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INTRODUCTION:
In recent years Ortho Mini-Implants (OMIs) have become popular 
because of their versatility, minimal surgical invasiveness, low cost 

[1,2]and increase in the overall treatment spectrum.  The optimal 
insertion angle has an important role in anchorage, biomechanical 
consideration, risk of damage to adjacent teeth and also delivers 
enhanced surface contact area between the bone and OMIs.  Based on 
the aim of tooth movement, OMIs may be used in various directions, 
thus understanding how the force is transmitted to the OMIs and 
cortical and trabecular bone would be valuable to clinicians. The 
present study aims to measure the distribution of stress patterns in the 
OMIs and in the bone.

This study aims to investigate the roles of bone quality, angulation on 
the biomechanics of orthodontic miniscrew implants( DENTOS & 
BIORAY) by using nite element analysis.

In this study, we incorporated a nite element approach and factorial 
analysis to determine the biomechanical effects of the exposure length 
of the mini-implant, the insertion angle, and the direction of 
orthodontic forces. This was the original research conducted on FEM 
models and didn't require any approval from ethical committee,hence 
no approval was taken from the ethical committee.

To reduce the failure rate of OMIs (10-30%), several biological and 
biomechanical factors associated with their performance have been 

[3-5]studied.  It can be speculated that the inclination angle in which it is 
[4-6]inserted, is a factor of major relevance.

Previous studies using FEA have shown the quality of trabecular bone in the 
region of OMI insertion is not critical for its stability, however, a layer of 

[7]cortical bone at least 1 mm thick is crucial.   On the other hand, the thinner 
the cortical bone, the larger the tension the OMIs will cause to the bone, 

[8-9] increasing the risk of implant failure. It has been shown that even the thick 
cortical bone layer of the palate region is incapable of supporting forces 

10greater than 480 gf.  The shape and geometry (macro structure) of an OMI 
are directly connected with the amount of tension it will induce into the 

 [11-12]bone.  The region in which the highest tensions to the cortical bone are 
 [13-14]detected is the rst thread of the OMI.  Furthermore, the angle at which 

the OMI is inserted might alter this parameter.

Materials:-
Ÿ DENTOS Cylindrical TAD 1.5mm x 8mm and Bio_Ray Cylindrical 

TAD 1.5mm x 8mm was procured for 3D laser scanning
Ÿ 3D Digital replica of the TAD was created using Rexcan III 3D 

White light Scanner 
Ÿ Computer Aided Design (CAD) was constructed using the 

information of scanned Models.
Ÿ A Finite Element Model (FEM) will be created with the help of a 

CAD model 
Ÿ Bone model was generated directly in FEA software (Altair 

Hypermesh).

Method-
Following are general steps involved in the nite element model 
preparation are as follows 
1. Construction of the geometric model of the mandible bone around 
the OMIs & complete the assembly. 
2. Incorporation of material properties of tooth structure and 
periodontium. 
3. Loading conguration.

Construction of the geometric model of OMIs & Bone.
In this study, the geometry of 3D nite element model of DENTOS 
Cylindrical & Bio_Ray Cylindrical OMI was generated through 
physical laser scanning. This data were exported to 3D image 
processing and editing software- 3D-Doctor (Able Software Corp., 
Lexington, Massachusetts, USA), stereolithographic (STL) Bone 
model was made in Altair HyperMesh (Troy, Michigan, United States). 
Complete model was assembled in Altair HyperMesh software.

Incorporation Of Material Properties Of Tooth Structure And 
Periodontium
The material properties of teeth, cortical bone, cancellous bone, OMIs 
were the average values reported in literature. A detailed table with all 
material data is listed below. All materials employed for the nite 
element model study were taken to be isotropic, homogenous, and 
linearly elastic.

Loading Configuration 
Validation Of Model:
This was a stage for trial RUN of FEA. It was a stage for element 
quality check. Element qualities like Warp age, Aspect Ratio, tet 
Collapse were checked & required modication were done in the 
model to improve the element quality.

