
Citation: Yoon, Y.; Kim, J.-E.; Kim, E.;

Park, S.; Kang, I.; Kwon, Y.-D. Stability

of the Implant–Alveolar Bone

Complex According to the

Peri-Implant Bone Loss and Bone

Quality: A Finite Element Analysis

Study. Appl. Sci. 2024, 14, 11674.

https://doi.org/10.3390/

app142411674

Academic Editor: Iole Vozza

Received: 18 November 2024

Revised: 4 December 2024

Accepted: 10 December 2024

Published: 13 December 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Article

Stability of the Implant–Alveolar Bone Complex According to
the Peri-Implant Bone Loss and Bone Quality: A Finite Element
Analysis Study
Youngjae Yoon 1, Jae-Eun Kim 2 , Eunji Kim 2, Soyeon Park 3, Inyeong Kang 3 and Yong-Dae Kwon 1,*

1 Department of Oral & Maxillofacial Surgery, College of Dentistry, Kyung Hee University,
Seoul 02447, Republic of Korea; 1992youngjae@khu.ac.kr

2 Department of Dentistry, Graduate School, Kyung Hee University, Seoul 02447, Republic of Korea;
wodms1022@khu.ac.kr (J.-E.K.); eejj@khu.ac.kr (E.K.)

3 School of Mechanical Engineering, Korea University, Seoul 02841, Republic of Korea;
soyeonp1113@gmail.com (S.P.); m.rkawk.m@gmail.com (I.K.)

* Correspondence: yongdae.kwon@gmail.com or kwony@khu.ac.kr; Tel.: +82-2-958-9440

Abstract: Peri-implant bone loss and bone quality significantly affect the biomechanical stability
and long-term success of dental implants. This study used finite element analysis to evaluate the
stress distribution and deformation behavior of implants and alveolar bone according to bone loss
(0–5 mm) and bone quality (normal and low). A finite element model was implemented based on a
three-dimensional mandibular model. The mechanical properties of each component were assigned,
and finite element analysis was performed using a static occlusal load. The results showed that
progressive bone loss increased von Mises stresses in the implant fixture and surrounding bone, and
low-quality bone showed a significant vulnerability to stress concentration. The 2 mm bone loss
model showed the maximum stress in cortical bone, and from 3 mm onwards, the stress decreased
due to extensive loss of cortical bone. This may be because extensive bone loss causes the implant to
lose interface with cortical bone and contact only with cancellous bone. This study confirmed that
bone loss and the vulnerability of bone quality may potentially affect implant failure. Continued
research is needed to suggest customized implants based on the structural vulnerability of alveolar
bone.

Keywords: dental implant; peri-implant; bone loss; finite element analysis

1. Introduction

Dental implants are osseointegrated structures that stably combine with the surround-
ing bone, so maintaining marginal bone is essential for implant treatment success and
long-term stability [1]. Peri-implant bone loss is a multifactorial process that involves
progressive bone loss caused by factors such as bone quality deterioration, surgical trauma,
peri-implantitis, and occlusal overload [2–4].

A long-term follow-up study of implants revealed complications such as loss of
marginal bone after the prosthetic stage [5]. These complications are caused by direct stress
transmission due to the implant–bone interface and stress concentration due to differences
in stiffness of the bone around the implant under various load conditions. Anatomically,
unlike teeth, implants do not have a periodontal ligament, so stress is directly transferred to
the bone around the implant [6]. Excessive stress leads to bone microcracks and negatively
affects implant stability, leading to implant failure in the long term. Previous studies
have shown that as peri-implant bone loss increases, the magnitude of stress within the
implant increases [7–9]. Other studies have suggested that unfavorable stress distribution
associated with peri-implant bone resorption may lead to vertical fractures of internally
connected implants [10].
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Bone quality can affect implant survival and surrounding bone maintenance [11]. It
is important in high-risk patients with skeletal diseases characterized by decreased bone
density and microstructural deterioration, such as osteoporosis [12,13]. The results of
implant treatment are within a predictable range in normal-quality bone, but it is difficult
to obtain the same results in bone with low-quality bone. In previous studies, if the
bone quality is poor during implant placement surgery, the risk of bone damage increases
compared to normal bone [14]. Romanos et al. [15] reported that bone quality was the
most important factor for implant selection and initial stability. Chrcanovic et al. [16]
reported that bone structure was the most important factor in selecting favorable patient
treatment outcomes. Continuously monitoring and comparing marginal bone changes is
essential to prevent implant failure and complications, and it can provide useful information
when implanting low-quality bone. However, there is still a need for more research that
continuously evaluates implant stability and marginal bone changes according to bone
loss and bone quality in various clinical situations, and the results of existing studies are
inconsistent. Lombardi et al. [17] reported that deep implant insertion and short abutment
were associated with greater marginal bone loss during the first 6 months after prosthesis
loading. In contrast, Pontes et al. [18] evaluated clinical and radiographic changes in bone
around implants inserted at various bone levels and reported that the apical position of
the implant did not affect the ridge loss. In addition, Nimbalkar et al. [19] summarized
the factors influencing bone loss around implants and reported that low bone density was
correlated with decreased implant stability and increased bone deformation. In contrast,
Do et al. [20] summarized the influence of various potential risk factors on the incidence of
late dental implant failure and reported that bone status (osteoporosis or osteopenia) was
not significantly associated with late failure. The inconsistency in these research results is
likely due to differences in study design, definition and assessment of bone quality, criteria
for measuring implant stability, and analytical methods. In particular, there is a lack of a
standardized approach to quantitatively assess the effect of bone quality on early implant
stability and long-term marginal bone changes and the specific mechanisms by which the
interaction between bone loss progression and bone quality affects the mechanical stress
and strain distribution in the bone around implants have not been elucidated.

