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Abstract

The loss of anterior dental has a significant impact on masticatory function and facial aesthetics, making dental
implants a widely used rehabilitative solution. The success of implants is greatly influenced by geometric design,
particularly the diameter of the fixture, which plays a role in distributing load. This study aims to analyze the
influence of variations in implant diameter on stress distribution, strain, and safety factor in the screw and abutment
areas using a three-dimensional Finite Element Analysis (FEA) approach. Three implant models with fixture
diameters of 3.75 mm, 4.00 mm, and 5.00 mm were simulated using a vertical physiological load of 130.5 + 73.6 N,
assuming Ti-6Al-4V material and orthotropic properties of the mandibular bone. The results showed that Model 3
(5.00 mm diameter) had the most balanced stress distribution in screw, hight performance in von mises strain and
the safety factor value at the abutment (12.22), while Model 2 exhibited the lowest stress in abutment and hight
performance in safety factor (12.25) . Model 1 had the lowest biomechanical performance with the highest stress and
strain and the lowest abutment safety factor (10.61). It can be concluded that variations in fixture diameter
significantly affect the mechanical performance of the implant system, and a diameter of 5.00 mm is recommended
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as the most optimal design to support long-term strength and stability.
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INTRODUCTION

Alack of public awareness of the importance
of dental care generally causes dental decay. If it
occurs in the front dental, it will affect the
appearance of the face (Aldabeeb et al., 2024). Dental
decay, primarily due to caries, is still a public health
problem in Indonesia. The data results of the 2018
Riskesdas noted that 57.6% of the population
experienced dental and oral problems, but only
10.2% received medical treatment. Especially in
early childhood, cavities are very high (93%),
indicating the urgency of long-term solutions (Riset
Kesehatan Dasar (Riskesdas), 2018). There are
many ways to overcome cavities, from filling dental
cavities and installing dentures to dental implants.

Dental implants are becoming an
increasingly popular restorative solution because
they can restore masticatory function and aesthetic
appearance more optimally than conventional
dentures (Pjetursson et al., 2014). Implants consist
of three main components: the fixture implanted in
the jawbone, the abutment as a connector, and the
crown as the prosthetic part visible above the gums.
Of the three implant components, the crown plays a
vital role as it receives and spreads chewing forces
evenly (Tribst et al,, 2016). The successful long-term
use of an implant is greatly influenced by the process

of osseointegration, which is the structural and
functional attachment between bone and the
implant surface that ensures permanent stability
(Reif et al., 2022). In clinical studies, the 10-year
survival rate of implants reached 99.4% in healthy
individuals and 95.9% in patients with systemic
conditions (Sodnom-Ish et al., 2023).

Implant materials must have high
biocompatibility to prevent premature failure and
inflammation. In addition, the material must have
good mechanical properties, resistance to friction
(tribology), and be able to stimulate the growth of
surrounding tissue (Daniel et al., 2024). Depending
on how they interact with biological tissues, implant
materials are generally categorized into three main
types: biotolerant, bioinert, and bioactive (Stoykov
etal., 2022). Biotolerant materials like stainless steel
and cobalt-chromium alloys, may provoke tissue
irritation, forming fibrous encapsulation (Sotova et
al, 2023). In contrast, bioinert materials including
titanium, alumina, zirconia, and tantalum can form
stable physical attachments to bone without
initiating chemical reactions. Meanwhile, bioactive
materials such as calcium phosphate, bio-glass, and
glass ceramics can form direct chemical bonds with
bone tissue, thereby enhancing biological
integration (Sotova et al,, 2023).



2 Jurnal Pendidikan Teknik Mesin Vol. 26, No. 01, June 2026. (1-10)

In addition to the material, the fixture,
abutment, and screw design also affect the stress
distribution. The shape and thickness of these
elements determine the bite load distribution.
Suboptimal design can trigger excessive stress that
causes cracks and long-term structural failure
(Moreno et al., 2023). Therefore, Von Mises analysis
of the screw is needed to analyze the connection
between the abutment and the correct fixture to
ensure the durability of the implant against
biomechanical stress that occurs in daily activities.
FEA offers advantages in accurately visualizing
stress and strain distributions, with significantly
better cost and time efficiency compared to direct
experimental methods(Tan et al,, 2022; Verma et al,,
2024; Zainal Abidin et al,, 2022).

