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DESCRIPTION
TITLE - OF THE INVENTION: POST-CURE METHOD AFTER

STEREOLITHOGRAPHY OF 3D PRINTER

TECHNICAL FIELD
[0001]

The present invention relates to a post-curing method
after optical shaping of a 3D printer. Specifically, the
present invention relates to a manufacturing method for a
prosthetic apparatus, a manufacturing apparatus for the
prosthetic apparatus, the prosthetic apparatus, and a

covering apparatus.

BACKGROUND ART
[0002]

In recent years, development of digital technologies
by 3D printers has been remarkable, novel technologies have
been applied in a field of dentistry, and various digital
systems for dental techniques capable of improving
efficiency of dental technical work have been developed. As
3D printers, there are known several methods, such as an
optical shaping method, a powder method, a fused deposition
modeling method, and an ink-jet method.

[0003]

The optical shaping method is mainly used for dentistry.
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The optical shaping method is a method for emitting light
(ultraviolet light or the like) on liquid photo-curable resin
composition to cure the resin 1little by 1little, thereby
producing a shaped body. The optical shaping method includes
a stereolithography (SLA) method and a digital 1light
processing (DLP) method. Some shaped bodies produced by the
optical shaping method are in a state of not being
sufficiently cured (hereinafter, may be referred to as a
"semi-cured state") before being photopolymerized by a post-
curing apparatus. Post-curing may be performed on such a
shaped body in a semi-cured state. The post-curing is a
method for emitting light (ultraviolet light or the like) on
a shaped body in a semi-cured state to obtain a shaped body
in a final cured state. A shaped body subjected to post-
cure treatment is a shaped body in a final cured state.
[0004]

Patent Document 1 discloses a method for performing
post-curing (secondary curing) treatment on a shaped body in
a semi-cured state. In a method described in Patent Document
1, the shaped body in a semi-cured state is fitted to a
model, and then irradiated with light in a state of being
fixed by a fixing member, so that the shaped body in a semi-

cured state is secondarily cured.

PRIOR ART DOCUMENTS
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PATENT DOCUMENTS
[0005]
Patent Document 1: Japanese Patent Application Laid-

Open No. 2018-83300

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0006]

However, in the method described in Patent Document 1,
there is still room for improvementlin terms of im@rovement
of conformity of a prosthetic apparatus.

[0007]

Therefore, an object of the present invention 1is to
provide a manufacturing method for a prosthetic apparatus,
a manufacturing apparatus for the prosthetic apparatus, the
prosthetic apparatus, and a vacuum packaging apparatus that
are capable of improving conformity of the prosthetic

apparatus.

MEANS FOR SOLVING THE PROBLEMS
[0008]

A manufacturing method for a prosthetic apparatus for
dental purpose according to one aspect of the present
invention includes

acquiring scan data of a model that is a reproduction



10

15

20

25

of at least a part of an inside of an oral cavity of a
patient,

creating shape data of a shaped body for dental purpose
on a basis of the scan data,

producing a shaped body on a basis of the shape data,

covering at least a part of the shaped body and at
least a part of a model with film, the shaped body attached
to the model,

releasing air in a part covered with the film to deform

the film and bring the shaped body into close contact with

the model, and

curing the shaped body in a state where the shaped
body is in close contact with the model.
[0009]

A covering apparatus used for manufacturing a
prosthetic apparatus according to one aspect of the present
invention includes

an air releaser that releases air in film covering at
least a part of a shaped body and at least a part of a model,

wherein the air releaser releases air in a part covered
with the film to deform the film and bring the shaped body
into close contact with the model.

[0010]
A manufacturing apparatus for a prosthetic apparatus

according to one aspect of the present invention is
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an apparatus that manufactures a prosthetic apparatus
for dental purpose by bringing a shaped body produced on the
basis of scan data of a model that is a reproduction of an
inside of an oral cavity of a patient, and a model into close
contact with each other, and by curing the shaped body and
the model, the manufacturing apparatus including the
covering apparatus in the above-described aspect.
[0011]

A prosthetic apparatus according to one aspect of the
present invention

is produced with a shaped body obtained by bringing a
shaped body into close contact with a model by, in a state
where at least a part of the shaped body and at least a part
of the model are covered with film, releasing air in a part
covered with the film, and curing the shaped body in a state

where the shaped body is in close contact with the model.

