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Abstract

Background: FEM is a mathematical method in which the shape of
complex geometric objects and their physical properties are computer-
constructed. Physical interactions of the various components of the
model can then be calculated in terms of stress and strain, detailed
information which is difficult to obtain by any other experimental or
analytical means due to the interaction of anatomical structures with the
surrounding tissue.. The aim is to Comparison of biomechanical
differences by FEM between labial and lingual orthodontic
mechanotherapy involved in canine retraction. Material & Methods:
ANSYS software was preferred over others for the analysis. As ANSYS
can import computer assisted designing (CAD) data and also enables to
build geometry , In the current study, we have shown the simulated
individual (sequential) canine retraction using the sliding(friction
method) mechanics by an elastic component. Sliding mechanics was
preferred over the closing loop mechanics (frictionless method). Results:
Stress in the PDL and Alveolar bone were calculated and depicted.
Conclusion: On retraction, the high stress was produced with the Labial
system in the PDL and alveolar bone that gradually reduced on force
degradation. On combined force application slight increase in stress was
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INTRODUCTION

In this era of progression, the truths of today
become the myths of tomorrow; practitioners of
a scientific discipline are generally resistant to
accept a new paradigm. Nonetheless after a
paradigm shift has occurred, a veritable
explosion of new ideas and information occurs,
leading to rapid advances in the field.
Orthodontics as of today is on a threshold of
virtual deluge of knowledge, flowing in at a
rapid pace.

Current options for invisible orthodontic
appliances include clear brackets, clear aligners,
and lingual braces. The use of clear brackets has
grown due to the esthetic improvement over
conventional metal brackets.[12] Nevertheless,
lingual appliances have their own peculiar
biomechanics, distinct from  that of
conventional orthodontics, and special care
must be taken in their application. 4]

The immediate problem that confronted lingual
orthodontics at its earliest stages was the
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inaccuracy of bracket positioning. It is well
known that the key factor for successful
orthodontic treatment is precise bracket
positioning, especially when more treatment is
built into the brackets. Therefore, many efforts
have been made to improve the accuracy of
lingual bracket positioning. Unlike the labial
bracket, the lingual bracket has a position closer
to the center of resistance of the tooth, thus
allowing easier movement whenever a force is

applied.B

The friction method (sliding mechanics) is
based on the cuspid bracket sliding on a
sectional wire from cuspid to second molar. It is
nearly two thousand years since the
phenomenon of tooth movement in response to
an applied load was first reported (Celsus, 1st
century AD). The initiating factor for biological
changes is the stress induced in the periodontal
tissue; hence it is important to investigate the
stress levels from orthodontic forces in the
periodontal tissues.lt] It is very difficult to
measure clinically the stress induced at various
locations within the root by different types of
orthodontic tooth movement. Although a
variety of traditional analytical and
experimental methods for analyzing dental
stresses, such as photoelasticity, interferometric
holography, and strain gauges, have shed some
light on the mechanism of orthodontic tooth
movement, they have been unable to clarify the
microenvironmental changes around the PDL
and within the bone.[Zl

The finite element method (FEM) described by
Zienkiewicz has been used to investigate a wide
range of topics in dentistry.Bl FEM is a
mathematical method in which the shape of
complex geometric objects and their physical
properties are computer-constructed. Physical

interactions of the various components of the
model can then be calculated in terms of stress
and strain, detailed information which is
difficult to obtain by any other experimental or
analytical means due to the interaction of
anatomical structures with the surrounding
tissue.l2]

This research study was conceptualized with
the idea to incorporate a mathematical model
using Finite Element Analysis to identify the
stress and strain generated in the supporting
periodontal tissues of maxillary permanent
cuspid in response to orthodontic forces
delivered via lingual and labial fixed
orthodontic mechanotherapy.

Aims & Objective

The present study was undertaken with the
following aims and objectives

1. Develop an accurate and validated 3D FEM
computer model of right maxillary canine,
labial orthodontic bracket (MBT bracket with
.022X.028” slot) and lingual orthodontic
bracket (STB bracket with .018X.018” slot).

