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Abstract: Background/Objectives: Dental implants have become a cornerstone of restorative
dentistry, providing a long-lasting method for tooth replacement. The degree of osseointegration
has a significant effect on biomechanical stability at the bone-implant contact (BIC), determining the
continued efficacy of these implants. However, the exact consequences of changing osseointegration
levels on different implant designs, especially in bones with variable densities, are not well known.
; Methods: This study used 3D finite element analysis (FEA) to look at the biomechanical
performance of three short dental implants: BioMet 3iT3, Straumann® Standard Plus Short -Regular
neck (SPS-RN), and Straumann® Standard Plus Short-Wide neck (SPS-WN). This paper tests the
implants at four stages of osseointegration: 25%, 50%, 75%, and 100% in both high-density (Bone
Type III) and low-density (Bone Type IV) cancellous bone. It also created and examined realistic
CAD models under static occlusal loading conditions to assess stress distribution and major strains
at the bone-implant contact.; Results: The study discovered that as osseointegration increases, von
Mises stress and principal strains go down significantly for all implant types. The SPS-WN implant
had the lowest strain values, especially for bone with low density. These reductions demonstrate
increased mechanical stability as the bone-implant interface becomes more capable of dispersing
mechanical stresses, minimizing the potential for localized deformation and bone resorption.;
Conclusions: The results highlight the importance of achieving optimum osseointegration to reduce
mechanical stress and increase the lifespan of dental implants. The SPS-WN type implant performed
better in biomechanical tests than the others, especially when bone conditions were not ideal. This
makes it a great choice for clinical applications that need long-term implant success.

Keywords: biomechanical; Osseo-integration; low-density; high-density; cancellous bone; short
dental implant; finite element analysis; bone-implant contact

1. Introduction

Dental implants have transformed the sector by offering a long-lasting, functionally efficient,
and aesthetically beautiful alternative to missing teeth [1,2]. Dental implants aim to integrate directly
with the jawbone, a process known as osseointegration, unlike typical dental prostheses like dentures
or bridges[3-5]. This integration is critical to the implant’s long-term durability and success because
it enables it to operate like a natural tooth root, firmly supporting the overlying prosthesis[6-8]. Short
dental implants have become a more prevalent dental restorative treatment, mainly for individuals
with poor bone health[9-11]. These implants are a stable and durable strategy for restoring lost teeth,
with significant benefits over conventional dentures or bridges. Unlike standard dental artificial
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teeth, short dental implants directly connect into the jawbone through a process known as
osseointegration[12,13]. This bonding is important for recovering teeth’s function in addition to their
original physique because it enables the implant to act analogously to an actual tooth root, firmly
holding the prosthesis.

However, the recipient’s bone qualities, along with the surgical approach and implant quality,
heavily influence the success of dental implants[14-16]. In recipients with an appropriate quantity of
bone and density, osseointegration typically occurs readily, resulting in an anchored and safe
implant. However, a considerable minority of patients, notably those with low bone density or height,
have major difficulties in attaining effective osseointegration[12,17-19]. The efficacy of dental
implants is intimately related to osseointegration, in which bone forms around and binds with the
implant surface, forming a firm base[20-22]. These properties are particularly prevalent in Bone
Types III and IV, where the bone is either less thick or exceedingly porous, thereby increasing the
likelihood of malfunctioning implants[23-26].

Short dental implants have emerged as a potential solution for individuals with poor bone health
in the context of dental implantology[27-29]. Traditionally, invasive operations like bone grafting or
sinus lifts treated patients with insufficient bone height or density, augmenting the bone and
providing a solid foundation for standard-length implants[30]. While successful, these techniques
are linked to greater surgical complexity, longer recovery periods, and higher expenses[31-33]. Short
implants, typically less than 7 mm in length, produce adequate results in situations where regular
implants may be prohibited[34-37]. Short dental implants have grown in popularity because of their
potential to offer excellent results in situations when regular implants would be undesirable. Small
implants, when implanted in the accessible bone, may eliminate the need for extensive grafting
operations in patients with limited bone height, particularly in the posterior maxilla[38-40]. Also,
when a patient has low bone density, short implants put less stress on the bone around them. This
may help the distribution of occlusal force and lower the risk of overworking the bone-implant
contact[34,41,42].

The practical use of short dental implants has benefited from advancements in implant design
and surface technology, as they have proven to enhance osseointegration, even in challenging bone
conditions[13,43,44]. Despite these advances, research into the biomechanical behavior of short
implants with varied degrees of osseointegration is still underway. Understanding how varied
degrees of osseointegration influence stress distribution and strain at the bone-implant interface is
critical for optimizing implant designs and improving patient outcomes, especially in individuals
with low bone density [45—47].

A variety of industries, including automobile engineering[48,49] , dentistry [50,51], and heat
transfer studies [52], use the Finite Element Method (FEM), an advanced and adaptable
computational method. In the field of dental implantology, FEM is critical for biomechanical
characterization of dental implants and surrounding bone structures[50,51]. This technology enables
researchers and physicians to anticipate how implants will interact with bone in various settings by
simulating and evaluating complex mechanical characteristics in detail [53]. Researchers have widely
used FEM to estimate stress distribution inside dental implants, as well as in compact and spongy
bone, under various loading conditions and degrees of osseointegration [24].

This research study significant biomechanical effects of different osseointegration percentages
in three different short dental implant models: BioMet 3iT3, SPS-RN, and SPS-WN. The main goal is
to find the best short dental implant among these options for replacing natural teeth in people with
low bone density and not enough bone height, specifically less than 7 mm. Traditional approaches to
treating these difficult illnesses sometimes include intrusive operations such as bone grafting, which
are associated with greater risks, longer recovery periods, and higher costs. Short dental implants, on
the other hand, are a less intrusive option that may eliminate the need for bone augmentation while
still giving effective and long-lasting results. To do this, we used nonlinear three-dimensional finite
element analysis (FEA) to model how the bone and implant interact when the bone density and
osseointegration are different. The study looked at a lot of important things, like the highest stress at
the bone-implant contact (BIC), especially at the implant neck and bone hole locations, as well as the
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highest and lowest primary strains at the BIC. Furthermore, we investigated the distribution of
maximal von Mises stresses across each of the three short dental implants. These biomechanical
factors are critical for determining the implants” capacity to efficiently distribute mechanical loads,
reduce localized stress concentrations, and improve overall stability and durability. This study aims
to shed light on the comparative performance of these short implants in clinical settings where bone
grafting is not feasible. The goal of this research is to help doctors choose the optimal implant for
patients with low bone density and restricted bone height by determining the implant type that
provides the highest biomechanical performance under compromised bone circumstances. Finally,
this study not only adds to the current body of evidence, but it also has the potential to impact medical
decisions, resulting in better patient outcomes and defining a new standard for dental implantology
in difficult situations.

2. Materials and Methods
2.1. CAD Geometry Design

In terms of size and shape, three dimensional geometric models of the premolar implant and the
peri - implant bone were considered to be closely realistic [54]. based on previous work both compact
and spongy bone regions were improved since the implant depth touch both. Model I was the Biomet
3iT3 Short implant with dimension of 5mm(D) x 6mm(L), which was obtained from (Zimmer Biomet
Dental, USA), Model II was the Standard Regular neck SRN- Straumann® Standard Plus Short (SPS)
Implants, at 4 mm long, 4.1 mm diameter, Straumann, this implant design was gotten from (Holding
AG, Peter Merian-Weg 12, 4002 Basel, Switzerland), and Model III was the Standard Wide

BioMet 3iT3

Figure 1. 3D CAD model of three dental implant and bone.