EFFECTS OF THE INVENTION
[0012]
According to the present invention, conformity of the

prosthetic apparatus can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

FIG. 1 is a block diagram illustrating an example of
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a manufacturing apparatus for a prosthetic apparatus of a

- first embodiment according to the present invention.

FIG. 2 is a schematic diagram illustrating an example
of a model.

FIG. 3 is a schematic diagram illustrating an example
of a shaped body in a semi-cured state.

FIG. 4 is a schematic diagram illustrating an example
of a state where the shaped body in the semi-cured state is
attached to the model.

FIG. 5 is a schematic diagram illustrating an example
of a state where the shaped body in the semi-cured state and
the model are covered with film and deflated.

FIG. 6 1is a flowchart illustrating an example of a
production method for a shaped body of the first embodiment
according to the present invention.

FIG. 7 i1s a flowchart illustrating an example of the
production method for the prosthetic apparatus of the first
embodiment according to the present invention.

FIG. 8A is a schematic diagram illustrating an example
of a wax-up process. |

FIG. 8B 1s a schematic diagram illustrating an example
of an investment process.

FIG. 8C is a schematic diagram illustrating'an example
of a burning process;

FIG. 8D is a schematic diagram illustrating an example
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of a casting process.

FIG. 8E is a schematic diagram illustrating an example
of a digging process.

FIG. 9 is a schematic diagram illustrating an example
of the prosthetic apparatus of the first embodiment according
to the present invention.

FIG. 10 is a schematic diagram illustrating another
example of the prosthetic apparatus of the first embodiment
according to the present invention.

FIG. 11 is a schematic diagram illustrating another
example of the prosthetic apparatus of the first embodiment
according to the present invention.

FIG. 12 1is a schematic diagram illustrating another
example of the prosthetic apparatus of the first embodiment
according to the present invention.

FIG. 13 is a schematic diagram illustrating an example
of a model of an example.

FIG. 14 is a schematic diagram illustrating an example
of a prosthetic apparatus of the example.

FIG. 15 is a schematic diagram illustrating an example
of a model of an example.

FIG. 16 is a block diagram illustrating an example of
a manufacturing apparatus for a prosthetic apparatus of a
second embodiment according to the present invention.

FIG. 17 is a flowchart illustrating an example of a
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production method for a shaped body of the second embodiment
according to the present invention.

FIG. 18 is a block diagram illustrating an example of
a manufacturing apparatus for a prosthetic apparatus of a
third embodiment according to the present invention.

FIG. 19 is a flowchart illustrating an example of a
production method for a shaped body of the third embodiment
according to the present invention.

FIG. 20 is a flowchart illustrating an example of a
production method for a shaped body of a fourth embodiment
according to the present invention.

FIG. 21 is a perspective view illustrating an example
of a covering apparatus of a fifth embodiment according to
the present invention.

FIG. 22 1is another perspective view illustrating an
example of the covering apparatus of the fifth embodiment
according to the present invention.

FIG. 23 is a block diagram illustrating an example of
an internal configuration of the covering apparatus of the
fifth embodiment according to the present invention.

FIG. 24 is a block diagram illustrating an example of
a manufacturing apparatus for a prosthetic apparatus of a
sixth embodiment according to the present invention.

FIG. 25 is a flowchart illustrating an example of a

manufacturing method for the prosthetic apparatus of the
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sixth embodiment according to the present invention.

FIG. 26 is a schematic diagram illustrating an example
of a model.

FIG. 27 is a schematic diagram illustrating an example
of a shaped body in a semi-cured state.

FIG. 28 is a schematic diagram illustrating an example
of a state where the shaped body in the semi-cured state is
attached to the model.

FIG. 29 is a schematic diagram illustrating an example
of a state where artificial teeth are bonded to a shaped
body of a denture base.

FiG. 30 is a schematic diagram illustrating an example
of a denture.

FIG.31 is a schematic diagram illustrating an example
of connected artificial teeth.

FIG. 32 1is a schematic diagram illustrating another
example of a shaped body of a denture base.

FIG. 33 is a block diagram illustrating another example
of the manufacturing apparatus for the prostﬁetic apparatus
of the sixth embodiment according to the present invention;

FIG. 34 is a flowchart illustrating another example of
a manufacturing method for the prosthetic apparatus of the
sixth embodiment according to the present invention.

