(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
07 October 2021 (07.10.2021)

(10) International Publication Number

WO 2021/197786 Al

WIPO I PCT

(51) International Patent Classification:
A61C 7/08 (2006.01) A61C 3/00 (2006.01)
A61F 5/56 (2006.01)

(21) International Application Number:
PCT/EP2021/056135

(22) International Filing Date:
11 March 2021 (11.03.2021)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

20166847.2 30 March 2020 (30.03.2020) EP

(71) Applicants: DENTSPLY SIRONA INC. [US/US];
Susquehanna Commerce Center, 221 W. Philadelphia
Street, Suite 60W, York, Pennsylvania 17401 (US).
SIRONA DENTAL SYSTEMS GMBH [DE/DE]; Fabrik-
str. 31, 64625 Bensheim (DE).

(72) Inventors: SCHNEIDER, Hans-Christian; c/o Sirona
Dental Systems GmbH, Fabrikstralie 31, 64625 Bensheim
(DE). FALTIN, Peter; c/o Sirona Dental Systems GmbH,

FabrikstraBie 31, 64625 Bensheim (DE).

Agent: OZER, Alpdeniz et al.; Corporate Legal, Fabrik-
strafle 31, 64625 Bensheim (DE).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

84

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, 1IN,
HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
KP, KR, KW,KZ, LA, LC,LK, LR, LS, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: HAND TOOL FOR SEPARATING A DEEP-DRAWN JAW-SPANNING DENTAL APPARATUS OF THERMOFORM

FILM

FIG. 1

wO 2021/197786 A1 |0 0000 KA 0 0

(57) Abstract: The present invention relates to a hand tool (1) for separating a deep-drawn j aw-spanning dental apparatus such as an
aligner or a bite splint of thermoform film, characterized by comprising: a grip (2) for holding; a separating element (3) for thermally
separating the deep-drawn thermoform film and refining the separated deep-drawn thermoform; a heating means adapted to regulate
heating of the separating element (3) so as to increase the temperature of the thermoform film substantially to at least its glass temper-
ature; and a power supply means for supplying electric power to the heating means.
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HAND TOOL FOR SEPARATING A DEEP-DRAWN
JAW-SPANNING DENTAL APPARATUS OF THERMOFORM FILM

TECHNICAL FIELD OF THE INVENTION

The present invention relates to a hand tool for separating a deep-drawn jaw-spanning
dental apparatus such as an aligner or a bite splint of thermoform film. The present

invention also relates to a method of using the hand tool.
BACKGROUND ART OF THE INVENTION

Jaw-spanning dental apparatuses made of polymethylmethacrylate or similar materials,
such as aligners or bite splints for the treatment of bruxism, are exposed to considerable
masticatory loads during their use. For this reason, they are still manufactured using the
deep-drawing process of thermoform films, despite modern production methods such as
3D printing. A relatively complicated post-process after deep-drawing of the thermoform
film is the manual cutting and trimming of the deep-drawn thermoform film by means of
milling, grinding and/or polishing tools. The manual cutting and trimming of the deep-
drawn thermoform film is done, for example, with rotating instruments operated by a
motorized handpiece. The resulting sharp edges must be smoothed in a time-consuming

process.
DISCLOSURE OF THE INVENTION

An objective of the present invention is to overcome the problems of the prior art and to
provide a hand tool for separating a deep-drawn jaw-spanning dental apparatus such as an

aligner or a bite splint of thermoform film.

This objective has been achieved through the hand tool as defined in claim 1. The subject-

matters of the dependent claims relate to further embodiments and developments.

The present invention provides a hand tool for separating a deep-drawn jaw-spanning
dental apparatus such as an aligner or a bite splint of thermoform film. The hand tool
comprises: a grip for holding; a separating element for thermally separating the deep-
drawn thermoform film and refining the separated deep-drawn thermoform; a heating
means adapted to regulate heating of the separating element so as to increase the
temperature of the thermoform film substantially to at least its glass temperature; and a

power supply means for supplying electric power to the heating means.
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A major advantageous effect of the present invention is that by heating up the thermoform
film substantially to at least its glass temperature, separation and refinement can take place
in a single step. Thereby, the number of working steps can be reduced, a fast and smooth
separation process can be achieved, and the overall process can be simplified. Another
major advantageous effect of the present invention is that through the regulation of the
temperature of the thermoform film substantially to its glass temperature, the separation of
the thermoform film is possible without degradation and unnecessary melting thereof, and
thus the risk of damaging the aligner or the bite splint can be prevented or reduced as much

as possible.

