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SUMMARY

Influence of finish line in the distribution of stress

through an all ceramic implant-supported crown.

A 3D Finite Element Analysis

Porpose. The aim of this study was to evaluate, by finite element analy-
sis (FEA), the influence of finish line on stress distribution and resistance
to the loads of a ZrO, crown and porcelain in implant-supported.
Material and methods. The object of this analysis consisted of a fxture,
an abutment, a passing screw, a layer of cement, a framework crown, a
feldspatic porcelain veneering. The abutment's marginal design was
used in 3 different types of preparation: feather edge, slight chamfer and
50°, each of them was of 1 mm depth over the entire circumference. The
Zr0,Y-TZP coping was 0.6 mm thick. Two material matching for the abut-
ment and the framework was used for the simulations: ZrO, framework
and ZrO, abutment, ZrO, framework and T abutment. A 600 N axial force
distributed over the entire surface of the crown was applied. The numer-
ical simulations with finite elements were used to verify the different dis-
tribution of equivalent von Mises stress for three different geometries of
abutment and framework.

Results. Slight chamfer on the matching ZrO, - ZrO, is the geometry with
minimum equivalent stress of von Mises. Even for T abutment and ZrO,
framework slight chamfer is the best configuration to minimize the local-
ized stress. Geometry that has the highest average stress is one with
abutment at 50°, we see a downward trend for all three configurations us-
ing only zirconium for both components.

Conciusions. Finite element analysis. performed for the manifacturing of
implant-supported crown, gives exact geometric guide lines about the
choice of chamfer preparation, while the analysis of other marginal
geometries suggests a possible improved behavior of the mating be-
tween ZrO, abutment and ZrO, coping. for three different geometries of
the abutment and the coping.

Key words: zirconium dioxide, finite element method, implant supported
restoration, marginal design.

\
RIASSUNTO

Influenza della linea di finitura marginale nella di-
stribuzione degli stress attraverso una corona in ce-
ramica integrale implanto-supportata.

Analisi agli elementi finiti

Scopo del lavoro. Lo scopo di questo studio & stato quello di valutare,
mediante I'analisi agli elementi finiti, la distribuzione degli stress € la re-
sistenza ai carichi di una corona in ZrO, e porcellana implanto-supporta-
ta, in funzione di diverse tipologie di disegno marginale dell'abutment.
Materiali e metodi. L'oggetto della presente analisi era costituito dalle se-
guenti parti: una fixture, un abutment, una vite passante, uno strato di ce-
mento, un coping, un rivestimento estetico in porcellana. Il modello di
abutment utilizzato presentava 3 diverse tipologie di preparazione per la
configurazione marginale dell'elemento: feather edge, chamfer leggero e
50°, ognuna della profondita di 1 mm su tutta la circonferenza. Il coping di
Zr0, Y-TZP aveva uno spessore calibrato di 0,6 mm. Per abutment e co-
ping si sono utilizzati due diversi accoppiamenti di materiali per le simula-
zioni: ZrO, per entrambi, ZrO, per la cappetta e titanio per l'abutment. Si
¢ effettuata una analisi di tipo statico-strutturale applicando una forza pa-
ri a 600 N. Le simulazioni numeriche agli elementi finiti sono state usate
per verificare la diversa distribuzione degli stress equivalenti di von Mises
Risultati. La geometria che presenta il minimo stress equivalente di von
Mises ¢ il chamfer leggero per I'accoppiamento ZrO, - ZrO,.

Anche per abutment in T e coping in ZrO, la migliore configurazione per
minimizzare gli stress localizzati € il chamfer leggero. La geometria che
presenta lo stress medio pil elevato risulta essere quella con abutment
a 50°, si nota inoltre una tendenza alla diminuzione per tutte e tre le con-
figurazioni utilizzando solo zirconio per entrambi i componenti.
Conclusioni. L'analisi F.E.M. eseguita per la realizzazione di una coro-
na implanto-supportata, da indicazioni geometriche precise riguardo la
scelta della preparazione a chamfer, mentre I'analisi delle altre geome-
trie marginali suggerisce un possibile miglior comportamento dell'accop-
piamento fra abutment e coping in ZrO,. per tre differenti geometrie di
abutment e relativi coping.