FIG. 35 is a schematic diagram illustrating an example

of a state where artificial teeth are bonded to a shaped
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body in a semi-cured state.

FIG. 36 is a block diagram illustrating another example
of a manufacturing apparatus for the prosthetic apparatus of
a seventh embodiment according to the present invention.

FIG. 37 is a flowchart illustrating another example of
a manufacturing method for the prosthetic apparatus of the
seventh embodiment according to the present invention.

FIG. 38 is a schematic diagram illustrating an example

of a shaped body of a denture in a semi-cured state.

MCODES FOR CARRYING OUT THE INVENTION
[0014]
(Circumstances leading to present invention)

A shaped body produced by a 3D printer may be in a
state of not being sufficiently cured, that is, in a "semi-
cured state", before being photopolymerized by a post-curing
apparatus. In this case, post-curing is performed by, for
example, a post-curing apparatus that emits light
(ultraviolet light or the 1like) on the shaped body in the
semi-cured state in a wavelength range of 350 nm to 500 nm.
Because the shaped body in the semi-cured state deposited at
this time is unpolymerized, linear shrinkage of about 1% to

% occurs. There is a problem that polymerization shrinkage
occurs at this time, and a shaped body in a final cured state

is easily deformed.

10
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[0015]

In the post-curing method described in Patent Document
1, the shaped body in the semi-cured state is fitted to a
model, and then irradiated with light while the shaped body
is fixed by a fixing member, so that the shaped body in the
semi-cured state is secondarily cured. However, the method
described in Patent Document 1 has a problem that a part
other than a part fixed by the fixing member is easily
deformed, and a shaped body in a clinically satisfactory
final cured state cannot be obtained. For example, a part
not fixed by the fixing member may be deformed by post-curing
to be in a state of being partially separated from the model,
and may not conform.

[0016]

Therefore, the present inventors have earnestly
studied and found that avshaped body in a semi-cured state
is brought into close contact with a model by covering the
shaped body in the semi-cured state and the model with film,
and releasing air from a part covered with the film. Thus,
post-cure treatment can be performed by emitting light on
the shaped body in the semi-cured state while the shaped
body is in close contact with the model.

[0017]
Hereinafter, the present invention will be described.

[0018]

11
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A manufacturing method for a prosthetic apparatus for
dental purpose according to one aspect of the present

invention includes

acquiring scan data of a model that is a reproduction
of at least a part of an inside of an oral cavity of a
patient,

creating shape data of a shaped body for dental purpose
on a basis of the scan data,

producing a shaped body on a basis of the shape data,

covering at least a part of the shaped body and at
least a part of a model with film, the shaped body attached
to the model,

releasing air in a part covered with the film to deform
the film and bring the shaped body into close contact with
the model, and

curing the shaped body in a state where the shaped
body is in close contact with the model. [0019]

With such a configuration, conformity of the
prosthetic apparatus can be improved.
[0020]

In the manufacturing method for a prosthetic apparatusp
the curing the shaped body may include at least either of

emitting light on the shaped body in a state where the

shaped body is in close contact with the model, or

12
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heating the shaped body .in a state where the shaped
body is in close contact with the model.
[0021]

With such a ‘ configuration, conformity of the
prosthetic apparatus can be further improved.
[0022]
In the manufacturing method for a prosthetic apparatus,
the producing the shaped body may include

producing a shaped body in a first curing state on the
basis of the shape data, and

producing a shaped body in a second curing state cured
more than in the first curing state by emitting light on the
shaped body in the first curing state, and

the curing the shaped body includes heating the shaped
body in the second curing state in a state where the shaped
body is in close contact with the model.
[0023]

With such a configuration, conformity of the
prosthetic apparatus can be further improved.
[0024]

In the manufacturing method for a prosthetic apparatus,
heating temperature in the heating the shaped body may be
50°C or more and 130°C or less.

[0025]

With such. a configuration, conformity of the

13
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prosthetic apparatus can be further improved.
[0026]

In the manufacturing method for a prosthetic apparatus,
the releasing the air may include adjusting a vacuum degree
of a part covered with the film to 40% or more and 99.9% or
less.

[0027]

With such a configuration, conformity of the
prosthetic apparatus can be further improved.
[0028]

In the manufacturing method for the prosthetic
apparatus, the polymerization rate of the shaped body
produced in the producing the shaped body may be 50% or more
and 98% or less.

