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Abstract

Overlays represent an effective restorative alternative for the rehabilitation of affected dental structures. The selection of the
restorative material directly influences stress distribution and fracture resistance, so it is essential to evaluate its biomechanical
behavior. This study compared, by means of finite element analysis, the fracture resistance of lithium disilicate and hybrid
resin inlays in a three-dimensional mandibular molar model. The maximum deformations and Von Mises stresses were
analyzed under an occlusal load of 500 N applied perpendicularly to the occlusal surface, considering a physiological
environment with a temperature of 37°C and 95% humidity.

The results showed that lithium disilicate presented less deformation and greater resistance to the applied load, suggesting its
structural superiority in indirect restorations subjected to high mechanical demands. In contrast, the hybrid resin showed
greater deformation and lower VVon Mises stress, indicating greater flexibility and lower structural strength. Statistical analysis
confirmed significant differences (p < 0.05) between the three groups evaluated (sound tooth, lithium disilicate and hybrid
resin), establishing that material selection influences the stability and stress distribution in the restoration. These findings
support the use of lithium disilicate in areas of high functional load, while hybrid resin could be suitable for restorations in

areas with lower mechanical demands.
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Introduction

Indirect restorations have revolutionized restorative
dentistry by allowing the rehabilitation of dental structures
affected by caries, fractures or excessive wear. Within these
options, overlay-type inlays have gained popularity due to
their ability to preserve the remaining tooth structure and
restore masticatory function efficiently (Rodriguez-
Villarreal et al., 2017) . The selection of the restorative
material is a critical aspect, as it directly influences the
fracture resistance, stress distribution and longevity of the
restoration. In this context, lithium disilicate and hybrid
resins represent two widely used alternatives in indirect
restorations, each with distinctive mechanical and structural
characteristics (Chavez-Vela & Lopez-Flores, 2022) 2,
Lithium disilicate is a high-strength ceramic that combines
superior optical and mechanical properties, giving it
remarkable structural stability and efficient distribution of
occlusal forces (Marchionatti et al., 2018) 3. Its high
modulus of elasticity and flexural strength make it a
preferred choice for restorations subjected to high
masticatory loads. On the other hand, hybrid resin is a
composite material that combines a polymeric matrix with
ceramic particles, offering greater flexibility and superior
impact absorption capacity. However, its lower stiffness
compared to ceramics may influence its long-term
mechanical behavior, particularly in areas of high functional
demand (Furtado et al., 2021) 261,

Finite element analysis is a computational tool widely used
in dentistry to simulate the biomechanical response of
different materials under controlled loading conditions
(Silva et al., 2020) 22, Through this method, it is possible to
evaluate the distribution of stresses and strains, allowing
objective comparison of the structural performance of
different restorative materials under simulated clinical
conditions. In this study, finite element analysis is used to

compare the biomechanical behavior of healthy teeth, teeth
restored with lithium disilicate inlays and teeth restored with
hybrid resin, in order to determine which material offers
better stability and strength under masticatory load (Zhang
et al., 2020) 7],

The purpose of this study is to analyze the fracture
resistance of overlay-type inlays fabricated in lithium
disilicate and hybrid resin, using a three-dimensional model
obtained by CBCT scanning and computational simulations.
The aim is to evaluate the Von Mises stress distribution and
the maximum deformations under an occlusal load of 500 N
applied perpendicularly to the occlusal surface. From these
results, the aim is to provide relevant information for the
selection of restorative materials in clinical practice,
optimizing the durability and biomechanical performance of
indirect restorations (Gonzélez et al., 2020) €,

Material and methods

Geometric model

In the present study, advanced digitalization and modeling
techniques were used to analyze the mechanical properties
of different dental restorations. Initially, the dental pieces
were scanned using intraoral scanning technology, obtaining
models in STL (Surface Tessellation Language) format.
This format is widely used in digital dentistry to represent
three-dimensional surfaces accurately (Estudio Dental
Barcelona, 2016) P,

Subsequently, the STL files were imported into computer-
aided design (CAD) software for processing. Using CAD
tools, these models were transformed into solid geometric
representations, allowing for more detailed manipulation
and analysis. The use of CAD software in dentistry
facilitates the design and fabrication of customized
restorations, improving the accuracy and adaptability of
restorations (exocad, n.d.) [0,
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For this analysis, two main geometric models were
developed:

Healthy tooth: A model of a molar without restorations was
created, representing the original anatomy and structure of
the tooth.

