ISSN 0208-7774 TRIBOLOGIA 5/2020 p. 39-50
DOI: 10.5604/01.3001.0014.6957

Wojciech RYNTEWICZ", Anna M. RYNIEWICZ"”, Lukasz BOJKO™, Konrad MAZUR™™

THE SIMULATION ASSESSMENT OF THE VENEERING LAYERS
OF PROSTHETIC CROWNS IN CONCENTRATED CONTACT

SYMULACYJNA OCENA WARSTW LICUJACYCH KORONY PROTETYCZNE
W STYKU SKONCENTROWANYM

Key words: prosthetic restorations, layered materials, FEM simulation.

Abstract: The aim of the study is to simulate and analyse the distributions of stresses and resultant displacements during
concentrated loading of the layered material compositions used in prosthetic crowns in order to assess their
resistance and demonstrate the impact of strength parameters of the veneer and framework on the transfer
of external loads. The research materials are samples replicating the layered structure of prosthetic crowns.
The load-bearing layers were made using CAD/CAM technology, and the dedicated veneering layers were
fired or polymerized on the frameworks and constituted the top structure for cooperation during occlusion.
If the material of the veneering layer differs from the material building the framework, for example, in the
ceramic-metal type, spreading of the resultant displacements to the framework and high values of shear stress
at the border of the veneering layer and the framework may be unfavourable and cause the veneer layer to chip
off. This distribution of stresses and displacements may have a much smaller impact on the ceramic veneering
of a ceramic or glass-ceramic framework, as both layers are much more homogeneous in terms of material.

Stowa kluczowe: | konstrukcje protetyczne, materiaty warstwowe, symulacja MES.

Streszczenie: Celem pracy jest symulacja i analiza procesu rozchodzenia si¢ naprezen i przemieszczen w trakcie skon-
centrowanego obcigzenia warstwowych kompozycji materiatowych stosowanych w koronach protetycznych,
ktora pozwala na oceng ich odpornosci oraz wykazanie wptywu parametrow wytrzymatosciowych licowania
i podbudowy na przenoszenie obciazen zewnetrznych. Materialem badan sa probki replikujace warstwowa
budowg koron protetycznych. Warstwy nosne zostaty wytworzone w technologii CAD/CAM, a dedykowane
warstwy licujgce byly napalane lub polimeryzowane na podbudowach i stanowily wierzchnig strukture do
wspolpracy w warunkach okluzji. W przypadku zréznicowania materiatowego warstwy licowania od podbu-
dowy, typu ceramika — metal, zjawiska rozprzestrzeniania si¢ przemieszczen wypadkowych do podbudowy
oraz duze warto$ci naprezen stycznych na granicy warstwy licujacej i podbudowy moga by¢ niekorzystne
i powodowac¢ odpryskiwanie warstwy licujacej. Taki rozktad naprezen i przemieszczen moze w znacznie
mniejszym stopniu oddziatywac na licowanie ceramika podbudowy ceramicznej lub szklanoceramicznej, po-
niewaz obie warstwy sg znacznie bardziej jednorodne materiatowo.

INTRODUCTION more extensive fixed restorations — prosthetic bridges.

In addition to prosthetic crowns serving as fastening
Prosthetic crowns are used to rebuild the crowns of  elements, the bridge consists of a span that replaces lost
natural teeth that were significantly damaged. They teeth. Crowns and bridges are made in accordance with
can be a solution for a single tooth or the attachment of the rules of clinical procedures and while taking into
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account the principles of strength, biocompatibility, and
aesthetics [L. 1-5]. The restoration should ensure, similar
to physiological, the transfer of occlusive loads and
resistance to loads in the contact between the structures
of the masticatory organ. The load-bearing framework
of the crown or bridge is veneered, depending on the
biomaterial and the production technology. Ceramic
veneering layers of the framework for fixed prosthetic
restorations are responsible for the direct functional and
tribological cooperation with the opposing teeth and for
the transfer of contact loads.

