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ABSTRACT

This study evaluates the biomechanical effects of fixture diameter on posterior dental implant stability by simulating
a 3D mandibular molar model in ANSYS Workbench under a static occlusal load of 177.38 N, resulting from
combined X, Y, and Z force components, to assess von Mises stress, strain, and factor of safety (FOS) in abutment and
screw components for fixture diameters of 3.75, 4.0, and 5.0 mm. Results revealed that increasing the diameter to
5.0 mm reduced von Mises stress by 23.7% in the abutment and 33.9% in the screw, with strain reductions of 20%
and 30%, respectively, compared to the 3.75 mm diameter. These reductions enhance mechanical stability and lower
the risk of implant failure in posterior applications. The highest FOS at 5.0 mm (37.48 for abutment, 25.09 for screw)
confirms maximum safety, especially for posterior mandibular applications. However, the static loading assumption
limits the simulation of cyclic masticatory forces. Future studies should explore dynamic loading and in vivo

validation.
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INTRODUCTION

Dental implants are a reliable method of
tooth loss rehabilitation, where fixtures in the
jawbone do not have adverse consequences and
can transmit stresses straight to the supporting
bone upon osseointegration, devoid of any soft
tissue interposed between the implant and the
supporting bone (Branemark, 1983).
Additionally, the survival rate of dental implants
shows a 10-year survival rate of 99.4% in healthy
individuals and 95.9% in patients with systemic
conditions (Sodnom-Ish et al,, 2023). However,
higher occlusal forces act on the posterior regions
compared to other areas, which can contribute to
an increased incidence of screw loosening,
particularly in the molar region, where rates
reach up to 8.5% compared to other implant sites
(K--Y. Lee etal,, 2020; Turkistani et al., 2023). The
choice of fixture diameter plays a critical role,
especially in posterior areas where occlusal loads
are higher. Since implant survival rates can vary
depending on clinical conditions, it becomes
important to identify the factors that support
long-term success. One of these key factors is
primary stability, which depends mainly on the
implant's design and the quality of the
surrounding bone.

The primary stability of dental implants
is of paramount importance to their survival.
Various factors contribute to this primary
stability, including the quality of the bone and
fixture design and surgical technique (Ajeebi &
Alquraishi, 2020). Heimes et al. (2023) further
explain that macrogeometric design features
such as surface characteristics, size, and shape
play a crucial role in primary stability. However,
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optimization studies conducted by Niroomand
and Arabbeiki (2020) and Didier et al. (2020)
indicate that fixture diameter is the most
significant factor in reducing von Mises stress on
bone. Initial stability depends on fixture design,
but the abutment and other components also
manage load transmission and ensure the
implant functions well over time.

To complement the understanding of
fixture-related biomechanics, it is important to
examine the role of the abutment. The abutment
serves to connect the implant with the prosthetic
crown, provide support and distribute chewing
forces, determine the aesthetics of the
restoration, allow for adaptation to the patient's
anatomy, and ensure the stability and long-term
success of implant treatment (Perwez et al,
2024). However, fixture design, such as diameter,
also influences stress distribution on the
abutment. The use of wide-diameter fixtures
increases stress on the abutment by up to 12.7%
when subjected to oblique loads, although it
reduces stress on the implant and cancellous
bone (Moreno et al, 2023). Therefore, it is
important to understand the relationship
between the abutment and fixture design. While
the abutment and fixture design contribute to
implant stability, suboptimal combinations can
increase the risk of screw loosening, a leading
cause of implant failure.

Given that mechanical load transmission
through the abutment affects overall implant
complex, complications such as screw loosening
may arise. Screw loosening can occur in one part
of the implant complex, namely the abutment
screw, where one of its roles is as a fixture
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stabilizer. Seddigh (2019) noted that screw
loosening is the primary cause of dental implant
failure. Screw loosening typically occurs within
the first six months after loading and is most
frequently observed in the molar region,
particularly in implants with diameters =5 mm.
These findings suggest that fixture design factors,
including placement location and diameter size,
significantly influence the risk of screw loosening
(K-Y. Lee et al, 2020). This clinical case
highlights the importance of selecting the optimal
fixture diameter.