According to the present invention, the temperature regulation may be performed through
closed loop or open loop. According to the present invention, the heating means regulates
heating of the separating element so that the temperature of the thermoform film never
reaches the degradation temperature of the thermoform film and remains well below the
degradation temperature of the thermoform film, preferably substantially at the glass
temperature of the thermoform film or slightly above. Therefore, in an embodiment, a
temperature sensor is used for sensing the temperature of the thermoform film in close
proximity to the separating element. The heating means regulates heating of the separating
element based on the sensed temperature. Alternatively, a thermodynamic model may be
applied to the heating means to obviate the need of using the temperature sensor. Thus, the
heating means may regulate heating of the separating element based on the thermodynamic
model which takes account of the temperature drop between the separating element and the
thermoform film in close proximity thereof. The thermodynamic model may be based on

empirical data.

The deep-drawn jaw-spanning dental apparatus such as the aligner or the bite splint is
usually made of Polymethylmethacrylate (PMMA). Therefore, in an embodiment, the
heating means is further adapted to regulate heating of the separating element so as to
increase the temperature of the thermoform substantially to at least 105 degrees Celsius
which corresponds to the glass temperature of Polymethylmethacrylate. However, different
type of thermoform films may be alternatively used. Therefore, alternatively, the user may
be allowed to selectively set the heating means in accordance with the type of the

thermoform film to be separated.
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According to the present invention, the separating element may be provided with different
forms that mechanically improve the separation process. In alternative embodiments, the
separating element is preferably provided in the form of a knife, a chisel, a spike, or a

needle which is protruding from the front of the grip.

According to the present invention, the hand tool may be provided with a suction means
for extracting the fumes resulting during the separation of the deep-drawn thermoform
film. The suction means may be fully integrated into the portable hand tool. Therefore, in
an embodiment, the suction means is preferably fully integrated into the grip in a fully
portable manner. In this embodiment, the suction means comprises: a channel which is
arranged in close proximity of the separating element; a filter arranged in the channel; and
a fan adapted to extract the fumes resulting during the separation of the deep-drawn
thermoform film into the channel towards the filter. And the power supply means is further
adapted to supply electric power to the fan. The filter preferably comprises active carbon.
Alternatively, the suction means may be partially integrated into the hand tool. Therefore,
in an alternative embodiment, the suction means comprises: a channel which is arranged in
close proximity of the separating element; and a hose connected to the channel for
conveying the fumes resulting during the separation of the deep-drawn thermoform film to
an external extractor which is preferably detachably connectable to the other end of the
hose. Alternatively, the hose may be connected to the external extractor in a fixed manner.
The hose 1s preferably detachably connectable to the channel at the rear of the grip.
Alternatively, the hose may be connected to the grip in a fixed manner. The eternal

extractor has a filter and a fan.

According to the present invention, the hand tool may be provided with illumination for
the purpose of visual/navigation guidance, improved vision and/or user guidance.
Therefore, in an embodiment, the hand tool further comprises an illuminating means. The
power supply means is further adapted to supply electric power to the illuminating means.
In a version of this embodiment, the illuminating means has a laser pointer which is
arranged in close proximity to the separating element and adapted to provide visual
guidance for the user when moving the separating element. In a further version of this
embodiment, the illuminating means has one or more light sources adapted to illuminate at
least the tip of the separating element to provide an improved vision to the user. In a
further version of this embodiment, the illuminating means has one or more light sources

with one or more different colors. And the illuminating means is adapted to indicate the
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temperature of the separating element through selecting a corresponding color to provide
user guidance: For instance, green may be used to indicate that during the regulation, the
temperature has reached the target level for the separation process. And red may be used to
indicate that during the regulation, the temperature has not yet reached the target level for

the separation process, and thus the user needs to wait the green light to be turned on.

According to the present invention, the power supply means may be battery driven and/or

connectable to the mains via a fixed or detachable cable.

In an embodiment, the power supply means is preferably connectable to the mains via an
electric cable. The power supply means preferably has a socket on the grip. And the socket
can receive a plug of the electric cable which is connectable to the mains. Alternatively,
the cable may be connected to the grip in a fixed manner. In an embodiment, the power
supply means is preferably operable by one or more batteries, preferably rechargeable
batteries. And the grip has a battery holder for receiving one or more batteries. In a version
of this embodiment, the power supply means preferably has a charging unit connectable to
the mains for recharging the batteries. The charging unit is preferably provided in form of a
separate portable station which receives the hand tool. Alternately the charging unit may be

integrated into the grip and connectable to the mains via an electric cable.