This topic is important due to the introduction of
new biomaterials in modern prosthetics as well as the
application of the CAD/CAM system for the design and
production of load-bearing structures. This involves the
need to use new procedures, targeted veneering, and
the assessment of the impact of strength parameters
of the layered materials on the interaction between the
elements [L. 3, 6-13].

The aim of the study is to simulate and analyse
the distributions of stresses and resultant displacements
during concentrated loading of the layered material
compositions used in prosthetic crowns, produced on
metal, glass-ceramic, ceramic, and polymer frameworks,
in order to assess their resistance and demonstrate
the impact of strength parameters of the veneer and
framework on the transfer of external loads.

RESEARCH MATERIAL

The research material included dedicated ceramic
adhesive systems with veneer frameworks: metal
made of CoCrMo, TiCP, Ti6Al4V; glass-ceramic made
of LiSi,; and, a ceramic made of ZrO, and composite
veneering polymer framework made of polyether ether
ketone (PEEK). A natural enamel-dentin junction was
used as the layered control structure. The samples of
materials for load-bearing frameworks, in the form
of 6.35 mm discs with a thickness of 2 mm, 9 pieces
each, were made of factory matrices using the milling
technology in a CAD/CAM system. The veneering layer
on the discs was 1 mm thick. The procedure for making
a layered structure for fixed dentures depends on the
type of material of the framework, the technology of
the preparation, and the subsequent stages of applying
and firing the opaque, dentin, and enamel layers. In the
case of PEEK framework, the veneering layer made of
the composite material is hardened by LED light. The
material combination of composite — PEEK was used in
simulation studies due to the possibility of analysing the
framework with a low elasticity modulus. Table 1 shows
layered structures chosen for the research, which were
made in the form of discs and dedicated for the FEM
simulation experiment. The strength parameters of the
veneering layer and the framework as well as the friction
coefficients between the indenter and the veneer layer
have been determined [L. 14].

Table 1. Layered material compositions of the veneering layer—framework type used in the production of fixed restorations
Tabela 1. %&irﬁ?wigs}e kompozycje materiatowe typu warstwa licujaca—podbudowa stosowane w konstrukcjach protez statych
[L.14-18]
Number Layered material composition Youn}gE:sC{:;)c;dulus Poisson’s ratio, v 2??2122?
Veneering layer Duceram Kiss 65 0.28 -
: Framework CoCrMo 203.8 0.29 0.68
Veneering layer Vita Titankeramik 91 0.28 -
? Framework TiCP 108 0.35 0.60
Veneering layer Vita Titankeramik 91 0.28 -
’ Framework Ti6Al4V 115.2 0.34 0.65
Veneering layer IPS e.max Ceram 95 0.24 -
! Framework LiSi, 95 0.20 0.58
Veneering layer Elephant Sakura 60 0.265 -
: Framework ZrO, 210 0.30 0.72
Veneering layer Composite 15 0.30 -
° Framework PEEK 3.5 0.36 0.20
Enamel 84.1 0.33 -
7 Dentine 18.6 0.32 0.50
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RESEARCH METHOD

The research method was based on modelling the process
of indentation with the use of a diamond indenter in the
shape of a regular tetrahedron with an opening angle
of 136°, which was virtually pressed into the layered
materials (Fig. 1).

The research node model and numerical analysis
were performed using the Ansys Workbench software.
Constantcontactwas adopted between the veneering layer
and the framework. The free surface of the framework
was fixed, and the indenter, which was placed centrally

in relation to the disc, in subsequent tests was axially
loaded as follows: in the first series 5 N and in the second
series 20 N. The strength parameters of the biomaterials
and tissues were adopted as isotropic. Assuming elastic
deformations, the simulations were performed with the
use of Young’s modulus and Poisson's ratio for two-layer
discs. The friction coefficients between the indenter and
the veneering layer were also adopted. Discretization
included the areas where the stress concentration was
expected. The mesh was compacted in the area of
contact between the indenter and the veneering layer.
Tetrahedral elements were used to discretize the system.