The long-term reliability of implant
systems is influenced not only by their
mechanical design but also by the material
properties of each component. Material selection
is one of the key factors, as implant materials
must ensure long-term stability in the oral
biological environment, minimize immune
responses, address degradation or
biocompatibility issues, and the commonly used
materials are metal alloys (Daniel S. et al.,, 2024).
Commercially pure titanium (cpTi) and Ti-6Al-4V
have gained widespread application due to their
favorable bioactivity and ability to bond
effectively with bone tissue. The survival rate of
titanium alloys is at least 89%, and typically 97-
99% can last for more than 10 years (Nicholson,
2020). Although selecting appropriate materials
ensures biocompatibility, evaluating mechanical
stability requires testing under simulated clinical
conditions.

Various researchers have performed in
vivo and in vitro experiments to evaluate the
stability of dental implant fixtures. However,
there is now a non-invasive approach often used
to assess the biomechanical reaction between
dental implants and peri-implant bone, namely
finite element analysis (FEA). FEA is a numerical
approach to simulate stress in complex
structures by dividing the domain into small
interconnected elements at points called nodes,
then mathematical equations are formulated to
connect the elements, resulting in a solution
consistent with boundary conditions (Jawad,
2017). Researchers in dentistry frequently use
FEA because of its advantages, such as the
physical properties of materials remaining
unchanged under applied forces and the ability to
conduct repeated testing. However, errors can
occur during model design and result
presentation, so researchers must possess
clinical insight and conduct in vitro or in vivo
testing to minimize errors in their research
(Vaidyanathan & Banu, 2022).

Among the various outputs derived from
FEA, the factor of safety (FOS) is particularly
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valuable for predicting the likelihood of
mechanical failure. FOS is the ratio between the
allowable load and the load that can cause
functional failure, thereby estimating the
strength of a structure with the possibility of
functional failure (Budynas & Nisbett, 2015). FOS
research can be conducted in the biomedical field,
such as dental implants, as in the study by Canto-
Navés et al. (2021), which also identified FOS in
stress distribution analysis on single-implant-
supported prostheses using 3D FEA to assess the
impact of various rehabilitation materials on
stress in the crown, abutment, and cortical bone
under dynamic impact loads. Kriswanto et al.
(2025) carried out a comparable study, which
also identified the influence of variations in
fixture, abutment, crown materials, and thermal
loads on stress, displacement, and FOS.
Additionally, research by Menacho-Mendoza et
al. (2022) also used FEA to compare stress
distribution and FOS in three dental implant
systems with internal hexagonal connections and
platform switching.

Building on the discussion of FOS,
several studies have also investigated how
variations in fixture diameter influence stress
and strain across fixture components. Shen et al.
(2024) investigated the effect of bone quality,
implant diameter, and abutment screw diameter
on stress distribution in fixtures, abutment
screws, and bone using 3D FEA, finding that
wider fixtures (5 mm) resulted in better stress
distribution compared to standard diameters (4
mm). A similar FEA study by Moreno et al. (2023)
on the effect of fixture diameter on stress in the
fixture, abutment, and bone found that extra-
short dental fixtures (5 mm) with a wide
diameter (6 mm) produced better biomechanical
behavior for the fixture, but have a potential risk
of overloading the cortical bone and bone loss
over time, especially under oblique loads. Lee et
al. (2022) do some research on the influence of
implant diameter, implant-abutment connection
type, and cancellous bone density on the
biomechanical stability of implant components
and surrounding bone tissue, where fixtures with
bone-level connections and small diameters
resulted in higher stress concentrations on the
fixture and abutment, while low-density bone
showed greater maximum and minimum strains,
and bone volume in the atrophy zone increased
with increasing implant diameter.

