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Marginal bone loss (MBL) remains a controversial issue and a major complication in the field of oral and bone health.

The goal of this study was to evaluate the biomechanical effect of implant length, MBL levels, and load magnitude

under axial and buccolingual loading on stress at the bone–implant interface. Four case models (without bone loss, 0.5

mm bone loss, 1 mm bone loss, and 1.5 mm bone loss) and two implants with different lengths (Type A with 12 mm and

Type B with 15 mm) were created using SOLIDWORKS. In the first part, an axial load of 100 N and a buccolingual

load of 50 N were applied separately on the occlusal face of the crown. In the second part, different loading magnitudes

(100 N, 150 N, 200 N, 250 N) were applied separately with implant A. Simulation results show that the stresses were

higher with implant B in cortical bone compared to implant A, and as the bone loss increases, the von Mises stress

and displacement in the bone increases in all cases. The stresses were higher in buccolingual loading compared to axial

loading, and a higher magnitude of different loading generates higher stresses in the bone tissue. Through this study,

it was concluded that progressive MBL and excessive loading produce higher stresses in the bone tissue, which may

affect the bone remodeling process.

KEY WORDS: dental implant, marginal bone loss, stress, FE analysis, overload

1. INTRODUCTION

Today, dental implants are increasingly used to replace missing teeth, especially with the adoption of current technolo-
gies such as additive manufacturing (3D printing) (Revilla-León et al., 2020). Despite the success of the implantation
process, many complications can occur, including marginalbone loss (MBL). Researchers in implant dentistry have
used cone-beam computed tomography to determine the bone geometry before and after implantation. Their studies
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report radiographic MBL during and after the first year of theimplantation (Saravi et al., 2020), bone loss around 1.5
mm during the first year and 0.2 mm every subsequent year (Duanet al., 2017), and the majority of implant failures
happened within the first few years of implantation (Chrcanovic et al., 2018).

MBL is still a controversial issue, and many factors may influence it. According to the current literature, the fol-
lowing variables are primarily responsible for bone loss: implant-abutment connection type; implant position (Mailoa
et al., 2015); density and quality of the bone (Ayranci et al., 2017; Taharou et al., 2021); implant stiffness and porosity
(Mehboob et al., 2021); and implant geometry (Kowalski et al., 2021) such as the difference of the shape (conical,
cylindrical) (Ramos and Mesnard, 2019; Didier et al., 2020), diameter (Anitua et al., 2021), neck configurations
(Zhang and Yue, 2021; Ausiello et al., 2021), and thread designs (Ormianer et al., 2016; Alemayehu and Jeng, 2021).
Researchers also have found that overloading and smoking contribute to marginal peri-implant bone loss (Albrekts-
son et al., 2019a; Naveau et al., 2019; Sadowsky, 2019; Clementini et al., 2014; Chrcanovic et al., 2015). In addition,
placing two adjacent implants can also cause significant bone loss (Ramanauskaite et al., 2018), which explains why
the number of implants is often limited by alveolar bone resorption. Srinivasan et al. (2017) report that severe MBL
occurs when people get older. Moreover, the immunological and inflammatory reactions of the individual host im-
mune system influence the MBL progression (Albrektsson et al., 2019b). Recently, a study has shown that an implant
with a micro-threaded neck form and a rough surface can enhance the preservation of crestal bone (Al-Thobity et al.,
2017). Currently, many procedures have been proposed to improve implant stability and prevent MBL such as using
bone grafts and platelet concentrates (Qu et al., 2021; González-Serrano et al., 2021).

