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Streszczenie

Rozw6j drukarek 3D zmienit i nadal zmienia wiele aspek-
tow ortodoncji. Cel. Celem pracy jest przeglad piSmiennic-
twa dotyczacego cyfrowej ortodoncji w odniesieniu do
praktyki klinicznej i okreslenia przysztych trendéw w tej
dziedzinie. Material i metody. Niniejsze opracowanie przed-
stawia w og6lnym zarysie cyfrowy §wiat ortodoncji. Znaj-
duja sie w nim m.in.: ocena rodzajéw drukarek 3D, aktualne
informacje o drukarkach 3D oraz zestawienie obszaréw ich
zastosowania w klinikach stomatologicznych. Wyniki i wnio-
sek. Niniejsze opracowanie ma na celu przygotowanie or-
todontéw do wykorzystania szybko rozwijajacego sie rynku
drukarek 3D i produkcji 3D, a takze pokazanie, z jaka tatwo-
$cig mozna projektowac i wytwarza¢ w technologii 3D, w po-
réwnaniu z tradycyjnymi metodami. (Abay F, Buyuk K,

Abstract

The 3D printer development has provided and continues to
change in many areas in the world of orthodontics. Aim.
The aim of this paper is to present an up-to-date review of
digital orthodontics and to compare it with our clinic expe-
rience, to determine where we are in orthodontic practice
and where we can go. Material and methods. This study
provides an overview of the digital world in orthodontics.
[t includes evaluating types of 3D printers, cerrent informa-
tion about 3D printers and a compilation of areas of use in
dentistry clinics. Results and conclusion. This study is to
prepare orthodontists to touch on the easy aspects of 3D
design and production compared to traditional methods.
(Abay F, Buyuk K, Simsek H. 3D Printing transformation
in orthodontics. Orthod Forum 2023; 19 (1-2): 46-52).
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Introduction

New horizons have been begun in digital orthodontics with
the development of three-dimensional (3D) printers. 3D
printers provide fast and practical use as well as the oppor-
tunity to perform original designs. Moreover, at the same
time as removing the problems of working with the techni-
cal laboratory, it provides the possibility to save you labo-
ratory-related complications and loss of time. There are
three stages of digital orthodontic applications. It is the pro-
cess of creating digital models scanned with 3D scanners,
designing suitable models and appliances with design pro-
grams, and producing them with 3D printers.

Aim

The aim of this review is to present an up-to-date review
of these three pillars with our clinical experience, to de-
termine where we are in orthodontic practice and where
we can go (1-3).

3D Printers and history

3D printing is the process of producing the object that is in-
tended to be produced layer by layer. Stereograph, the Greek
word meaning to draw or show an object in three dimen-
sions, was first used by the Japanese scientist Hideo Kodama
in the early 1980s (4). After Charles Hull received the first
3D printer patent in 1986, many companies introduced their
3D printers to the market (5). The use of 3D printers is rap-
idly becoming widespread among dentists with the devel-
opment and cheapening of 3D printers. The printing
resolution and printing speed of 3D printers for dental use
are essential parameters (5,6). The 3D printers’ resolution,
it depends on many factors which include the mild source,
the resin type, and the sort of machine. The most important
of these is the light source of 3D print. Liquid Crystal Dis-
play (LCD) type 3D printers are classified according to their
resolutions such as 2K, 4K, 6K and 8K (7, 8).

Vat polymerization type printers

Digital light processing (DLP)

DLP printer, one of the 3D printer sorts observed in 2006,
comes from the picture projection technology. It is a device
that provides high resolution fast printing, which consists

FORUM

Received: 20.03.2023
Accepted: 11.04.2023
https://doi.org/10.5114 /for.2023.130178

Key words: orthodontics, dental resins, 3D Printing, clear
aligners

of more than 1 million mirrors that may be controlled and
rotated in micron dimensions and can reduce the pixel pitch
to a few microns (9).

