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Method for producing a multilayer dental splint in a deep-drawing device and dental splint 

 

The invention relates to a method for producing a multilayer dental splint in a deep-drawing tool. In 

addition, the present invention relates to a dental splint. 

 5 

Dental splints are used in orthodontics as occlusal splints, expansion plates, positioners, or retention 

splints for retention after completion of the active treatment phase, for correcting minor dental 

misalignments or as other removable orthodontic treatment apparatuses. Dental splints are used for 

intraoral protrusion devices for treating obstructive sleep respiratory regulation disorders, which 

prevent the pharyngeal soft tissues from falling back via a position change of the mandible and thus 10 

prevent an obstruction of the airways. To absorb the forces occurring in sleep and ensure the mandible 

is advanced over the duration of the entire sleep, the protrusion devices require a maximum retention 

on the teeth. The retention of the devices is solved in dentistry via hard-soft deep-drawn splints. 

Additional clamps incorporated in the splint can increase the retention. In the treatment of 

craniomandibular dysfunctions (CMD), occlusion splints made of plastic are used. The engagement 15 

point of occlusion splints is remedying the existing contact relationship of the teeth in relation to one 

another. Other intraoral plastics plans have a carrier function and are used as carriers of medications 

and fluoride. For example, they facilitate the application of gels containing carbamide or hydrogen 

peroxide in external bleaching treatment and at the same time prevent rapid flushing or washing away 

of the substances by the saliva or the intraoral soft tissue. Dental splints acquire a protective function 20 

when used as compression or dressing plates after surgical procedures or as a mouthguard in some 

types of sport with a hazard of dental trauma. 

 

A deep-drawing technology known in the dental field can be used to produce the above-mentioned 

dental splints, in which thermoplastic films are heated in deep-drawing devices and formed over a jaw 25 

model made of plaster. Deep-drawing films are offered in greatly varying shapes and sizes and in 

different colors. The film shape is oriented to the deep-drawing device suggested for the processing, 

the thickness of the film to the desired structural form and the use of the splint and is often also 

dependent on the preferences of the dentist. The desired processing shape can be stamped out of the 

films, which is applied in the desired shape or to the respective model in the laboratory by heating and 30 

by means of pressure. Various deep-drawing devices are used here, the differences of which are, inter 

alia, in the heating technology and the deep-drawing technology. A differentiation is made here 

between vacuum technology and compression molding technology. 
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Dental splints made of polycarbonate are known from the prior art, which are distinguished by their 35 

crystal-clear appearance, which, when cared for appropriately, does not even have discolorations. The 

known splints made of polycarbonate have the disadvantage, however, that they are very hard, 

particularly because they are superficially reinforced with acrylic and/or are fastened using acrylic 

auxiliary splints on the surface. The known dental splints are mechanically strained upon insertion into 

the mouth and upon removal from the mouth and during wearing, which can result in breakage of the 40 

dental splint. 

 

In addition, dental splints are known from the prior art which have a two-layer structure, which is 

formed from a hard carrier layer made of polycarbonate and a soft polyurethane layer connected to the 

carrier layer. The insertion of the splint is facilitated and the hold on teeth is improved by the soft 45 

surface. However, it is disadvantageous here that a discoloration of the soft polyurethane layer occurs 

after a few months. Holding or auxiliary elements, for example, for advancing rods of intraoral 

protrusion devices, as are used for snoring treatment, can be fastened using self-curing or light-curing 

plastics to the surface of the carrier layer made of polycarbonate after the polycarbonate layer has been 

coated multiple times with an adhesion promoter. A reinforcement of the dental splint is often achieved 50 

here by application of acrylate. The applied acrylate surfaces have to be prepared and subsequently 

polished using rotating instruments, which is work-intensive. 

 

The object of the present invention is to provide a method for producing a multilayer dental splint, 

which enables simple and cost-effective production of dental splints, wherein the dental splints thus 55 

obtained have improved mechanical properties and are to be inserted into and removed from patients 

easily. Moreover, it is the object of the present invention to provide a dental splint which has improved 

mechanical properties, is producible cost-effectively, and may be inserted into and removed from 

patients easily. 

