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Abstract

Objective: The aim of this study is to evaluate the effects of modified corticotomy procedures on canine retraction and compare

it with the conventional method using finite element analysis.

Materials and Methods: Three-dimensional finite element method was used to simulate canine retraction after modified
corticotomy procedures in sliding mechanics after first premolar extraction. Retractive force of 200 g was applied, and the
amount of canine retraction was measured in both micro-osteoperforation and vertical groove model and compared with the

conventional model.

Result: Vertical groove model shows the maximum amount of canine retraction followed by micro-osteoperforation model and

least with the conventional model.

Conclusion: Modified corticotomy procedures have been proven to be an efficient way of accelerating orthodontic tooth

movement as it reduces cortical bone resistance.
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INTRODUCTION

Lifestyle of today’s era demands a time-valued perception of
everything which is also applicable in orthodontics. Patient
compliance is the driving force to accomplish the treatment
at its finest. Patient’s demands for shorter orthodontic
treatment duration are on the rise. Orthodontists have been
under constant pressure to explore various methods of
accelerating tooth movement. One of the most common
tooth movements inS orthodontic treatment is a canine
retraction. At present, conventional fixed orthodontic
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treatment requires about 1-2 years."! More time is required
for extraction cases, such as for adult patients, which is a
great concern and poses a high risk of caties,? external
root resorption.’ Thus, accelerating orthodontic tooth
movement and the resulting shortening of the treatment
duration would be beneficial. Many researchers have utilized
different biochemical methods involving medications to
improve the speed and quality of orthodontic treatment,
but the systemic influence on the body’s metabolism makes
this difficult to apply in orthodontics. Recently, investigators
have begun studying local techniques for stimulating better
orthodontic tooth movement. Surgically aided rapid tooth
movement has become one of the novel techniques for
accelerating canine retraction. Systemic review by Long ez al,
concluded that among vatious methods used for accelerating
orthodontic tooth movements, corticotomy surgical method
was safe, efficient and time reducing procedure. The
original corticotomy technique described by Kole included
a combined interradicular corticotomy and supra-apical
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osteotomy. Biologic tooth movement? can be achieved
with conventional orthodontic treatment techniques, but
the canine retraction phase usually lasts for 6—-8 months.

Until now, these research modalities and techniques for
accelerating canine retraction have been applied in animal
experiments and clinical case reports. Finite element analysis
has become a powerful tool for dental biomechanical
research due to its increased availability, capacity and ease
of use of computer software in biologic modeling. It can be
considerably effective and most importantly, non-invasive
way and helps us for simulating complicated procedures
which ultimately gives right path in treatment planning.”

Among the various ways of accelerating canine retraction,
corticotomy procedures recently gaining popularity.”
Conventional corticotomy contained the raising of the flap
after which vertical grooves or a number of perforations were
made on the buccal as well as the palatal aspects followed by
bone grafting. This current study gives more emphasis on a
modified version of corticotomy for accelerating the canine
movements with a reduction in micro-osteoperforations to
only three in number in one finite element method (FEM)
model and vertical groove on second FEM model which is
then compared with conventional FEM model.

Aims and Objectives

Aim

The aim of the study was to evaluate the effects of
modified corticotomy on canine retraction and compare it
with the conventional method using finite element analysis.

Objective

1. To measure the amount of canine retraction following
micro-osteoperforations (3 circular perforations) and
compare it with the conventional method using finite
clement analysis.

2. To measure the amount of canine retraction following
micro-osteoperforations (vertical groove) and compare it
with the conventional method by finite element analysis.

MATERIALS AND METHODS

Three-dimensional (3D) finite element model was
constructed, including maxillary teeth, periodontal ligament
(PDL), alveolar bone, brackets, wire, and bands in which
first premolars were extracted.

Although PDL thicknesses differ according to age,
position, and individual variations, the thickness of the
PDL was considered to be consistently 0.25 mm. The 3D
finite element models of the alveolar bone were fabricated
to fit the teeth and the PDL, and the thickness of cortical
bone was considered to be 2 mm.[*!

In this study, the orthodontic force was applied to three
FEM models (ANSYS R14.5) which simulated the canine
retraction. The forces were applied to the surfaces of the
teeth, mesiodistally, as in normal clinical practice. In this
study, we defined conventional canine retraction model
as model 1. The numbers of nodes and elements of the
initial model are shown in Table 1. Construction of second
and third model was same as like model 1 to compare the
amount of canine retraction. On model 2, three micro-
osteoperforations were made distal to canine in extraction
space at the level of canine root apex, 2 mm apical to
the marginal alveolar bone and in between these two
perforations."”! In model 3, the vertical groove was made
along the long axis of canine root in the extraction space
[Figures 1-4|. After removing the barrier of cortical bone
which was around 2 mm deep and 1.5 mm, wide immediate
orthodontic force was applied.”! Optimal force for canine
retraction is 200 g which has proven sufficient amount of
force to maximize the rate of canine retraction without any
ill effects on tooth itself and surrounding structures too.!!
After application of force amount of canine retraction was
measured on all three models. Results are shown in Table 2.