2. Develop a 3D computer simulation of
maxillary canine retraction using the Finite
Element Method (FEM).

3. Assessment of stresses in the periodontal
ligament and alveolar bone of the maxillary
canine caused by retraction forces of 150
grams by sliding mechanics in labial
orthodontics by FEM.

4. Assessment of stresses in the periodontal
ligament and alveolar bone of the maxillary
canine caused by retraction forces of 150
grams by sliding mechanics in lingual
orthodontics by FEM.
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5. Comparison of biomechanical differences by
FEM between labial and lingual orthodontic

mechanotherapy  involved in  canine
retraction.
MATERIAL AND METHODS

This study was conducted in the Department of
Orthodontics and Dentofacial Orthopedics,
Government Dental College & Hospital |,
Srinagar with technical assistance from Lelogix
Design Solutions Pvt. Ltd.

Armamentarium

1. Right maxillary canine tooth

2. Labial orthodontic canine bracket (MBT)

3. Lingual orthodontic canine bracket (STB)

4. Computational facilities

i. Hardware - A PC workstation having;:
a) 4t Generation Intel® Core™ i3-4130
Processor (3.4 GHz)
b) Windows 8.1 Single Language (64Bit)
English
c) 4GB Single Channel DDR3 1600MHz
d) 500GB Hard Drive
) Nvidia Graphics Card
) 18.5” LED Monitor

ii. Software -

a) 2D cross-section created by AutoCAD
software from Autodesk Inc. (USA).

b) 3D model of the canine and its
surrounding  region  created by
SolidWorks.

c) ANSYS software used for Finite Element
Meshing, Solving and Post processing
the results.

o

[ p)

Method
A.Fabrication of 3-D FEM Models

1. Develop Model of Right Maxillary Canine
& Supporting Structures [Figure 1,2].

* For modeling, the maxillary canine with the
supporting structures periodontal ligament
and surrounding alveolar bone was
developed.

* Initially, the model of maxillary canine was
created by manually designing the tooth
(enamel, dentin and cementum) according
to the detailed dimensions and morphology
supplied by Wheeler’s Textbook of Dental
anatomy, Physiology and Occlusion, 9th
Edition, Elsevier.

* The model of the surface contours of the
tooth was then converted into a solid model
using 3D modeling software SolidWorks.

* PDL was modeled as a layer 0.25 mm thick
around the root surface.

* Finally, alveolar bone was modeled around
the tooth and PDL .

2. Develop Model of Right Maxillary Canine
Labial bracket [Figure 3,4].

* Commercially available labial orthodontic
MBT bracket (American Orthodontics) with
022 X .028” slot of right maxillary canine
was selected.

* Measurements of the brackets were made
using a stereo-microscope, accurate upto
0.01lmm (Zoomer, SZ-790). The outer design
of the labial brackets was scanned using a
Breuckmann white light scanner.

3. Develop Model of Right Maxillary Canine
Lingual Bracket [Figure 5,6].

* Commercially available lingual orthodontic
STB bracket (ORMCO) with .018X.018”slot
of right maxillary canine was selected.

* Measurements of the brackets were made
using a stereo-microscope accurate upto
0.01lmm (Zoomer, SZ-790). The outer design
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of the labial brackets was scanned using a
Breuckmann white light scanner.

4. After the modeling of the labial and lingual
brackets, and tooth along with the
supporting structures was done, the
components were assembled together

Loading

A simulated retraction using active tieback of
force 1.5 N (1N=101.97grams) was loaded to the
center of the crown through labial bracket and
lingual bracket.