Despite the increasing number of FEA
studies in dental implant biomechanics, research
specifically investigating the influence of fixture
diameter on von Mises stress, von Mises strain,
and factor of safety (FOS) in abutment and screw-
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abutment remains limited. This research fills the
gap in current knowledge by focusing on the
biomechanical implications of fixture diameter
variation on abutments and screw-abutments,
which previous studies have not fully explored.
The novelty lies in using three-dimensional finite
element analysis to simulate the mechanical
behavior of posterior dental implant assemblies
with varying fixture diameters of 3.75 mm, 4.0
mm, and 5.0 mm under realistic loading
conditions. This study aims to quantify the
influence of fixture diameter (3.75, 4.0, and 5.0
mm) on von Mises stress, von Mises strain, and
factor of safety (FOS) in posterior dental implant

abutments and abutment screw using three-
dimensional finite element analysis (3D FEA).

METHODS

This study simplified the jawbone's 3D
model into a bone block, separating it into cortical
and cancellous regions. The cancellous bone has
cortical dimensions of 20 mm x 15 mm x 15 mm,
while the cortical bone has dimensions of 15 mm
x 20 mm x 1.22 mm (Algahtani et al., 2023; Ko et
al, 2017). This study uses the bone in the first
mandibular molar region as the implant
placement site. The implant complex consists of a
fixture, screw abutment, and abutment (Figure

1).

Figure 1. Components of the dental implant fe model: (a) full bone-implant assembly; (b) fixture; (c)
screw between abutment and fixture; (d) abutment

The design of the implant complex
components uses a commercially available
design approach, namely the Nobel Biocare
brand (2024), with a fixture resembling the
Branemark System MKIII TiUnite and an
abutment resembling a customized snappy
abutment. The fixture is a bone-level type with an
external hexagon connection to the abutment.
Fixture diameters have three used diameters,
namely 3.75 mm, 4.0 mm, and 5.0 mm, which,
according to Al-Johany et al. (2017), are
considered standard diameters. Prevalence data
from 13,147 implants placed between 2004 and
2012 at the Academy for Oral Implantology in
Vienna, Austria, guided their selection,
highlighting 3.75 mm to 4.8 mm as the most
commonly used diameters (Busenlechner et al,,
2014). Other dimensions remain constant,
including the V-shaped thread profile, fixture
length of 10 mm, thread depth of 0.3 mm, and
thread pitch of 0.6 mm. To match the hexagon
width listed in the catalog, the same abutment

was applied for the 3.75 mm and 4.0 mm fixtures,
whereas the 5.0 mm fixture has a larger
abutment. This study developed the model using
Autodesk Inventor Professional 2025 and
performed the static simulation through ANSYS
Workbench 2023 R1.

The characteristics of the material used
for the implant complex material are Ti-6Al-4V
material. The properties of the material model
used in this study are orthotropic, homogeneous,
and linearly elastic for the bone model. The
implant complex is isotropic, homogeneous, and
linearly elastic, as presented in Table 1.

This study applies a finite element
approach based on a linear elastic model for
numerical analysis. The structure's geometry
was discretized into small elements, and each
element contributed to the formation of an
element stiffness matrix, assembled into the
following global equation (Jawad, 2017):

[Ke][q]=[F] (1)

ISSN 1412-1247 / e-ISSN 2503-1759



14

Jurnal Pendidikan

Teknik Mesin Vol. 26, No. 01, June 2026 (11-21)

Table 1. Material properties

Young'’s Shear . , .
Comﬁggz?t of Modulus, E Modulus, G P}({;st?(c))nvs D(;r/li::t)y References
(GPa) (GPa) ’
Cortical Ex=12.7 Gxy=5.5 vy=0.31 -
Ey=22.8 Gy:=74 vyz=0.28 - (Ding et al,, 2014)
E.=179 Gxz = 5.0 vxz=0.18 -
Cancellous Ex=0.511 Gy=0.434 vy=0.31 -
Ey,=0.907 Gyz=0.081 vyz=0.30 - (Dingetal,, 2014)
E,=0.114 Gxz=0.078 Vxz=0.22 -
Implant (ASM Aerospace
113.8 - 0.342 4.43 Specification Metals Inc.,
Complex n.d)

