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DENTAL SPLINT AND METHOD FOR
PRODUCING A DENTAL SPLINT

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Application No. PCT/EP2018/084657 filed Dec. 13, 2018,
which designated the United States, and claims the benefit
under 35 USC § 119(a)-(d) of German Application No. 10
2017 129 957.2 filed Dec. 14, 2017, the entireties of which
are incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a dental splint, and
a method for producing a dental splint.

BACKGROUND OF THE INVENTION

[0003] DE 10 2004 043 665 Al discloses a dental splint
comprising a first subassembly embodied as a dental splint
body and having a surface that comes into contact with an
oral cavity of a user, a second subassembly embodied as
electronics, at least one third subassembly embodied as a
sensor, a fourth subassembly embodied as an energy source,
at least one fifth subassembly embodied as an antenna, and
a sixth subassembly embodied as electrical connection
means, wherein the second to fifth subassemblies are con-
nected by the sixth subassembly.

[0004] Furthermore, US 2014/0072926 Al discloses a
dental splint produced by means of a 3-D printer.

SUMMARY OF THE INVENTION

[0005] It is an object of the present invention to propose a
dental splint and a method for producing a dental splint,
which dental splint is producible in a compact design and
cost-effectively despite numerous subassemblies and which
method is producible in a compact design and cost-effec-
tively despite the presence of numerous subassemblies.
[0006] In the case of the dental splint according to the
present invention, at least one of the second to sixth subas-
semblies is produced in each case completely or partly in a
3-D printing method. As a result, a compact design can be
realized by virtue of a flat implementability of structures
produced using 3-D printing. Furthermore, creating at least
one part of at least one of the second to sixth subassemblies
or at least one of the second to sixth subassemblies in the
3-D printing method greatly reduces the manufacturing
outlay and thus saves costs since cost-intensive handling is
obviated in the case of printed structures.

[0007] Furthermore, it is provided that the antenna com-
prises at least one antenna conductor track and/or the
electrical connection means comprise at least one current
conductor track, which are/is embodied in the dental splint
body below the surface thereof and produced in the 3-D
printing method. Such conductor tracks can be produced in
a simple manner by means of 3-D printing methods. A
further advantage is that even a complex course of the
conductor tracks is producible without high additional out-
lay and the conductor tracks extend in a protected manner in
the dental splint body.

[0008] Alternatively, it is also provided that the antenna
comprises at least one antenna conductor track and/or the
electrical connection means comprise at least one current
conductor track, which are/is embodied as a part of the
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surface of the dental splint body and produced in the 3-D
printing method. As a result, the transmission and reception
behavior of the antenna is influenced by the dental splint
body to a lesser extent, such that improved transmission and
reception properties of the antenna are achieved. Current
conductor tracks routed at the surface of the dental splint
body can be contacted in a simple manner, such that contact
with the dental splint e.g. for the purpose of charging the
energy store is possible in a cost-effective manner.

[0009] Furthermore, it is provided that the antenna con-
ductor track and/or the current conductor track have/has in
the direction of the extent thereof a bent course and/or a
change in the cross-sectional shape thereof and/or the cross-
sectional area thereof. As a result, the antenna conductor
track and/or the current conductor track can easily be
adapted to a topography predefined by the dental splint body
and can easily be optimized to the respective requirements.
[0010] Tt is also provided that at least one of the sensors
comprises at least one probe, wherein the probe is embodied
as a probe conductor track produced in the 3-D printing
method, which probe conductor track is embodied, in par-
ticular, in such a way that it extends through the dental splint
body to the surface of the dental splint body and either forms
with an end section a part of the surface or projects by the
end section beyond the surface, in particular, for making
contact with a mucous membrane. As a result, probes of
sensors can be produced in a simple manner since handling
of miniature components is not required.

[0011] Provision is furthermore made for embodying the
antenna conductor track and/or the current conductor track
and/or the probe conductor track as an electrical conductor
and the dental splint body as an insulator. As a result, the
antenna conductor track and/or the current conductor track
and/or the probe conductor track can be laid in the dental
splint body without a dedicated insulating layer.

[0012] It is also provided that the dental splint body
embodied as an insulator is constructed from a first plastic,
and, in particular, from the first plastic and at least one
second plastic different than the first plastic in terms of at
least one material property, in particular, a degree of hard-
ness, in a 3-D printing method, wherein provision is made,
in particular, for the first plastic, by which the dental splint
bears against molars, to have a lower degree of hardness
than the second plastic, by which the dental splint bears
against incisors. As a result, the wearing comfort of the
dental splint can be improved, such that the user perceives
the dental splint as less disturbing.

