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SUMMARY

Objective. Over the last several years, the Finite Element Analysis (FEM) has been widely recognized as a reference
method in different fields of study, to simulate the distribution of mechanical stress, in order to evaluate the relative dis-
tribution of loads of different nature. The aim of this study is to investigate through the FEM analysis the stress distribu-
tion in fixed prostheses that have a core in Zirconia and a ceramic veneer supported by implants.

Materials and methods. In this work we investigated the mechanical flexural strength of a ceramic material (Noritake®)
and a of zirconium framework (Zircodent®) and the effects of the manufacturing processes of the material commonly per-
formed during the production of fixed prostheses with CAD/CAM technology. Specifically three point bending mechani-
cal tests were performed (three-point-bending) (1-3), using a machine from Test Equipment Instron 5566, on two struc-
tures in zirconium framework-ceramic (structures supported by two implant abutments with pontic elements 1 and 2). A
further in-depth analysis on the mechanical behavior in flexure of the specimens was conducted carrying out FEM stud-
ies in order to compare analog and digital data.

Results. The analysis of the data obtained showed that the stresses are distributed in a different way according to the in-
trinsic elasticity of the structure. The analysis of FPD with four elements, the stresses are mainly concentrated on the sur-
face of the load, while, in the FPD of three elements, much more rigid, the stresses are concentrated near the inner mar-
gins of the abutments. The concentration of many stresses in this point could be correlated to chipping (4) that is found
in the outer edges of the structure, as a direct result of the ceramic brittleness which opposes the resilience of the struc-
ture subjected to bending.

Conclusions. The analysis of the UY linear displacement confirms previous data, showing, in a numerical way, that the
presence of the ceramic is related to the lowering of the structure. So, the reference values are those of the linear low-
ering obtained in the Mechanical Test and in our FEM analysis.

 zirconium framework with four elements 4,227 10°mm.

- zirconium framework with ceramic structure with four elements 2,266 102 mm.

That suggests that the presence of ceramics halves the flexion capabilities of the prosthetic materials.
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. . ticity, finite element analysis (FEM), interfero-
— IntI‘Oducthl’l metric investigation and other numerical meth-
ods. Most of the analysis of the mechanical
Over the last years, the study of mechanical stresses of dental structures was performed us-
properties of prosthetic structures allowed to ing the photoelastic technique. The photoelastic
predict and optimize their clinical performanc- study allows to quantify the physical stress of
es. Several prosthetic structures have been stud- 3D structures and to determine the tension gra-
ied with various techniques, such as analysis of dient (5).
delicate finish, strain gauges, holography, two- In 1970, in order to replace the photo elasticity
dimensional and three-dimensional photoelas- tests, a stress numerical analysis, developed in
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1956 in the aviation industry, was introduced in
the field of dental research: the finite element
method (FEM). Initially, this technique has been
widely used only in aerospace engineering, but
slowly, thanks to its great flexibility in modeling
complex geometries and provide immediate re-
sults, it has spread to other areas of research (6).
This method involves a series of calculation
methods, useful to evaluate stress and the conse-
quent mechanical deformation of a solid. The
FEM allows to bypass many problems of analog
analysis and to calculate measures of physical
stress (7, 8).
There are three methods to solve any engineer-
ing problem: the analytical method, the numeri-
cal method and the experimental method (8).
The FEM uses a complex system of points
(nodes) and of elements composing a grid called
network. This tangle is programmed to be able to
enter data about the structural properties of the
materials that we want to analyze (Young’s mod-
ulus, Poisson’s ratio, and yield stress), so as to
be able to simulate how the structure will react
to certain loading conditions. In practice, we an-
alyze a limited number of points (finished) and
then interpolate the results for the entire domain
(of surface or volume). Any object has an infi-
nite degree of freedom (DOF), however, the
FEM analysis reduces the degrees of freedom
with the aid of a constraint (nodes and elements)
and all calculations are traced to a limited num-
ber of nodes (9). Using these functions and the
actual geometry of the element, we can deter-
mine the equilibrium equations between the ex-
ternal forces acting on the elements and the rel-
ative displacements.

In practice, FEM usually consists of three main

phases:

e Pre-processing: including CAD (computer
aided design) of the data, meshing, and out-
line definition.

e Working or solution: this is the phase in
which the software makes calculation. The
software performs formulations such as: cal-
culation of the matrix, inversion, multiplica-
tion, and finally the solution.

e Post-processing: this step includes the visual-
ization of the results, the checks, the conclu-
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sions, and any consideration of what could
have been done to improve the design.

