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Abstract: 

Introduction: The proper angle of microimplant insertion is important for cortical anchorage, patient safety, 

and biomechanical control. However, the actual impact of different insertion angulations on stability is 

unknown. 

Aim: To assess the bone and mini-implant of different lengths and diameters during en-masse retraction of 

maxillary and mandibular anterior teeth using Finite Element Modeling and Simulation 

Methods: To perform 3-dimensional finite element analysis, finite element models of a maxilla and a mandible 

with types D3 and D2 bone quality, and of microimplants with a diameter of 1.3 mm and lengths of 8 and 7 mm 

were generated. The microimplants were inserted at 30°, 45°, 60°, and 90° to the bone surface. A simulated 

horizontal orthodontic force of 200 g was applied to the center of the microimplant head, and stress distribution 

and its magnitude were analyzed with a 3-dimensional finite element analysis program. 

Results: The maximum von Mises stresses in the microimplant and the cortical bone decreased as the insertion 

angle increased. Analysis of the stress distribution in the cortical and cancellous bones showed that the stress 

was absorbed mostly in the cortical bone, and little was transmitted to the cancellous bone. The maximum von 

Mises stress was higher in type D3 bone quality than type D2 bone quality. 

Conclusion: The bone stress decreased with increasing mini-implant diameter in maxilla and mandible. Length 

of the mini-implant did not have any considerable effect on stress at implant-bone interface in both maxilla and 

mandible. Stress in the cancellous bone was considerably less compared to the stress in the cortical bone. 
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INTRODUCTION: 

Anchorage is the resistance to unwanted tooth movement 

and the control of anchorage is one of the most critical 

factors in orthodontic treatment. A goal of any orthodontic 

treatment is to achieve desired tooth movement with 

minimum number of undesirable side effects [1] 

Traditionally, anchorage is reinforced by increasing the 

number of teeth bilaterally or using extra-oral devices, 

musculature, and the alveolar processes [2]. However with 

these traditional methods it is extremely difficult to 

undertake orthodontic treatment without compromising 

anchorage in some way [3]. 

Prevention of undesirable tooth movement in both arches 

is now possible with the use of orthodontic mini-implants. 

Orthodontic mini-implant provide the biomechanical 

advantage that allows more effective and efficient 

treatment with fewer auxiliaries .It has shown great 

promise as a simpler and more versatile solution for 

obtaining absolute anchorage  and  has increased the 

envelope of orthodontic treatment [2]. When compared to 

conventional dental implants used for orthodontic 

anchorage, the orthodontic mini-implant which is a 

temporary implant provides many advantages such as; 

simpler surgical procedure, less trauma during insertion 

and removal, minimal anatomical limitation, immediate 

loading after placement and low cost [4,5] 

The proper length and thickness of orthodontic mini-

implants is important for improved cortical anchorage and 

better biomechanical control. The effect of different length 

and thickness of mini-implant on the stress pattern of bone 

and mini-implants are poorly understood. It is virtually 

impossible to measure stress accurately around 

orthodontic mini-implants in vivo. Also, it is difficult to 

achieve an analytical solution for problems involving 

complicated geometries such as the maxilla and the 

mandible, which are exposed to various kinds of loads [6].  

Since clinical determination of stress and strain 

distribution in the bone and mini-implant is not possible, 

an alternative method has to be used. One such 

experimental design is the use of the Finite Element 

Method which provides a way to predict stresses 

effectively within an object [7]. 

Finite element analysis provides a mathematical solution 

for the response of external loads applied to the 3-

dimensional (3D) model. It is suitable for simulating 

complex mechanical system to predict stress in the 

maxillofacial region [8]. This method is a mathematical 

method where in the shape of complex geometric objects 

and their properties are computer constructed and is a 

highly precise technique used to analyze structural stress. 

Used in engineering for years, this method uses a 

computer to solve large number of equations to calculate 

 Bharath Ramesh et al /J. Pharm. Sci. & Res. Vol. 13(5), 2021, 302-312

302



stress on the basis of physical properties of structures 

being analyzed [9]. 