Neck SWN- Straumann Standard Plus Short (SPS) Implants, at 4 mm long, 4.8 mm diameter,
Straumann, and this implant design was obtained from (Holding AG, Peter Merian-Weg 12, 4002
Basel, Switzerland), and bone were designed using CATIA V5-6R2017 software (Dassault Systemes,
aircraft manufacturer AVIONS MARCEL DASSAULT, French). A bone block model was also built
based on a cross - sectional image of the molar region’s human mandible, 15 mm high, 12 mm wide
and 12 mm thick, and the trabecular bone in the center was surrounded by 1 mm of cortical bone.
The implant was placed in the bone block that was cortical and cancellous.


https://doi.org/10.20944/preprints202408.2180.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 August 2024 doi:10.20944/preprints202408.2180.v1

2.2. Three-Dimensional Finite Element Analysis (FEA)

After modeling the solids, geometries were exported to FEA software for pre- and post-
processing (ABAQUS 2017, Dassault Systéemes SIMULIA, Johnston, Rhode Island, USA), to obtain
meshes of specially for our case, geometries are very complicated, in such situation it is used
tetrahedral elements specifically quadratic tetrahedral element with 10 node (C3D10) for each model
(Table 3). The mechanical properties of each simulated material were attributed to the meshes by
using previously published values in the literature (Table 3) [55-57]. The bone materials were
anisotropic and implant material is to be homogeneous, isotropic and linearly elastic [58].

All contacts between implant/bone and bone/bone were simulated with no slipping between the
surfaces its is would be with surface to surface and selected “finite sliding”. It is also defined the
interaction property as well. For this contact is given “tangential behavior” and friction and selected
“rough”. This in turn will prevent any slip between the surfaces. Most importantly all contacts were
simulated by symmetric contacts. Constraint definitions were established as fixed in the axes (X, y
and z) at the mesial and distal surfaces of the cortical and trabecular bone. All other model surfaces
were unrestricted. For the static occlusal load, concentrated Oblique force was 380 N at a specific four
points on the internal slope of the cusps which is equivalent to a pressure of 100MPa[59,60].

2.3. Material Properties

A set of fabric elastic properties are allotted to the jaw bone models. Ideally, the properties ought
to represent the property of bone. Bone is taken into account anisotropic as a result of it shows
different mechanical properties once measured in several directions (in the identical sample) [61].
Bone can be assumed transversely isotropic based on the elastic moduli of cortical bone buccolingual
and infero-superior directions [55,57] and that of cancellous bone in the direction of buccolingual and
mesiodistal [55,62] are not significantly different. Hence bone can be approximated to be transversely
isotropic, only five independent elastic properties instead of nine in case of orthotropic materials
(independent in x, y, and z directions but symmetry about each orthogonal axis). Consequently, this
approximation of transverse isotropy better substitutes the ideal scenarios of bone’s anisotropy (full
21 independent elastic properties which would be derived from the generalized Hook’s law) than the
most frequently used assumption of isotropy (two independent elastic properties: Poisson’s ratio and
modulus of elasticity). For the purpose of easiness isotropic material properties are often assigned to
jaw bone models. And its properties are well-thought-out uniform in all directions, unlike the human
mandible material properties.

All the assigned elastic material properties may apply to bone type IIl and IV for this particular
study are illustrated in Table 2 [54,63]. These properties ought to represent cortical bone, low density
spongy bone, and high-density spongy bone. The properties given to the bone-implant transition
region is developed from the properties of bulk compact and trabecular bones. Varied degree of
osseointegeration are considered during this transition region. The full stability (perfect
osseointegeration) is attained when the transition region has 100% bulk properties where as partial
osseointegeration is said to be achieved at constant Poisson’s ratio when the bulk’s elastic moduli and
shear moduli are described by its fractional values [61].

With respect to the bone type, the assigned elastic properties may apply to bone type II, III, or
IV. Following the definition,9 the properties should represent high density cancellous bone, low
density cancellous bone, and cortical bone. The properties assigned to the bone-implant transition
region is acquired from the properties of bulk cortical and cancellous bones. Various degrees of
osseointegeration are featured in this transition region. The assumption of perfect osseointegeration
applies when the transition region has 100% bulk properties. Partial osseointegeration is represented
by fractional values of the bulk’s elastic and shear moduli at constant Poisson’s ratio are illustrated
in Table 1[54,63].

Table 1. Mechanical properties of the simulated materials [54,61].
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High density cancellous Low density cancellous
Properties bone bone

25% 50% 75% 100% 25% 50% 75% 100% 25% 50% 75% 100%
Ex(MPa) 287 574 861 1148 575 115 1725 230 3150 6300 9450 12600
Ey (MPa) 525 105 1575 210 105 21 315 42 3150 6300 9450 12600
E.(MPa) 287 574 861 1148 575 115 1725 230 4850 9700 14550 19400

Vxy 0.05 005 005 005 0.05 005 005 005 03 0.3 0.3 0.3
Vxz 032 032 032 032 032 032 032 032 0253 0253 0.253 0.253
Vyz 0.01 001 001 001 0.01 001 001 001 0253 0253 0253 0.253
Gy (MPa) 17 34 51 68 35 7 105 14 12125 2425 36375 4850
Gxz (MPa) 108.5 217 3255 434 21.75 435 652 87 1425 2850 4275 5700
Gy:(MPa) 17 34 51 68 35 7 105 14 1425 2850 4275 5700

Cortical bone

Table 2. Bone Type according to cortical bone thickness and cancellous Bone density [54,61].

Bone type Cortical bone thickness Cancellous bone density
II1 1 mm High density
1\Y 1 mm Low density

Figure 2. Assembly of short dental implant to its bone with mastication loading and BCs.

Finally, the analysis was carried out using the ABAQUS 2017 version finite element software
and results were entered again in visualization and post-processing of the maps. The results were
then visualized in the maximum von misses stress, principal stress and strain maps (MPa) to analyze
the stress distribution in the dental implant, Spongy, and cortical bone tissue (low and high density).

2.4. FE-Mesh and Contact Definition

We used tetrahedral elements (C3D10) with linear geometric order for both the implants and the
bone structures around them in a finite element (FE) meshing study of three types of short dental
implants. We used a targeted meshing strategy, allocating a small element size of 0.1 mm to
significant highlights such as short implants and hole regions of compact and cancellous bone. In
contrast, we selected a coarser element size of 0.55 mm in the less crucial surrounding areas to
maximize computing efficiency while retaining accuracy in the most important locations (refer to
Figure 3). This method accurately models the stress and strain distributions at the bone-implant
interface, which is important for checking how well the implants work mechanically when they are
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loaded in different ways. Nonlinear contact zones were defined at two critical interfaces: implant—
bone, and bone-bone. Contact analysis defined the load and deformation transfer between different
components. The friction coefficient (u) was set as 0.65 for the cortical bone—implant interface [57],
and 0.77 for the cancellous bone-implant interface [55].

1
I
I
:
I
I
I
I
:
. BioMet3iT3 0.1mm  SPS-RN SPS-WN
I
I
I
I
I
I
I
I

Figure 3. Finite element meshing of short dental implant and bone.