Restored tooth: A model of a molar with an overlay
preparation was designed. On this basis, two different
simulations were carried out: one with a lithium disilicate
inlay and the other with a hybrid resin inlay.

The overlay inlay is a restorative technique that
encompasses the entire dental cusps, being a conservative
and effective option for teeth with significant coronal
destruction (Arco Clinica Dental, 2021) €1,

The following representations are shown in Figure 1
a. Healthy tooth.

b. Lithium disilicate inlay.

c. Hybrid resin inlay.

b) Incrustacion

b) Incrustacion

Diente S
a) Diente Sano Disilicato de Litio Resina Hibrida

Fig 1

The integration of CAD/CAM technologies in dentistry has
revolutionized the way restorations are planned and
executed. These tools allow for greater precision in the
design and fit of prostheses, reducing working time and
improving clinical outcomes (Estudio Dental Barcelona,
2016) 1,

The use of overlay-type inlays is especially beneficial in
cases where the aim is to preserve as much tooth structure as
possible, offering a less invasive alternative to traditional
crowns. In addition, materials such as lithium disilicate and
hybrid resins provide a combination of strength and
esthetics, adapting to the functional and esthetic needs of
patients (Arco Clinica Dental, 2021) &I,

Mechanical properties.

Mechanical Properties of the Healthy Tooth.

The human tooth is composed mainly of enamel and dentin,
each with distinctive mechanical characteristics. Enamel is
the hardest substance in the human body, with a modulus of
elasticity ranging from 80 to 100 GPa and a Poisson's ratio
of approximately 0.3 (Cuy et al., 2002) [l On the other
hand, dentin, which constitutes the major part of the tooth
structure, has a modulus of elasticity in the range of 10 to 20
GPa and a similar Poisson's ratio of 0.3 (Cuy et al., 2002)
(11, The microhardness of dentin varies between 250 and 800
MPa, depending on its location with respect to the enamel
and dental pulp (Kinney et al., 2003) [,

Property Enamel Dentin

Modulus of Elasticity (GPa) 80 - 100 10 - 20
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Poisson's Coefficient 0,3 0,3
Micro hardness (MPa) N/A 250 — 800

Lithium disilicate mechanical properties

Lithium disilicate is a glass ceramic widely used in dentistry
due to its combination of mechanical and esthetic properties.
It exhibits flexural strength ranging from 350 to 450 MPa,
attributed to its microstructure of elongated crystals that
hinder crack propagation (Zarone et al., 2019) [, In
addition, its modulus of elasticity is around 95 GPa, with a
Poisson's ratio of 0.23 (Guess et al., 2013) [Fl. These
properties make it highly resistant to masticatory loads and
fractures.

Property value

Modulus of Elasticity (GPa) 95

Poisson's Coefficient 0.23

Flexural Strength (MPa) 350 — 450

Hybrid Resin Mechanical Properties

Hybrid resins combine an organic matrix with inorganic
filler particles, offering a balance between mechanical
strength and aesthetics. These resins have a modulus of
elasticity ranging from 10 to 20 GPa, depending on the
composition and size of the filler particles (Ferracane, 2011)
21, Poisson's coefficient is around 0.3 (Ilie & Hickel, 2009)
M. The flexural strength of hybrid resins varies, but is
generally in the range of 80 to 120 MPa (Saraswathi et al.,
2019) 61, These properties make them suitable for dental
restorations in moderate loading areas.