FEM has many advantages over other methods like the 

photo elastic method, because of the ability to include 

heterogeneity of tooth material and irregularity of the 

tooth contour in the model design and the relative ease 

with which loads can be applied at different directions and 

magnitudes for a more complete analysis [10].  

Finite element analysis has been used in dentistry to 

investigate a wide range of topics, such as the structure of 

teeth, biomaterials and restorations, dental implants, and 

root canals. 

In Orthodontics, FEM has been used successfully to model 

the application of forces to single and multiple tooth 

systems.[6,10,11] FEM by simulating the real life situation 

was also used to show that areas of bone remodeling in 

vitro.12 However, there are limited studies in the literature 

that have evaluated the effect of different length and width 

of orthodontic mini implants on stress pattern generated in 

the alveolar bone. The purpose of this study was to assess 

the bone and mini-implant of different lengths and 

diameters during en-masse retraction of maxillary and 

mandibular anterior teeth using Finite Element Modeling 

and Simulation. Objectives of the study included 1) to 

construct a 3 dimensional finite element model of the 

maxillary and mandibular teeth. 2)  to construct 0.022 inch 

pre-adjusted edgewise bracket system. 3)  to simulate the 

en-masse maxillary and mandibular retraction with five 

different mini-implant lengths (5, 6, 7, 8and 10mm) and 

three different widths (1.2, 1.3 and 1.4mm). 4) to analyze 

the bone and mini-implant stress during en-masse 

retraction of maxillary and mandibular anterior teeth in all 

the groups. 

 

MATERIALS AND METHODS: 

This study was conducted using 3-dimensional finite 

element analysis to evaluate and compare the stress 

distribution of bone around the mini implants during en-

masse retraction with sliding mechanics using orthodontic 

mini-implants of five different lengths and three different 

widths. 

The materials used for this study were: Computer 

hardware: A HP Workstation XW8200 with an Intel (R) 

XEON processor, motherboard capacity of 3.40 GHz, 3.50 

MB RAM, 80 GB storage space with graphic accelerator. 

Modeling process: Three dimensional finite element 

models were created after scanning with computer 

tomography with slice thickness of 1.5mm for the 

following structures 1) Maxilla and mandible with 

dentition, 2) Periodontal ligament, 3) A standard edgewise 

bracket Roth prescription, slot size, 0.022 x 0.025 inch 

(3M Unitek, Monrovia, Calif), 4)  Stainless steel archwire 

0.019 x 0.025 inch (Roth Tru-arch forms, medium size; 

Ormco, Orange, Calif), 5)  Stainless steel hook, 6)  Nickel 

titanium closed-coil spring, 7)  Absoanchor mini-implants 

(Dentos, Taegu, Korea).  

These scanned images were viewed with dental 

EZIDICOM (National Electrical Manufacturers 

Association, NEMA) and these images were then copied 

to AUTOCAD to trace the images and the traces were 

arranged in complete set to make for a single unit using 

modeling software PRO/ENGINEER WILD FIRE 2.0 

The assembly of a single unit was transferred to modeling 

software PRO/ENGINEER Wildfire 2.0 version ( 

Parametric Technology, Needham, Mass ) to create 

volumes and areas for all the teeth, alveolar bone, 

periodontal ligament as a solid complex, thus obtaining a 

geometric model. 

The process of meshing was carried using a software 

ALTAIR HYPERMESH 7.0 version. This is a 

preprocessor used for preprocessing which includes 

meshing and applying specific boundary conditions. 

The complete model from PRO/E was imported into the 

HYPERMESH software as an assembly and all the 

independent parts, via, tooth, bone, wire, brackets & PDL 

have been meshed with specific element types based on 

the geometry as given below.  

All these components were individually modeled and then 

assembled to create 3D finite element model of maxilla 

and mandible depicting en-masse retraction of 6 anterior 

teeth. 

The entire assembly was then exported for analysis with 

ANSYS Workbench (version 11.0; ANSYS, Canonsburg, 

Pa) with a bidirectional understandable translated system 

called initial graphics exchange specification. 