Table 3. The three short implant model Mesh statistics.

Implant Cancellous bone Cortical bone Assembly
Implant Model Noof Noof Noof Noof Noof Noof Noof No of
nodes elements nodes elements nodes elements nodes elements
BioMet 3iT3 73,108 391,448 47,751 244,083 5,594 21,672 126,453 657,203
SPS -RN 67,363 363,525 30,876 149,142 4,974 19,015 103,213 531,682
SPS-WN 88,074 478,307 49,333 249,052 7,667 30,075 145,074 757,434

3. Results
3.1. Maximum Stress and Maximum Strain Bone
3.1.1. BioMet 3iT3 Short Implant

Table 4 shows that the mechanical response of cortical and cancellous bones varies significantly
with osseointegration level. The findings demonstrate that when the osseointegration percentage in
cortical bone increases from 25% to 75%, the maximum stress rises significantly from 158.4 MPa to
174.3 MPa. This implies that an improvement in bone-implant contact enhances the transmission of
load to the cortical bone, leading to a rise in stress levels. Despite the increased stress, the strain inside
the cortical bone reduces substantially, from 0.02559 at 25% osseointegration to 0.009997 at 75%. This
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decrease in strain suggests that the cortical bone is better able to bear applied stresses as
osseointegration advances, most likely due to a more solid and durable bone-implant contact. Table
3 shows a somewhat different trend in cancellous bone. The maximum stress falls significantly as
osseointegration progresses, decreasing from 19.23 MPa at 25% to 17.79 MPa at 75%. This means that
the cancellous bone is under less stress when the implant integrates with the surrounding bone tissue.
Similarly, strain in cancellous bone drops considerably with improved osseointegration, from 0.106
at 25% to 0.03264 at 75%. This decrease in strain demonstrates the beneficial effect of improved
osseointegration on the mechanical stability of the implant, since it minimizes the risk of excessive
deformation in the surrounding bone.

Table 4. Maximum stress and maximum strain for BioMet 3iT3 Short implant produced in bones
due to applied patient biting load. With dimension of 5mm(D) x 6mm(L).

. . Highest Stress Highest Strain
Osseomtegeratlon -
Bone type (%) Cortical Cancellous Cortical Cancellous
(MPa) (MPa)
25 158.4 19.23 0.02559 0.1060
I 50 166.4 18.48 0.0139 0.05091
75 174.3 17.79 0.009997  0.03264
100 182.1 17.15 0.008047  0.02358
25 303.0 18.62 0.04905 0.4088
v 50 309.9 18.44 0.02379 0.2024
75 316.2 18.36 0.01552 0.1387
100 323.8 18.10 0.01189  0.09931

3.1.2. Standard Plus Short (SPS) Implants with Regular Neck (SRN)

The results in Table 5 show that the Standard Regular Neck SRN-Straumann® Standard Plus
Short (SPS) Implants put different amounts of stress and strain on the cortical and cancellous bones
at different osseointegration percentages. The findings reveal significant variations in how bone types
III and IV respond to patient bite loads. When the osseointegration percentage for Bone Type III goes
from 25% to 100%, the highest stress in the cortical bone changes. It goes from 137 MPa at 25%
osseointegration to 136.6 MPa at 100% osseointegration. However, the maximum strain in the cortical
bone drops dramatically, from 0.04126 at 25% osseointegration to 0.009295 at 100%. This suggests that
with increased osseointegration, the cortical bone deforms less under strain, implying a more stable
bone-implant contact. The maximum stress in type III cancellous bone decreases from 38.48 MPa at
25% osseointegration to 33.32 MPa at 100%. Similarly, the maximum strain in cancellous bone
decreases significantly, from 0.1099 at 25% osseointegration to 0.02463 at 100%. These findings show
that increased osseointegration not only lowers stress levels but also significantly decreases strain in
cancellous bone, improving the implant’s durability. For Bone Type 1V, the consequences are more
apparent. The maximum stress in the cortical bone is much greater, beginning at 330.1 MPa at 25%
osseointegration and dropping to 300.1 MPa at 100%. The strain in the cortical bone drops
significantly, from 0.08977 at 25% osseointegration to 0.02171 at 100%. These findings imply that since
bone type IV is less dense, it endures more stress at first, but as osseointegration progresses, the
bone’s capacity to withstand deformation under load increases.

The maximum stress in type IV cancellous bone decreases significantly, from 26.12 MPa at 25%
osseointegration to 25.45 MPa at 100%. The strain shows a similar trend, falling from 0.4199 at 25%
osseointegration to 0.1027 at 100%. These results show that even though stress levels in cancellous
bone are usually lower than those in cortical bone, the decrease in strain that comes with better
osseointegration is very important for keeping the structure of the implant, especially in bone that
isn’t very dense.
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Table 5. Maximum stress and maximum strain for Standard Regular neck SRN- Straumann®
Standard Plus Short (SPS) Implants, at 4 mm long, 4.1 mm diameter produced in bones due to
applied patient biting load.

Bone type Osseointegration (%) H.1ghest Stress Highest Strain
Cortical Cancellous Cortical Cancellous
(MPa) (MPa)
25 137.0 38.48 0.04126  0.1099
11 50 134.7 36.6 0.01988  0.05293
75 134.1 34.88 0.01280  0.03402
100 136.6 33.32 0.009295  0.02463
25 330.1 26.12 0.08977  0.4199
v 50 319.1 25.91 0.04436  0.2084
75 311.5 25.53 0.02967  0.1393
100 300.1 25.45 0.02171  0.1027

3.1.3. Standard Plus Short (SPS) Implants with Wide Neck (SWN)

The data in Table 6 shows that the Standard Wide Neck SWN-Straumann® Standard Plus Short
(SPS) Implants, which are 4 mm long and 4.8 mm wide, cause different levels of stress and strain in
the cortical and cancellous bones when the patient bites down on them. This happens at different
levels of osseointegration. For bone type III, the findings reveal that when the osseointegration
percentage grows from 25% to 100%, the maximum stress in the cortical bone drops from 135.5 MPa
to 114.3 MPa. This tendency shows that as osseointegration develops, the implant becomes more
closely integrated with the bone, prompting the cortical bone to endure less stress. As a result, the
strain in the cortical bone drops substantially, from 0.04750 at 25% osseointegration to 0.009631 at
100%. This reduction in strain suggests that the bone deforms less under stress as osteointegration
proceeds, which improves implant stability. The maximum stress in Type III cancellous bone
decreases slightly, from 14.78 MPa at 25% osseointegration to 13.34 MPa at 100%. Similarly, the strain
in cancellous bone decreases from 0.06905 at 25% to 0.01645 with 100% osseointegration. Although
cancellous bone typically experiences lower stress levels than cortical bone, it also benefits from
enhanced osseointegration, creating a more stable and supportive environment for the implant.

The findings for bone type IV demonstrate a more significant trend. At 25% osseointegration,
the maximum stress in the cortical bone is 399.1 MPa, which decreases to 322.7 MPa at 100%. The
equivalent strain in cortical bone drops significantly, from 0.09706 at 25% osseointegration to 0.02004
at 100%. This suggests that increased osseointegration significantly reduces both stress and strain in
less dense Bone Type IV, which is critical for lowering the likelihood of implant failure due to
excessive loading. The maximum stress in Type IV cancellous bone is relatively constant, ranging
from 15.73 MPa at 25% osseointegration to 15.68 MPa at 100%. However, the strain drops
significantly, from 0.2803 at 25% to 0.06946 with 100% osseointegration. This large decrease in strain
indicates that with increased osseointegration, the cancellous bone is better able to distribute the
applied stresses, lowering the chance of deformation and improving overall implant stability.

