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and Method: Three

prostheses were modeled and divided

Abstract Materials implant-supported

Aim and Objectives: This study aimed to assess how into three

stress is distributed in mandibular prostheses supported by
implants with Titanium, Zirconia, and Cobalt-Chromium
frameworks. The objective was to evaluate and compare
the stress distribution among these three framework

materials in implant-supported mandibular prostheses.

infrastructure materials: Titanium, Zirconia, and Cobalt-
Chromium. These bars were then attached to the modeled
mandible. An axial load of 200 N was applied to a
standardized area for all the systems. Maximum Von

Mises stress generated in cortical bone, cancellous bone,
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implant, implant screw, and the metal structure was
analyzed using finite element analysis.

Results: The study found that maximum Von Mises stress
in cortical and cancellous bone was slightly higher in
Titanium compared to Zirconia and Cobalt-Chromium
frameworks. Stress on the implant and metal structure was
similar across all three materials; however, Zirconia and
Cobalt-Chromium frameworks showed slightly higher
stress on implant screws than Titanium.

Conclusion: Stress generated in all constituents of the
system was not significantly influenced by the bar’s
material. In cases without abutments, the use of a
framework in Zirconia or Cobalt-Chromium exhibits
biomechanical behavior similar to that of a Titanium bar.
The prosthesis does not transmit the load identically
through all the implants, but these differences were not
significant.

Keywords: Cobalt-Chromium, Finite element analysis,
Implant, Titanium, Zirconia.

Introduction

Implant dentistry plays a crucial role in restoring the
normal function and aesthetics of patients, regardless of
oral health conditions. Dental implants, defined as
prosthetic devices made of alloplastic materials, provide
support for fixed or removable dental prostheses. Through
advancements in research, diagnostic tools, and materials,
predictable success in implant dentistry is now achievable.
The biocompatibility of biomaterials used is essential, with
surface properties playing a key role. The interplay
between biomaterials and biomechanics is vital for
successful implant placement and tissue response. Careful
evaluation of material properties and design optimization
ensures optimal function and tissue compatibility in oral—
maxillofacial reconstruction.!

The most frequently used materials for implant-supported

frameworks are metal alloys. Pure metals such as gold and
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platinum foil do exist in dentistry, but alloys—i.e.,
mixtures of two or more metals, or one or more metals
with a non-metal—are by far more common. To reduce
costs, a number of alternatives to gold have been
presented, including high-noble as well as base-metal
alloys and titanium, both commercially pure (CP) and
titanium alloys.?

In dentistry, cobalt—chrome alloys have been used since
1929, mainly for frameworks in removable partial dentures
but, in recent decades, also in resin-bonded partial
prostheses.® Their corrosion resistance is regarded as
excellent due to the adherent layer of chromium-based
oxides on the surface that creates a passivating effect.
Minor elements are generally added to improve castability,
handling, and mechanical properties.

For example, carbon affects ductility, hardness, and
strength; however, excessive carbon decreases ductility
and increases brittleness and the risk of fracture. In
addition, tungsten helps increase corrosion resistance.
Cobalt—chrome alloys have the highest melting ranges of
all casting alloys apart from titanium alloys, and laboratory
manipulation such as casting, adjustment, and polishing is
difficult and time-consuming.*

Metallic alloys have higher tensile strength (>300 MPa)
and elastic modulus (>80,000 MPa), which are sufficient
to prevent deformation. Since the early 1950s, titanium
metal has been used in numerous industrial processes.
Titanium is attractive because of its low specific weight,
high strength-to-weight ratio, and good resistance to
fatigue and corrosion. In dentistry, it was initially used to
fabricate dental implants because of its biocompatibility,
while prosthetic implant-based infrastructures were
initially made of precious metals. However, with the rising
price of gold and the occurrence of allergic reactions to

some nickel-chromium and other base-metal alloys,

economically feasible alloys with reduced risks to patients S
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were sought. Hence, titanium implants are considered the
gold standard and are widely used in implant dentistry.
Corrosion resistance, biocompatibility, low cost, and good
mechanical properties make titanium a viable material for
the fabrication of prosthetic infrastructures on implants.>”
The main limitation of metallic alloys is their dark color,
which may not provide satisfactory esthetic results.
Allergic reactions and galvanic side effects have also been
reported. Therefore, metal-free prostheses are gaining
considerable attention.?