[0029]

With such a configuiation, conformity of the
prosthetic apparatus can be further improved.
[0030]

In the manufacturing method for a prosthetic apparatus,
an elongation percentage of the film may be 50% or more and
500% or less, and

the film may transmit light having a wavelength of 100
nm or more and 780 nm or less.

[0031]

With such a configuration, conformity of the

14
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prosthetic apparatus can be further improved. In addition,
light for curing the shaped body 1is easily transmitted
through the film.

[0032]

In the manufacturing method for the prosthetic
apparatus, the producing the shaped body may produce the
shape body with an optical shaping apparatus of a digital
light processing method.

[0033]
With such a configuration, a highly conformable
prosthetic apparatus can be produced in a short time.
[0034]

In the manufacturing method for a prosthetic apparatus,
the shaped body may include any one of a crown, a bridge, a
resin base, a resin base denture, or an orthodontic splint.
[0035]

With such a configuration, a prosthetic apparatus
corresponding to various case histories can be manufactured.
[0036]

The manufacturing method for a prosthetic apparatus
may further include

producing a mold for prosthetic apparatus
manufacturing, by using the cured shaped body as a casting
pattern,

introducing molten metal into the mold,

15
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breaking the mold and removing a cast metal, and

finishing the cast metal into a prosthetic apparatus
by adjusting the cast metal with an abrasive material and a
polishing matefial.

[0037]

With such a configuration, it 1is possible to improve
conformity of a prosthetic apparatus of a metal cast denture
base, the prosthetic apparatus being produced by using a
shaped body.

[0038]

The manufacturing method for a prosthetic apparatus
may further include

bonding an artificial tooth to the shaped body.

[0039]

With such a configuration, a prosthetic apparatus of
a denture with improved conformity can be manufactured.
[0040]

A covering apparatus used for manufacturing a
prosthetic apparatus according to one aspect of the present
invention includes

an air releaser that releases air in film covering at
least a part of a shaped body and at least a part of a model,

the air releaser releases air in a part covered with
the film to deform the film and bring the shaped body into

close contact with the model.

16
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[0041]

With such a configuration, conformity of the
prosthetic apparatus can be improved.
[0042]

The covering apparatus may further include an adjuster
that adjusts a vacuum degree of the part covered with the
film to 40% or more and 99.9% or less.

[0043]

With such a configuration, conformity of the
prosthetic apparatus can be further improved.
[0044]

A manufacturing apparatus for a prosthetic apparatus
according to one aspect of the present invention is

an apparatus that manufactures a prosthetic apparatus
for dental purpose by bringing a shaped body produced on the
basis of scan data of a model that is a reproduction of an
inside of an oral cavity of a patient, and a model into close
contact with each other, and by curing the shaped body and
the model, the manufacturing apparatus including the
covering apparatus in the above-described aspect.

[0045]

With such a configuration, conformity of the
prosthetic apparatus can be improved.
[0046]

The manufacturing apparatus for a prosthetic apparatus

17
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may further include

a shape data creating apparatus that acquires scan
data of a model that is a reproduction of an inside of an
oral cavity of a patient, and creates shape data of a shaped
body for dental purpose on the basis of the scan data,

an optical shaping apparatus that produces a shaped
body on the basis of the shape data, and

a curing apparatus that cures the shaped body in a
state where the shaped body is in close contact with the
model.

[0047]

With such a cohfiguration, conformity of the
prosthetic apparafus can be further improved.
[0048]

In the manufacturing apparatus for a prosthetic
apparatus, the curing apparatus may include at least either
of

a light emission apparatus that emits light on the
shaped body in a state where the shaped body is in close
contact with the model, or

a heating apparatus that heats the shaped body in a
state where the shaped body is in close contact with the
model.

[0049]

With such a configuration, conformity of the

18
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prosthetic apparatus can be further improved.
[0050]

In the manufacturing apparatus for a prosthetic
apparatus, the optical shaping apparatus may produce a shaped
body in a first curing state on the basis of the shape data,

the manufacturing apparatus may include a 1light
emission apparatus that produces a shaped body in a second
curing state cured more than in the first curing state by
further emitting light on the shaped body in the first curing
state, and

the curing apparatus may include a heating apparatus
that heats the shaped body in the second curing state in a
state where the shaped body is in close contact with the
model.

