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ABSTRACT  

Aim of the study  The technology of elaborating clear aligners represents a new and revolutionary change in 

orthodontics, which permanently challenges the approach of orthodontic therapy.  In the permanent evolution of 

orthodontic treatments, the digital technology to produce clear aligners offered the possibility to apply this 

therapeutic option and to correct moderate/severe malocclusions, by using new materials - tripolymer plastic and 

use some optimized attachments. Materials and methods For our clinical case, an 18 years old patient, after all 

steps of orthodontic evaluation, we decided to apply a clear aligner treatment. In the office we registered a digital 

impression, using Cerec Omnicam (Dentsply-Sirona), saved all the data we need, and upload all the necessary 

files with SparkTM Approver (Ormco), in order to elaborate the 20 clear aligners for each dental arch, by 3D 

printing. Results In the last time there were published in the scientific literature, a number of preliminary studies 

regarding 3D printed clear aligners; it was observed that the thermoformed aligners, the thickness of the aligner 

influences the magnitude of force it delivers to generate optimal tooth movement and performance, meanwhile, 

the 3D printing method is controlling the thickness of dental aligners. Conclusions This is a model. 

 

INTRODUCTION 

The technology of elaborating clear 

aligners represents a new and revolutionary 

change in orthodontics, which permanently 

challenges the approach of orthodontic 

therapy. However, this does not change the 

conventional methods of orthodontic 

treatment that were, and still are, successfully 

applied in the treatment of various cases of 

malocclusions or dento-maxillary anomalies.  

Classical orthodontic treatments are based 

on a series of principles and concepts tested 

over time - bone biology, biomechanics, 

anchoring and occlusion. Thus, in this 21st 

century of digital technology, the orthodontist 

must adapt all this in the field of clear aligner 

technology. Digital technology allows us to 

design clear aligners based on specific 

software (CAD), and then develop the devices 

themselves, using the technology of CAM 3D 

printers. It is important to note that making 

clear aligners requires some special materials.  

In the permanent evolution of orthodontic 

treatments, the digital technology to produce 

clear aligners offered the possibility to apply 

this therapeutic option and to correct 

moderate/severe malocclusions, by using new 

materials - tripolymer plastic and use some 

optimized attachments.  

 

MATHERIALS AND METHODS 

Today, there are many different brands of 

transparent alignment, for example, 

Simplifive™, Clear aligner™, Clear path™, 

Smilelign, MTM Clear-Aligner™, 

Nimrodental Clear aligner™, Clear Image 
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Aligners™, ClearAligner™, ClearCorrect™, 

Nuvola® , Fantasmino® or Invisalign™ [1,2]. 

Thus, various thermoplastic materials (or 

combinations of them) are being used for 

fabrication due to their excellent 

characteristics; these materials include: 

polyvinyl chloride, polyurethane, 

polyethylene terephthalate, and polyethylene 

terephthalate glycol [2,3]. 

Currently, the workflow to create a set of 

clear aligners starts with virtual planning 

software using the initial plaster impression 

(which is scanned in 3D) or directs digital 3D 

intraoral scan of the dentition. A physical 3D 

model is needed for each individual aligner of 

the treatment set, and it is made using 3D 

printing, stereo-lithography or material jetting. 

Next, aligners are then fabricated by molding 

the clear material over the 3D model of the 

patient’s teeth (thermoforming or vacuum 

forming) and finally, trimmed.  

For our clinical case, an 18 years old 

patient, after all steps of orthodontic 

evaluation, we decided to apply a clear aligner 

treatment. For the first stage, we registered a 

digital impression, using Cerec Omnicam 

(Dentsply-Sirona), saved all the data we need, 

and send than the information (Figure 1).  We 

upload all the necessary files with SparkTM 

Approver (Ormco), in order to elaborate the 20 

clear aligners for each dental arch. For a better 

evaluation of the case, we decided to send to 

the lab our digital data registered, to have the 

casts, upper and lower made by 3D printing 

(Figure 2).   

Made with TruGEN™, the latest 

innovation in clear aligner material, Spark 

aligners are clearer, more comfortable, and 

stain less. The Spark Aligner System has been 

designed to provide clearness, comfort, and 

performance for aesthetic results for the 

patients. 

 

 

 

 

Figure 1. Cerec Omnican (Dentsply-Sirona) 

used for digital impression  
Figure 2. 3D printed orthodontic casts – 

upper and lower 
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Figure 3. 3D printed orthodontic casts – in 

static occlusion  
Figure 4. SparkTM Clear Aligners, 

individualized for the case 

RESULTS AND DISCUSSIONS 

In some studies, it has been reported one of 

the negative results of the thermoplastic 

process - there are significant changes in the 

material properties in response to the heat 

generation used to form the material around 

the teeth.  