Zirconia implants are an alternative to titanium implants.
They possess excellent mechanical properties, low
bacterial surface adhesion, and are esthetically pleasing.
They can withstand long-term loading; however, high
concentrations of mechanical stress (e.g., in grinding
cases) can cause fracture of the implant.

Nowadays, zirconia has many applications in dentistry,
including root canal posts, frameworks for all-ceramic
posterior restorations, implant-supported crowns and fixed
dental prostheses, custom-made bars to support fixed and
removable dental prostheses, implant abutments, and
dental implants. However, the incidence of chipping of
ceramic-veneered zirconia frameworks has increased.
Zirconia occupies a unique position among oxide ceramics
due to its excellent mechanical properties. This is largely
attributed to the extensive research conducted since the
discovery of the transformation toughening capabilities of
this material. The different polymorphic stages of zirconia
are temperature-dependent: at ambient pressure, unalloyed
zirconia can assume three crystallographic forms. Pure
zirconia has three polymorphic (crystalline) forms:
monoclinic (m, at low temperature), tetragonal (t, at
intermediate temperature), and cubic (c, at high
temperature). The t-to-m transformation is martensitic in
nature. It is used to improve the mechanical properties of

ZrO: ceramics and ZrO: particle-reinforced composites
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through the mechanism of transformation toughening. The
t-to-m transformation occurs at around 950°C during
cooling. Transformation toughening occurs because of the
volume expansion (3%-4%) that accompanies the t-to-m
transformation, producing a reduction in stress intensity at
the crack tip and leading to dissipation of the energy of the
propagating crack. Cracks become self-limiting because an
advancing crack must overcome both the energy required
for material transformation and the volume expansion
associated with the transformed material >

Cyclic loading during biting or chewing simulation can
gradually cause degradation of the toughening
mechanisms, which may ultimately lead to fracture of the
zirconia framework because a toughened material could be
more susceptible to rupture. Cracks can originate within
the zirconia framework or close to the ceramic veneer
interface and propagate to the interface.'*

Recently, computer-assisted fabrication (CAD/CAM)
systems have emerged as a popular modality. These
systems have provided significant improvements in the
marginal adaptation of frameworks compared with
traditional laboratory procedures. Fixed dental prostheses
(FDPs) fabricated using this system demonstrate greater
strength with fewer internal defects than those prepared
using conventional manual laboratory techniques.*?

Nowadays, polymeric materials have gained considerable

attention, including  the  ultra-high-performance
thermoplastic polymer family known as
polyaryletherketones (PAEKS). Polyetherketoneketone

(PEKK) and polyetheretherketone (PEEK) are members of
this family. PEKK and PEEK have similar chemical
structures, with the main difference being the replacement
of a flexible ether linkage with a rigid ketone group in
PEKK, leading to a higher glass transition temperature

(Tg) compared with PEEK. Additionally, the arrangement

of the second ketone group can be controlled to affect the S
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material's melting point and crystallization rate. These
differences have implications for additive manufacturing
(AM) and influence the mechanical response, particularly
in terms of shock absorbance capacity and shear
compression. PEKK, being at the top of the PAEK family,
exhibits approximately 80% higher compressive strength
than PEEK.2

Due to their good mechanical properties, elastic modulus
closer to native bone and dentin, inertness, non-allergenic
nature, ease of availability, and reduced biofilm
accumulation, polymers are being considered as
substitutes for metal alloys in prosthetic framework
materials. However, further studies are required to better
understand their biomechanical behavior as frameworks
for full-arch fixed dental prostheses.'*

Furthermore, graphene, a carbon-based material, is
enhancing the field of dental practice. It possesses very
high flexural strength, excellent esthetics, and high
superficial abrasion resistance. Because of these
properties, it has become a potential game changer in
implant dentistry. As a superstructure material, it has the
potential to act as a shock absorber, which may help
prevent high-impact forces on the implant body. Currently,
a limited amount of research is available on the long-term
effects of graphene derivatives. Therefore, further research
is crucial to better understand the potential risks and
ensure safety before their extensive clinical application can
be considered.®

The present study aimed to compare the stress distribution
in implant-supported mandibular prostheses using three
different framework materials, namely Titanium, Zirconia,
and Cobalt-Chromium, with the help of three-dimensional
finite element analysis.