  

CONSTRUCTION OF THE TEETH 

A 3D finite element model of each tooth was constructed 

with reference to the method of Wheeler.71 the maxillary 

and mandibular dentitions were established according to 

the normal arch shapes of Roth (Tru-arch forms, medium 

size; Ormco, Orange, Calif). The teeth were aligned with 

reference to the facial axis point of Andrews[72] The 

labiolingual and buccolingual inclinations of the teeth 

were simulated with reference to studies by Kim et al.73  

  

CONSTRUCTION OF BRACKET AND ARCHWIRE 

Three-dimensional finite element models of 0.022 x 0.025-

inch standard preadjusted edgewise brackets (3M Unitek, 

Monrovia, Calif) were modeled and positioned to the 

crown so that the facial axis point was at the center of the 

bracket slot. 

Three-dimensional finite element models of the archwires 

(0.019 x 0.025 inch) were designed according to Roth’s 

normal arch. 

 

CONSTUCTION OF THE PERIODONDAL LIGAMENT 

The 3D finite element models of the periodontal ligament 

were constructed with reference to the studies by Kronfeld 

and coolidge the thickness of the periodontal ligament was 

considered to be 0.25 mm evenly, although periodontal 

ligament thickness is different according to age, position, 

and individual variations [74,75]  The 3D finite element 

models of the alveolar bone were fabricated to fit the teeth 

and the periodontal ligament. 

 

CONSTRUCTION AND POSITION OF HOOK 

Four hooks were simulated and attached perpendicular to 

the archwire distal to lateral incisor of maxillary and 

mandibular arch. 
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CONSTRUCTION AND FORCE GIVEN BY THE 

CLOSED-COIL SPRING 

Nickel titanium closed-coil springs were simulated to 

deliver the force between the mini-implant and the hook. 

They generated 200 grams of force to the anterior teeth for 

en-masse retraction. 
 

CONSTRUCTION OF MINI-IMPLANT 

Three-dimensional finite element models of 15 types of 

small head, self drilling, tapered AbsoAnchor mini-

implants of dimension 1.2x5, 1.2x6, 1.2x7, 1.2x8, 1.2x10, 

1.3x5, 1.3x6,  1.3x7, 1.3x8, 1.3x10, 1.4x5, 1.4x6, 1.4x7, 

1.4x8 and 1.4x10mm using the dimensions and 

measurements obtained from the AbsoAnchor company 

were constructed.  
 

POSITIONING OF THE MINI-IMPLANT 

The mini-implants were placed 6 mm from the alveolar 

crest in the interradicular space between the first molar 

and the second premolar in the maxilla, and 11 mm from 

the alveolar crest in the interradicular space between the 

first molar and the second premolar in the mandible with 

reference to the studies by Poggio et al.[45]  
 

INSERTION ANGLE OF MINI-IMPLANT 

The mini-implants were inserted at a constant 900 

angulations to the bone surface reference to a finite 

element study. which concluded from the results that the 

least amount of stress were noticed with an insertion angle 

of 900, thus showing that mini-implants should be placed 

as perpendicular to the bone as possible for better stability 

[6]. 
 

MATERIAL PROPERTIES 

The material properties were assigned to the various 

structures such as the alveolar bone, tooth, periodontal 

ligament etc in the Finite Element model. The material 

properties assigned are in confirmation with the data 

available in previous studies. The material properties were 

calculated according to the methods of Reimann et al and 

Vollmer et al. [47,76] 

Type 3 (D3) bone quality was present in the posterior 

maxilla with a thin layer (1 mm) of cortical bone 

surrounding a core of dense trabecular bone of favorable 

strength. Type 2 (D2) bone quality was present in the 

posterior mandible with a thick layer (2 mm) of compact 

bone surrounding a core of dense trabecular bone 

according to the study by Lekholm et al. [77] 

In this study bone block of dimension 8 x 14 x 10 mm 

(height, width, and depth) was simulated to simplify the 

model and reduce the time for analysis. These bone blocks 

were modeled to represent the sections of the maxilla and 

the mandible in the interradicular spaces between the first 

molar and the second premolar where the mini-implant of 

various length and diameter was inserted at 900 

angulations.The section of bone block was simulated with 

1mm outer cortical bone thickness in the insertion areas of 

the maxilla and 2 mm outer cortical bone thickness of the 

mandible, 15 models for the maxilla and the mandible 

bone block were simulated for mini implant with various 

length and diameter. The retraction force of 200 grams 

was loaded mesiodistal to the center of mini-implants with 

closed-coil springs. The stress distribution and its 

magnitude were analyzed by ANSYS Workbench, a 3D 

finite element analysis program. An assessment of the 

stress on the bone elements was performed by using von 

Mises equivalent stress.  