Ryu et al. [4] studied changes in four types 

of thermoforming materials after the 

thermoforming process, and showed that 

thermoforming affects the transparency of 

thicker material decreasing it, and increases 

water absorption properties, water solubility 

and can also modify the surface hardness of 

some plastics. Previous research also suggests 

that the thermoforming process decreases the 

thickness of the aligners compared to the 

original dimension of the thermoplastic foil 

[5]. 

Some other studies showed that 

thermoplastic-made aligners are reactive to the 

intraoral environment during their use, and the 

temperature and humidity of oral cavity; the 

salivary enzymes affect the aligner, modifying 

its original dimension and mechanical 

properties [6,7]. It has been shown that after 

storage in artificial saliva, the elastic modulus 

and tensile yield stress were modified, 

generally reducing the mechanical properties 

of the polymers investigated [8]. These 

alterations on the aligner structure caused by 

the thermoforming process and intraoral 

environment probably influence the clinical 

efficacy;  the modify in mechanical properties 

can lead to a side effects like the potential loss 

of efficacy due to the presence of undesired 

orthodontic forces acting on teeth and their 

attachments. 

In the last time there were published in the 

scientific literature, a number of preliminary 

studies regarding 3D printed clear aligners. As 

previously mentioned in regards to 

thermoformed aligners, the thickness of the 

aligner influences the magnitude of force it 

delivers to generate optimal tooth movement 

and performance [9].  3D printing represents a 

complex method in controlling the thickness of 

dental aligners and subsequently the exerted 

force, so Edelmann et al. reported an increase 

of overall thickness than the corresponding 

design file, especially with LT clear resins 

[10]. 

3D printed materials are highly toxic before 

3D printing, and the toxicity gradually 

decreases post-polymerization. Post curing 

and processing are vital for eliminating the 

toxicity levels as recommended by the 

manufacture of 3D printing material [11].  

Current materials used for 3D printing in 

orthodontics include acrylonitrile-butadiene-
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styrene plastic, stereo-lithography materials 

(epoxy resins), polylactic acid, polyamide 

(nylon), glass-filled polyamide, silver, steel, 

titanium, photopolymers, wax, and 

polycarbonate [12].  Technical properties and 

cytotoxicity parameters of the most used 

thermoplastic materials and printing resins are 

summarized in Table 1  

Clear aligners are composed of 

thermoplastic resin polymers such as 

polyurethane (PU), polyethylene terephthalate 

(PET), polyethylene terephthalate glycol 

(PETG), and polyvinyl chloride [13]. It is 

important to mention that resin polymers are 

not inert, and they are prone to change in front 

of heat, humidity, constant forces, and saliva 

in the oral environment [14]. Hence, it seems 

logical that any weakening of aligner 

materials, either following the manufacturing 

process [15] or following exposure to the oral 

environment [16], would reduce their 

efficiency, and subsequently, less predictable 

tooth movements will occur. 

 

Table 1. Technical data (supplier specifications) and cytotoxicity 

(experimental outcomes) of the most common materials used for 

thermoformed (T) and directly printed (P) clear aligners. 

Brand Material 

Composition 

Elastic 

Modulus 

(MPa) 

Tensile 

Stress 

(MPa) 

Cytotoxicity 

Duran 

(Scheu-Dental 

GmbH) (T) 

Polyethylene 

terephthalate glycol 

(PET-G) 

2200 53 Slight 

Biolon 

(Dreve Dentamid 

GmbH) (T) 

Polyethylene 

terephthalate glycol 

(PET-G) 

2020 45 Slight 

Zendura 

(Bay Material LLC) 

(T) 

Polyurethane resin 

(PU) 
1.203 - Slight 

SmartTrack 

(Align Technology) 

(T) 

Multilayer aromatic 

thermoplastic 

polyurethane/ 

copolyester 

- - Slight 

Dental LT 

(Formlabs Inc.) 

(P) 

Photo polymeric 

clear methacrylate 

oligomer and glycol 

methacrylate 

1.1 
1.3 

2300 Slight 

Accura 60 SLA 

(3D System)  

(P) 

Polycarbonatebased 

photo-polymeric 

resin 

1.13 

1.21 

2690–

3100 

Severe 

 

 

CONCLUSIONS 

1. Digital technology allows us to design 

clear aligners based on specific software 

(CAD), and then develop the devices, 

using the technology of CAM 3D printers, 

and requires some special materials. 

2. Clear aligners are composed of 

thermoplastic resin polymers such as 

polyurethane (PU), polyethylene 

terephthalate (PET), polyethylene 

terephthalate glycol (PETG), and 

polyvinyl chloride, specific resins with 

very good. 

3. The production of clear aligners involves 

some essential steps in a special workflow, 

from the intraoral scanning of the dental 
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arches to the moment of applying the first 

aligners. 

4. Clear aligner technology using 3D printing 

with biocompatible materials is a new field 

to research, with many characteristics and 

factors that interfere in obtaining clear 

aligners. 

5. The results reported from the studies on 

mechanical properties of different clear 

aligner materials, demonstrated that 3D 

printing technologies provide superior 

geometric configurations in manufacturing 

these appliances. 
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