Fig. 1. Model for simulation examinations of the layered biomaterials
Rys. 1. Model do badan symulacyjnych biomateriatow warstwowych

SIMULATION RESULTS AND DISCUSSION

The results of the calculations are presented in the form
of maps of the distribution of reduced stresses in the
tested models according to the Huber-Mises-Hencky
(HMH) hypothesis, shear stresses determined at the
border of the veneering layer and the framework, as
well as resultant displacements in layered material
compositions. Distribution maps for a load of 5 N are
shown in Figures 2, 4, 6, 8, 10, 12, and 14, and for
a load of 20N in Figures 3, 5, 7, 9, 11, 13, and 15. Due
to the different values of stresses and displacements,
automatically generated scales were used on the maps
of distribution.

In the model with veneering the CoCrMo
framework with Duceram Kiss ceramics and an indenter
load of 5 N, the reduced stresses are located in the

veneering layer and framework, with a characteristic
expansion after transition to the framework. In the
veneering layer, the values range from 88.58 MPa — the
maximum value, to 2 MPa (Fig. 2a). At the boundary
of the layer connection, the stresses have the values of
2-8 MPa. After transition to the CoCrMo framework,
the values reach the minimum of 0.0009 MPa. The shear
stresses in the connection zone of the veneering layer
and the framework range from -0.26 MPa to 0.29 MPa
(Fig. 2b). The resultant displacements with a maximum
value of 0.41 pm are located only in the veneering layer
(Fig. 2¢). With such a configuration of the strength
parameters for the veneering layer and framework,
a limited spread of displacements was found in the
veneering layer. Perhaps this is a favourable phenomenon
ensuring good adhesion of the veneering ceramics to the
framework.
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Fig. 2. Duceram Kiss-CoCrMo connection loaded with
a force of 5 N: a) reduced stresses, b) shear
stresses at the border of connection, ¢) resultant
displacements

Rys. 2. Polaczenie Duceram Kiss-CoCrMo obciazone sita
5 N: a) naprgzenia zredukowane, b) naprezenia stycz-
ne na granicy rozkladu polaczenia, c) przemieszcze-
nia wypadkowe

In the model with veneering the CoCrMo
framework with Duceram Kiss ceramics with the
indenter load of 20N, the reduced stresses are located
in the veneering layer and in the framework, with
a characteristic spherical expansion after transition to the
framework. In the veneering layer, the maximum value
is 276.94 MPa (Fig. 3b). At the boundary of the layer
connection, the reduced stresses are still high, i.e. in the
range of 30-54.69 MPa. After transition to the CoCrMo
framework, the values are in the range from 0.0541 MPa
to 8 MPa. The shear stresses in the connection zone of
the veneering layer and the framework range from -1.52
MPa to 1.58 MPa (Fig. 3b). The resultant displacements
with a maximum value of 1.09 pm are located in the
veneering zone with a minimal residual impact in the
framework (Fig. 3¢). In a small area, the stresses pass
into the framework and reach the range of 0.05 um to
0.13 pm. With such a configuration of the strength
parameters for the veneering layer and the framework,
a significant suppression of the displacements
propagation was found in the framework.

In the Duceram Kiss — CoCrMo connection, when
the load was increased from 5 N to 20 N, a characteristic
peripheral peak of reduced stresses was noted on the
border of the veneering layer and the framework: a larger
area in the veneering layer, a shorter reach after transition
to the framework which could cause the ceramics to chip
off. It can be observed that, with the low flexibility of
the framework (Young's modulus 203.8 GPa), there is
a suppression of the resultant displacements.

