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Introduction
Dental implant is an unnatural element that is used as a 

substitute for natural teeth once natural teethes removed in 
times such as accidental accidents, oral infection harm, birth and 
aging deformities. Threaded dentistry implants are currently 
widely used due to their elevated achievement levels [1]. The 
shape of implants was among the most controversial design 
aspects of the end osseous structures and could influence implant 
bio-mechanics [2]. The size of the implant affects the region of 
potential bone preservation. Factors such as occlusion, chewing 
strength, numbers of implants and implant positions within 
the prosthesis influence bone forces contiguous to the implant. 
Surface characteristics such as threads are built into the model 
to convert shear stresses into more durable strength kinds. This 
is why the majority of implant models are threaded because the 
thread form is especially crucial in altering the bone interface 
strength [3]. In optimization biomechanical behavior of implants, 
thread form and geometry are very essential. 

Threads are used to achieve maximum preliminary contact, 
enhance the initial stability of the implant, expand the external  

 
area, and favor interfacial stress dissipation [4,5]. Dental thread 
design optimization can enhance clinical success. In the form 
of a thread for the dental implants, four kinds of threads were 
suggested: V-form, buttress, Reverse and square and Reverse 
buttress form threads. But the commons are limited to four 
excluding the reverse buttress thread. Each such profile works 
differently because of the distinction in the ability to pass the 
loads on it. The optimization of specific thread models must take 
place in accordance with the specified thread parameters if a new 
thread profile is to be created. The survival rates of the implant 
were recorded to improve with increasing diameters for the 
diameter left below the top threshold of 4.5mm. Implant size of 
more than 9.0mm has also been shown to decrease bone pressure 
and improve implant stabilization [6-8].

Saluja et al. [9], has studied the effects of length and diameter 
in Finite Element Analysis (FEA) on the stress distribution trend 
of INDIDENT dental implants. Anwar et al. [10], analyzed dental 
implant and surrounding bones load transfer. Their objective 
was to study the stress distribution and the movement of various 
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threaded implant designs of different diameters and lengths. E 
Esmail et al. [11], used 3 dimensional finite element analysis to 
evaluate the influence and density of peri-implant tissue structure 
on the biomechanical behaviour. 

Eraslan & Inan [12], Studied the impact of thread design on the 
stress distribution of a solid screw implant using Cosmos Works 
3D FEA. Huang et al. [13], Use FEM to analyze the effects of dental 
implant surface roughness and thread length on bone stress and 
interfacial slides. They produced solid 3D models of four types of 
threads including the V-thread, the buttress thread, the reverse 
buttress thread and the square thread. Their research purpose 
is determining optimal thread design. The main purpose of this 
study was to in order to select best suitable optimum implant 
thread shape and type.

Dental Implant System
Two main parts comprise a standard implant scheme, an 

abutment and an implant. The implant is the fundamental 
element that is positioned in the jawbone surgically. It is fixed on 
the hole in the implant and often attached to the top of the crown. 
In addition to the implant design conditions and abutments, 
mechanical system design of the implant-abutment interface 
is essential regarding system mechanical integrity, mechanical 
load reactions within the system, system stability, strength and 
the dental implant long-term survival. The shape of the implant 
influences the stress distribution considerably, though not the 
maximum stress levels at the junction between bone and implant. 
Cylindrical design is preferable, as it creates a more consistent 
stress profile to less concentrated stress levels in the body relative 
with conical implants [14]. For poor bone performance areas, it 
can be changed to conical because conical internal structure leads 

to enhanced main stabilization by compressing the smooth tissue 
during and following implantation [15,16]. A threaded profile 
is used instead of a straight or stepped ground form because 
the pressure concentrations in the trabecular tissue have been 
checked to decrease [17].

Materials and Methods

CAD geometry

Figure 1: Implant Design and Parameters (Square Thread).