 60 

The above-mentioned object is achieved in a method of the type mentioned at the outset in that, in the 

deep-drawing device, a first deep-drawing film and at least one second deep-drawing film and possibly 

at least one third deep-drawing film are bonded to one another by deep-drawing on a jaw model, 

wherein the first deep-drawing film and the second deep-drawing film or the third deep-drawing film 

have a hard layer made of a first plastic material and at least one deep-drawing film has a soft layer 65 

made of a second plastic material and wherein the deep-drawing films are bonded to one another in 
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such a way that a-layered composite having a hard outer layer on each of the two outer sides of the 

dental splint and having a soft inner layer embedded between the hard layers is obtained. The dental 

splint thus obtainable has an at least three-layer structure having two hard outer layers and having a 

soft inner layer embedded between the hard layers. It is obvious that the dental splint according to the 70 

invention can have more than three layers having differing hardness, wherein, however, the two 

external layers are to have a higher hardness and rigidity than the at least one soft layer in the interior 

of the dental splint. The properties “hard” and “soft” in the meaning of the invention relate to different 

Shore hardnesses of the layers. The dental splint according to the invention has increased breaking 

strength and better insertion and removal behavior due to increased elasticity of the dental splint, which 75 

is caused by the internal soft layer having higher elasticity. In addition, the dental splint according to 

the invention preferably has a smooth surface on both outer sides, which results in a reduced 

occurrence of plaque. 

 

In one preferred embodiment of the invention, a deep-drawing film having a hard layer made of a 80 

polyester plastic, preferably made of polycarbonate (PC) or polyethylene terephthalate (PET), is 

selected to produce the dental splint. The external hard layers made of the polyester plastic in the 

layered composite are stable against discoloration and enable a crystal-clear appearance of the dental 

splint according to the invention. In addition, the hard layer is sufficiently break-resistant so that 

breaking off of holding or auxiliary elements, such as anchoring parts for advancing or guide rods of 85 

intraoral protrusion devices, does not have to be a concern. The dental splint according to the invention 

preferably has hard layers made of the same plastic material. 

 

In a further preferred embodiment, a deep-drawing film having a soft layer made of a thermoplastic 

polyurethane (TPU) or ethylene vinyl acetate (EVA) is selected. The above-mentioned plastic 90 

materials result in a sufficiently high elasticity of the dental splint according to the invention, so that 

breakage of the dental splint during insertion and removal and while it is worn does not have to be a 

concern. 

 

A deep-drawing film, which has an at least two-layer structure having at least one hard layer and 95 

having at least one soft layer, can be used to produce the dental splint according to the invention. The 

above-mentioned deep-drawing film can then be bonded to a further deep-drawing film, which has a 

preferably single-layer structure having a hard layer, by deep-drawing, so that a layered composite 

having two outside hard layers and a soft layer embedded between the hard layers results. For example, 
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a first deep-drawing film can consist of polycarbonate and can have a single-layer structure. This deep-100 

drawing film is first deep drawn on a jaw model, so that a single-layer splint is obtained. This splint 

than initially remains on the jaw model and is connected to a second deep-drawing film by deep-

drawing, wherein the second deep-drawing film can have a two-layer structure having a hard layer 

made of polycarbonate and having a second soft layer made of polyurethane. To obtain the provided 

layer structure, the second deep-drawing film having the soft layer made of polyurethane is placed on 105 

the splint obtained from the first deep-drawing film made of polycarbonate and deformed over the first 

splint and deep drawn on the jaw model, so that a three-layer structure results. An adhesion promoter 

can possibly be applied to the first splint made of polycarbonate here, to ensure full surface bonding 

of the layers. In principle, of course, multiple films can be deep drawn simultaneously in one work 

step on the jaw model. 110 

 

The hard layer of the deep-drawing film can have a layer thickness of less than or equal to 3.0 mm, 

preferably of 1.0 to 1.5 mm, more preferably of less than or equal to 0.5 mm, in particular of 0.2 to 

0.5 mm. The soft layer can have a layer thickness of 0.5 to 2.0 mm, in particular of 1.0 to 1.3 mm. It 

is obvious that all intermediate values of the above-mentioned intervals are disclosed, even if this is 115 

not described in detail. Moreover, it is obvious that the layer thickness of the deep-drawing film is 

reduced upon deep drawing. The layer thicknesses provided according to the invention of the deep-

drawing films used ensure very good mechanical properties of the dental splint according to the 

invention. 