The stress analysis of the bone-implant interface has been the subject of multiple studies using finite element
analysis (FEA) (Drai et al., 2018; Reddy et al., 2019; Ouldyerou et al., 2022; Kasani et al., 2019; Ali et al., 2013;
Merdji et al., 2012; Korkmaz and Kul, 2021). Some of these researchers studied the distribution of stress at the
level of the bone and the implant in the case of MBL. Gupta et al. (2021) numerically analyzed the effect of verti-
cal bone loss levels in a dental implant with different diameters with one common length of 11.5 mm. They found
that implant diameter profoundly affected the stresses generated in cortical bone, and the stresses in the trabecu-
lar bone were found to increase as more bone was lost. Linetskiy et al. (2017) elaborated on the effect of annual
bone loss levels in different bone qualities with three different implants. They reported that for all bone types, the
von Mises stresses in cortical bone decrease with an increase in the diameter of the implant. Bing et al. (2020)
investigated stress distribution of the peri-implant boneresorption in three implants with different diameters by
using 3D FEA. The results they obtained show that as bone resorption increased, the von Mises stress in the im-
plant body became more significant, especially in the small diameter of the implants. Lemos et al. (2021) studied
the impact of bone quality and vertical bone loss level around two implants with different implant-abutment con-
nections (internal and external). The results showed that vertical bone loss produce higher stress and microstrain
in the bone tissue, especially in the osteoporotic bone under oblique loading, and the internal connection implants
showed lower stress in the cortical bone. Yoon et al. (2011) analyzed stress distributions for an osseointegrated im-
plant after different vertical bone loss levels. They foundthat the stresses increased as the bone resorption level
increased. Wolff et al. (2014) analyzed the influence of fourdifferent implant geometries and bone configurations
on the strain patterns in the adjacent bone tissue. They found that strain is higher in surrounding bone when pro-
gressive bone loss occurs. Ercal et al. (2021) explored the influence of crown-to-implant ratio prosthetic materials
and bone resorption on stress distribution of short implants. They obtained that the crown material does not affect
stress distribution in the surrounding bone, and in resorption models, von Mises stress was higher than in nonre-
sorption models. Pérez-Pevida et al. (2021) used a 3D modelto evaluate the impact of MBL around dental implants
and surrounding bone in terms of stress and strain. They concluded that stress distribution of peri-implant bone is
higher as the bone loss increases. Yenigun et al. (2021) studied the effect of mono and two-piece abutments on the
stress of narrow implants with MBL. Their results report that the marginal bone significantly increased stress val-
ues in the implant vicinity and abutment screw. As far as we know, it is still critical to understand the levels of
bone loss and their effect on bone tissue mainly with different implant lengths and under different magnitude load-
ing.

Hence, this study aimed to estimate the impact of vertical MBL on stress in the bone around two implants with
a difference in length in certain biomechanical conditions: implant A with 12 mm, implant B with 15 mm, and the
effect of magnitude loading under axial and buccolingual loading.
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2. MATERIALS AND METHODS

2.1 Construction of the 3D Model

Figure 1(a) shows the two scales of bone tissue (micro- and macroscale). Based on scanned mandibular bone surfaces,
the macroscale computer-aided design model of the mandiblebone was simplified into one section for the computa-
tional cost, and it was designed in nonuniform rational basis spline using Rhinoceros 3D v6.0. The cancellous bone

FIG. 1: Construction of 3D models. (a) 3D morphology of selected bone and dental crown; (b) dimensions of different components
of the dental system; (c) the studied cases (no MBL, with MBL).
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is surrounded by a 2 mm layer of cortical bone (bone type III),and the same steps were done for the dental crown
(premolar placement).

Two implants with different lengths and one abutment were constructed in SOLIDWORKS 2020 SP5. Implant A
was selected with a length of 12 mm and implant B with 15 mm; both have the same diameter of 3.5 mm as shown in
Fig. 1(b). Both implants have the same thread parameters: depth 0.20 mm and pitch 1 mm. The abutment length is 8
mm, the top and the lower diameters are 3 mm and 2.2 mm, respectively. The lower part of the abutment has a thread
with a pitch of 0.45 mm and a depth of 0.15 mm.

The purpose of this study was to assess the quantity of MBL around two implants that have a difference in length
simulated under axial and buccolingual loading. Four caseswere provided as shown in Fig. 1(c): case (a) without
MBL, case (b) with 0.5 mm bone loss, case (c) with 1 mm bone loss, and case (d) with 1.5 mm bone loss.

2.2 Mesh and Boundary Settings

All models were imported into the FEA software ABAQUS v6.20,a quadratic tetrahedral element (C3D10) was used
for the interested regions between bone and implant interface, and the rest of the components were meshed by linear
tetrahedral elements (C3D4) as shown in Fig. 2(a). Mesh sensitivity analysis was performed for more accurate results.
The total numbers of elements and nodes of all models are reported in Table 1.

All materials simulated in this study were considered isotropic, homogeneous, and linearly elastic. Table 2 sum-
marizes the properties of the materials used in this study.

