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Abstract 

Implants are increasingly becoming popular due to their ability to preserve bone quality. There are various implant systems 

available that must be examined for better outcome. The objective of this research was to study influence of implant length, diameter 

and thread designs on stress distribution using three-dimensional finite element analysis. Implant systems- Nobel Replace and Nobel 

Active (Nobel Biocare, Zurich, Switzerland) were analyzed using ANYS software system to quantify the better system of the two. 

The major and minor stresses and von Misses stress scores were obtained. Statistical analysis failed to demonstrate any superiority 

of one system over another. Both Noble Replace and Noble Active implant systems were found to have no difference in terms of 

stress distribution. 
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1. Introduction 

Diameter, length as well as thread design of an 

implant are parameters that affect distribution of stress to 

surrounding bony tissues. There are a variety of thread 

designs available which include- V-shaped, square shaped, 

buttressed, reverse buttress shaped and spiral thread design 

[1]. Various factors that affect transfer of load at interface 

between bone and implant for example, loading types, 

material properties of an implant as well as prosthetics, 

geometry of implant, structure of implant surface, quality of 

design of implant (diameter as well as length), quantity of 

bone surrounding an implant along with nature of interface 

between bone and implant [2]. Finite Element Analysis is a 

method used for mechanical analysis of implants. Finite 

element analysis has high degree of accuracy and reliability 

without any involved risk or expense involved with dental 

implants. This method may be used to study any complex and 

mechanical issues by means of simulation as well as analysis 

of distribution of stress. This is achieved by division of three-

dimensional problem based geometry in an  

 

 

array comprised of smaller elements. The data comprising of 

images is obtained with help of computed tomographic scan, 

3-D image scanner or by use of magnetic resonance. The 

outcome of any dental implant can get influenced by large 

numbers of bio-mechanical factors which may include type 

of implant loading, material properties of an implant as well 

as prosthesis, geometry of an implant, structure of an implant 

surface, nature of implant, quality as well as quantity of 

surrounding bone, and bone interface and type of surgical 

procedure [3]. While considering shape of an implant, the 

main parameters influencing design of an implant which 

affect mechanisms of transfer of load include- diameter of an 

implant and length of interface between implant and bone [4], 

also, pitch of thread, shape as well as depth in threaded 

implants play an important role [5,6].  When one considers an 

increase in surface of an implant for better osseous 

integration, threaded types of implants are usually preferred 

over smooth surfaced cylindrical implants [7].  
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Petrie C S et al (2005)compared the effects of 

implants’ diameter, length along with tapering on calculated 

strains on crestal bone. They concluded that the primary 

objective in placing any implant is minimization of peri-

implant associated strain in alveolar crestal bone. Hence, 

wide as well as comparatively longer and non-tapered type of 

implant must be the choice for selecting implants [8]. 

Lehmann R B et al (2007)stated that conical shaped implant 

with cantilever shape is highly indicated when compared to a 

cylindrical shaped implant [9].Images (MRI) for generating 

Finite Element Analysis model and associated mesh which is 

required for image analysis. The resultant models contain 

elements, nodes and pre-defined boundary conditions. The 

displacement as well as stresses that may be caused by 

functional loading may be calculated using computerized 

packages at each of the node. Cylindrical shape of an implant 

was assessed in this particular study [1].The procedure 

involving modeling as well as loading on an inserted implant 

has been considered as causing no harm to underlying bone if 

resultant forces acting over interface of bone are limited 

within range of elastic deformation which creates nil or small 

numbers of micro-cracks. These applied forces have to be 

within limited range which a surgeon must be able to apply 

while placing an implant.  

Thus, this study was designed with an aim to analyze 

effects of designs, lengths as well as thread designs of implant 

by making use of finite element model analysis. Objectives 

of the study were: 1) To study Major principal stresses; 2) To 

identify minimum principal stresses and 3) To study Van 

Misses scores.  

 

2. Materials and methods 

 

Study design: The study was done in department of 

Prosthodontics. Geometric model generated in current study 

was based on developing a particular implant model which 

was fixed to a completely edentulous mandible. The 

geometry of bone was simplified as well as simulated in the 

form of cylinder consisting of 2 co-axial cylinders. Inner 

cylinder represented spongy type of bone with a diameter of 

15 mm and a height of 20 mm which has filled internal space 

of an outer cylinder which was represented as a shell with a 

thickness of 1 mm that represented cortical bone with a 

diameter measuring 17 mm and a height of 25 mm.  

Methodology: Two different types of implant designs with 

variations in thread designs were used in current study with a 

wide range of diameters measuring between 4.5 to 6.5 mm 

while the length ranged between 10.0 to 13.0 mm.  

The Nobel Replace (Group A- T1) and Nobel Active 

(Group B -T2) (Nobel Biocare, Zurich, Switzerland) implants 

were used in this study. Both of these implants have identical 

length as well as diameter. The ‘Nobel Active’ implant 

possesses variable-thread geometry with grooves that are 

designed for increasing contact between bone and implant 

body and has tapered body with gradual increase in thread 

width. On the other hand, Nobel Replace implant possesses 

tapered body with ‘reverse buttress’ grooves which are 

uniform. Its threads are shorter than Nobel Active implant 

with thread step of 0.71 mm and neck region measuring 1.5 

mm. 

