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 Abstract : In this following work, distribution of stresses along the implant-bone interface is computed by 

performing 3D finite element analysis on commercially available dental implant system. The analysis of stresses 

is mainly focused at the implant-bone interface specifically at the neck region i.e. proximal zone. The effect of 

various thread parameters like thread pitch, and depth were studied on the stress distribution along the implant-

bone interface 
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I. INTRODUCTION 
Threaded dental implants made of Titanium, which is a biocompatible material shown in fig. 1 are used 

as a prosthetic replacement for the affected tooth due to accidental injury, oral infection, deformities at the time 

of birth. It is necessary to avoid implant failure to reduce possibility of future retreatment. The response of bone 

to foreign insert is a critical phenomenon and the long-term effects of stresses produced are uncertain. The 

important factors that affect the success of implants are the stress values and stress distribution at the bone-

implant interface. Due to overstress, bone cells start dying, which leads to bone resorption and finally causes 

implant failure. Most of the researchers have focused on parameters like length and diameter of dental implant 

for evaluation of stresses and stress distribution at implant-bone interface using finite element analysis [1][2][3]. 

The aim of this work is to analyze the stresses at the implant-bone interface and to minimize this stresses by 

deriving alternative implant thread profiles parameters. Dental implant system comprises of the following 

components viz. implant, abutment, fitting screw, and crown. 

 

 
Fig 1. Dental Implant System 

 

In this work, 3D finite element analysis is performed on commercially available dental implants with 

Vee threads. Number of iterations are carried out to find the best thread profile by varying the pitch and depth of 

the thread. Objectives of the current work is to carry out 3D finite element analysis on commercially available 

dental implants to analyze stresses along the implant-bone interface using commercial softwares, to study and 

analyze the stress distribution at the implant-bone interface and to carry out FEA based iterations by varying the 

thread parameters and find the best thread profile that will reduce the stress around the implant-bone interface. 

Implant specification preferred for the study are mentioned below, 

 

Model No. 1 3.5 x 13 mm 
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Model No. 2 Dia. 3.5x length 10 

Model No. 3 Dia. 4x length 11.5 

Model No. 4 Dia. 4x length 10 

 

II. MATERIALS AND METHODS 
2.1 Computer aided design and finite element modelling 

The dimensions of the commercial dental implants were taken from the Optical Profile Projector. THE 

3D CAD models was constructed by Creo Parametric software. The Finite Element Analysis was carried out 

using ANSYS 14.0. The Schematic illustration of thread profile properties used in study is shown in Figure 2.  

 

 
 

Fig 2. Schematic illustration of thread profile properties used in study 

 

3D meshing was carried out by using HYPERMESH software. The static stress analysis of the Implant 

bone system was carried out by using Solid187 (10 noded quadrilateral element) and Shell181(4 noded linear 

element) for implant and crown modelling respectively. 10 noded tetra hedral element is three-dimensional solid 

element which has a quadratic displacement behavior and is well suited in modelling irregular meshes such as 

that produced by CAD programs [4]. Element size for the implant and bone modelling is kept 0.1- 0.3 mm. As 

results accuracy is not required at the abutment, intermediate screw and outer cortical bone so the mesh is kept 

course, the element size for the abutment, fitting screw is kept 0.5mm.  The total number of nodes and elements 

for the FE models are approximately about 19000 and 415000 respectively. The cut section of the meshed 

model is shown in the figure 3. 

 

 
 

Fig 3. Cut section of the FE model 
 

 

 

2.2 Material properties 

The material properties of Titanium alloy are given as linear isotropic with Young’s modulus of 

110000 MPa and Poisson’s ratio of 0.3. The material properties of mandible are actually non-homogeneous and 

anisotropic. Many of the three dimensional models employ orthotropic material properties for cortical bone and 
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transversly isotropic properties of cancellous bone. Most of the researchers have used the Young’s modulus of 

13700 Mpa and Poisson’s ratio of 0.3 for cortical bone, for cancellous bone Young’s modulus has been given 

the value of 1370 MPa and Poisson’s ratio of 0.3, and for crown the Young’s modulus has been given the value 

of 70000 MPa and Poisson’s ratio of 0.19 as shown in Table 1. [5] 

 

Table 1. Mechanical properties of materials 

Material Young’s Modulus (MPa) Poisson’s ration 

Titanium 110000 0.3 

cortical  13700 0.3 

cancellous  1370 0.3 

crown 70000 0.19 

 

2.3 Loads and boundary conditions 

Mastication involves a repeated pattern of cyclic impacts that causes loading to the implant 

components and distributes the force to the bone interface. The mean range is found to be 90 to 200 N
 

depending on the age and gender. But the average force recorded is 116.5 N in occlusal direction and 40 N max 

in the lateral direction. So in current study the load is selected as 116 N occlusal and 40 N lateral based on the 

reported values in literature[6]. The loads and the boundary conditions are applied using the node components 

created in the pre-processing dedicated software. The bottom nodes of the FE model were fixed to simulate 

actual conditions.  