Finite element analysis (FEA) has been gaining attention as a noninvasive technique
useful for analyzing the complex biomechanical behavior of the jawbone [21,22]. FEA is
widely used in various fields of expertise and provides a realistic description that can reflect
the complexity of actual clinical situations through stress and strain behavior [23]. FEA is
also widely used in studies on the stability of dental implants, but most studies focus on the
structural design of the implant itself, and the evaluation and analysis of the biomechanical
behavior of bone tissue are relatively lacking [24–27].

This study aims to evaluate the biomechanical stability of implants and surrounding
bone by analyzing how stress and strain applied to implants and surrounding bone change
according to the amount of bone loss and bone quality. By investigating the differences
in the principal strains of stress and fatigue failure ranges that appear in cortical and
cancellous bones, we provide basic clinical data necessary to ensure the long-term stability
of implants.

2. Materials and Methods

To analyze the stability of the implant and bone tissue based on bone quality and
peri-implant bone loss, two bone models with different material properties (normal bone
and low-quality bone) and six models with levels of bone loss (0, 1, 2, 3, 4, and 5 mm) were
constructed.

To reflect the anatomical structure of the bone, a three-dimensional (3D) model of
the mandible was segmented from oral and maxillofacial computed tomography (CT)
using medical image processing software (Mimics 26.0, Materialise Corporation, Leuven,
Belgium). Using 3D modeling software (3-matic Research 18.0, Materialise Corporation,
Leuven, Belgium), the mandibular region of the molar area was reconstructed by dividing
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it into cortical bone and cancellous bone, and then the implant fixture was implanted.
The thickness and shape of the cortical and cancellous bone layers were configured based
on actual anatomical proportions, with the cancellous bone positioned in the center and
surrounded by a 2 mm thick cortical bone layer [28]. The implant is a type that is internally
connected at the bone level and consists of a crown, cement, abutment, screw, and fixture
model. The fixture was designed with a diameter of 4.0 mm and a length of 10.0 mm
(Figure 1a). The peri-implant bone loss model implemented vertical bone loss based on a
baseline model with standard bone height. By reducing the bone height in 1 mm increments,
models with bone loss levels of 1, 2, 3, 4, and 5 mm were created (Figure 1b) [29–31].
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Figure 1. Three-dimensional model: (a) composition of implants and bone; (b) peri-implant bone
loss.

The mesh consists of four-node tetrahedral elements, and the mesh convergence test
was conducted by gradually reducing the mesh size according to previous studies [32].
Considering computational efficiency and result convergence, the mesh size was deter-
mined to be appropriate for FEA (Figure 2a). Table 1 lists the element size, number of
nodes, and number of elements for each structure.

Appl. Sci. 2024, 14, 11674 4 of 12 
 

 
Figure 2. Finite element model: (a) surface and volume mesh; (b) loading and boundary conditions. 