Materials and Method

To conduct this study, the following materials and

methodology were used:

©2026 1IDSIR, All Rights Reserved

1. Computer with the following specifications:

e Windows 10

o Intel Core i3 processor

e 64 GBRAM

e 225 GB hard disk

2. FEA Software

e The models were developed and analyzed using
ANSYS 2020 3D finite element modeling software
(Ansys Inc., TX, USA).

o Surface details and surface data of the models were
generated using SpaceClaim software.

e Stress analysis was carried out using ANSYS 2020
(USA) software.

3. Cone Beam Computed Tomography

e A cadaveric mandible was scanned through
computed tomography to obtain a digital file for
generating the geometry of the mandibular FEA
model.

4. Dental Implant

5. Cadaveric Mandible

The study was performed in the following steps:

e Generation of STL format of the mandible.

e Transfer of the STL format to ANSYS software to
generate the FEA model via Space Claim software.

e Modeling of the mandible for the study.

¢ Modeling of implants and the Titanium framework.

e Modeling of implants and the Zirconia framework.

e Modeling of implants and the Cobalt-Chromium
framework.

e  Stress analysis.

3-D Finite Element (FE) Model Generation and

Description

1. A CT scan of an edentulous patient’s mandible was
obtained.

2. Generation of STL format of the mandible
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CT scan data were used to create DICOM files. The

DICOM file of the mandible was then converted to an

STL file using Slicer software. STL is the native file

format of 3D Systems’ stereolithography CAD software.

STL stands for “Standard Triangle Language” or

“Standard Tessellation Language.” Many additional

software applications support this file format.

3. The STL file was transferred to ANSYS software to
generate the FEA model via Space Claim software.
This solid model was used for FE meshing.

4. With the help of the STL file, a geometric model of
the mandible was constructed.

5. The geometric models of the dental implant and
prosthesis in the mandible were also generated in the
same manner.

6. A graphic preprocessing software, ANSYS, was used
for creating the geometric configuration of the
mandible, nodes, and elements for finite element
analysis.

7. This in vitro model closely resembled the in vivo
geometry of the mandible, implant, abutment, bone—
implant interface, and prosthesis.

8. The data were then imported into Solid Works
software to create three-dimensional (3D) models of
the mandible, implant, surrounding osseous tissue,
and prosthesis as a collection of geometric structural
elements interconnected at a finite number of nodal
points.

9. The finite element model was created according to
the requirements of the study.

10. The assembled finite element model of the inserted
implants in bone was then imported into ANSYS
software for analysis.

11. The process of converting the geometric model into a

element  model,

finite called meshing, was

performed.

©2026 1IDSIR, All Rights Reserved

12. The finite element model consisted of nodes and
elements.

13. The material properties of the implant, bone, and
prosthetic materials were entered during the pre-
processing stage.

14. The applied force and boundary conditions were
introduced during the solution stage.

15. The models were solved in the solving stage.

16. Post-processing of the results and capturing the Von
Mises stress contours of each individual section in
the system were performed.

3-D Finite Element (FE) Model Generation

To enhance accuracy and realism, a three-dimensional

(3D) model was created for the study, as two-

dimensional models may oversimplify real-life
conditions. The process involved generating a 3D
mandible geometry and modeling implants and
superstructures using Solid Works software. All materials
were assumed to be isotropic, homogeneous, and linearly
elastic. The models were meshed and analyzed using
ANSYS Workbench (ANSYS 2020, Inc.,, USA).
Additionally, a 3D finite bone model was developed
using Space Claim software.

This comprehensive approach resulted in the creation of
three models, providing a more detailed and realistic
representation for analysis. The models received four
implants, where two straight implants were placed
bilaterally in the first mandibular molar region and two
straight implants were placed in the canine region (Fig.
1).

The study involved creating Universal Castable Long
Abutment (UCLA) components tailored to individual
implant heights and attaching them to a standard
framework model. Retaining screws were positioned
accordingly. The bar was set at 6 mm height from the

bone surface, with 10 mm lever arms on each side. Screw
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orifices were designed for structural strength simulation,
and two 2-mm diameter circles were added for load
standardization.

All components were individually modeled with different
physical properties (Tables 1, 2, and 3) and then
assembled (Fig. 2). The entire assembly was exported for
analysis with ANSYS Workbench (ANSYS 2020, Inc.,
USA) through a bidirectionally interpretable translated
system called Initial Graphics Exchange Specification
(IGES).

