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Introduction

In the past decade, removable orthodontic thermoplastic aligners have become a widely used
alternative to conventional fixed systems [1], as well as to other orthodontic appliances designed to
correct malocclusion by generating forces that cause controlled tooth movement.

Traditionally, fixed appliances—consisting of metal archwires and brackets —have been used in
clinical orthodontic practice. Recently, however, due to the growing demand for minimally invasive
alternatives, biomedical research has focused on developing devices that combine high efficiency in
tooth alignment with improved comfort and aesthetics [2].

In modern orthodontics, specialists increasingly prefer to use aligners instead of traditional
bracket systems for occlusal correction. This preference is based on the unique advantages of aligners:
1. they are removable, making oral hygiene significantly easier;

2. they are custom-made according to the individual anatomical parameters of each patient’s jaw;
3. their transparency and discreteness substantially improve psychological comfort.

This practice is becoming more widespread and helps address the needs of a large number of
patients who present with various temporomandibular joint (TM]) dysfunctions, which are often
related to the joint’s complex structure and function. Approximately one-third of patients with
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orthodontic issues require specialized treatment, including the use of specific orthodontic devices for
correction [3].

Thus, orthodontic aligners represent a highly aesthetic and functional alternative to conventional
fixed orthodontic appliances, making them particularly popular among adult patients [4].

Materials and Methods

This review article presents findings from international studies on removable orthodontic
appliances used for the correction, prevention, and treatment of dentoalveolar anomalies. The aim of
the review is to examine the methods and approaches to modeling removable orthodontic appliances —
aligners, as well as to analyze the technologies used in their fabrication.

Orthodontics is currently approaching its fourth stage of development since its emergence as a
dental specialty in the early 1900s. At that time, malocclusions were treated using metal bands, which
were cemented to the teeth to secure wires that applied corrective forces.

By the 1970s, the orthodontic field welcomed the introduction of standardized brackets made
from transparent or semi-transparent non-metallic materials, marking a major milestone in orthodontic
progress. This advancement followed the revolutionary introduction of stainless-steel bracket
systems in the 1960s, which transformed the field by providing a combination of high strength,
durability, reduced friction between components, improved saliva drainage, decreased food debris
accumulation, and ease of fabrication and adjustment [5].

The first transparent brackets, made of unfilled polycarbonate, were later replaced with ceramic,
fiberglass-, or polycarbonate-reinforced brackets featuring metal inserts to minimize material creep [6].
Subsequently, ceramic brackets (made from monocrystalline sapphire or polycrystalline ceramics)
became common, but their hardness sometimes led to enamel wear.

Results and Discussion

As a result, orthodontics began transitioning from traditional steel archwires to advanced
materials such as Optiflex (with transparent fibers) and various types of wires with specialized coatings
— including Teflon, epoxy resin, titanium plastic, and Bioforce alloys [7].

In recent decades, particularly from the late 20th to the early 21st century, the field has seen the
emergence of aligners in orthodontic treatment. This innovation is considered a key milestone in the
evolution of modern orthodontic science, marking the beginning of a new era that many researchers
refer to as the third orthodontic revolution [8].

Aligners, designed as transparent removable trays, are aimed at correcting various irregularities
in the position of individual teeth, as well as in the entire dental arch and bite, once the latter has become
permanent. These devices are engineered to apply controlled pressure to the teeth, gradually aligning
them and correcting malocclusions [9].

Clear aligners are custom-made removable orthodontic appliances designed for comprehensive
cosmetic treatment of mild to moderate malocclusions [8]. The system enables gradual tooth
movement through a sequence of aligner sets, which are worn and replaced at specific intervals
throughout the course of treatment [3].

In the study by S. Barone et al., a patient-specific system was developed to simulate orthodontic
tooth movement using plastic aligners. The upper and lower dental arches were reconstructed using a
combination of optical and radiographic techniques, after which a finite element (FE) model was
created to analyze two different aligner configurations. The authors evaluated the effect of non-uniform
aligner thickness and individual initial misfit between the aligner and the patient’s teeth [10].

In 1998, the Align Technology company (USA) introduced the Invisalign system, consisting of
transparent orthodontic trays. Unlike traditional braces, these devices can be removed during meals
or oral hygiene routines, making them particularly appealing due to their aesthetic advantages. The
trays are worn on the teeth and achieve correction without any additional attachments, requiring
continuous daily wear with occasional breaks [9].

Geometric fit and material properties are key factors influencing aligner effectiveness, both of
which depend on the choice of material and manufacturing method [7]. As noted by R.L. Boyd et al.,
since its introduction in 1999, the system of tooth correction using semi-transparent thermoplastic

American Journal of Biology and Natural Sciences | 64




Anvar, R. E et al. /Biojournal Vol 2 (11), November

aligners, fabricated through computer scanning and visualization technologies, has become a widely
accepted treatment method [8].

The main advantages of aligners include:
1. Invisibility during wear, making them highly aesthetic;
2. Ease of oral hygiene, as they can be easily removed and reinserted;
3. Safety for the oral mucosa and enamel, due to the absence of hard metallic or ceramic components,

replaced by soft, biocompatible materials;

4. Quick adaptation and absence of foreign-body sensation in the oral cavity [3].

However, disadvantages include their limited functional scope — aligners cannot be used to
treat patients with severe malocclusions (such as tremas or diastemas) — as well as their high cost [11].
Despite the development of new materials and auxiliary components for aligner-based orthodontics,
the majority of aligners are still produced using thermoforming technology [5].

Conclusion

The modern method of treating malocclusion using aligners not only ensures effective correction
of dental irregularities but also provides a comfortable orthodontic experience for the patient. This
review examined the materials used in aligner fabrication, as well as the modeling methods and
manufacturing technologies involved.

Although aligners have certain limitations, including restricted indications for use and high cost,
they hold great promise for the future due to their simplicity, practicality, and patient comfort.
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