Local re-meshing in some areas was considered to improve the overall 
mesh quality of the Finite Element Model. All this was done to ensure 
generated mesh/element quality is within acceptable limit for FEA Solver.

Force Application: 
Load was applied as follows: 
· 100 N.mm Torque 

Generation Of Cad Model
Two implants (TADs) were considered for this study. As follows:
DENTOS Cylindrical TAD 1.5mm x 8mm

BioRay Cylindrical TAD 1.5mm x 8mm 

CAD Model for TADs was obtained from a 3D laser scanning device. 
Actual models of TAD were sent for 3D scanning and a 3-dimensional 
CAD model was generated. CAD Model images & specications of 
the TAD are as mentioned below
    

Placement of TAD Model-
Screw was inserted in the Bone Block at 2 different angulations as 
shown below (45 &60). Centreline sections for 2 models are placed 
side by side for comparison.

Following Are First Two Models For DENTOS Cylindrical TAD 
1.5mm x 8mm 

 

INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH

Dentistry

International Journal of Scientific Research 43

Volume - 13 | Issue - 03 | March - 2024 | PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

KEYWORDS

Fig.1. DENTOS Cylindrical 
TAD 1.5mm x 8mm

Fig.2. BioRay Cylindrical 
TAD 1.5mm x 8mm
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Following Are First Two Models For BioRay Cylindrical TAD 
1.5mm x 8mm

RESULT-
Bone Stress Distribution
Generally, the amount of stress for force direction in all angulations 
(45°and 60°) was greater in the cortical bone than the trabecular bone. 
The greatest amount of stress in cortical bone was at the entrance of the 
miniscrew to the bone; the stress levels reduced gradually toward the 
tip of the miniscrew.

Miniscrew Stress Distribution
The peak von Mises stress in the miniscrew was at the smallest 
diameter of the shank, especially in the part inserted in the soft tissue. 
Generally, toward the tip of miniscrew, this value was decreased. For 
the part of the mini-screw located within the cortical bone, the greatest 
amount of stress was in the narrowest part of the shank.

Table:1

Model 1-Temporary Anchorage Device DENTOS at 45 degree under 
the load of 100N.mm distribute more stress on bone.

Model 2-Temporary Anchorage Device DENTOS at 60 degree under 
the load of 100N.mm distribute less stress on bone as compare to 45 
degree angulation

Model 3-Temporary Anchorage Device Bioray  at 45 degree under the 
load of 100N.mm distribute less stress on bone.

Model 4-Temporary Anchorage Device Bioray  at 60 degree under the 
load of 100N.mm distribute less stress on bone.

DISCUSSION-
In recent years Ortho Mini-Implants (OMIs) have become popular 
because of their versatility, minimal surgical invasiveness, low cost 

[1,2] and increase in the overall treatment spectrum. The optimal insertion 
angle has an important role in anchorage, biomechanical 
consideration, risk of damage to adjacent teeth and also delivers 
enhanced surface contact area between the bone and OMIs. Finite 
element model analysis (FEMA) provides an effective computational 
tool, which offers a stable and non-invasive alternative method for 
measuring the response of the structures to the applied external loads 
under certain boundary conditions. This study was conducted to 
evaluate two different types of implants(Dentos and Bioray)  for their 
effects of force directions on the stress distribution in different parts 

[15]engaged in the process of loading.   Applying the 100-Nmm force 
with 45° and 60° angles showed that the greatest amount of stress was 
in the cortical bone which was signicantly higher than that of the 

[16]trabecular bone.

Excessive bone stress might cause local bone resorption. Other reasons 
for the difference between the amounts of von Mises stress in various 
studies are different mesh design and size, as well as the shape and 
diameter of the screws, different Young's modulus, and deliberation of 
friction. In this study, like most other studies, the maximum von Mises 
stress levels with 100-Nmm horizontal force were less than the yield 

[17]strength of cortical bone.  

In previous study, Liu et al.found that a horizontal load would induce 
much more stress than a vertical load. So logically vertical stress 
provides less stress than pure horizontal force.