An axial load of 200 N was applied bilaterally in the
posterior superior region in the direction of the bone (Fig.
3). After application of the force, the magnitudes were
analyzed using ANSYS Workbench (ANSYS 2020, Inc.,
USA), a 3D finite element analysis program.

An assessment of stress at the bone—implant interface
was performed using Von Mises stress values. A color
scale with stress values was used to quantitatively
evaluate the stress distribution at the bone and implant
interface. The stress scale ranged from 0 MPa (blue) to
the highest stress values (red). Red indicated areas with
the highest stress, whereas blue indicated areas with the
lowest stress.

Material Properties

Homogeneous: This term implies that the material
properties were the same throughout the entire structure.
Isotropy: This term implies that the material properties
were identical in all directions.

Linear Elasticity: This term implies that the deformation
or strain of the structure was proportional to the applied
force and independent of the strain rate.

Assumptions

The program used several assumptions regarding the
mechanical properties of the simulated structures.

e All materials used in the model were assumed to be

homogeneous, isotropic, and linearly elastic.

©2026 1IDSIR, All Rights Reserved

o Ideal 100% osseointegration at the interface between
the bone and implant was assumed in this study.

o Since the literature often provides different values for
the elastic properties of the same material, average
values were selected for this study.

Elements and Nodes

The models were meshed using tetrahedral ten-noded

elements.

Stress Analysis

Constraints and Loads

The entire assembly was exported for analysis with

ANSYS Workbench (ANSYS 2020, Inc., USA). The

simulated force consisted of a 200 N axial (vertical) load

applied bilaterally over the posterior superior region,
ensuring movement restriction only along the Z-axis.

After the application of force, the magnitudes were

analyzed using ANSYS Workbench (ANSYS 2020, Inc.,

USA), a 3D finite element analysis program. The

influence of different framework materials (Titanium,

Zirconia, and Cobalt-Chromium) on stress distribution

over bone tissue-simulating material was evaluated using

Von Mises stress and deformation values.

A color scale with stress values was used to

guantitatively evaluate stress and deformation at the

bone—implant interface. The scale ranged from 0 MPa

(blue) to the highest values (red). Red indicated areas

with the highest stress and deformation, whereas blue

indicated areas with the lowest stress and deformation.

Results

A color scale showing Von Mises stress distribution was

used to quantitatively evaluate stress distribution in the

implant-supported mandibular prostheses. The scale
ranged from lowest stress (blue) to highest stress (red).

Red indicated areas with the highest stress loads, while

blue indicated areas with the lowest stress loads.
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On comparing Von Mises stress values on the implant
under an axial load of 200 N on Titanium, Zirconia, and
Cobalt-Chromium frameworks, the value was observed
to be 94.194 for all three frameworks (Figs. 4a, 5a, and
6a).

The maximum Von Mises stress values on the implant
screw with an axial force of 200 N applied bilaterally in
the posterior region were observed to be 36.59 in the
Zirconia and Cobalt-Chromium frameworks (Figs. 5b
and 6b), whereas the value was 23.843 in the Titanium
framework (Fig. 4b).

The maximum Von Mises stress values on the metal
structure with an axial force of 200 N applied bilaterally
in the posterior region were observed to be 94.194 in the
Titanium, Zirconia, and Cobalt-Chromium frameworks
(Figs. 4c, 5¢, and 6¢).

The maximum Von Mises stress on cortical bone with an
axial force of 200 N applied bilaterally in the posterior
region was 23.843 in the Titanium framework (Fig. 4d),
23.159 in the Zirconia framework (Fig. 5d), and 23.159
in the Cobalt-Chromium framework (Fig. 6d).

The maximum Von Mises stress on cancellous bone with
an axial force of 200 N applied bilaterally in the posterior
region was 14.288 in the Titanium framework (Fig. 4e),
11.092 in the Zirconia framework (Fig. 5e), and 11.091
in the Cobalt-Chromium framework (Fig. 6e).

Discussion

The emergence of edentulism, which can be
multifactorial and include variables such as poor oral
hygiene, dental caries, and periodontal disease, is a
prevalent dental problem in older individuals. Patients
with terminal, non-restorable dentition may experience
complete or partial edentulism. The edentulous state has
been found to adversely affect oral health and overall
quality of life. Clinicians face an increasing demand to

provide effective treatment solutions as life expectancy

©2026 1IDSIR, All Rights Reserved

continues to increase, along with the need to fabricate
prostheses that replace natural teeth while ensuring
maximum patient satisfaction and improved quality of
life.'
With

development of biological,

the advancement of civilization and the

chemical, and physical
sciences, there has been a gradual but steady increase in
both the quantity and quality of materials used for dental
implants. The ideal material should be biologically
compatible, readily available, reasonably inexpensive,
and easy to manipulate in order to develop prostheses
that are both functionally effective and esthetically
pleasing."”

