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ABSTRACT  

Aim of the study In current clinical practice, the approach to appropriate orthodontic therapy should be 

considered by the specialist, with the evaluation of a complete clinical and radiological examination, for dental 

and facial diagnosis. Materials and methods. For our study, we conducted an electronic research about 

diagnostic elements and technological aspects for clear aligners in some databases – Web of Science, Google 

Scholar, PubMed, looking for significant papers and literature review. Results The aesthetic demand of patients 

has led research to the development of clear aligners. According to production methods, they can be grouped 

into two categories - aligners made from thermoplastic materials via manual set up and CAD-CAM technologies 

to design and produce aligners. Conclusions. The aligners represent a true orthodontic evolution, due to their 

aesthetics; the contribution of CAD-CAM technology allows a diagnosis and development of treatment plan 

easier for the practitioner and more educational for the patient.  
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INTRODUCTION 

In current clinical practice, the approach to 

appropriate orthodontic therapy should be 

considered by the specialist, with the 

evaluation of a complete clinical and 

radiological examination, for dental and facial 

diagnosis, and thus dictated by a combination 

of practices and professional evidence 

through expertise, as well as personal and 

social values of the patients. The final 

decision to apply the treatment must be based 

on an assessment of the biological, time and 

financial costs, and on the selection of the 

optimal orthodontic instruments.  

The precursor to clear aligners was 

introduced in orthodontics by H. D. Kesling 

more than 60 years ago. Because computers 

and 3-D printing were not available at the 

time, Kesling would simulate alignment and 

occlusion by rearranging teeth to an ideal 

position and occlusion on a stone model. He 

would then fabricate the tooth-positioner 

appliance. [1] As materials advanced and 

thermoformed plastics became more widely 

available in orthodontics, clear aligner 

therapy began to take shape. Jack Sheridan 

used clear retainers that he termed Essix 

retainers to apply force to teeth to make 

minor tooth movements.[2] He developed 

techniques such as air rotary stripping and 

Essix “mounding,” that would lead to the 

improvement of clear aligner predictability 

and effectiveness.[3,4] Today, these two 

techniques are commonly referred to as 

interproximal reduction and aligner 

attachments. 
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MATHERIALS AND METHODS 

For our study, we conducted an electronic 

research about diagnostic elements and 

technological aspects for clear aligners in 

some databases – Web of Science, Google 

Scholar, PubMed, looking for significant 

papers, articles and literature review. 

Within the last decade, several orthodontic 

companies have adapted vacuum-formed 

retainers (VFRs) to be used for the purpose of 

active orthodontic tooth movement (Tuncay, 

2006).[5]  Different laboratory techniques are 

utilised in the construction of these vacuum-

formed active appliances (VFAAs).  

To perform the technique, wear was 

applied interproximal and then, progressive 

dental alignment; however, new mouldings 

and new setups were each clinical visit, in a 

laborious process that consumed a long time 

(Galan-Lopez et al., 2019).[6] Supported by 

studies in 1997, Align Technology adapted 

and incorporated modern technologies to 

introduce the first transparent and movable 

aligners in the market, constituting the 

treatment currently used (Rossini et al., 

2015).[7] Treatment with aligners evolved 

mainly in the last 15 years through new 

technologies and materials to expand the 

range of movements’ dental care (Hennessy, 

2016).[8] The Invisalign system was the first 

treatment method to promote movement 

orthodontic based exclusively on digital 

technology three-dimensional (Kravitz et al., 

2009).[9] 

At the beginning, the Invisalign® system 

was used to treat simple tooth movement. 

However, as it developed, the manufacturer 

began using attachments and intermaxillary 

elastics to obtain different movements, [10] 

so Invisalign® became a viable alternative to 

fixed appliances.[11]  

Since 2013, Invisalign has been fabricated 

with a 0.30 mm thick patented polyurethane 

material called SmartTrack™.  

The manufacturer states that it is made 

from “biocompatible medical grade 

thermoplastics” engineered for fitting more 

precisely to the tooth morphology, delivering 

more constant force due to higher elasticity 

and, therefore, providing better tooth 

movement control. A further claim is that the 

Invisalign design has higher flexibility and 

lower initial insertion force, which makes it 

easier for insertion and removal, and 

improves patient comfort.  

Different aligner systems similar to 

Invisalign®, such as ClearCorrect, etc., 

became available on the market, and they use 

the same principle to obtain the desired 

results. 

Scheu Dental GmbH (Iserlohn), a German 

aligner fabrication company, commercializes 

their Clear-Aligner in three different 

thicknesses (e.g., 0.5 mm, 0.625 mm, and 

0.75 mm) for each stage of the treatment. 

They utilize a glycol-modified polyethylene 

terephthalate material to fabricate the 

aligners, as does GeoTek Centre s.r.l. (Terni, 

Italy) when fabricating their Nuvola aligners. 

Nuvola aligners can self-adjust their thickness 

from 0.75 mm to 0.85 mm throughout the 

treatment phases. ClearCorrect, LLC aligners 

are made from Zendura, a material described 

as a “custom formulation of medical-grade 

polyurethane” created exclusively for 

ClearCorrect by Bay Materials.  

