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Abstract

Purpose: The purpose of this study was to evaluate the influence of shoulder and chamfer margin design on stress distribution

pattern in different all ceramic restorations.

Materials and methodology: Six three-dimensional finite element models representing mandibular second premolar tooth

were constructed, using a Finite Element Analysis Software (ANSYS version 14; ANSYS Inc., Canonsburg, PA, USA). Three models
each with shoulder and chamfer finish line were created after tooth preparation by reverse engineering, using Pro E software. Each
model with shoulder finish line margin had Bruxzir (Glidewell labs), Lava (3M ESPEE) and IPS e.max Press (Ivoclar Vivadent) all
ceramic restorations fabricated over them. Same was done with the models having chamfer finish margin. A distributed load of 600
N was applied on the restorations to analyze the stress distribution pattern in different all ceramic restorations having different
marginal geometry. The stress distribution in different groups was compared using one-way ANOVA and Tukey’s honest significance

test.

Results: Von Mises stresses in the margin region were seen to be lowest in Lava (3M ESPEE) all ceramic restoration with
shoulder finish margin when subjected to masticatory bite force. The areas of maximum stress concentration were found in the
cervical portion of the all ceramic restorations when subjected to loading forces.

Conclusion: The type of material used, and the type of margin configuration affects the stress distribution pattern within

posterior all ceramic restorations.

Keywords: Chamfer; Finite element analysis (FEA); Shoulder

Introduction

Although metal ceramic restorations have been used for more
than three decades with success, demand for superior esthetics
and apprehensions regarding biocompatibility of the metal has
led to introduction of all-ceramic restorations [1,2]. However,
improvements in the esthetics of dental restorations cannot

@ @ This work is licensed under Creative Commons Attribution 4.0 License|O]DOH.MS.ID.000512.

compromise their strength to withstand high masticatory forces
[3].

Successful application of all-ceramic materials on the posterior
teeth depends on the practitioner’s ability to select appropriate
all ceramic system with desirable mechanical properties [4]. One
of the most important desired mechanical properties of dental
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ceramic restorative material to be used as a posterior restoration is
its fracture toughness; dental restorations are routinely subjected
to high masticatory load (1031 N for the partially dentate and 1243
N in patients with a full dentition) [5].

The main limitation for the use of all ceramic restorations in
the posterior teeth is their brittleness; ceramics are relatively weak
in tension and strong in compression. Tensile forces encourage
crack formation and propagation. Crack initiation and propagation
depends on the all ceramic system used (micro structure), design of
the restoration, thickness of the restoration, margin configuration,
size and distribution of surface flaws and magnitude of occlusal
load [6-9].

There are few studies in the literature regarding the effect of
stress distribution when different tooth preparation designs are
applied to different prosthetic restorations. The objective of the
study was to evaluate and compare the influence of shoulder and
chamfer finish margin design on the stress distribution pattern in
dentinal portion of mandibular second premolar using different
all ceramic restoration systems (Bruxzir, Lava, IPS e.max Press) by
finite element analysis (FEA).

Materials and Methodology

To evaluate the influence of margin design on the stress
distribution of posterior all ceramic restorations; a three-
dimensional (3D) finite element analysis (FEA) study was conducted
[10]. Intact mandibular 2nd Premolar tooth (Frasaco, Germany)
was scanned using STEIN BICHLER COMET LED (2M) blue light
3-D scanner (Germany). The scanned model was converted into
a surface model using Nx-I-deas 6.1(Unigraphics, Siemen’s)
software (Figures 1a & 1b). Tooth preparation was done by reverse
engineering process as per the guidelines given by Rosenstiel et al.
(Occlusal and proximal clearance of 1.5 mm except at the functional
cusp where the clearance was 2.0 mm) [11]. Six models were
fabricated; three models with shoulder finish margin and three
models with chamfer finish margin (Figures 2a & 2b). Restorations
were fabricated on the prepared teeth by reverse engineering
procedure using Pro-E software. Each model with shoulder finish
line margin had Bruxzir (Glidewell labs), Lava (3M ESPEE) and IPS
e.max Press (Ivoclar Vivadent) restorations fabricated over them
(Figures 3a). Same was done with the models having chamfer finish
margins (Figures 3b).
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Figure 1: Surface model of the scanned tooth, proximal view (a)
occlusal view (b).
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Figure 2: Proximal view of the prepared tooth with shoulder
margin (a) and chamfer margin (b).

