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Abstract

The process of placing the brackets in their proper positions in the
tield of orthodontics is consider one of the main steps in orthodontic
treatment. In order to achieve high accuracy placements for the brackets,
many methods are available today, starting from direct and indirect
methods, each of them has advantages and disadvantages regarding the
accuracy and the time for patient treatment. In this study, a new
mechanism is introduced with its mechanical behavior in order to reduce
the time required for patient treatment and to increase the accuracy for
bracket placements. The newly mechanism was designed using Solid works
CAD software with a total Virtual functionality for all of the parts of the
assembly, then a simulation was carried out to find the stress distribution,
deformation, and strain on the main parts of the proposed assembly. The
finished design shows a high precision mechanism that is able to place
brackets one by one on the teeth.

Keywords: Orthodontics, Brackets, Direct Bonding, Indirect Bonding, Semi-
Automatic, Orthodontic Mechanism.
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1-  Introduction:

Orthodontic treatment plays a crucial role in
enhancing oral health, aesthetics, and overall quality of
life. It offers a range of treatment options to suit
individual needs and addresses issues related to
misaligned teeth and jaws. With its potential to
improve self-confidence, speech, eating habits, and
long-term oral health, orthodontic treatment is a
valuable investment in one's well-being. [1] [2] [3]

Orthodontics is a specialized branch of dentistry
focused on correcting misalignments of teeth and jaws.

One key challenge in orthodontic treatment lies in
the precise placement of brackets, essential
components that facilitate tooth movement. Accurate
bracket positioning is paramount for optimal
alighment and bite correction. Misplaced brackets can
result in treatment inefficiency, prolonged duration,
and discomfort for the patient. Orthodontists employ
meticulous planning, advanced technology, and their

expertise to ensure brackets are affixed correctly.
Technological advancements, such as 3D imaging and
computer-aided design, have enhanced precision,
aiding orthodontists in overcoming the challenge of
bracket placement for more effective and streamlined
orthodontic care. In this research focuses on designing
a new orthodontic bracket holder, as new way of
bonding. This Study presents a new semi-automatic
bonding method, in which the disadvantages of the
other bonding methods are corrected in this design [4]
[5] [6].In this study two different goals are placed. The
first goal was to design a 3D model that presents a new
mechanism used to facilitate the operation of placing
the brackets on the tooth surface in their right place in
a semi-automatic manner, ie. the operator will do
most of the preparation prior the patient final visit.
The second is to simulate the design using a simulation
software to investigate the locations of stress
concentrations and maximum stresses and strains as
well as the deflection that may accrue to some of the
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parts under the load. The successful alignment of teeth
and correction of malocclusions depend on the precise
interaction and coordination of these fixed
orthodontic components. Orthodontists carefully
assess each patient's needs and select the appropriate
components and techniques to create a treatment plan
tailored to their unique situation. [7] [8] [9].

2. Materials and Methods:

The preliminary design is composed of about 25
parts, these parts are grouped in sub-assemblies and
then in the final assembly of the final design for six
teeth.

In this heading, each of the parts will be presented
individually. It should be noted that the (25) parts have
replicates, so that only the unique parts will be
presented:

The ball and socket part:

This part represents the main part in the
mechanisms, it shown in figures (1) and (2).

At the start, it has a hollow part the offer to the
operator to slide the slider part of the mechanism. In
addition, this part has a solid ball at the end that fit in
the socket to adjust the direction movement (up,
down, right and left) in desired place.

Figure (1): the ball part that move in the four
directions

Figure (2): the socket part that acts as a joint with
the ball part

The cover part:

This part is act as a complementary to the previous
part, it shown in figure (3).

It acts as a cover to the ball and socket joint to fix
the direction of the joint.

Figure (3): the complementary cover part
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.
The slider part:

This part inserted inside the cavitation of the ball
and socket joint to allow a slider movement in the
anterior and posterior direction of the tool. At the
end of this part, the brackets are mounted as shown in

figure (4).

Figure (4): the slider part

The main base

This part act as a base to mounted all the previous
parts. i.e this base able to deal with the six teeth at the
same time.

