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Abstract 

Objective: The objective of the study was to evaluate 

the effect of varying loads of forces at different 

angulation at various levels on bone using finite element 

method (FEM).  

Methods: A 3-dimensional model of the bone was 

constructed to simulate force magnitudes and directions. 

Finite element study was conducted with horizontal 

forces of 100g, 150g and 200 g applied to the bone at 

angulations of 90° and 120°. von Mises stress, strain and 

deformation values were then evaluated using the 

ANSYS software.   

Results: Both stress and deformation increased with 

increasing the amount of loading force. These 2 indexes 

were linearly proportional to the force magnitude and 

produced the highest values when the force was 200 g 

applied at 120° to the long axis of the miniimplant. The 

peak deformation and von Mises stress was concentrated 

on the bone at the cervical level under 200 g at 120°. 

Conclusion: The von Mises stress values in the bone 

were found to be lowest under 100 g force at 90°. Higher 

initial loading and horizontal force should be avoided on 

the cervical level of mini implant for better stability. The 

direction and the amount of orthodontic force had a 

significant effect on cortical bone stress with highest on 

200g force at 120°. 

Keywords: mini-implant, stress, strain, deformation, 

finite element method. 
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Introduction 

Major challenge for a dentist during orthodontic 

treatment is anchorage. Hence mini implants have been 

emerging in replacing traditional methods by skeletal 

anchorage. (1) These are placed in the jaw bone between 

the roots of a teeth to serve as anchorage for the forces 

being applied.(2) Mini implants are advantageous because 

of their miniature size, easier insertion and removal, low 

cost, and ability to withstand immediate or early loading 

post surgery. However, mini implant loosening seems to 

be the practical issue in the success of the 

procedure.(3)Stress generated on bone around the mini 

implants influence their success rate. Factors such as the 

length and diameter of an implant and its direction of 

insertion in bone can affect the stress generated on the 

bone surrounding the implant. (4) 

Finite element analysis results give insight about stress 

distribution and biomechanical changes in the implant–

bone system. This method gives favourable degree of 

reliability and accuracy without the risks and expenses 

of implantation.(5) 

The purpose of this finite element study was to estimate 

the effect of varying loads of forces at various 

angulations on bone. This will help to determine an 

optimal orthodontic force that can be loaded safely on 

mini implant to achieve adequate primary stability, and 

thus reduce the failure of mini implant in orthodontics. 

Methodology 

A FEM was created using a software (ANSYS 13 

version 14.5 Creo 3.0). The FEM was composed of these 

elements: 1- MI model (diameter, length, and screw); 2- 

modeling of cortical and cancellous bones; 3- FEM of 

bone when MI is placed into bone at 90° angulation; and 

4- Young’s modulus and Poisson’s ratio for all 

constituent structures under experiment.  

To verify influences of the varying loads of forces at 

various angulations on bone, 12 three-dimensional 

FEMs were conducted. Orthodontic MI made of pure 

titanium (diameter - 2.6 mm; length - 10 mm; thread 

ridge height - 0.33 mm; thread pitch - 0.8 mm) was 

modeled. For the ease of modelling and based on the 

classical theory of elasticity, it was assumed that the 

constituent material was isotropic and homogeneous. 

The behaviour of the constituent material of FEM was 

quantified by Poisson’s ratio and Young’s modulus. 

The material properties for MI and bone are given in 

Table 1.  

Table 1: Material properties of constituent materials  

Materials Young’s modulus (MPa) Poisson’s 

ratio 

Titanium 110,000 0.35 

Cortical bone 14,000 0.30 

Cancellous 

bone 

1,370 0.30 

 

 
Fig 1: Schematic representation of implant design used 

in this finite element study. 
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Fig 2: Final model with colour coding 

 
Fig 3: Model after meshing process 

This model is then transferred to the software 

“HYPERMESH13 version 11.0” for the process of 

meshing. (Fig 3) Meshing divides the entire model into 

smaller nodes and elements which make a grid called as 

“mesh”. The mesh acts like a spider web, from each 

node there extends a mesh element to each of the 

adjacent nodes. The basic idea is to make calculations at 

only limited (finite) number of points and then 

interpolate the results for the entire domain.  