Fig. 3. Duceram Kiss-CoCrMo connection loaded with
a force of 20 N: a) reduced stresses, b) shear
stresses at the border of connection, ¢) resultant
displacements

Rys. 3. Polaczenie Duceram Kiss-CoCrMo obciazone sitg 20
N: a) napre¢zenia zredukowane, b) naprezenia styczne
na granicy rozktadu potaczenia, c) przemieszczenia
wypadkowe

When veneering with Vita Titankeramic TiCP
frameworks, with an indenter load of 5 N, the distribution
of reduced stressed is characterized by the following
values: maximum stress — 87.74 MPa, at the boundary
of the layers the values drop to 2 MPa (Fig. 4a). In the
titanium framework, the stresses show a minimum of
0.0069 MPa. The shear stresses in the connection zone
between the veneering layer and the framework range
from -0.23 MPa to 0.22 MPa (Fig. 4b). The resultant
displacements are located both in the veneering layer
and in the framework. The maximum values of 0.30
pm are obtained in the veneering layer. At the Vita
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Titankeramik-TiCP boundary, the values are of 0.016
pm to 0.050 um (Fig. 4c¢).

With a load of the indenter of 20 N, the distribution
of reduced stresses when veneering the TiCP framework
with Vita Titankeramik ceramics is characterized by the
following values: maximum stress is 280.02 MPa, at
the boundary of the layers the values decrease to 15-30
MPa (Fig. 5a). In the veneering layer, in the transition
zone between the layers, there is a characteristic low
concentration of reduced stresses of 30-55 MPa.
The minimum stresses of 0.0046 MPa propagate
within the titanium framework. The shear stresses
in the connection zone of the veneering layer and the
framework range from -1.71 MPa to 1.76 MPa (Fig. 5b).
The resultant displacements with a maximum value of
0.81 um are located in the veneering zone. At the Vita
Titankeramik-TiCP boundary and in the framework, the
values range from 0.05 um to 0.11 pm (Fig. Sc). It can
be observed that the TiCP framework slightly suppresses
the propagation of displacements.

When veneering the Ti6Al4V framework with Vita
Titankeramic ceramics with the indenter load of 5N,

Fig. 4. Vita Titankeramik-TiCP connection loaded
with a force of 5 N: a) reduced stresses, b) shear
stresses at the border of connection, ¢) resultant
displacements

Rys. 4. Potaczenie Vita Titankeramik-TiCP obcigzone sita
5 N: a) napre¢zenia zredukowane, b) napr¢zenia stycz-
ne na granicy rozktadu potaczenia, c) przemieszcze-
nia wypadkowe

Fig. 5. Vita Titankeramik-TiCP connection loaded with
a force of 20 N: a) reduced stresses, b) shear
stresses at the border of connection, c¢) resultant
displacements

Rys. 5. Potaczenie Vita Titankeramik-TiCP obcigzone sita
20 N: a) naprezenia zredukowane, b) naprezenia
styczne na granicy rozktadu potaczenia, ¢) przemiesz-
czenia wypadkowe

the distribution of reduced stresses is characterized by
the following values: maximum stress is 87.77 MPa,
at the boundary of the layers the value drops to 2 MPa
(Fig. 6a). In the Ti6Al4V framework, minimum stresses
are 0.0065 MPa. The shear stresses in the connection
zone of the veneering layer and the framework range
from -0.23 MPa to 0.22 MPa (Fig. 6b). The resultant
displacements are located both in the veneering
layer and in the framework. The maximum values of
0.30 um are obtained in the veneering zone. At the Vita
Titankeramik-Ti6Al4V boundary, the values are from
0.016 pm to 0.038 pm (Fig. 6c¢).

