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Abstract

Aim: The aim of this study was to evaluate the effect of margin design
changes on the stress distribution in zirconia-based full-crown restorations
using three-dimensional finite element analysis.
Methodology: For use in the design of full-crown restorations, tooth
number 16 was prepared in chamfer step type on a maxillary tooth jaw
model (AG-3: Tipodont, Frasaco, Germany). The prepared tooth was
Correspondence: scanned using a desktop scanner, and a three-dimensional finite element
analysis model was obtained. Zirconia frameworks are divided into three
Necmettin Erbakan University, Faculty irom;}as acc_ording to the margin design: uniform thickness hood type (Model
of Dentistry, Department of ), % partial crown form (Model B), apd a lmgual-bqnd type (quel C). The
Prosthodontics, Konya, Turkey crown form was completed using feldspathic porcelain as the
E-mail: neslihanvarolnv94@gmail.com superstructure material. To determine the stress distribution of the margin
design on the restoration, the maximum principal stress (MPa) values under
a 600 N vertical load were investigated.
Received: 13 October 2022 Results: The maximum stress on the zirconia framework was observed in
Accepted: 15 December 2022 Model A (82.90 MPa), and the maximum stress on the tooth was observed
in Model B (49.34 MPa). The maximum stress on the feldspathic porcelain
was highest in Model A (21.860 MPa), and the minimum stress on the tooth
occurred in Model B (13.33 MPa). In the zirconia framework, the lowest
stress was 11.54 MPa (Model B).
Conclusion: The framework design was shown to affect the force
generated on the restoration and transmitted to the tooth. The results of
the present study will help dentists determine the ideal infrastructure
design for zirconia-based restorations. Lingual band designs were found to
be successful.
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Introduction

All ceramics based on translucent yttria-stabilized
tetragonal zirconia polycrystalline (Y-TZP) have been
used in the posterior region due to their mechanical
properties developed for fixed dental prostheses (FDPs)
(1). They are generally used in clinical practice as
traditional double-layer applications and monolithic
restorations (2). The two-layer Y-TZP design has been
regarded as acceptable in the literature (3). On the
other hand, cohesive failures have been reported in the
porcelain superstructure of FDPs made from Y-TZP
framework material (4, 5).

The differences in the thermal properties of the
zirconia framework and porcelain superstructure with
regard to the coefficient of thermal expansion (CTE)
play a significant role in the formation of high stress,
which leads to porcelain fractures (6, 7). Recent
studies have reported that the effects of this problem
can be minimized by controlling the cooling procedures
and using appropriate CTE values (8).

Monolithic restorations may be fabricated using
new-generation zirconia materials. As these designs do
not have a porcelain superstructure, no fracture is
expected (9). However, the aesthetic appearance of
these restorations is not comparable to that of
porcelain restorations. This is because the level of
translucency that may be achieved without tampering
with the material’s strength is limited (10). The reason
for veneering Y-TZP restorations in traditional designs
is that the material has poor optical properties. The
material should be veneered with a highly aesthetically
appealing ceramic material to achieve an acceptable
resemblance to the natural tooth structure (11).

The literature shows that the structural reliability
of zirconia-based fixed restorations may be improved
by changing the framework design (12, 13). The
suggested design modifications include expanding the
lingual and proximal bands in the framework and
designing anatomically shaped frameworks (14, 15).
These designs basically aim to equalize the thickness of
the porcelain superstructure and prevent the formation
of stress in the porcelain layer while cooling.

Semi-monolithic designs are also used in zirconia-
based restorations. This design type aims to achieve
more aesthetically pleasing restorations without
compromising the strength of the monolithic
framework. However, this restoration type has a more
complicated stress distribution due to the use of
various materials and the interfaces between different
layers (16).

Finite element analysis (FEA) has been used to
assess the mechanical behavior of complex structures
and can be used to supplement the in vitro experiments
to improve the findings (17, 18). FEA numerically
simulates the behavior of various dental restorations,
biomaterials, restorative techniques, and prosthetic
designs in terms of displacement and stress distribution
under varying loading situations. It allows the
assessment and quantification of the biomechanical
response of restorative materials and the supporting
complex dental structures (19-22).
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There is no consensus in the literature on which
framework design is more advantageous, but finite
element analysis (FEA) is considered a robust tool for
analyzing stress distributions in restorations fabricated
using various materials with different designs (23).

The present study aimed to evaluate the effect of
framework designs on stress distribution in zirconia-
based fixed dental prostheses under a load of 600 N
using a three-dimensional FEA. The null hypothesis is
that there is no difference in stress distribution in
crowns with different framework designs.

Materials and Methods

Tooth #16 was prepared in a chamfer margin on a
maxillary dental model (AG-3: Typodont, Frasaco,
Germany) for use in the design of full-crown
restorations. The prepared tooth #16 was scanned with
a model scanner (Dental Wings 7 Series, Straumann
CARES, USA) and imported into the design software

(Fig. 1).

Figure 1. Digital image of prepared tooth #16

Margin points were determined using design
software (DWOS, Dental Wings, Straumann CARES,
USA). The hood uniform thickness (Model A), partial
anatomical crown (Model B), lingual band framework
(Model C), and superstructure restoration were then
designed with the appropriate anatomical form (Fig. 2).