Where [Ke] is the element stiffness matrix,
[q] is the nodal displacement vector, and [F] is the
force vector acting on the nodal points. The
element stiffness matrix [K.] is calculated based
on volumetric integration:

[K,] = f [B]"[D][B] dv @

According to Hooke's law, [B] is the strain-
displacement matrix and [D] is the material

1
o = 5 [(ax - ay)z + (o, — crz)z + (0, — 0)* + 6(12, + 12, + 14)

Where ox, oy, and o, are the normal
stresses in XYZ components, respectively, while
Ty, Tyz, and Tz are the shear stresses occurring in
the xy, yz, and zx planes, respectively, ¢’is the von
Mises equivalent stress.

constitutive matrix representing the relationship
between stress and strain.

Furthermore, in the FEA analysis process,
one independent variable is studied in this
research, namely, von Mises stress. Von Mises
stress was computed using XYZ stress
components, according to the following equation
(Budynas & Nisbett, 2015):

| @)

Another variable studied was equivalent
von Mises strain, with the equation used by
ANSYS being (ANSYS Inc., 2024a):

2

1 2 2 3 Y
Eeq = m [(gx - gy) + (gy - gz) + (e, — gx)z + E (yagy + y;z + y)?z)] (4)

Where &, ¢, and &, are normal strains
XYZ components, respectively, while yy, ¥z and
yxz are shear strains occurring in the xy, yz, and xz
planes, respectively. €4 is the von Mises
equivalent strain, and v is the effective Poisson's
ratio.

The mesh to discretize the bone and
implant models was a quadratic tetrahedral
mesh with an element size of 0.69 mm, resolution
adaptive sizing 7, and high smoothing quality.
This study selected the mesh type based on its
effectiveness in  representing  complex
anatomical structures. Mesh independence was
verified through a von Mises stress convergence
test, using a 5% maximum allowable change as
the threshold (Table 2). Additionally, mesh
quality assessment uses mesh metric skewness
as the evaluation standard for this study. The
average skewness value obtained for the three
diameter model variations is 0.4297 + 0.2330,
which is classified as "good" since it falls within
the 0.25-0.5 range based on Ansys mesh quality
standards (2024b). The final mesh comprised
141,632, 147,624, and 151,252 nodes for the
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3.75, 4.0, and 5.0 mm diameter fixtures.
Corresponding element counts were 88,900,
92,942, and 94,573. Figure 2 illustrates the mesh
distribution applied in the model.

(a) (b)
Figure 2. Meshing of the abutment and abutment

screw

Force input was derived from in vivo
measurements of MVC over 3 seconds on the first
mandibular molar in a 62-year-old female
subject. The force was applied to the outer
surface of the abutment (contact area with the
crown) in the form of X, Y, and Z vectors, with the
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X-axis at-5.8 N (toward the buccal direction), the
Y-axis at -175.5 N, and the Z-axis at -25.1 N
(toward the distal direction), equivalent to
177.38 N, as illustrated in Figure 3 (Bing et al,,
2020).

A: Static Structural
Satic Structural
Time: 1.5
28/06/2025 5:24PM

[ Foxed Support '
[l Force: 177.38N

s

Figure 3. Boundary conditions and loading of the
dental implant model

This FEA assumes 100%
osseointegration, and contact between all parts is
perfectly bonded. Meanwhile, fixed support is on
the mesial-distal face section in the cancellous
and cortical bone (Figure 3).