Table 6. Maximum stress and maximum strain for Standard Wide Neck SWN- Straumann® Standard
Plus Short (SPS) Implants, at 4 mm long, 4.8 mm diameter produced in bones due to applied patient

biting load.
Highest St Highest Strai

Bone type Osseointegration (%) ,lg bl gnes >

Cortical Cancellous Cortical Cancellous
(MPa) (MPa)

25 135.5 14.78 0.04750  0.06905

III 50 127.1 14.27 0.02200  0.03396

75 120.2 13.79 0.01368  0.02228

100 114.3 13.34 0.009631 0.01645
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9
25 399.1 15.73 0.09706 0.2803
IV 50 369.0 15.72 0.04523 0.1398
75 344.0 15.70 0.02831  0.09292
100 322.7 15.68 0.02004  0.06946

3.2. Maximum Shear Stresses along the Three-Plane

According to Table 7, the highest shear stresses in three planes (Sxy, Sxz, and Syz) for different
implant types under a static mastication load vary significantly in cancellous and cortical bones at
different stages of osseointegration.

As osseointegration grows from 25% to 100% in the BioMet 3iT3 implant model, shear stresses
in cancellous bone vary to some extent. Specifically, the shear stress in the XY plane (Sxy) begins at
0.9718 MPa at 25% osseointegration and increases gradually to 1.581 MPa at 100%. The XZ and YZ
planes exhibit similar tendencies, with stress levels typically increasing as osteointegration improves.
Cortical bone, on the other hand, experiences more significant variations in shear stresses. For
example, the shear stress in the XY plane (Sxy) rises from 97.53 MPa at 25% osseointegration to 102.8
MPa at 100%, but the XZ plane (Sxz) increases significantly from 55.37 MPa to 67.93 MPa over the
same range. This suggests that when osseointegration advances, the cortical bone experiences
increased shear stresses, perhaps indicating improved load transmission and stability. The shear
stresses in cancellous bone in the SPS-RN (Standard Plus Regular Neck) implant model are rather
consistent across varying osseointegration levels. The Sxy stress in the XY plane, for example,
maintains at 1.55 MPa for all osseointegration levels. Shear stresses in cortical bone, on the other hand,
fall in a clear pattern. The XY plane stress (Sxy) drops from 78.34 MPa at 25% osseointegration to
75.28 MPa at 100%. This reduction implies that when bone-implant contact improves, the distribution
of shear loads becomes more uniform, possibly lowering the likelihood of localized stress
concentrations. It was found that shear stresses in cancellous bone are usually lower in the SPS-WN
(Standard Plus Wide Neck) implant model than in the others. The Sxy stress in the XY plane drops
from 1.105 MPa at 25% osseointegration to 1.095 MPa at 100%. The cortical bone experiences a greater
decrease in shear forces as osteointegration advances. For instance, the Sxy stress in the XY plane
decreases from 62.77 MPa at 25% osseointegration to 57.96 MPa at 100%, with comparable trends
observed in the other planes. This decrease in shear stress, especially in cortical bone, shows that the
implant’s stability increases with improved osseointegration, as the bone becomes more capable of
handling the imposed stresses without excessive shear.

Table 7. The maximum shear stress that occur along the three-plane due to static mastication load for
all three model and conditions.

Cancellous Bone

Cortical Bone
Implant Ssei‘:t’::; I\ I I\ 11
Model & (%) Xy Sxz Syz Sxy Sxz Syz Sxy Sxz Syz Sxy Sxz Syz
(]
(MPa (MPa (MPa (MPa (MPa (MPa (MP (MPa (MP (MPa (MPa (MPa
) ) ) ) ) ) a ) a) ) ) )
971 462 77
25 098 4.056 0 66 1.620 6.760 0 9 097.53 55.37 61.19 58.52 33.22 36.71
0.766
) 50 1.606 6.695 1.806 7.309 1.19099.33 57.82 64.44 55.93 27.74 25.22
BioMet 7
3iT3 0.809

75 1.620 6.776 3 1.755 7.012 1.161 112.9 57.79 43.43 58.22 32.19 26.80

100  1.581 6.567 0'7658 1.706 6.737 1.134102.8 67.93 71.01 60.43 36.15 28.38

SPS-RN 25 1.552 4.733 0'9709 1.744 8.276 1.409 78.34 95.3574.07 37.96 50.72 34.14
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50 1.546 4.684 0'9703 1.715 7.634 1.351 77.27 95.44 73.78 39.20 50.53 35.09

75 1.555 4.488 0'200 1.686 7.172 1.299 77.20 96.29 74.55 40.32 50.31 36.55

100  1.533 4.516 0'291 1.658 7.312 1.25275.28 95.37 75.97 41.36 50.06 37.89

25 1.105 5.034 0'385 1.266 6.566 1.039 62.77 106.9 37.46 34.44 60.75 18.85

50 1.102 5.010 0'?85 1.242 6.306 1.014 61.0593.30 37.13 32.98 57.03 18.83

SPS-WN 0.684 0.990
75 10994984 77 1219 6.064 " 59.4790.0136.80 31.63 54.30 18.81

100  1.095 4.961 0'283 1.197 6.059 0'9567 57.96 59.41 36.47 30.38 51.90 18.78

Sxy: Shear Stresses in XY plane Sx.: Shear Stresses in XZ plane Syz: Shear Stresses in YZ.

3.3. Maximum von Mises Stress at the Bone-Implant Contact (BIC)

For three types of short implants—BioMet 3iT3, SPS-WN, and SPS-RN —at different stages of
osseointegration, Figure 4 below shows the highest von Mises stress at the bone-implant contact (BIC)
area. This is the area where the bone hole meets the implant’s angled neck. The black dotted circles
in the illustrations represent the highest stress position in the associated contour plots.
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Figure 4. Highest von Mises Stress at the bone-implant contact (BIC) area for BioMet 3iT3, SPS-WN,
and SPS-RN short implants at various stages of osseointegration, indicated by black dotted circles in
the contour plots.

For all implant types, including Bone Type III, the maximum von Mises stress values decrease
as osseointegration increases. For example, the BioMet 3iT3 implant experiences a stress drop from
151.75 MPa at 25% osseointegration to 147.41 MPa at 100% osseointegration. The SPS-WN implant
exhibits a greater reduction in stress, from 209.83 MPa at 25% osseointegration to 156.82 MPa at 100%.
Similarly, the SPS-RN implant experiences a slight drop from 177.25 MPa to 176.77 MPa across the
same range. These findings show that when osteointegration improves, the load distribution at the
bone-implant interface becomes more uniform, resulting in reduced stress concentrations and
perhaps increasing implant stability. In bone type IV, the pattern is more complicated. The BioMet
3iT3 implant’s von Mises stress first increases from 120 MPa at 25% osseointegration to 181.15 MPa
at 50%, then gradually decreases to 162.18 MPa at 100% osseointegration. The stress on the SPS-WN
implant, on the other hand, drops from 183.85 MPa at 25% osseointegration to 135.31 MPa at 100%.
This shows that better osseointegration lowers stress at the interface, especially in bone that isn’t as
dense. The SPS-RN implant had generally steady stress values of 162.49 MPa throughout various
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osseointegration phases, with a little rise to 166.7 MPa at 100% osseointegration. These findings, as
seen in the following figure, emphasize the necessity of attaining perfect osseointegration to reduce
stress concentrations at the bone-implant interface, possibly lowering the likelihood of implant
failure and improving long-term stability. Variations in stress between implant types and bone
conditions further indicate that implant design and bone quality have a considerable impact on the
mechanical environment at the BIC, which is crucial for dental implant success. maximum von Mises
stress

3.4. Maximum von Mises Stress in Three Types of Short Dental Implants

Contour plots of the maximum von Mises stress, representing the distribution of mechanical
stress during loading, three types of short dental implants depicted in Figure 5 below.