3. The Designed Mechanism:

The final design is constructed from all of the
previous parts and sub-assemblies, some of them has
been duplicated (repeated) like the bracket holder, it
has been repeated six times (as the number of teeth
that this mechanism can handle). CAD technology
allows for highly aesthetic outcomes in orthodontics
and restorative dentistry, enhancing the patient's smile.
[10] [11] [12]

The main boundary conditions that constraints the
design is the oral vestibule, which is a fundamental
structure within the mouth that facilitates important
functions such as mastication, speech, and swallowing.
It also contributes significantly to oral health and the
stability of dental prosthetics. [13] [14] [15]

It is essential for orthodontists to have a high level
of precision and attention to detail during the bracket
placement process. Accurate bracket positioning
contributes to successful treatment outcomes, faster
tooth movement, and reduced treatment time.
Advanced technologies, such as computer-aided
bracket placement (CAD/CAM), may also be used in
some orthodontic practices to enhance accuracy and
efficiency. [16] [17].

The final design is shown in figures (5) and Figure
(6). This sub-assembly used to hold the bracket on one
hand, and on the other hand is used to provide all of
the movements (degrees of freedom) for the bracket
to be placed in its proper position. The bracket holder
sub-assembly is shown in figure (7).
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-P4- Equivalent stress against force is the second plot
and is shown in Figure (10), as shown with increasing
the force Equivalent stress increased.

P4 - Equivalent Stress Maximum [MPa]

Figure (5): the design assembly I
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—e— P4 Equivalent Stress Maximum [MPa)

Figure (10): Equivalent stress

-P6- Safety factor against force is the second plot and
is shown in Figure (10) , as shown with increasing the
force safety factor decreased

P6 - Safety Factor Minimum

Figure (6): the design second assembly
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Figure (7): Bracket holder sub-assembly Figure (11): Safety factor

All the plots above considered acceptable
according to the applied load as shown in the table
below:

4. Results:

By using ANSYS 2022 to establish simulations
runs against selected parts of the design, many plots
were generated, each plot generated against the forced
applied to the tool by the dentist
- “P2-Total Deformation” against “force” is the first

Table (1): The magnitude of the force and the result
deformation, stress, strain and safety factor

plot and is shown in figure (8) , as shown with P2 - Total P3 - P4 - P6 -
increasing the force the total deformation increased. P1 - Force _1O% 1 Bquivalent | Equivalen | Safety
. Deformation . .
P2 - Total Deformation Maximum [mm] Magnitude Maximum Elastic Strain | t Stress | Factor
. IN] mmlx10-3 Maximum | Maximum | Minimu
3 [mm] [mm/mm] [MPa] m
25
2
Y 0.5 0.989103 2.42E-05 3'9852709 15
05
0 - 7.9705418 | 10.8148
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 1 1.978206 4.84E-05 88 2303
—&— P2 - Total Deformation Maximum [mm]
11.955812 | 7.20988
Figure (8): Total deformation 15 2967309 725805 99 193
i 15.941083 | 5.40741
. . . 2 3.956411 9.67E-05
-P3 — Equivalent Elastic Strain 76 1523
-P3- Equivalent Elastic Strain against force is the 25 4945514 | 0.000120903 | 19:926354 | 4.32592
second plot and is shown in Figure (9), as shown with 74 9209
increasing the force Equivalent Elastic Strain 3 5934617 | 0.000145084 |23.911626 3883194
increased.

P3 - Equivalent Elastic Strain Maximum [mm . .
mma-1] 5. Discussion:

35 In order to discuss the resulted newly designed

: mechanism, its performance should be examined

virtually in the methods of Simulation using FEM
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—e—P3- Equivalent Elastic Strain Maximum [mm mmA-1]

Figure (9): Equivalent Elastic Strain
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(Finite Element Method). In order to estimate the
deformation that will happen in each of the parts,
ANSYS 2022 were used to establish simulations runs
against selected parts of the design. the software
supports compatibility with various file formats,
making it suitable for interoperability with other CAD
software and manufacturing processes. From another
point of view, and in order to view the diversity of the
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stresses in the parts, the “Stress” option was selected
to develop the stress distribution over the volume of
the parts. In each of the simulations, a force of F; =
50N wete chosen at the base of the first part.

