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Comparison of stress developed on teeth during lingual and labial
orthodontics using 3D finite element modeling.

'Dr. Nadira Hassan, 2Dr. Saurav Kumar, *'Dr. DevleenaBhowmick, “Dr. Ravi Anjan,
°Dr. Krishna Kumar, °Dr. Bharti Anand

'Private Dental Practioner, Ara, Bhojpur, Bihar, India
dr.nadirahassan29@gmail.com
2Senior Lecturer, Department of Orthodontics and DentofacialOrthopaedics, Mithila Minority
Dental College and Hospital, Darbhanga, Bihar, India
dr.sauravmishra29@gmail.com
%Senior Lecturer, Department of Oral Medicine & Radiology, PDM Dental College & Research
Institute, Bahadurgarh, Jhajjar, Haryana, India
devleena.bhowmick@gmail.com
*Private Dental Practioner, Hajipur, Bihar, India
raviranjannn@gmail.com
>Dental Surgeon, PHC Madhubani (Dhanha), West Champaran, Bihar, India
drkrishnapyare@gmail.com
*Third Year PG Student, Department of Paediatric and Preventive Dentistry, Mithila Minority
Dental College and Hospital, Darbhanga, Bihar, India
bhartianand95@gmail.com

Corresponding Author:
Dr. DevleenaBhowmick, Senior Lecturer, Department of Oral Medicine & Radiology,
PDM Dental College & Research Institute, Bahadurgarh, Jhajjar, Haryana, India
E-mail ID: devleena.bhowmick@gmail.com

ABSTRACT

Background: The introduction of lingual appliances in orthodontics has led to great improvement in the
aesthetic aspect in orthodontics. Lingual appliances have their own specific biomechanics, which are
quite different from that of conventional labial orthodontics, and therefore proper care must be taken in
their use. The measurement of stress produced at different locations of the root clinically by various
types of orthodontic tooth movement is very difficult but important procedure.

Aim : To compare stress developed on teeth during lingual and labial orthodontics using 3d finite element
modelling.

Materials and Methods: The coordinate system with three axes namely X, Y, and Z axes which were
perpendicular to each another was used in this study. 3DS Max program (Autodesk, USA) was the
computer program which was utilised for the purpose of construction of geometric morphology and
3Dimensional model. Calculations of the strains and displacement at every nodal point was carried out
with the help of Algor program (Algor, USA) which is finite element program. The minimum negative
principal stress area was taken as that of the maximum compressive stress. The area which showed the
maximum positive principal stress was taken as the area of maximum tensile stress.

Results: When maximum and minimal principal stress was evaluated then it was found that stress
developed on the teeth in central incisor, lateral incisor, canine, mesial and distal surface of first molar
were significantly greater in case of lingual orthodontics as compared with the labial orthodontics.
However stress developed in second premolar, mesial and distal surface of second molar during lingual
orthodontics was greater than labial orthodontics but the difference was not statistically significant.
Conclusion: Within the limitations of the study it can be concluded that stress produced during lingual
orthodontics is generally greater as compared with the labial orthodon
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INTRODUCTION

The introduction of lingual appliances in orthodontics has led to great improvement in the aesthetic aspect
in orthodontics. Due to some features like reduced obstruction, recent improvements in indirect lingual
bracket bonding, introduction of new archwire materials, and computerized planning systems, this lingual
orthodontic technique has become more simple and precise." Lingual appliances have their own specific
biomechanics, which are quite different from that of conventional labial orthodontics, and therefore
proper care must be taken in their use. One of the significant difference observed in lingual orthodontics
is retraction of the six anterior teeth as a single unit for aesthetic purpose. Therefore care should be taken
that there is no creation of space between canines and lateral incisors.?

In lingual orthodontics there is good anchorage on the lower posterior teeth as compared to the
labial orthodontics. This is due to the difference in the point of application of force. But movement of the
posterior teeth in the mesial direction is more difficult in lingual orthodontics as compared to the labial
orthodontics.® This is due to the fact that the periodontal stresses produced as a result of orthodontic
forces are transferred to the alveolar bone which results in resorption in regions which are under
compressive stress and apposition in those areas of the bone which are under tensile stress. The
measurement of stress  produced at different locations of the root clinically by various types of
orthodontic tooth movement is very difficult procedure.*