Liquid crystal display (LCD)-based stereolithography
Many 3D printers are a type of 3D printer that make us of
DLP technology-primarily Liquid Crystal Display (LCD),
reflecting UV light from the LED screen. UV light is not ex-
tended using any lens. In this way, the expansion due to
the refraction of the light, referred to as pixel distortion,
and its reflection to a wider area than the desired area is
not in question. Not using expensive projectors like DLP
printers and fast printing from laser stereolithography
(SLA) printers enabled LCD type 3D printers to be used in
a wider area in the field of dentistry (10, 11).

Laser stereolithography (SLA)

SLA 3D printer is a system that uses a UV laser light source
and cures this light source by traveling through the relevant
layer. It reflects the laser beam with mirrors called Gallio
(12). While the z layer determines the printing time in DLP
printers; the x, y and z layers determine the time in laser
SLA printers. The printing resolution depends on the size
of the laser, which is the light source.

Resins

3D printer resins are liquid products that may form poly-
mers by cross-linking short chains of various monomers
and oligomers through a reaction called photopolymeriza-
tion. Resins normally consist of 3 components: Monomers
(10-40%), catalysts, binders (50-80%).

The methyl methacrylate molecule produced from the
reaction of acetone with hydrogen cyanide is generally used
as the monomer. Although this molecule is a material that
dentists have recognized and used for years, it is useful to
consider its negative effects on the body (13-15).

Relying at the components, dental resins are resins that
contain initiators of 385-405 nanometers and can be pro-
duced with 3D printers that produce light at these wave-
lengths. While dental resins are produced for many purposes,
from direct aligner resin to indirect bonding resin, which is
thought to take orthodontics to new horizons, there are dif-
ferent dental resins in general dentistry such as cast resin,
permanent-temporary crown resins.
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3D Printing application areas in orthodontics
Orthodontic model production

Plaster models have been used for diagnostic purposes in
orthodontics for years. Orthodontic models can be pro-
duced with 3D printers with the current technological de-
velopment. In the orthodontic version manufacturing
procedure, the models transformed to. stl format with in-
traoral scanners are edited in the proper software. Since
3D printers print layer by layer, the object in .stl format
must be sliced. Since 3D printers cannot produce the .stl
format directly, slicing should be done with proper pro-
grams (Fig. 1).

Clear aligner therapy

The planned tooth movements can be performed in the clear
aligner module in software. There are auxiliary units such
as determining the limits of tooth movements and automatic
attachment placement in software programs. In addition,
new free designs can be performed by allowing attachment
types designed in .stl format to be added to the system. By
determining the amount of movement for the final occlu-
sion, the amount of tooth movement of each clear aligner is
determined. After exporting the planned models in .stl format
and slicing in the slicer program, models can be produced
with a 3D printer (Fig. 2).

The improvement of dental resins has opened new ho-
rizons within the manufacturing of clear aligners in ortho-
dontics. Dental resin manufacturers have introduced directly
produced clear aligner resins. Clear aligner can be pro-
duced directly without the need for model production. It
has advantages along with smoothness of the edge surfaces
with identical thickness and high compatibility in com-
parison to the obvious plaques produced by printing the
model from the thermoplastic material using the indirect
method (16) (Fig. 3).

Aesthetic bracket production

The orthodontic bonding process has constantly persevered
with the search for a more aesthetic and purposeful orth-
odontic bracket. Orthodontic brackets have also changed
with the improvement of adhesives to offer a strong adhe-
sion pressure to no longer harm the enamel in the debond-
ing process. This change allowed the brackets to be made
of aesthetic materials (17).

The improvement of 3D printers and resins initiates new
horizons in orthodontic bracket production. It is possible
to produce custom-designed tooth-colored brackets with
3D printers with permanent biocompatible resins (Sen-
ertek P-Crown, Izmir, Turkiye). Although it is not as easy
as labial orthodontic bracket production, lingual orthodon-
tic bracket manufacturing can also be accomplished with
3D printers. 3D printers reveal the importance of design
in orthodontics and increase the possibility of original de-
signs (18) (Fig. 4).