With the load of the indenter of 20 N, the
distribution of reduced stresses when veneering the
Ti6Al4V framework with Vita Titankeramik ceramics
is characterized by the following values: the maximum
stresses are 279.37 MPa, at the boundary of the layers
the values decrease to 15-30 MPa (Fig. 7a). In the
veneering layer, in the transition zone between the layers,
there is a characteristic low concentration of reduced
stresses of 30-54.94 MPa. In the Ti6Al4V framework,
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Fig. 6. Vita Titankeramik-Ti6Al4V connection loaded
with a force of 5 N: a) reduced stresses, b) shear
stresses at the border of connection, ¢) resultant
displacements

Rys. 6. Potaczenie Vita Titankeramik-Ti6Al4V obcigzone
sita 5 N: a) naprezenia zredukowane, b) naprezenia
styczne na granicy rozktadu potaczenia, c¢) przemiesz-
czenia wypadkowe

minimum stresses are 0.0024 MPa. The shear stresses
in the connection zone between the veneering layer
and the framework range from -1.69 MPa to 1.74 MPa
(Fig. 7b). The resultant displacements with a maximum
value of 0.81 pm are located in the veneering zone. At
the Vita Titankeramik-Ti6Al4V boundary and in the
framework, the values range from 0.05 pm to 0.11 um
(Fig. 7¢).

There are small differences in the distribution
of stresses and displacements in the connection of
Vita Titankeramik ceramics and TiCP and Ti6Al4V
frameworks. With the load of the indenter of 5 N, there
is a slight transfer of reduced stresses to the framework
— slightly higher with TiCP, probably due to a slightly
lower value of the elasticity modulus. When the load
is increased to 20 N, the reduced stresses spread gently
within the TiCP and Ti6Al4V frameworks.

When veneering the glass-ceramic LiSi, framework
with IPS e.max Ceram ceramics and the indenter load of
5 N, the distribution of reduced stresses is characterized
by the following values: maximum stress is 109.96

MPa, at the boundary of the layers, the values decrease
to 2 MPa (Fig. 8a). In the glass-ceramic framework,
minimum stress is 0.0085 MPa. The shear stresses
in the connection zone of the veneering layer and
the framework range from -0.17 MPa to 0.18 MPa
(Fig. 8b). The resultant displacements are located both
in the veneering layer and in the framework. Maximum
values of 0.30 pm are obtained in the veneering zone.
At the IPS e.max Ceram-LiSi, boundary, the values are
from 0.016 pm to 0.038 um (Fig. 8c).

Fig. 7. Vita Titankeramik-Ti6Al4V connection loaded
with a force of 20 N: a) reduced stresses, b) shear
stresses at the border of connection, ¢) resultant
displacements

Rys. 7. Polaczenie Vita Titankeramik-Ti6Al4V obcigzone
sita 20N : a) napre¢zenia zredukowane, b) naprezenia
styczne na granicy rozktadu potaczenia, c¢) przemiesz-
czenia wypadkowe

With the indenter load of 20 N, the distribution
of reduced stresses when veneering the glass-ceramic
LiSi, framework with IPS e.max Ceram ceramics is
characterized by the following values: maximum stress
— 292.06 MPa, and at the boundary of the layers, the
values drops to 15-30 MPa (Fig. 9a). In the veneering
layer, in the transition zone between the layers, there
is a small area of very little concentration of reduced
stresses of 30-56.21 MPa. In the glass-ceramic
framework, minimum stress is 0.0564 MPa. The shear
stresses in the connection zone of the veneering layer
and the framework range from -1.80 MPa to 1.81 MPa
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Fig. 8. IPS e.max Ceram-LiSi, connection loaded with
a force of 5 N: a) reduced stresses, b) shear
stresses at the border of connection, ¢) resultant
displacements

Rys. 8. Polaczenie TIPS e.max Ceram-LiSi, obcigzone silg
5 N: a) naprezenia zredukowane, b) naprezenia stycz-
ne na granicy rozkltadu polaczenia, c) przemieszcze-
nia wypadkowe

(Fig. 9b). The resultant displacements with a maximum
value of 0.79 um are located in the veneering layer.
At the border of IPS e.max Ceram-LiSi, and in the
framework, there are values of 0.05 um to 0.11 um
(Fig. 9¢). It can be observed that the LiSi, framework
slightly suppresses the propagation of displacements.