There are several conventional diagnostic and investigational methods for evaluation of stresses
at teeth such as holography, photoelasticity and strain gauges. These methods have provided some
information related to the mechanism of tooth movement in orthodontic treatment. But these methods
have been unable to elaborate the changes taking place around the periodontal ligament and inside the
bone surrounding the tooth.> However, a newer and advanced method namely finite element method
(FEM) introduced by Zienkiewicz are believed to provide good information in several dental procedures
including details regarding the changes taking place in the periodontal ligament, teeth and alveolar bone
during the orthodontic tooth movement.®

Finite Element Method (FEM) usually is a mathematical method. In this method the shape of
geometric objects which are complex alongwith their physical properties are studied with the help of
computer which construct a model. After that physical interactions taking place among various
components of the model are calculated in terms of stress and strain. It provide elaborate details about the
interaction taking place between anatomical structures with and the surrounding tissue. Such information
are very difficult to obtain from other methods.” This study was therefore conducted with the aim of
comparison of the stresses developed during the en masse retraction of teeth during the labial and lingual
orthodontics with the help of 3D finite element model.

Methods and Materials

The present study was done in the Department of Orthodontics and Dentofacial Orthopedics of the Dental
College. The Dental institution approved the ethical clearance for the study. All the patients were
informed regarding the study, and their consent was obtained. A 3D Finite Element Model of each
mandibular tooth was prepared according to the detailed information about morphology and anatomy.
The ideal mandibular dentition was prepared by insertion of a .018 x 0.025-in. stainless steel labial
archwire of full dimensions in the slots of tubes and brackets to be used in labial orthodontics. Once ideal
dentition was established, a 0.018 x 0.025- in. stainless steel mushroom arch wire was utilised for the
placement of lingual tubes and brackets in their appropriate positions. It was assumed that the physical
material properties of various dentoalveolar structures were homogeneous and isotropic in nature. The
thickness of PDL was assumed to be uniform equivalent to 0.25 mm around the root. Similarly the
thickness of the alveolar cortical bone was kept uniform equivalent to 1.0 mm.

The coordinate system with three axes namely X, Y, and Z axes which were perpendicular to
each another was used in this study. The X axis was meant to show the changes taking place in the bucco-
lingual direction (buccal—, lingualt). The Y axis was meant to represent the changes taking place in the
mesio-distal direction (distal— , mesial+ ,) The Z axis was used to represent changes taking place in the
vertical direction (apicalt, occlusal—). 3DS Max program (Autodesk, USA) was the computer program
which was utilised for the purpose of construction of geometric morphology and 3D model. Calculations
of the strains and displacement at every nodal point was carried out with the help of Algor program
(Algor, USA) which is finite element program.

In order to make the expression of displacements of tooth more easier, reference nodes were kept at the
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roots and crowns. The magnitude of initial displacement in these landmark nodes present on the X, Y, and
Z axes after the application of orthodontic forces were magnified by 10,000 to help in interpretation by
FEM. The pattern of distribution of tensile stresses and compressive stress developing at the surface of
root was mapped at minimum principal stresses and maximum principal stresses. The minimum negative
principal stress area was taken as that of the maximum compressive stress. The area which showed the
maximum positive principal stress was taken as the area of maximum tensile stress.( Fig 1 to 4)

$ALCOR

Fig 1: FEM image showing Maximal Fig 2: FEM image showing maximal
stresses during labial orthodontics stresses in lingual orthodontics

Fig 3: FEM image showing minimum Fig 4: FEM image showing minimum
stress during lingual orthodontics stress during lingual orthodontics

Results:

When maximum principal stress was evaluated then it was found that stress developed on the
teeth in central incisor, lateral incisor, canine, mesial and distal surface of first molar were significantly
greater in case of lingual orthodontics as compared with the labial orthodontics. However stress
developed in second premolar, mesial and distal surface of second molar during lingual orthodontics was
greater than labial orthodontics but the difference was not statistically significant. ( Table 1)

Maximum Principle Stress

| | |

3 Canine (C)

| | |
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7.Second molar mesial ( SMM) 0.61 0.83 0.08
8.Second molar distal ( SMD) 541 4.78 0.06

TABLE 1: Data showing maximum principle stress values of the reference nodes at the tooth apex
(x10™ N/mm)

On the other hand when minimum principal stress was calculated then stress developed in second
premolar, mesial and distal surface of second molar during lingual orthodontics was greater than labial
orthodontics but the difference was not statistically significant. However stress developed on the teeth in
central incisor, lateral incisor, canine, mesial and distal surface of first molar were significantly greater in
case of lingual orthodontics as compared with the labial orthodontics.( Table 2)

