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> Abstract. In the past decade, removable orthodontic thermoplastic appliances—aligners—have become a wide-
spread alternative to traditional fixed systems and orthodontic devices designed to correct malocclusion by apply-
ing forces that induce specific tooth movements. The technology used in the production and application of aligners
enables the development of a customized alignment system with complete control over desired thickness, coverage,
and attachments.

The purpose of the review is to examine the methods and options for modeling removable orthodontic appli-
ances—aligners—and to analyze the technologies used to produce them.

Results. The main advantages of using aligners are their invisibility during wear, which makes them aesthetically
very attractive, and the ease of self-maintenance of oral hygiene. Also, aligners protect the oral mucosa and eliminate
the risk of enamel damage, as they contain no hard metal or ceramic components. Instead, they use soft, biocompati-
ble material locks. Ease of adaptation and the absence of a foreign body sensation in the mouth also distinguish align-
ers from other methods of dental correction. The disadvantages of aligners include their limited functionality, since
they cannot be used to treat patients with severe occlusion (for example, in cases of large diastemas or gaps between
the teeth), as well as their relatively high cost.

Conclusion. The modern method of treating malocclusion with aligners allows for correcting dental disorders and
providing comfortable orthodontic treatment for the patient. Aligners have excellent prospects for the future due to

their simplicity, practicality, and patient convenience.
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Introduction

In the past decade, removable orthodontic thermo-
plastic aligners have become a common alternative
to traditional fixed systems [1] and orthodontic
appliances designed to correct malocclusion by
applying forces that produce specific tooth move-
ments. Traditionally, clinical practice has relied on
fixed appliances, such as metal arches and brackets.
Recently, driven by the demand for minimally inva-
sive alternatives, biomedical research has focused on
developing devices that combine the effectiveness
of tooth movement correction with comfort and
aesthetics [2].

In modern orthodontics, specialists increasing-
ly prefer aligners over traditional bracket systems
for bite correction. This preference is based on the

unique advantages of aligners: they are removable,
making them easy to take off, which significantly
simplifies oral hygiene; they are custom-made ac-
cording to the individual parameters of each pa-
tient’s jaw; and because of their discreteness, they
significantly improve psychological comfort.

This practice is becoming increasingly wide-
spread and allows addressing the problems of nu-
merous patients diagnosed with various temporo-
mandibular joint dysfunctions, which are caused
by the complex structure and functionality of the
temporomandibular joint. At the same time, about
one-third of patients with orthodontic problems re-
quire specialized care, including the use of specific
orthodontic devices for correction [3].

Thus, orthodontic aligners represent a highly
aesthetic alternative to fixed orthodontic appliances,
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making them extremely popular, especially among
adults [4]. This review article presents the findings
of foreign researchers on removable orthodontic
appliances used for the correction, prevention, and
treatment of dentoalveolar anomalies.

The purpose of the review is to examine the
methods and options for modeling removable or-
thodontic appliances—aligners—and to analyze the
technologies used to produce them.

Orthodontics is currently approaching its fourth
stage of development since emerging as a distinct
dental specialty in the early 1900s. At that time, mal-
occlusion was treated using metal bands cemented
to the teeth, which served as anchors for wires that
applied corrective forces.

By the 1970s, the orthodontic field welcomed
the introduction of standardized brackets made of
transparent or semi-transparent non-metallic ma-
terials—a milestone that marked significant prog-
ress in the discipline. This advancement followed a
breakthrough in the 1960s, when the first bracket
systems using stainless steel for wire fixation were
introduced. These systems stood out for their ad-
vantages: high strength, durability, reduced friction
between components, improved saliva drainage, de-
creased accumulation of food residue, and relative
ease of processing and shaping [5].

The first transparent brackets made of unfilled
polycarbonate were later replaced by reinforced
versions using ceramic, fiberglass, or polycarbon-
ate materials with a metal insert to minimize creep
[6]. Subsequently, ceramic brackets made from
monocrystalline sapphire and polycrystalline ceram-
ics were introduced; however, due to the hardness of
these materials, enamel wear could occur.

Eventually, traditional steel arches were replaced
with advanced materials—ranging from Optiflex, fea-
turing transparent fibers, to various types of wires
treated with unique coatings such as Teflon, epoxy,
innovative titanium plastic, and Bioforce [7].