In the material composition of IPS e.max Ceram-
LiSi,, both load variants of 5 N and 20 N show very
high values of reduced stresses and their concentration
in the superficial zone. Particularly high values of the
stresses were found for veneering with IPS e.max Ceram
(with the modulus of elasticity of 95 MPa) of the LiSi,
glass-ceramic framework (with the modulus of also
95 MPa). This nature of the connection is unfavourable
in terms of strength.

In the model with veneering the ZrO, framework
with Elephant Sakura ceramics and a 5 N indenter load,
the reduced stresses are located in the veneering layer
and in the framework, with a characteristic expansion
after transition to the framework. In the veneering layer,

Fig. 9. IPS e.max Ceram-LiSi, connection loaded with
a force of 20 N: a) reduced stresses, b) shear
stresses at the border of connection, c) resultant
displacements

Rys. 9. Polaczenie TIPS e.max Ceram-LiSi, obcigzone silg
20 N: a) napre¢zenia zredukowane, b) napre¢zenia
styczne na granicy rozktadu potaczenia, ¢) przemiesz-
czenia wypadkowe

the values range from 90.34 MPa — the maximum value,
to 2 MPa (Fig. 10a). At the boundary of the layers,
the stresses are of 2—8 MPa. After the transition to the
zirconium framework, the values reach a minimum
of 0.0014 MPa. The shear stresses in the connection
zone of the veneering layer and the framework range
from -0.26 MPa to 0.29 MPa (Fig. 10b). The resultant
displacements with a maximum value of 0.45 pum are
located only in the veneering layer (Fig. 10¢). With
such a configuration of strength parameters of the
veneering layer and the framework, the propagation
of displacements was suppressed. This is a favourable
phenomenon that ensures good adhesion of the veneering
ceramics to the framework.

In the model with veneering ZrO, framework with
Elephant Sakura ceramics and an indenter load of 20 N,
the reduced stresses are located in the veneering layer
and in the framework, with a characteristic expansion
after transition to the framework. In the veneering
layer, the values start with 280.07 MPa — the maximum
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Fig. 10. Elephant Sakura-ZrO, connection loaded with
a force of 5 N: a) reduced stresses, b) shear
stresses at the border of connection, c) resultant
displacements

Rys. 10. Pofaczenie Elephant Sakura-ZrO, obcigzone silg
5 N: a) naprezenia zredukowane, b) naprezenia
styczne na granicy rozktadu potaczenia, c¢) prze-
mieszczenia wypadkowe

value, at the border of the layers the values decrease to
8-15 MPa (Fig. 11a). However, in the veneering
layer, in the transition zone between the layers, there
is a small area with the value of reduced stresses in
the range of 30-55.01 MPa. After transition to the
zirconium framework, the values reach a minimum
of 0.0516 MPa. The shear stresses in the connection
zone of the veneering layer and the framework range
from -1.50 MPa to 1.57 MPa (Fig. 11b). The resultant
displacements with a maximum value of 1.18 um are
located in the veneering layer (Fig. 11¢). In a small area,
the stresses pass into the framework and reach the values
from 0.05 pm to 0.14 um. With such a configuration of
the strength parameters of the veneering layer and the
framework, a significant suppression of the propagation
of displacements was found in the framework.

