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Abstract
INTRODUCTION: The retention phase of orthodontic treatment is an important phase to prevent teeth returning to 
their initial position. An innovative solution for creating a retainer is through 3D printing by digital design.

AIM: The purpose of this article is to demonstrate the capabilities of digital software in the creation of stabilization 
splint, type retainer, and after orthodontic treatment. 

MATERIAL AND METHODS: An intraoral scan of an orthodontically treated patient (18 years) was performed. 
A Trios Color scanner (3Shape) was used. 3Shape Dental system design – splint studio was used for file processing 
and design creation. The method of 3D printing was applied to make the retainer. With this method, the objects 
are created layer by layer from melted material with different nature. It was made by Dental LT Clear Resin (a 
biocompatible material) with Formlabs Form 2 printer.

RESULTS: Depending on the selected thickness of the retainer and the position of the lower jaw, the software 
generates different distances between the dentitions. The digital design allows a change of 0.1 mm, which is 
impossible with a classic laboratory protocol. The resulting printed retainer fully meets our expectations – tooth 
adaptation, patient comfort, and aesthetics.

CONCLUSION: Digital software and design provide many opportunities for modern orthodontics.
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Introduction

In modern dentistry, digitalization is 
indispensable part. 3D printing and CAD/CAM 
technologies are the two main methods for creating 
digitally designed objects. However, they are quite 
different in nature – additive manufacturing builds 
the object layer by layer, while CAD/CAM cuts it 
from a homogeneous block of material [1], [2]. Digital 
software reveals many possibilities for creating various 
structures – models, crowns, surgical guides, splints, 
and many more. The processing of the digital model 
is very precise and allows the production of fine 
details, which with the classical methods are difficult to 
achieve [3].

Properly, performed orthodontic treatment 
ends with a retention phase. Preservation of results is 
equally important [4]. The stable position of the teeth 
can be affected by the periodontal and gingival tissues, 
tongue, masticatory muscles, and occlusal forces, as 
well as the residual growth of the facial bones if the 
balance between them is disturbed [5], [6].

Retainers are devices used in the retention 
phase of orthodontic treatment. They aim to maintain the 
achieved result by opposing the bone and soft tissues 

in the newly achieved position. They are removable and 
fixed. The choice of the retainer’s type depends on a 
number of factors – the type of orthodontic treatment, 
positioning of teeth from atypical places, available 
space for proper occlusion with fixed retainers, caries-
resistant or non-resistant dentition, etc. [7], [8].

The most widely used removable retainer is 
the vacuum-formed retainer. Its advantages are: Easy 
technology, high aesthetics, and fast adaptation to 
speech [9], [10], [11]. Its disadvantages are: Relatively 
fast wear (about 1 year), easy deformation, tearing, 
and perforation [12], [13]. Acrylic retainers (Hawley 
retainers) are more durable [14], [15]. However, their 
production has a complicated laboratory protocol. In 
cases of untimely fabrication or delay in the laboratory, 
partial return of the teeth to an undesirable position 
is possible. Fixed retainers are more comfortable for 
patients due to the lack of care for them, except for 
hygienic habits, and some restrictions in the type of 
food (nuts, chewing gum, and solid foods). However, 
there is a possibility of detachment and fractures [16].

The application of a digital work protocol requires 
the introduction of modern methods such as intraoral 
scanning. Intraoral scanning of the dentition eliminates 
the need to take classic impressions from the patient’s 
mouth. The created virtual models allow working on them 
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and making the desired structure without casting gypsum 
models. The obtained constructions are very accurate, 
because a series of stages are omitted, each of which 
includes an error – shrinkage of the impression material, 
expansion of gypsum, shrinkage of the acrylic resin during 
polymerization, etc. [17]. The material for 3D printed 
retainers is a transparent biocompatible resin Class II with 
high durability, but still printed retainers have not been 
sufficiently studied for orthodontic purposes [18], [19].

This encourages orthodontists to look for 
options that combine the positive qualities – aesthetics, 
function, durability, and easy work protocol.

The purpose of this article is to demonstrate 
the capabilities of digital software in the creation of 
stabilization splint, type retainer, and after orthodontic 
treatment.

Materials and Methods

An intraoral scan of an orthodontically treated 
patient (18-years-old) was performed. A Trios Color 
scanner (3Shape) was used. When entering the patient 
information, the established sequence, and the “splint” 
option for creating, the order was observed. The upper 
jaw was marked as supporting the splint. The scan 
started from the lower jaw (antagonists), followed by 
the upper jaw and bilaterally in the bite. The created 
digital images were sent as an STL file by e-mail to the 
laboratory.

3Shape Dental system design – splint studio 
was used for file processing and creation of the retainer 
design.

The method of 3D printing was applied to make 
the retainer. Formlabs Form 2 printer was used, with 
biocompatible resin Dental LT Clear Resin.

