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Abstract: In different applied load scenarios, this study evaluates the distribution of stress in the
implant and bone exerted by zirconia, lithium disilicate, and cobalt chromium alloy. A 3D virtual
model of a mandibular three-unit implant-supported prosthesis was created using SolidWorks 2022.
The model featured two 12-mm Straumann Ti-Zr (Roxolid) implants with diameters of 4.5 mm and
4 mm. Zirconia, lithium disilicate, and cobalt chromium alloy were used as superstructure materials.
Vertical loads of 100 N and 200 N were applied to the central fossa of the implant-supported prosthesis.
The finite element analysis demonstrated that doubling the applied load leads to a proportional
increase in von Mises stress on both the implant and bone in a mandibular posterior three-unit
implant-supported prosthesis model. Zirconia and chromium cobalt as superstructure materials
result in similar stress levels due to their closely matched elastic moduli of 200 GPa and 218 GPa,
respectively. In contrast, lithium disilicate leads to the highest stress levels, which is attributed to its
lower elastic modulus of 95 GPa. These findings highlight the critical role of superstructure material
properties in stress distribution. Zirconia emerges as the preferred material for implant-supported
prosthetics due to its favorable stress distribution.

Keywords: superstructure materials; implant-supported prosthesis; dentistry; finite element analysis;
stress distribution

1. Introduction

In the last decades, dental implants have helped millions of patients live better
lives and have demonstrated a high success rate [1]. Dental implantation has become
a standard procedure with high success rates, relying on achieving osseointegration be-
tween the implant surface and surrounding bone tissue [2]. Achieving the ideal implant
properties—such as their biomechanical and surface characteristics—can increase the clini-
cal success of dental implants [3].

Usually, dental implants are positioned inside the jaw’s cortical bone to support and
stabilize prosthetic restorations [4]. Dental implants can be made of various materials, and
amongst them, titanium and titanium alloy were the materials of choice for dental implants
for many years because of their biocompatibility [5]. Ti-Zr alloys are highly biocompatible
materials and demonstrate superior mechanical properties and better bone implant contact
in the initial healing phase than commercially pure titanium [6]. Recently, there have been
zirconia fittings that promise to be more aesthetically pleasing, giving titanium dental
implants more competition [7].

In light of the demands of minimally invasive dentistry, the introduction of a new
generation of particle-filled and high-strength ceramics, hybrid composites, and technopoly-
mers in the last ten years has provided an extensive palette of dental materials, expanding
the clinical indications in fixed prosthodontics. Furthermore, patients’ demand for non-
metallic materials has dramatically increased in the past several years, often as a result of
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metal anxiety or purported allergies. Therefore, in an effort to shed light on the charac-
teristics, indications, and limitations of the new players in the prosthetic scene, scientific
studies have been progressively focusing on such materials, especially zirconia and lithium
disilicate [8]. Implant-supported prostheses can be made with a variety of prosthetic ma-
terials. Although it is widely agreed that the prosthetic material has no effect on implant
longevity, the selection of this material remains contentious. Implant stability is considered
one of the most important factors affecting healing and successful osseointegration of
dental implants [9].

According to Skalak et al., loading an implant composed of metal or porcelain, or
another hard occlusal material, may cause high-intensity loading between the implant
and the supporting bone. While it has stress-absorbing qualities, a material with a low
modulus of elasticity can shield the surrounding bone from potential damage due to the
size of the load [10]. Alloys containing cobalt and chromium (Co–Cr) are utilized in dental
prosthetics for crowns, implants, bridges, and removable partial denture restorations. For
prolonged usage, they have the required biocompatibility and performance because of
their mechanical qualities, which include high strength, hardness, and resistance to tarnish
and corrosion [11]. The long-term effectiveness of an implant therapy is thought to be
significantly influenced by the occlusal loading of osseointegrated implants. Few studies
have examined provisional restoration materials for implant-supported fixed prostheses,
despite the fact that several have examined the evaluation of stress distribution by definitive
restoration materials [12].

Ceramic composites made of alumina and zirconia have become increasingly popular
in dentistry and orthopedic joint replacements in the twenty-first century [13]. Zirconia is
a high-strength ceramic material that increases the potential applications and design for
dental implants and all-ceramic restorations [14]. Many factors that impact the mechanics
of toughening and, consequently, the mechanical characteristics must be taken into account
when designing high-performance zirconia composites. These factors include the kind and
quantity of the stabilizer as well as the sintering procedure [15]. The choice of material
utilized on the occlusal surface of prostheses supported by implants is crucial because
certain materials have the potential to transfer damaging stresses to the contact between
the implant and the alveolar bone. For implant-supported prostheses, many prosthetic
materials are recommended. The selection of the prosthetic material is a contentious
matter; however, most people agree that the prosthetic material has no bearing on implant
longevity [16].