The finite element model with surface and volume meshes was transferred to the FEA 
software (Abaqus version 6.14-3, Dassault Systèmes Simulia Corporation, Johnston, RI, 
USA) to perform static simulations. The implant components and bone tissue were as-
sumed to be isotropic, homogeneous, and linearly elastic [33]. The normal bone model 
was set to have a general elastic modulus, and the low-quality bone model reflected a state 
of reduced bone strength, such as osteoporosis [34]. In the implant components, the crown 
type is all-ceramic, the cement type is temporary cement, and the abutment, screw, and 
fixture are selected as titanium [35–37]. The material properties assigned to the implant 
components and bone tissue are shown in Table 2. 

Table 2. Material properties of the composition model. 

Composition of the Model Young’s Modulus [MPa] Poisson’s Ratio Reference 

Cortical bone Normal quality 13,700 

0.3 [34] 
Low quality 4140 

Cancellous bone Normal quality 1370 
Low quality 259 

All-ceramic crown 140,000 0.28 [35] 
Titanium * 110,000 0.34 [36] 

Temporary cement 10,760 0.35 [37] 
* Titanium: abutment, screw, fixture. 

To implement the state where the surrounding tissues support the mandible, the 
cross-sections on both sides of the bone model were fixed in all directions to limit dis-
placement. Each implant component and the implant–bone interface were set to a bonded 
condition. The implant–bone interface condition is assumed to be complete osseointegra-
tion. The loading condition was applied in two steps (Figure 2b). In the first step, the 
torque wrench was defined as the sum of the forces generated at the top and bottom of 
the screw during tightening. The torque wrench was set to 32 N∙cm, and an appropriate 
preload was applied to the top and bottom surfaces of the screw [38]. In the second step, 
a maximum occlusal force of 200 N was applied in the tooth axial direction to the occlusal 
surface of the crown [39,40]. A total of 50 nodes were applied to six occlusal points (mesial 
buccal cusp, distal buccal cusp, distal cusp, mesial fossa, distal fossa, and central fossa), 
with 4 N per node. 

  

Figure 2. Finite element model: (a) surface and volume mesh; (b) loading and boundary conditions.



Appl. Sci. 2024, 14, 11674 4 of 12

Table 1. Number of nodes, number of elements, and mesh size of the composition model.

Composition of
the Model Bone Loss [mm] Number of

Nodes
Number of
Elements Mesh Size [mm]

Cortical bone

0 606,119 3,633,156

0.25

1 603,468 3,616,165
2 591,059 3,541,116
3 571,075 3,417,231
4 553,668 3,310,603
5 537,707 3,212,930

Cancellous bone

0–2 649,562 4,008,793
3 648,601 4,003,423
4 637,906 3,937,101
5 618,668 3,817,243

Crown 43,999 257,435 0.25–0.5

Cement 59,496 215,191 0.1

Abutment 39,671 224,617

0.25Screw 9396 47,628

Fixture 25,835 130,287

The finite element model with surface and volume meshes was transferred to the
FEA software (Abaqus version 6.14-3, Dassault Systèmes Simulia Corporation, Johnston,
RI, USA) to perform static simulations. The implant components and bone tissue were
assumed to be isotropic, homogeneous, and linearly elastic [33]. The normal bone model
was set to have a general elastic modulus, and the low-quality bone model reflected a state
of reduced bone strength, such as osteoporosis [34]. In the implant components, the crown
type is all-ceramic, the cement type is temporary cement, and the abutment, screw, and
fixture are selected as titanium [35–37]. The material properties assigned to the implant
components and bone tissue are shown in Table 2.

Table 2. Material properties of the composition model.

Composition of the Model Young’s
Modulus [MPa]

Poisson’s
Ratio Reference

Cortical bone
Normal quality 13,700

0.3 [34]
Low quality 4140

Cancellous bone
Normal quality 1370

Low quality 259

All-ceramic crown 140,000 0.28 [35]

Titanium * 110,000 0.34 [36]

Temporary cement 10,760 0.35 [37]
* Titanium: abutment, screw, fixture.

To implement the state where the surrounding tissues support the mandible, the cross-
sections on both sides of the bone model were fixed in all directions to limit displacement.
Each implant component and the implant–bone interface were set to a bonded condition.
The implant–bone interface condition is assumed to be complete osseointegration. The
loading condition was applied in two steps (Figure 2b). In the first step, the torque wrench
was defined as the sum of the forces generated at the top and bottom of the screw during
tightening. The torque wrench was set to 32 N·cm, and an appropriate preload was
applied to the top and bottom surfaces of the screw [38]. In the second step, a maximum
occlusal force of 200 N was applied in the tooth axial direction to the occlusal surface of the
crown [39,40]. A total of 50 nodes were applied to six occlusal points (mesial buccal cusp,
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distal buccal cusp, distal cusp, mesial fossa, distal fossa, and central fossa), with 4 N per
node.