The present invention also provides a method of using the hand tool. The method
comprises, at least, a step of deep-drawing a thermoform film using a model to
manufacture a jaw-spanning dental apparatus such as an aligner or a bite splint; and a step
of separating and refining the deep-drawn thermoform film while being supported or
clamped by the model and by moving the heated separating element along a separation

contour on the thermoform film or the model.
BRIEF DESCRIPTION OF THE DRAWING

In the subsequent description, further aspects and advantageous effects of the present
invention will be described in more detail by using exemplary embodiments and by

reference to the drawing, wherein

Fig. 1 —1is schematic partial view of the hand tool according to an embodiment of the

present invention.

The reference numbers shown in the drawing denote the elements as listed below and will

be referred to in the subsequent description of the exemplary embodiments:
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1. Hand tool
2 Grip
3. Separating element
4 Suction means

4a. Channel

5. [Mluminating means
Sa. Laser pointer
6. Hose

Fig. 1 shows an embodiment of the hand tool (1) for separating a deep-drawn jaw-spanning
dental apparatus such as an aligner or a bite splint of thermoform film. The hand tool (1)
comprises a grip (2) for holding; a separating element (3) for thermally separating the
deep-drawn thermoform film and refining the separated deep-drawn thermoform; a heating
means adapted to regulate heating of the separating element (3) so as to increase the
temperature of the thermoform film substantially to at least its glass temperature; and a

power supply means for supplying electric power to the heating means.

In a further embodiment, the hand tool (1) comprises a temperature sensor for sensing the
temperature of the thermoform film in close proximity to the separating element (3),
wherein the heating means is further adapted to regulate heating of the separating element

(3) based on the sensed temperature.

In a further alternative embodiment, a thermodynamic model is applied to the heating
means to obviate the need of using the temperature sensor. The thermodynamic model
takes account of the temperature drop between the separating element (3) and the
thermoform film in close proximity thereof. The thermodynamic model is based on

empirical data.

The deep-drawn jaw-spanning dental apparatus such as the aligner or the bite splint is
usually made of Polymethylmethacrylate (PMMA). Therefore, in a further embodiment,
the heating means is further adapted to regulate heating of the separating element (3) so as
to increase the temperature of the thermoform film substantially to at least 105 degrees

Celsius which corresponds to the glass temperature of Polymethylmethacrylate.

In a further alternative embodiment, the heating means can be regulated in accordance with

a thermoform film other than PMMA to be separated. In an alternative version of this
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embodiment, the user may selectively set the heating means in accordance with the type of

the thermoform film to be separated.

In further alternative embodiments, the separating element (3) is preferably provided in the

form of a knife, a chisel, a spike, or a needle which is protruding from the front of the grip
2).

As shown in Fig. 1, the hand tool (1) comprises a suction means (4) which comprises: a
channel (4a) which is arranged in close proximity of the separating element (3); and a hose
(6) connected to the channel (4a) for conveying the fumes resulting during the separation
of the deep-drawn thermoform film to an external extractor which is preferably detachably

connectable to the hose (6).

In a further alternative embodiment, the hose (6) is connected to the external extractor in a

fixed manner.

In a further embodiment, the hose (6) is detachably connectable to the channel (4a) at the

rear of the grip (2).
In a further alternative embodiment, the hose (6) is fixed to the grip (2).

In an alternative embodiment, the suction means (4) is fully integrated into the grip (2). In
this alternative embodiment, the suction means (4) comprises: a channel (4a) which is
arranged in close proximity of the separating element (3); a filter arranged in the channel
(4a); and a fan adapted to extract the fumes resulting during the separation of the deep-
drawn thermoform film into the channel (4a) towards the filter. And the power supply
means is further adapted to supply electric power to the fan. The filter preferably

comprises active carbon.

As shown in Fig.1, the hand tool (1) further comprises an illuminating means (5). The

power supply means is further adapted to supply electric power to the illuminating means
(5).

As shown in Fig.1, the illuminating means (5) has a laser pointer (5a) which is arranged in
close proximity to the separating element (3) and adapted to provide visual guidance for

the user when moving the separating element (3).

In a further embodiment, the illuminating means (5) has one or more light sources adapted

to illuminate at least the tip of the separating element (3).
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In a further embodiment, the illuminating means (5) has one or more light sources with one
or more different colors. And the illuminating means (5) is adapted to indicate the
temperature of the separating element (3) through selecting a corresponding color. For
instance, green may be used to indicate that during the regulation, the temperature has
reached the target level for the separation process. And red may be used to indicate that
during the regulation, the temperature has not yet reached the target level for the separation

process, and thus the user needs to wait the green light to be turned on.

In a further embodiment, the power supply means is operable through one or more
rechargeable batteries. And the grip (2) has a battery holder for receiving the rechargeable

batteries.

In a further embodiment, the power supply means has a charging unit connectable to the

mains for recharging the batteries.