 Each of the studied implant was then subjected to a 

total of 3 different types of loading conditions: a) forces of 

tension measured at 50 N (Ga), b) compression forces at 100 

Newton (Gb), c) bending forces applied at force of 15 N (Gc). 

Base of finite element model were fixed within conditions of 

the boundary.  Loading force was applied over top and middle 

node of each of the assembly of an implant in all of the 

studied geometric models. Torque was created by use of 2 

equal magnitudes of forces which were in opposite directions 

and were then applied on 2 points which were located 

opposite over head of implant diameter. 

Inclusion and exclusion criteria: Inclusion criteria was 

implant system with tapered shape and V-shaped thread 

designs as one implant group and cylindrical shaped with 

square thread design as second implant group. Exclusion 

criteria were none as this was an in vitro analysis.  

Statistical analysis: Statistical analysis was performed using 

linear statistics. Solid modeling as well as finite model 

element analysis was conducted using a PC (personal 

computer) which had Intel Pentium IV, processor of 2.8 GHz 

and 2.0 GB RAM.  

Meshing software which was used had ANSYS 

version 9.0. Used element in meshing of all of the 3-

dimensional models was 8 nodes Brick element (SOLID45) 

that had 3 degrees of freedom (translations directed globally). 

Density of the mesh was other parameter of relevance 

considered. As geometries were curved, improvement in 

mesh showed usual effect in improvement of results of any 

discretely chosen model (which increased accuracy of 

obtained levels of stress in zones of high gradients of stress). 

Other effect was an increase in numbers of elements and a 

reduction in sharp angles that were artificially created with 

process of geometric model substitution (using the mesh). 

This reduced artificial peaks of various stress by improving 

actual representation of geometric model. 

 

3. Results and Discussions 

 

Various implant designs have been analyzed and 

also, utilized for favoring various mechanisms of Osseo-

integration. Use of different implant design modifications 

such as length and thread designs aims towards promotion of 

process of Osseo-integration accompanied with quicker and 

healthier quality of bone formed which can confer better 

stabilization during process of healing. This allows rapid 

functional loading of the implant. 

The main objective in developing various types of 

implant designs is to subsequently improve clinical 

performance in edentulous areas which have poor quantity as 

well as quality of bone with subsequent acceleration process 

in healing of bone. Thus, allowing for surgical protocols 

which allow immediate and early implant loading. 

A total of 3 runs on each of designed models were 

performed which simulated all of the loading force conditions 

in present study. Preference was given for graphic 

comparison among the models and cases with loading.  

Utilizing the ANSYS VERSION 18.1 software, the 

analysis of stress scores was carried out by tracking the 

maximum principal stress (max), minimum principal stress 

(min), and Von Mises stress values (VM). These variables 

were chosen to help interpret the results because principle 

stresses, including compressive and tensile stresses, are 

thought to be important indicators of stress and strain 

distributions in materials like bone. When the amplitude of 

principal stresses is greater than or equal to the ultimate 

compressive stress on bone, there is a higher chance that 
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osseointegration will fail. It has been discovered that Von 

Mises' equivalent stress values are crucial for interpreting the 

stresses present within an implant. 

 a) Analysis of maximum principal stress values: On 

analyzing both study groups with different thread designs, 

were 1.42 MPa (GA - T1), 0.45 MPa (GB – T1) and 1.56 MPa 

(GC – T1) and for Group B categories were 1.34 MPa (GA – T2), 

1.45 MPa (GB – T2) and 1.98 MPa (GC – T2) (table 1 and graph 

1).  following observations were made: The maximum 

principal stress values for Group A categories 

b) Analysis of minimal principal stress values: The minimum 

principal stress values for Group A categories were found to 

be -0.54 MPa (GA - T1), -1.12 MPa (GB – T1) and -0.87 MPa 

(GC – T1) and for Group B categories were -1.23 MPa (GA – 

T2), -0.26 MPa (GB – T2) and -1.114 MPa (GC – T2) (table 2 and 

graph 2). 

c) Analysis of Von Misses stress scores: The Von Misses 

stress values for Group A categories were observed as 12.15 

MPa (GA - T1), 16.12 MPa (GB – T1) and 12.18 MPa (GC – T1) 

and for Group B categories were 13.23 MPa (GA – T2), 14.78 

MPa (GB – T2) and 21.14 MPa (GC – T2) (table 3 and graph 3).  

No statistically significant differences were observed in any 

of the stress scores observed.  

A major reason that can lead to delayed failures of 

implants remains to be the inaccurate selection of type of 

implants and also, lack in understanding various concepts 

involving the biomechanical factors associated with implant 

placement.  Himmlova´ L et al (2004)reported that areduction 

in various types of stress which are exerted by an implant over 

supporting bone was greatest for implants that had larger 

diameters when compared with sized implants. They found 

that the effect of length as well as taper of implant is not as 

effective when compared to diameter of an implant [10]. 