FORUM

E Abay et al.

Nasoalveolar molding in individuals with new-born cleft
lip and palate

Nasoalveolar molding (NAM) is an adjunctive treatment de-
signed to reorient tissues to the correct position in individ-
uals with cleft lip and palate new-borns. NAM can reduce
scar tissue after the surgery. The improvement of 3D print-
ers has additionally caused the development of recent tech-
niques inside the production of NAM. Bauer et al. designed
the NAM appliance according to millimetric converged slit
lines based on a growth forecast, which they defined as Rap-
idNAM. This method allows it to be used more easily in rou-
tine with the development of 3D printers (19-21) (Fig. 5).

Twin Block Appliance

One of the maximum common malocclusions in orthodon-
tics is Class II malocclusions. Functional orthopedic treat-
ment is frequently used in adolescents with sagittal growth
failure of the mandible. The Twin-Block appliance designed
by Clark to strengthen the mandible inside the sagittal di-
rection in patients with Class Il mandibular insufficiency
has been used by orthodontists for many years since it has
a smaller and less visible part compared to other functional
appliances (22,23).

It is possible to produce Twin-Block appliance with 3D
printers by designing in suitable software program. One of
the most important of these is the Invisalign with Mandibu-
lar Advancement Feature (IMAF), which Align Technology
introduced in 2017. In this design, buccal ‘delicate wings’
are usually placed between the first molar and premolar.
Like the Twin-Block, it brings the mandible forward and on
the same time allows clear aligner treatment. Through cor-
recting the crowding of the patients' mandible for the dura-
tion of progression, the total treatment time can be shortened
and the tolerance of the patients to the treatment can be
increased (24) (Fig. 6).

Space maintainer appliances

It is easier to prevent the occurrence of malocclusion than
to treat it. Many orthodontic problems may be prevented
with the aid of preventive orthodontic treatment. Preven-
tive orthodontic treatment includes many applications. Pre-
ventive orthodontic applications can reduce the
psychological negative effects of malocclusion as well as
reduce the treatment costs. Dental impressions and labora-
tory stages can be eliminated by 3D printers in the manu-
facturing of area maintainers. It is expected that the
compatibility and hygiene of the bands with the teeth will
be better (25,26) (Fig. 7).

Indirect bonding tray

Indirect bracket bonding refers to the technique wherein
which the bracket position is deliberate by software and is
performed by way of creating publications. Bonding no longer
simplest improves accuracy but also reduces chair-time. In
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Figure 2. (A) Designing clear aligner in the software, (B) 3D printing models
and production of clear aligner by thermoplastic material.

Figure 3. (A) Designing the shell for the models, (B) Directly production of
clear aligner.

Figure 5. The design of the feeding plate appliance for
cleft palate new-borns.

Figure 4. (A) Preparation of aesthetic brackets, (B)
Aesthetic bracket production with 3D printer.
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Figure 6. (A) Designing the Twin-Block appliance, (B) Production of Twin
block ramps with thermoplastic materials.

Figure 7. (A) Designing a band and loop space main-
tainer appliance, (B) Band and loop space maintainer
appliance.

a

Figure 9. (A) Adjusting the occlusion of virtual models in the software (B) Vir-
tual models in the software, (C) 3D printing of stabilization splint appliance.
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addition, computer software can help dentists understand
the feasibility of orthodontic plans by simulating the process
and effects of orthodontic treatment (27, 28) (Fig. 8).

Stabilization splint for temporomandibular disorders
Stabilizations have features including relaxation of the mus-
cles, placement of the mandibular condyle in the centric po-
sition, and protection of the teeth and periodontium. The
splint production facilitates with digital design (29). Accu-
rate centric relationship recording, no extra laboratory pro-
cess required, and adjustment of occlusal recording in
centric relationship in virtual articulator reduces chair time

(30) (Fig. 9).
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