Parole chiave: diossido di zirconio, metodo degli elementi finiti, corona
implanto supportata, disegno marginale.
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= Introduzione

Single tooth replacement by an implant supported
crown has now become a routine operation for
most clinicians.

Several retrospective studies conducted on patients
treated with implant supported FPD at 5 and 10
years, showed how to reach a large predictability of
treatment, confirmed by the cumulative rate of suc-
cess with values ranging from 96% to 98% (1, 2).
Today clinicians must reach successful long-term
organic — functional score, but at the same time
they must satisfy the increasing demands by the
patient for work of high aesthetic value.

While Titanium (T) has long been the traditional
material for the manufacture of implant abutment
for its mechanical properties (3, 4), research has
failed to meet these needs by offering high
strength ceramic materials as the partially stabi-
lized zirconia (ZrO,) (5, 6, 7).

These innovative materials require processing by
CAD-CAM technologies and are suitable for the
realization of both the implant abutment and the
crown, giving, thanks to their physical properties —
mechanical, natural tooth like color, high load re-
sistance, a ‘high biocompatibility with the peri im-
plant tissues and improved intrasulcular adaptabil-
ity compared to metals commonly used in pros-
thetic practice (8, 9, 10, 11).

Oxide ceramics are equal to metals from a me-
chanical standpoint, but are biologically stronger.
However, one exception is the high brittleness of
ceramics and their potential crack. So far, the use
of full — ceramic implant abutments for implant
restorations has been limited because of this fea-
ture (12,13, 14, 15 ,16).

Zirconia has mechanical properties similar to
those of stainless steel. Its resistance to traction
can be as high as 900-1200 MPa and its compres-
sion resistance is about 2000 Mpa (5).

Butz et al. evaluated the survival rate, fracture
strength, and failure mode of this kind of abutment
and found that after chewing simulation and frac-
ture loading, ZrO, abutments were comparable to
titanium ones (281 N as opposed to 305 N). Also,
the fracture rate of zirconia abutments was similar
to that of their titanium counterparts (17).
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The restoration of ceramic abutments with allce-
ramic crown systems has been described in the lit-
erature (18, 19, 20, 21).

There are several ceramic materials for the mani-
facturing of metal-free restorations using different
CAD-CAM systems.

CAD/CAM technology relies on exact dimension-
al predictions to compensate for sintering shrink-
age (22), and is an economical and highly repro-
ducible method for manufacturing complex and
individual geometries out of a green or presintered
ceramic material (23).

Luthy measured average load-bearing capacities
of 518 N for alumina restorations, 282 N for lithi-
um disilicate restorations, and 755 N for zirconia
restorations (24).

The bending strength of Yttria stabilized tetrago-
nal Zirconia (Y-TPZ) ceramics is close to the ac-
tually used gold alloys (27).

Analyzing different all-ceramic systems, Raigrodski
concluded that reinforced ceramics can only be used
to replace anterior teeth with single crown restora-
tions or maximum with three units FPDs (22).

On the contrary, Zr-ceramic FPDs can also be used
on molars.

Single tooth restorations and fixed partial dentures
with a single pontic element are possible on both
anterior and posterior elements because of me-
chanical properties of this material (28, 29, 30).
However, all-ceramic restorations, particularly
when placed in the posterior region, which are
subjected to stronger forces than anterior, have a
history of being prone to brittle fracture (31).

On the other hand, in each of these tests it was
demonstrated that zirconia restorations yield supe-
rior results in terms of fracture resistance as com-
pared with alumina or lithium disilicate ceramic
restorations.

However, the stresses in the veneering porcelain
could still determine the longevity (32).

15 studies have demonstrated a 90% or greater
success rate using zirconia-based prostheses, and
failures were attributed to cracking or crazing of
the veneering porcelain (33, 34).