= Materials and methods

Two fixed partial dentures have been created, re-
spectively with three (19) and four elements,
supported by two standard abutments. The
framework has been milled by a white disk of
zirconium (Zircodent®), and subsequently the
ceramic phase has been started (Noritake Czr a
ceramic zirconium dedicated).

Specimens preparation

The initial phase of the costruction of the struc-
tures consisted of the implementation of two
steel bases upon which two Straumann® abut-
ments were placed in order to simulate two miss-
ing teeth, one of three elements (Fig. 1) and the
other of four elements (Fig. 2).

The choice of steel, as material for the realiza-
tion of the base is not random state, but dictated
by physical and chemical reasons: in fact the
steel has a Young’s modulus (E) = (Nm?) =
2.10" superior to the bone. Bone along the axis
of traction (E) = 1.8 10'°, bone along the axis of
compression (E) = 0.9 10'° (10) and has a large
chemical affinity with the steel of the abutments.
At this point, the structures were scanned, us-
ing software Dental Wings, obtaining, as de-

Figure 1
Steel frame (three elements bridge).
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sired, an initial 3D processing of the prosthetic
abutments.

After having obtained the CAD project, we have
provided for data transfer to realize the imple-
mentation of CAM. In this study we employed
white discs of Zirconia (Zircodent®), non-sin-
tered, which require a further sintering process,
during which the size of the prosthetic struc-
tures decrease by about 20%. After sintering,
the specimens are subjected to manual finishing
to evaluate the marginal fitting and finally sand-
blasted with AlO2 to 50um, 2.5 Bar at a dis-
tance of 3-5 cm (11-14). After this process, the
specimens are exposed to ceramic coating, char-
acterized by a first layer of dentin and a final
polish. The specimens are now subjected to
three cycles of cooking then polished with fine
grit diamond mills (Fig. 3).

Figure 2
Steel frame (four elements bridge).

Figure 3
Specimens.

Three-point bending test

Specimens thus made are subjected to a three
point bending test (Figs. 4, 5). We used an Instron
5566 machine. The two bridges were analyzed ac-
cording to three-point-bending method. In the case
of prosthetic structure composed of two pontics,
the central load was applied at the exact center: in
other words, in the central connector, and the low-
er constraints made up by the implant structures.
However, in the case of the bridge with a single
pontic, the load was applied in the middle of the
molar, and constraints, also this time represented
by the implant structures. For the size of the oc-
clusal surfaces and for the o thrust roller geometry
(15) of the machine we have to consider reason-
able the existence of a load surface, rather than a
point. The cyclic load applied to the structures
ranges from a minimum of ON to a maximum of
820N. Applying these values to the equation that
IN =0.102 kg, we can say that our samples have
undergone a load varying from O to 84Kg. This
load is not random, but responds to the parameters
of a molar during the chewing cycle (75-89Kg)
(16). The cyclical nature of the load tends to sim-

Figure 4
Three-point bending test . Four elements Bridge.
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Figure 5
Three point bending test, three elements bridge.
Mesh representation of high-quality.

ulate an act of mastication, where there is an in-
creasing application of a load.

Specimens FEM analysis

Using FEM method, we analyzed our structures.
The operational procedures that led to the cre-
ation of the structures are in sequential order:

1) The technician delivers STL files (Stereo Li-
thography interface format or Standard Trian-
gulation Language) (17).

2) The files are analysed and converted to a 3D
model.

3) The substructures are analysed using the pro-
gram Solid Works.

4) The engineer creates the superstructure.

5) The complete structures of superstructures are
analysed through the program Solid Works.

Mesh explanations (18)

When you create the mesh of a part or a set with
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solid elements, the software generates one of the
following types of items, according to the set-
tings in effect for the study:

Mesh draft quality: the automatic mesher gener-
ates linear tetrahedral solid elements.

Mesh high quality: the automatic mesher gener-
ates parabolic tetrahedral solid elements.

Linear elements are also referred to as first-de-
gree or low-order. The parabolic elements are al-
so referred to second-degree or high order.

A linear tetrahedral element is defined by four cor-
ner nodes connected through six linear edges. A
parabolic tetrahedral element is defined by four
corner nodes, six intermediate nodes and six para-
bolic edges. In principle, for the same mesh densi-
ty (number of elements), the parabolic elements
produce better results than linear ones, for the fol-
lowing reasons: 1) they better represent curved
outlines and 2) they generate better mathematical
approximations. However, the parabolic elements
absorb more resources than linear ones.