The 3D CREO Parametric V5 software was used for implants 3D 
modeling and ABAQUS V2018 FEA Software is used for simulation. 
Thread shape types that are used in the study: V-Thread, Buttress, 
Reverse buttress, Trapezoidal and Square thread profile. Length 
of the Implants selected is 12mm whereas the diameter of the 
Implants and the cortical bone thickness is 4mm and 2mm 
respectively. The outer dimension of the bone sections is modelled 
as 30mm height and 20mm width (Figure 1). Inside the cortical 
bone layer there is a cancellous bone layer modelled with 26mm 
height and 16mm width (Figure 2).

Figure 2: Schematic diagram of dimensions standardized for thread design.
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FE modelling

Figure 3: Bone Geometry Cortical bone. 

Figure 3b: Assembled cortical.    

Figure 3c: cut section of Finite element model. 

Using Hypermesh as a preprocessor the three-dimensional 
(3D) model of the implant and the implant system were meshed. 
Figure 3A-C shows the cut section of Finite element model. The 
interfaces of bone implant were assumed to have 100% Osseo 
integration. Cortical and cancellous bones sides and bottom 
were fully restricted and the limit conditions extended to the 

corresponding node. The implant from top to bottom was subjected 
to multi-constriction to limit root freedom. Static loading has been 
used to determine the bone model of the implant and the stress 
analysis interface. Von Mises stresses were the major factors used 
to measure levels of stress and evaluate the stresses of the implant 
and cortical bones.

Material property
Implant and abutment housing are relatively rigid components 

of the implant system proposed. Ti-6Al 4V a titanium alloy 
which has proven to be perfectly biocompatible and has good 
mechanical properties such as fracture strength, yield resistance 
and weariness, has been defined for these Implant components 
in terms of material. While Porcelain is selected for Abutment. It 
was therefore commonly used as a material of dental implant by 
commercial implant suppliers in biomedical implementations. It 
was assumed that the relatively rigid components have isotropic 
as well as linear elastic behavior containing small strains and small 
distortion. All bone features including implant, Abutment, cortical 
bone and cancellous bone are assumed to be homogeneous 
Anisotropic material. While Implant and abutment is assumed to 
be Isotropic material (Table 1 & 2).

Table 1: Isotropic Material Property for the Implant and Abutment [18].

Youngs M (GPa) Poisson’s ratio

Porcelain 70 0.19

Ti-6Al-4V 110 0.35

Table 2: Anisotropic Material Property for the bone [19].

Cancellous Bone (Gpa) Cortical Bone (Gpa)

EX (MPa) 0.21 12.7

EY (MPa) 1.148 17.9

EZ (MPa) 1.148 22.8

GXY (MPa) 0.068 5

GYZ (MPa) 0.434 7.4

GXZ (MPa) 0.068 5.5

νXY 0.055 0.18

νYZ 0.322 0.28

νXZ 0.055 0.31

Bite force application
All dental implant system components were characterized 

as deformable contacts. No friction between contact bodies was 
defined as a simplification. A vertical and Axial force of 150N at an 
angle of 30 degree was applied to the load that controlled by the 
rigid structure that was connected to the top end of the abutment 
cap to simulate the chewing forces on both the implant-supported 
crown following use of forces and displacement constraints. 

Boundary condition and load applied
A series of analyzes have been carried out after correctly 

defining the above mentioned parameters of analysis. The 
geometric pattern, material definitions and mesh creation on the 
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3D model were subsequently varied in the analyzes pertaining to 
an iterative procedure up to the desire results obtained.

Results and Discussion
The results are obtained based on Von Mises Stress distribution 

criterion. Maximum shear stress of 5 implants were obtained at 
different mesh size for each of the Implant.

Implant
(Figure 4)

Maximum Stress of Implants found on V Thread – 274.3Mpa 
(Figure 5).

Minimum stress of Implant found on Trapezoidal Thread – 
66.08Mpa (Figure 6).

Figure 4: Shear stress of 5 Implant types at different mesh sizes.

Figure 5: Maximum Von Mises at V thread design at the implant.

Figure 6: Maximum Von Mises at V thread design at the implant.
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Cortical bone

Figure 7: Max. Shear stress on Cortical bone of 5 Implant types at different mesh sizes.

