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Abstract
Dental implant is one of the most common ways to replace a missing tooth. The objective of this research project 
is to analyze the compressive stress, shear stress, and displacement of prosthetic tooth. This research is conducted 
using a three-dimensional finite element method to analyze biomechanical characteristics on dental implant 
systems at four different areas: abutment, implant, cortical bone, and cancellous bone. This research focuses on a 
variety of patents of dental implant threads from the United States Patent and Trademark Office. Findings reveal 
a new conceptual design of dental implant thread model. It is found that the maximum stress concentration is 
found at cortical bone but is still lower than the yield strength of materials. The new design of dental implant 
tread provides the minimum compressive stress, shear stress, and displacement for dental implant systems.
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1 Introduction

Dental implants have been extensively used during the 
last few decades as replacements for missing natural 
teeth [1]. Titanium metals has become the preferred 
materials for dental implants owing to their good 
biocompatibility, excellent corrosion resistance and 
suitable mechanical properties [2]. 
 Three-dimensional finite element analysis is a 
useful tool that has been applied to simulate behavior  
biomechanical characteristics on dental implant systems  
under comprassive loading [3]. 

 This research focuses on a variety of patents of 
dental implant threads from the United States Patent 
and Trademark Office to new design model of implant 
prosthetics [4]–[6]. The result of comprassive stress, 
shear stress and displacements have been studied.

2 Material and Methods

2.1  Three-dimension model design

Three-dimensional geometrical model of dental implant  
prosthetics and the surrounding bone was created by 
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the Computer Aided Design (CAD) modelling for  
testing by three-dimensional finite element analysis. 
All the CAD models in this study are made, using 
CATIA program by solid modelling (Figure 1).
 For the three-dimensional finite element analysis  
models generation, the implant thread was placed 
in a simplified jaw segment, a cancellous bone core  
surrounded by a 1.5 mm thick cortical bone layer was 
designed around the implant. The dimensions of the 
simulated bone block were 24.2 mm high and 16.3 mm  
wide [7], [8]. 
 This research focuses on six implant prosthetics  
model of dental implant systems, from Figure 2  
illustrated 3D thread category of implant prosthetics.

2.2  Materials properties

In the study, Titanium (Ti6Al-4V) was used as implant 
and abutment materials. The mechanical properties of 
materials were taken from the literature, as shown in 
Table 1 [9]–[14]. 

Table 1: Mechanical properties of materials 

Materials Young’s modulus, 
E (MPa)

Poisson’s 
Ratio, υ

Cortical Bone 13,000 0.3
Cancellous Bone 1,370 0.3
Implant (Ti6Al-4V) 102,000 0.35
Abutment (Ti6Al-4V) 102,000 0.35

2.3  Loading and boundary condition 

The dental implant system is treated as isotropic  
homogeneous elastic materials. All material of the 

dental implant was assumed to be isotropic and linearly  
elastics.
 Three-dimensional finite element analysis was 
performed on dental implant models with compressive 
forces of 100 N, and a shear force of 50 N with the 
force angle of 45° with the normal line respectively 
[15], [16]. Figure 3 show Loading conditions applied 
on dental implant system model.
 The shape of the three-dimensional finite element 
analysis model of the dental implant prosthetics model 
is shown in Figure 4.
 After loading, the result of comprassive stress, 
shear stress and displacements were calculated by 
three-dimensional finite element analysis for each of the  
different regions of the dental implant prosthetics model: 
abutment, implant, cortical bone, and cancellous bone.
 
3 Results 

The compressive stress, shear stress and displacement 

Figure 1: Three-dimensional geometrical model of 
dental implant prosthetic and the surrounding bone.

Figure 2: 3D thread category of six implant prosthetics  
model.
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analysis were conducted at four different areas, including  
abutment, implant, cortical bone, and cancellous bone. 

3.1  Stress distribution 

As show in Figure 5, the resulting stress distribution in 
three-dimensional finite element analysis of abutments 
of dental implant prosthetics under  compressive force. 

 Figure 6 illustrates the stress distribution in 
three-dimensional finite element analysis of implants 
of dental implant prosthetics under compressive force.
 Figure 7 illustrates the stress distribution in three-
dimensional finite element analysis of cortical bone 
under compressive force.
 Figure 8 illustrates the stress distribution in three-
dimensional finite element analysis of cancellous bone 
under compressive force. 

Figure 3: Loading conditions applied on dental implant  
system model.

Figure 5: The stress distribution of abutments.