Any continuous object has infinite degree of freedom 

(dofs) and practically it is impossible to solve the 

problem in this format. FEM reduces the dofs from 

infinite to finite with the help of meshing (nodes and 

elements) and all the calculations are made at finite 

number of nodes. This mesh is programmed to contain 

the material properties (elastic modulus, Poisson’s ratio) 

which define how the structure will react to certain 

loading conditions i.e., with the incorporation of material 

properties the structure simulates the normal model. 

Load application 

Variable forces occur on the mini-screw and bone during 

orthodontic treatment. When various orthodontic traction 

force is applied from the key-ridge to the canine, 

tractional direction slants to the major axis of the mini-

implant and bone. FEM was created with mini implant 

insertion at 90° and to determine the loading effect, 3 

force magnitudes (100 g,150 g, and 200 g) and force 

directions (90° and 120°) to mimic various clinical 

conditions were investigated. Force direction was 

defined as the angle between the loading direction and 

the long axis of the miniscrew, and a force direction of 

90° was the force perpendicular to the long axis of the 

miniscrew. (6) Similarly, 3 forces (100 g, 150 g, and 200 

g) were applied to the head of the mini-implant or 

abutment at an angle of 90° and 120° to the bone 

surface.(7) On the application of different loads at 90° and 

120° angulation, stress, strain and deformation 

values were calculated on the bone.  

The analysis is done using the software “ANSYS 13 

version 14.5 Creo 3.0”. The maximum equivalent Von 

Mises stresses, strain and deformation were analyzed in 

all the models at the entire given load at 90° and 120° 

angle. The stress, strain and deformation were visualized 

in colour coding ranging from dark blue (minimum) to 

red (maximum) in the models. All the stress values 

attained were represented in Megapascals (MPa) and 

deformation in millimeter (mm). The collected data had 

been entered in MS Excel followed by the analysis using 

SPSS Trial version  

Results  

In the present study the model was subjected to different 

force levels at different angulations and thus the 
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generated stress, strain and deformation values and 

patterns on the surrounding bone were observed. They 

were visualized in color coding ranging from dark blue 

(minimum) to red (maximum) in the models. All the 

stress values were presented in Megapascals (MPa). 

Effect of force on the bone at 90˚angulation 

 

 

 
Table 2: Maximum stress, strain and deformation seen 

on bone due to the effect of different forces (100 grams, 

150 grams and 200 grams) at 90° angulation at different 

levels. 

Straight  Stress(Mpa) 

 

Strain 

 

Deformat

ion(mm) 

Bone  Bone  Bone  

100 

Grams 

Cervical  0.529 0.877e-4 0.930e-4 

Middle  0.058 0.263e-4 0.827e-4 

Apical  0.058 0.788e-4 0.827e-4 

150 

Grams 

Cervical  0.793 0.132e-4 0.140e-3 

Middle  0.088 0.394e-4 0.140e-3 

Apical  0.088 0.118e-3 0.109e-3 

200 

Grams 

Cervical  1.058 0.175e-4 0.186e-3 

Middle  0.117 0.526e-4 0.186e-3 

Apical  0.117 0.158e-3 0.145e-3 

At 100 grams of force, maximum amount of stress, 

strain and deformation was observed in cervical third 

were 0.529 Mpa, 0.877e-4 and 0.930e-4 respectively. 