[0013] Itis also provided that at least one cavity is formed
for at least one of the second to fifth subassemblies in the
dental splint body depending on the site of use thereof, in
particular, lingually (near the mandible) or palatally (near
the maxilla), wherein the at least one cavity is produced by
an additive manufacturing method, such as, in particular, a
3-D printing method, or by a subtractive method, such as, in
particular, a milling method or drilling method. Appropriate
accommodation disturbs the user to a lesser extent in terms
of his/her feeling in the oral cavity, such that the dental splint
obtains significantly higher acceptance for long wearing
times of a number of hours.

[0014] Furthermore, provision is made for embodying the
sensor as a blood sugar sensor and/or as a pressure sensor
and/or as a temperature sensor and/or as a gyrosensor and/or
as an acceleration sensor and/or as a blood pressure sensor
and/or as a heart rate sensor. By virtue of such sensors, the
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dental splint is usable for a multiplicity of applications in the
medical field, in everyday life and in sports.
[0015] Furthermore, the present invention provides for the
energy source to be embodied as an energy converter and, in
particular, as a thermoelectric energy converter and/or as a
kinetic energy converter, which converts kinetic energy into
electrical energy. As a result, the dental splint becomes an
autonomous component which can be worn even over
relatively long periods of time.
[0016] Finally, it is provided that the second subassembly
and/or the third subassembly and/or the fourth subassembly
and/or the fifth subassembly and/or the sixth subassembly
are/is produced in each case completely or partly in the 3-D
printing method. As a result, the dental splint can be realized
to an optimum extent by 3-D printing.
[0017] In the method according to the present invention
for producing a dental splint which is embodied, in particu-
lar, as claimed in at least one of the preceding claims and
which comprises a first subassembly embodied as a dental
splint body, a second subassembly embodied as electronics,
at least one third subassembly embodied as a sensor, a fourth
subassembly embodied as an energy source and at least one
fifth subassembly embodied as an antenna, and a sixth
subassembly embodied as electrical connection means, the
steps mentioned below are provided:
[0018] 3-D printing of the dental splint body,
[0019] interrupting the 3-D printing of the dental splint
body at least once by means of a printing pause before
completing the dental splint body,
[0020] carried out in an arbitrary order or in parallel in the
at least one printing pause or in different printing pauses:
[0021] placing at least one of the second to sixth sub-
assemblies in the region of an area of the dental splint
body that is to be printed still further, and/or complete
or partial 3-D printing of at least one second to sixth
subassembly in the region of an or the area of the dental
splint body that is to be printed still further,
[0022] printing to completion the dental splint body
embodied as a first subassembly with complete or partial
embedding of the second to sixth subassemblies.
[0023] As a result of the at least one printing pause when
creating the dental splint body, the complete dental splint
comprising all subassemblies can be produced in a com-
paratively simple manner as an assembly in which the
second to sixth subassemblies are optimally accommodated
or integrated in the first subassembly, such that the assembly
is suitable for use in the oral cavity.
[0024] It is also provided that the 3-D printing of at least
one of the second to sixth subassemblies, namely, in par-
ticular, the second subassembly and/or the third subassem-
bly and/or the fourth subassembly and/or the fifth subas-
sembly and/or the sixth subassembly, is carried by means of
a second 3-D printing method, which differs from a first 3-D
printing method used for printing the dental splint embodied
as a first subassembly, wherein the two different 3-D printing
methods are chosen, in particular, from the group of the
methods mentioned below:
[0025] 3-D printing using powder (3DP), in particular
selective laser sintering (SLS) or electron beam melting
(EBM) or electron beam additive manufacturing (EBAM),
[0026] 3-D printing by means of fused materials, in par-
ticular, “Fused Filament Fabrication” (FFF) or fused depo-
sition (e.g. FDM—Fused Deposition Modeling),

Jan. 9, 2020

[0027] 3-D printing using liquid materials, in particular
stereolithography (STL, SLA) or “Digital Light Processing”
(DLP) or “Multi Jet Modeling” (MIM) or “Polyjet” methods
or “Film Transfer Imaging” methods (FTI). The use of
different 3-D printing methods makes it possible to produce
a component that is optimized with regard to the, in some
instances different, production engineering requirements of
all the subassemblies.