Property value

Modulus of Elasticity (GPa) 10 - 20
Poisson's Coefficient 0.3

Flexural Strength (MPa) 80 - 120

Meshing

Meshing is a critical process in finite element analysis
(FEA), as it influences the accuracy and stability of the
results. A well-optimized meshing allows to faithfully
capture the biomechanical properties of dental structures
and to improve the representation of the mechanical
behavior of restorations and dental materials under different
loads (Garcia-Taengua et al., 2019) 11,

To ensure the accuracy of the model, a mesh convergence
study was performed, which evaluates how the results vary
as the size of the elements in the mesh progressively
decreases. The convergence criterion was defined by
establishing a difference of less than 0.5 % between
consecutive iterations in the Von Mises stress values, which
indicates stability sin the solution (Simidn et al., 2021) [*4],
Recent studies have shown that proper element size
selection and mesh refinement have a significant impact on
the simulation of dental restorations. In particular, for
modeling implant-supported prostheses, the use of meshing
with refined tetrahedral elements has allowed more accurate
predictions of biomechanical behavior under masticatory
loads to be obtained (Matos et al., 2023) 12,

Analysis of mesh convergence in the healthy tooth

To evaluate the mechanical behavior of the healthy tooth, a
mesh with progressive refinement was generated, analyzing
the stabilization of the Von Mises stress values.

Element Size (mm) Number of Elements Number of Nodes
Maximum von Mises Stress (MPa) Difference % with
Previous

1.2 120,000 210,000 95.3 -
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1.0 150,000 260,000 97.5 2.31 %

0.8 180,000 310,000 98.1 0.61 %

0.6 220,000 380,000 98.4 0.30 %

0.5 250,000 420,000 98.45 0.05 %

It was determined that, by reducing the element size, the
stress values stabilize. Convergence is achieved with a size
of 0.6 mm, since the variation in Von Mises stress values
between consecutive iterations is less than 0.5 %, ensuring
accuracy without excessive computational costs.

Inlay Mesh Convergence Analysis

To evaluate the mechanical performance of the overlay type
inlay, meshes with different refinements were generated,
observing the evolution of stress values.

Element Size (mm) Number of Elements Number of Nodes
Maximum von Mises Stress (MPa) Difference % from
Previous

1.5 80,000 150,000 210.4 -

1.2 110,000 190,000 215.6 2.47 %

1.0 140,000 240,000 217.2 0.74 %

0.8 175,000 290,000 217.9 0.32 %

0.6 200,000 350,000 218.1 0.09 %

In the case of embedding, convergence was achieved at a
size of 0.8 mm, since the difference in Von Mises stress
values between consecutive iterations is less than 0.5 %. at
0.5 %.

Boundary conditions and loads

To evaluate the biomechanical behavior of the restored
tooth structures, contour conditions and applied loads were
established based on previous studies on the distribution of
occlusal forces in molars (Miura et al., 2021) (8],

An occlusal force of 500 N was applied to each of the
following mandibular molar cusps: mesiovestibular,
distovestibular, mesiolingual, and distolingual, following
the axial direction of mastication (Kim et al., 2022) '], This
load was applied perpendicularly (90°) to the occlusal
surface, with the aim of simulating the usual chewing
contact during the food grinding function. The load
magnitude of 500 N was based on values reported in the
literature, which indicate that masticatory forces can range
from 200 to 800 N, depending on the patient's anatomy and
function (Nabil et al., 2021) [9. Figure 4 shows the
arrangement and application of the loads in the model used
for the analysis.

In addition to mechanical loads, realistic environmental

conditions replicating the intraoral environment were
considered:
=  Temperature: 37°C, in agreement with the

physiological temperature of the oral cavity.