3. Results

To evaluate the mechanical stability of the implant fixture in bone tissue, the maximum
von Mises stress and stress distribution were analyzed, and to evaluate the biomechanical
effect in the bone tissue around the implant, the maximum von Mises stress and fatigue fail-
ure analysis was performed. In the fatigue failure criterion (>3000 µε), the bone remodeling
rate cannot keep up with the microdamage rate. In other words, microfractures continue to
occur, and the bone healing mechanism loses the time and ability to recover them [41].

Figure 3 shows the maximum von Mises stress values and stress distribution areas of
the implant fixture according to bone quality and peri-implant bone loss. The maximum
von Mises stress of the implant fixture was higher in low-quality bone than in normal bone,
regardless of the amount of bone loss. The stress of the fixture gradually increased as bone
loss increased in both normal and low-quality bone. The highest von Mises stress was
observed in the model with 5 mm of bone loss in low-quality bone, and the stress value
was 218.05 MPa. In the normal bone, when bone loss occurred from 0 mm to 5 mm, the
maximum stress value of the fixture showed a stress increase rate of approximately 36.95%,
and in the low-quality bone, it showed an increase rate of approximately 74.90%. This
indicates that the stress increase in the fixture due to bone loss was more pronounced in low-
quality bone. The maximum von Mises stress difference between normal and low-quality
bone was minimal when bone loss was 0 to 2 mm. However, when bone loss exceeded
3 mm, the stress difference between the two bones became significant. This indicates that a
significant difference in stress distribution occurs when bone loss exceeds a certain level.
As bone loss progresses, the vulnerability of defective bone may become more prominent.
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Figure 3. Distribution area and maximum value of the von Mises stress of the implant fixture.

Figure 4 shows the maximum von Mises stress values and stress distribution areas
of cortical and cancellous bone according to bone quality and peri-implant bone loss.
The highest von Mises stress in the cortical bone surrounding the implant was observed
when the bone loss was 2 mm in the low-quality bone, with a stress value of 60.88 MPa.
Regardless of the amount of bone loss, the stress value of the cortical bone was higher in
the low-quality bone than in the normal-quality bone. As bone loss progressed from 0 mm
to 2 mm, the maximum von Mises stress of the cortical bone gradually increased. In the
normal-quality bone, the stress increased from 21.45 MPa to 47.33 MPa; in the low-quality
bone, the stress increased from 22.29 MPa to 60.88 MPa. When bone loss progressed to
3 mm or more, the cortical bone surrounding the implant was lost, and the maximum
von Mises stress of the cortical bone rapidly decreased. The highest von Mises stress in
cancellous bone was observed when the bone loss was 5 mm in the low-quality bone,
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with a stress value of 60.88 MPa. Similar to cortical bone, the maximum von Mises stress
in cancellous bone was higher in the low-quality bone than in the normal bone model,
regardless of the amount of bone loss. However, the difference in stress values between the
normal- and low-quality bone was not significant overall. The maximum von Mises stress
of cancellous bone increased slightly as bone loss progressed from 0 mm to 2 mm and from
3 mm to 5 mm, but the difference was insignificant. As bone loss progressed from 2 mm to
3 mm, the stress value of cancellous bone increased rapidly from 5.10 MPa to 9.85 MPa in
normal bone and from 5.96 MPa to 10.58 MPa in low-quality bone, compared to other bone
loss increase sections.
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Figure 5 show the distribution and volume fraction of the fatigue failure area of cortical
and cancellous bone according to bone quality and peri-implant bone loss. The fatigue
failure area was distributed around the cancellous bone surrounding the implant. In all
models, the fatigue failure area of low-quality bone was wider than that of normal-quality
bone. The volume fraction in the fatigue failure range of cortical bone was maintained at 0%
in all bone loss sections. There was little difference between normal and low-quality bone,
which increased slightly when bone loss progressed from 0 mm to 2 mm in low-quality
bone. The volume fraction in the fatigue failure range in normal-quality cancellous bone
was almost 0%. As bone loss increased, the volume fraction in the fatigue failure range
also increased, but the difference was minimal. The volume fraction in the fatigue fracture
range in low-quality cancellous bone increased with increasing bone loss. The maximum
volume fraction in low-quality bone condition was 19.60% at 5 mm bone loss, showing a
significantly higher strain than normal-quality bone.
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4. Discussion

This study investigated biomechanical factors by analyzing stress and strain applied
to implants and surrounding bone according to bone loss and quality. The results showed
that the stability of implants was significantly affected by the amount of bone loss and bone
quality surrounding them, suggesting that the anatomical and structural characteristics of
bone play an important role in implant success and long-term survival.