The credit for the origin and evolution of modern bio-
implants is attributed to pioneers such as Harold Ridley,
Paul Winchell, Per-Ingvar Branemark, Otto Wichterle,
Their

investigations were initially tested on animals, eventually

John Charnley, and others. laboratory
leading to the development of advanced biomaterials that
could be successfully accepted by the human body.'®

A wide range of materials are available for the
fabrication of prosthetic infrastructures. Metallic alloys
possess high tensile strength and elastic modulus, which
are sufficient to prevent deformation.

Simamoto Junior et al.” demonstrated that titanium
implants are considered the gold standard in implant
dentistry. Corrosion resistance, biocompatibility, low
cost, and good mechanical properties make titanium a
viable material for the fabrication of prosthetic
infrastructures on implants. However, due to its relatively
unsatisfactory esthetic outcomes, metal-free prostheses
have gained increasing attention.

Takaba et al.' demonstrated that zirconia implants can
serve as an alternative to titanium implants. They possess
excellent mechanical properties, low bacterial surface

adhesion, and superior esthetic characteristics.
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de France et al.?® reported that despite the variety of
techniques and materials available for fabricating
implant-supported frameworks, no single combination
results, reduced

currently  provides standardized

processing time, low cost, and an accurate fit
simultaneously. The use of CAD/CAM technology may
help reduce or eliminate some of these issues. Although
CAD/CAM has been shown to be a simpler and less
time-consuming technique with improved accuracy,
some studies have reported a higher incidence of misfit
with CAD/CAM-fabricated frameworks compared with
conventionally fabricated frameworks.

The present study used the finite element method to
compare stress distribution in implant-supported
mandibular prostheses using Titanium, Zirconia, and
Cobalt-Chromium framework materials. Finite element
analysis, originally developed to solve engineering
problems, is now widely used in implant biomechanics to
improve implant design and prosthetic planning. While
computer modeling provides several advantages for
simulating the complexity of clinical conditions, FEA is
also sensitive to the assumptions made regarding model
parameters such as material properties, loading
conditions, and boundary constraints.

In comparative analyses, complex clinical realities are
often simplified, assuming that proportions and relative
effects adequately represent actual conditions. In the
present study, the mandible was modeled, and the shape
of the bone was simplified into a rectangular block to
facilitate modeling of an equal amount of bone for the
three types of frameworks, namely Titanium, Zirconia,
and Cobalt-Chromium. One advantage of small and
simplified models is that they allow finer meshing with
hexahedral elements. Thus, in the present study, the
mandible with an extremely fine mesh around the

implants was modelled.?

©2026 1IDSIR, All Rights Reserved

In the present study, three-dimensional finite element
analysis was used to compare stress distribution in
implant-supported mandibular prostheses fabricated
using Titanium, Zirconia, and Cobalt-Chromium
framework materials.

The results demonstrated that the maximum stress
generated in all components of the system was not
significantly influenced by the framework material. This
suggests that, in cases without abutments, the use of
Zirconia or Cobalt-Chromium frameworks exhibits
biomechanical behavior similar to that of a Titanium bar.
Similar findings were reported by Hulterstrom M et al.
(1991)2 in a preliminary report in which 66 patients
received implant-supported fixed prostheses with Cobalt-
Chromium as the framework material. No significant
differences related to framework material were observed
among the patients.

However, although Cobalt-Chromium alloys have been
used for implant-supported frameworks for many years,
studies evaluating their long-term clinical performance
remain relatively limited.

Gomes et al. (2011)% reported similar results in an FEA
study in which the effect of different material
combinations on stress distribution within metal-ceramic
and all-ceramic single implant-supported prostheses was
evaluated. The authors concluded that the use of different
materials to fabricate a superstructure for a single
implant-supported prosthesis did not significantly affect
stress distribution in the supporting bone.

Bankoglu Gungor M et al. (2016)® conducted a three-
dimensional FEA evaluating stress distribution in
zirconia and titanium implant-supported prostheses and
reported that prosthetic materials did not significantly
alter stress distribution in bone.