 120 

Particularly good mechanical properties are additionally achieved if a first deep-drawing film made of 

polycarbonate having a layer thickness of approximately 0.5 mm is bonded to a two-layer deep-

drawing film by deep-drawing, wherein the two-layer deep-drawing film has a hard layer made of 

polycarbonate having a layer thickness of 0.8 to 1.2 mm and a soft layer made of polyurethane having 

a layer thickness of 1.0 to 1.3 mm. Accordingly, the three-layer dental splint thus obtained has a hard 125 

layer on an outer side having a layer thickness of less than 0.5 mm and a second hard layer on the 

other outer side having a layer thickness of less than 1.2 mm to less than 0.8 mm. The layer thickness 

of the soft layer of the dental splint according to the invention is less than 1.3 mm to less than 1.0 mm. 

 

During the production of the dental splint according to the invention, it can be provided according to 130 

the method that firstly the first deep-drawing film is deep drawn on the jaw model, wherein the single-

layer splint thus obtained subsequently remains on the jaw model. The second deep-drawing film is 
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then positioned on the jaw model and deep drawn over the first splint on the jaw model, which results 

in the bonding of the second deep-drawing film to the previously formed first splint, so that an at least 

two-layer splint is obtained. If a third deep-drawing film is provided for producing the dental splint 135 

according to the invention, the two-layer splint formed from the first deep-drawing film and the second 

deep-drawing film remains on the jaw model and subsequently the third deep-drawing film is 

positioned on the jaw model and deep drawn over the two-layer splint on the jaw model, which results 

in a dental splint having three layers. 

 140 

If the first deep-drawing film has a hard layer made of polycarbonate or consists completely of 

polycarbonate, the splint obtained by deep drawing the first deep-drawing film can be coated at least 

in regions, preferably completely, with an acrylate solvent, in particular a preparation made of a 

methacrylic acid methyl ester (MMA) and dichloromethane. The bonding of the deep-drawing films 

during deep drawing is thus improved. 145 

 

If holding or auxiliary elements are required in the dental splint according to the invention, for 

example, for guiding, advancing, and/or anchoring rods between two splints of an intraoral protrusion 

device, after the deep drawing of the first deep-drawing film, at least one holding or auxiliary element 

can be fastened on the surface of the first splint thus obtained, wherein preferably the surface of the 150 

first splint is coated at least in regions with an acrylate solvent, in particular with a preparation made 

of a methacrylic acid methyl ester (MMA) and dichloromethane, and the holding or auxiliary element 

is fastened using an autopolymer. The first splint obtained from the first deep-drawing film remains 

on the jaw model. Subsequently, a further deep-drawing film can then be positioned on the jaw model 

and deep drawn over the first splint on the jaw model, so that the holding or auxiliary element is 155 

securely embedded between the first splint and the second deep-drawing film and the holding or 

auxiliary element does not protrude beyond the surface of the dental splint according to the invention 

and the dental splint has a smooth surface. This also results in a reduced occurrence of plaque when 

wearing the splint. 

 160 

The invention is described by way of example hereinafter on the basis of exemplary embodiments, 

wherein the invention is not restricted to the described features of the exemplary embodiments. In the 

drawings: 

 

Figure 1 schematically shows the method sequence during the production of a dental splint 165 
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according to the invention in a first embodiment of the method according to the 

invention, 

 

Figure 2 schematically shows the method sequence during the production of a dental splint 

according to the invention in a second embodiment of the method according to the 170 

invention, and 

 

Figure 3 schematically shows the method sequence during the production of a dental splint 

according to the invention in a third embodiment of the method according to the 

invention. 175 

 

Figure 1 schematically shows a method for producing a multilayer dental splint in a deep-drawing 

device (not shown). The dental splint thus produced can be used, for example, for a snoring treatment 

device, as described in DE 203 19 088 U1 or DE 201 02 432 U1. The deep-drawing device can be, for 

example, a universal compression molding device for all applications of dental deep-drawing 180 

technology and orthodontics, as is sold under the tradename BIOSTAR® by Scheu-Dental GmbH. A 

compact compression molding device having the tradename MINISTAR S® from Scheu-Dental 