[0051]

With such a configuration, conformity of the
prosthetic apparatus can be further improved.
[0052]

In the manufacturing apparatus for a prosthetic
apparatus, heating temperature of the heating ap@aratus may
be 50°C or more and 130°C or less.

[0053]

With such a configuration, conformity of the

prosthetic apparatus can be further improved.

[0054]

19
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A prosthetic apparatus according to one aspect of the
present invention is produced with a shaped body obtained by
bringing a shaped body into close contact with a model by,
in a state where at least a part of the shaped body and at
least a part of the model are covered with film, releasing
alr in a part covered with the film, and curing the shaped
body in a state where the shaped body is in close contact
with the model.

[0055]

With such a configuration, conformity of the
prosthetic apparatus can be improved.
[0056]

A manufacturing method for a prosthetic apparatus for
dental purpose according to one aspect of the present
invention includes

producing a shaped body for dental purpose,

covering at least a part of the shaped body and at
least a part of a model with film, the model that is a
reproduction of at least a part of an inside of an oral
cavity of a patient and the shaped body attached to the model,

releasing air in a part covered with the film to deform
the film and bring the shaped body into close contact with
the model, and

curing the shaped body in a state where the shaped

body is in close contact with the model.

20
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[0057]

With such a configuration, conformity of the
prosthetic apparatus can be improved.
[0058]

Hereinafter, an embodiment of the present invention
will be described with reference to the accompanying drawings.
Note that the following detailed description is merely
exemplary in nature and is not intended to limit the present
disclosure or the application and uses of the present
disclosure. Furthermore, the drawings are merely schematic
representations, and ratios of dimensions therein or the
like do not necessarily match the actual ones.

[0059]
(First embodiment)

In a first embodiment, an example of producing a shaped
body including a metal cast denture base pattern, and
manufacturing, by using the shaped body, a prosthetic
apparatus of a metal cast denture base will be described.
Note that a manufacturing apparatus for and manufacturing
method for a prosthetic apparatus according to the present
invention are not limited thereto.

[0060]
[Manufacturing apparatus for prosthetic apparatus]
FIG. 1 is a block diagram illustrating an example of

a manufacturing apparatus 1 for a prosthetic apparatus of

21
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the first embodiment according to the present invention. As
illustrated in FIG. 1, the manufacturing apparatus 1 for a
prosthetic apparatus includes a production apparatus 10 that
produces, on the basis of a model 2, a shaped body 3 including
a metal cast denture base pattern, and a casting apparatus
20 that produces a prosthetic apparatus 4 of a metal cast
denture base by using the shaped body 3. Note that FIG. 1
illustrates a scanning apparatus 21 in addition to the
manufacturing apparatus 1.
[0061]
<Production apparatus>

As illustrated in FIG. 1, the production apparatus 10
includes a shape data creating apparatus 11, an optical
shaping apparatus 12, a vacuum packaging apparatus 13, and
a light emission apparatus 14. In the first embodiment, thé
vacuum packaging apparatus 13 will be described as an example
of a covering apparatus. In addition, the light emission
apparatus 14 will be described as an example of a curing
apparatus.
[0062]
<Shape data creating apparatus>

The shape data creating apparatus 11 acquires scan
data of the model 2 that is a reproduction of the inside of
the oral cavity of the patient, and creates shape data of

the shaped body 3 for dental purpose on the basis of the

22
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scan data.
[0063]

FIG. 2 is a schematic diagram illustrating an example
of the model 2. As illustrated in FIG. 2, the model 2 is a
model that is a reproduction of the inside of the oral cavity
of the patient. The model 2 is an imitation of a shape of
an oral cavity of an upper jaw of the patient. The model 2
is produced by taking impression of the inside of the oral
cavity of the patient with an impression material and flowing
plaster in the impression material.

[0064]

The scan data of the model 2 is acquired by the
scanning apparatus 21. The scanning apparatus 21 is, for
example, a 3D scanner, and scans a three-dimensional shape
of the model 2. The scan data of the model 2 acquired by
the scanning apparatus 21 is transmitted to the shape data
creating apparatus 11.