It is feasible to simulate a state with 3D-FEA that is not achievable in a clinical inves-
tigation. As a result, conventional finite elements have emerged as a helpful method for
researching implant dentistry stress distribution [17]. Appropriate planning of the materials
used for the implant prosthesis’s substructure and superstructure is crucial for ensuring
long-term clinical success. The transmission of functional loads and stress distribution in a
bone-implant-prosthesis assembly are significantly influenced by the material qualities and
spatial geometric configuration model of each component [18]. These elements cooperate
with one another in the oral environment; thus, the arrangement of the ingredients is crucial.
It is advised to minimize these stressors because the type and extent of the intraoral strains
are unknown. Therefore, many doctors are interested in discovering appropriate dental
materials that address biomechanical limitations and maximize function and aesthetics [19].

Prostheses with zirconia substructures can have a significant frequency of minor me-
chanical problems despite generally having a very good survival rate [20]. Clinicians can
now obtain excellent aesthetic outcomes with dental prostheses because of modern mate-
rials and processes that standardize and yield accurate, reproducible results, particularly
when it comes to a product’s long-term durability and functionality [21].

One of the best computational tools for determining the stress on implant-supported
restorations is probably the finite element method (FEM) [22]. The finite element method
has several advantages over other methods for evaluating stress around dental implant
systems, such as the accurate representation of complex geometries, ease of model modi-
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fication, and representation of the internal state of stress [23]. When a zirconia abutment
was used, the implant’s von Mises stress values decreased while those of the abutment
increased [24].

Cobalt–chromium (Co–Cr) alloys are categorized as primarily base-metal alloys and
are well-known for their orthopedic and dental biomedical uses [25]. Lithium disilicate
ceramic monolithic occlusal onlays are a dependable treatment choice for full-mouth
rehabilitations in patients with significant tooth wear, according to data analysis spanning
up to 11 years [26]. Recent years have witnessed a sharp rise in the demand from patients
for non-metallic materials, often due to purported allergies or metal phobia. To shed
light on the characteristics, uses, and limitations of the new players on the prosthetic
scene, scientific study has consequently been gradually concentrating on these materials,
especially lithium disilicate and zirconia [8].

It has been demonstrated that fully anatomical e.max CAD crowns grown in vitro have
fracture resistance appropriate for posterior monolithic restorations [27]. The superior soft
tissue response quality of LS2 is one of its strongest qualities. This material demonstrates
excellent biocompatibility in vitro, as evidenced by its minimal plaque retention as well
as its ability to adhere to and multiply human epithelial cells [28]. Analyzing the levels
of inflammation indicators in the gingival crevicular fluid in vivo revealed that no inflam-
matory reactions were observed in the presence of LS2 restorations; zirconia restorations
yielded similar results [29]. Apart from its superior mechanical qualities and exceptional
biocompatibility, lithium disilicate also has very good aesthetic qualities, particularly in
terms of translucency, which is almost 30% higher than that of traditional zirconia [30].
Zirconia has good radiopacity, excellent biocompatibility, and reduced plaque retention
compared to titanium in both vitro and in vivo settings. It is also water insoluble and has
very little sensitivity to corrosion in the oral environment [31]. Since zirconia lacks the
translucency of glassy ceramics, it is typically regarded as an opaque restorative material
with less appealing optical and aesthetic qualities [32]. Finite element analysis (FEA) in
three dimensions (3D) is a useful technique for forecasting how a material’s stress distribu-
tion will change under external strain. The majority of dental structures are dynamically
impacted by occlusal force, and finite element analysis (FEA) has previously shown itself
to be an effective tool for determining how implants and restorative materials distribute
stress [33].

This study aimed to assesses the peri-implant stress exerted by various materials (such
as zirconia, lithium disilicate, and cobalt chromium alloy) under various applied load
scenarios, applying finite element analysis to examine how various occlusal materials affect
the distribution of stress in implants and bone.