In Finite Element Analysis (FEA), meshing is
very important because it affects the quality of the
convergence test later on. Mesh quality refers to how
well the mesh elements fit the physical geometry of
the model. A good quality mesh should have uniform
elements and not experience excessive deformation.
Recent research emphasizes that the larger the implant
size, the better the stress distribution. (Ayres et al.,
2025) show that Larger diameter abutments tended to
generate better stress distribution (Armentia et al., 2022)
also found that increasing the diameter of the implant
body and platform significantly improves the fatigue
life of prosthetic screws. However, excessive increases
in abutment screw diameter increase internal stress
concentration in the screw itself. Research by
(Gonzalez-Mederos et al., 2025) also highlights the
importance of combining diameter, length, and material
parameters to support optimal mechanical behavior in
implant systems. However, there are still limitations in
studies that specifically analyze the influence of implant
diameter variations on stress and strain distribution at
the abutment—screw interface while considering bone's
orthotropic properties. Few studies explicitly integrate a
safety factor analysis approach into implant
biomechanical simulations. . Safety factor is the yield
strength ratio to actual working stress (von Mises),
which is important to ensure that the implant structure
remains safe against potential overloads or unexpected
events. By incorporating safety factor analysis, implant
design can be improved, and the risk of long-term
failure can be minimized (Cervino et al., 2018).

This study aims to analyze the effect of implant
diameter variation on the stress and strain
distribution in the screw and abutment areas under
native conditions in the anterior mandibular area
using a three-dimensional Finite Element Analysis
approach. This study will also evaluate the safety
factor values for each diameter variation to
determine the most optimal implant design for
strength and long-term stability. The results of this
study are expected to make an important
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contribution to the development of safe, efficient,
and biomechanically durable implant designs.

METHODS

This research was conducted numerically
using the Finite Element Analysis (FEA) method to
analyze the distribution of stress, strain, and von
Mises safety factor for its application using ansys
mechanical 2023 R1 software. The finite element
method can analyze the structure, shape, load,
mechanical properties, and so on in materials, and
can analyze stress distribution objectively,
accurately, and precisely (Quiudini et al., 2017).

The analysis was performed by processing the
numerical simulation results from the finite element
software, where von Mises stress was used to
determine whether the maximum stress occurring in
the structure was below the material's yield limit.
Thus, this approach provides a strong foundation for
evaluating the safety and feasibility of structural
designs against failure due to working loads
(Cervino et al., 2018). Here is the von mises (VM)
formula according to (Chandrupatla, 1991):

1
Oym = ﬁ\/(ax - Uy)z + (O-y - 02)2 + (0, — O-x)z

Where ox, oy, 6z are the normal stress in XYZ.
Respectively ovmis the von mises equivalent stress.
The commonly used Safety Factor ranges up
to 1.5 for general engineering applications (Implant
etc.), depending on uncertainties in loads,
environmental conditions, and material properties
(Cant6-navés et al,, 2021). Kriswanto et al., (2025)
conducted a similar investigation, revealing that
changes in fixture, abutment, crown materials, and
thermal loading significantly affected stress
distribution, displacement, and the resulting factor
of safety (FOS). Higher values are generally used for
high-risk structures or those requiring high
reliability, such as in the aerospace and medical
industries, including dental and orthopedic implant
designs ((Aldabeeb et al., 2024; Cicciu et al., 2015).
Here is the Factor of Safety (F.S) formula according
to (Hibbeler, 2018):