All charts and tables were created using Microsoft Excel 

2007.Statistical significance analyses were not carried out 

since results of FEA are individual values without any 

statistical spread [7]. 

 

RESULTS: 

The results of this study were viewed in the post-processor 

of analysis software. The stress distribution was evaluated 

according to the stress hypothesis of von Mises[78]. The 

load was described as being the three principal stresses 

(PS) that determine the general tensional state of a body, 

namely: σ1 maximum principal stress;  σ2  intermediate 

principal stress and σ3 minimal principal stress. In some 

cases, the occurrence of principal stresses could mask the 

tensional state of the body at a certain point. Thus in these 

cases it is easier to use only a single number, i.e. that of 

Von Mises stress σe , which describes the proximity of the 

end of the elastic behavior at this point [79]. These 

principal stresses can be converted to von Mises stress, 

and the corresponding shear stress that represents the 

general effective stress in a material [80] This is a function 

of the principal stress in an element and is a common way 

of representing the stresses, since von Mises stresses 

include components of 6 stresses [81] 

For an overview of the stress distribution, a color scale 

with 9 stress values served to evaluate quantitatively the 

stress and displacement distributions in mandible [82]. 

The scale for stress runs from 0 MPa (blue) to the highest 

stress values (red). Red indicates areas with the highest 

stress, and blue indicates areas with the lowest stress [6]. 

In the color scale diagram showing stress distribution, the 

values are in Newton per square millimeter or 

megapascals. 

The maximum von Mises stress for the mini-implant, 

cortical bone and cancellous bone were tabulated, these 

are shown in (Table 2). Maximum von Mises stress on the 

mini-implant were highly concentrated in the head and 

neck of the mini-implant, the contact point between 

implant thread and cortical bone, and the cortical bone 

surrounding the mini-implant. 

The stress induced on cancellous bone is much less than 

that on the cortical bone irrespective of the length and 

diameter of the mini-implant6. Thus there was very little 

stress distribution seen at the mini-implant and cancellous 

bone interface. The comparison of the maximum von 

Mises stress values are depicted in (Graph 1) (Table 1). 

The maximum von Mises stress in the implant-cortical 

bone interface gradually decreased with increasing the 

diameter from 1.2 mm to 1.4 mm in both maxilla and 

mandible, this has been depicted in (Graph 1- Graph 5, 

Graph 9-Graph 13). Thus, maximum von Mises stresses 

observed in the implant-cortical bone interface were 

highest when the mini-implant diameter was 1.2 mm and 

stress was lowest when the mini-implant diameter was 1.4 

mm. 
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Table 1.Maximum von Mises stress values induced by mini-implant of various lengths and diameters in Mandible 

Model Bone model 

Implant 

(width 

xlength) 

Maximum von Mises stress values 

Mini-implant 

(Mpa) 

Cortical bone 

(Mpa) 

Cancellous bone 

(Mpa) 

1 Maxilla 1.2 x 5 3.796 3.223 .0871 

2 Maxilla 1.2 x 6 5.664 3.046 .0827 

3 Maxilla 1.2 x 7 5.871 2.946 .0751 

4 Maxilla 1.2 x 8 5.343 2.889 .0707 

5 Maxilla 1.2 x 10 5.002 2.927 .0853 

6 Maxilla 1.3 x 5 5.265 2.097 .0614 

7 Maxilla 1.3 x 6 5.513 2.087 .0699 

8 Maxilla 1.3 x 7 5.294 2.095 .0512 

9 Maxilla 1.3 x 8 5.124 2.106 .0532 

10 Maxilla 1.3 x 10 5.547 2.061 .0703 

11 Maxilla 1.4 x 5 5.157 1.622 .0853 

12 Maxilla 1.4 x 6 5.11 1.619 .0486 

13 Maxilla 1.4 x 7 5.98 1.501 .0512 

14 Maxilla 1.4 x 8 5.293 1.571 .0424 

15 Maxilla 1.4 x 10 5.294 1.478 .0462 

 

Table 2. Maximum von Mises stress values induced by mini-implants of various lengths and diameters in Maxilla. 