The force has been applied at the base that
transmit the reaction of the tooth to the bracket. And
its value was taken to be 50N. The location of the
force and its value is shown in figure (12).

After the definition of the force, the boundary
conditions were selected to be fixed at the circular base
to mimic the actual situation.

Figure (13): Total Deformation
A minimum deformation of (0 at the end point of
tool) and maximum deformation of (0.0009891 mm at
the main base if tool).

6. Conclusions

The novel design was enough to describe and to
adapt any position (location and orientation) of the
tooth. i.e. the bracket holder mechanism was able to
deliver the bracket to its right place on the tooth
regarding any deformity in the tooth location or
orientation. The advantage of the added alignment
mechanism (replacing the sixth tooth bracket holders)
was to ease the usage of the novel mechanism by the
operator and to reduce the experience required to
mount this novel mechanism on the right positions on
the teeth surfaces. The main base for this novel
mechanism is adequate for an adult size mouth, for
elder patients, the main base should be made smaller,
with using the same bracket holders.

7. References

[1] W. R. Proffit, H. Fields, B. Larson and D. M.
Sarver, "Contemporary Orthodontics," Elsevier
Health Sciences, 2007.

[2] D. T. Millett, S. J. Cunningham, K. D. O'Btien, P.
E. Benson and C. M. de Oliveira, "Orthodontic

476

treatment for deep bite and retroclined upper front
teeth in children," Cochrane Database Syst Rev.
2018 Feb 1;2018(2):CD005972. doi:
10.1002/14651858.CD005972.pub4

[3] D. L. Turpin, "Orthodontics in the real world,"
The American Journal of Orthodontics and
Dentofacial Orthopedics, vol. 150, no. 6, pp. 1037-
1038, 2016.

[4] D. M. Gtippaudo, "A tetrospective analysis on
removable appliance therapy in skeletal Class IIT
malocclusions.," European Journal of Paediatric
Dentistry,, vol. 19, no. 2, pp. 100-104, 2018.

[5] P. M. Barone, "Effects of orthodontic treatment
with a removable appliance on clinical signs and
symptoms of temporomandibular disorders in
childten with normal occlusion.," European
Journal of Paediatric Dentistry, vol. 19, no. 4, pp.
278-282, 2018.

[6] A. J. L. Graf, "Treatment of children and
adolescents with Herbst appliance: a review.,"
Dental Press Joutrnal of Orthodontics, vol. 23, no.
4, pp. 58-66, 2018.

[7] S. P. M. Artun, "Components of the orthodontic
treatment need index.," The European Journal of
Orthodontics, vol. 20, no. 5, pp. 485-491, 1998.

[8] P. H. Griinheid, "An optimized surgical technique
for the treatment of skeletal open bite deformity
with  bis-screw  anchorage.," The Angle
Orthodontist, vol. 76, no. 2, pp. 291-303, 2006.

[9] B. W. L. (. McNamara, "Orthodontics and
Dentofacial Orthopedics," Quintessence
Publishing, 2016.

[10] A.R.K.Nayar, "A bird's eye view of CAD/CAM
technology.," Journal of Indian Prosthodontist
Society, vol. 14, no. 4, pp. 398-414., 2014.

[11] M. B. Dalstra, "From passive observation to
active participation. A review of computer-aided
learning in orthodontics.," European Journal of
Orthodontics, vol. 314, no. 4, pp. 416-423, 2009.

[12] E. D. Rekow, "Digital dentistry: a historical
petspective.," Journal of the American College of
Dentists, vol. 63, no. 2, pp. 12-14, 1996.

[13] S. N. Bhaskar, "Orban's oral histology and

embryology.," The Williams & Wilkins Company.,

1965.

N.-G. J. S. Langlais, "Color atlas of common
oral diseases," Lippincott Williams & Wilkins.,
2013.

[15] C.R. A. Scully, "Medical problems in dentistry,"
Elsevier Health Sciences., 2014.

[16] A.]. L. Proffit, "Contemporary Orthodontics,"
Elsevier., p. 6th ed., 2018.

[17] V. K. W. L. Graber, "Orthodontics: Current
Principles and Techniques," Elsevier., p. 5th ed,
2012.

[14]