For the composite-PEEK material composition and
the indenter load of 5 N, the maximum reduced stress is
86.99 MPa (Fig. 12a). Moving closer to the boundary

Fig. 11. Elephant Sakura-ZrO, connection loaded with

a force of 20 N: a) reduced stresses, b) shear

stresses at the border of connection, ¢) resultant

displacements

Rys. 11.  Pofaczenie Elephant Sakura-ZrO, obcigzone silg
20 N: a) naprezenia zredukowane, b) naprezenia
styczne na granicy rozkladu potaczenia, c¢) prze-
mieszczenia wypadkowe

of the framework, the stresses decrease to 2 MPa. The
minimum value in the PEEK framework is 0.0208 MPa.
The selected shear stresses at the connection of the
veneering layer and the framework remain in the range
from -0.10 MPa to 0.11 MPa (Fig. 12b). The resultant
displacements spread smoothly from the place of
contact with the indenter and have a maximum value of
2.07 pm, and, at the composite-PEEK border, the
values are from 0.39 pm to 0.54 um (Fig. 12c¢).
The displacements are suppressed in the framework.
With a load of the indenter of 20 N, in the
composite-PEEK material composition, the maximum
reduced stress is 263.09 MPa (Fig. 13a). In the veneering
layer, in the transition zone between layers, there is an
area with reduced stresses in the range of 15-30 MPa.
In the composite, there is a characteristic concentric
propagation of HMH stresses in the superficial layer
of the composite and in the vicinity of the composite-
PEEK boundary. The minimum value in the PEEK
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Fig. 12. Composite-PEEK connection loaded with a force

of 5 N: a) reduced stresses, b) shear stresses at the
border of connection, c) resultant displacements

Rys. 12. Polaczenie kompozyt-PEEK obcigzone sitg 5 N:
a) naprezenia zredukowane, b) naprezenia styczne
na granicy rozktadu potaczenia, c) przemieszczenia
wypadkowe

framework is 0.1203 MPa. The selected shear stresses at
the connection of the veneering layer and the framework
are in the range from -2.43 MPa to 2.34 MPa (Fig. 13b).
The resultant displacements spread smoothly from the
point of contact with the indenter and have a maximum
value of 6.04 um, and, at the composite-PEEK border,
the values are from 2.07 um to 2.51 pm (Fig. 13¢). It can
be noticed that the PEEK framework slightly suppresses
the propagation of displacements.

In the enamel-dentin connection, with the load
of the indenter 5 N, reduced stresses with a maximum
value of 81.78 MPa are located in direct contact with the
indenter (Fig. 14a). The stresses are generated towards
the inside of the enamel layer starting from the area of
maximum stress and reduce their values to 2 MPa. The
minimum reduced stresses in the dentine reach the value
of 0.0158 MPa. The shear stresses at the junction of the
enamel and dentin are small, ranging from -0.10 MPa
to 0.11 MPa (Fig. 14b). The resultant displacements
with a maximum value of 0.37 pm gently pass from the
enamel to the dentin with the values from 0.10 pm to
0.13 pm, stimulating dentinal tubules (Fig. 14¢).

With an indenter load of 20 N, in the enamel-
dentin junction, reduced stresses with a maximum
value of 260.67 MPa are located in direct contact with
the indenter (Fig. 15a). In the veneering layer, in the
transition zone between layers, there is an area with
reduced stresses in the range of 15-30 MPa. In the
enamel, there is a characteristic concentric distribution
of HMH stresses in the superficial layer of the enamel
and in the vicinity of the enamel-dentin junction. The
minimum reduced stress in the dentin is 0.118 MPa.
The shear stresses at the junction of the enamel and
dentin range from -2.49 MPa to 2.38 MPa (Fig. 15b).
The resultant displacements with a maximum value of
1.07 pm gently pass from the enamel to the dentin with
the values from 0.37 pm to 0.45 um, stimulating dentinal
tubules (Fig. 15¢). It can be noticed that the dentine
slightly suppresses the propagation of displacements.