As osseointegration advances, Bone Type III, the BioMet 3iT3 implant, exhibits a significant rise
in von Mises stress, beginning at 151.55 MPa at 25% and culminating at 255.91 MPa at 75%.
Interestingly, with 100% osseointegration, the stress drops significantly to 253.82 MPa. The SPS-RN
implant follows a similar trajectory, with a high starting stress of 321.7 MPa at 25% osseointegration
and gradually decreasing to 260.51 MPa at 100% osseointegration. However, the SPS-WN implant
suffers the greatest stress values of any implant type, beginning at 422.85 MPa at 25%
osseointegration and decreasing to 333.9 MPa at 100%. These findings suggest that the SPS-WN
implant puts more stress on the bone around it in Bone Type III, even when osseointegration
improves. This raises the possibility of implant-bone interface stress concentration. Bone Type IV:
The BioMet 3iT3 implant has a high initial von Mises stress of 252.59 MPa at 25% osseointegration,
which decreases significantly to 179.51 MPa at 100%. The SPS-RN implant has a more constant stress
level, beginning at 217.42 MPa at 25% osseointegration and rising slightly to 220.11 MPa at 100%. The
von Mises stress on the SPS-WN implant slowly goes down, from 251.37 MPa at 25% osseointegration
to 182.61 MPa at 100%. This shows that this implant design benefits the most from better
osseointegration in Bone Type IV, which is less dense. Overall, the von Mises stress contours show
that osseointegration is crucial for lowering stress at the bone-implant contact. When osseointegration
is better, implants with higher starting stress values (SPS-WN) show bigger reductions, especially in
bones that aren’t very thick (Type IV). These results, as shown in the contour plots, highlight the need
for attaining optimum osseointegration to reduce mechanical stress and improve implant stability.
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Figure 5. below shows that three types of short dental implants—BioMet 3iT3, SPS-RN, and SPS-
WN—went through the highest von Mises stress at different bone types and osseointegration
percentages.

When the SPS-WN implant model was used, the table shows the highest and lowest primary
stresses in micrometers (pm) for low-density cancellous bone (Bone Type IV) at different levels of
osseointegration (25%, 50%, 75%, and 100%). We particularly measure the strain values at the bone-
implant contact interface, and the contour plots display the locations of these strains as black dotted
circles. As shown in the table and contour graphs, the maximum principal strain decreases
significantly as osseointegration progresses. At 25% osseointegration, the maximum strain is 280300
ue, which gradually decreases to 69460 e at 100% osseointegration. This decrease in maximum strain
suggests that as the bone-implant contact becomes more integrated, the bone can better distribute the
load, resulting in less localized deformation. With osseointegration, the minimum principal strain
decreases from 358.594 at 25% to 111.596 at 100%. This pattern demonstrates a constant increase in
the implant’s mechanical stability as osseointegration continues, with the bone experiencing reduced
strain levels under the same loading conditions. These decreases in both maximum and lowest
primary stresses indicate that establishing better osseointegration is critical for minimizing
mechanical strain on the bone-implant interface, thereby improving implant stability and lifespan.

3.5. Low Density Cancellous Bone Maximum and Minimum Principal Strain

Figure 6 shows that when osseointegration happens, both the maximum and minimum principal
strains for the SPS-WN implant model in low-density cancellous bone (Bone Type IV) go down by a
large amount. The highest principle strain falls from 280300 at 25% osseointegration to 69460 at 100%,
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while the lowest principle strain drops from 358.594 to 111.596 across the same range. These decreases
show that as the bone-implant contact becomes more integrated, the bone efficiently distributes
mechanical stresses, reducing localized deformation and improving implant stability. Black dotted
circles mark the positions of the highest and lowest principal strains at the implant-cancellous bone
contact, illustrating key stress concentration zones.

I e Sy e T e e S e e e £ e e e e e
1 Osseointegration (%) Min.Principal Strain (uz)

111.586

Figure 6. Low density cancellous bone maximum and minimum principal strain for 25%,50%,75%,
and 100% osseointegeration of bone implant for SPS-WN implant model.

3.6. High Density Cancellous Bone Maximum and Minimum Principal Strain

As osseointegration advances, Figure 7 presented findings for the SPS-WN implant model in
high-density cancellous bone (Bone Type III) demonstrate a significant reduction in both maximum
and lowest principal strains. The highest main strain falls from 69050 at 25% osseointegration to 16450
at 100%, whereas the lowest principal strain drops from 157.457 to 64.1361 within the same range.
These lower strains mean that as the bone-implant contact gets stronger, the bone is better able to
spread mechanical stresses, which means that the implant is less likely to deform in one place and is
more stable overall. Black dotted circles at the implant-cancellous bone contact depict the highest and
lowest principal strains, highlighting key stress concentration locations. The contour plots further
demonstrate this tendency, showing a more equal strain distribution throughout the top surface of
the bone holes (A-A’ and B-B’) as osseointegration improves, which is critical for the implant’s
durability.
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Figure 7. High density cancellous bone maximum and minimum principal strain for 25%,50%,75%,
and 100% osseointegeration of bone implant for SPS-WN implant model.

3.7. Low- and High-Density Cancellous Bone Maximum and Minimum Principal Strain in Three Types of
Short Dental Implants

Figure 8a shows the bar chart for maximum principal strain in low-density cancellous bone
(Bone Type IV) for the BioMet 3iT3, SPS-RN, and SPS-WN implant types at four different levels of
osseointegration: 25%, 50%, 75%, and 100%.We can see the highest principal strain values for low-
density cancellous bone (Bone Type IV) at different osseointegration levels (25%, 50%, 75%, and
100%) for three implant models below. These are BioMet 3iT3, SPS-RN, and SPS-WN. The bar chart,
which originally depicted these comparisons, generated these figures.