Minimum Principle Stress

Tooth Labial Orthodontics Lingual p value
Orthodontics
1.Central incisor ( C.1) —22.91 —29.45 0.02
2.Lateral incisor (LI) =21.11 =27.15 0.03
3.Canine (C) —13.57 —29.72 0.04
4.Second premolar (SP) —4.36 —6.03 0.07
5.First molar mesial( FMM) —3.42 —4.13 0.03
6.First molar distal ( FMD) —13.36 —4.39 0.02
7.Second molar mesial ( SMM) —2.64 —2.38 0.08
8.Second molar distal ( SMD) —3.83 —3.62 0.06

TABLE 2: Data showing minimum principle stress values of the reference nodes from tooth apex
(x10* N/mm)

DISCUSSION:

In orthodontic treatment involving premolar extraction, the orthodontist has different options for closure
of space. However, in the lingual orthodontic technique, en masse retraction of the anterior six teeth is
most preferred option. This is due to the fact that in full canine retraction proceedure, inter-bracket span
that develop between the canine and premolar would be very less.® As a result the bend of the archwire
placed distal to the canine would affect the closure of space. Besides, when aesthetics is concerned, then
adult patients do not prefer the space between lateral incisor and canine as a result of full retraction.® For
the purpose of en masse retraction during orthodontic treatment, several archwires, such as TMA, 0.016 x
0.016- and 0.016 x 0.022-in. SS, can be used, but we decided to use a 0.016 x 0.022-in SS archwire to
create a situation similar to that of the labial orthodontic technique.*

There are several conventional diagnostic and investigational methods for evaluation of stresses
at teeth such as holography, photoelasticity and strain gauges. These methods have provided some
information related to the mechanism of tooth movement in orthodontic treatment. But these methods
have been unable to elaborate the changes taking place around the periodontal ligament and inside the
bone surrounding the tooth.** However, a newer and advanced method namely finite element method
(FEM) is believed to provide good information in several dental procedures including details regarding
the changes taking place in the periodontal ligament, teeth and alveolar bone during the orthodontic tooth
movement.*?

In the current study it was observed that stress produced by the lingual bracket system was
greater as compared to that of lingual orthodontics except in case of second premolar and second molar
where the difference was not statistically significant.”*Mascarenhas, et al conducted a study to compare
the stress developed during orthodontic tooth movement in labial and lingual orthodontics using 3D FEM
and they found that the maximum principal stress developed during lingual orthodontics is greater than
that of labial orthodontics. The results of this study was similar to that observed in the current
study.*Kumari S et al conducted a study to compare the midline diastema cases with both lingual as well
as labial orthodontics using CBCT and found that stress produced in labial orthodontics was lesser as
compared to the lingual orthodontics. But in our study the results were different as the stress produced
was greater in lingual orthodontics as compared to labial orthodontics. *This was due to the presence of
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smaller inter-bracket distance in the anterior region in the current study, which causes increased stress on
the teeth. Lombardo L et al conducted a study to compare the stress developed during the labial
orthodontics and lingual orthodontics using 3D FEM and found that stress developed during the lingual
orthodontics was greater as compared to the labial orthodontics."® Similarly, in this study, the stress
produced by the lingual bracket system was greater than that generated by the labial appliance.

Finite Element Method (FEM) usually is a mathematical method. In this method the shape of
geometric objects which are complex alongwith their physical properties are studied with the help of
computer which construct a model.” After that physical interactions taking place among various
components of the model are calculated in terms of stress and strain. It provide elaborate details about the
interaction taking place between anatomical structures with and the surrounding tissue. Such information
are very difficult to obtain from other methods.'® This study was therefore conducted with the aim of
comparison of the stresses developed during the en masse retraction of teeth during the labial and lingual
orthodontics with the help of 3D finite element model

In lingual orthodontics there is good anchorage on the lower posterior teeth as compared to the
labial orthodontics. This is due to the difference in the point of application of force. But movement of the
posterior teeth in the mesial direction is more difficult in lingual orthodontics as compared to the labial
orthodontics.™ This is due to the fact that the periodontal stresses produced as a result of orthodontic
forces are transferred to the alveolar bone which results in resorption in regions which are under
compressive stress and apposition in those areas of the bone which are under tensile stress.”’

Conclusion

Within the limitations of the study it can be concluded that stress produced during lingual orthodontics is
generally greater as compared with the labial orthodontics. However more studies should be conducted in
future to obtain more accurate results.