In the recent past—spanning the end of the pre-
vious century and the beginning of the current one—
the emergence of aligners in orthodontics has been
observed. This development is considered a key mile-
stone in the evolution of modern orthodontic science,
marking the beginning of a new era in the field, often
referred to as the third orthodontic revolution [8].

Aligners, designed as transparent removable trays,
are intended to correct various misalignments in the
position of individual teeth, as well as in the entire
dental arch and bite, once they become permanent.
These devices are engineered to apply controlled
pressure on the teeth, aligning them and correcting
bite anomalies [9].

Clear aligners are custom-made, removable appli-
ances designed for effective, comprehensive cosmetic
orthodontic treatment of mild to moderate maloc-
clusions [8]. The appliance ensures gradual tooth
movement through sequential sets of plastic align-
ers, which are worn and replaced at specific intervals
throughout the treatment period [3].

In the study by S. Barone et al, a system was
developed for a specific patient to simulate ortho-
dontic tooth movements using plastic aligners. The
upper and lower dental arches were reconstructed
using a combination of optical and radiographic
methods. A finite element (FE) model was then
created to analyze two different aligner configura-
tions. The authors thus investigated the influence
of non-uniform aligner thickness and the initial in-
dividual displacement between the aligner and the
patient’s teeth [10].

In 1998, the American company Align Technology
introduced the Invisalign system to the world—a se-
ries of transparent orthodontic trays. These devices
differ from traditional braces by allowing removal at
specific times, such as during meals or oral hygiene
procedures, making them particularly appealing due
to their aesthetic advantages. The trays are placed
over the teeth to perform correction without the use
of additional attachments, requiring daily wear with
short breaks [9].

The geometric fit and material properties are
among the key factors influencing the device’s ef-
fectiveness, which, in turn, depends on the choice
of material and manufacturing method [7]. As noted
by R.L. Boyd et al,, since their introduction in 1999,
clear aligner systems made from semi-transparent
thermoplastic materials using computer scanning
and visualization technologies have become an es-
tablished method of treatment [8].

The main advantages of using aligners include
their invisibility during wear—making them highly
appealing aesthetically—and the ease of maintaining
oral hygiene independently, since they can be easily
removed and reinserted.

In addition, aligners protect the oral mucosa and
eliminate the risk of enamel damage, as they lack
complex metallic or ceramic components. Instead,
they use soft, biocompatible material locks. The ease
of adaptation and the absence of a foreign-body sen-
sation in the mouth also distinguish aligners from
other dental correction methods [3].

The disadvantages of aligners include their lim-
ited functionality, as they cannot be used to treat
patients with severe malocclusion (such as cases in-
volving large diastemas or spacing), as well as their
relatively high cost [11]. Despite the introduction of
new materials and auxiliary components in align-
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er-based orthodontics, the vast majority of aligners
are still manufactured through thermoforming [5].

Conclusion

The modern method of treating malocclusion with
aligners allows not only effective correction of dental
irregularities but also comfortable orthodontic
treatment for the patient. This review has examined
the materials used in the construction of aligners,
as well as modeling methods and fabrication
technologies.

While aligners have certain disadvantages due to
their limited indications and high cost, they also hold
great promise for the future thanks to their simplicity,
practicality, and patient-friendly characteristics.
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EnaitHepu: 3arajibHi XapaKTepUCTUKH, IepeBarv Ta HeJ0JIiKH (OIVIsAA)

Mexmamni I. I, Mexmawni B. P, Awpadhoe /. C., Kepumoea I E.
Asepbaii;pkaHCbKUM MeIMUHUN YHiBepcUTeT, baky, A3ep6aiixaH

Bctyn. 3a ocTaHHE JecATUNITTA 3HIMHI OPTOAOHTUYHI TEPMONACTUYHI anapaTn — enanHepy — CTanu WUPOKO MOLIMPEHOI0 ab-
TepHaTVBOIO TPAANLINHUM GIKCOBAHMM CUCTEMaM Ta OPTOLOHTMYHKM amapaTtam, NPU3HAYeHUM AA BUNPABEHHA HenpaBuibHOTO
NPYKYCY LINAXOM 3aCTOCYBaHHA CUJ, WO BUK/MKAIOTb MEeBHI pyxu 3y6iB. TexHOMOrif, WO BUKOPUCTOBYETLCA Y BUPOOHMLTBI Ta 3acTo-
CyBaHHi enaitHepiB, [O3BONAE PO3pobNATY IHAUBIAYaNbHY CUCTEMY BUPIBHIOBAHHA 3 MOBHUM KOHTPONEM Haf 6aXkaHOM TOBLUVHOL,
MOKPUTTAM Ta KpinjaeHHAMN.