Similar observations were reported by Tribst et al.

(2017)3, who demonstrated that the biomechanical
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behavior of zirconia frameworks was comparable to that
of titanium bars.

The findings of Rammelsberg et al. (2020)** were also
consistent with the present study, reporting that the
material used for fixed dental prostheses did not
significantly influence prosthesis failure.

In the present FEA study, the maximum stress on the
implant screw was found to be higher in Zirconia and
Cobalt-Chromium frameworks compared with the
Titanium framework under an axial load of 200 N.
Similar observations were reported by Rubo and Souza
(2008)* in their FEA study, concluding that the more
rigid the structure, the more uniform the stress dissipation
and the less damage caused to fastening screws due to
reduced bending of the metal structure.

Tribst et al. (2017)% also reported that titanium, having
an elastic modulus similar to that of the screw, allows
stress transmission between them as a single body with
less damage to the implant. In contrast, zirconia, due to
the rigidity associated with its crystalline structure,
tended to cause greater stress concentration in the
prosthetic connection and relatively less stress in the
Screw.

In the present study, the maximum stress distribution in
cortical bone was greater than that in cancellous bone.
Saber F.S. et al. (2015)* also reported that maximum
stresses occurred in cortical bone rather than in the
underlying cancellous bone, attributing this to the higher
modulus of elasticity of cortical bone, which results in
greater stress concentration.

Deste G et al. (2020)* reported similar results in an FEA
study evaluating the effects of All-on-4 implant designs
in the mandible on implants and surrounding bone.
Comparable results were reported by Dogan D.O. et al.
(2012)* in a three-dimensional FEA evaluating the All-

on-4 concept and alternative implant designs, where

©2026 1IDSIR, All Rights Reserved

maximum stress values were significantly higher around
the cortical bone of distal implants compared with
trabecular bone.

The results reported by Mahantshetty M et al. (2021)*
were also consistent with the findings of the present
study.

Sirandoni D et al. (2019)* reported in an FEA study that
PEEK and PMMA demonstrated the highest deformation
values. Conversely, stresses in cortical bone remained
within physiologic limits in Ti, ZrO., and Co-Cr
frameworks. The authors concluded that Ti, Co-Cr, and
ZrO. frameworks demonstrated the most promising
biomechanical behavior.

Lee et al. (2017)% compared polyetherketoneketone
(PEKK) with different framework materials for implant-
supported prostheses using FEA and concluded that
frameworks with a lower elastic modulus (PEKK)
decreased stress within the framework itself; however,
they transferred greater stress to the suprastructures of
the prosthesis. Observations in the present study confirm
that resilient implant-supported frameworks have limited
shock-absorbing properties in some regions, whereas
rigid materials demonstrate more favorable stress
distribution and improved structural safety for prosthetic
components.

Desai S.R et al. (2023)32 demonstrated through FEA that
graphene exhibited better stress-bearing capacity
compared with titanium frameworks, although both
materials were considered reliable options as framework
materials in implant-supported full-arch prostheses.

The limitations of the present study include the fact that
Finite Element Analysis (FEA) is a mathematical in vitro
model that may not completely replicate clinical
conditions. Assumptions of linear elasticity and material
homogeneity were made, which may affect the accuracy

of the calculated stress values. Additionally, the use of
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static loading conditions may not accurately reflect the

complex dynamic forces present in the oral cavity.

Therefore, future research combining three-dimensional

FEA with long-term clinical evaluation is necessary to

achieve a more comprehensive understanding of stress

distribution in implant-supported prostheses.

Conclusion

A three-dimensional finite element analysis was

conducted to compare the stress distribution in implant-

supported mandibular prostheses using Titanium,

Zirconia, and Cobalt-Chromium framework materials.

For this study, a three-dimensional geometry of the

edentulous mandible, comprising both cortical and

cancellous bone, was generated from computed
tomography scans using Solid Works software. Three
models incorporating Titanium, Zirconia, and Cobalt-

Chromium framework materials were developed. An

axial load of 200 N was applied bilaterally to the

posterior region, and the resulting stress patterns were
evaluated.

Under a 200 N axial load, the maximum stress values

observed on the implant and the metal structure were

similar for all three framework materials. Therefore, it
was observed that, in cases without abutments, the use of
frameworks made of Zirconia or Cobalt-Chromium

exhibits biomechanical behavior comparable to that of a

Titanium bar.