Fig. 13. Composite-PEEK connection loaded with a force

of 20 N: a) reduced stresses, b) shear stresses at

the border of connection, ¢) resultant displace-

ments

Rys. 13. Polaczenie kompozyt-PEEK obciagzone sita 20 N:
a) naprezenia zredukowane, b) naprezenia styczne
na granicy rozktadu potaczenia, c) przemieszczenia
wypadkowe

In the natural enamel-dentin junction, with
a relatively low value of the dentin elasticity modulus
and about 4 times higher value of the enamel elasticity
modulus, the resultant displacements have a large area
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Fig. 14. Enamel-dentin connection loaded with a force of
5 N: a) reduced stresses, b) shear stresses at the
border of connection, c¢) resultant displacements

Rys. 14. Potaczenie szkliwno-zgbinowe obcigzone sitg 5 N:
a) naprezenia zredukowane, b) naprezenia styczne
na granicy rozkladu potaczenia, c) przemieszczenia
wypadkowe

of propagation and small values. At the same time, high
values of shear stresses can be noticed. The nature of the
connection between the enamel prisms and dentin, with
significant stress values, stimulates the pulp fluid in the
tubular structure of the dentin.

The simulation examinations performed in
concentrated contact of layered material compositions
used for prosthetic crowns give better differentiation of
results with the load of the indenter of 20 N. This load
allows for correlation with the pressures that occur in the
stomatognathic system during chewing.

The load-bearing layer with a high value of Young's
modulus (CoCrMo, ZrO,) limits the spread of resultant
displacements to the framework to the greatest extent.
However, there are quite significant values of shear
stresses at the border of the veneering layer and the
framework. These shear stress values may deteriorate
the adhesion of the veneering layer to the framework
in the ceramic-metal composition (material diversity).
They do not cause negative effects in ceramics-ceramics
compositions.

Fig. 15. Enamel-dentin connection loaded with a force of
20 N: a) reduced stresses, b) shear stresses at the
border of connection, c) resultant displacements

Rys. 15. Polaczenie szkliwno-zgbinowe obcigzone sitg 20 N:

a) naprezenia zredukowane, b) naprezenia styczne
na granicy rozktadu potaczenia, c) przemieszczenia
wypadkowe

Intheload-bearinglayersmadeof TiCPand Ti6Al4V,
there is a limited spread of resultant displacements into
the framework, but there are significant values of shear
stresses at the connection boundary. These significant
shear stress values can adversely affect the adhesion of
the ceramics to titanium and its alloys.

In the ceramics-ceramics and ceramics-glass
ceramics compositions, creating a permanent adhesive
bond is much easier than in the ceramics-metal
composition because of material diversity.

It should be noted that, for the IPS e.max Ceram-
LiSi, composition, the high value of the elasticity
modulus for the veneering layer, even under the load of
5N, gives the highest concentration of reduced stresses
in the near-surface zone. These stresses can adversely
affect the opposing teeth, especially if they are natural.
The stresses can damage the enamel of these teeth.

Given the development of biomaterials and
technologies used for the production of fixed prosthetic
restorations, the layered structure with Elephant Sakura
veneering on the ZrO, framework will be the most
optimal solution.
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In the PEEK framework with very high elasticity,
veneered with composite, the resultant displacements
have a very large area of propagation and very high
values. In this material composition, the highest values
of shear stresses occur at the connection of the veneering
layer and the framework. The more elastic the load-
bearing layer is, the greater are the shear stresses.

The tests were carried out in concentrated contact
on samples that had not been subjected to previous loads
or tribological wear. Under chewing conditions, wear
occurs and the contact surface may increase. In such
a situation, the values of stresses and displacements
could decrease.

CONCLUSIONS

With significant material differentiation and various
strengths of the layers making up the material
compositions of prosthetic crowns, the FEM analysis is
an objective tool for assessing resistance of the materials
and demonstrating the impact of strength parameters of
the veneering layer and the framework on the transfer of
external loads.

If the material building the veneering layer differs
from the material of the framework, for example, in
the ceramic-metal type, spreading of the resultant
displacements to the framework and high values of
shear stress at the border of the veneering layer and the
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