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ABSTRACT  

Aim of the study The purpose of this finite element analyze study was to evaluate the influence of implant 

macrodesign when using two different types of implants, soft tissue level – and bone level implants, in a 

maxillary bone site that previously underwent alveolar ridge preservation and to compare the stress/ strain 

values occurring in the bone and at the implant-bone interface after the application of the static and dynamic 

forces. Material and methods A three-dimensional (3D) finite element model was created to evaluate the 

magnitude and distribution of the stress in the peri-implant bone of a single implant with a crown cemented to a 

titanium abutment. Results The results of the study showed that the values of total movement, the distribution of 

equivalent tension and the tension along the implant axis were lower for the tissue level implants when 

compared to bone level implants. Conclusions Stress/strain distribution patterns were influenced by implant 

collar/neck design in the bone model. Tissue level implants showed better biomechanical behavior in 

posterior maxillary bone when compared with the bone level implants. 
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INTRODUCTION 

Oral surgery and implant dentistry 

have developed over the last years, as a result 

of the need for precise and predictable 

techniques. Guided bone regeneration (GBR) 

is the nowadays preferred technique among 

augmentation procedures in the treatment of 

alveolar ridge defects and socket preservation 

and refers to the use of barrier membranes 

that will separate and protect the grafting 

material and can either be covered by the flap 

or left deliberately uncovered, leading to an 

“open healing” (1). 

One of the more frequent and most important 

biological issues is marginal crest bone loss 

around the dental implant. This type of bone 
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loss can be influenced by a number of factors, 

including infection of the peri-implant tissue, 

mismatch between the attachment and the 

implant, surgical trauma, and biomechanical 

factors related to occlusal load (2). 

Finite Element Analysis (FEA) is a technique 

commonly used for numerical stress analysis 

in engineering and biomechanics to prevent 

problems associated with material failure. 

Nowadays, the finite element analysis method 

is almost generalized in assisted engineering 

design and has massive applicability in 

mechanical research, heat transmission, 

electricity, hydraulics etc., playing an 

increasingly important role in medicine and 

biomechanics (3). FEA was introduced more 

than forty years ago into orthopedic 

biomechanics to assess stress and deformity 

of human bones during functional loads and 

in implant design and analysis. During all this 

period, many studies using the finite elements 

analysis were conducted in both orthopedics 

and dentistry for better understanding aspects 

such as implant design, bone remodeling and 

fracture healing, mechanical properties of 

implant surface treatments and interactions at 

the bone-implant interface (4). 

In the literature of dentistry and oral 

implantology, FEA studies are particularly 

associated with implant, peri-implant tissues 

(cortical and trabecular bone) and prosthetic 

restoration. Simulated forces can be applied 

at specific points at the implant, peri-implant 

area or surrounding tissues in order to analyze 

associated stress. This analytical model can 

contribute to a better understanding of the 

various important biomechanical factors in 

maintaining stability at the implant-bone 

interface (5). 

The predictability and long-term success of 

osteointegration of implants have been 

correlated with several factors: on the one 

hand, factors related to the biocompatibility 

of the material, the macro and micro design 

of the implant and the spirals, the treatment of 

its surface and, on the other hand, the surgical 

technique, bone quality, bacterial and 

mechanical control during healing and after 

loading, plaque control associated with the 

superstructure-implant interface, or the 

moment and conditions of loading (6). 

When bone quality cannot be changed, either 

by general or local causes, additional 

interventions not justifying the benefit of the 

associated risk, the correct selection of 

implants according to their design is 

extremely important, which can bring a major 

advantage in respect to the level of stress 

transmitted at the bone-impacted interface to 

protect the alveolar crest and osteointegration. 

At the same time, the corresponding choice of 

the implant type, corroborated with its correct 

positioning, prevents the repeated destruction 

of the connective tissue attachment to the 

biological width, thereby reducing the risk of 

bone resorption (7). 