[0028] Finally, it is provided that before and after the
printing pause for the 3-D printing of the first subassembly
a first material is used, having different material properties
than a second material used for the 3-D printing in the
printing pause, wherein the first material is electrically
insulating, in particular, and wherein the second material is
electrically conductive, in particular. As a result, a dedicated
insulation of the electrically conductive structures can be
dispensed with since this insulation are embedded and thus
insulated by the further construction of the dental splint
body that proceeds after the printing pause.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Further details of the present invention are
described on the basis of schematically illustrated exemplary
embodiments in the drawing, in which:

[0030] FIG. 1 shows a schematic illustration of one
embodiment variant of a dental splint according to the
present invention in perspective view.

DETAILED DESCRIPTION OF THE
INVENTION

[0031] FIG. 1 shows a schematic illustration of one
embodiment variant of a dental splint Z according to the
present invention in perspective view. The dental splint Z is
embodied as an assembly B and comprises six subassem-
blies Ul to U6.

[0032] A dental splint body 1 forms the first subassembly
U1 and its surface Al is in contact with an oral cavity 502
of a user 501 in the case of use. Of the oral cavity 502, a
molar 503 and gum 504 surrounding the latter are shown
here merely by way of example and schematically in FIG. 1.
The second subassembly U2 is formed by electronics 2. The
third subassembly U3 is formed by a sensor 3. The fourth
subassembly U4 is formed by an energy source 4. The fifth
subassembly U5 is formed by an antenna 5. The sixth
subassembly U6 is formed by electrical connection means 6.
[0033] The electrical connection means 6, proceeding
from the electronics 2, connect the electronics 2 to the third
subassembly U3, the fourth subassembly U4 and the fifth
subassembly US in a star-shaped fashion. An energy supply
of the electronics 2 by the energy source 4 is ensured as a
result. An energy supply of the sensor 3 via the electronics
2 and a communication between the sensor 3 and the
electronics 2 are also ensured as a result. An exchange of
transmission and reception signals between the antenna 5
and the electronics 2 is furthermore possible as a result.
[0034] The antenna 5 comprises an antenna conductor
track 5a and the electrical connection means 6 comprise a
multiplicity of current conductor tracks 6a to 6¢, 6d to 6fand
6g to 6. All five subassemblies U2 to U6 are embedded into
a volume V1 of the dental splint body 1 below the surface
Al of the subassembly Ul, such that they are arranged
without contact with the oral cavity 502. In this case, the
sensor 3 is embodied as a temperature sensor 3a in order to
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monitor a user’s body temperature. For this purpose, the
sensor 3 comprises a probe 35 embodied in the form of a
probe conductor track 3c.

[0035] In accordance with an embodiment variant that is
not illustrated, provision is also made for embodying the
sensor as a blood sugar sensor comprising at least one probe
which, for analyzing saliva situated in the oral cavity,
projects beyond the surface of the dental splint body or
forms a part of the surface of the dental splint body.
[0036] The first embodiment variant of the dental split Z
as shown in FIG. 1 is produced in such a way that the dental
splint body 1 or the first subassembly U1 is firstly printed
from an electrically insulating or electrically non-conductive
material up to a first height hl in a 3-D printing method,
thereby creating a lower part 7 of the subassembly Ul. A
volume V7 of this lower body 8 formed by the lower part 7
is indicated by dashed lines 9 in FIG. 1. Afterward, the
electronics 2, the energy source 4 and a sensor body 3d of
the sensor 3 are placed on an area 10 of said lower body 8
that is to be printed further, and are adhesively connected
thereto. Cumulatively and alternatively, it is also provided
that the area 10 that is to be printed further has one or more
cavities produced by the 3-D printing process or produced
after the 3-D printing process by means of a subtractive
manufacturing method, such as e.g. drilling or milling, into
which cavity or cavities the electronics 2, the energy source
4 and the sensor body 3d of the temperature sensor 3a are
inserted. Before or after the placement or insertion, the
antenna conductor track 5q, the current conductor tracks 6a
to 6¢, 6d to 6/'and 6g to 6/ and the probe conductor track 3¢
are printed by means of an electrically conductive printing
material in a further 3-D printing method. Afterward—
namely after the printing pause for producing the dental
splint body 1—for the purpose of embedding the subassem-
blies U1 to U6, further 3-D printing with the insulating
material is then carried out, wherein an upper body 12 of the
dental splint body 1, the upper body being embodied as an
upper part 11 of the subassembly Ul, is printed, the upper
body extending from the first height hl to a second height
H1 of the dental splint body 1, such that the dental splint Z
has been completely produced upon the conclusion of this
3-D printing process.