This study analyzes the biomechanical
response in the form of Von Mises stress and Von
Mises strain on the abutment and abutment
screw connection due to variations in implant
fixture diameter using the Finite Element
Analysis (FEA) method. Additionally, the
maximum Von Mises stress values are further
analyzed using FOS analysis by comparing them
with the yield strength of Ti-6Al-4V, which is 880
MPa (ASM Aerospace Specification Metals Inc.,
n.d.). The formula used is (Budynas & Nisbett,
2015):

S

na == )

Where nd is FOS, S is yield strength, and
o is allowable stress, which in this study is
maximum von Mises stress.

Table 2. Mesh convergence analysis based on maximum von mises stress values.

Von Mises Von Mises

Mesh  Number Number
Type Mesh  Sizing of
(mm) Element

of Nodes Abutment,o’ Screw, o’

Percentage
Variation of
Abutment (%)

Percentage
Variation of
Screw (%)

Stress

(MPa)

Quadratic i i
Totale el 07 85664 136937 51.421

Quadratic 5 /o gg900 141632 53.018 -0.94% 3.11%
Tetrahedral

Quadratic 5 /0 90491 144208 55.468 0.34% 4.62%
Tetrahedral

RESULT & DISCUSSION On the screw component, the highest stress was

The finite element simulation results
demonstrate that variations in fixture diameter
correlate with changes in the maximum
equivalent stress distributed across the
abutment and screw components (Table 3). The
fixture with a diameter of 3.75 mm generated the
highest stress, measuring 30.78 MPa on the
abutment and 53.011 MPa on the screw. At a
diameter of 5.0 mm with a wide abutment, the
stress values decreased to 23.479 MPa and 35.07
MPa, respectively, reflecting reductions of 23.7%
and 33.9%. The analysis revealed that the upper
edge of the abutment experienced the higher
stress concentration (Figure 4). In Figure 4C,
which corresponds to the largest fixture
diameter combined with a wide abutment, the
stress distribution appeared more favorable and
evenly dispersed than Figures 4A and 4B,
representing fixture diameters of 3.75 mm and
4.0 mm. This configuration reduced stress
concentration at critical points on the abutment.

find at the outer edge of the screw head (Figure
5). In Figure 5C, the screw also exhibited a more
uniform and lower stress distribution than in
Figures 5A and 5B, indicating improved
mechanical behavior with the use of a larger
fixture diameter. Figure 6 illustrates the stress
reduction trend, with the X-axis representing
fixture diameter and the Y-axis displaying
maximum stress values in MPa. This figure
demonstrates the inverse relationship between
fixture diameter and stress magnitude.

Strain analysis revealed a similar
decreasing pattern with increasing fixture
diameter. The maximum strain values declined
from 0.00027102 to 0.00020681 at the
abutment, and from 0.00048242 to 0.00032304
at the screw, corresponding to reductions of
23.7% and 33.1%. The highest strain on the
abutment was observed at the top edge,
mirroring the area of stress concentration
(Figure 4), while on the screw it occurred at the
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outer head edge (Figure 5). The relationship
between fixture diameter and strain is shown
graphically in Figure 7, indicating a parallel
decline in both components as diameter
increases.

These simulation results confirm that
increasing fixture diameter consistently reduces
both stress and strain on the abutment and
screw. The 5.0 mm diameter fixture combined
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with a wide abutment achieved stress reductions
of 23.7% on the abutment and 33.9% on the
screw compared to the 3.75 mm diameter. This
reduction pattern was also reflected in strain
values, with 23.7% and 33.1% decreases on the
abutment and screw, respectively. This trend
reflects the effect of the enlarged cross-sectional
area of the 5.0 mm abutment, which enables a
wider load distribution. According to basic

Table 3. FEA results of stress and strain different fixture diameters

Diameter (mm)

Max Von Mises Stress, ¢’ (MPa)

Max Von Mises Strain, Eeq

Abutment Screw Abutment Screw
3.75 30.78 53.011 0.00027102 0.00048242
4.0 30.768 52.796 0.00027092 0.0004804
5.0 23.479 35.07 0.00020681 0.00032304

(d)

M

U]