GmbH can also be used to produce the dental splint. In the deep-drawing device, a first deep-drawing 

film 1 and at least one second deep-drawing film 2 are bonded to one another by deep-drawing on a 

jaw model 3 made of plaster, wherein the first deep-drawing film 1 consists of polycarbonate. For 185 

example, a polycarbonate deep-drawing film having the tradename IMPRELON® “S” from Scheu-

Dental GmbH can be used. The deep-drawing film 1 preferably has a layer thickness of 0.5 mm, but 

can also have a lesser layer thickness. 

 

In the first step, an extremely thin isolating film, which does not bond to the first deep-drawing film 1 190 

and is only required for the isolation from the jaw model 3, is deep drawn. The first deep-drawing film 

1 is then deep drawn. After the deep-drawing of the first deep-drawing film 1, the film excess is 

severed from the first splint thus obtained, which is single-layer, shortly below the equator of the teeth 

using a milling cutter to the final length at the vestibular and gingival/palatinal regions, without the 

first splint obtained by deep drawing the first deep-drawing film 1 being removed from the jaw model 195 

3. 

 

The entire surface of the first splint arranged on the jaw model is then coated using an adhesion 
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promoter, wherein an acrylate solvent can be used as the adhesion promoter, namely a preparation 

made of methacrylic acid methyl ester (MMA) and dichloromethane, available under the tradename 200 

PERLIBOND® from Scheu-Dental GmbH. Subsequently, holding elements for advancing rods, as 

are provided, for example, in intraoral snoring therapy devices, or other auxiliary parts are fastened 

using acrylic on the surface of the deep-drawn film 1 drawn onto the jaw model 3. 

 

The second deep-drawing film 2 has a two-layer structure having a hard layer 5 made of polycarbonate 205 

and a soft layer 6 made of a thermoplastic polyurethane. The deep-drawing film 2 is a composite plate 

having a hard layer and a soft layer having the tradename DURASOFT® from Scheu-Dental GmbH. 

The hard layer may be bonded to an autopolymer, wherein an autopolymer from Scheu-Dental GmbH 

having the tradename DURASPLINT® can be used. The hard layer 5 can have a layer thickness of 

0.8 mm and the soft layer 6 can have a layer thickness of 1.0 mm. It is also possible as well that the 210 

hardware 5 has a layer thickness of 1.2 mm and the soft layer 6 has a layer thickness of 1.3 mm. The 

second deep-drawing film 2 is then placed with the soft polyurethane layer 6 on the initially deep-

drawn first deep-drawing film 1, which is drawn onto the jaw model 3, and subsequently deep drawn 

on the jaw model 3 over the deep-drawing film 1. The second deep-drawing film 2 bonds to the first 

deep-drawing film 1. A dental splint having a three-layer structure made of two outer hard layers 4, 5 215 

and a soft layer 6 arranged in between is thus obtained, which as increased breaking strength and 

improved introduction and removal behavior due to increased elasticity. 

 

After the forming of the second deep-drawing film 2, the film excess is severed from the three-layer 

dental splint obtained, without the layered composite being removed from the jaw model 3. The dental 220 

splint is only then removed from the jaw model 3. Finally, the edges of the dental splint are smoothed. 

Further processing or polishing of the dental splint is not provided. 

 

An alternative embodiment of a method for producing a multilayer dental splint is shown in Figure 2. 

In the embodiment shown in Figure 2, the deep-drawing film 1 from Figure 1 is bonded to a second 225 

deep-drawing film 7, which only has a soft layer 8 made of polyurethane. As in the method described 

in Figure 1, firstly the deep-drawing film 1 is deep drawn on the jaw model 3. Subsequently, this first 

splint thus obtained from the deep-drawing film 1 remains on the jaw model 3 and the second deep-

drawing film 7 is deep drawn over the first layer on the jaw model 3, so that a two-layer splint is 

obtained. At least one holding or auxiliary element can again be embedded between the deep-drawing 230 

film 1 and the deep-drawing film 7. To obtain the desired layered composite, subsequently a third 
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deep-drawing film 9, which is single-layer and has a hard layer 10 made of polycarbonate, is deep 

drawn over the two-layer splint on the jaw model 3, so that a three-layer dental splint according to the 

invention is obtained. According to the method shown in Figure 1, the film excess of each splint 

obtained by forming the deep-drawing films 1, 7, 9 is severed before the deep drawing of the next 235 

following deep-drawing film 7, 9, without the splint being detached from the jaw model 3. Moreover, 

before the deep drawing of a next following deep-drawing film 7, 9, coating the previously obtained 

splint with an adhesion promoter can be provided. 