Zirconia Veneering

Tooth Framework Porcelain

Model A

Model B

Model |[C

Figure 2. Design images
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The resulting design was exported as an STL file.
The required adjustments were made by importing the
file into the relevant software (Geomagic Design x
2020/0.3) to eliminate potential errors and make it
suitable for FEA. The final STP files were then
obtained. The meshing processes were completed using
the Solidworks 2013 software (Solidworks Corp., USA)

Table 1. Nodes and elements of the tested groups

Model Total elements
Model A 1143733
Model B 1084558
Model C 859459

for the composition of both the anchorage and the
designed restoration models. The STP files were
imported into the relevant FEA software (2020 Dassault
Systémes Simulia Corp., Johnston, RIl, USA), and the
designed scenario was applied.

The numbers of elements and nodes by model are
shown in Table 1.

Total nodes Mesh type

Linear tetrahedral

221433 elements of C3D4

Linear tetrahedral
211785 elements of C3D4
(64380 Linear tetrahedral

elements of C3D4

The average masticatory force was designed and
implemented as the transmission of a 600 N load. The
properties of the materials are presented in Table 2.
All materials were deemed isotropic linear elastic, and

the effect of the periodontal ligament was ignored.
Maximum principal stress (MPa) values were reported
to analyze the effect of restoration framework design
on stress distribution.

Table 2. Mechanical properties of the materials and structures used in this study

Tensile strength

Material Elastic modulus (GPa) Poisson’s ratio (MPa)
Dentin 18.6 0.31

Translucent zirconia 210 0.30 1000

Porcelain 74 0.19 100

Results

This study analyzed the effects of different
zirconia-based framework designs on stress distribution
on the tooth, zirconia framework, and veneering
porcelain under a load of 600 N. The maximum tensile
strengths are presented in Table 3, and the values are
graphically represented in Figure 3.

Model A exerted the maximum stress on the
zirconia framework (82.90 MPa), while Model B caused
the maximum stress on the tooth (49.34 MPa). Model A
also posed the maximum stress on the veneering
porcelain (21.860 MPa). Model B had the minimum
stress on the tooth and veneering porcelain (13.33 and
1.076 MPa, respectively), and Model C exerted the
minimum stress on the zirconia framework (11.54 MPa).
The patterns of stress distribution are illustrated in
Figure 4.

Table 3. Maximum principal stress (MPa) values in restoration, enamel, and dentin under loads for Model A

Model Tooth
Model A 45.04
Model B 49.34
Model C 13.33

Veneering porcelain

Zirconia framework

21.860 82.90
1.076 11.54
6.003 55.34
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Figure 3. Graphical representation of maximum principal stress values
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Figure 4. Patterns of maximum principal stress distribution
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Discussion

This in vitro study examined the effects of
different framework designs on stress distribution in
single-crown restorations. The null hypothesis was
evaluated and rejected given the differences in stress
distributions on both the tooth and the restoration
depending on framework shape.

In all the conditions where the coefficient of
thermal expansion of the porcelain was lower than that
of the framework material, stress occurred within the
porcelain adjacent to the framework material. The
thermal cycle that takes place in the mouth while
eating and drinking is an undesirable result, as it
facilitates the onset of cracks on the surface of teeth
(4).

The maximum bite force differs among patients,
and we have noted some excessive forces that may not
fall within the normal range in certain individuals. The
highest force measured by researchers in a patient is
4000 N, and the second-highest is 2000 N (24).
However, it is infeasible to target similar levels of
biting force when designing restorations because the
vast majority of patients rarely reach forces equal to
or higher than 1000 N. For this reason, the current
study implemented a load of 600 N, which can be
considered an average value.

This research also fabricated restorations with a
standard degree of preparation, regardless of the
differences in framework design. This means that the
total thickness of the crowns was the same across all
the groups. In other words, the thicker the veneering
porcelain, the thinner the supporting framework
material. This phenomenon may have played an
important role in the results of the study (25). The
probability of cohesive failure in a restoration under
stress during loading increases in direct proportion to
the volume of porcelain in the designed restoration
(16). This observation was confirmed in the current
work, which demonstrated that the stress acting on a
restoration was at a maximum level in Model A.
Similarly, the absence of porcelain on the occlusal
surface where force was applied ensured that the force
acted entirely on the zirconia framework in Model C,
which is why the maximum stress on zirconia occurred
in this group.

In some cases, an imperative is to use thick layers
of porcelain to achieve aesthetically appealing results
(20.5 mm). Using lingual band designs in Model C
instead of hood frameworks in Model A will reduce the
stress on both veneering porcelain and zirconia. A
similar study found that fracture resistance improves in
restorations wherein the occlusal plate is fabricated
from zirconia to protect the buccal porcelain from high
occlusal loads (16). This is also the case in Model B in
the present study. However, manufacturing these semi-
monolithic designs is more complicated and time-
consuming for dental technicians.

A limitation of the current study is that the in vitro
test could not fully simulate in vivo conditions (e.g.,
the periodontal ligament and cement were not
modeled). In addition, although homogeneous and
isotropic materials could not be obtained in vivo, the
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materials used in the study were accepted to be so.
Finally, we assessed a single loading protocol, and
further research is needed to examine relevant
behaviors under different loads.

Conclusions

We drew the following conclusions on the basis of

the FEA findings:

1. The stress on both frameworks and veneering
porcelain increases in frameworks fabricated in
hood form.

2. In conditions wherein the thickness of porcelain
needs to be increased, it is acceptable to use
frameworks with lingual bands.

3. If the occlusal plate is fabricated from zirconia
and the buccal side is made of porcelain, these
crowns may be used in cases where the
distance is short and the strength of zirconia is
to be utilized.
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