Figure 4. FEA results on abutment: (a) Von Mises stress at 3.75 mm diameter, (b) at 4.0 mm, (c) at 5.0
mm; (d) Von Mises strain at 3.75 mm, (e) at 4.0 mm, (f) at 5.0 mm.
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OTEIH

(a) (b) (c)

1865123 M

(d) (e) (f

Figure 5. FEA results on abutment screw: (a) Von Mises stress at 3.75 mm diameter, (b) at 4.0 mm, (c) at

Max Von Mises Stress, o' (MPa)

60
55
50
45
40
35
30
25
20
15

5.0 mm; (d) Von Mises strain at 3.75 mm, (e) at 4.0 mm, (f) at 5.0 mm.

»

@ .\.
—@— Abutment == Screw

3.75 4.0 5.0
Diameter (mm)

Figure 6. Graph of fixture diameter vs von mises stress
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0.00045
0.0004
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0.00025
0.0002
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Max Von Mises Strain, &,

@@= Abutment

3.75

\.

e SCrew

4.0 5.0

Diameter (mm)

Figure 7. Graph of fixture diameter vs von mises strain

mechanical principles, stress is inversely
proportional to the area (o = F/A), meaning that
a greater fixture diameter reduces local stress
concentration. Comparatively, increasing the
diameter from 3.75 mm to 4.0 mm with the exact
abutment dimensions resulted in only minor
decreases: 0.04% for stress on the abutment and
0.41% on the screw, and 0.04% and 0.42%
reductions in strain. The slight geometric
difference between these two diameters explains
the marginal biomechanical improvement.

This study evaluates the fixture system's
mechanical safety by comparing the obtained
stress values with the material's elastic limit. In
this simulation, Ti-6Al-4V was used, with a yield
strength of 880 MPa and an elastic modulus of
113.8 GPa. (ASM Aerospace Specification Metals
Inc, n.d.). The highest stress recorded was
53.011 MPa on the screw for the 3.75 mm fixture,
and the lowest was 23.479 MPa on the abutment
for the 5.0 mm fixture. These values are well
below the yield threshold, indicating elastic
behavior under load. The abutments' calculated
factor of safety (FOS) values were 28.59, 28.60,
and 37.48 for diameters of 3.75 mm, 4.0 mm, and
5.0 mm, respectively. For the screw, the FOS
values were 16.60, 16.67, and 25.09. These
values suggest that the 5.0 mm fixture provides
the highest safety margin among the three tested
diameters. Menacho-Mendoza et al. (2022)
reported that an FOS value of 1 can ensure elastic
deformation. In contrast, Cant6-Navés et al.
(2021) recommended a more conservative
threshold of 21.5 to mitigate clinical uncertainty.
The high FOS values observed here far exceed
both benchmarks, supporting the mechanical
safety of the system.

Evaluation of strain also contributes to
understanding the structural behavior under
load. The strain values ranged between
0.00020681 and 0.00048242, valid and below
the calculated elastic strain limit of 0.00773
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derived from the equation € = ¢/E. These results
confirm that the implant components
experienced no risk of plastic deformation.
Although not directly used in the FOS formula,
strain indicates potential micro-movements at
interfaces and deformation-induced failures.
Lower strain values achieved through wider
fixture diameters suggest reduced elastic
elongation, improved structural stability, and
enhanced resistance to microgap formation.

Several previous studies have shown
consistent trends with the findings of this study.
Shen et al. (2024) observed that increasing
fixture and screw diameters improved stress
distribution in implant assemblies. Moreno et al.
(2023) emphasized the biomechanical benefit of
using wider, extra-short fixtures, although they
warned about potential overloading of cortical
bone under oblique loading. Algahtani et al.
(2023) reported that 6 mm diameter implants
produced the lowest stress, strain, and
micromotion, while 4 mm implants showed the
highest values. Lee et al. (2021) found similar
outcomes under D4 bone conditions, reinforcing
the biomechanical advantage of wider implants.
Bing et al. (2020) further warned that narrow-
diameter implants increase the risk of fracture
due to higher stress on the fixture and abutment
screw.