Comparing different core designs a higher fracture
strength was found when ZrO, core thickness is
optimized in order to obtain a uniform thickness of
veneer ceramic (35).

Tinschert et al. reported a fracture load for ZrO, of
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over 2000 N, Sundh et al. measured fracture loads
in the range 27004100 N, whereas Luthy et al.
asserted that a zirconia core could fracture under a
load of 706 N (24).

Numerous studies have reported superior fracture
strength and toughness data for TZP (26, 33, 36, 37).
Anyway clinical success of zirconia based posteri-
or prostheses reaffirms the structural potential of
this material (33).

The superior mechanical properties of zirconia al-
low clinicians to reconsider established prepara-
tion guidelines for the design and consider impor-
tant variations such as reducing the coping thick-
ness from 0.5 mm to 0.3 mm and changing finish
line preparations from chamfer (CHA) to mini-
mally invasive knifeedge (KNE) margins.

In vitro research evaluating the influence of process-
ing variables on fracture resistance of all-ceramic
restorations has revealed highly divergent failure
loads of 450 to 1600 N for zirconia single crown
copings, depending on coping thickness, design of
finish line, and applied luting agent (30, 38, 39).

In general, higher fracture loads can be produced
by increasing the coping thickness or by using ad-
hesive luting materials instead of retentive cemen-
tation (40, 41, 42).

However, conventional cementation is recom-
mended by the manufacturers.

An other influence on fracture resistance is the de-
sign of the finish line (43).

For all-ceramic restorations, the CHA and shoul-
der preparation are recomnmended.

These finish line configurations are reported to
transfer a minimum of masticatory stress from the
coping into the veneering porcelain.

In contrast, more conservative preparations, such
as feather edge, provide the most acute marginal
finish line and allows the clinician to preserve a
maximum of sound tissue to prevent tooth weak-
ening or pulp irritation, due to the heat generated
by cutting action of the cutters (44).

As a consequence, restoration dimensions with re-
duced coping thicknesses or less invasive finish
lines, including KNE, are needed, particularly for
lingual surfaces of mandibular posterior teeth, for
teeth with convex axial surfaces, and for inclined
tooth surfaces.

Howewer for prosthetic rehabilitation which use
both natural teeth and implant abutment research
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has always been tested type and predictability of
the design of finish line (33, 44, 48).

Today in the middle of implant age, for the mani-
facturing of an optimal implant supported crown,
researcher try to define what might be best materi-
al and configuration which it could and / or should
be used with. That’s to achieve success in terms of
reliability, depending on the clinical situation of
our rehabilitation.

The FEM (finite element method)seems to be a
proper tool to study material behavior in relation
to their composition, inter - relationship and
geometry, by analyzing the distribution of stress.
The FEM acronym is derived from finite element
method, whereas FEA, from Finite element analy-
sis, is the real finite element analysis.

Known since the’50s, the finite element method has
spread only much later. Today, thanks to the avail-
ability of high-performance computers, has become
one of several methods of calculation used in all
branches of engineering, from structural analysis to
the computational fluid dynamics (CFD).

I’s a mathematical method for the differential
equations resolution. We can describe the behavior
of different structures using of differential equa-
tions: the equation relating to the elasticity theory
resolution allows, for example, to study the behav-
ior of a solid body, as an implant-supported crown
or bridge under the influence of different loads and
thus calculate stresses and deformations. In simple
cases differential equations resolution can be done
analytically, but in the case of more complex and
discontinuous systems, which normally occur in
practice, this becomes impossible. For this reason,
mathematical approaches that allows to use a nu-
merical approximation is the most suitable.
Among these, a method is particularly effective:
the finite element method (FEM or, from Finite El-
ement Method). This mathematical method started
with the mathematical Ritz and Courant. Their
idea was to describe the global behavior of a com-
plex system combining several simple parametric
functions, each representative of a portion of the
system. Therefore, the differential equation solu-
tion is nothing else than the resolution of the un-
knows of a system of easier algebraic equations.
The unknowns could be, depending on the situa-
tion, a shift, a temperature or a magnetic potential.
For complex structures algebraic equation systems
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can become huge with an infinite number of un-
knowns to be calculated. Therefore the FEM calcu-
lation development occurred only when the com-
puters achieved an adequate power calculation.