[0065]

The shape data creating apparatus 11 receives the scan
data of the model 2 from the scanning apparatus 21. The
shape data creating apparatus 11 creates shape data of the
shaped body 3 for dental purpose on the basis of the scan
data of the model 2. For example, on the model 2, the shape
data creating apparatus 11 creates shape data of the shaped

body 3 for dental purpose. The shape data includes three-
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dimensional shaped data of the shaped body 3 for dental
purpose. Thus, shape data of the shaped body 3 having a
shape and size conforming to the model 2 is created. The
shape data is created by using, for example, dental CAD.
The shape data creating apparatus 11 transmits the created
shape data to the optical shaping apparatus 12. In the first
embodiment, the shape data of the shaped body 3 for dental
purpose is shape data of a casting pattern for producing the
prosthetic apparatus 4 of a metal cast denture base.

[0066]

<Optical shaping apparatus>

The optical shaping apparatus 12 produces a shaped
body in a semi-cured state on the basis of the shape data.
The optical shaping apparatus 12 1is, for example, a 3D
printer. Here, the shaped body in the semi-cured state is
produced on the basis of shaped body data, and means a shaped
body in a state of not being sufficiently cured before being
photopolymerized by the light emission apparatus 14, which
is a post-curing apparatus.

[0067]

A 3D printer of the stereolithography (SLA) method or
the digital light processing (DLP) method can be suitably
used for the optical shaping apparatus 12. In the first
embodiment, the optical shaping apparatus 12 is of a DLP

method. The DLP method has a high deposition rate, and
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enables shaping of a shaped body in a semi-cured state in a
short time. A shaping condition such as light intensity or
exposure time of the optical shaping apparatus 12 can be
adjﬁsted as appropriate according to a shape and required
dimensions of the shaped body in the semi-cured state.
[0068]

The optical shaping apparatus 12 receives shape data
from the shape data creating apparatus 11. The optical
shaping apparatus 12 produces the shaped body in the semi-
cured state on the basis of the received shape data. FIG.
3 is a schematic diagram illustrating an example of a shaped
body 5 in a semi-cured state. The shaped body 5 in a semi-
cured state illustrated in FIG. 3 is an example, and not
limited thereto. |
[0069]

FIG. 4 is a schematic diagram illustrating an example
of a state where the shaped body 5 in the semi-cured state
is attached to the model 2. As illustrated in FIG. 4, the
shaped body 5 in the semi-cured state shaped by the optical
shaping apparatus 12 is attached to the model 2.

[0070]
<Vacuum packaging apparatus>

In a state where at least a part of the shaped body 5

in the semi-cured state and at least a part of the model 2

are covered with film, the vacuum packaging apparatus 13
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releases air in the film. Thus, the shaped body 5 in the
semi-cured state can be brought into close contact with the
model 2. The vacuum packaging apparatus 13 is a covering
apparatus that covers at least a part of the shaped body 5
and at least a part of the model 2 with film 6, and releases
air in the part covered with the film 6, thereby deforming
the film 6 and bringing the shaped body 5 into close contact
with the model 2.

[0071]

Specifically, the vacuum packaging apparatus 13 covers
the shaped body 5 in the semi-cured state and the model 2
with film, and releases air in the parts covered with the
film. Thus, the film is deformed by an inside thereof being
subjected to negative pressure. As a result, the shaped
body 5 in the semi-cured state is brought into a state of
being pressed against the model 2. In this manner, a state
where the shaped body 5 in the semi-cured state fits the
model 2 is maintained.

[0072]

FIG. 5 is a schematic diagram illustrating an example
of a state where the shaped body 5 in the semi-cured state
and the model 2 are covered with film 6 and deflated. 1In
the example illustrated in FIG. 5, the shaped body 5 in the
semi-cured state and the model 2 are placed in the film 6 in

a shape of a bag, and air in the film 6 is released. As
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illustrated in FIG. 5, by an inside of the film 6 being
subjected to negative pressure, the film 6 is deformed, and
the shaped body 5 in a semi-cured state is pressed against
the model 2. Thus, the shaped body 5 in the semi-cured state
is in close contact with the model 2.

[0073]

The film 6 is translucent flexible film. For example,
the film 6 is film capable of transmitting light emitted by
the light emission apparatus 14. In addition, the film 6
has flexibility to be brought into close contact with the
shaped body 5 in the semi-cured state and the model 2. The
film 6 preferably has, for example, a total 1light
transmittance of 60% or more andyan elongation percentage of
50% or more and 500% or less. A material that forms the
film 6 is not particularly limited, and for example, nylon
or polyethylene can be suitably used.