The first part was to evaluate the effect of implant length on stress and displacement distribution in the surround-
ing bone with and without MBL. An axial load of 100 N and a buccolingual load of 50 N were applied separately on

FIG. 2: (a) 3D finite element mesh; (b) loading and boundary conditions
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TABLE 1: Total number of nodes and elements used in this study

Implants Cases Number of nodes Number of elements

Implant A

(a) Without bone loss 111,167 230,814
(b) 0.5 mm bone loss 113,639 232,401
(c) 1 mm bone loss 111,307 230,949

(d) 1.5 mm bone loss 113,092 231,984

Implant B

(a) Without bone loss 129,371 247,543
(b) 0.5 mm bone loss 131,776 249,082
(c) 1 mm bone loss 130,768 248,438

(d) 1.5 mm bone loss 130,509 248,245

TABLE 2: Properties of the materials

Components Materials
Young’s modulus Poisson’s ratio

References
(GPa) (ν)

Mandibular bone
Cortical bone 13.7

0.3 (Ercal et al., 2021)
Cancellous bone 1.37

Abutment-implant Titanium 100 0.35
(Lemos et al., 2021)Crown framework Ni-Cr Alloy 206.0 0.33

Veneering crown Feldspar porcelain (ceramic) 82.8 0.35

the top surface of the veneering crown (all nodes included).In the second part of this study, we examined the influ-
ence of load magnitude on stress distribution in the surrounding bone, and different values of loading were applied
separately: axial loading (100 N, 150 N, 200 N, 250 N) and buccolingual loading (50 N, 100 N, 150 N, 200 N). The
upper surfaces of the bone were fixed in all axes. Figure 2(b) illustrates the boundary conditions. The implant was
considered to be fully osseointegrated in this study, and a bonded contact was used for implant–cortical/cancellous
bones and bone–bone, based on previous studies (Didier et al., 2020; Shi et al., 2017).

3. RESULTS

3.1 Effect of Implant Length

The influence of two different implant lengths in the surrounding bone was investigated using FEA. Maximum output
values are reported in Table 3.

Figure 3 shows the displacement distribution (µm) in the surrounding bone for each implant type. The simulated
results show the different displacement of bone tissue (Fig. 3) under axial and buccolingual loading for different
implant lengths. The higher displacement was observed in the peri-implant neck area and then gradually decreased
at the apical region of the cancellous bone. It could be noticed that in all cases, the higher displacements were with
implant A compared to implant B. The maximum displacement was 4.20µm with implant A and 4.10µm with
implant B, and lowest values were 1.73µm and 1.59µm for implants A and B, respectively.

The von Mises stresses distribution (in MPa) of each model incortical bone and cancellous bone under axial
loading are presented in Fig. 4, and under buccolingual loading in Fig. 5. Under axial loading of 100 N, the von Mises
stress values are concentrated primarily on the cervical margin of the cortical bone in the region of the implant neck.
According to the results obtained in Table 3, the higher stress in cortical bone for implants A and B were 15.6 MPa
and 16.1 MPa, respectively. The lowest stress was observed in implant A with a value of 12.9 MPa and for implant
B, 13.3 MPa. In cancellous bone, the higher stress for implants A and B were 1.46 MPa and 1.26 MPa, respectively.
The minimum stress in cancellous bone with implant B reacheda value of 0.95 MPa, and for implant A it was 1.12
MPa. Under buccolingual loading, the maximum stresses in cortical bone for implants A and B were 59.50 MPa and
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TABLE 3: Max von Mises stress (MPa) and max displacement (µm) in the cortical bone
and the cancellous bone

Cortical Cancellous
bone bone

Axial BL Axial BL
loading loading loading loading

Implant A
(a) No marginal bone loss 12.9 1.85 43.13 2.83 1.12 1.73 1.28 1.64

(b) 0.5 mm bone loss 14.2 2.10 45.48 3.23 1.24 1.93 1.71 1.85
(c) 1 mm bone loss 14.8 2.34 52.61 3.75 1.38 2.18 2.67 2.52

(d) 1.5 mm bone loss 15.6 2.45 59.50 4.20 1.46 2.34 3.79 3.20

Implant B
(a) No marginal bone loss 13.3 1.70 45.02 2.80 0.95 1.59 1.27 1.61

(b) 0.5 mm bone loss 14.9 1.94 48.54 3.21 1.05 1.77 1.72 1.80

(c) 1 mm bone loss 15.2 2.12 55.56 3.68 1.17 1.97 2.56 2.47
(d) 1.5 mm bone loss 16.1 2.25 62.57 4.10 1.26 2.10 3.73 3.19