The type of tooth movement is dictated by the
M/F ratio at the bracket generated by the
appliance.  Typically, M/F ratios of
approximately 5:1 to 7:1 give tipping, at M/F
10:1 accomplish translation and M/F near 12:1
give root movement. Initially on canine
retraction through active tieback, M/ F ratios are
approximately 5:1 producing uncontrolled
tipping. As the space closes and the elastic
deactivates, the force level delivered by elastic
decreases at a faster rate than the moments. This
causes M/F ratio to increase. This ratio soon
becomes 12:1, where root movement occurs.
And this combined procedure leads to the
bodily movement of the tooth with the M/F
ratio of approximately 10:1.

In this study, when 150 grams of retractive force
was applied to the crown of the canine, the
point of force application moves further away
from the centre of resistance of the tooth in an
occlusal direction.

Finite Element Assessment

The assessment of stress and strain in PDL and
alveolar bone; and total deformation of tooth in

this study was done under three conditions
depending on the movement of tooth:

1. Initial 150 grams of retractive force
application, resulting in the mesio-distal
tipping of the crown.

2. Degradation of initial 150 grams of force and
binding of wire in bracket resulting in 75
grams of couple, leading to mesio-distal
uprighting of the root.

3. Combined force application to the tooth,
resulting in the bodily movement of the
tooth.

* Stress distribution and its magnitude were
then analyzed by ANSYS software, a 3D
finite  element  analysis = program.
Assessment of the stress on the PDL and
alveolar bone was performed by maximum
and minimum principal stress, and used the
total deformation value to assess the initial
displacement of the teeth.

* In this study, no statistical tools were
applied, as the sample size was single and
the standard deviation cannot be derived.
Hence the direct comparison between the
values for labial and lingual bracket system
was done.

RESULTS

The results obtained in the study are presented
in this section. For the MBT labial bracket
system along with the tooth assembly, a
retractive force of 150 gms in .022X.028” slot
was applied. Similarly for the STB lingual
bracket system along with the tooth assembly, a
retractive force of 150 gms in .018X.018” slot
was applied.
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I. Stress produced in PDL & alveolar bone
[Figure 9-15]

a) PDL The stress pattern in the periodontal
ligament was found to trace the path of the
force application in all systems of force
application . The tensile stress recorded in
PDL with both labial and lingual retraction
was evident in the apical region of the root
but the value was lower in labial as compared
to the lingual.

b) Alveolar bone

The alveolar bone also experienced stresses
along the same lines as that of the periodontal
ligament in both the systems of force
application. The tensile stress recorded in
alveolar bone with both labial and lingual
retraction was evident in the cervical region, but
apical portion of bone also experienced stresses
which gradually reduced towards apex. The
values were lower in labial as compared to the
lingual.

II. Minimum Principal Stress Produced:

a) PDL

The compressive stress recorded in PDL with
both labial and lingual retraction was evident in
apical region of root, but the values were lower
in labial as compared to lingual.

b) Alveolar bone

The compressive stress recorded in alveolar
bone with both labial and lingual retraction was
evident in cervical region, but apical portion of
bone also experienced stresses which gradually
reduced towards apex. The values were slightly
lower in labial as compared to lingual.

(i) (i)
Figure 1: Right maxillary canine (i) labial view; (ii)
lingual view

Figure 2 Cross-Section: Right maxillary canine-
Dentine, Cementum, PDL and Alveolar bone
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Figure 6: 3D model: Lingual (STB) bracket

Figure 3: 3D model: Labial (MBT) bracket with
measurements
@) (ii)
Figure 7: Assembly of (i) Labial MBT and (ii)
Lingual STB bracket with tooth and measurements