In addition, diameter should be
prioritized during implant preparation and
planning because it has the most impact on
lowering von Mises stress (Niroomand &
Arabbeiki, 2020; Robau-Porrua et al, 2020).
Therefore, planning the use of diameter is crucial
for achieving long-term stability and success of
the implant. Recommendations based on
diameter size indicate that a wider diameter is
better regarding stress distribution.

Although the Finite Element Analysis
(FEA) approach provides a systematic numerical
method for simulating stress distribution in
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dental implant systems, this study recognizes
several inherent limitations. Assuming a static
load and ignoring the «cyclic behavior of
physiological masticatory forces may lead to
underestimating fatigue failure risk during long-
term function. Bone was modeled as orthotropic
homogeneous, which is more accurate than
isotropic assumptions, but still fails to capture
the full heterogeneity of human bone tissue,
potentially leading to oversimplification in stress
prediction. Moreover, this study simplifies the
bone geometry into a uniform bone block to
facilitate computational analysis, which does not
represent anatomical structures such as the
mandibular arch or the varying thickness of
cortical and cancellous regions, limiting load
distribution accuracy in clinically relevant
scenarios. The exclusion of the prosthetic crown
further reduces the physiological relevance of the
model, as it removes an important component
that transmits occlusal force through the implant
system. The model assumes a perfectly bonded
condition at the implant-bone interface, omitting
the possibility of micro-gaps or micromovements
that could contribute to mechanical instability or
bone resorption. Material fatigue behavior was
not assessed, despite its importance in capturing
long-term stability under repeated loading.
Additionally, soft tissue structures were not
included in the model, even though they
contribute to force dampening and peri-implant
stabilization. These limitations highlight that
although FEA provides valuable biomechanical
insights, the results should be interpreted
carefully and complemented with in vivo or
experimental validation to reflect the complexity
of real clinical conditions better.

Future studies should apply dynamic
loading conditions that reflect cyclic masticatory
forces to better evaluate long-term fatigue risks.
Implementation of CT-derived bone geometries
may allow stress simulation for cortical-
trabecular. Inclusion of the crown component in
the model may improve the representation of
occlusal load transfer. Using frictional contact
modeling at the implant-bone interface may
capture micro-movement potentials critical for
assessing stability. Investigation into material
fatigue behavior through time-dependent
analysis may enhance predictions of mechanical
endurance. Adding viscoelastic soft tissue layers
around the implant model may reveal protective
functions in force buffering and peri-implant
bone maintenance. In addition, multi-variable
optimization involving implant geometry, thread
design, and patient-specific bone quality may
provide deeper insights into factors affecting
long-term implant survival.

CONCLUSION

Based on the FEA findings, this study presents

the following conclusions:

1. Increasing the fixture diameter from 3.75
mm to 5.0 mm with a wide abutment reduces
von Mises stress by 23.7% in the abutment
and 33.9% in the screw, with stress
concentrated at the abutment's upper edge
and screw head's outer edge.

2. Larger fixture diameters (3.75 mm to 5.0
mm) decrease von Mises strain by 23.7% in
the abutment and 33.1% in the screw,
following similar distribution patterns as
stress.

3. The 5.0 mm fixture diameter yields higher
FOS values (37.48 for abutment, 25.09 for
screw) compared to 3.75 mm (28.59 for
abutment, 16.60 for screw) and 4.0 mm
(28.60 for abutment, 16.67 for screw),
indicating improved mechanical safety.

4. The 5.0 mm fixture diameter with a wide
abutment optimizes biomechanical stability,
significantly reducing stress and strain, with
minimal improvements from 3.75 mm to 4.0
mm (0.04%-0.42% reductions).

5. All stress and strain values remain well
below the elastic limit of Ti-6Al-4V, ensuring
mechanical safety and supporting using 5.0
mm fixtures for enhanced long-term implant
stability.
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