[0074]

The elongation percentage 1is calculated by the
following mathematical formula.
[0075]

Elongation percentage (%) = 100 x (L - Lo)/Lo
[0076]

Lo represents film length before a test, and L
represents the film length at break.

[0077]
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In a case where the elongation percentage of the film
6 1s less than 50%, flexibility of the film 6 decreases, and
in a case of a deep palate, the shaped body 5 in the semi-
cured state cannot be sufficiently pressed against the model
2, and a shaped body 3 in a final cured state may not conform.
In a case where the elongation percentage is more than 500%,
force of pressing the shaped body 5 in the semi-cured state
against the model 2 increases, Dby which unintended
deformation may occur in the shaped body 5 in the semi-cured
state, and the shaped body 3 in the final cured state may
not conform.
[0078]

The film 6 transmits light having a wavelength of 100
nm or more and 780 nm or less. Preferably, the film 6
transmits light having a wavelength of 300 nm or more and
600 nm or less. More preferably, the film 6 transmits light
having a wavelength of 350 nm or more and 500 nm or less.
[0079]

The film 6 may be embossed. In other words, the.film
6 may be provided with irregularities. By providing
irregularities on the film 6, air is easily released from
the inside of the film 6. For example, the film 6 may be in
a form of a bag. The film 6 in a form of a bag may include
an irregular surface provided with irregularities. When the

model 2 to which the shaped body 5 in the semi-cured state
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is attached is placed in the film 6 in a form of a bag, a
bottom surface of the model 2 may be disposed so as to be in
contact with the irregular surface of the film 6,Vand a
surface not provided with irregularities may be disposed so
as to be in contact with a shaped body 5A in a semi-cured
state. Thus, air can be easily released on a side close to
the bottom surface of the model 2, and a side close to the
shaped body 5 in the semi—cﬁred state is easily brought into
close contact with the model 2. Note that, in the inside of
the film 6, a continuous groove may be formed from another
end that is opposite to an opening of the film 6 toward an
air release pipe of an air releaser 15 to be described later.
Thus, the continuous groove functions as an air guide, and
the air inside the film 6 is easily released to the air
release pipe. In addition, the continuous groove may be
deformed and closed as the air in the film 6 is released.
Thus, a vacuum degree of the film 6 can be improved.
[0080]

The wvacuum packaging apparatus 13 includes the air
releaser 15 and an adjuster 16.
[0081]

The air releaser 15 releases air in the film 6 that
covers at least a part of the shaped body 5 in the semi-
cured state and at least a part of the model 2. The air

releaser 15 includes, for example, a vacuum pump and the air
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release pipe connected to the vacuum pump. One end of the
air release pipe is connected to the vacuum pump, and another
end of the air release pipe is attached to the film 6. That
is, in the air releaser 15, the film 6 covering the shaped
body 5 in fhe semi-cured state and the model 2 is attached
to the another end of the air rélease pipe. Specifically,
the another end of the air release pipe is disposed in the
film 6. Connection between the film 6 and the air release
pipe is sealed by a sealing material or the like. With the
vacuum pump, the air releaser 15 can release air in the film
6 through the air release pipe.

[0082]

The adjuster 16 adjusts a vacuum degree of the part
covered with film 6. The adjuster 16 includes, for example,
a valve and an adjustment pipe connected to the valve. One
end of the adjustment pipe is opened to outside air, and
another end of the adjustment pipe is disposed inside the
film 6. Connection between the film 6 and the adjustment
pipe is sealed by a sealing material or the like. A valve
is connected to the adjustment pipe, and the valve is opened
in order to supply air from the adjustment pipe to the inside
of the film 6, and the valve is closed to stop supply of air
from the adjustment pipe to the inside of the film 6. The
adjuster 16 can adjust a vacuum degree in the film 6 by

opening or closing the valve.
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[0083]

Note that the adjuster 16 may include a vacuum pressure
sensor that measures a vacuum degree of the part covered
with the film 6. The adjuster 16 may control opening and
closing of the valve on the basis of a vacuum degree measured
by the vacuum pressure sensor to adjust a vacuum degree in
the film 6.