At 25% osseointegration, the SPS-RN implant model has the greatest maximum principal strain
(419862 pe), followed closely by the BioMet 3iT3 model (408801 pe). At this early stage of
osseointegration, the SPS-WN implant had a significantly reduced strain of 280000 pe. As
osteointegration progresses to 50%, 75%, and 100%, all three implant models show a significant
decrease in maximum principal strain, with the SPS-WN model consistently having the lowest strain
values at each stage. At 100% osseointegration, the SPS-WN model has the lowest maximum principal
strain of 69000 pe, suggesting a significant increase in mechanical stability when the implant
completely integrates with the bone. The results, shown in the bar chart, show that the SPS-WN
model is better at reducing strain at higher levels of osseointegration, especially when there is 100%
bone-implant contact. The SPS-RN model experiences the most strain when osseointegration is low.
This decrease in stress as osseointegration progresses underscores the need for complete integration
for the implant’s long-term stability and success.
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The data in Figure 8b show a considerable decrease in minimum principal strain in low-density
cancellous bone (Bone Type IV) across the BioMet 3iT3, SPS-RN, and SPS-WN implant models as
osseointegration advances from 25% to 100%. The SPS-WN model consistently has the lowest
minimum principal strain, ranging from 280000 at 25% osseointegration to 69000 at 100%, indicating
improved mechanical stability. While the BioMet 3iT3 and SPS-RN models have higher strain values
throughout the osseointegration process, the highest strains were seen at the lowest levels of
osseointegration. This shows how important it is to achieve full osseointegration to lower mechanical
stress and improve the long-term success of the implant.
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‘ |
' (a) Type IV bone (b) Type IV bone !
| I
| 800 ‘
| - 450000 T _ |
Eqnoooo - 4 700 |
| © 350000 g 600 |
N £
| = @ !
s 300000 ¥ = 500
la 8 |
1'S 250000 3 g i s
£ mBioMet3iT3 £ 400 # BloMetams
g 200000 % wspsRy £ 300 ESPS-RN |
| £ 150000 3 g SPSWN |
E E 5 L -
'8 100000 } WSPSWN £ % |
' 50000 } 100 :
| 0 0 !
| 2 50 75 100 25 50 75 100 |
: Osseointegration (%) Osseointegration (%) :
| |
(@ d |
: Type Il bone (d) Type il bone !
: = 300000 250 :
|2 |
5 250000 g 200 ;
' 2 200000 § 150 |
3 @ |
S . , 5 100
i £ 150000 ® BioMet 3iT3 g W BioMet 3T3 |
c
| E 100000 B SPS-RN £ 90 WSPSRN |
| B HSPS-WN § o |
£ 50000 E mepsuN
| £ w0 |
| 0 |
! 25 50 75 100 100 |
| 25 50 75 100 |
‘ |
| I

Osseointegration (%)

Figure 8. Shows (a) the maximum Principal Strain for type IV bone, (b) ) the minimum Principal Strain
for type IV bone, (c) the maximum Principal Strain for type III bone, and (d) the minimum Principal
Strain for type IV bone, in the BioMet 3iT3, SPS-RN, and SPS-WN implant models for varied
percentage of osseointegeration such as 25%, 50%, 75%, and 100%.

There are four levels of osseointegration shown in Figure 8c. These levels are 25%, 50%, 75%,
and 100%. The graph shows the maximum principal strain in high-density cancellous bone (Bone
Type 1III) for the BioMet 3iT3, SPS-RN, and SPS-WN implant types. At 25% osseointegration, the
BioMet 3iT3 implant model had the largest maximum principal strain, reaching 245281 pe. This is
much larger than the strains reported in the SPS-RN and SPS-WN models, which were 109945 pie and
69000 pe, respectively. As osseointegration progresses, all three implant types exhibit a significant
decrease in maximum principal strain. At 100% osseointegration, the BioMet 3iT3 model strain drops
to 23581.7 pe, whereas the SPS-RN and SPS-WN models have even lower strain values of 24633.1 e
and 16446.6 g, respectively. Notably, the SPS-WN model always has the lowest maximum principal
strain across all levels of osteointegration. This shows that it works better at reducing strain at the
bone-implant interface as osteointegration progresses.

4. Discussion

In the setting of dental implants, the results in Table 4 show how important osseointegration is
for the mechanical behavior of both cortical and cancellous bones. As osseointegration levels in
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cortical bone grow from 25% to 75%, maximum stress rises significantly from 158.4 MPa to 174.3 MPa.
This increase in stress shows that improved bone-implant contact increases the efficiency of load
transmission to the cortical bone, resulting in greater stress levels. However, the concurrent decrease
in strain, from 0.02559 to 0.009997, suggests that the cortical bone becomes better capable of
withstanding these loads without substantial deformation. This study implies that increased
osseointegration not only strengthens the bone-implant interface, but also increases cortical bone
load-bearing capability, most likely due to the formation of a more robust and lasting contact surface.
Table 3 depicts the mechanical reaction of cancellous bone, which differs from that of other bone
types. As osseointegration improves, the maximum stress decreases, from 19.23 MPa at 25% to 17.79
MPa at 75%. This decrease in stress means that as the implant becomes more integrated with the
surrounding cancellous bone, the bone experiences reduced stress levels, potentially lowering the
risk of stress-induced bone resorption. Furthermore, the considerable reduction in strain from 0.106
to 0.03264 suggests that better osseointegration improves the mechanical stability of the cancellous
bone by reducing the danger of excessive deformation.

These results have profound implications for the use of dental implants. Increasing
osseointegration leads to more even load distribution and less strain in both the cortical and
cancellous bones. This means that achieving high levels of osseointegration is essential for dental
implants to last and work well in the long term. In clinical practice, this underlines the significance
of surgical methods and implant surface treatments that promote rapid and successful
osseointegration. By maximizing bone-implant contact, physicians may guarantee that implants can
resist functional stresses, lower the risk of implant failure, and improve patient outcomes in
restorative dentistry.

The results in Table 5 show how important osseointegration is for controlling how the cortical
and cancellous bones react to the stresses put on them by Standard Regular Neck SRN-Straumann®
Standard Plus Short (SPS) Implants. As osseointegration increases from 25% to 100% in Bone Type
III, the maximum stress in the cortical bone stays generally consistent, slightly dropping from 137
MPa to 136.6 MPa. However, there is a considerable decrease in strain, from 0.04126 to 0.009295,
demonstrating that with improved osseointegration, the cortical bone deforms considerably less
under stress. This demonstrates that improved bone-implant contact not only stabilizes the interface,
but also enables the cortical bone to withstand applied stresses more efficiently without significant
deformation. As osseointegration improves, the maximum stress in cancellous bone drops from 38.48
MPa to 33.32 MPa, resulting in a considerable decrease in strain from 0.1099 to 0.02463. This trend
shows that enhanced osseointegration not only decreases mechanical stress on cancellous bone, but
it also improves structural stability by reducing deformation.

The benefits are much more obvious for Bone Type IV, which is less dense and exposed to
increased stress levels from the start. The maximum stress in cortical bone reduces substantially, from
330.1 MPa at 25% osseointegration to 300.1 MPa at 100%. Meanwhile, the strain in cortical bone
decreases from 0.08977 to 0.02171, indicating that the bone’s capacity to resist deformation improves
with osseointegration. In cancellous bone, the maximum stress reduces at least from 26.12 MPa to
25.45 MPa, whereas strain decreases significantly from 0.4199 to 0.1027. These results show that even
though cancellous bone is under less stress than cortical bone, the decrease in stress that comes with
better osseointegration is very important for keeping the implant’s structure, especially in bone types
that aren’t very dense.