In the’70s, the FEM calculations were performed
only in large companies or in computer centers by
highly specialized personnel. At that time, avail-
able software required huge machines for the op-
eration, called “mainframes”, that only few com-
panies could afford.

Nowadays, by much more powerful computers than
in the past, we can develop more complex models
in less time. Thanks also to the now available graph-
ical user interfaces, we can prepare a model and ob-
tain results saving time and money. Since the mod-
eling phase is still the longest stage of the calcula-
tion method, we try, increasingly, to start directly
from geometric models produced by CAD.

The finite element method calculation allows to-
day to answer several questions in the field of stat-
ic, dynamic, electromagnetism, physics of fluids,
of sound and in cases where different fields of
physics are associated with each other such as in
the case of piezoelectricity. Imagine an implant
supported crownet will bear the load chewing? It
will also withstand the loads resulting from eccen-
tric movements parafunctional (bruxismo)?

What is the influence of a change in a geometric
construction? To all these questions and situations,
the FEM calculation may provide an answer. The
finite element method is a powertul available tool
for a reasonable cost.

The planning stage of a product can represent up
to 75% of the cost of its manufacture.

Product development process presents a huge po-
tential for conipetitive companies.

Products can be studied and optimized from the
design stage up to their effective manifacturing by
finite element method.

In this way both the design time and the prototype
number can be reduced. The FEM also allows to
save resources and gain innovative products with
better quality.

The finite element method is not only a useful tool
in the automotive, aeronautical and construction
but can also be used in the development, construc-
tion and research stages across all industry sectors
such as in nanotecnic (MEMS) or in biomedical.
We can know what stress distribution through the
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structure will be and to know in advance how the
material will react to these stress according to their
mechanical properties by fem analysis.

Finite element method main feature is the dis-
cretization of the starting continuous domain in a
discrete domain (mesh) using simple shape (trian-
gles and quadrilaterals in 2D domains, esaedri and
tetrahedra for 3D domains) primitives (finite ele-
ments) linked together by nodes, describing in this
way, the global stiffness matrix given by the stiffness
matrics of each element that constitutes the model.
Each element is featured by elemental form, the so-
lution is assumed to be expressed by linear combi-
nation of functions called basic functions or func-
tions of form (shape functions). The function is ap-
proximated, and exact function values not necessar-
ily will be those calculated in points, but the values
that provide the least error over the entire solution.
A variety of specializations under the umbrella of
the mechanical engineering discipline (such as
acronautical, biomechanical, and automotive in-
dustries) commonly use integrated FEM in design
and development of their products. Several mod-
ern FEM packages include specific components
such as thermal, electromagnetic, fluid, and struc-
tural working environments. In a structural simu-
lation, FEM helps tremendously in producing
stiffness and strength visualizations and also in
minimizing weight, materials, and costs.

FEM allows detailed visualization of where struc-
tures bend or twist, and indicates the distribution
of stresses and displacements. FEM software pro-
vides a wide range of simulation options for con-
trolling the complexity of both modeling and
analysis of a system. Similarly, the desired level of
accuracy required and associated computational
time requirements can be managed simultaneous-
ly to address most engineering applications. FEM
allows entire designs to be constructed, refined,
and optimized before the design is manufactured.
This powerful design tool has significantly improved
both the standard of engineering designs and the
methodology of the design process in many industri-
al applications. The introduction of FEM has sub-
stantially decreased the time to take products from
concept to the production line. It is primarily through
improved initial prototype designs using FEM that
testing and development have been accelerated. In
summary, benefits of FEM include increased accura-
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cy, enhanced design and better insight into critical
design parameters, virtual prototyping, fewer hard-
ware prototypes, a faster and less expensive design
cycle, increased productivity, and increased revenue.
FEA was originally developed in the aircraft in-
dustry and has become widespread in the engi-
neering field.