The least amount of stress, strain and deformation was 

observed in middle third with 0.058Mpa, 0.263e-4 and 

0.827e-4 respectively followed by apical third with 

0.058Mpa, 0.788e-4 and 0.827e-4 respectively. (Fig.4) 

At 150 Grams of force, maximum amount of stress was 

observed in cervical third with 0.793 Mpa. The least 

amount of stress was observed in middle third and apical 

third with 0.088Mpa each. However, the strain was 

higher in middle third with 0.394e-4. Cervical third and 

apical had the values of 0.132e-4 and 0.118e-3 

respectively. Deformation was similar in cervical, 

middle and apical third with the values of 0.140e-3, 

0.140e-3 and 0.109e-3 respectively. (Fig.5) 

At 200 Grams of force, maximum amount of stress was 

observed in cervical third with 1.058Mpa followed by 

middle and apical third with 0.117Mpa each. Strain was 

observed higher in the middle third with 0.526e-4 

followed by cervical and apical third with 0.175e-4 and 

0.158e-3 respectively. Deformation was similar with 

values of 0.186e-3, 0.186e-3 and 0.145e-3 in the 

cervical, middle and apical third. (Fig.6) 

Effect of force on the bone at 120˚ angulation 
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Table 3: Maximum stress, strain and deformation seen 

on bone due to the effect of different forces (100 grams, 

150 grams and 200 grams) at 120° angulation at 

different levels. 

Straight  

120Degree 

Stress(Mpa) 

 

Strain 

 

Deformation

(mm) 

Bone  Bone  Bone  

100 

Gra

ms 

Cervical  1.839 0.136e-3 0.286e-3 

Middle  0.204 0.454e-4 0.191e-3 

Apical  0.204 0.303e-4 0.159e-3 

150 

Gra

ms 

Cervical  2.759 0.204e-3 0.429e-3 

Middle  0.306 0.608e-4 0.286e-3 

Apical  0.306 0.455e-4 0.238e-3 

200 

Gra

ms 

Cervical  3.678 0.273e-3 0.572e-3 

Middle  0.408 0.909e-4 0.381e-3 

Apical  0.408 0.606e-4 0.318e-3 

At 100 grams of force, maximum amount of stress, 

strain and deformation was observed in cervical third 

with 1.839 Mpa, 0.136e-3 and 0.286e-3 respectively. 

The least amount of stress, strain and deformation was 

observed in apical third with 0.204Mpa, 0.303e-4 and 

0.159e-4 respectively followed by middle third with 

0.204Mpa, 0.454e-4 and 0.191e-4 respectively. (Fig.7) 

At 150 grams of force, maximum amount of stress, 

strain and deformation was observed in cervical third 

with 2.759 Mpa, 0.204e-3 and 0.429e-3 respectively. 

The least amount of stress, strain and deformation was 

observed in apical third with 0.306Mpa, 0.455e-4 and 

0.238e-4 respectively followed by middle third with 

0.306Mpa, 0.608e-4 and 0.286e-4 respectively. (Fig.8) 

At 200 grams of force maximum amount of stress, strain 

and deformation was observed in cervical third with 

3.678 Mpa, 0.273e-3 and 0.572e-3 respectively. The 

least amount of stress, strain and deformation was 

observed in apical third with 0.408Mpa, 0.606e-4 and 

0.318e-4 respectively followed by middle third with 

0.408Mpa, 0.909e-4 and 0.381e-4 respectively. (Fig.9) 

Discussion 

The FEM simulated the biomechanical force system that 

is applied clinically and the response of dentoalveolar 

system was evaluated. (8) The loading forces applied in 

this study were within the optimum ranges for the 

clinical conditions. It is observed that the majority of the 

mini implants have the ability to stand 100-200 g of 

horizontal load with ease and the magnitude is sufficient 

for various tooth movements.(1) 

In this study, the orthodontic force levels selected were 

150, 200, and 250 g to simulate clinically viable 

conditions such as individual canine retraction using 

force of 150 g or en masse retraction using horizontal 

component of force in the range of 200-250 g.  