F.S. = o Fail __ Yield Strenght
2" Galllow  Von Mises stress
Dental implants consist of three main

components: fixture, abutment, and screw. In this
study, design variations focused on the fixture, with
the abutment and screw dimensions adjusted
accordingly. The fixture design was modeled after
the Nobel Branemark System MKIII TiUnite with
reverse buttress thread and the abutment cemented
using a screw. To replicate the design, the size
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reference from the catalog found on the web was
used, and the manufacturing process was carried out
using Inventor Professional 2025 software, resulting
in the design shown in Figure 1 and then exported to
ANSYS Workbench 2024 in STEP format for analysis.
Ti-6Al-4V titanium material was specified for all
implant components. The simulation used linear
static analysis, with vertical loading and boundary
conditions of fixed support in the fixture.

4= Abutment

e Fixture

|

Figure 1. Implant (Fixture , Screw dan Abutment)

|
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Information about the mesh quality of this
model is presented in the following table. The
skewness value plays a crucial role in evaluating the
extent to which the meshing process successfully
forms elements according to the expected shape and
supports the modeling objectives (You et al., 2006).

Table 1 Skewness mesh quality

Very Accept Unaccepta
Excellent good Good able Bad ble
0.25- 0.50- 0.80- 0.95-
0-025 450 080 094 097 098100

In this study, experiments were conducted on
three models: Model 1 with a fixture length of 11,
diameter of 3.75, and taper of 7, with abutments and
screws matching the model dimensions. Model 2
with a fixture length of 11, diameter of 4, and taper
of 7, with abutments and screws matching the
model's dimensions. Model 3 with a fixture length of
11, diameter of 5, and taper of 7, with abutments and
screws matching the model's dimensions. The
implant materials (fixture, abutment, screw) are
assumed to be made of titanium alloy Ti-6Al-4V with
isotropic elastic properties , The model was created
using a re-modeling process according to the sizes
available in the Nobel Biomark catalog using
software Inventor Profesional 2025 .

The simulation was performed with axial

3

loading applied to the anterior mandible at 13.3 + 7.5
kp = 130.5 * 73.6 N, as recommended in the
literature (Kinra et al.,, 2017). The loading direction
was aligned with the physiological bite direction
(vertical downward).

Table 2. Material Properties

Material Ti-6AI-4V
Properties
Young Modulus 113.8 GPa
Possion Ratio 0.342
Shear Modulus 44 GPa
Yield Strenght 0.88 Gpa

Boundary conditions were applied to the interior of
the mandible in the form of fixed supports to
maintain model stability during simulation. Meshing
was performed automatically using quadratic
tetrahedral elements, and convergence checks < 5%
were performed to ensure stable simulation results
without significantly increasing computation time.
Research with error values below 5% can be
continued (Aversano et al,, 2021). Figure 2 shows
the simulation setup where the fix support is on the
part labeled A, which is on the fixture thread part,
while the bite force is applied on Label B (abutment
part).

- Fixed Support

. Force: 241N

Figure 2. Fix support and Force Implant

Convergence tests were conducted through
an independent meshing approach to evaluate the
effect of element size on Von Mises stress. The
optimal mesh was selected based on the smallest
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Persent
Me.sh Number of Number of Von Mises Von Mises Stress Persgn‘Fage age.
Type Mesh  Sizing Nodes Elements Stress Screw Abutment (MPa) Variation  Variatio
(mm) (MPa) Abutment (%) n Screw
(%)
Quadratic o9 554300 157683 40.801 80.869 - -
Tetrahedral
Quadratic
0.58 265802 165501 39.97 82.93 -2.04 2.55
Tetrahedral
Quadratic = o, 568650 167095 40.28 84.96 0.78 245
Tetrahedral

% Difference between 0.57- and 0.58 -mm mesh
% Difference between 0.57- and 0.56 -mm mesh

2.04% and -2.55 %
0.78 % and 2.45 %

The model testing with an element size of 0.58 mm,
which was obtained after convergence testing to
ensure that the stress results did not change
significantly even though the number of elements
increased.