In dentistry, FEA has been used to determine
stress distributions in teeth, implants and various
restorations under occlusal static and dinamic
forces by authors like Farah, Anusavice, DeHoff,
Hojjatie, Palmara, Kamposiora, etc.

The aim of this study was to evaluate, by finite el-
ement analysis (FEA), the influence of finish line
on stress distribution and resistance to the loads of
a ZrO, crown and porcelain in implant-supported.

E Material and methods

The geometry for the designs was obtained from
2D drawings of components provided by the im-
plant manufacturer (BTLock srl, Vicenza, Italy)
The model was created in 3D using the solid mod-
eling software (Solidworks office 2007, Solid-
works Corporation).

The object consisted of:

-
-
=
-
-

Figure 1
Graphical representation of model parties.

- passing screw- layer of cement
- framework crown

- feldspatic porcelain veneering
as shown in Figure 1:
A fixture 4.50x13-mm (BT-TITE One Line, 45013

- fixture BTICV1, BTLock srl, Vicenza, Italy) was selected
- abutment .
for this study.
A
Figure 2
A - Feather edge; B - Chamfer; C - 50°.
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It was realized by a revolution along the symmetry
axis of a sketch on the plan, the external and internal
threads were obtained using a sweep around a spiral
propeller on the longitudinal axis of the fixture.
The abutment choosen (Abutment Shoulder, 450B
BTIPMLS, BTLock srl) was realized in 3D
through a process of revolution along the longitu-
dinal axis too. It had a minor diameter of 4.70 in
the coupling with the fixture, a major diameter
greater of 6 mm in the coupling with the crown, a
radial shoulder of 0,625 mm depth, a total length of
5.90 mm and an inclination of the axial walls of 3°.
The 3D modeling of the screw passing (Short
Through Screw, BTIVPC, BTLock srl) was per-
formed with the same procedure of the fixture.
Most previous publications involving FEA have
modeled screw threads and the screw bore using
concentric rings because of the difficulty in mod-
eling the thread helix. However, because the abut-
ment screw would be tightened

to induce the preload during the FEA by simulating
screwing the abutment screw into the screw bore and
clamping the abutment onto the implant, the exact
geometry of the thread helix was necessary. A con-
centric ring cannot be screwed into a screw bore.
The abutment’s marginal design was used in 3 dif-
ferent types of preparation: feather edge, slight
chamfer and 50°, each of them was of 1 mm depth
over the entire circumference (Fig. 2).

A slight chamfer connecting the occlusal surface
and the axial wall was also made.

A 0,025 mm thick layer of adhesive resin perma-
nent, dual double-paste, cement (RelyX ARC,
Dental Laboratory Products, St. Paul, Minnesota,
USA) was between abutment and coping.
The ZrO, Y-TZP coping (Copran, White Peaks
Dental GmbH & Co. KG, Essen, Germany) was
0.6 mm thick.

A first right mandibular premolar feldspatic veneer-
ing porcelain (Noritake Dental Supply Co., Limit-
ed, Japan) was modeled on the coping by a loft
function applied to the guidelines made by spline.
All materials used were assumed to be linearly
elastic, homogeneous and isotropic.

The mechanical properties were data supplied by
the manufacturers and are showed in Table 1.

The fixture and the passing screw were made of T,
The simulated crown consisted of framework ma-
terial and porcelain.
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Table 1 - Mechanical properties of different materi-

als.

Material Elastic Poisson Coeff.
module [GPa]

Titanium 110 0,34

Cement 51 0,27

Zirconium 210 0,3

Porcelain 70 0,25

the Y- TZP Z0O, was used as the crown framework
material and feldspathic porcelain was used for the
occlusal surface; a thin cement layer linked frame-
work to the abutment.

Two material matching for the abutment and the
framework was used for the simulations:

- 71O, framework and ZrO, abutment

- ZrO, framework and T abutment.