 

III. RESULTS AND DISCUSSION 

3.1. Assumptions  

The implant-bone is a biological system. It undergoes continuous change as per the response of human 

body over a period of time. Hence certain assumptions are needed. 

3.1.1. 3D section of mandible is taken as bone model with rectangular shape. Rectangle is given height, width 

and depth of 30x20x10. This assumption with the consideration that focus of analysis is on the stress 

distribution near implant - bone interface. 

3.1.2. Assumption of Isotropic Material Properties: For 3D analysis, isotropic material properties of implant 

material, cortical bone and cancellous bone are assumed. 

3.1.3. Loads: Loads acting on implant vary as per foodstuff position, implant placement etc. Also cyclic loads 

are common in mastication cycle. For simplification only static vertical and lateral loading has been assumed 

from the point of view of major component of forces acting on the implant. 

The results are been viewed and noted at the neck region of the implant-cancellous bone interface i.e. at the 

proximal zone. Results are found in the form of stress intensity along the interface as shown in Figure 4 and 5. 

The corresponding stress intensities are shown in the Table 2. 
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Fig. 4. Stress  intensity for  model 1 and 2 resp. at the neck region i.e. proximal  zone 

 

 
 

 

 
 

Fig. 5. Stress  intensity for  model 3 and 4 resp. at the neck region i.e. proximal  zone 

 

Table 2. Stress intensity by FEA 

Model Region in bone Stress 
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Intensity(MPa) 

 

1 

Proximal (Right) 5.42 

Proximal (Left) 5.38 

 

2 

Proximal (Right) 5.38 

Proximal (Left) 6.88 

 

3 

Proximal (Right) 4.58 

Proximal (Left) 2.05 

 

4 

Proximal (Right) 1.09 

Proximal (Left) 3.35 

 

Current study is done to investigate the best thread profile which will give the minimum stress along 

the implant-bone interface and proper stress distribution in the cancellous bone when the implant system is 

functionally loaded. Now it is seen from the FEA results, the implant with dimensions Dia.3.5x length 10 mm 

gives the maximum stresses along the implant bone interface which is not desirable. So parameters of this 

particular implant system are been studied and varied so as the stresses around the implant bone interface will be 

minimum. The iterations carried out are displayed in Table 3.   

 

Table 3. Iterations for thread parameters 

Iteration 

No. 

Pitch 

(mm) 

Depth 

(mm) 

Thread 

Profile 

Stress 

intensity 

(MPa) 

1 0.500 0.24 V 7.93 

2 0.300 0.24 V 2.34 

3 0.300 0.15 V 2.29 

4 0.700 0.35 V 7.69 

5 0.478 0.25 Square 3.53 

6 0.478 0.25 Buttress 2.62 

 

From the Figure no. 6 it can be seen that the iteration no. 3 with pitch of 0.3 mm and depth of thread 

0.15 mm gives the minimum stress intensity. 

 
 

Fig. 6. Stress intensity for various iterations 
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IV. CONCLUSION 

The methodology used was stress analysis using FEA. Based on the results of these analyses conclusions can be 

drawn regarding the effect of the thread depth, pitch on stress distribution. 

The implants with different thread profiles parameters were compared for maximum stress intensity at implant - 

bone interface. Stresses were evaluated at proximal left and right regions. Within the limitations of study 

following conclusions can be drawn. 

 

1. It is found from finite element analysis that the high stress intensity of 6.88 MPa is observed in the areas of 

bone which are closer to the dental implant, and decrease in magnitude towards the outer region.  

2. Stress distribution is uniform in the dental implants along the implant-bone interface. 

3. Stress around the implant-bone interface decreases with decrease in pitch and hence the implants with the 

small pitch, more threads, should be prefered for clinical use.  
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