinical situation was carried out, where the lower molar
establishes a tripod contact with its natural antagonist tooth (Figure 1).

The accuracy of the reconstruction is presented in Figure 1 by the precision of the structures
represented and analyzed using a CT scan (Figure 2, Figure 3) in one of our patients that needed a
ceramic prosthetic. A simple radiography would not have revealed an image as accurate of the aimed
structures.
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Figure 1. Anatomical reference points used in the 3D reconstruction

The CT-scan is a diagnosis method that uses special X-ray equipment (the CT scanner) to obtain
transverse sections of the scanned object, by means of X-ray detectors. For the 3D reconstruction we
used the ABAQUS STANDARD 6.5-1 software.
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Figure 2. The 3D reconstruction
using the CT scan
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Figure 3. 3D reconstruction of the anatomical
reference point in the analyzed CT scan

We considered the muscle forces acting on the mandible in complete occlusion (this forces
developed by the masseter, temporal, pterygoid muscles, etc.), whose direction, orientation and size is
calculated from the equilibrium condition of temporo-mandibular joint lever [2,3].

The measurements were carried out applying relatively large forces, but considered normal for the
oral cavity, of 300N (30KgF) and 500N (50 Kgf) and a force of 800N considered an overload (80
Kgf); testing began with a 300N force applied on the crown of the tooth to avoid convergence issues
(possible mathematical errors), then the intensity of the force was increased to values high enough to
simulate a parafunctional activity. 500N is regarded as the average force between the upper
physiological limit for which changes are physiological and reversible.

The force that was applied to the mandible bone had an anterior-posterior direction and was
oriented at 15° to the vertical plane. Also, we used embedding into the upper jaw bone to determine the
propping of the structure. Due to the fact that during mastication only the lower jaw is mobile, the
upper jaw is considered a fixed reference point, so bearings (motion constraints) will only apply to the
upper jaw bone and pressure (an evenly distributed force that replaces the mastication muscles’ action)
will apply on the mandible [1, 5, 7].
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For measurements, the following factors were taken into account: material properties, namely,
modulus of elasticity E and Poisson coefficient corresponding to dental structures, bone, muscle and
ceramic material to be used in restoration (Table 1).

Table 1. Material constants used in determinations

COMPONENT ELASTICITY MODULE [GPa] POISSON COEFICIENT
Bone 138 0.33
Tooth 186 0.31
Muscle 0.02 0.40

Ceramic material 63 0.25

3.Results and discussions

When the load reaches about 500 N, the wear area is located throughout the entire area of the
mandibular lingual cusps (cuspid, intercuspid groove, distal and middle fossa), the voltage reaching
values up to 200 MPa (Figure 4).

Figure 4. Ceramic molar Von Misses tension for a 300 N load

The wear surface comprises the middle and oral half of the dental crown (220 MPa), with cervical
enlargement (160 MPa), but with minimal impairment of the lingual slope of the edentulous ridge
(Figure 5).

Figure 5. Ceramic molar Von Misses tension for a 500 N load
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Figure 6 reveal that under overload conditions (a force of 800 N), the tension developed at the level
of the spines varies between 243.5 MPa - 240 MPa, but is associated with an increased demand for the
cervical area, (a tension of 60 MPa), as well as both slopes of the edentulous ridge (a voltage of 140
MPa).

Figure 6. Von Misses stress at the molar level restored
ceramic, at a request of 800 N

In the occlusion, the state of pressures and stresses at the level of the two structures in direct
contact is clearly observed.

At a force of approximately 300 N developed during the exercise of the functions of the
stomatognathic system, it is found that the most affected areas are located at the level of the occlusal
contact area in the vestibular half (the tip of the vestibular cusps), where theses up to 180 MPa are
recorded , gradually decreasing to 160 MPa towards the root and bone portion (Figure 7).

Figure 7. Odonto-periodontal changes at 300 N requests

At a force of 500 N, at the level of the restored ceramic molar, it develops at interface level
restoration - tooth, voltages of 160 MPa, the same value being recorded at the level of both sides of the
edentulous ridge (Figure 8).
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Figure 8. Von Misses stress at the molar levelrestored
ceramic, at a request of 500 N

At an overload of 800 N, all structures are affected: the entire area of occlusal contact, the cervical
regions, antagonistic teeth, with the transmission of the request to the bone bed of the edentulous
region. Tension reach values of 310 MPa, in the area of maximum overload (Figure 9).

Figure 9. Von Misses stress at the molar level restored
ceramic, at a request of 800 N

During an occlusal stress, the tip of the cusp is subjected to axial compressive loading, which
induces a state of cervical tension associated with the occurrence of a shear stress acting at right angles
to the load.

Ceramic dental restorations determine the occurrence of stress concentrators at the dentin-crown
interface, the greater the value and the area of action the greater the modulus of elasticity of the
material from which the crown is made.

It is known that von Misses stress will always follow the path of the harder material, with a higher
modulus of elasticity. In our case, the harder material is ceramic, and the occlusal load will be
transmitted to the underlying dental tissues, the load being dissipated down to the root, radial and
apical, which explains, moreover, the degree of damage of the affected tooth [4-9].

The tension concentrators at the level of the restored tooth are attenuated, which is perfectly
logical, since most of the tension in this region is taken over by the naturally antagonistic tooth. This
confirms the high degree of wear on the tooth that is in direct contact with the restoration [1, 4].
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In any case, we can say that, in all situations, a sum of stresses acts, expression of the combination
of normal (traction-compression, crushing, bending) and tangential (shear, or torsion) stresses, which
will result in the initiation and / or and the evolution over time of combined wear patterns, that of
abrasion, intermingling with the fatigue of stress as the intensity of the applied force increases [8, 10].

4. Conclusions

Given the results of the current study, further investigations are warranted. Within the limitations
of this study it was concluded that: understanding the properties of the dental material allows
foreshadowing of the strain zones and thus the appearance of the first wear areas located either on
dental support or on the restorative material, the most burdened areas are represented by cusps that
come in contact and these areas are oriented along the direction of the masticating muscles. The
geometry of this burdened area is adapted to the effort that it must endure, being the most developed
one of the studied area. In all cases a sum of tensions act, as an expression of combined normal
tensions (tensile, compressive, crushing, bending) and tangential (shear or torsion), which will result in
the initiation and / or evolution of combined patterns of wear, abrasive wear braiding with fatigue as
the intensity of the applied force increases.
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