In this way within the three different geometries
was also evaluated the best material matching.
Thus the model was imported for finite aelement
analysis in the FEM calculation software ANSYS
1.1 (ANSYS Inc., Canonsburg, Pennsylvania,
USA), using the following modules:

- by pre-processor about the problem were included
data (geometry, characteristic of the material, mod-
el discretization, assignment constraints and loads);
- by solver analysis was set and solved;

- by postprocessor results were shown

Modeling of the problem

Importing CAD geometry, which was composed
in several parts, various components were bound
to simulate real interface between the parts and
make the analysis of the system as a whole.

From knowledge of the physics of the problem,
connections between the different parts can be de-
fined by choosing one of the possible types of con-
straints described below and illustrated in Table 2:
- Bonded (bound): constraint on both normal (bi-
lateral) and tangential, it is set by default, it deter-
mines the bonding of two sides in contact.

- Without separation (no separation): constraints
only normal (bilateral), but not tangential, it not
allows to regions to separate themeselves.

- Frictionless (no friction): constraints only normal
(unilateral), but not tangential, it allows both the
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Table 2 - Interface Type.

NAME Separation
Bonded No
Rough Yes

No separation No
Frictionless Yes
Frictional Yes

Flow Type of analysis
No Linear
Infinite Non linear
Yes Linear
Yes Non linear
Yes Non linear

slider and the creation of gaps between the inter-
faces.

Rough-(roughness): constraint on both normal
(unilateral) or bypass, it allows the separation of
interfaces but does not allow scrolling (coefficient
of friction infinity).

Frictional (with friction): constraint on both nor-
mal (unilateral) and tangential to the limit of fric-
tion that is set in the analysis.

Below you can see a description of the bond used
for the interface between the various components:

1. veneeringporcelain - framework: bound
2nd framework - cement: bound

3rd Cement-abutment: bound

4th passing screw - abutment: no separation
5th fixture — passing screw: bound

6th fixture - abutment without separation

The logic with which they were selected interfaces
is as follows: parts between them that allow the
slider (for example screw fasteners and internal
abutment) were associated with the bond without
separation while those stuck with the bond is nor-
mal for tangential (bonded).

The mesh of the analysis consists of SOLID187
elements, three-dimensional elements formed
from 10 knots and very suitable for developing
mesh on irregular bodies (as the crown is).

The SOLID187 can solve problems dealing with
plasticity, iperplasticity, creep, large deflection
and substantial stress and allows to make structur-
al analysis.

A static-structural analysis was performed to study
the linear elastic materials behavior (elastic modulus
and Poisson ratio for the tests was sufficient). The
purpose of the study was to verify stress distribution
within the components of the system and so a 600 N
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axial force distributed over the entire surface of the
crown was applied to avoid localized stress.

In Figure 3 shows the crown area where the force
with its direction was applied (the force has the
negative direction of axis y).

The decision to place the load distributed across
the crown instead of using individual concentrated
forces was carried out to prevent the emergence of
concentrations of stress that are not realistic to
simulate the phenomenon of chewing.

In fact, the contact of food with the crown causes
a redistribution of power on most of the occlusal
surface of the crown, simulating a pad that redis-
tributes force on a wider area.

This choice was made for a better graphical repre-
sentation of stress shown on the post-processor, as
a force localized on a single node would have sig-
nificantly expanded the stress scale.

A fixed constraint on the external thread was ap-

Statico strutturale

Tempo: 1, & m

[ Forac 200, m
[ vrcoko fiss
[E] spostamenta

L] Q01 (m)
0.005

Figure 3
Loads and constraints applied.
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plied, while non-threaded portion was bound only
in the xz directions to allow tangential movement in
the bone to simulate the joints in mandibular bone.
The numerical simulations with finite elements
were used to verify the different distribution of
equivalent von Mises stress for three different
geometries of abutment and framework.

For each of the individual simulations was carried
out an analysis of convergence of the mesh on the
framework (which is the subject of comparison),
this to reach the peak value of voltage through suc-
cessive refinements with a change to more than 5%.