Model Bone model 

Implant 

(width 

xlength) 

Maximum von Mises stress values 

Mini-implant 

(Mpa) 

Cortical bone 

(Mpa) 

Cancellous bone 

(Mpa) 

1 Mandible 1.2 x 5 5.233 3.546 .0319 

2 Mandible 1.2 x 6 5.208 3.385 .0373 

3 Mandible 1.2 x 7 5.245 3.487 .0368 

4 Mandible 1.2 x 8 5.27 3.498 .0298 

5 Mandible 1.2 x 10 5.097 3.558 .0332 

6 Mandible 1.3 x 5 5.627 2.716 .0288 

7 Mandible 1.3 x 6 5.385 2.642 .0263 

8 Mandible 1.3 x 7 5.290 2.586 .0233 

9 Mandible 1.3 x 8 5.321 2.533 .0297 

10 Mandible 1.3 x 10 5.325 2.696 .0277 

11 Mandible 1.4 x 5 5.726 1.497 .0192 

12 Mandible 1.4 x 6 5.554 1.382 .0271 

13 Mandible 1.4 x 7 5.666 1.399 .0235 

14 Mandible 1.4 x 8 5.774 1.298 .0122 

15 Mandible 1.4 x 10 6.296 1.309 .0213 

 

 

Graph 1.Maximum von Mises stress values induced by 

mini-implant of three different 0diameters with 5mm 

length in maxilla 

 

Graph 2.Maximum von Mises stress values induced by 

mini-implant of three different diameters with 6mm 

length in maxilla 
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Graph 3.Maximum von Mises stress values induced by 

mini-implant of three different diameters with 7mm 

length in maxilla 

 
 

 

Graph 4.Maximum von Mises stress values induced by 

mini-implant of three different diameters with 8mm 

length in maxilla 

 
 

 

Graph 5.Maximum von Mises stress values induced by 

mini-implant of three different diameters with 10mm 

length in maxilla 

 
 

 

Graph 6.Maximum von Mises stress values induced by 

mini-implant of five different lengths with 1.2mm 

diameter in maxilla 

 
 

 

Graph 7.Maximum von Mises stress values induced by 

mini-implant of five different lengths with 1.3mm 

diameter in maxilla 

 
 

 

Graph 8.Maximum von Mises stress values induced by 

mini-implant of five different lengths with 1.4mm 

diameter in maxilla 
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Graph 9.Maximum von Mises stress values induced by 

mini-implant of three different diameters with 5mm 

length in mandible 

 
 

 

Graph 10.Maximum von Mises stress values induced 

by mini-implant of three different diameters with 6mm 

length in mandible 

 
 

 

Graph 11.Maximum von Mises stress values induced 

by mini-implant of three different diameters with 7mm 

length in mandible 

 
 

Graph 12.Maximum von Mises stress values induced 

by mini-implant of three different diameters with 8mm 

length in mandible 

 
 

 

Graph 13.Maximum von Mises stress values induced 

by mini-implant of three different diameters with 

10mm length in mandible 

 
 

 

Graph 14.Maximum von Mises stress values induced 

by mini-implant of five different lengths with 1.2mm 

diameter in mandible 
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Graph 15.Maximum von Mises stress values induced 

by mini-implant of five different lengths with 1.3mm 

diameter in mandible 

 
 

Although cancellous bone stress values were very minimal 

it correlated well to the cortical bone stress at the implant-

bone interface and none of the peak stress within cortical 

bone exceeded their respective ultimate strength limits.  

By changing the mini-implant length did not have a 

considerable effect on maximum von Mises stress at 

implant-cortical bone interface or implant-cancellous bone 

interface in both maxilla and mandible. (Graph 6-Graph 8, 

Graph 14-Table 1) 

 

DISCUSSION: 

In orthodontic clinical practice, proper anchorage is a 

crucial factor for a successful treatment outcome. In recent 

years mini implants with its absolute anchorage have 

become the cornerstone of orthodontics. The length and 

thickness of mini-implant is important for primary stability 

and clinical success. 