Mesh representation of high-quality:

Mesh bridge of three elements (Figs. 6-8).
Mesh bridge of four elements (Figs. 9-11).

Figure 6
Mesh three elements bridge.

Figure 7
Mesh three elements framework.
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Figure 8
Mesh steel frame (three elements bridge).

Figure 11
Mesh steel frame (four elements bridge).
FEM analysis bridge of four elements (Figs. 12, 13).

Figure 9
Mesh four elements bridge.

Figure 10
Mesh four elements framework.

= Results and discussion

For stress load evaluation of the structures test-
ed, we maintain that FEM could be a good
method for the following reasons: the structures
that we have analyzed have a geometry faithful-

ORAL & Implantology - Anno VI - N. 3/2013

A

Figure 12
FEM analysis four elements framework.

Figure 13
FEM analysis zirconium-ceramic bridge.
FEM analysis bridge of three elements (Figs. 14, 15).

ly reproducible, their composition is available
readily thanks to the instructions of the manu-
facturers of different materials and our speci-
mens, they do not interface in a very complex
and variable system such as the oral cavity. In
our analysis (Figs. 12, 13, 14, 15) we did not
have to relate to variables such as fluids, peri-
odontal ligaments, or gum tissues. We can say
that our system is a rigid system and therefore it
guarantees a perfect adaptation of this method.




origina

[ research article

ORAL
IMPLANTOLOGY

Regarding the analysis of prosthetic structures
we can say with certainty, thus confirming the
data found in the literature, that there is a wide
difference in the bending of the two materials.

'
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Figure 14
FEM analysis three elements framework.
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Figure 15
FEM analysis zirconium-ceramic bridge.

The zirconia substructures have an higher bend-
ing strength to ceramics and comprehensive
analysis of structure and substructure, the final
value is to be referred to ceramics which gives
greater rigidity to the prosthetic structure.
Analyzing the prosthetic structures with the
FEM method (Table 1), we see how stresses are
distributed in a different way according to the
elasticity of the same structure. In the analysis
of FPD composed of 4 elements the stresses are
mainly concentrated on the surface of the load,
instead of three elements in the bridge, much
more rigid, stresses are concentrated near the
edge of the mesial abutment (20). The concen-
tration of considerable stress at these locations
can be correlated to the chipping, which is usu-
ally found in distal margins of the structure, as
a direct result of the fragility of ceramics which
opposes the slightest, elastic recoil of the struc-
ture subjected to bending. The analysis of the
UY linear displacement confirms previous data,
showing, this time numerically, how the pres-
ence of ceramic influences in the vertical linear
lowering of the structure itself. In this regard
we can consider as reference the values of
Young’s modulus obtained during mechanic
Test Equipment.
e zirconia framework with four items 4,227
10?2mm (Fig. 16)
e structure and superstructure with zirconia ce-
ramic with four items 2,266 10°mm. That

Table 1 - FEM analysis results.

Bridge 3 elements

Bridge 4 elements

Abutment bridge

Abutment bridge

3 elements 4 elements
2max 456,9 zirconium 663 zirconium 284 428
(N/mm?) 284 zirconium-ceramic 428 zirconium-ceramic
Von Mises 393 zirconium 569 zirconium 303 330
(N/mm?) 303 zirconium-ceramic 330 zirconium-ceramic

Linear displacement UY
(mm)

1,283102 zirconium
9,515 10°
zirconium-ceramic

4,227 1072 zirconium
2,266 107
zirconium-ceramic

In the following table there are no bibliographic data, because the table was derived from our analysis of the FEM entirely. The
only values that we used were the Young’s modulus (E) of 210 GPa for zirconia and 70GPa for veneer. These values are in
agreement with the literature and with the manufacturers requirements.
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Figure 16
Linear displacement UY without ceramic.
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Figure 17
Linear displacement UY with ceramic.

suggests that the presence of ceramics re-
duces by half the capacity in flexion of the
prosthetic (Fig. 17).

= Conclusions

FEM predictions report values of 330MPa and
fracture incurs at 720N approximately, certainly
these values are not encouraging from the me-
chanical point of view, although even in this
case, our structure has been tested in an extreme
situation (system rigid with constant load upon
the two intermediate pontic elements). Situation
that could be complicated, if not impossible, to
regain in a clinical setting.

So we can say that the dedicated ceramic to zir-
conia (Noritake) is able to guarantee an uniform
and lasting bond with each sub-milled.
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The realization of prosthesis with the zirconia
are able to offer an high aesthetic satisfaction
and a good clinical performance potentially but
the limits that have been described in the context
of a good design must be considered.
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