The null hypothesis was that the modulus of elasticity of superstructure materials
from different materials does not have an effect on the distribution of stresses in implants
and bone [34]. It is critical to comprehend how chewing loads are transmitted from the
implant prosthetic components to the surrounding bone tissue in order to guarantee the
long-term viability of a dental implant. The load type, the interface between the bone and
the implant, the fixture’s shape and materials, the quantity and quality of the bone, and
other factors all affect how the stress is distributed [35].

2. Materials and Methods

A three-dimensional virtual model of a mandibular posterior three-unit implant-
supported prosthesis was created using the following equipment:

1. Personal computer GPU: NVIDIA GEFORCE RTX 3080 10GB, Ram:64GB, CPU: Core
I9 10900K, Power Supply: 850W, Motherboard:Z490 AORUS ELITE AC.

2. For modeling, rendering and simulation the implant-supported prosthesis—BLENDER
4.0 program.

3. ANSYS finite element program for stress analysis (ANSYS Version 2020 R1).
4. For modeling the implant and bone—SolidWorks 2022.
5. Screw-shaped dental implant system—The Straumann® BLX Implant, Figure 1.
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Figure 1. Implant fixture (Straumann® BLX Implant) designed by SolidWorks 2021: (a) 4.5 mm in
diameter; (b) 4 mm in diameter.

To generate finite element (FE) models, a three-dimensional geometry of a mandibular
posterior three-unit implant-supported prosthesis was used as the starting point using the
CAD design software SolidWorks 2022.

A mandibular posterior bone block was constructed, and the implants were inserted
into the block, the mandibular bone was modeled as an 8-mm thick cancellous core encircled
by 2-mm thick cortical bone. The bone height was 25 mm, which is in line with previous
studies [36–38].

In this study, type 2 bone quality was employed. Starting from the second premolar
region and ending at the retromolar pad area, the model represents a three-dimensional
segment of the mandibular bone, Figure 2.

The dimensions of the three-unit implant-supported prosthesis were almost exactly
modeled by the dimensions corresponding to natural teeth [39]. The dimensions are
presented in Table 1.

Table 1. The dimensions of the mandibular posterior three-unit implant-supported prosthesis.

Area
Dimensions, mm

Second Premolar First Molar Second Molar

Buccolingual diameter of crown 8 10.5 10
Buccolingual diameter of crown at cervix 7 9 9

Mesiodistal diameter of crown 7 11 10.5
Mesiodistal diameter of crown at cervix 5 9 8

Cervico-occlusal length of crown 8 7.5 7
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Figure 2. Mandibular posterior three-unit implant-supported prosthesis assembly.

The two Straumann implants employed in this 3D finite element analysis study had
a length of 12 mm and a diameter of 4.5 mm in the second molar area and 4 mm in the
second premolar area. They were manufactured by Roxolid®, Institute Straumann AG,
Basel, Switzerland. The model was drawn, modeled using (SOLIDWORKS 2022) then the
x, y, and z coordinates of each node were transferred to the finite element software (ANSYS
Version 2020 R1) for analyzing and the processing method, Figure 3.
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In order to stimulate the optimal osseointegration, the implants were securely fixed
across their interface in the bone model. This ensured that the implant was completely
osseointegrated with the surrounding bone, preventing any movement or sliding at the
interface between the implant and the bone. The lower region of the cortical bone was
assumed to be fixed in the axial and horizontal direction to avoid the whole model from
sinking when applying load to the implant. Depending on the superstructure materials,
three distinct models were developed.

In this study, three different prosthetic materials were used for fixed dental prostheses
(FDP). These materials are zirconia, lithium disilicate, and cobalt chromium alloy. For
dental implants, Ti–Zr implants (Roxolid) were used. All the materials used were assumed
to be linearly elastic, homogeneous, and isotropic. The mechanical properties were data
supplied by the manufacturers and are shown in Table 2. The deformation or strain of the
structure is proportional to the applied force.

Table 2. Mechanical properties of the materials.

Material Young’s Modulus, GPa Poisson’s Ratio

Cortical bone [40] 13.7 0.30
Cancellous bone [40] 1.37 0.30

Ti-Zr implant (Roxolid) [40,41] 100 0.30
Lithium disilicate [42] 95 0.30

Cobalt chromium alloy [40] 218 0.30
Zirconia [43] 200 0.31

The designed model was meshed using tetrahedral elements. A finer mesh was
generated at the material interfaces to ensure accuracy of the force transfer, as shown in
Figure 4.
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Figure 4. 3D model illustrating the finite element mesh.