The highest amount of stress was seen in the area with the smallest 
diameter just above  of the entrance of miniscrew to the cortical 

[18]bone.  Therefore, the risk of failure is higher in this area. This can be 
justied with the second moment of inertia of a cylinder that shows the 
peak stress is inversely proportional to the third power of the diameter. 

[9]These ndings were different from the result achieved by Singh et al.  
due to the fact that they did not consider a space for the soft tissue and 
reported the maximum stress to be located in the neck of miniscrew.
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TAD Details TAD Insertion 
Angle (°) 

Load 

1 DENTOS Cylindrical TAD 45 100 N.mm Torque 
2 DENTOS Cylindrical TAD 60 100 N.mm Torque 
3 Bio_Ray Cylindrical TAD 45 100 N.mm Torque 
4 Bio_Ray Cylindrical TAD 60 100 N.mm Torque 

Model TAD Details TAD Insertion 
Angle (°) 

Load 

1 DENTOS Cylindrical 
TAD 

45 100 N.mm 
Torque 

Von. Mises Stress in 
Cortical Bone (MPa) 

Von. Mises Stress in 
Medullary Bone (MPa) 

Von. Mises Stress 
in TAD (MPa) 

72.63 1.37 96.27 

Model TAD Details TAD Insertion 
Angle (°) 

Load 

2 DENTOS Cylindrical 
TAD 

60 100 N.mm 
Torque 

Von. Mises Stress in 
Cortical Bone (MPa) 

Von. Mises Stress in 
Medullary Bone (MPa) 

Von. Mises Stress 
in TAD (MPa) 

40.42 MPa 1.24 MPa 97.12 MPa

Model TAD Details TAD Insertion Angle 
(°)

Load

3 Bio_Ray Cylindrical 
TAD 

45 100 N.mm 
Torque

Von. Mises Stress in 
Cortical Bone (MPa) 

Von. Mises Stress in 
Medullary Bone (MPa) 

Von. Mises Stress 
in TAD (MPa) 

35.84  MPa 1.51 MPa 90.74 MPa

Model TAD Details TAD Insertion 
Angle (°) 

Load 

4 Bio_Ray Cylindrical 
TAD 

60 100 N.mm 
Torque 

Von. Mises Stress in 
Cortical Bone (MPa) 

Von. Mises Stress in 
Medullary Bone (MPa) 

Von. Mises Stress 
in TAD (MPa) 

29.67  MPa 1.54 MPa 88.43 MPa



According the results of this study, it can be suggested that the part of 
the miniscrew which is inside the soft tissue should have a larger 
diameter relative to the portion that is located inside the cortical bone. 
Simultaneously, the thread width of the soft tissue area should be 

 [19]reduced compared to those in contact with the bone.

The thread shapes did not have a signicant impact on the miniscrew 
deection under the horizontal loading. This value decreased with the 
reduction of the angle of force because the amount of horizontal force 
was reduced as previously described.

Like other nite element studies, this study had some limitations in the 
simulation. The structures in the models were assumed to be linear, 
homogeneous, and isotropic; while real bone is neither homogeneous 
nor isotropic, but we used these assumptions for simplicity and to 
compensate for the lack of information on the bone behavior. The 
geometry of the bone block was simplied to a rectangular block 
instead of a jaw section. The soft tissue was not simulated; although its 
thickness was deliberated. We assumed that the friction coefcient 
between the miniscrew and bone was 0.2; it might be different for 
cortical and trabecular bones. Since the thread shape might affect the 
insertion of miniscrew in the bone, further studies on this subject are 
recommended.

CONCLUSION-
In this FEM study the force applied by OMI on bone with different 
angulation is measured. At angle of 45 degree and 60 degree. It was 
found that 60 degree angulation distribute less stress than 45 degrees. 
Comparison between DENTOS and BIORAY implant indicated that 
the BIORAY mini screw implant at 60 degree gives better result as far 
as stability and bone stress distribution is concerned.
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