These findings highlight the necessity of establishing optimum osseointegration in dental
implant treatments, especially when working with less dense bone types such as Bone Type IV. The
observed decrease in strain and stress levels with enhanced osseointegration indicate that improving
bone-implant contact is critical for long-term implant stability and longevity. Clinically, this
emphasizes the need for precise surgical methods and implant surfaces that promote quick and
successful osseointegration. By providing strong and stable bone-implant interfaces, clinicians may
lower the chance of implant failure, especially in difficult instances when bone density is limited,
hence enhancing patient outcomes and implant life.
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The stress and strain responses of the cortical and cancellous bones change a lot at different
levels of osseointegration for the Standard Wide Neck SWN-Straumann® Standard Plus Short (SPS)
Implants, as shown in Table 6. For Bone Type III, the highest stress in the cortical bone drops from
135.5 MPa to 114.3 MPa as osseointegration goes from 25% to 100%. This shows that better bone-
implant contact lowers stress levels in the cortical bone. In addition, there is a significant decrease in
strain from 0.04750 to 0.009631, indicating that as osseointegration advances, the cortical bone
deforms less, improving implant stability. The maximum stress in cancellous bone drops at least from
14.78 MPa to 13.34 MPa, while strain also decreases from 0.06905 to 0.01645. Although cancellous
bone experiences less stress than cortical bone, the decreased strain caused by enhanced
osseointegration implies a more stable and supportive environment for the implant.

In Bone Type 1V, the pattern is more noticeable. At 25% osseointegration, the maximum stress
in cortical bone begins at 399.1 MPa and reduces to 322.7 MPa at 100% osseointegration. The related
strain likewise drops substantially, from 0.09706 to 0.02004. These results emphasize the importance
of osseointegration in reducing stress and strain in less dense Bone Type IV, which is critical for
minimizing the likelihood of implant failure due to overloading. The maximum stress in cancellous
bone stays rather constant, ranging from 15.73 MPa to 15.68 MPa, whereas strain decreases
significantly from 0.2803 to 0.06946 as osseointegration improves. This large reduction in strain
highlights cancellous bone’s superior capacity to disperse applied stresses, reducing deformation and
contributing to implant durability.

These findings highlight the importance of obtaining excellent osseointegration in maintaining
mechanical stability and success with dental implants. For denser bone types, such as Type III,
enhanced osseointegration decreases both stress and strain, resulting in better load distribution and
less bone deformation. In less dense bone types, such as Type IV, where higher initial stress and strain
values increase the likelihood of implant failure, enhanced osseointegration is even more important.
In terms of clinical practice, this emphasizes how crucial it is to choose implant configurations and
surgical methods that facilitate efficient osseointegration, especially in patients with reduced bone
density. By achieving these conditions, we can significantly reduce the stress on the surrounding
bone, thereby enhancing implant longevity and enhancing patient outcomes in restorative dentistry.

When osseointegration goes from 25% to 100%, Table 7 shows the changes in shear stress in three
planes (Sxy, Sxz, and Syz) for different types of implants in cancellous and cortical bones. The stresses
are caused by static mastication. In the BioMet 3iT3 implant model, the cancellous bone shear stresses
rise over time. This is especially true in the XY plane (Sxy), where the stresses rise from 0.9718 MPa
at 25% osseointegration to 1.581 MPa at 100%. The XZ and YZ planes replicate this pattern, showing
that an improvement in osseointegration leads to slightly higher shear stresses in the cancellous bone,
possibly because of enhanced load transfer through the implant. Cortical bone in the BioMet 3iT3
model exhibits more noticeable shear stress changes, with considerable increases seen, particularly
in the XZ plane (Sxz), where stress rises from 55.37 MPa to 67.93 MPa. These results suggest that
better osseointegration leads to better load distribution in the cortical bone. This creates more shear
stress, which could mean that the bone-implant contact is more stable and effective. In the SPS-RN
(Standard Plus Regular Neck) implant model, shear stresses in cancellous bone stay about the same
at all osseointegration levels. The Sxy stress in the XY plane stays at about 1.55 MPa. But as
osseointegration goes up, shear stress in cortical bone goes down a lot. This is especially true in the
XY plane, where stress drops from 78.34 MPa at 25% osseointegration to 75.28 MPa at 100%. This
means that as osseointegration gets better, the shear stresses in the cortical bone become more evenly
distributed. This makes it less likely that there will be localized stress concentrations that could
weaken the implant’s durability. In the SPS-WN (Standard Plus Wide Neck) implant model, shear
stresses in cancellous bone are often lower than in the other models. As osseointegration progresses,
only small decreases are seen. The Sxy stress in the XY plane drops slightly, from 1.105 MPa at 25%
osseointegration to 1.095 MPa at 100%. The cortical bone experiences the most significant changes as
osseointegration progresses, particularly in the XY plane, where the Sxy stress decreases from 62.77
MPa to 57.96 MPa. This lower level of shear stress in cortical bone suggests that as osseointegration
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gets better, the bone gets better at handling stresses. This makes implants more stable by lowering
the risk of bone damage caused by shear.

These findings highlight the need for enhancing osseointegration to increase the mechanical
stability of dental implants. The increase in shear stress in cortical bone found in the BioMet 3iT3
model promotes enhanced load distribution and implant stability, especially when osseointegration
improves the bone-implant interaction. In contrast, the steady or decreasing shear stresses found in
the SPS-RN and SPS-WN models suggest that enhanced osseointegration results in a more uniform
distribution of loads, lowering the risk of localized shear stress concentrations that might possibly
compromise the bone or implant. Clinically, our results highlight the need for implant designs and
surface treatments that promote quick and robust osseointegration, especially for individuals with
varied bone densities, to assure long-term implant success and durability.

Figure 4 shows how important osseointegration is for changing the biomechanical environment
at the bone-implant contact (BIC) region, especially when von Mises stress is present. As
osseointegration gets better across all implant types and bone conditions, the highest von Mises stress
at the BIC goes down. This means that the load is spread out more evenly and there are fewer stress
concentrations. This is especially visible in the SPS-WN implant, which shows a considerable
decrease in stress from 209.83 MPa at 25% osseointegration to 156.82 MPa at 100%. Such a reduction
in stress concentration is critical for improving the implant’s mechanical stability because it reduces
the danger of localized bone resorption and implant failure caused by excessive stress. The findings
are more complicated for bone type IV, which is less dense and more prone to mechanical failure.
The first rise in von Mises stress in the BioMet 3iT3 implant model at 50% osseointegration and then
the subsequent fall shows that the bone-implant contact changes as osseointegration progresses. This
adaptability is significant in less dense bones because stress distribution may be unequal, making
excellent osseointegration even more important for implant life. The fact that the SPS-RN implant’s
stress levels stayed the same during different stages of osteointegration shows how important
implant design is for maintaining consistent biomechanical function. This stability may lead to
decreased mechanical problems over time, especially in clinical settings where bone quality
fluctuates.

The results underline the importance of obtaining optimum osseointegration for the mechanical
success of dental implants. Improved osseointegration lowers stress concentrations at the BIC,
increasing implant durability and decreasing the likelihood of failure. This stresses the necessity of
choosing implants with designs that facilitate consistent stress distribution, especially in individuals
with reduced bone density (e.g., Type IV bone). Furthermore, the findings suggest that we can create
personalized implant designs to enhance stress distribution for different bone types, thereby
improving dental implantology outcomes. These findings underscore the need for patient-specific
techniques in implant dentistry, where the unique biomechanical environment of each patient’s bone
structure guides implant selection and placement procedures, within the broader context of
biomechanics.