All of these aligner fabrication polymers 

are odourless, tasteless, “food and drug 

administration” (FDA) approved, and 

nontoxic (free of bisphenol-A and phthalates). 

[12] 

 

 

Table 1.  Materials used for clear aligners - (after Buriez C.) [13]  
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Types of polymers Structure Materials/ 

Techniques 

Characteristics 

Polyvinyl chloride 

(PVC) 

the result of the 

action of 

hydrochloric acid 

on acetylene by 

chlorination of 

ethylene 

Essix 

Embrace® 

- allows the adhesion of 

auxiliaries, has acceptable 

abrasion resistance. 

Polycarbonate (PC) by the 

condensation of 

bisphenol A and 

phosphate 

Durasoft® -allows the realization of 

aligners on set-up 

Polyurethane (PUR) obtained by 

mixing alcohol 

and isocyanine 

Align® and 

Exceed 30® / 

Invisalign® 

technique 

-offers a good compromise 

between wearing comfort 

and efficiency 

Polyethylene or 

saturated polyester 

(PETP) 

obtained from 

ethylene glycol 

and terephthalic 

acid 

Essix® 

technique 

(Ideal Smile®) 

d’Essix A+® 

(Ideal Clear®) 

-has good resistance to 

abrasion and micro-

organisms 

 

High Density 

Polyethylene (PEHD) 

low pressure 

ethylene 

polymerization 

and special 

catalyst 

intermediate 

rigid 

aligners/dental  

displacement 

aligners 

-slightly opaque, it provides 

a whitening effect 

 

 

RESULTS AND DISCUSSIONS 

The growing aesthetic demand of 

orthodontic patients has led research to the 

development of more aesthetic and 

comfortable orthodontic appliances – clear 

aligners. The effectiveness of orthodontic 

treatment does not depend so much on the 

technique used but mainly on the diagnosis 

made by a competent clinician. The outcome 

of this diagnosis determines whether or not 

the clinical case falls within the indications 

for treatment with aligners and if there are no 

contraindications. This will result in a 

thoughtful treatment plan and optimized for 

the patient's clinical situation. 

According to production methods, clear 

aligner systems can be grouped into two 

categories - aligners made from thermoplastic 

materials via manual set up and systems using 

CAD-CAM technologies to design and 

produce aligners.  

The materials used for the manufacture of 

these rigid aligners will be sought among 

those able to remain inert and unalterable in 

saliva. They should not have any smell or 

flavour and should remain insensitive to 

common cleaning detergents. In addition to 

that, they must not present any toxicity, 

neither for the patients, nor for the operators. 

The plastic used must also be impact resistant 

and have excellent modelling characteristics 

in order to best match the morphology of the 

arch and have a maximum engagement on 

each tooth. (table 1) 

The thermoforming shaping of the aligner 

is obtained by the action of a stress physical 

on the thermoplastic material once heated. 

They are represented by 3 techniques which 

are: punching, pressure and suction. The vast 

majority of thermoforming systems operate 
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on the principle of air depression (suction), 

i.e. by a call for air below the plastic material 

ensuring its plating against the model.  

The new method uses CAD-CAM 

(Computer-Aided Design and Computer-

Aided Manufacturing), it is therefore digital. 

It jointly uses the technique of stereo-

lithography (3D printing) of liquid resin for 

industrial purposes. This set-up uses optical 

fingerprint camera technology, which allows 

the three-dimensional simulation of the 

treatment plan from the digitization of the 

arches teeth and their occlusion. This allows a 

considerable saving of time but above all a 

diagnostic precision, in particular with the 

possibility of superimposing the state of the 

front arches and after treatment, and thus be 

able to obtain extremely precise information 

on the whole dental movements made in 3 

dimensions. 

A series of 3D printed models can then be 

used to manufacture a series of aligners that 

can move the teeth gradually, in a sequenced 

fashion, to a position determined.  

The category of aligners made based on 

virtual CAD/CAM setups has proven to be 

the one with the least tooth movement 

limitations compared to those aligners made 

by activating thermopliers or on the basis of 

new casts taken for each tooth movement 

stage. In addition to the aligner material, for 

clear aligner treatment (CAT) to be 

efficacious, it is imperative that the patient’s 

teeth move throughout the treatment in 

exactly the same way it is planned during the 

virtual pre-programmed setup. [14] 

The digital aligner treatment process 

begins by creating a digital model after the 

clinician develops the diagnosis and treatment 

plan. After the orthodontic treatment goals 

are well established, a computerized model is 

created by a reverse-engineering process 

using CAD, either directly from the patient’s 

mouth using an intraoral scanner (IOS), by 

scanning a plaster model of the teeth created 

from impressions (e.g., polyvinyl siloxane) of 

the patient’s mouth, or by scanning the dental 

impressions.  