Finite Element Analysis has been widely accepted 

as a theoretical tool which can be used for solving various 

problems related to engineering. This analytical method has 

multiple advantages when related to other methods when one 

is considering any complex situations which are characteristic 

of real clinical situations. Most models pertaining to Finite 

Element Analysis work under the assumption of existence of 

an optimal osseo-integration that means that both cortical as 

well as cancellous types of bones have a perfect 

biomechanical bonding with an implant. However, this is not 

a case in real clinical conditions. Although, Himmlova et al 

(2004) have concluded that degree of osseointegration affects 

just deflection and not the levels of stress or patterns of 

distribution of axial and/or oblique loading in Finite Element 

model (FEM)  analysis [9,10]. 

However, on comparing with natural masticatory 

process, these simulated loading with various inclinations in 

relation to axis of the implants might not be sufficient for 

completely simulating various oblique mastication forces. 

Thus, these differences may result in imperfect calculations. 

Various finite element analysis studies have demonstrated 

that sites of high stress concentration (for example, implant 

neck) coincide with predictions related to analysis of stress, 

exact values of stress that influence osseointegration and 

longevity of a implant is still largely unknown [11]. 

In an atrophied and edentulous maxilla, usually six 

implants are inserted at regular distribution in maxillary arch. 

These implants are then rigidly connected using a bar super-

structure which provides good retention, specifically in cases 

with advanced maxillary bone atrophy  in conformance with 

this, present study also used this design of prosthesis for 

rehabilitation using implants. 

Also, Lin C-L et al (2005)studied influence of 

implant’s length as well as quality of bone up on bio-

mechanical aspects involving alveolar bone and dental 

implant. They concluded that conditions of implant loading 

are important in affecting various bio-mechanical aspects 

when compared with quality of bone as well as length of an 

implant [11].  

In present study, no statistical difference were noted between 

both the implant designs, hence, none can be said to be 

superior over the other. According to Patil et al., the design 

of the implant's crest module has a significant impact on how 

much stress is distributed in nearby compact bone [12]. 

Oswal et al found maximum stresses in cortical bone [13]. 

The thread design was more considerable in terms of 

increasing bone stress compared to implant diameter [14].The 

distribution of stress within the implant body may be 

impacted by implant design [15].The cortical bone region 

closest to the implant neck was under the most strain. With 

bone deterioration and osseointegration rate, the maximum 

von Mises stress in cortical bone increased, with maximum 

values [16]. 

Limitations associated with Finite element model (FEM) 

analysis:Finite element model analysis is an accurate as well 

as exact method for analysis of various structures. Although, 

one must bear in mind that living bodily structures function 

differently than only objects. Finite Element analysis is 

dependent up on various types of mathematical calculations 

that are dependent up on simulating natural biological 

structures in their natural environment. Living host tissues are 

not contained within the defined confines of any artificially 

created parameters as well as scoring systems or values since 

biology cannot be computed. 

Though Finite Element analysis is a perfect 

theoretical basis for understanding the biological behavior of 

any studied structure in any environment, it must not be the 

sole consideration as real time experimental tools 

accompanied with clinical trials must accompany any finite 

element analysis for establishing true behavior of any 

biological system. Also, load application is static in nature 

whereas in real-life situation during mastication, variations in 

applied load are present due to variations in muscle force, 

shape of bone and complex jaw and temporomandibular joint 

movements. Additionally, variations in thickness of cortical 

and cancellous bones were not considered while 

measurement of stress. 
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Table 1: Table illustrating maximum principal stress 

 

Models Load (MPa) 

Group A  

GA - T1 1.42 

GB – T1 0.45 

GC – T1 1.56 

Group B  

GA – T2 1.34 

GB – T2 1.45 

GC – T2 1.98 

 

 

 

 

 

 
Graph 1: Graph showing maximum principal stress values 
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Table 2: Table illustrating minimum principal stress 

 

Models Load (MPa) 

Group A  

GA - T1 -0.54 

GB – T1 -1.12 

GC – T1 -0.87 

Group B  

GA – T2 -1.23 

GB – T2 -0.26 

GC – T2 -1.114 

 

 

 

 

 

 
Graph 2: Graph showing minimum principal stress 

 

 

 

 

 

 

Table 3: Von Misses stress values 

Models Load (MPa) 

Group A  

GA - T1 12.15 

GB – T1 16.12 

GC – T1 12.18 

Group B  

GA – T2 13.23 

GB – T2 14.78 

GC – T2 21.14 
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Graph 3: Graph illustrating von Misses stress values 

 

There was a tendency to increase calcium level (– 

15.64%) compared to the control.Based on the above, it can 

be concluded that the inclusion of various doses of 

Cellobacterin-T in the diet does not significantly affect the 

morphological and biochemical parameters of the blood of 

experimental chickens. 

 

4. Conclusions 

It can be asserted that in present study, all results 

have been obtained by means of a mathematical model that 

cannot completely represent complexities associated with a 

said biological field. Hence, our results may be utilized as 

early and initial guidelines for performing any other in-vitro 

stress analysis which must be accompanied with clinical 

human trials. 
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