= Results and discussions

Graphic 1 describes the analysis of convergence of
the maximum voltage on the number of nodes
used in the mesh.

For different different types of mesh tests were
used, illustrated in Figure 4, duly finished in
matching areas of greatest concentration of stress.
Table 3 shows the parameters of the three different
mesh used.

The solutions were obtained by trying to remove
any postings and interpenetration between the fi-

Table 3 - Mesh Parameters.

Geometry Elements N° Nodes N°
Slight Chamfer 94497 165582
50° 97706 170855
Feather Edge 88904 156291

nite elements which constitute the numerical
model, due to imperfect matching of the ele-
ments gained from the discretization of the test-
ed areas.

These intermingling are the cause of the peak volt-
age positions located in very restricted geometry.
Therefore it is useful to perform as well as a com-
parison of the maximum peak voltage in geometry
even a comparison between the average distribu-
tions of tensions.

The following images show a distinction between
what the average equivalent stress is (the distribu-
tion) and localized peaks of tension that are most-
ly due to the units to contact discretization.
Figure 5 shows stress distribution of throughout
the model, the maximum value corresponding to
92 MPa is obtained where the thread starts (the
first portion of thread is what first must resist the
applied load).

35

MPa CONVERGENCE ANALYSIS
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Graphic 1
Convergence of analysis of the mesh.
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o 0.07 (m)
Figure 4
Mesh used.
In this analysis comparison of the stresses on the Mises.

different configurations of abutment and frame-
work is important and so the maximum values ob-
tained on the thread will be forgot.

Table 4, and thereafter as graphic 2, shows the val-
ues of the peak voltage recorded for the three
geometries and two different matching of materi-
als for abutment and framework.

Slight chamfer on the matching ZrO; - ZrO, is the
geometry with minimum equivalent stress of von

Sallecitazione equivalente

Tipo: Sobeckazions equivalente (vori Mees)
Unika: Pa

Tempo: |

/INNISYS

9,16%4eT Max

L.

Figure 5
Distribution of stress trough the complete model.

Even for T abutment and ZrO, framework slight
chamfer is the best configuration to minimize the
localized stress.

Individual nodes of the geometric framework dis-
cretization (65.535 nodes) voltage values were ex-
ported from ANSYS to make a comparison on the
medium voltage distribution on framework in the
three different configurations and for two different
materials and the arithmetic mean to obtain the re-
sults shown in Table 5 and in the graphic 3 was
conducted.

Even from these values we see that the best com-
promise you get with the configuration with slight
chamfer abutment and coping in zirconium.
Geometry that has the highest average stress is one
with abutment at 50°, we see a downward trend for
all three configurations using only zirconium for
both components.

Figure 6 shows the equivalent von Mises stress

Table 4 - Maximum stress for different configurations.
Zr0,-T Zr0,- Zr0,
[MPa] [MPa]

Slight Chamfer 34,5 30

50° 37,4 34,9

Feather Edge 41,5 32
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MPa

ZrO,-T

Graphic 2
Comparison of maximum tension.

@ Slight Chamfer |

@ 50°

O Feather edge

Zr0,-Zr0,

distribution, the colors are as indicated in the scale
shown to the side.

The maximum stress values are indicated by or-
ange and correspond on an average of 20 MPa

Table 5 - Stress avarage for the different configurations.
Zr0,-T Zr0,-Zr0,
[MPa] [MPa]
Slight Chamfer 11,18 11,17
Abutment 50° 15,7 14,2
Feather edge 15,5 13,7

while the minimum values are indicated by blue
and are lower than 5 Mpa.

As you can see for each of 3 different geometries,
the minimum stress is localized in a circular area
on top of framework, because in this area the
framework is not compressed against the abut-
ment due to the hole of the passing screw.

The base junction is the region with the largest
stress values, infact in this area there are com-
pression and cutting stresses.

The following image (Figure 7) shows that using
only ZrO, stress distribution presents scales lower

ORAL & Implantology - Anno II - N. 2/2009

(yellow and green area are wider than orange one).
Figure 8 and Figure 9 show images of the 50°
configuration abutment, in the blue labels maxi-
mum and minimum values recorded by the
“probe” available in ANSYS are measured.