Results

After the starting of 3Shape Dental system 
design – splint studio, various design possibilities open 
up. This includes:
 Different thickness of the splint vestibularly and 

occlusally,
 Ability to move the lower jaw back and forward 

(protrusion and retrusion),
 Different drawing the outlines depending on 

the retention sections and the function of the 
splint,

 Different relief of the occlusal surface – in 
occlusion with the antagonists, without relief, 

and with an inclined surface to the antagonists 
in certain areas.
When entering the required thickness for the 

retainer 0.7 mm, the program automatically generates 
an opening of 3.0 mm. This is due to the fact that the 
two jaws do not open parallel to each other. When 
opening 0.7 mm at the extreme distal point, the dental 
arches move away by 3.0 mm in the area of the frontal 
teeth, Figure 1.

Figure 1: Position of the upper and lower jaw with 3 mm opening due 
to 0.7 mm thickness of the splint in the last molars area

This thickness is normal for classical bruxism 
splints but is not appropriate for retainers. Therefore, 
other options for creating the retainer by digital design 
were sought, Table 1:

Table 1: Relation between thickness, opening, and protrusion 
according to the 3Shape Dental system design – splint studio
Thickness 0.6 0.6 0.6 0.6 0.6 0.6 0.7 0.7 0.7 0.7 0.7 0.7 0.7
Opening 1.3 1.2 1 0.8 0.7 0.7 1.1 0.9 0.8 1.2 1.5 1.9 3.0
Protrusion 0.3 0.5 0.8 1 1.2 1.4 1 1.2 1.4 0.8 0.5 0.3 0.0

The main requirements for the final product we 
are looking for were:
 Optimal thickness vestubularly for wearing 

comfort during the day, which does not disturb 
the aesthetics and sound articulation,

 Not more than 1 mm thick occlusally, which 
does not provoke changes in the joint and in 
intermaxillary relation

 Slight protrusion of the lower jaw until the 
achievement of angle Class I in the area of 
molars and canines.
From the proposed options were selected: 

Thickness 0.6 mm, opening 0.7 mm, and protrusion 
1.2 mm.

The digital design allows a change of 0.1 mm, 
which is impossible with a classic laboratory protocol. 
Setting the direction of placement of the retainer makes 
visible undercuts, which facilitates the selection of its 
boundaries and its positioning only in non-retention 
areas or unlocking the retention zones. Setting the 
same distance from the tooth surfaces ensures a stable 
position and an even retention effect.
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The retainer was designed in occlusion to the 
antagonists, which ensures the impossibility of the 
appearance of Godon’s phenomenon of germination 
of single teeth or areas and non-traumatic treatment 
of the periodontium by single contact between the 
dentitions.

During the subsequent processing, it was 
made a balanced contact in the central occlusion and 
during lateral movements through the virtual articulator, 
Figures 2 and 3.

Figure 2: Balanced occlusion in the central position (3Shape Dental 
system design studio

To achieve this balance, digital software 
thickens the splint palatally. In this way, wider planar 
contacts are achieved, Figure 4.

Figure 3: Balanced articulation contacts (3Shape Dental system 
design studio)

After completing the design, the retainer was 
made by 3D printing of biocompatible resin Dental LT 
Clear Resin. After minimal cleaning of the supports, it 
was placed in the patient’s mouth. The patient reported 
a tight fit with uniform light pressure, which was also 
found clinically. No need to adjust the inner surfaces 
of the retainer, as well as occlusal. This was followed 
by oral and written instructions for usage, storage, 
hygiene, etc., Figures 5 and 6.

Discussion

For a retainer to be effective, it must 
be positioned tightly and passively on the tooth 
surfaces. The possible distance could provoke 
displacement of the teeth in the retention period. 
The digital design allows very precise setting of 
the minimum distance between the retainer and the 
tooth surfaces [3].

Figure 5: Vestibular view of the retainer

The thermoformed retainer due to its small 
thickness does not give many opportunities for 
adjustment and achieve even contacts. Although no 
data have been described on the need to achieve a 
balanced occlusion in the preparation of retainers [19], 
it is good to establish one due to the long-term required 
wearing period. In digital planning, it is possible to 
choose the type of occlusal surface – smooth, with a 
sloping surface, relief to antagonists, or a combination 
of all. The software also allows the production of a 
retainer with pre-adjusted surfaces [2].

Figure 4: Palatal extension of the retainer
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A big advantage of the digital design is the quick 
reaction in case of breaking, forgetting, or repeating the 
retainer. The information stored in the database can 
be immediately forwarded to the printer and a product 
can be received within hours. This product can be an 
exact copy or make slight adjustments that have proved 
appropriate during the period of operation [16], [17], [18].

Conclusion

The final product obtained the parameters 
set in the digital design. Digital software offers many 
options for individual solutions in each clinical case. 
The accuracy of production by modern methods of 3D 
printing is incomparable with classical methods.
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