 

Finally, Figure 3 shows that a three-layer dental splint according to the invention can also be obtained 240 

in a single step deep-drawing process by deep drawing a deep-drawing film 11 which has a three-layer 

structure having two outer hard layers 12, 13 made of polycarbonate and a soft layer 14 made of 

polyurethane embedded between hard layers 12, 13. 

 

The layer thickness of the hard-layer 10, 12 of the deep-drawing films 9, 11 corresponds to the layer 245 

thickness of the hard layer 5 of the deep-drawing film 2. This results from a comparison of Figures 1 

to 3. The layer thicknesses of the hard layer 13 of the deep-drawing film 11 shown in Figure 3 

correspond to the layer thickness of the hard layer 4 of the deep-drawing film 1 from Figure 1. 

 

The layer thickness of the soft layer 8 of the second deep-drawing film 7 from Figure 2 and the layer 250 

thickness of the soft layer 14 of the deep-drawing film 11 from Figure 3 correspond to the layer 

thickness of the soft layer 6 of the deep-drawing film 2 from Figure 1. 

 

Moreover, it is not shown that due to the material properties of polycarbonate, preliminary drawing is 

indispensable to avoid bubble formation occurring due to moisture upon heating in the deep-drawing 255 

device. Moreover, before the deep drawing of the first deep-drawing film 1, an isolating film for 

plaster/plastic can be drawn as a spacer film on the jaw model 3. An isolating film having the 

tradename ISOFOLAN® from Scheu-Dental GmbH can be used for this purpose. The isolating film 

can be drawn off easily from the dental splint after the production of the dental splint. 

  260 
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Claims: 

 

1. A method for producing a multilayer dental splint in a deep-drawing device, wherein, in the deep-

drawing device, a first deep-drawing film (1) and at least one second deep-drawing film (2, 7) and 

possibly at least one third deep-drawing film (9) are bonded to one another by deep drawing on a jaw 265 

model (3), wherein the first deep-drawing film (1) and the second deep-drawing film (2, 7) or the third 

deep-drawing film (9) have a hard layer (4, 5, 10) made of a first plastic material and at least one deep-

drawing film (2, 7) has a soft layer (6, 8) made of a second plastic material, and wherein the deep-

drawing films (1, 2, 7, 9) are bonded to one another in such a way that a layered composite having a 

hard outer layer (4, 5, 10) on each of the two outer sides and having a soft inner layer (6, 8) embedded 270 

between the hard layers (4, 5, 10) is obtained. 

 

2. The method as claimed in claim 1, characterized in that a deep-drawing film (1, 2, 9) having a hard 

layer (4, 5, 10) made of a polyester plastic, preferably made of polycarbonate (PC) or polyethylene 

terephthalate (PET), is selected. 275 

 

3. The method as claimed in claim 1 or 2, characterized in that a deep-drawing film (2, 7) having a 

soft layer (6, 8) made of a thermoplastic polyurethane (TPU) or ethylene vinyl acetate (EVA) is 

selected. 

 280 

4. The method as claimed in any one of the preceding claims, characterized in that a deep-drawing 

film (2) having at least two-layer structure having at least one hard layer (5) and having at least one 

soft layer (6) is selected. 

 

5. The method as claimed in any one of the preceding claims, characterized in that the first deep-285 

drawing film (1) and a second deep-drawing film (2) are bonded to one another, wherein the first deep-

drawing film (1) consists of polycarbonate and wherein the second deep-drawing film (2) has a two-

layer structure having a hard layer (5) made of polycarbonate and having a second soft layer (6) made 

of polyurethane. 