62.57 MPa, respectively. In cancellous bone, the peak stress for implant A was 3.79, and 3.73 MPa for implant B,
and the minimum stresses for implants A and B were 1.28 MPa and1.23 MPa, respectively. The results indicate that
the stress values were much higher in cortical bone comparedto the cancellous bone and that buccolingual loading
generates more stress than axial loading. It could be also noticed that the stress between cancellous bone and implant
interface under axial loading tends to decrease with the increasing length of the implant.

3.2 Effect of Bone Loss Levels

From the outputs results, for implant A, the maximum displacement was 4.20µm in case (d) with 1.5 mm bone loss,
and the lowest value was 1.64µm in the case of no MBL. For implant B, the maximum displacement was in the case
of 1.5 mm bone loss (4.10µm) and the minimum value in case (a) without MBL (1.61µm). It could be observed that
the maximum displacements were higher with increasing amounts of MBL. Stress analysis showed that the amount
of bone loss increased the equivalent stress in cortical andcancellous bone. In models of no MBL, the stress was
less. Conversely, in the case of MBL, the stresses were higher. Maximum stress was obtained with case (d): 62.57
MPa in cortical bone and 3.73 MPa in cancellous bone. Lower stress was observed in case (a) without MBL, 13.3
MPa in cortical bone, 0.95 MPa in cancellous bone. Stress analysis in the bone tissue under different loading showed
that increasing the bone loss levels increases the stress and that buccolingual loading produces more stress than axial
loading. The maximum stresses of cortical bone were less than the yield strength, around 113 MPa (Reed and Brown,
2001). For the cancellous bone, the peak stress values underaxial loading in all cases were lower than the yield
strength (around 3.65 MPa) (Zhang et al., 2013; Nazarian et al., 2009), but in buccolingual loading for both implants,
the maximum stress in case (d) with 1.5 bone loss was higher compared to the yield strength.

3.3 Effect of Loading

Overload in a biomechanical system is characterized as a situation in which excessive mastication forces cause the
implant or mechanical components to bend repeatedly, resulting in MBL or implant failure. To study the influence
of the excessive loads and the MBL, four loads were applied separately with implant A in different directions: axial
loading of 100 N, 150 N, 200 N, and 250 N and buccolingual loading of 50 N, 100 N, 150 N, and 200 N. Figures
6 and 7 show the stress change in terms of different loading and MBL levels. Results indicate that progressive bone
loss with excessive loading increase the stress intensity in cortical and cancellous bone and may lead to catastrophic
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FIG. 3: Displacement distribution (µm) under axial load in cortical and cancellous bone. Case (a)without marginal bone loss;
cases (b)–(d) with marginal bone loss.

fracture of the mandible bone. Excessive chewing forces area very influential factor in disrupting the osseointegration
process.

4. DISCUSSION

One of the main criteria for determining implant success hasalways been marginal bone stability around implants,
and many causes have been suggested to contribute to MBL around the dental implant, including bacterial infiltration,
implant neck design, and undesirable stress distribution surrounding the bone (Paracchini et al., 2020). Moreover, sev-
eral studies have been introduced to improve implant stability and reduce MBL (Dı́az-Sánchez et al., 2019; Lombardi
et al., 2019).

This study with each simulated model was carried out to studythe effect of the amount of bone loss, including
the implant length and magnitude loading on the stress distribution in the surrounding bone using FEA. Von Mises
stress (equivalent stress) is often used as a technique for the evaluation of stress in FEA of 3D bodies with complex
shapes such as teeth or mandible (Shinya et al., 2021). Results showed that the difference between the length of the
implants does not affect significantly the peak stress valuein the bones, but rather on its distribution. Longer implants
may contribute to decreasing stress in the cancellous bone compared to short implants, as achieved in the previous
study (Raaj et al., 2019). Longer implants contribute to more stress inside the bone. Von Mises stresses were higher
in cortical bone compared to cancellous bone due to the variation between stiffness; cortical bone is stiffer and able
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FIG. 4: Stress distribution in MPa under axial load in cortical and cancellous bone. Case (a) without marginal bone loss; cases
(b)–(d) with marginal bone loss.