In a further embodiment, the power supply means is connectable to the mains via an

electric cable.
In a further embodiment, the electric cable is arranged within the hose (6).

In a further embodiment, the power supply means has a socket on the grip (2). And the

socket can receive a plug of the electric cable which is connectable to the mains.

The present invention also provides a method of using the hand tool (1). The method
comprises, at least, a step of deep-drawing a thermoform film using a model to
manufacture a jaw-spanning dental apparatus such as an aligner or a bite splint; and a step
of separating and refining the deep-drawn thermoform film while being supported or
clamped by the model and by moving the heated separating element (3) along a separation

contour on the thermoform film or the model.
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CLAIMS

1. A hand tool (1) for separating a deep-drawn jaw-spanning dental apparatus such as
an aligner or a bite splint of thermoform film, characterized by comprising:

a grip (2) for holding;

a separating element (3) for thermally separating the deep-drawn thermoform film
and refining the separated deep-drawn thermoform;

a heating means adapted to regulate heating of the separating element (3) so as to
increase the temperature of the thermoform film substantially to at least its glass
temperature; and

a power supply means for supplying electric power to the heating means.

2. The hand tool (1) according to claim 1, characterized by further comprising:
a temperature sensor for sensing the temperature of the thermoform film (3) in close
proximity to the separating element (3), wherein the heating means is further adapted to

regulate heating of the separating element (3) based on the sensed temperature.

3. The hand tool (1) according to claim 1 or 2, characterized in that
the heating means is further adapted to regulate heating of the separating element (3)
so as to increase the temperature of the thermoform substantially to at least 105 degrees

Celsius which corresponds to the glass temperature of Polymethylmethacrylate.

4. The hand tool (1) according to any one of claims 1 to 3, characterized in that
the separating element (3) is provided in the form of a knife, chisel, a spike, or a

needle which is protruding from the front of the grip (2).

5. The hand tool (1) according to any one of claims 1 to 4, characterized by further
comprising a suction means (4) which comprises: a channel (4a) which is arranged in close
proximity of the separating element (3); a filter arranged in the channel (4a); and a fan
adapted to extract the fumes resulting during the separation of the deep-drawn thermoform
film into the channel (4a) towards the filter, wherein the suction means (4) is integrated into
the grip (2), and the power supply means is further adapted to supplying electric power to
the fan.
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6. The hand tool (1) according to any one of claims 1 to 4, characterized by further
comprising a suction means (4) which comprises: a channel (4a) which is arranged in close
proximity of the separating element (3); and a hose (6) connected to the channel (4a) for
conveying the fumes resulting during the separation of the deep-drawn thermoform film to

an external extractor which is detachably connectable or connected to the hose (6).

7. The hand tool (1) according to claim 6, wherein the hose (6) is detachably
connectable to the channel (4a) at the rear of the grip (2).

8. The hand tool (1) according to any one of claims 1 to 7, characterized by further
comprising an illuminating means (5), wherein the power supply means is further adapted to

supply electric power to the illuminating means (5).

9. The hand tool (1) according to claim 8, characterized in that the illuminating means
(5) has a laser pointer (5a) which is arranged in close proximity to the separating element (3)

and adapted to provide visual guidance for the user when moving the separating element (3).

10.  The hand tool (1) according to claim 8 or 9, characterized in that the illuminating
means (5) has one or more light sources adapted to illuminate at least the tip of the

separating element (3).

11.  The hand tool (1) according to any one of claims 8 to 10, characterized in that the
illuminating means (5) has one or more light sources with one or more different colors,
wherein the illuminating means (5) is adapted to indicate the temperature of the separating

element (3) through selecting a corresponding color.

12.  The hand tool (1) according to any one of claims 1 to 11, characterized in that
the power supply means is operable by one or more rechargeable batteries, wherein

the grip (2) has a battery holder for receiving one or more rechargeable batteries.

13.  The hand tool (1) according to claim 12, characterized in that
the power supply means has a charging unit connectable to the mains for recharging

the batteries.
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14.  The hand tool (1) according to any one of claims 1 to 13, characterized in that

the power supply means is connectable to the mains via an electric cable.

15.  The hand tool (1) according to claim 14, characterized in that
the power supply means has a socket on the grip (2), wherein the socket can receive a

plug of an electric cable which is connectable to the mains.

16. A method of using the hand tool (1) according to any one of claims 1 to 15,
characterized by comprising:

a step of deep-drawing a thermoform film using a model to manufacture a jaw-
spanning dental apparatus such as an aligner or a bite splint;

a step of separating and refining the deep-drawn thermoform film while being
supported or clamped by the model and by moving the heated separating element (3) along a

separation contour on the thermoform film or the model.
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