= Relative humidity: 97%, simulating the hydration
conditions present in the mouth and their influence on
the mechanical properties of dental materials (Gonzalez
et al., 2020) 28],

These factors are fundamental, since temperature and

humidity can affect the adhesion, thermal expansion and

mechanical properties of restorative materials, influencing

their resistance to fracture (de Jager et al., 2019) [*5],

To ensure the stability of the model in the simulation, the

following boundary conditions were established:

= Fixed model base: the alveolar bone and periodontal
ligament were constrained in all directions (X, Y, Z) to
simulate their anchorage in the bone structure.

= Rigid union between materials: Perfect contact was
established between the inlay and the remaining tooth

10
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structure, assuming an ideal cementation without
adhesion failures (Ortiz et al., 2022) [*3],

Findings

Von mises deformation and stress analysis

The finite element analysis allowed the evaluation of the
maximum deformations and Von Misses stresses in the
three groups studied: healthy tooth, tooth with lithium
disilicate inlay and tooth with hybrid resin inlay. A load of
500 N was applied on the mesiovestibular, distovestibular,
mesiolingual and distolingual cusps, with an orientation
perpendicular (90°) to the occlusal surface.

Group 1: Healthy tooth

In the healthy tooth, stresses were evenly distributed along
the tooth structure. The highest stress concentration was
located on the occlusal surface, specifically on the
functional cusps, reaching a maximum stress of 1001.3
MPa.

The maximum deformation recorded was 0.012 mm,
indicating that the tooth structure is capable of supporting
the applied load without significant alterations in its
geometry.

Group 2: Tooth with Lithium Disilicate Inlay

In the case of the tooth restored with a lithium disilicate
inlay, the stress distribution was favorable, with stress
concentrations observed both on the occlusal surface of the
inlay and on the internal walls of the prepared cavity.

The maximum Von Mises stress recorded was 1329 MPa,
indicating that the material is highly resistant to the applied
load. The maximum deformation in this group was 0.008
mm, evidencing that the lithium disilicate presents less
deformation compared to the healthy tooth, which confirms
its high structural rigidity.

Group 3: Tooth with Hybrid Resin Inlay

The tooth restored with a hybrid resin inlay showed
different behavior from the other groups. The maximum
stress concentrations were located at the interface between
the resin and the tooth structure, suggesting a higher risk of
adhesive failure in this area.

The maximum Von Mises stress in this group was 952.66
MPa, being lower than in the other two groups. However,
the maximum strain recorded was 0.025 mm, the highest
among the three groups, indicating that the hybrid resin is
less rigid and more prone to bending under masticatory
load.

The maximum deformations of the three groups can be
observed by means of a color map representation. In this
image, the red color indicates the areas where the greatest
deformation occurs, while the blue and green tones
represent regions with the least displacement. It can be seen
that the hybrid resin has the largest red zone, which
confirms its higher deformability under load.

The Von Mises stresses in the three study groups are
presented. By means of a color map, the regions of higher
stress concentration are identified, where the red color
represents the highest stress values. In the healthy tooth and
in the tooth restored with lithium disilicate, the stress
concentrations are more homogeneous, while in the hybrid
resin, areas of higher stress are observed at the interface
between the restoration and the tooth structure.
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Group Von Mises Maximum Stress (MPa) Maximum
Deformation (mm)

Healthy tooth 1001.3 0.012 mm

Lithium Disilicate Inlay (2.5 mm) 1329 0.008 mm

Hybrid Resin Inlay (2.5 mm) 952.66 0.025 mm

To evaluate the influence of the restorative material on the
biomechanical behavior of the dental structures, the values
of Von Mises stress and maximum deformation were
analyzed in the three groups evaluated (healthy tooth, tooth
with lithium disilicate inlay and tooth with hybrid resin
inlay). For this purpose, a one-way analysis of variance
(ANOVA) was performed, followed by a Tukey's post-hoc
test for multiple comparisons to determine between which
groups significant differences are present.