Figure 5 displays contour plots that demonstrate the biomechanical value of osseointegration in
dental implants, particularly in lowering von Mises stress at the bone-implant contact. For Bone Type
III, both the BioMet 3iT3 and SPS-RN implants show less stress as osseointegration improves. This
means that the load is better distributed, and there is a lower chance of localized bone fractures.
However, despite a considerable decrease, the SPS-WN implant still imposes higher stress levels,
suggesting potential stress concentration hazards at the bone-implant interface, especially in denser
bone types. In Bone Type IV, which is less dense, all implant types show a big drop in von Mises
stress as osseointegration happens. The SPS-WN implant benefits the most from better
osseointegration. This shows that adequate osseointegration is critical for improving the
biomechanical stability of implants, particularly in less dense bones where implant failure is more
likely. Also, the fact that both maximum and minimum principal strains go down as osseointegration
gets better makes it even more important to make sure that the bone and implant have a strong
contact. As strain decreases, the bone’s capacity to uniformly distribute stresses increases, reducing
localized deformation and increasing implant lifetime. These findings highlight the need for adequate
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osseointegration in clinical applications to increase mechanical stability and the long-term success of
dental implants, particularly in unfavorable bone scenarios.

The findings in Figure 6 show a considerable decrease in both maximum and minimum principal
strains in low-density cancellous bone (Bone Type IV) as osseointegration improves in the SPS-WN
implant model. This significant reduction in strain suggests that improved osseointegration causes
more efficient load distribution at the bone-implant interface, minimizing localized deformation and
enhancing overall implant stability. The black dotted dots showing the significant stress
concentration zones underline the essential places where osseointegration plays an important role in
reducing mechanical strain, which is necessary for the lifetime and effectiveness of dental implants
in biomechanical applications. This highlights the significance of obtaining optimum
osseointegration, especially in low-density bone, in improving the mechanical performance and
longevity of dental implants.

Figure 7 shows that the maximum and lowest principal strains in the SPS-WN implant model
for high-density cancellous bone (Bone Type III) decrease significantly as osseointegration develops.
This decrease in strain indicates the bone’s enhanced ability to distribute mechanical stresses
efficiently, lowering the risk of localized deformation and improving the implant’s overall stability.
The black dotted dots represent the greatest and lowest main stresses at the implant-cancellous bone
contact, highlighting significant stress concentration locations. The contour plots provide evidence of
a more uniform strain distribution, which strengthens the biomechanical benefit of greater
osseointegration. This is important because long-term durability and clinical implant success depend
on improved osseointegration.

The findings in Figure 8a demonstrate the importance of osseointegration in lowering the
maximum principal strain in low-density cancellous bone (Bone Type IV) across three implant
models: BioMet 3iT3, SPS-RN, and SPS-WN. When it came to 25% osseointegration, the SPS-RN
implant had the most strain, which means it had a higher chance of deforming locally and failing
biomechanically in the early stages of integration. The SPS-WN model regularly demonstrates the
lowest strain values, especially at 100% osseointegration, when the strain lowers significantly to
69000 pe. This shows that as osseointegration improves, the SPS-WN implant design becomes more
successful at reducing strain and increasing mechanical stability, making it ideal for long-term
implant success. The fact that strain went down as osseointegration went up across all models shows
how important it is to get total bone-implant integration to improve load distribution, reduce
mechanical stress, and make implants last longer and work better in clinical settings.

The results in Figure 8b emphasize the critical need to achieve complete osseointegration in low-
density cancellous bone (Bone Type IV) to improve implant stability. The SPS-WN implant model
has a much lower minimum principal strain, especially as osseointegration increases from 25% to
100%. This shows that it can spread mechanical loads more evenly, which lowers localized stress and
the chance of bone resorption. The BioMet 3iT3 and SPS-RN models, on the other hand, had higher
strain values, especially at lower levels of osseointegration. This showed how biomechanically weak
implants can be when they don’t integrate properly. These findings suggest that maximizing
osseointegration is critical for reducing mechanical strain at the bone-implant interface, which is
critical for the long-term durability and effectiveness of dental implants in clinical settings.

Figure 8c shows that the SPS-WN implant model is better for biomechanics in high-density
cancellous bone (Bone Type III), since it always shows the lowest maximum principal strain at all
levels of osseointegration. This shows better load distribution and lower mechanical stress at the
bone-implant contact, which is important for reducing the risk of localized bone damage and
improving implant stability. The considerable decrease in strain reported across all implant types as
osseointegration builds demonstrates the need for complete integration to maintain excellent
biomechanical function. The BioMet 3iT3 model, despite initially displaying the greatest strain, gains
significantly from increased osseointegration; nonetheless, the SPS-WN model’s continuously lower
strain shows that its design is more successful in reducing stress and increasing long-term implant
success in clinical applications.
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The results shown in Figure 8d demonstrate the importance of osseointegration in reducing the
minimum principal strain in high-density cancellous bone (Bone Type III) across various implant
types. The BioMet 3iT3 model initially shows the greatest strain at 25% osseointegration, suggesting
a higher risk of localized bone stress. However, as osseointegration advances, all models show a
notable drop in strain. The SPS-WN model has the most dramatic reduction, particularly at 75%
osseointegration, when it records the lowest strain value of 16.985 pe. This demonstrates that the SPS-
WN implant is highly effective at lowering mechanical stress at the bone-implant interface, which
improves implant stability and reduces the risk of bone destruction. The continued decline in strain
with increasing osseointegration highlights the necessity of complete integration for the long-term
biomechanical success of dental implants, especially in high-density bone.

5. Conclusions

This research examines the biomechanical performance of three kinds of short dental implants—
BioMet 3iT3, SPS-RN, and SPS-WN —through four phases of osseointegration (25%, 50%, 75%, and
100%) in cancellous bones with high and low densities (Bone Type III and IV, respectively). The
following summaries are based on the current research.

*  Osseointegration Improves Implant Stability: Across all implant types and bone densities,
increasing osseointegration results in a substantial decrease in both von Mises stress and
principal strains at the bone-implant interface, indicating better load distribution and a reduced
likelihood of localized destruction of the bone.

*  The SPS-WN implant exhibits superior biomechanical performance, with the lowest maximum
and minimum principal strains at all phases of osseointegration, particularly at 100%
integration. This shows that the SPS-WN implant design is more successful at reducing
mechanical stress while increasing stability, making it ideal for individuals with variable bone
densities.

=  The Effect of Bone Density on Stress Distribution: All implants showed higher initial stress and
strain in low-density cancellous bone (Bone Type IV). This shows how important it is to achieve
complete osseointegration to reduce these effects. The SPS-WN implant was particularly
successful in lowering stress in low-density bone, indicating its potential for use in patients with
poor bone quality.

=  BioMet 3iT3 Implant Needs Careful Consideration: The BioMet 3iT3 implant had greater starting
strain values, but it benefitted from enhanced osseointegration, resulting in considerable stress
and strain reductions. However, the fact that it consistently shows higher strain values than the
SPS-WN model suggests that it might not work as well when bone quality is low or
osseointegration is weak.

= Critical Role of Complete Osseointegration: The research emphasizes the need for 100%
osseointegration for proper implant function. Incomplete osseointegration is linked to increased
stress concentrations and a higher likelihood of implant failure, especially in less dense bones.
In conclusion, this research highlights the significance of implant design and osseointegration in

assuring mechanical stability and long-term success of dental implants. The SPS-WN implant type is

the most biomechanically advantageous, especially in complicated bone conditions, making it an
excellent choice for clinical applications requiring excellent osseointegration.
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