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In order to increase the patient’s quality of life, interdisciplinary studies on dental materials are becoming
more and more frequent in an attempt to assess as accurately as possible the resistance of dental restorations
over time. One of the methods of analysis of resistance to the masticatory forces of dental restorations is the
finite element method (FEM). We studied a 3-element dental bridge made of a metallic Co-Cr-Mo alloy and
dental ceramics, designed for the prosthesis of a tooth 3.6. On each element of the dental bridge we applied
a force of 250 N in the direction Z and a force of 100 N in the Y direction. The most vulnerable areas, where
the highest stresses occur, are located predominantly in the neck regions and around the points of contact
between the elements of the dental bridge. However, the experimentally determined values have low
intensities that would not endanger the resistance of the restoration unless it is overloaded.
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Mixed metal-ceramic fixed prosthetic restorations have
been considered for more than 50 years the gold standard
for the rehabilitation of edentulous due to the aesthetics
offered, the mechanical characteristics of the prosthetic
parts and their superior adaptation [1-5] to the dentures
and / or implants.

In order to increase the quality of life of patients,
interdisciplinary studies on dental materials are becoming
more and more frequent in attempting to assess as
accurately as possible the resistance of dental restorations
over time.

One of the methods of analysis of resistance to the
masticatory forces of dental restorations is the finite
element method [6-9].

Experimental part
We have studied a 3-element dental bridge made of Co-

Cr-Mo metal alloy and dental ceramics made for the
prosthesis of a tooth 3.6. The 3D layout in the STL format of
the future prosthetic piece was discretized with the soft 3
-matic © Materialise NV, and numerical analyzes were
performed with ANSYS © SAS IP, Inc. The properties of the
materials used in making the prosthetic piece were taken
from the MatWeb site (www.matweb.com) (table 1).

Results and discussions
The Von Mises equivalent stresses are stretching tensions

and varied between 1.4e4 Pa (recorded at neck of 3.7
crown) and 1.1e8 Pa (at the contact point between 3.6
and 3.7).

Table 1
PROPERTIES OF MATERIALS USED TO MAKE RESTORATION

On each element of dental bridge we applied a force of
250 N in the Z direction and a force of 100 N in the Y
direction, resulting in a force of 223.61 N on 3.5 crown, a
269.26 N force on the 3.6, and also a 269.26 N force on 3.7
crown.

Fig. 1.Contact
surfaces and

applied forces

Fig. 2. Equivalent
tensions (von
Mises) on the
surface of the

restoration and on
the section

Normal tensions were compression tensions on the
surface of the restoration, but in the crown section they
become stretching. The maximum bending effect is
between the molar 1 and the molar 2 on the neck.

Horizontal shear stresses (XY) were compression in the
zones of force application and stretch to the point of contact
between molar 1 and molar 2, especially to the neck where
is located the maximum value. The maximum shear stress
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values in XZ were stretched, mainly located at the buccal
zone, but in the areas of force application there were
compression stresses.

Fig. 3.Normal
tensions

Fig. 4. Shear
stress on the
restoration
area in the
XY plane

Fig. 5. Shear
stress on the
surface of the
restoration in
the XZ plane

Minimum shear stresses in the XZ plane occur at the
junction between the premolar 2 and the molar 1. In the
rest of the restoration the tensions are stretching, with
maximum value at contact between M1 and M2, on the
neck.

The total deformation had positive values, and the
maximum values are reported in the 3.6 element, especially
to the buccal zone.

Fig. 6. Total
deformation

The normal elastic strain in the X direction is elongation,
with maximum values on the inner face of the crown on
the premolar and at the point of contact between the
molars. The normal elastic strain in the Y direction varied
between -0.00012612 m / m and 9.3862e-5 m / m. There
are stretches with maximum values in the areas where
the force was applied to the crowns 3.5 and 3.6, and to the
points of contact between the crowns the values change
the sign (become compressions) as well as on the mucosal
surface of the 3.6 element.

In the direction Z, compressions occur at the points in
which is applied the experimental forces and stretches
occur with very low values in the rest of the dental bridge.

The shear elastic strain in the XY plane varied between
-0.00011 m / m and 0.0002 m / m. Compression occurs on
3.5 and 3.6 elements on the areas in which are applied
experimental forces, as well as at the point of contact

Fig. 7. The
normal

elastic strain
in the Y

direction

between 3.5 and 3.6, while at the contact point between
3.6 and 3.7 is elongations.

Fig. 9.The shear elastic strain in the XY plane

Fig. 8. The normal elastic strain in the Z direction

Fig. 10. The shear elastic strain in the YZ plane

The shear elastic strain in YZ plane had isolated areas of
compressions and stretches at the point of contact
between the bridge elements.

Analyzing the shear elastic strain in the XZ plane, we
found that small compressions occur at the zone of the
application of the experimental forces and at the junction
between 3.5 and 3.6 elements.

The literature reports on the incisor group average forces
of 200-300 N [10], but in most experimental analyzes the
value of occlusal loading considered is 50 N [11].

The results obtained from the finite element analyzes
depend on the value of the experimental force applied to

Fig. 11.The shear elastic strain in the XZ plane
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the tooth [11], the distribution of the occlusal forces
on the dental slopes and the direction of application
[7, 12].

The finite element method [13, 14] allows the optimal
configuration of biomechanical dental restorations as well
as the direct transfer of experimental results to future
prosthetic rehabilitation.

Conclusions
The most vulnerable areas, where the highest stresses

occur, are located predominantly in the neck regions and
around the points of contact between the elements of the
dental bridge. However, the experimentally determined
values have low intensities that would not endanger the
resistance of the restoration unless it is overloaded.
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