The number of elements generated by the mandibular posterior three-unit implant-
supported prosthesis model was 54,896 and the number of nodes generated by this model
was 95,287.

Axial loading, which occurs when a load is applied on the tooth’s long axis, is a
desirable force because it distributes the force uniformly across the implant bone surface,
as shown in Figure 5. The loads used in this study were 100 and 200 N [44,45]
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Figure 5. Direction and position of applied loads in the central fossa.

The analysis for each loading condition was performed by means of the Ansys soft-
ware program (ANSYS Version 2020 R1), which was run on a personal computer with
GPU:NVIDIA GEFORCE RTX 3080 10GB, RAM:64GB, CPU:CORE I9 10900K, POWER
SUPPLY: 850W, MOTHERBOARD:Z490 AORUS ELITE AC, and the distribution of equiva-
lent von Mises stress was investigated. The calculation time was 30 min for each model
being analyzed.

Specified nodes were selected on both sides of the cortical bone, cortical–cancellous
bone interface, implant/neck, and implant/apex. These points were fixed for all the models
to monitor the stress changes in these models in order to provide a way to select the best
design for implant-supported prostheses. Four points were selected at the upper border
of the cortical bone and another four points were selected at the cortical–cancellous bone
interface. On the cortical bone–implant neck interface, four points were selected in the right
and left sides of the second implant-supported premolar and the second implant-supported
molar for all of the analyzed models. Seven points at the implant apex–bone interface were
selected for the second implant-supported premolar and the second implant-supported
molar for all of the analyzed models.

At the middle third of the implants for the implant-supported premolars and implant-
supported molars, three points were selected: on the upper junction of the thread to the
implant; on the thread tip; and lastly on the lower junction of the thread to the implant.

The experimental data were gathered in principal stress (MPa), which represented the
largest load in unit area on the simulated models, as shown in Figure 6.

Analysis of variance (ANOVA) was used for the statistical analysis, the measurement
data conforming to the normal distribution were expressed as mean ± standard deviation
(±SD), and the comparison between groups was conducted by a one-way analysis of
variance. Levene’s statistic test was used for the comparison between groups. One-way
ANOVA was used to compare the means of all the groups to determine whether there was
a statistically significant difference between the groups or not. Levene’s test was performed
to verify the homogeneity of variance between the groups. A p-value > 0.05 was considered
statistically non-significant (NS) and a p-value ≤ 0.05 was considered significant (S).
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Figure 6. Three-dimensional model illustrating the stress monitoring points.

3. Results

According to the von Mises hypothesis, failure happens when the material’s yield
strength and the equivalent stress for the real situation are equal. For every node, the von
Mises criteria were used to quantify the stress level. This stress analysis, or equivalent
stress, is useful for understanding FEA research. This hypothesis states that elastic failure
happens when the stressed material’s shear strain energy per unit volume equals the shear
strain energy per unit volume at the elastic limit point. Most ductile materials are thought
to comply with this notion when subjected to different kinds of loading.

The equivalent stress, which calculates the entire state of stress at a preset position
based on the Maxwell Huber–Hencky–von Mises hypothesis, reveals the model’s local
sensitivity to the load under consideration based on its magnitude [46].

Stresses were found at each node in a model by FEA. Results are typically shown as
stress contours overlaid on the original model because it is laborious to provide all of the
data. The results were represented by the equivalent von Mises stress at selected nodes
(37,45), as shown in Figure 7.

Prosthesis 2024, 6, FOR PEER REVIEW 8 
 

 

 

Figure 6. Three-dimensional model illustrating the stress monitoring points. 

3. Results 

According to the von Mises hypothesis, failure happens when the material’s yield 

strength and the equivalent stress for the real situation are equal. For every node, the von 

Mises criteria were used to quantify the stress level. This stress analysis, or equivalent 

stress, is useful for understanding FEA research. This hypothesis states that elastic failure 

happens when the stressed material’s shear strain energy per unit volume equals the shear 

strain energy per unit volume at the elastic limit point. Most ductile materials are thought 

to comply with this notion when subjected to different kinds of loading. 

The equivalent stress, which calculates the entire state of stress at a preset position 

based on the Maxwell Huber‒Hencky‒von Mises hypothesis, reveals the model’s local 

sensitivity to the load under consideration based on its magnitude [46]. 