Implant design can be categorized in two 

ways, depending on macrodesign and 

microdesign. Macro-design refers to the 

implant's body, the shape and pitch of the 

spirals, the prosthetic connection, and the 

design of the implant neck. Microdesign 

refers to the material from which the implant 

is made, the morphology of its surface and 

the type of treatment the surface was 

subjected to (8). The studies on macrodesign 

of implants aimed at a better understanding of 

biomechanical factors that affect the success 

of long-term implantation (9). 

However, there is a lack of data in the 

literature regarding the influence that the 

implant macrodesign is producing at the 

implant-bone interface in the alveolar ridges 

that have previously benefited of bone 

augmentation and which could contribute to 

increasing long-term success rates. 

We aimed to determine whether the choice of 

the implant type has a significant role in peri-

implant bone stability as influenced by 

choosing the alveolar ridge preservation 
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technique in the initial surgical stage. In this 

context, we designed this FEA study to assess 

the influence of implant macrodesign in a 

maxillary bone site that previously underwent 

alveolar ridge preservation using the open 

healing technique. Hence, we analyzed the 

stress/strain values occurring in the bone and 

at the implant-bone interface after the 

application of the static and dynamic forces 

using two different types of implants: soft 

tissue level and bone level implants. 

 

MATERIAL AND METHODS 

We created a three-dimensional (3D) finite 

element model in order to analyze the 

magnitude and distribution of the stress in the 

peri-implant bone of a single implant with a 

crown cemented to a titanium abutment.  

We have chosen a section of edentulous, 

posterior maxillary D2 bone according to the 

classification scheme of Misch (10), obtained 

after alveolar ridge preservation technique 

using Plasma Rich in Growth Factors (PRGF) 

- a technique generating native bone structure 

in the postextractional sites with all four 

surrounding walls. 

We compared two implant types (Table I) 

from the same producer, with the same body 

design (shape, taper, threads) and dimensions 

(diameter and length), same titanium alloy 

and bone anchoring surface treatment 

(sandblasted acid-etched). 

Table I. Macroscopic design 

characteristics of the implants 

 

 Type A Type B 

Implant type Tissue level Bone level 

Internal 

connection 

1.8 mm 

polished 

neck 

0.5 mm 

polished 

collar 

Length 10 mm 10 mm 

Body width 4.1 mm 4.1 mm 

Platform 

width 

4.8 mm 3.4 mm 

 

The implant-abutment-crown design was 

reproduced for both implants as an overall 

unit of their 3D model to respect the same 

contour, dimensions and design, but with 

different crown cementation (Type A – 

directly on the implant’s shoulder vs. Type B 

– on the prosthetic abutment, thus creating an 

additional micromovement area at this level). 

A metal-ceramic crown was chosen as a 

model. The body of both implants were 

aligned with the treated surface at the osseous 

crest level in the cortical bone, simulating the 

ideal positioning of the implants with these 

characteristics, with the polished neck (Type 

A) and the collar (Type B) above the bone 

level. 

Geometric models 

Geometric models were constructed into a 

dedicated software (SolidWorks, Dassault 

Systèmes).  

Numerical models 

The files exported from SolidWorks Software 

were imported to Ansys Workbench Software 

(Ansys, Inc.), a software dedicated to the 

structural analyze, in order to determine the 

stress and strain distributions. 

Stages of numerical model build-up 

a. Materials selection 

In order to carry out the numerical simulation, 

the elastic features of implant alloy and 

trabecular bone used in the study have been 

taken from recent literature data. The 

properties of materials have been specified in 

terms of Young’s modulus, Poisson’s ratio 

and density. The different physical behaviour 

of materials with respect to the loading forces 

has been considered (11-14).  

b. Conditions setting for the application of 

external loads and constrains 

We considered an equivalent mastication 

force of 300 N that was applied on the two 

models, along and perpendicularly to implant 

axis – like a compressive load. 

c. Creating the mesh model 
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The meshing process represents one of the 

most important stages in creating a numerical 

model. This stage consists in obtaining a 

finite elements network which will be able to 

generate post-analysis data from virtually all 

points of the created structure. 

d. Numerical analysis 

We performed a static analysis using the 

above-mentioned parameters, in order to 

highlight the stress and strain state of the 

implant-bone tissue assembly. 