Implant complications are generally classified into biological and technical compli-
cations, but in actual clinical practice, complex interactions between human tissue and
the mechanical components of the implant occur. Biological problems can cause technical
defects, and conversely, technical defects can lead to biological problems, so one problem
or defect can escalate into another clinical complication [42]. Since these interactions vary
depending on the biological conditions of each patient, it is necessary to understand the
biomechanical characteristics of the bone tissue surrounding the implant and comprehen-
sively consider various factors. In particular, the structural characteristics and quality of
the bone play an important role in the implant withstanding and dispersing external stress,
and if the bone quality is low, stress may be concentrated, and bone loss may accelerate [43].
This may negatively affect the implant’s stability and ultimately lead to implant failure.
Therefore, to prevent excessive bone loss and identify its causes, it is necessary to analyze
various factors that act in clinical practice from various angles [19].

Marginal bone loss of approximately 1.5–2 mm around the implant neck during the
first year after implant placement is considered a physiological response, and additional
bone loss of less than 0.2 mm per year after that is within the clinically acceptable range
and is considered a positive outcome [31]. However, the criteria presented in each study
are different and lack consistency [44–46]. The level of bone loss that can be used to predict
implant failure has not been appropriately defined. In this regard, a systematic approach
that clearly distinguishes between physiological and pathological loss of marginal bone
around implants and closely evaluates continuous bone changes is emphasized.

Our results showed that as bone loss around the implant increased, the maximum
von Mises stress in the implant fixture and surrounding bone tissue tended to increase,
consistent with previous research results showing that marginal bone loss around the
implant compromises implant stability. A previous study evaluating the stress distribution
during occlusal loading on implant-supported prostheses using different amounts of bone
loss and materials demonstrated statistically significant differences in the stresses in all
relevant structures when the bone level was reduced by 2 and 4 mm [11]. Another previous
study investigating the effect of microthreads on the stress distribution in the bone around
implants with different bone levels demonstrated a progressive increase in the stresses
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in the bone around implants with increased depth of bone resorption [47]. Additionally,
another previous study determining the effect of prosthetic materials and crown/implant
(C/I) ratios on short implants with marginal bone resorption demonstrated that the stresses
in the implants ranged from 50 to 105 MPa in non-resorbable models, whereas in resorbable
models, the values ranged from 168 to 322 MPa [48]. This stress increase phenomenon was
observed throughout the entire structure and may be due to the reduced implant support
capacity caused by bone loss. Since bone loss around the implant reduces the contact area
between the implant and bone, thereby reducing the load-bearing area and effectively
increasing the lever arm length of the implant fixture, the stress increase was found to
accelerate when marginal bone loss began [9]. This trend was more pronounced in patients
with low-quality bone. Low-quality bone has a relatively limited ability to disperse load,
leading to an increased bone stress concentration around the implant and significantly
impacting its initial stability. In low-quality bone, a high stress concentration occurs even
when initial bone loss occurs, so the resulting stress concentration increases the structural
burden on the implant and surrounding tissues. In an environment where low-quality bone
exists, the stress distribution around the implant is formed unfavorably, which promotes
microdamage and fatigue destruction of bone tissue [49].

These results have important clinical implications in osteoporotic patients with low
bone quality, supporting the importance of a treatment approach that minimizes marginal
bone loss during implant placement in patients with low-quality bone, as discussed in
previous studies [30]. When planning implants for patients with osteoporosis, several
important clinical considerations are necessary [50–53]. An accurate assessment of the
patient’s bone quality is necessary to establish a customized treatment plan that matches
the characteristics of the bone. In the prosthesis design stage, designing to minimize stress
concentration around the implant is important. The structural burden can be reduced
by utilizing a multi-implant system or distributing the load evenly through an occlusal
adjustment. It is also an effective approach to improve the quality and quantity of bone
by performing bone grafting or bone augmentation, if necessary. This can optimize the
implant placement environment and improve initial stability.