Clinically, stress is an important factor in mini-implant 

stability as increased stress might draw more cytokines, 

macrophages, and inflammatory mediators to the implant 

site, possibly resulting in a higher risk of mini-implant 

failure through loss of primary stability. Biomechanical 

stresses and strains at the bone-implant interface have 

been attributed to imlant failure in most instances, 

resulting in peri-implant inflammation that can lead to 

bone loss [83]  

The concept of finite element analysis originated during 

1940’s to study stresses in complex airframe structures. 

Dr. Ray Cough in 1960 coined the term “finite element”. 

FEM is a numerical method of analysis, this method 

schematically divides any object under study into finite 

number of smaller subunits called elements for analyzing 

its physical behavior .Each element can be geometric 

shape (i.e, hexahedron, tetrahedron, triangle, square etc)   

Finite element method utilizing the known data of physical 

properties of the object calculates the deformation of each 

element under the application of a known load. Thus sum 

of deformation of the entire element is the deformation of 

the entire structure. The FEM is a valid and noninvasive 

method that provides useful results to predict various 

parameters of the complex biomechanical behavior 

including bone [84]. 

Finite element model provides the orthodontist with 

quantitative data that increases the understanding of the 

physiologic reactions that occur after force application and 

may yield an improved understanding of the reactions and 

interactions of individual tissues and the greatest strength 

of the finite element model is that it can be magnified 

nearly infinitely both in terms of the actual volumetric 

construction itself and the mathematical variability of its 

material parameters [9,85] 

As it is difficult to determine the underlying 

biomechanical mechanisms for mini-implant applications 

through an experimental approach because of the limited 

measureable mechanical index, imprecise parameter 

control, the large variations among samples, and it is 

virtually impossible to measure stress in vivo,  an 

alternative method like finite element analysis provides a 

solution for the response of the 3-dimensional(3D) 

structures to the applied external loads under certain 

boundary conditions. It appears to be suitable for 

simulating complex mechanical stress situations in the 

maxillofacial region [8,70]. 

The von Mises stress can be used to predict failure 

according to the von Mises yield criterion, which states 

that yielding of a material occurs when the von Mises 

stress exceeds the yield strength in tension [86]. The von 

Mises yield criterion applies best to ductile materials such 

as metals. However, for brittle materials such as bone, the 

maximum principal stress criterion is commonly used 

instead of the von Mises yield criterion. The maximum 

principal stress criterion states that failure occurs when the 

maximum principal stress reaches either the ultimate 

tensile strength or the ultimate compressive strength [87]. 

The recent popularity of mini-implants has lead to its use 

in various clinical situations. Mini implants are available 

in a wide choice of length and diameter, but the effect of 

different length and diameter of mini-implant on the stress 

pattern of bone and mini-implant are poorly understood 

and limited studies have been published in respect to this 

topic. So this study was undertaken to access the stress 

distribution in the bone and mini-implants of different 

lengths and diameters during en-masse retraction of 

maxillary and mandibular anterior teeth using finite 

element analysis.  

In this study, three dimensional finite element models of   

maxilla, mandible, dentition and periodontal ligament 

were created by using computer tomography (CT) with 

slice thickness of 1.5mm. The first premolars were 

excluded from the model to mimic extraction. Standard 

preadjusted edgewise brackets (Roth prescription brackets 

of  0.022 x 0.025-inch, 3M Unitek, Monrovia, Calif) with  

were generated and placed to the crown so that the facial 

axis point was at the cenater of the bracket slot and three-

dimensional finite element models of the archwires (0.019 

x 0.022 inch) were designed according to Roth’s normal 

arch. Four hooks were simulated and attached 

perpendicular to the archwire distal to lateral incisor of 

maxillary and mandibular arch. 
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Three-dimensional finite element models of 15 types of 

small head, self drilling, tapered AbsoAnchor mini-

implants(1.2x5, 1.2x6, 1.2x7, 1.2x8, 1.2x10, 1.3x5, 1.3x6,  

1.3x7, 1.3x8, 1.3x10, 1.4x5, 1.4x6, 1.4x7, 1.4x8, 

1.4x10mm)  using the dimensions and measurements  

obtained from the AbsoAnchor company were constructed 

and  placed 6 mm from the alveolar crest in the inter-

radicular space between the first molar and the second 

premolar in the maxilla, and 11 mm from the alveolar crest 

in the inter-radicular space between the first molar and the 

second premolar in the mandible with reference to the  

studies by Poggio et al [45]. 