REFERENCES

1.McGuinness N, Wilson AN, Jones M, Middleton J, Robertson NR. Stresses induced by edgewise
appliances in the periodontal ligament — A finite element study. Angle Orthod 1992;62:15- 22.

2. Tanne K, Sakuda M, Burstone CJ. Three- dimensional finite elemen analysis for stress in the
periodontal tissue by orthodontic forces. Am OrthodDentofacialOrthop 1987;92:499- 505.

3. Tanne K, Koenig HA, Burstone CJ, Sakuda M. Effect of moment to force ratios on stress patterns and
levels in the PDL. J Osaka Univ Den Sch 1989;29:9- 16.

4. Cobo J, Sicilia A, Arglelles J, Suarez D, Vijande M. Initial stress induced in periodontal tissue with
diverse degrees of bone loss by an orthodontic force: Tridimensional analysis by means of the finite
element method. Am J OrthodDentofacialOrthop 1993;104:448- 54.

5. Tanne K, Yoshida S, Kawata T, Sasaki A, Knox J, Jones ML. An evaluation of the biomechanical
response of the tooth and periodontium to orthodontic forces in adolescent and adult subjects. Br J Orthod
1998;25:109- 15.

6. Jeon PD, Turley PK, Moon HB, Ting K. Analysis of stress in the periodontium of the maxillary first
molar with a three- dimensional finite element model. Am J OrthodDentofacialOrthop
1999;115:267- 74.

7. Qian H, Chen J, Katona TR. The influence of PDL principal fibers in a 3- dimensional analysis of
orthodontic tooth movement. Am J OrthodDentofacialOrthop 2001;120:272- 9.

8. Geramy A. Initial stress produced in the periodontal membrane by orthodontic loads in the presence of
varying loss of alveolar bone: A three- dimensional finite element analysis. Eur J Orthod
2002;24:21- 33.

9. Toms SR, Eberhardt AW. A nonlinear finite element analysis of the periodontal ligament under
orthodontic tooth loading. Am J OrthodDentofacialOrthop 2003;123:657- 65.

10. Mestrovic S, Slaj M, Miksic M. Finite element method stress analysis caused by orthodontic forces.
ActaStomatol Croat 2002;36:175- 8.

11. Scuzzo G, Takemoto K. Biomechmaics and comparative biomechanics. In: Invisible Orthodontics —
Current Concepts and Solutions in Lingual Orthodontics. 1st ed. Germany: QuintessenzVerlags- GmbH;
2003. p. 55- 6.

12. Geron S, Romano R, Brosh T. Vertical forces in labial and lingual orthodontics applied on maxillary

97



Journal of Cardiovascular Disease Research

ISSN:0975-3583,0976-2833 ~ VOL11, ISSUEO01,2020

incisors — A theoretical approach. Angle Orthod 2004;74:195- 201.

13. Proffit WR. Mechanical principles in orthodontic force control. In: Contemporary Orthodontics. 5th
ed. St.Louis, Missouri: Mosby Publication; 2013.

14. Romano R. Lingual Orthodontics. 1st ed. Hamilton, London: B.C. Decker Inc.; 1998.

15. Tanne K, Lu YC, Sakuda M. Biomechanical responses of tooth to orthodontic forces applied at the
lingual bracket positions. J Osaka Univ Dent Sch 1992;32:6- 13.

16. Sung SJ, Baik HS, Moon YS, Yu HS, Cho YS. A comparative evaluation of different compensating
curves in the lingual and labial techniques using 3D FEM. Am J OrthodDentofacialOrthop
2003;123:441- 50.

17. Jost- Brinkmann PG, Tanne K, Sakuda M, Miethke RR. A FEM study for the biomechanical
comparison of labial and palatal force application on the upper incisors. Finite element method.
FortschrKieferorthop 1993;54:76- 82.

18. Rudolph DJ, Willes PM, Sameshima GT. A finite element model of apical force distribution from
orthodontic tooth movement. Angle Orthod 2001;71:127- 31.

19. Tanne K, Koenig HA, Burstone CJ. Moment to force ratios and the center of rotation. Am J
OrthodDentofacialOrthop 1988;94:426- 31.

20. Tanne K, Nagataki T, Inoue Y, Sakuda M, Burstone CJ. Patterns of initial tooth displacements
associated with various root lengths and alveolar bone heights. Am J OrthodDentofacialOrthop
1991;100:66- 71.

98