[0037] The surface Al of the dental splint body 1 or of the
dental splint Z is illustrated as a transparent surface Al in
FIG. 1. Accordingly, FIG. 1 should be understood such that
the second to sixth subassemblies U2 to U6 are arranged in
the volume V1 of the dental splint body 1.

LIST OF REFERENCE SIGNS:

[0038] 1 Dental splint body

[0039] 2 Electronics

[0040] 3 Sensor 3

[0041] 3a Temperature sensor

[0042] 35 Probe of 3a

[0043] 3¢ Probe conductor track of 3a
[0044] 3d Sensor body of 3a

[0045] 4 Energy source

[0046] 5 Antenna

[0047] 5a Antenna conductor track of 5
[0048] 6 Electrical connection means
[0049] 6a-6i Current conductor track of 6
[0050] 7 Lower part of the subassembly Ul
[0051] 8 Lower body 8

[0052] 9 Dashed lines 9
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[0053] 10 Area of 8 that is to be printed further
[0054] 11 Upper part of the subassembly Ul
[0055] 12 Upper body of the dental splint body 1
[0056] 501 User

[0057] 502 Oral cavity

[0058] 303 Molar

[0059] 504 Surrounding gum

[0060] A1 Surface of 1

[0061] B Assembly

[0062] hl First height of 1

[0063] H1 Height

[0064] U1-U6 Subassembly Ul to Ub

[0065] V1 Volume of the dental splint body 1
[0066] V7 Volume of 7

[0067] Z Dental splint Z

1. A dental splint as an assembly comprising:

a first subassembly embodied as a dental splint body and
having a surface that comes into contact with an oral
cavity of a user,

a second subassembly embodied as electronics, at least
one third subassembly embodied as a sensor, a fourth
subassembly embodied as an energy source, at least one
fifth subassembly embodied as an antenna, and a sixth
subassembly embodied as an electrical connection,

wherein the second to fifth subassemblies are connected
by the sixth subassembly,

wherein at least one of the second to sixth subassemblies
is produced at least partly by a 3-D printing method,
and

wherein the dental splint body is embodied as an insulator
constructed from a first plastic and at least one second
plastic different than the first plastic in terms of at least
one material property in a 3-D printing method.

2. The dental splint as claimed in claim 1, wherein the
antenna comprises at least one antenna conductor track
and/or the electrical connection comprises at least one
current conductor track, which are/is embodied in the dental
splint body below the surface thereof and produced by a 3-D
printing method.

3. The dental splint as claimed in claim 1, wherein the
antenna comprises at least one antenna conductor track
and/or the electrical connection comprises at least one
current conductor track, which are/is embodied as a part of
the surface of the dental splint body and produced by a 3-D
printing method.

4. The dental splint as claimed in claim 2, wherein the
antenna conductor track and/or the current conductor track
have/has in the direction of the extent thereof

a bent course and/or

a change in the cross-sectional shape thereof and/or the
cross-sectional area thereof.

5. The dental splint as claimed in claim 2,

wherein the sensor comprises at least one probe embodied
as a probe conductor track produced by a 3-D printing
method,

which probe conductor track is embodied such that it
extends through the dental splint body to the surface of
the dental splint body and either forms with an end
section a part of the surface of the dental splint body or
projects by the end section beyond the surface of the
dental splint body for making contact with a mucous
membrane.

6. The dental splint as claimed in claim 5, wherein the

antenna conductor track and/or the current conductor track
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and/or the probe conductor track arefis embodied as an
electrical conductor and the dental splint body is embodied
as an insulator.

7. The dental splint as claimed in claim 1, wherein the first
plastic, by which the dental splint bears against molars, has
alower degree of hardness than the second plastic, by which
the dental splint bears against incisors.

8. The dental splint as claimed in claim 1, wherein at least
one cavity is formed for at least one of the second to fifth
subassemblies in the dental splint body depending on the site
of use thereof, wherein the at least one cavity is produced by
an additive manufacturing method or by a subtractive
method.

9. The dental splint as claimed in claim 1, wherein the
sensor is embodied as a blood sugar sensor and/or as a
pressure sensor and/or as a temperature sensor and/or as a
gyrosensor and/or as an acceleration sensor and/or as a
blood pressure sensor and/or as a heart rate sensor.