to resist more compression than cancellous bone (Morgan et al., 2018). The current study’s findings showed that
the maximum amount of stress in cortical and cancellous boneis concentrated around the neck at the bone–implant
interface, and the stresses under buccolingual loading were higher than axial loading. This is because of the shear
forces created under buccolingual loading, which acts parallel to the surface, and that axial loading acts uniformly
along with the implant. The results of this study coincide with other studies showing that progressive bone loss
contributed to an increase of stress in the bone (Yoon et al.,2011). The bone loss amounts are usually at the first year
after implantation because of mechanical damage during drilling procedure surgery (Pérez-Pevida et al., 2020). The
drilling forces created are highly subjective, and they vary depending on the clinician (Lughmani et al., 2015). The
pocket formed in the bone by the MBL may allow bacterial colonization, which may affect the remodeling process
of the cancellous bone in the long term (Pokrowiecki et al., 2017).

One of the main factors for bone loss is occlusal overload; tounderstand the impact of bite forces an increase of
load magnitude was applied in this study. Results showed excessive loading and progressive bone loss increase the
stress in cortical and cancellous bone. The greater masticatory load with a greater duration of contact can cause de-
formation and pathological mandibular fracture (Sohn et al., 2011), bone damage, or implant failure due to excessive
force around the implant (Marcián et al., 2018).

Higher stress generated in the bone tissue may lead to an increase in stress and strain intensity. Frost’s (2001)
study proved that the bones can be remodeled according to theamount of internal stress. If the threshold is exceeded,

International Journal for Multiscale Computational Engineering



Biomechanical Evaluation of Marginal Bone: 3D Finite Element Analysis Study 51

FIG. 5: Stress distribution in MPa under buccolingual load in cortical and cancellous bone. Case (a) without marginal bone loss;
cases (b)–(d) with marginal bone loss.

the result will be bone loss or pathological overload, whichcause bone damage or mini fractures. This is what was
updated in mechanostat hypothesis (Frost, 2004), which describes the state of bone behavior depending on the stress
and strain severity.

Studies have proven the necessity to look at the patient’s bone condition as an important factor for implantation
(Chakraborty et al., 2020). In addition, measurements of primary implant stability provide important predictive in-
formation that may aid treatment planning (de Souza et al., 2013). To our knowledge, no FEA data are reported in
the literature on how overload and MBL with different implant lengths can contribute to increasing stresses in the
bone tissue. Therefore, we couldn’t compare the output dataof the current study with other FEA studies. However,
we could demonstrate the effect of MBL with different loading and different implant length on stress distribution in
the bone. The study will be extended in the future to include an algorithm of the healing process of the surrounding
bone after excessive bone loss.

Establishing bone geometry and then adopting FEA is one approach to solving problems in biomechanics (Fish
and Hu, 2016). On the other hand, multiscale analysis has gradually gained enormous potential for combined macro-
and microanalysis in the field of bioengineering tissues (Sanz-Herrera et al., 2019). In this study, we were able to
numerically determine how much stress was distributed using FEA, but we are unable to perform a clinical experiment
for this study, which has some limitations. FEA tool cannot account for the effects of forces applied by oral cavity
muscles. Bone properties are overly complex, and their behavior cannot act as isotropic and homogenous. As well as
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FIG. 6: Variation of von Mises stress with axial loading with different bone loss levels: (a) cortical bone; (b) cancellous bone

FIG. 7: Variation of von Mises stress with buccolingual loading with different bone loss levels: (a) cortical bone; (b) cancellous
bone

in the case that was studied, the role of the gums was not considered. However, it is necessary to compare the presented
results with those obtained byin vivostudies. Despite this, the study will be extended in the future to predict the field
variable distribution (stresses, strains) at both scales (macro and micro) using the powerful tool, FEA.

5. CONCLUSION

MBL is still a serious problem. In this study, the stress between the bone–implant interface has been studied using
FEA, and with the limitation of this study, it was concluded that:

1. The stresses between cancellous bone and implant interface under axial loading tend to decrease with the
increase of implant length.

2. Regardless of the implant length, progressive MBL and excessive loading produce higher stresses in the bone
tissue.
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3. A nonaxial loading generates more stresses in the bone tissue than the axial loading.

These factors may affect the bone remodeling process and canlead to implant failure.
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