Figure 6: The stress distribution of implants.
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3.2  Von mises stress

Results of the Von mises stress in three-dimensional 
finite element analysis of abutments of dental implant  
prosthetics under a compressive force are given 
in Figure 9. It reveals that the maximum stress of  
16.21 MPa is found at thread E and the minimum stress 
of 4.63 MPa is found at thread A.
 Results of the stress in three-dimensional  
finite element analysis of implants of dental implant  
prosthetics under a compressive force are given in 
Figure 10. It reveals that the maximum stress of  
28.51 MPa is found at thread D and the minimum stress 
of 11.26 MPa is found at thread E.
 Results of the stress in three-dimensional finite 
element analysis of cortical bone under a compressive  

force are given in Figure 11. It reveals that the  
maximum stress of 36.36 MPa is found at thread B and 
the minimum stress of 7.86 MPa is found at thread F. 
 Results of the stress in three-dimensional finite  
element analysis of cancellous bone under a compressive  
force are given in Figure 12. It reveals that the maximum  
stress of 1.91 MPa is found at thread B and the minimum  
stress of 0.58 MPa is found at thread E.

3.3  Shear stress

Results of shear stress in 3D-FEA of abutments under 
a shear force are given in Figure 13. It reveals that the 
maximum shear stress of 5.73 MPa is found at thread 
B and the minimum shear stress of 0.77 MPa is found 

Figure 8: The principal stress of cancellous bone.

Figure 10: The Von Mises stress of implants.

Figure 9: The Von Mises stress of abutments.
Figure 12: The Von Mises stress of cancellous bone.

Figure 11: The Von Mises stress of cortical bone.

Figure 13: Shear stress of abutments.
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at thread D.
 Results of shear stress in three-dimensional finite  
element analysis of implants under a shear force are 
given in Figure 14. It reveals that the maximum shear 
stress of 16.29 MPa is found at thread C and the  
minimum shear stress of 4.46 MPa is found at thread E.
 Results of shear stress in three-dimensional finite 
element analysis of cortical bone under a shear force 
are given in Figure 15. It reveals that the maximum 
shear stress of 88.44 MPa is found at thread A and the  
minimum shear stress of 13.47 MPa is found at thread C.
 Results of shear stress in three-dimensional finite 
element analysis of cancellous bone under a shear force 
are given in Figure 16. It reveals that the maximum 
shear stress of 2.26 MPa is found at thread A and the  
minimum shear stress of 0.87 MPa is found at thread D.

3.4  Displacement 

Results of displacement in three-dimensional finite 
element analysis of abutments under compressive force 
are given in Figure 17. It reveals that the maximum 
displacement of 0.0093 mm is found at thread C and 
the minimum displacement of 0.0066 mm is found at 
thread A.
 Results of displacement in three-dimensional 
finite element analysis of implants under compressive 
force are given in Figure 18. It reveals that the maximum  
displacement of 0.0051 mm is found at thread B, F and 
the minimum displacement of 0.0021 mm is found at 
thread A.
 Results of displacement in three-dimensional  
finite element analysis of cortical bone under compressive  
force are given in Figure 19. It reveals that the maximum  
displacement of 0.0078 mm is found at thread B, E 
and the minimum displacement of 0.0007 mm is found 
at thread D. 
 Results of displacement in three-dimensional  
finite element analysis of abutments under compressive  
force are given in Figure 20. It reveals that the maximum  
displacement of 0.0092 mm is found at thread C and 
the minimum displacement of 0.0009 mm is found at 
thread D.

Figure 15: Shear stress of cortical bone.

Figure 14: Shear stress of implants.

Figure 16: Shear stress of cancellous bone.

Figure 17: Displacement of abutments.

Figure 18: Displacement of implants.
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4 Disccussion and Conclusions 

The purpose of this research study was to analyze the 
compressive stress, shear stress, and displacement of 
prosthetic tooth. This research is conducted using a 
three-dimensional finite element method to analyze  
biomechanical characteristics on dental implant systems  
at four different areas: abutment, implant, cortical bone, 
and cancellous bone. In the study, Titanium (Ti6Al-4V)  
was used as implant and abutment materials. It was 
considered as the yield strength of Titanium grade 4 
a value of 550 MPa. This resarch have focused on six 
different threads shape of dental prosthetics model. 
From this research, The maximum compressive stress 
occurred in four different areas, including abutment, 
implant, cortical bone, and cancellous bone are less 
than the yield strength of materials. The study of  
minimum shear stress and minimum displacement 
analysis occurred in four different areas, including 
abutment, implant, cortical bone, and cancellous bone 
are found at new design thread B with a picth of 1 mm. 
Hence the design is safe.
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