J
e N
Figure 3: Restoration fabricated on the prepared tooth with
shoulder margin (a) and chamfer margin (b).
N J

The three-dimensional finite element models corresponding to
the geometric model were generated using FEA software (ANSYS
version 14; ANSYS Inc., Canonsburg, PA, USA). Care was taken
during meshing to concentrate elements in the region of highest
stress distribution pattern (Figures 4a & 4b). Therefore, default
element size with SOLID 187 elements was selected. The element
was defined as 10 nodes having three degrees of freedom at each
node: translations in the nodal %, y and z directions (Table 1).
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Figure 4: Mesh generated over the ceramic restoration fabricated
with shoulder margin (a) and chamfer margin (b).
\ J
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Table 1: Mesh data showing number of elements and nodes.

Model with shoulder margin finish line 74755 49245
80651 53377

Model with chamfer margin finish line

The models were fixed in the nodes at the surface of the
alveolar bone and following assumptions were included in the
finite element model: (1) Dentin, pulp chamber and periodontal
ligament in the mathematical model were assumed to be linearly
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elastic, homogeneous and isotropic [12].(2) No slip was permitted
between components (perfect bonding) (3) It was assumed that
enamel is completely removed during tooth preparation. (4) The
influence of the periodontal ligament on the stress distribution of
the crown is negligible. (5) There are no flaws in any component.
All nodes in the x-y-z planes, which correspond to the root portion
of the prepared tooth, are assumed to be fixed; no translation or
rotation is allowed in any direction.

The corresponding elastic properties such as Young’s modulus
and Poisson’s ratio of dentin, and the three all ceramic restorations
were determined from the literature and are presented in Table 2
[13-15].

Table 2: Material Properties assigned to the models.

Dentin 18600 0.31

Bruxzir (Glidewell labs) 200000 0.3
Lava (3M ESPEE) 216000 0.27

IPS e.max press (Ivoclar Vivadent) 95000 0.23

Symmetrical boundary conditions were imposed all over the
prepared tooth. On the proximal sides all the three translations
were fixed indicated by light blue color triangles.

A distributed load of 600 N on the buccal cusp tip, lingual cusp
tip, lingual and buccal inclines of the occlusal surface, and central
developmental groove was applied on each sample. The magnitude

and the direction of the loading forces was according to the previous
studies conducted by Kaarel Proos et al. [16] and are presented in
Table 3.

Table 3: Loading protocol followed in the study..

600 N
80651

600 N
53377

Force magnitude (in newton)

Model with chamfer margin finish line

The stress distribution in different groups was compared using
one-way ANOVA and Tukey’s honest significance test, and results
were tabulated.

Results

Results were determined by considering von Mises criteria.
Failure occurs when von Mises stress values exceed the yield
strength of the ceramic restorations. Therefore, they are important
for interpreting the stresses occurring within the ceramic
restorations.

The FEA revealed stresses at every node in each model. These
results were displayed as stress contours overlaid on the original
model. The calculated numeric data of stress in the models were
transformed into color graphics. The mean von Mises stress values
within different posterior ceramic restorations using different
margin design configuration were tabulated, as indicated in (Table
4&5).

Table 4: Comparison of stress distribution of different posterior all ceramic restorations with respect to margin design using different materials.

Chamfer Finish 3 644.89 252.12 <0.001 Significant
Bruxzir
Shoulder Finish 3 473.9 103.92
Chamfer Finish 3 497.8 211 <0.001 Significant
LAVA
Shoulder Finish 3 32391 115.59
Chamfer Finish 3 635.26 239.83 <0.001 Significant
IPS emax press
Shoulder Finish 3 502.4 174.66

*One-way ANOVA ** Tukey HSD

Table 5: Comparison of stress distribution of different posterior all ceramic restorations with respect to materials using different marginal designs.

Chamfer Bruxzir 3 644.89 252.12 0.496 -
LAVA 3 497.8 211 -

IPS e.max Press 3 635.26 239.83 -

Shoulder Bruxzir 3 4739 103.92 0.079 -
LAVA 3 32391 115.59 -

IPS e.max Press 3 502.4 174.66 -

On comparison of the stress distribution of different margin
designs fabricated with Bruxzir restoration (Table 4), the results
showed that the von Mises equivalent stress of shoulder finish
margin (473.90 MPa, SD 103.92) (Figure 5a) was lesser than

the chamfer margin (644.89 Mpa, SD 252.12) (Figure 5b). On
performing One-way ANOVA test, the p value was found to be
statistically significant (p<0.001).
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Figure 5: Stress distribution on the Bruxzir restoration along the shoulder margin (a) and Chamfer margin (b).