Stresses were found at each node in a model by FEA. Results are typically shown as 

stress contours overlaid on the original model because it is laborious to provide all of the 

data. The results were represented by the equivalent von Mises stress at selected nodes 

(37,45), as shown in Figure 7. 

It was observed that whenever the applied load increased by twofold, the calculated 

stress on the implant and bone also increased based on the values of the von Mises 

stresses, which were extracted using the finite element approach. Using zirconia and 

chromium cobalt as superstructure materials for a mandibular posterior three-unit 

implant-supported model, it can be observed that the result of the stress obtained on the 

implant and bone is similar due to the convergence of their elastic moduli of 200 and 218 

Gpa, respectively. Although the implant and bone experience the greatest stress when 

making use of lithium disilicate superstructure material, this material has an elastic 

modulus of 95 Gpa, as presented in Tables 3 and 4. 

  
(a) (b) 

Figure 7. Cont.



Prosthesis 2024, 6 1141
Prosthesis 2024, 6, FOR PEER REVIEW 9 
 

 

  
(c) (d) 

  
(e) (f) 

Figure 7. Von Mises stresses of implant-supported model at central fossa with superstructure 

different materials: (a) Zirconia with 100 N applied load; (b) Zirconia with 200 N applied load; (c) 

Cobalt chromium alloy with 100 N applied load; (d) Cobalt chromium alloy with 200 N applied 

load; (e) Lithium disilicate with 100 N applied load; (f) Lithium disilicate with 200 N applied load. 

Table 3. Von Mises stresses under 100 N loading at central fossa. 

M
a

te
ri

a
l 

Max. Equivalent von Mises Stress, MPa 

Second Implant-Supported Premolar Second Implant-Supported Molar 

A
p

ic
a

l 

C
o

rt
ic

a
l-

C
a

n
ce

ll
o

u
s 

p
a

n
m

in
B

o
n

e
 I

n
te

rf
a

ce
 

C
o

rt
ic

al
 B

o
n

e
 

M
id

d
le

 T
h

ir
d

 

p
a

n
m

in
(T

h
re

a
d

 f
o

r 

Im
p

la
n

t)
 p

a
n

m
in

(D
is

ta
l 

S
id

e
) 

M
id

d
le

 T
h

ir
d

 

p
a

n
m

in
(T

h
re

a
d

 f
o

r 

Im
p

la
n

t)
 

p
a

n
m

in
(M

e
si

al
 S

id
e

) 
N

ec
k

 (
D

is
ta

l 
S

id
e

) 

N
ec

k
 p

a
n

m
in

(M
e

si
a

l 

S
id

e
) 

A
p

ic
a

l 

C
o

rt
ic

a
l-

C
a

n
ce

ll
o

u
s 

p
a

n
m

in
B

o
n

e
 I

n
te

rf
a

ce
 

C
o

rt
ic

al
 B

o
n

e
 

M
id

d
le

 T
h

ir
d

 

p
a

n
m

in
(t

h
re

ad
 f

o
r 

Im
p

la
n

t)
 p

a
n

m
in

(D
is

ta
l 

S
id

e
) 

M
id

d
le

 T
h

ir
d

 

p
a

n
m

in
(t

h
re

ad
 f

o
r 

Im
p

la
n

t)
 

p
a

n
m

in
(M

e
si

al
 S

id
e

) 
N

ec
k

 (
D

is
ta

l 
S

id
e

) 

N
ec

k
 p

a
n

m
in

(M
e

si
a

l 

S
id

e
) 

Z
ir

co
n

ia
 

0.16 0.79 1.17 0.10 0.17 0.50 0.44 0.25 1.13 0.42 0.10 0.18 0.36 0.41 

C
h

ro
m

e 

p
a

n
m

in
al

lo
y

 

co
b

a
lt

 

0.14 0.71 0.99 0.09 0.17 0.79 0.38 0.23 0.93 0.37 0.10 0.22 0.27 0.38 

Figure 7. Von Mises stresses of implant-supported model at central fossa with superstructure different
materials: (a) Zirconia with 100 N applied load; (b) Zirconia with 200 N applied load; (c) Cobalt
chromium alloy with 100 N applied load; (d) Cobalt chromium alloy with 200 N applied load;
(e) Lithium disilicate with 100 N applied load; (f) Lithium disilicate with 200 N applied load.