In this study a self drilling mini-implant was preferred, 

because when compared with self tapping mini-implants 

the placement of self drilling mini-implant is simple, less 

time consuming, can avoid thermal damage, no risk of 

drill fracture and also because this system enhances 

primary stability by compressing bones during 

implantation [88].  Erma Quraishi et al from their study 

showed that non-tapered mini-implant fractured at 

significant higher torque values compared to tapered 

design, thus tapered design was used in this study [86] 

The simulated mini-implants were inserted at a constant 

900 angulations to the bone surface with reference to a 

finite element study, which concluded from the results that 

least amount of stress were noticed with insertion angle of 

900, thus showing that mini-implants should be placed as 

perpendicular to the bone as much as possible for better 

stability.6 The material properties were assigned to the 

various structures such as the alveolar bone, tooth, 

periodontal ligament according to the methods of Reimann 

et al  and Vollmer et al. [47,76]  

Type 3 (D3) bone quality was assigned for the posterior 

maxilla, with a thin layer (1 mm) of cortical bone 

surrounding a core of dense trabecular bone of favorable 

strength. Type 2 (D2) bone quality was assigned for the 

posterior mandible with a thick layer (2 mm) of compact 

bone surrounding a core of dense trabecular bone, this was 

done according to the study by Leholm et al.[77]. 

Motoyoshi et al from his studies conclude that the 

minimum cortical bone thickness to ensure mini-implant 

stability was 1mm [62]. 

To simplify the model and reduce the time for analysis, a 

bone block was modeled with dimensions of 8 x 14 x 10 

mm (height, width, and depth) for this study.  These bone 

blocks represented the sections of the maxilla and the 

mandible in the inter-radicular spaces between the first 

molar and the second premolar where the mini-implant of 

various length and diameter was inserted at 900 

angulations. However these simplifications should affect 

the quantitative values of the simulations, not the 

underlying mechanical mechanism [70]. 

Nickel titanium closed-coil spring was simulated to deliver 

the 200 grams of force between the mini-implant and the 

hook. The simulated models were then used to evaluate 

and compare the stress distribution of  implant-bone 

interface during en-masse retraction with sliding 

mechanics with ANSYS Workbench, three dimensional 

finite element method and the assessment of the stress on 

the bone elements was performed by using von Misses 

equivalent stress. 

The results showed that maximum von Mises stress in the 

implant-cortical bone interface gradually decreased with 

increasing the diameter from 1.2 mm to 1.4 mm in both 

maxilla and mandible. These results correlate well with a 

study done by Hyo-Sang and others showing that the mini-

implant diameter has a major influence on mini-implant 

stability [52,7,29,55,61,89]. 

Ramzi and others reported from his finite element study 

that infra-bony length did not affect the stresses within 

peri-implant cortical bone but increasing the extra-bony 

head length of the mini-implants caused an increase in the 

stresses in bone and may therefore compromise the 

stability, thus clinically he recommends using a mini-

implant with larger diameter in such circumstances [7]. 

The study also showed that there was not any considerable 

change on the maximum von Mises stress at implant-

cortical bone interface or implant-cancellous bone 

interface in both maxilla and mandible for all the mini-

implant lengths studied. This result was similar to studies 

done by Sung and others which investigated the 

importance of mini-implant length on stability of mini-

implant and concluded that it does not significantly affect 

the mini-implant stability [28,7,46,90,91,92]. However the 

results of this study was not in agreement with studies 

done by Lim and others [12,58,62] 

The study results also showed that there was very little 

stress distribution seen at the mini-implant and cancellous 

bone interface. Thus showing that stress induced on 

cancellous bone is much less when compared to cortical 

bone irrespective of the dimensions of the mini-implant. 