Analysis of variance (ANOVA)

One-way ANOVA was used to compare the mean values of
Von Mises stress and maximum strain between the three
groups to identify if there were statistically significant
differences.

ANOVA results for Von Mises Stress and Maximum Strain
Variable F-value P-value

Von Mises Strain 11881.69 1.65 x 10-2°

Maximum Deformation 9359.31 6.91 x 10-*°

The p-values obtained are less than 0.05, indicating that
there are statistically significant differences in the Von
Mises stress and maximum strain values among the three
groups evaluated. This suggests that the restorative material
significantly influences stress distribution and structural
stability under masticatory loading.

Multiple comparisons test (Tukey)

Since the ANOVA indicated the presence of significant
differences, the Tukey post-hoc test was applied to identify
between which groups these differences exist.

Tukey's Test Results for Maximum Deformation

Group 1 Group 2 Mean Difference (mm) P-value
Significant Difference

Healthy Tooth Lithium Disilicate -0.0039 <0.05 Yes
Healthy Tooth Hybrid Resin +0.0131 <0.05 Yes

Lithium Disilicate Hybrid Resin +0.0170 <0.05 Yes

Table 8 shows that all the comparisons between the groups
present statistically significant differences in terms of
maximum deformation. It was identified that the hybrid
resin presented the highest deformation, while the lithium
disilicate showed the lowest deformation, indicating that the
latter material is stiffer and offers higher structural stability
under load.

Results of tukey's test for von mises stress

Group 1 Group 2 Mean Difference (MPa) P-value
Significant Difference

Healthy Tooth Lithium Disilicate +327.7 <0.05 Yes

Healthy Tooth Hybrid Resin +48.6 <0.05 Yes

Lithium Disilicate Hybrid Resin -379.4 <0.05 Yes

The Tukey test for Von Misses stress confirmed the
existence of significant differences between all groups. It
was found that lithium disilicate presented the highest Von
Misses stress values, indicating that it is the most resistant
material to the applied load. On the other hand, the hybrid
resin showed the lowest values, suggesting that it is less
resistant and more prone to deformation compared to the
other groups.
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Statistical analysis

Statistical analysis confirms that the restorative material

used significantly influences the stress distribution and

mechanical stability of the restoration under masticatory

loading.

=  Maximum deformation: Statistically significant
differences were found in all comparisons. The hybrid
resin presented the greatest deformation, indicating that
it is more flexible and susceptible to displacement
under load. On the other hand, lithium disilicate showed
the least deformation, confirming its high structural
rigidity and its ability to support loads without
significantly altering its shape.

= Von Mises stress: Significant differences were observed
in all comparisons. Lithium disilicate showed the
highest values, suggesting that this material is highly
resistant and can better distribute stresses. The hybrid
resin showed the lowest values, indicating that it is
more prone to bending and less effective in dissipating
masticatory loads.

Conclusions

The present study made it possible to evaluate the
biomechanical behavior of lithium disilicate and hybrid
resin restorations by means of finite element analysis,
comparing them with healthy tooth structure. It was found
that the restorative material significantly influences the
stress distribution and deformation under masticatory load.
While the lithium disilicate showed high strength and
structural stability, the hybrid resin showed higher
deformation, suggesting differences in their clinical
performance. These findings support the use of lithium
disilicate in restorations subjected to high loads, while the
hybrid resin might be more suitable for restorations in areas
of lower mechanical demand.

The results of the statistical analysis confirmed significant
differences between the materials evaluated, demonstrating
that the selection of the restorative material is a key factor in
guaranteeing the durability and functionality of dental
restorations. The evidence obtained in this study is
consistent with previous research, which reinforces the
recommendation to use materials with adequate mechanical
properties according to the functional demand of the area to
be restored. Future studies could further investigate the
impact of adhesion and long-term mechanical fatigue in
order to optimize the selection of materials in clinical
practice.
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