It was observed that whenever the applied load increased by twofold, the calculated
stress on the implant and bone also increased based on the values of the von Mises stresses,
which were extracted using the finite element approach. Using zirconia and chromium
cobalt as superstructure materials for a mandibular posterior three-unit implant-supported
model, it can be observed that the result of the stress obtained on the implant and bone
is similar due to the convergence of their elastic moduli of 200 and 218 Gpa, respectively.
Although the implant and bone experience the greatest stress when making use of lithium
disilicate superstructure material, this material has an elastic modulus of 95 Gpa, as pre-
sented in Tables 3 and 4.



Prosthesis 2024, 6 1142

Table 3. Von Mises stresses under 100 N loading at central fossa.
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Table 4. Von Mises stresses under 200 N loading at central fossa.
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Tables 5–8 present the descriptive statistics concerning the statistical analysis (ANOVA)
and homogeneity of variances.



Prosthesis 2024, 6 1143

Table 5. Statistical analysis of obtained stresses of mandibular posterior implant-supported prosthesis
under 100 N applied load with different superstructures materials.

Fixed Implant Prosthesis under 100 N Nodes Mean Std.
Deviation

Std.
Error

95% Confidence Interval for
Mean

Lower Bound Upper Bound

Second implant-
supported
premolar

Zirconia 7 1.5829 0.92141 0.34826 0.7307 2.4350
Cobalt chromium alloy 7 1.4914 0.83665 0.31622 0.7177 2.2652

Lithium dislicate 7 2.3886 1.40046 0.52932 1.0934 3.6838

Second implant-
supported molar

Zirconia 7 1.8886 1.44050 0.54446 0.5563 3.2208
Cobalt chromium alloy 7 1.9014 1.39244 0.52629 0.6136 3.1892

Lithium dislicate 7 2.4086 1.70436 0.64419 0.8323 3.9848

Table 6. Test of Homogeneity of Variances.

Fixed Implant Prosthesis under 100 N Levene Statistic df1 df2 Sig.

Second implant-supported premolar Based on Mean 1.282 2 18 0.302

Second implant-supported molar Based on Mean 0.125 2 18 0.883

Table 7. Statistical analysis of obtained stresses of mandibular posterior implant-supported prosthesis
under 200 N applied load with different superstructures materials.

Fixed Implant Prosthesis under 200 N Nodes Mean Std.
Deviation

Std.
Error

95% Confidence Interval for
Mean

Lower Bound Upper Bound

Second implant-
supported
premolar

Zirconia 7 3.2071 1.89507 0.71627 1.4545 4.9598
Cobalt chromium alloy 7 3.2057 1.97693 0.74721 1.3774 5.0341

Lithium dislicate 7 4.7771 2.85435 1.07884 2.1373 7.4170

Second implant-
supported molar

Zirconia 7 3.5771 2.97831 1.12570 0.8227 6.3316
Cobalt chromium alloy 7 3.5214 1.92237 0.72659 1.7435 5.2993

Lithium dislicate 7 5.0629 3.36040 1.27011 1.9550 8.1707

Table 8. Test of Homogeneity of Variances.

Fixed Implant Prosthesis under 200 N Levene Statistic df1 df2 Sig.

Second implant-supported premolar Based on Mean 0.846 2 18 0.446

Second implant-supported molar Based on Mean 1.024 2 18 0.379

The p values for the test of homogeneity of variances (Levene’s statistic) of the obtained
results for the second implant-supported premolar and second implant-supported molar
were 0.302 and 0.883, respectively. Given that it is greater than 0.05, this value is regarded
as non-significant.

For the second implant-supported molar and second implant-supported premolar, the
p values for the test of homogeneity of variances (Levene’s statistic) were 0.379 and 0.446,
respectively. Since the value is higher than 0.05, it is considered to be non-significant.

Based on the statistical analysis, all the resulting data are within the normal distribu-
tion, located between the upper and lower values according to the ANOVA test.

4. Discussion

In this study, we investigated the impact on the von Mises stresses as determined by
the finite element analysis of using various superstructure materials with voracious applied
loads in a mandibular posterior three-unit implant-supported prosthesis. The ability of
a material to return to its original shape when the force that caused the deformation has
subsided is known as elasticity. This study has established and demonstrated that the stress
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generated is higher when the load is applied to a material with a lower Young’s modulus
of elasticity. It is proven that the Young’s modulus is the ratio between stress and strain.

In dentistry, three-dimensional finite element studies are frequently utilized to approx-
imate the stress distribution that takes place in prosthetic components, peri-implant bone,
and the implant system [47].