Similar results were found by Gracco and Dalstra 

indicating that most of the stress placed on bone by the 

mini-implant was absorbed by the cortical bone and 

therefore may be an important factor for mini-implant 

stability [60,95]. 

The patterns of stress distribution of mini-implant under 

loading of 200 gms of force showed that the area of stress 

distribution were around the head and neck of the mini-

implant, the cortical bone and the upper third of the 

trabacular bone. The area of maximum stress were 

concentrated around the point of force application i.e the 

neck region of the mini-implant. These stress 

concentration gradually decreased from the neck towards 

the apex region of the mini-implant. This was probably 

because the greatest resistance is exerted at the mini-

implant entrance into the cortical and cancellous bones. 

This result obtained correlated well with other similar 

studies.[6,68,96]. 

From this study it can be concluded that; the increase in 

diameter of the mini implant reduces the stress pattern. 

Therefore, larger diameter of mini-implant should be used 

wherever possible within the anatomical limitations of the 

situation. Secondly, the length of the mini-implant had no 

effect on the cortical bone stress and therefore the 

selection of the length should be based on factors like 

primary stability, purpose of use, etc., rather than stress.  
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Thirdly, there was minimal stress on the cancellous bone 

which indicate that cancellous bone plays a secondary role 

to cortical bone in mini-implant placement.  

Although finite element analysis is a useful technique, it 

has few limitations like any other theoretical model of a 

biological system, which include some basic assumptions 

such as material properties of the structures is understood 

to be nonlinearly elastic and anisotropic, but for the 

purpose of simplicity and lack of scientific quantitative 

data on bone behavior material properties, the present 

study assumed that all materials are linear, homogenous 

and isotropic. 

Another limitation of finite element study evaluating stress 

is that its model neglects the stress produced by the 

insertion of the screw and considers only the stresses 

produced by horizontal and torsional loads. Mano from his 

study concluded that bony tissue behaves as a viscoelastic 

material, which results in relaxation in the stress fields 

generated by implant insertion thus implying that stress 

produced by insertion of screw are less significant [97]. 

The mini implant-bone interface was simulated to have 

full contact, which is not the case in real-life situation. 

Nevertheless, a full contact was assumed for simplicity 

and to represent the best possible relationship between 

bone and the implant.  

Analytical results of the finite element model depend 

mainly on the models developed, so they must be 

constructed to be equivalent to the real object in various 

aspects. For a more accurate model, more nodes would be 

needed [6]. However; this will cause a corresponding 

increase in the number of subsequent computational 

operations, making the process lengthy and more complex. 

Hence, it’s practical that the number of elements are 

optimized in the areas of large stress, and kept to bare 

minimum in the other areas.   

The material properties and the geometry of the model 

differs from person to person and the stress distribution 

patterns simulated also might differ,  depending  on the 

materials and properties assigned to each model used in 

the study.  

The models used in this study were done to reflect the 

reality as much as possible with respect to their 

limitations, but the simulation of heterogeneity and 

anisotropy of bone and the properties of the implant 

surface must be considered in future studies for evaluating 

varying force level, implant placement level, shape of the 

mini-implant, etc. 

 

CONCLUSION: 

In spite of the limitations of the study, the results can 

definitely be used as a guideline for selection of the type 

of mini-implants and thereby increasing the likelihood of 

their success in any given clinical scenario. 

Within the limitations of this study, the following 

conclusions were drawn from the results obtained, The 

bone stress decreased with increasing mini-implant 

diameter in maxilla and mandible. Length of the mini-

implant did not have any considerable effect on stress at 

implant-bone interface in both maxilla and mandible. 

Stress in the cancellous bone was considerably less 

compared to the stress in the cortical bone. 

Larger diameter mini-implants tend to produce lesser 

stress on the cortical bone and varying the length of the 

mini-implant does not have an effect on stress values. 

Most of the stress placed on bone by the mini-implant was 

absorbed by the cortical bone thus cancellous bone may 

also not be a major factor in mini-implant stability. Further 

clinical studies are needed to confirm these findings.   
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