RESULTS

Immediately after loading of the retraction forces of 200 g
between the crown of the first molar and the canine, the
initial displacement of the canine was highly concentrated
in the distal area of the crown in all three models.

The results of this study, which showed stress distribution
along the root, PDL, and alveolar bone, provided insight
into clinical observations.! Compared with the conventional
method of canine retraction, we found that model 3 (vertical

Table 1: Number of nodes and elements generated
for initial model

Models

Number of nodes Number of elements

Cancellous bone 69.897 41.814
Cortical bone 118.762 68.648
Canine 7.293 4.181
Second premolar 3.933 2.241
First molar 5.961 3.497
PDL of canine 17.383 8.584
PDL of second premolar 11.482 5.645
PDL of first molar 18.873 9.306

PDL: Periodontal ligament

Table 2: Deformation in the canine with various
arrangements during retraction

Method

Deformation (mm)

Conventional method 0.303
With Micro-osteoperforations 0.382
With groove 0.443
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Figure 1: (a) Model 2 showing micro-osteoperforations,
(b) Model 3 showing vertical groove
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Figure 2: Deformation plot for intact teeth of conventional
model (model 1)

groove) showing the maximum amount of canine retraction
followed by model 2 (3 micro-osteoperforations).

DISCUSSION

Orthodontic tooth movement is a biological process
characterized by sequential reactions of periodontal tissue
against a biomechanical force system. It is also a process in
which the application of a mechanical force induces alveolar
bone resorption on the pressure side and alveolar bone
deposition on the tension side."? The orthodontic force
system is a complicated three-dimensional system which is
difficult to evaluate in clinical conditions, and orthodontic
force plays an important role in the entire biomechanical
process during tooth movement. In our study, it was found
that the effects of force application would be changed
when the force-loading environment was changed. For
accelerating canine retraction speed, periodontal tissue,
especially hard tissue such as alveolar bone around the
canine, is the most important soutce of resistance.!’

In this study, the orthodontic force was applied to three
FEM models which simulated two different surgical
interventions and one conventional treatment for canine
retraction. Stress distribution and deformation on the root,
PDL, and cortical bone were evaluated.
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Figure 3: Deformation plot of micro-osteoperforations, model 2
(maximum deformation: 0.0000382 mm)
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Figure 4: Maximum deformation with grooved configuration:
(0.0000443 mm), model 3

On the basis of previous studies, resistance to tooth
movement is increased when the roots are torqued lingual
ot buccal. This principle was used by Rickets!"’ and is
called cortical anchorage. In general, cortical bone offers
more resistance to resorption. The cortical bone could
also block tooth movement in most cases in orthodontic
treatment. In this study, we observed the distribution of
stress on the buccal side of cortical bone around the canine
root, which implied that the cortical bone on the buccal
side of the canine was also the source of resistance to
canine movement. That explained the principle of surgical
procedures of corticotomy which is intentional cutting
of cortical bone leaving intact medullary vessels results in
osteopenia which is temporary but reversal loss in bone
density. Taking advantage of osteopenia tooth movement
is accelerated. However, based on our tesults, modified
corticotomy with vertical groove shows faster canine
retraction. This procedure would minimize surgical injury
and reduce complications for patients. Furthermore, canine
retraction with only 3 micro-osteoperforations shows faster
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tooth movement when compared to conventional method
of canine retraction which is also suggestive of reduced
resistance of cortical bone.

Anchorage control should be considered when accelerated
tooth movement is necessary. An obvious strategy for
anchorage control would be to concentrate the force needed
to produce tooth movement where it was desired and then
to dissipate the retraction force in the PDL of anchor teeth
as much as possible. In this study, the value of maximum
equivalent (von Mises) stress in the PDL of the first molar
in two models was a surgical reduction of resistance to a
level lower than in the canine. Further, the value of total
deformation of the first molar in models 2 and 3 was far
below that of the canine at the initial stage of force loading,

This indicated that reducing resistance by modified
corticotomy procedures to accelerate canine retraction
was a safe way to protect anchorage and would not reduce
anchorage during canine retraction which may ultimately
shorten orthodontic treatment duration.