Within the limitations of this study, the following

conclusions were drawn:

1. Stress generated in all constituents of the system was
not significantly influenced by the bar’s material.

2. In cases without abutments, frameworks made of
Zirconia or Cobalt-Chromium exhibit biomechanical
behavior similar to that of a Titanium bar.

3. The prosthesis does not transmit the load identically

through all the implants; however, these differences

©2026 1IDSIR, All Rights Reserved

were not significant.

Furthermore, considering the scope of the study, the

limitations identified highlight the need for further

investigations correlating 3D finite element analysis
findings with biological clinical conditions.
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Table 1: The properties, Young’s Modulus and Poisson’s ratio, of the materials used

Material Young’s Modulus(GPa) Poisson’s coefficient
Cortical bone 15 0.30
Trabecular bone 1 0.25

Table 2: Mechanical properties - Implant model

Material Component Young’s Modulus (GPa) Poisson’s coefficient
Ti-6Al-4V alloy Abutment and screw 107.2 0.30
Dental implant 110 0.35

Table 3: Material properties - Prosthetic Bar

Material Component Young’s Modulus(GPa) Poisson’s coefficient
Cr-Co alloy Bar 218 0.33
Zirconia Bar 200 0.31
Titanium Alloy Bar 110 0.33
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Table 4: Descriptive von Mises stress (MPa) values with axial load (200N) bilaterally on posterior region on

Titanium framework.

Titanium Implant Implant screw Metal structure Cortical Bone Cancellous
framework Bone
Stress in MPa 94.194 23.843 94.194 23.843 14.288

Table 5: Descriptive von Mises stress (MPa) values with axial load (200N) bilaterally on posterior region on Zirconia

framework.
Zirconia Implant Implant Metal Cortical Cancellous
framework screw structure Bone Bone
Stress in MPa 94.194 36.59 94.194 23.159 11.092

Table 6: Descriptive von Mises stress (MPa) values with axial load (200N) bilaterally on posterior region on Cobalt-

Chromium framework.

Cobalt-Chromium Implant Implant Metal Cortical Cancellous
framework screw Structure Bone Bone
Stress in MPa 94.194 36.59 94.194 23.159 11.091

Table 7: Comparison of von Mises stress (MPa) values on the implant under axial load (200N) on Titanium, Zirconia

and Cobalt-Chromium frameworks

Type

Von Mises Stress

Implant

Axial Load (200N)

Axial Load (200N)

Axial Load(200N)

Titanium framework

Zirconia framework

Cobalt-Chromium framework

94.194

94.194

94.194

Table 8: Comparison of von Mises stress (MPa) values on the Implant screw under axial load (200N) on Titanium,

Zirconia and Cobalt-Chromium frameworks

Type

'VVon Mises Stress

Implant Screw

Axial Load (200N)

Axial Load (200N)

Axial Load(200N)

Titanium framework

Zirconia framework

Cobalt-Chromium framework

23.843

36.59

36.59

Table 9: Comparison of von Mises stress (MPa) values on the Metal Structure under axial load (200N) on Titanium,

Zirconia and Cobalt-Chromium frameworks

Type

'VVon Mises Stress

Metal Structure

Axial Load (200N)

Axial Load (200N)

Axial Load(200N)

Titanium framework

Zirconia framework

Cobalt-Chromium framework

94.194

94.194

94.194
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Table 10: Comparison of von Mises stress (MPa) values on the Cortical Bone under axial load (200N) on Titanium,

Zirconia and Cobalt-Chromium frameworks

Type \/on Mises Stress

Cortical Bone Axial Load Axial Load Axial Load
(200N) (200N) (200N)
Titanium Zirconia Cobalt-Chromium
Framework Framework Framework
23.843 23.159 23.159

Table 11: Comparison of von Mises stress (MPa) values on the Cancellous Bone under axial load (200N) on Titanium,

Zirconia and Cobalt-Chromium frameworks

Type \VVon Mises Stress
Cancellous Bone Axial Load Axial Load Axial Load
(200N) (200N) (200N)
Titanium Zirconia Cobalt-Chromium
Framework Framework Framework
14.288 11.092 11.091

Table 12: Comparison of von Mises stress (MPa) values of cortical bone, cancellous Bone, Implant, Implant screw and
metal structure in Titanium, Zirconia and Cobalt-Chromium frameworks under axial load (200N).