Merta: po3rnAaHyT METOAM Ta BapiaHTV MOLENOBAHHA 3HIMHUX OPTOAOHTUYHUX anapaTiB — enanHepiB — Ta NpoaHanilyBaTti
TEXHOJIOFT, O BUKOPUCTOBYIOTHCA 1A iX BUPOOHULTBA.

Pe3ynbratu. OCHOBHUMY NepeBaramy BUKOPUCTAHHA efaiiHepiB € IXHA HEMOMITHICTb Mifl Yac HOCIHHS, O PO6UTb TX eCcTeTUYHO
JyXe NpuBabnmBMMM, Ta NerkicTb CaMOCTIHOTO NiATPUMAHHSA TiriEHN NOPOXHNHM poTa. TakoX enarHepu 3abe3neuyioTb Ge3neky
ANA C130BOT 060JIOHKM pOTa Ta YCYBaKTb PU3UK MOLIKOLKEHHSA emasli yepe3 BifCYTHICTb TBEPAWX MeTaneBux abo KepamiyHmx
KOMMOHEHTIB. HaToMicTb BOHM BMKOPUCTOBYIOTb M'AKi, 6ioCyMicHI MaTepianbHi 3amKu. Jlerkictb aganTtauii Ta BigcyTHiCTb BiguyTTa
CTOPOHHbBOTO Tifla B POTi TaKOX BifPi3HAIOTb enaliHepy Bif iHWMX MeToAiB KopeKLil 3y6iB.

5/2025 — CYYACHA CTOMATOJIOT 1A « ISSN 1992-576X (PRINT) « ISSN 2786-7641(ONLINE) 99


https://doi.org/10.1007/978-3-319-54717-6_5
https://doi.org/10.1007/978-3-319-54717-6_5
https://doi.org/10.1002/cnm.2839
https://doi.org/10.1016/j.ajodo.2008.09.020
https://doi.org/10.1016/j.dental.2005.03.007
https://doi.org/10.1016/0002-9416(75)90126-8
https://doi.org/10.18231/2348-7240.2018.0003
https://doi.org/10.1177/1465312519840029
https://doi.org/10.1007/s00784-021-04361-1
https://doi.org/10.1007/s00784-021-04361-1
https://doi.org/10.1016/j.ejwf.2021.11.002
https://www.jco-online.com/media/15898/jco_2000-04-203.pdf

OPTOAOHTIA « ORHTODONTICS

[o HeponikiB enaliHepiB HaneXumTb iXHA 0OMexeHa QYHKLiOHaNbHICTb, OCKINbKM X He MOXHA BUKOPUCTOBYBATY ANA NiKyBaHHA
MaLi€HTIB i3 BaXKKUM MPUKYCOM (Hampuknag, y BUMajKax Benvkux giactem abo MpomiKKiB MixK 3y6amu), a Takox TXHA BifHOCHO
BMCOKA BapTiCTb.

BucHoBoK. CyyacHuii MeTOA NiKyBaHHA HenpaBUIbHOTO MPUKYCY 3a JOMOMOrot enaiHepiB J03BONAE BUNPABAATA 3yOHi nopy-
LIeHHA Ta 3abe3neunTn KomdopTHe AN NaLieHTa OPTOLOHTUYHE NiKyBaHHA. EnailHepn MaloTb BenuKi nepcrekTMBM Ha MaibyTHe
3aBAAKM CBOIN NPOCTOTI, NPAKTUYHOCTI Ta 3PYYHOCTi A1 NaLieHTa.

KniouoBi cnoBa: enatiHep, 6pekem-cucmemd, 0pmoOOHMUYHi KOHCMPYKUYil, opmodoHmis, 3D-0pyk.
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