 290 

6. The method as claimed in any one of the preceding claims, characterized in that a deep-drawing 

film (1, 2, 9) having a hard layer (4, 5, 10) having a layer thickness of less than or equal to 3.0 mm, 

preferably of 1.0 to 1.5 mm, more preferably of less than or equal to 0.5 mm, in particular of 0.2 to 
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0.5 mm, is selected. 

 295 

7. The method as claimed in any one of the preceding claims, characterized in that a deep-drawing 

film (2, 7) having a soft layer (6, 8) having a layer thickness of 0.5 to 2.0 mm, in particular of 1.0 to 

1.3 mm, is selected. 

 

8. The method as claimed in any one of the preceding claims, characterized in that firstly the first 300 

deep-drawing film (1) is deep drawn on the jaw model (3) and the deep-drawn first deep-drawing film 

(1) remains on the jaw model (3) and subsequently the second deep-drawing film (2, 7) is deep drawn 

on the jaw model (3). 

 

9. The method as claimed in any one of the preceding claims, characterized in that the first deep-305 

drawing film (1), after the deep drawing, is coated at least in regions, preferably completely, using an 

acrylate solvent, in particular a preparation made of a methacrylic acid methyl ester (MMA) and 

dichloromethane. 

 

10. The method as claimed in any one of the preceding claims, characterized in that after the deep 310 

drawing of the first deep-drawing film (1), at least one holding or auxiliary element is fastened on the 

surface of the first deep-drawing film (1), wherein preferably the surface of the first deep-drawing film 

(1) is coated at least in regions using an acrylate solvent, in particular using a preparation made of a 

methacrylic acid methyl ester (MMA) and dichloromethane, and the holding or auxiliary element is 

fastened using an autopolymer. 315 

 

11. A dental splint having at least three-layer structure, in particular produced as claimed in any one 

of the preceding claims, having two outer hard layers (4, 5, 10, 12, 13) and having an inner soft layer 

(6, 8, 14) embedded between the hard layers (4, 5, 10, 12, 13). 

 320 

12. The dental splint as claimed in claim 11, characterized in that two hard layers (4, 5, 10, 12, 13) 

made of a polyester plastic, preferably made of polycarbonate (PC) or polyethylene terephthalate 

(PET), and an inner soft layer (6, 8, 14) made of a thermoplastic polyurethane (TPU) or ethylene vinyl 

acetate (EVA) are provided. 

 325 

13. The dental splint as claimed in claim 11 or 12, characterized in that a hard layer (4, 13) on an outer 
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side of the dental splint facing toward tooth surfaces of the patient in the worn state of the dental splint 

has a layer thickness of less than 0.5 mm, in particular of less than 0.2 mm, and a hard layer (5, 10, 

12) on an outer side of the dental splint facing away from the tooth surfaces has a layer thickness of 

less than 1.2 mm, in particular of less than 0.8 mm. 330 

 

14. The dental splint as claimed in any one of claims 11 to 13, characterized in that the soft layer (6, 

8, 14) has a layer thickness of less than 1.3 mm, in particular of less than 1.0 mm. 

 

15. The dental splint as claimed in any one of claims 11 to 14, characterized in that at least one holding 335 

or auxiliary element is embedded between the soft layer (6, 8) and a hard layer (4, 5, 10). 
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Abstract 

 

A method is shown and described for producing a multilayer dental splint in a deep-drawing device. 340 

It is provided according to the invention that, in the deep-drawing device, a first deep-drawing film 

(1) and at least one second deep-drawing film (2, 7) and possibly at least one third deep-drawing film 

(9) are bonded to one another by deep drawing on a jaw model (3), wherein the first deep-drawing 

film (1) and the second deep-drawing film (2, 7) or the third deep-drawing film (9) have a hard layer 

(4, 5, 10) made of a first plastic material and at least one deep-drawing film (2, 7) has a soft layer (6, 345 

8) made of a second plastic material, and wherein the deep-drawing films (1, 2, 7, 9) are bonded to 

one another in such a way that a layered composite having a hard outer layer (4, 5, 10) on each of the 

two outer sides and having a soft inner layer (6, 8) embedded between the hard layers (4, 5, 10) is 

obtained. 
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