10. The dental splint as claimed in claim 1, wherein the
energy source is embodied as a thermoelectric energy con-
verter and/or as a kinetic energy converter.

11. The dental splint as claimed in claim 1, wherein the
second subassembly and/or the third subassembly and/or the
fourth subassembly and/or the fifth subassembly and/or the
sixth subassembly are/is produced in each case at least partly
by a 3-D printing method.

12. A method for producing a dental splint which is
embodied as claimed in claim 1, comprising:

3-D printing of the dental splint body,

interrupting the 3-D printing of the dental splint body at

least once by a printing pause before completing the
dental splint body,

carrying out in an arbitrary order or in parallel in the at

least one printing pause or in different printing pauses:
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placing at least one of the second to sixth subassem-
blies in the region of an area of the dental splint body
that is to be printed still further, and/or at least partial
3-D printing of at least one second to sixth subas-
sembly in the region of an or the area of the dental
splint body that is to be printed still further,

printing to completion the dental splint body embodied as
a first subassembly with at least partial embedding of
the second to sixth subassemblies.

13. The method as claimed in claim 11, wherein the 3-D
printing of at least one of the second to sixth subassemblies
is carried by a second 3-D printing method, which differs
from a first 3-D printing method used for printing the dental
splint embodied as a first subassembly, wherein the two
different 3-D printing methods are chosen from the follow-
ing group:

3-D printing using powder and selective laser sintering or

electron beam melting or electron beam additive manu-
facturing,

3-D printing using fused materials, and Fused Filament
Fabrication or Fused Deposition Modeling,

3-D printing using liquid materials and stereolithography
or Digital Light Processing or Multi Jet Modeling or
Polyjet methods or Film Transfer Imaging methods.

14. The method as claimed in claim 11, wherein before
and after the printing pause for the 3-D printing of the first
subassembly a first material is used, having different mate-
rial properties than a second material used for the 3-D
printing in the printing pause, wherein the first material is
electrically insulating and wherein the second material is
electrically conductive.

I S T T



patsnap

TRAFROE) TF AR N 7= 5F ARy 5 5%
NIF(2E)E US20200008905A1 K (2E)R 2020-01-09
RS US16/575818 iR 2019-09-19

[FRIEEIE (E RN A(E) TSCHACKERT STEFFEN G
i (E R AGR) TSCHACKERT , STEFFEN G.
LFTERIB(ERR)A(E) TSCHACKERT , STEFFEN G.

[FRIRBAA RICHTER LUTZ
TSCHACKERT STEFFEN G
SCHILLO CHRISTOPH

RHEA RICHTER, LUTZ
TSCHACKERT, STEFFEN G.
SCHILLO, CHRISTOPH

IPCH S A61C5/00 A61B5/00 A61B5/0205 A61B5/01 A61B5/145 B33Y80/00 B33Y10/00 B29C64/194

CPCH¥%S A61C5/007 A61B5/024 B29K2995/0007 A61B2562/0271 B33Y80/00 B33Y10/00 A61B5/0002 A61B5
/01 B29C64/194 A61B2562/0247 A61B2562/0219 B29K2995/0005 A61B5/02055 A61B5/14532 A61B5
/021 B29L2031/753 A61B5/038 A61B5/11 A61B5/682 A61B2560/0204 A61B2562/12

£ 5 102017129957 2017-12-14 DE

I EheE Espacenet USPTO

BE(F) 68, 2,2 6 g, .
TFRIRMREARGUH AR KBS R — R BHR TR | ZAHSHER &b / 8
BAFRRIREGRNE-FAGHEESERAEN OEEMHRE , X sus_ % ,,/w4
HRBFRENE-FEAY , EL I EHANEBFAHNE=FEH. a, &
fERER  REAERERNENFAN , SARENED—NERTA 8
BUREEABEEEBNEATEN  HPE_FFRFEMBEISE ’ - s
ANFEMEE, EXPERT , 2 5IU3-DEIRIS ET LRI ith HliE d s
BoBERTABTINED -1, , /

o - 12 VY
1 ,

ht 7
503 v7

504 501


https://share-analytics.zhihuiya.com/view/ea6c2af5-87d1-47d1-a497-c7d394c9bd72
https://worldwide.espacenet.com/patent/search/family/064902005/publication/US2020008905A1?q=US2020008905A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220200008905%22.PGNR.&OS=DN/20200008905&RS=DN/20200008905