Table 3. Result Meshing Independent Test

The mesh quality evaluation results show that the
skewness value is in the “very good” category,
indicating that the mesh elements have a stable and
accurate shape for the numerical simulation process.
This ensures that the resulting stress distribution is
reliable and representative of the simulated model
conditions with the results in Table 4.

Table 4. Result Mesh Skew

Display style | Use Geometry Setting
Default
Physics Preference Mechanical
Element Order Quadratic
Element Size 0.58
Sizing
Figure 3. Meh Implant Check I\./Ies-h Quality Yes, Errf)rs
. . Error Limits Aggressive
This study evaluates the effect of dental implant Mechanical
design variations on Von Mises stress occurring in
. . Target Element Default
implant screws. Three design parameters were . )
varied: diameter (3.75 mm, 4.00 mm, and 5.00 mm). Smoothmg' High
The results of finite element analysis simulations Mesh Metric Skewness
show that the combination of these three Min 3.815e-003
parameters has a significant effect on the Max 0.99932
distribution of stress occurring in implant screws. Average 0.48454
Standard Deviation 0.22538
RESULTS AND DISCUSSION
Table 5 Result Simulation
Von Mises Stress (Mpa) Von Mises Strain (mm) Factor of safety
Model
Screw Abutment Screw Abutment Screw Abutment
Model 1 39.97 82.93 3.55E-04 7.52E-04 15 10.611
Model 2 39.19 71.83 3.65E-04 6.46E-04 15 12.251
Model 3 28.7 72.02 2.55E-04 6.38E-04 15 12.218
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75.187 Max 82.93 Max 71.829 Max
66,933 73.715 63.848
58479 4301 55.867
50,125 29,200 47.886
07 46.072 39,905
36.858 o
33.416 e 31.924
i ) 27.643 o A
5.062 18429 23.943
16.708 92144 15.962
8.3541 0 Min 7.981
0 Min 0 Min
Model 1 Model 2 Model 3
Figure 5. Von Mises Stress Screw at three model
71.829 Max 82.93 Max
63.848 73.15 75.187 Max
5 64501 66.833
4 55.286 58479
39,905 46.072 50.125
A ’u‘ 36,858 Q.
23.043 27.643 33416
15.962 o
0 Mi o 16.708
- 0 Min 8.3541
0 Min
Model 1 Model 2 Model 3
Figure 6. Von Mises Stress Abutment at three Model
0.00075154 Max 0.00064603 Max 0.00069344
0.00066304 0,00057425 it
0.00058453 0.00057425 0.00061639
000050103 0.00050246 0.00053934
0.00041752 0.00043068 0.00046229
0.00033402 0.0003589 0.00038524
t: 2\3§f 00: 0.00028712 0.0003082
;:‘0‘ 0.00021534 0.00023115
OMin 0.00014356 0.0001541
7.1781e-5 7.7049¢-5
0 Min 0 Min
Model 1 Model 2 Model 3

Figure 7. Von Mises Strain Screw at Three Model
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0.00075154 Max
0.00066304
0.00058453
0.00050103
0.00041752
0.00033402
0.00025051
0.00016701
8.3505e-5

0 Min 0 Min

0.00064603 Max
0.00057425
0.00050246
0.00043068
0.0003589
0.00028712
0.00021534
0.00014356

71781e-5

0.00069 344 Max

0.00023115
0.0001541

7.704%-5
0 Min
7.5154¢-004

PT—F
Max 1 'y ,.,N 646030-004

Max 1

Model 1 Model 2 Model 3

Figure 8. Von Mises Strain Abutment at three model

15 Max :; ';;:Min 15 Max
10.611 Min ’ 11.704 Min
1 1 1
Model 1 Model 2 Model 3
Figure 9. Factor of Safety Screw at three Model
15 Max
15 Max 12251 Min
10.611 Min 15 Max
5 5 11.704 Min
i L 5
0
0 1
0
Model 1 Model 2 Model 3

Figure 10. Factor of Safety Screw at three Model
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Simulation results using the finite element
method show differences in stress distribution,
strain, and safety factor among three dental
implant design models. The parameters analyzed
include Von Mises Stress (stress), Von Mises Strain
(strain), and Safety Factor (safety factor) in the
screw and abutment areas. The Von Mises method
is widely used in biomechanical studies because it
can accurately predict material failure under
complex loads (Cervino et al., 2018; Cicciu et al,,
2015).