 

RESULTS AND DISCUSSIONS 

In this experimental study a comparative 

analysis of two dynamic virtual models was 

carried out. The two implants have the same 

microdesign features, while macrodesign 

differences (different collar/neck) lead to a 

different prosthetic anchorage, as shown in 

Fig.1 (a, b). 

The elastic properties of the analyzed 

materials are presented in Table II (for the 

titanium alloy) and Table III (for the 

trabecular bone). 

 

Table II. Elastic properties of the Titanium 

alloy 

 

Property Value Unit 

Young’s 

Modulus 

96000 MPa 

Poisson’s 

Ratio 

0,36  

Bulk 

Modulus 

1,1429E+11 Pa 

Shear 

Modulus 

3,5294E+10 Pa 

 

Table III. Elastic properties of the 

trabecular bone 

 

Property Value Unit 

Young’s 

Modulus 

150 MPa 

Poisson’s 

Ratio 

0,34  

Bulk 

Modulus 

1,5625E+08 Pa 

Shear 

Modulus 

5,597E+07 Pa 

 

 

The results of the numerical simulation 

highlight the biomechanical behavior of the 

implant-bone structure. 

The total displacement value is lower for 

Type A implants (Fig. 2 a,b), thus the 

macrodesign of Type A gives the implant 

much better stability. The values of normal 

stresses in the direction of loading (Ox axis) 

are much smaller for Type A implants (Fig. 

3). As a general conclusion we may state that 

Type A implant is biomechanically more 

effective than Type B. Nevertheless, Type A 

implant yields a much better stability to the 

ensemble, creating the premises for a higher 

success rate of the treatment. 

The distribution of the equivalent stress 

calculated according to the von Mises criteria 

is less pronounced for Type A implant in 

comparison with Type B (Fig. 4 a,b). 

We would also like to highlight that in the 

case of Type A implant, tension 

concentrations are not present at the implant 

bone interface, due to the tension release. 

This information leads to the conclusion that 

in this case, there is a supplementary bone 

protection due to the macrodesign of the Type 

A implant that can lead to minimizing the 

postoperative bone loss based on the interface 

design.  

While taking into account the limits of this 

study (from a clinical point of view), one may 

say that the higher stability of the tissue level 

implant (Type A) contributes to a lower 

pressure around the periimplant bone, which 

can   also be radiographically associated with 

a lower bone resorption. 
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Figure 1a. The geometric model -Type A 

(tissue level implant) 

 

 

 

Figure 1b. The geometric model -Type B 

(bone level implant) 

 

 

 

 

Figure 2a. Total displacement variation -

Type A (tissue level implant) 

 

 

 

Figure 2b. Total displacement variation -

Type B (bone level implant) 

 

 

 

 

Figure 3a. Normal stress variation along 

Ox axis - Type A (tissue level implant) 

 

 
Figure 3b. Normal stress variation along 

Ox axis - Type B (bone level implant) 
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Figure 4a. Equivalent stress (von Mises) -

Type A (tissue level implant) 

 

 
Figure 4b. Equivalent stress (von Mises) -

Type B (bone level implant) 

CONCLUSIONS 

1. Type A implants (tissue level implants) 

have a better biomechanical integration 

compared with Type B implants (bone 

level implants). 

2. Type A implants provide a better stability 

in the bone models. 

3. The study is limited to the comparative 

analysis between the bone level and tissue 

level implants inserted in the same type of 

bone (D2 bone type), showing the 

differences between the marginal and 

apical pressure transmitted accordingly. 

4. Results may vary if other type of implant-

abutment-crown connections are used, 

especially for the bone level implants, for 

which there is a multitude of connection 

types available. 

5. More complex studies will be needed in 

order to further evaluate the particularities 

of these two implant types when inserted 

in different type of bone resulted after the 

socket preservation, depending on surgical 

technique and biomaterials, as well as the 

implant insertion technique. 
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