This study found conflicting results in the maximum von Mises stress and volume
fraction of the fatigue failure area of cortical and cancellous bone. These differences may be
due to the difference in elastic modulus between cortical and cancellous bone, implying
that bone type responds to stress differently [54]. Cortical bone has a relatively high
elastic modulus, which provides great resistance to initial load and is essential for initial
implant stability, especially because it plays a structural support role around the implant
neck [33]. The results of this study showed that the maximum von Mises stress increased
significantly when the initial bone loss of 1 mm occurred in cortical bone. This suggests
that cortical bone increases initial stability by distributing the load around the implant and
playing a supporting role. However, when the bone loss progressed to 3 mm or more, the
supporting ability of cortical bone was rapidly lost, and the stress decreased significantly.
This emphasizes that it is important to manage cortical bone loss so that it does not exceed
a certain level clinically for long-term implant stability [55]. Conversely, cancellous bone
has a lower elastic modulus than cortical bone, so it responds more flexibly to the initial
load [56]. The cancellous bone acts as the main supporting structure after the support
ability of cortical bone is lost. In this study, cancellous bone stress rapidly increased when
bone loss progressed from 2 mm to 3 mm and then gradually increased as it progressed to 5
mm. In particular, in the initial bone loss section, the stress in the cortical bone was higher
than that in the cancellous bone. However, as cortical bone loss worsened, the cancellous
bone acted as the main supporting structure, and the stress increased.

In the volume fraction of the fatigue failure area, the cortical bone did not show a
fatigue failure area regardless of bone quality. In contrast, cancellous bone showed a
pattern in which the fatigue failure area increased as bone loss increased in low-quality
bone. Although the maximum von Mises stress value of cancellous bone is lower than
that of cortical bone, the fatigue failure volume fraction is higher because it is structurally
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porous and highly ductile, so it reacts more sensitively to fatigue load. Cortical bone
distributes stress well, but cancellous bone accumulates even a small load when repeated
and gradually increases the strain [11]. The contrasting responses of cortical bone and
cancellous bone provide an important point for discussion on the stability of bone around
implants. These differences provide important information for specifying cortical and
cancellous bones’ effects in maintaining implant stability.

It is important to note that, in all models studied, the stresses in the fixture were
significantly below the yield strength limit of the titanium [57,58]. The maximum von
Mises stress values obtained in all models should not compromise the clinical success of
the implant under static loading.

Although the finite element method is an effective method for solving biomechanical
problems, there are some limitations in the analysis process of this study. First, this
study simplified the connection method of the implant model. Since this approach is
based on analyzing the stress and strain distribution trends between the implant and the
surrounding bone, it is judged that it will not significantly affect the results. However,
to more precisely reflect the implant system’s mechanical characteristics, the implant
structure’s connection method must be specified, and additional modeling is necessary.
Second, the load used in this study was set within the normal human occlusal range, but the
oral occlusal process is an environment in which load time, distribution, and direction are
complexly affected. Since the stress and strain distribution within the structure may vary
depending on these load conditions, simulations that reflect dynamic and cyclic loads, such
as fatigue analysis, are required to obtain more realistic results. Third, the study considered
two main properties of bone material properties: stiffness and strain in different directions.
However, more precise consideration of bone physiological properties, such as bone density
and oral environment, can better reflect the actual oral situation. These properties are
important in determining how bone tissue responds to applied loads. Unlike in vivo or
laboratory experiments, FEA focuses on predicting mechanical properties. However, the
oral cavity is a complex environment where various factors, such as biomechanical behavior,
interact. Although this study contributed to analyzing the biomechanical interaction
between implants and surrounding bone, future studies need to more faithfully reproduce
the actual oral environment through more sophisticated modeling and simulations that
reflect in vivo conditions.

5. Conclusions

This study assessed the biomechanical effects of peri-implant bone loss and bone qual-
ity on the stability of dental implants. The results simulated with finite element methods
show that progressive bone loss exacerbates stress concentrations within the implant and
surrounding bone tissue and that low-quality bone is significantly more susceptible to stress
and fatigue failure. Cortical bone is identified as important for maintaining initial implant
stability, and cancellous bone assumes a progressively more significant load-bearing role as
bone loss progresses. These results highlight the importance of preserving marginal bone
and optimizing implant design to alleviate stress concentrations, especially in patients with
low-quality bone. It also provides clinical insight into improving the long-term stability
of implants by considering the potential risk of implant failure due to anatomical and
structural problems.
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