—4—Screw Abutment
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ﬁ 3,75 4 5
S Diameter (mm)

Figure 10. Graph of fixture diameter vs von mises
stress

In the screw area, the highest Von Mises
stress value was found in Model 1 at 39.9 MPa,
while the lowest was in Model 3 at 28.70 MPa.
Conversely, in the abutment area, Model 1 showed
the highest stress value at 82.93 MPa, while Model
2 had the lowest stress at 71.83 MPa. These stress
values indicate that the design of Model 2 is able
to reduce the load on the abutment compared to
Model 1, but not significantly on the screw section.
This aligns with the findings of (Aldabeeb et al,,
2024), who stated that variations in implant
design can affect stress distribution, the part with
the highest stress strain is at the neck (connection
between the screw and the fixture).

Von Mises Strain, the highest strain in the
screw area was also found in Model 2 at 3.65E-04
mm, while Model 3 had the lowest strain at 2.55E-
04 mm. In the abutment area, Model 1 showed the
highest strain (7.52E-04 mm), consistent with the
high stress values observed, while Model 3
exhibited a lower strain value (6.38E-04 mm),
approaching that of Model 2. This indicates a
direct relationship between stress and strain in
implant design, as discussed by (Yang et al,
2023)in their FEA study on short implants.

== Screw Abutment

E

E— 0.00120

'S 0.00100

& 0.00080

2 0.00060

2 0.00040 ——
S 0.00020

% 0.00000

= 3,75 4 5

Diameter (mm)

Figure 11. Graph of fixture diameter vs von mises
strain

The safety factor in the screw area shows a
constant value of 15, indicating that the screw
design in all three models remains well below the
yield strength limit of titanium material
(Nicholson, 2020) However, there is variation in
the abutment area. Model 2 has the highest safety
factor of 12.25, followed by Model 3 at 12.22, and
the lowest is Model 1 at 10.61. A higher safety
factor indicates that the design is safer against the
risk of structural failure.

CONCLUSIONS

Based on the FEA findings, this study presents the
following conclusions:

1.This study evaluated the effect of implant
diameter variation on stress distribution, strain,
and safety factors in the screw and abutment
areas using a three-dimensional Finite Element
Analysis approach. Based on the results of
numerical simulations conducted on three
models with fixture diameters of 3.75 mm, 4.00
mm, and 5.00 mm, the following conclusions can
be drawn:

2. Variations in implant diameter significantly
affect stress and strain  distribution,
particularly in the abutment area. The model
with a diameter of 5.00 mm (Model 3) showed
the most balanced stress and strain
distribution. When combined, von mises on the
abutment and screw have lower values than
the others, with von mises of 28.7 on the screw
and 72.02 on the abutment and strain of 6.46E-
04 mm.
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3. Model 2 has the highest safety factor value at
the abutment, which is 12.251 indicating bet-
ter structural reliability than Model 1 and
Model 3. Meanwhile, the safety factor value
at the screw area remains constant at 15
across all models, indicating that the screw
design is well below the material failure
limit.

4. Model 2 shows the best performance in the
abutment area with the lowest stress (71.83
MPa), but its safety factor is slightly lower
than Model 2 at the abutment. This indicates
that increasing the diameter does not always
result in a linear increase in all biomechani-
cal parameters.

5. Model 1 exhibits the lowest biomechanical
performance, particularly in the abutment,
with the highest stress and strain values and
the lowest safety factor (10.61). Although
still within safe limits, this design is less op-
timal than the other two models.

6. The selection of the optimal implant diame-
ter, particularly within the 5.00 mm range, is
recommended to achieve a balance between
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