The stresses resulting from simulating axial and buccolingual loading of three different
types of FPDs in the natural tooth, the implant, and the entire prosthesis were compared
by Jain H. et al. by using three different types of materials. They reported that the type
of prosthesis materials did not appear to have a significant effect on the pattern of stress
distribution in any of the models [48]. Assunção W. G. et al. concluded that the use of stiffer
and softer superstructures materials did not affect the stress distribution and stress values
in the supporting tissue [49]. Employing stiff materials with greater elastic moduli could
result in increased stresses being applied to the bone surrounding the implant. Therefore,
using more flexible materials, like acrylic, may reduce stress, particularly on atrophic
bones [50]. According to Gungor and Yilmaz [51], models containing zirconia showed
higher stress levels (93.6 MPa) than those containing lithium disilicate (76.3 MPa).

The present study showed how the elastic modulus of the materials will affect the
stress distribution. Materials with a high elastic modulus, such as zirconia, produce the
best stress distribution, unlike materials with lower elasticity such as lithium disilicate,
which produce higher stresses.

Based on this simulation, the lowest stress values for the zirconia and chromium cobalt
materials under an effective load of 100 Newtons were found to be in the middle third
region of the implant-supported prosthesis, according to the analysis of the von Mises
stress values. On the other hand, when employing lithium disilicate as a superstructure
material under a load of 100 and 200 N, the greatest stress values were 2.13 and 3.28 MPa,
respectively, in the cortical bone.

It is evident from looking at Figure 8a that when lithium disilicate is utilized as the
superstructure material, the stress at the apical area is 50% higher than when the other
materials are employed. It can be observed from the stress values that there are not many
changes in the stress levels at the cortical–cancellous bone interface area. The largest
discrepancies in stress levels between various superstructure materials can be found in the
cortical bone region. When utilizing lithium disilicate, the stress value was at its greatest.
The scenario in the middle third (distal side) area is the same as it was in previous areas. It
was found that when employing lithium disilicate as opposed to other materials, the stress
value is about twice as high. Regarding the stresses of the neck and middle third (mesial
side), there were not many variations in the stress values, even when employing different
superstructure materials.

In general, we noticed that the stress values in the apical and cortical–cancellous bone
interface areas in the implant-supported molar were relatively higher than the stress in the
same areas in the implant-supported premolar. When lithium disilicate was utilized as a
superstructure material, the cortical bone region in the second implant-supported molar
showed the highest stress value, as can be seen in Figure 8b. In contrast, there were only
minor variations in the stress values in other regions with distinct superstructure materials.

Based on Figure 9a, we can infer that stress doubles in proportion to a doubling of
applied force. It was found that the cortical bone and cortical–cancellous bone interface
areas had the highest stress values in the implant-supported premolar. It is worth noting
that the highest stress value was recorded for these areas when using lithium disilicate as
the superstructure material. When using zirconia, chromium cobalt, and lithium disilicate
materials, it can be observed that the stress values gradually increase for these materials
respectively, recording the highest value in the cortical bone region using lithium disilicate.
In this study, the load does not apply in multiple directions and multiple points. Static
analysis was used to analyze stress distribution in vertical loads. In the future, researchers
could conduct research using dynamic analysis in both vertical and horizontal loads.
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The null hypothesis indicates that stress distribution and stress values at the bone
tissue surrounding an implant are unaffected by the use of more stiff or resilient material
for the superstructure of an implant-supported prosthesis [34]. Dhanasekaran et al. [52]
suggested that lithium disilicate resulted in lesser stresses among all the crown materi-
als, similar to the findings [53] These were rejected since there was a difference in the
stresses in the implant and bone as related to each simulated condition with different
superstructure materials.

5. Conclusions

Based on the results and within the limitations of evaluating the stress distribution
by 3D-FEA, it can be concluded that the difference in von Mises stress values in the bone
and implant nodes areas is slight when using zirconia and cobalt chromium alloy as
superstructure materials. When lithium disilicate is used, the areas in the implants and
bones experience the highest stress values. Generally, for every doubling application of
load, the stress on the implant-supported model doubles.

Zirconia and cobalt chromium alloy behave similarly in stress distribution because
their mechanical characteristics, such as their elastic modulus, are similar. Based on the
analysis of the data, zirconia and cobalt chromium alloy are suggested to be the best material
to employ as the superstructure material when producing implant-supported prosthetics.
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