The CAD software converts the clinical 

tooth misalignments into a 3D digital image 

in the most common file format (i.e., 

Standard Tessellation Language [STL]). [15] 

Subsequently, the graphic representation 

of the dental models can be manipulated by 

human hands using the FEM software to 

simulate how the teeth will move throughout 

the treatment according to the orthodontist’s 

plan.  On the virtual planning software, the 

dentist dictates how and when each tooth 

movement should occur, plans if any tooth 

should remain stationary, decides on incisor 

proclination or anterior dental arch 

constriction, dictates the amount of dental 

distalization, extrusion or intrusion, and 

anything else necessary for achieving the 

orthodontic treatment goals. The dentist can 

either manipulate the software to visualize the 

dental movements required, or have it 

manipulated by the company’s technicians. 

A complex literature research revealed 

approximately 27 different clear aligner 

systems on offer, a number that continues to 

increase rapidly. Companies like Orthero, 

ECligner, EON Aligner, and Clear Correct 

are examples of other aligner systems created 

using computer technology. [16,17 ] 

For the execution of the technique, it was 

necessary to wear out the interproximal points 

and a progressive dental alignament; 

meanwhile, it was necessary to have new 

moldagens and new setups for each clinical 

visit, in a laborious process that consumed a 

lot of time (Galan-Lopez et al., 2019).[6] 

The duration of treatment with aligners 

varies approximately the same time as for the 

conventional treatment, being directly 

proportional to seriousness of the problem. 

(Zheng et al., 2017) reported in the studies 

that the minimum time to use the treatment it 

has been five months, and it can be extended 
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to four years. [18,19] 

Aligners are produced in various thickness 

levels (0.020-inch, 0.025-inch, or 0.030-inch). 

The use of gradually thickening aligners 

provides more control on tooth movement 

and reduces the pain caused by orthodontic 

forces. With one set of impressions, two or 

three aligners of various thickness levels are 

produced, and the patient is instructed to use 

each aligner for 10 to 15 days. The aligners 

are fabricated from a new working cast and 

obtained from a new impression taken at each 

visit, which allows the clinician to modify the 

treatment plan throughout the course of 

treatment, and to be able to follow the 

progression of tooth movement. [20,21] 

There still exist few published studies on 

investigations focus on predictability of tooth 

movement orthodontic with orthodontic 

aligners. For being relatively new to the 

market, still have few studies longitudinal 

lines that can more accurately establish the 

successful treatment with this type of device. 

In order to establish the treatment plan, it 

is important to deal with functional anomalies 

first. Indeed, the interception of dysfunctions 

and kinetic abnormalities of the mandible 

constitutes the first stage of treatment.  

This standardization of functions is 

necessary in order to obtain the most 

harmonious craniofacial growth possible. 

Certain dysfunctions and para-functions can 

lead to forces that could be prejudicial on the 

one hand to the progress of treatment, and on 

the other hand to dento-periodontal health. 

As for kinetic abnormalities, they can lead 

to pathological growth that can turn into a 

morphological anomaly. There is also, the 

choice of the therapeutic means (s) to adopt 

and who’s decision-making must be done in 

collaboration with the patient. It will then be 

necessary to establish the organization of the 

sessions, apply the chosen therapy, and 

organize long-term monitoring and 

maintenance. 

Orthodontic aligners have lower efficiency 

compared to multi-attachment treatments 

[22,23], they often require the contribution of 

other orthodontic techniques in order to carry 

out to some complex cases. On the other 

hand, treated patients seem more prone to 

recurrence only with fixed orthodontics [24]. 

Aligners are an effective therapeutic 

method but are not suitable for all clinical 

situations. They can however be used in 

conjunction with other means therapeutic: 

orthopaedic, multi-attachment or even 

surgical. The orthodontic treatment with 

aligners is an alternative for patients who 

wish to correct their smile without losing 

their aesthetic, as they are removable, 

aesthetic and enable a good standard of oral 

hygiene during treatment. 

Clear aligners not only promote better oral 

hygiene and better periodontal health but also 

reduce the plaque accumulation and the 

development of white spot lesions. According 

to the study of Azeem et al. [25], orthodontic 

treatment with clear aligners showed a low 

incidence of newly developed WSL’s.

 

CONCLUSIONS 

1. The aligners represent a true orthodontic 

evolution, due to their aesthetics; their 

removable aspect and their comfort make 

them a good treatment option to which 

people turn more and more. In addition, 

the contribution of CAD-CAM 

technology allows a diagnosis and 

development of the plan treatment easier 

for the practitioner and more educational 

for the patient.  

2. However, aligners cannot yet replace 

conventional fixed multi-attachment 

treatment. Their indications are limited 

and often require their combination to 

other orthodontic techniques. 

3. There is no question of denying the 

effectiveness of the aligners. In the hands 
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of a clinician competent and complacent 

patient, they can give very good results. 

Let's keep only in mind that this is not an 

easy technique for everyone. 

4. Efficacy in orthodontics does not depend 

so much on the technique chosen but 

above all on a rigorous diagnosis, a 

perfect understanding of orthodontic 

biomechanics, and the skill of the 

practitioner and the cooperation of the 

patient.  
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