The maximum values are higher than those ob-
tained by chamfer geometry and in this case, the
stress went down using ZrO, for both compo-
nents.

Figure 10 and Figure 11 show the results obtained

o NNSYS
Tipo: Sollecitaions equivalenbe (von Mises)
Unki: Pa
Tempo: 1
9,91%e7 Max
207
18757
1,75¢7
1,6257
1,567
1,375%7
1,2567
1,1257
le?
8,756
7,566
£,2506
Set
7,5264 Min
:C’I\ %
Figure 6
Slight chamfer (ZrO, framework- T abutment).
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Zr0,-T

Graphic 3
Comparison of mediated tensions.

B Slight Chamfer
m50°

OFeather edge

Zr0,-Zr0,

for the feather edge model, in this case with the ti-
tanium abutment stress concentrated are higher
than the other two configurations, while the aver-
age value is lower than the 50° configuration.

In this work a numerical model for finite element
analysis of mechanical behavior of prosthetic
components used in the implants trethments is
showed.

After an initial study phase of the model and the
interaction of the various parts (units with com-

plex geometric shapes and different materials),
the discretization analysis of the numerical model
was carried out, defining the contour conditions
to get the same geometric configurations and
loads that the real model in its typical configura-
tion of “work” would have.

The numerical predictions of the model generated
in this way, have been shown in good agreement
with experimental and theoretical results obtained
from the literature.

Solleckazione equivalents

Tipo: Scleckazione equvalente (von Mses)
Urith: Pa

Tempo: |

INNSYS

1,023%8 Man
2e7

1,675e7
1,757
1,625e7
1,587
1,37567
1,257
1,12867

187

8,75e6
7,806
6,2506

Sed

18,584 Min

Figure 7
Slight chamfer (ZrO, framework - ZrO,).

e — INNSYS
Tipa: {von Mses)
Unkd: Pa
Teempa: 1

9,1694e T Max

207

1,675e7

1,75¢7

1,625¢7

1,567

1,377

1,2507

1,12507

a7

8,566

7,566

6,2566

et

TATI9 Min
Figure 8
50° (ZrO, framework - T abutment).
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Solleckazione equivalents

Tipo: Scleckazione equivalente (von Mses)
Urith: Pa

Tempo: |

102396 Max
267

1,575e7
1,75e7
1,628e7

1,5¢7
1,37567

‘:T'/z

Figure 9
50° (ZrO, framework - ZrO, abutment).

Salleckazione equivalente

- /NNSYS

Unitd: Py

Tempo: 1
[ 0,004 (b }\
— )
0.002

2189167 Mast
27

Figure 10
Feather edge (ZrO, framework - T abutment).

E Conclusion
-

In respect of the results shown before the slight
chamfer with ZrO, abutment and ZrO, framework
could be the best geometry to minimize the stress,
while 50° geometry could have a lower perform-
ance, in fact, components under loads should have
geometries connected as possible to decrease the
maximum equivalent stress.

Sollecitazione equivalente
Tipa: Sollectazions equivalente (von Mses)
Unka: Pa
Tempa: 1

[NNISYS

B,265167 Max
207
1,67507
1,757
1,62567
1,567
1,37567
1,257
1,12567
167
87506
7,506
,2606
56

19,73 Min

[} D.004 {m) }“ X
I

0.002

Figure 11
Feather edge (ZrO, framework - ZrO, abutment).
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Sharp edges. inside of components subject to al-
ternating loads, are interested in fractures for fa-
tigue after a number of cycles lower than the same
components, but with a larger radius of curvature,
and this is for the effect of tensional concentration.
With this observation, we can say that a prosthesis,
because continuously under alternating loads due
to chewing, has a greater fatigue life if he has more
extensive connections.

There is also a tendency as in the average values
even in the peak voltage to a stress reduction on
framework using ZrO, as material for both units.
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