Titanium Zirconia Cobalt-Chromium
framework framework framework
Axial Load (200N) Axial Load (200N) Axial Load (200N)
Cortical bone 23.843 23.159 23.159
Cancellous bone 14.288 11.092 11.091
Implant 94.194 94.194 94.194
Implant screw 23.843 36.59 36.59
Metal structure 94.194 94.194 94.194
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Figure 2: Assembly of different components of the model

Figure 3: Application of an axial load of 200 N
bilaterally at the posterior superior region in the direction

of the bone

©2026 1IDSIR, All Rights Reserved

Figure4:a,b,c,d, e

Fig. 4a: Maximum Von Mises stress on implants in the
Titanium framework when loaded with an axial load of
200 N

Fig. 4b: Maximum Von Mises stress on the implant
screw in the Titanium framework when loaded with an
axial load of 200 N

C
Fig. 4c: Maximum Von Mises stress on the metal

structure in the Titanium framework when loaded with an
axial load of 200 N
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d

Fig. 4d: Maximum Von Mises stress on cortical bone in
the Titanium framework when loaded with an axial load
of 200 N

€

Fig. 4e: Maximum Von Mises stress on cancellous bone

in the Titanium framework when loaded with an axial
load of 200 N
Fig.5a,b,c,d, e

Fig. 5a: Maximum Von Mises stress on the implant in the
Zirconia framework when loaded with an axial load of
200 N

©2026 1IDSIR, All Rights Reserved

Fig. 5b: Maximum Von Mises stress on the implant
screw in the Zirconia framework when loaded with an
axial load of 200 N

Fig. 5c: Maximum Von Mises stress on the metal
structure in the Zirconia framework when loaded with an
axial load of 200 N

d

Fig. 5d: Maximum Von Mises stress on cortical bone in
the Zirconia framework when loaded with an axial load
of 200 N
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Fig. 5e: Maximum Von Mises stress on cancellous bone
in the Zirconia framework when loaded with an axial
load of 200 N.

Fig.6a,b,c,d, e

Fig. 6a: Maximum Von Mises stress on the implant in the
Cobalt-Chromium framework when loaded with an axial
load of 200 N.

Fig. 6b: Maximum Von Mises stress on the implant
screw in the Cobalt-Chromium framework when loaded
with an axial load of 200 N.

Fig. 6¢c: Maximum Von Mises stress on the metal
structure in the Cobalt-Chromium framework when

loaded with an axial load of 200 N.

Fig. 6d: Maximum Von Mises stress on cortical bone in
the Cobalt-Chromium framework when loaded with an
axial load of 200 N.

Fig. 6e: Maximum Von Mises stress on cancellous bone
in the Cobalt-Chromium framework when loaded with an
axial load of 200 N.
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Graph 1: Descriptive Von Mises stress (MPa) values under an axial load (200 N) applied bilaterally to the posterior region
on the Titanium framework.
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Graph 2: Descriptive Von Mises stress (MPa) values under an axial load (200 N) applied bilaterally to the posterior region

on the Zirconia framework.
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Graph 3: Descriptive Von Mises stress (MPa) values under an axial load (200 N) applied bilaterally to the posterior region
on the Cobalt-Chromium framework.
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Graph 4: Comparison of Von Mises stress (MPa) values on the implant under an axial load (200 N) in Titanium, Zirconia,

and Cobalt-Chromium frameworks.
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Graph 5: Comparison of Von Mises stress (MPa) values on the implant screw under an axial load (200 N) in Titanium,

Zirconia, and Cobalt-Chromium frameworks.
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Graph 6: Comparison of VVon Mises stress (MPa) values on the metal structure under an axial load (200 N) in Titanium,
Zirconia, and Cobalt-Chromium frameworks
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Graph 7: Comparison of von Mises stress (MPa) values on the Cortical Bone under axial load (200N) on Titanium,

Zirconia and Cobalt-Chromium frameworks
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Graph 8: Comparison of von Mises stress (MPa) values on the Cancellous Bone under axial load (200N) on Titanium,

Zirconia and Cobalt-Chromium frameworks
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Graph 9: Comparison of von Mises stress (MPa) values of cortical bone, cancellous Bone, Implant, Implant screw and
metal structure in Titanium, Zirconia and Cobalt-Chromium frameworks under axial load (200N).
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