This study and others have demonstrated that FEM
provides a solid, workable foundation for modeling a system
of orthodontic tooth movementl. The chief advantage
of FEM is that it can be magnified nearly infinitely, in
terms of both the actual volumetric construction itself
and the mathematical variability of its material parameters.
However, as with any theoretical model of a biological
system, there are limitations. The mechanical behavior of
the materials was assumed to be linear elastic (homogeneous
and isotropic), and the value of each material was inferred
from previous reports. Cortical bone thickness and
cancellous bone quality were not incorporated into the
analysis, to prevent bone stress from being dominated by
the bone quality and potentially confounding the outcomes
related to other relevant factors. In addition, the stress
analysis of soft tissues was not considered in this study.
The soft tissues, such as gingival and facial muscles, are also
sources of resistance for blocking rapid tooth movement.
Regardless of these limitations, we integrated a finite
element approach with variable analysis to investigate the
comparative influences of resistance source, the pathway
of canine movement, and different types of surgeries for
rapid canine retraction by reducing resistance.'*!‘!

CONCLUSION

This study was aimed toward evaluating the effects of
modified corticotomy procedures on canine retraction

and compare it with the conventional method of canine
retraction with FEM study.

In this study, compared with dentoalveolar distraction
osteogenesis, periodontal distraction aided by the surgical
undermining of the interseptal bone would reduce the
resistance in the pathway of canine movement more
effectively to accelerate canine retraction speed in rapid
canine movement during orthodontic treatment. The results
indicated that rapid canine retraction aided by the surgical
reduction of resistance might create side effect: (1) It might
lead to canine rotation during distalization.

REFERENCES

1. Fisher MA, Wenger RM, Hans MG. Pretreatment characteristics associated
with orthodontic treatment duration. Am J Orthod Dentofacial Orthop
2010;137:178-86.

2. Geiger AM, Gorelick L, Gwinnett AJ, Benson BJ. Reducing white spot
lesions in orthodontic populations with fluoride rinsing. Am J Orthod
Dentofacial Orthop 1992;101:403-7.

3. Pandis N, Nasika M, Polychronopoulou A, Eliades T. External apical root
resorption in patients treated with conventional and self-ligating brackets.
Am J Orthod Dentofacial Orthop 2008;134:646-51.

4. Vig PS, Weintraub JA, Brown C, Kowalski CJ. The duration of orthodontic
treatment with and without extractions: A pilot study of five selected
practices. Am J Orthod Dentofacial Orthop1990;97:45-51.

5. Rygh P. Elimination of hyalinized periodontal tissues associated with
orthodontic tooth movement. Scand J Dent Res 1974;82:57-73.

6.  Xuel, Ye N, Yang X, Wang S, Wang J, Wang Y. Finite element analysis of
rapid canine retraction through reducing resistance and distraction. J Appl
Oral Sci 2014;22:52-60.

7. Long H, Pyakurel U, Wang Y, Liao L, Zhou Y, Lai W. Interventions for
accelerating orthodontic tooth movement: A systematic review. Angle
Orthod 2013;83:164-71.

8. Lim JE, Lee SJ, Kim YJ, Lim WH, Chun YS. Comparison of cortical bone
thickness and root proximity at maxillary and mandibular interradicular
sites for orthodontic mini-implant placement. Orthod Craniofac Res
2009;12:299-304.

9. Ozdemir F, Tozlu M, Germec-Cakan D. Cortical bone thickness of the
alveolar process measured with cone-beam computed tomography in patients
with different facial types. Am J Orthod Dentofacial Orthop 2013;143:190-6.

10. Alikhani M. Effect of micro-osteoperforations on the rate of tooth
movement. Am J Orthod Dentofacial Orthop 2013;144:639-48.

11.  George FA. A clinical evaluation of the differential force concept as applied
to the edgewise bracket. Am J Orthod 1980;78:25-40.

12.  Krishnana V, Davidovitch Z. Celluar, molecular and tissue-level reactions to
orthodontic force. Am J Orthod Dentofacial Orthop 2006;129:469.e1-469.e32.

13.  Ricketts RM. Bioprogressive Therapy. Denver: Rocky Mountain/
Orthodontics; 1979.

14.  Geramy A. Alveolar bone resorption and the center of resistance
modification (3-D analysis by means of the finite element method). Am J
Orthod Dentofacial Orthop 2000;117:399-405.

15.  Kilig¢ N, Oktay H, Ers6z M. Effects of force magnitude on tooth movement:
An experimental study in rabbits. Eur J Orthod 2010;32:154-8.

16.  Yang C, Wang C, Deng F, Fan Y. Biomechanical effects of corticotomy
approaches on dentoalveolar structures during canine retraction:
A 3-dimensional finite element analysis. Am J Orthod Dentofacial Orthop
2015;148:457-65.

Source of Support: Nil, Conflict of Interest: None declared.

How to cite this article: Samgir RB, Fulari S, Agrawal J, Agrawal M, Nanjannawar L, Kagi V. A Comparative Evaluation of Effects of Micro-
osteoperforations on Canine Retraction Using Finite Element Analysis: An In Vitro Study. Int J Sci Stud 2018;5(11):49-52.

Q\ternational Journal of Scientific Study | February 2018 | Vol 5 | Issue 11J 52