J
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Figure 6: Stress distribution on the IPS e.max Press restoration along the shoulder margin (a) and Chamfer margin (b).
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Comparison of stress distribution of different margin designs chamfer margin (635.83 MPa, SD 239.83) (Figure 6b) was higher
fabricated with IPS e.max Press restoration is depicted in Table 4.  than. On performing One-way ANOVA test, the p value was found to
The results showed that the von Mises equivalent stress of shoulder  be statistically significant (p<0.001).
finish margin (502.40 MPa, SD 174.66) (Figure 6a) was lesser than

4 A

Figure 7: Stress distribution on the Lava restoration along the shoulder margin (a) and Chamfer margin (b).
\ J

Table 4 shows the comparison of stress distribution of different margin (497.80MPa SD 211.00) (Figure 7b). On performing One-
margin designs fabricated with Lava restoration. The results show  way ANOVA test, the p value was found to be statistically significant
that the von Mises equivalent stress of shoulder finish margin (p<0.001).

(323.91 MPa, SD 115.59) (Figure 7a) was lesser than chamfer
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Discussion

The results from the study support the rejection of the null
hypothesis that the type of all ceramic materials used and the
marginal geometry to fabricate posterior all ceramic restorations
would not affect the stress distribution pattern within the
restoration of a mandibular second premolar tooth. It was observed
that the materials and the marginal finish line have an effect on the
stress distribution pattern within the restoration when subjected
to different loading conditions.

Von Mises stresses in the margin region were seen to be highest
in the chamfer margin with Bruxzir restoration while the least were
recorded for the shoulder finish margin preparation with Lava
restoration. The stress distribution area was larger for shoulder
margin preparation, followed by chamfer margin. The stress values
within the restoration were highest for the Bruxzir, followed by
the IPS e.max Press and the least for the Lava posterior all ceramic
restorations for each of the two marginal finish line design.

In shoulder finish line preparation designs, the flexibility of
the ceramic structure decreased as a result of the increase in the
thickness of the coping material. So, it is concluded that less shear
stress developed in the porcelain structure. Therefore, one may
accept that a restoration with shoulder finish margin preparation
will be structurally strong.

When the shoulder margin preparation design was compared,
it was observed that the increase in the modulus of elasticity of the
coping material resulted in the decrease in the stress values in the
restoration, regardless of the type of marginal preparation used.
More stress was observed in the IPS e.max Press ceramic restoration
than the Lava and Bruxzir restoration. The shoulder margin
preparation design had more homogenous stress distribution than
the chamfer margin preparation design in the ceramic restoration
with zirconia coping (Lava and Bruxzir) than the lithium disilicate
coping (IPS e.max Press). Therefore, preparation design should
have shoulder finish margin with the zirconia restoration preferably
Lava.

In addition, the present study revealed areas of maximum
stress concentration in the cervical portion of the restoration
when subjected to loading forces (Figures 5-7). This finding was in
agreement with a past report proposed by Hojjatie and Anusavice.
[17] They attributed this phenomenon to the bending and
deformation of the tooth toward the lingual side, upon horizontal
loading.

There are few studies in the literature about the effect of stress
distribution when different prosthetic restorations are applied to
different tooth preparation design [18-21]. The results of this study
complement those of the previous studies since it seeks to examine
effects that differ from those mentioned in the above studies.

The study had the following limitations. The Finite element
analysis is a software-based study, so the conditions may not match
the in vivo conditions accurately. The models used in this study had
the ideal preparation design, while the teeth prepared in humans
have some inadequacy because of anatomy of the tooth and oral
environment conditions. These variables, however, may not be
replicated in a badly damaged posterior tooth in a clinical situation.
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All the conditions were considered to be ideal; however, the amount
and direction of loading in different individuals are not similar. In
addition, several assumptions were made during designing of the
models.

The restoration is subjected to occlusal loads which vary
dramatically in magnitude, frequency, and duration [22]. This can
result in considerable stress concentration within the restoration,
which can further resultin crack formation and propagation causing
fracture and structural failure [23]. Thus, the stress distribution
within a system can be used as an indicator of its biomechanical
behavior [24]. Since Lava all ceramic restoration with shoulder
marginal design exhibited maximum amount of stress distribution
on masticatory bite force loading, it can be considered as
biomechanically favorable for fabrication of a full coverage crown
on posterior tooth, in terms of wider stress distribution.

Conclusion

Within the limitations of the present study, the following
conclusions were drawn:

a.  Von Mises stresses in the margin region were seen to be
highest in the chamfer margin with Bruxzir restoration while
the least were recorded for the shoulder finish margin with
Lava restoration.

b.  Lava all ceramic restoration with shoulder finish margin
allowed the maximum amount of stress distribution to the
underlying dentin when subjected to loading forces.

c.  Therefore, preparation design should have shoulder
margin design on the zirconia restoration preferably Lava.
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