Figure 8: Von Mises stress at cortical bone of buttress thread implant.

Figure 9: Von Mises stress of cortical bone on Trapezoidal thread implant.

(Figure 7)

Maximum Stress of Cortical bone found on Buttress Thread – 
138.1Mpa (Figure 8).

Minimum stress of Cortical bone found on Trapezoidal Thread 
– 52.74Mpa (Figure 9).

Research by Mosavar reveals the supremacy of a square thread 
setup, as it showed the smallest stress in the implant cortical Bone 
Progress area of a square threads in osseointegration [20]. This 
research thus fails to take square thread into account and assesses 
V-film, buttress and inverse thread models. Misch claims three 
thread features which improve the operational surface, Increases 
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the initial contact and enable stress dissipation in the interface 
[21]. Interfacial stress examines demonstrated that threaded 
structures reduce stress close the thread area. In addition, other 
clinical benefits for threaded kinds, enhanced stabilization and 
stress-related tissue formation, can be considered. 

Study carried out by Gonsalves was aimed at assessing the 
effect of an implant on the results of a 2D FEA with and without 
the thread [22]. The stress distribution throughout the model 
and within the cortical bone did not seem to have a strong impact 
on the implant, trabecular bone or screw. The maximum stress 
distribution of Von Mises on cortical bone-implant interfaces 
indicates no variations in either template, including trabecular 
bone. It has been shown that the distribution of stress throughout 
the cortical bone is not significantly affected by the shape of the 
implant, based on similar implant lengths and implant necks 

unlike the conclusions drawn in this study, which indicated 
variations in the thread design. 

 In this study Maximum Stress of Cortical bone found on 
Buttress Thread – 138.1Mpa while Minimum stress of Cortical bone 
found on Trapezoidal Thread – 52.74Mpa. So, for preservation of 
cortical bone what is needed is the stress to be reduced on bone, 
thus trapezoidal thread is preferable. In finding the optimum 
stress on a bone it is necessary to see the least stress magnitude.

Cancellous Bone
(Figure 10)

Maximum Stress of Spongy bone found on Buttress Thread – 
41.37Mpa (Figure 11).

Minimum stress of Spongy bone found on Trapezoidal Thread 
– 10.27Mpa (Figure 12).

Figure 10: Maximum Shear stress on Cortical bone of 5 Implant types at different mesh sizes.

Figure 11: Von Mises stress of cancellous or spongy bone on Buttress threaded implant.

In a cancellous bone, Maximum Stress is found on Buttress 
Thread which is 41.37Mpa and Minimum stress found on 
Trapezoidal Thread – 10.27Mpa. Thus, again the same principle 

for cortical bone the least amount of stress magnitude is selected. 
Therefore, Trapezoidal thread again selected for optimizing the 
stresses on Trabecular bone.
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Figure 12: Von Mises stress of cancellous (spongy) bone on Trapezoidal thread implant.

Conclusion

1.	 Minimum stress from Mises has been concentrated by 
Trapezoidal, which is favorable for the preservation of the 
bone.

2.	 Trapezoidal Thread which is not introduced so much 
in dental implant type shows good performance with its 
large bone implant contact, stress distribution and bone 
preservation.

3.	 The maximum stress of implants and the minimum 
stress of the Trabecular bone were observed. The interface 
stress distribution depends heavily on the implant structure.

4.	 The Maximum stress on Implants found on V-Thread 
design. Whereas as the minimum for Implant exists on 
trapezoidal thread.

5.	 The cortical bone showed maximum stress in comparison 
to the Spongy bone in both cases for the Implant and for the 
Interface.

6.	 An optimum state of osseointegration between the 
cortical bone, cancellous bone and implant in the model was 
assumed which is not clinically present.

7.	 As the maximum stresses found around the neck of the 
Implant, The implant’s neck needs to be strong enough. It may 
have an impact on implantation integrity if the Implant is not 
solid in this region.
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