Buchter L et al, reported in their study that the 

immediate loading of mini-implants can be performed 

without any loss of stability. When the load related 

biomechanics do not exceed an upper loading level, it 

may even enhance the osseo-integration process.(9) 

Since the primary retention of mini-implants is achieved 

by mechanical means with the bone rather than through 

osseointegration, the present study evaluates the stress, 

strain and deformation of the bone surrounding the mini 

implant. Alveolar cortical bone thickness and density 

appear to play an important role when planning a mini-

implant placement. (10,11) 

In the present study, it was observed that for a given 

load, i.e. 100g, 150g and 200g, the stress, strain and 

deformation values generated in surrounding bone was 

least at 90° angulation of force followed by 120° 

angulation.   
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This is in accordance with the study by Marimuthu et 

al(12). In his study, in 90° implant insertion angle, the 

maximum stress on bone was observed with an 

orthodontic force of 60° in maxilla and 120° angulation 

in mandible. 

Thus, the results of the present study indicate that the 

use of a perpendicular loading force to the mini implant 

at 90° minimizes stress, strain and deformation rather 

than 120° and 60° angulation of force. 

However, the result of the present study is in contrast 

with the study by Meher et al. (13) who indicated that the 

use of an angulated loading force to a perpendicularly 

placed mini-implant  minimizes stress.  

Whereas Lin et al. (14) conducted a study and reported 

that the orthodontic force direction had no statistically 

significant effect on stress values in cortical bone. He 

also found that the insertion angle of the mini-implant 

significantly influenced the stress values on bone.   

Comparing the stress values between the cortical and 

cancellous bone, Suzuki et al (15) found that the 

maximum stress of cancellous bone was significantly 

lower than for cortical bone. 

The results of the present study also shows that higher 

amount of stress, strain and deformation was recorded at 

the cervical third of the bone surrounding the mini 

implant rather than middle third and the apical third.  

This is in accordance with the study by Clift et al. (16) 

who stated that the stress and strain of the bone 

gradually reduced along the length of the implant. The 

contours of von Mises stress and corresponding strain in 

the results of his study indicated that the load transfer 

was occurring along the tapered faces and within the 

recesses along the length of the implant. His study also 

showed that the highest stress and strain was at the neck 

of the implant. 

The results of the present study is further supported by 

another study by Vasques et al (17)who stated the stress 

concentration was localized in the cervical margin.  

However a photoelastic stress analysis study by Lakha et 

al (18) showed that higher stresses were encountered in 

the apical region as compared to cervical region 

irrespective of the type of load and implant used. The 

results of the study also stated that oblique load 

generated highest stress in all the models as compared to 

axial load. 

Borchers et al(19) have reported through Finite-element 

analysis (FEA) that stress concentrations do occur in the 

marginal peri-implant bone after lateral or oblique load 

application.  

The present study also showed that von Mises stress 

values increased with increasing horizontal loading force 

which is in accordance with the study by Sidhu M et al. 
(1) 

The von Mises stress in the mini implant was mostly 

present at the neck of the implant at the cervical third 

close to bone-implant interface. The simulated 

outcomes, stress, strain and deformation were almost 

linearly proportional to the force magnitude in this 

study.  

These results were reasonable and predictable, because 

the material properties in all components were assumed 

to be isotropic and homogeneous. 

Conclusion 

The FEM study in the present study tried to accurately 

evaluate the stress, strain and deformation on the bone 

surrounding the mini implant; However there is a 

variation in the clinical response and this will be 

dependent on many factors, including the host response, 

mini-screw dimensions, insertion technique, sterilization 

protocol and type of loading, amongst others.(20) 

Overloading must be avoided and it is recommended to 
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prevent or minimize the horizontal forces on the cervical 

level of mini implant for better stability. 

The study was done on the basis of assumption that 

cortical and trabecular bone was isotropic and 

homogenous. Hence with the current knowledge it is 

difficult to predict the outcome of treatment with same 

loading condition over passage of time. Hence it must be 

used as a reference in assisting clinical judgement.  
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