=

38

Figure 4: 3D model: Labial (MBT) bracket r
28 2 W
3.1 | i '
L A

Figure 5: 3 D model: Lingual (STB) bracket with Figure 8: 3D model: Right maxillary canine with
measurements brackets in cut section
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Figure 9: Maximum principal stresses produced in
PDL on application of 150grams of retractive force
with (i) labial and (ii) lingual mechanics.
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Figure 10: Maximum principal stresses produced
in Alveolar bone on application of 150grams of
retractive force with (i) labial and (ii) lingual
mechanics.
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Figure 11: Minimum principal stresses produced
in PDL on application of 150grams of retractive
force with (i) labialand (ii) lingualmechanics.
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Figure 12: Minimum principal stresses produced
in Alveolar bone on application of 150grams of
retractive force with (i) labial and (ii) lingual
mechanics.
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Figure 13: Maximum principal stresses produced
in PDL on force degradation with (i) labial and (ii)
lingual mechanics
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Figure 14: Maximum principal stresses produced
in Alveolar bone on force degradation with (i)
labial and (ii) lingual mechanics
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Figure 15: Minimum principal stresses produced
in PDL on force degradation with (i) labial and (ii)
lingual mechanics

DISCUSSION

This study was designed to compare the
biomechanical differences between the labial
and lingual orthodontics involved in canine
retraction using the Finite Element method
(FEM). FEM is a highly precise technique used
to analyze structural stress.It provides three-
dimensional model with a freedom to simulate
orthodontic force system applied clinically and
allows the analysis of the dentition to
orthodontic load in three-dimensional spaces.
Finite Element Analysis makes use of computer
to solve large number of equation, which
simulates the physical properties of the
structure being analyzed.[1U

In the current study, ANSYS software was
preferred over others for the analysis. As
ANSYS can import computer assisted designing
(CAD) data and also enables to build geometry
with its “preprocessing” abilities. In the same
preprocessor, finite element model which is
required for computation is generated.

Here, in the present study.018” slot STB lingual
brackets have been used. They are narrower
mesiodistally, which increases the interbracket
distance and thus reduces both the force

transmitted by the archwire and the resistance
to sliding mechanics. They are characterized by
a friction free system and a low friction system
which increases with arch-wire size.Moran
calculated the overall ratio comparing anterior
lingual to labial interbracket distance to be
1:1.47. This emphasized the necessity of using
lighter wires in the lingual system due to the
decreased interbracket distance.[111213]

In the current study, we have shown the
simulated individual (sequential) canine
retraction using the sliding(friction method)
mechanics by an elastic component. Sliding
mechanics was preferred over the closing loop
mechanics (frictionless method) as it is less
complicated, requires less wire bending and
predictable retraction may be achieved.
Generally closing loop mechanics is more
complex due to the construction of the loop
springs and their clinical management.[1413]

In this study, the simulated canine retraction
with sliding mechanics was in consonance to
the studies done by various authors. Staggers
JA also discussed canine retraction as when
retractive force was applied to the canine, the
tooth experienced a moment of force. This
moment caused distal tipping of the crown. The
distal crown moment contributes to the
retraction that eventually caused binding of the
archwire, which produced a moment of a
couple that resulted in distal root torque.[1617]

In the current study, a simulated 150 grams of
force was applied by an active tieback for canine
retractionat the crown of the tooth with both
labial and lingual bracket system. This force
level was within the optimal biological limit.
The initial force application should be light,
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because this produces desirable biologic
effects.[18l

When an orthodontic force is applied to a tooth,
stresses are produced in the periodontal
ligament (PDL) and the surrounding bone.
Proffit pointed out that the change of the PDL is
the first and key biomechanical phenomenon of
tooth movement. Resorption of the alveolar
bone occurs in the region of compressive stress,
whereas apposition occurs in a region of tensile
region.19]

The present study was undertaken mainly to
compare the stress produced with the labial and
lingual bracket system in the PDL and alveolar
bone on canine retraction.

Interpretation of the results of the present study
showed that the stress pattern in PDL was
found to trace the path of the force application.
In labial bracket setup on application of
150grams of retractive force, the maximum
principal stress (tensile stress) in PDL was
highest on the mesial root surface of the canine
and highest minimum principal stress
(compressive stress) in PDL was observed on
the distal root surface.

In the current study, on force degradation due
to the deformation of elastic component, major
drop by 50% in the stresses and strain was
recorded in both the PDL and alveolar bone.
This can most likely be attributed to the binding
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