[0084]

The adjuster 16 adjusts a vacuum degree of the part
covered with film 6 to 40% or more and 95% or less.
Preferably, the adjuster 16 adjusts a vacuum degree of the
part covered with film 6 to 50% or more and 90% or less.
More preferably, the adjuster 16 adjusts a vacuum degree of
the part covered with film 6 to 60% or more and 70% or less.
As described above, by adjusting a vacuum degree of the part
covered with the film 6, conformity between the shaped body
3 cured by light emission to be described later, and the
model 2 can be improved. Specifically, in a case where a
vacuum degree 1is lower than 40%, the model 2 1is not
sufficiently sucked, and it is difficult to obtain the shaped
body 3 in the final cured state with good conformity to the
model 2. In addition, in a case where a vacuum degree is
higher than 95%, suck between the model 2 and the shaped
body 3 in the final cured state is significant, and the

shaped body 3 in the final cured state may be difficult to
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be removed from the model 2. Therefore, the adjuster 16
adjusts a vacuum degree in the film 6 to an above-described
numerical range, thereby facilitating the removal while
improving the conformity between the shaped body 3 and the
model 2.

[0085]

In addition, when a vacuum degree in the film 6
increases, force of pressing the shaped body 5 in the semi-
cured state against the model 2 increases, by which
unintended deformation may occur in the shaped body 5 in the
semi-cured state. Due to this deformation, the shaped body
3 in the final cured state may lose shape. By the adjuster
16 adjusting a vacuum degree in the film 6 to an above-
described numerical range, chances of occurrence of
unintended deform in the éhaped body 5 in the semi-cured
state can be reduced.

[0086]

The vacuum packaging apparatus 13 includes a sealing
device (not illustrated) that seals the film 6 after
releasing the air in the film 6. The inside of the film 6
can be tightly closed by sealing the film 6 with the sealing
device after air is released. Thus, the shaped body 5 in
the semi-cured state can remain in close contact with the
model 2.

[0087]
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<Light emission apparatus>

The light emission apparatus 14 emits iight on the
shaped body 5 in the semi-cured state, in a state where the
shaped body 5 is in close contact with the model 2. Thus,
the shaped body 5 in the semi-cured state is cured, and the
shaped body 3 in the final cured state is completed. Tﬁe
light emission apparatus 14 is a curing apparatus that cures
the shaped body 5 by emitting light on the shaped body 5.
The light emission apparatus 14 applies post-cure treatment
to the shaped body 5 in the semi-cured state. Note that a
part of a shaped body in a final cured state may not be
cured. The shaped body in the final cured state preferably
includes an unpolymerized monomer occupying 0.1 weight% to
20 weight% of the shaped body as a whole, for example.
[0088]

The light emission apparatus 14 emits, for example,
ultraviolet 1light or visible 1light. The light emission
apparatus 14 may be an apparatus that can emit light capable

of curing the shaped body 5 in the semi-cured state. Light

intensity and exposure time in the light emission apparatus

14 can be adjusted as appropriate according to a shape and
required dimensions of the shaped body 3 in the final cured
state. Wavelength of light emitted from the light emission

apparatus 14 is, for example, a wavelength of 100 nm or more

‘and 780 nm or less. Preferably, the wavelength of the light
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is 300 nm or more and 600 nm or less. More preferably, the
wavelength of the light is 350 nm or more and 500 nm or less.
In the first embodiment, preferably, the light emission
apparatus 14 emits ultraviolet light, and a wavelength band
of the light is 350 nm or more and 500 nm or less. Note
that the light emission apparatus 14 is not limited thereto,
and the shaped body 5 in the semi-cured state may be cured
by being exposed to fluorescent light or sunlight.

[0089]

The manufacturing apparatus 1 is controlled by, for
example, a controller (not illustrated). The controller
includes, for example, one or a plurality of processors and
a memory.

[0090]

The one or plurality of processors is, for example, a
central processing unit (CPU), a micrdprocessor, or another
processing unit capable of executing a computer-executable
instruction. ‘The processor 1is capable of executing an
instruction stored in the memory.

[0091]

The memory stores data in the controller. The memory
includes, for example, a computer recording medium. The
memory includes, for example a RAM, a ROM, an EEPROM, a flash
memory, or another memory technology, a CD-ROM, a DVD, or

another optical disk storage, a magnetic cassette, a magnetic

34



10

15

20

25

tape, a magnetic disk storage, or another magnetic storage
device, or any medium that can be used to store desired
information and that can be accessed by the controller.
[0092]

The manufacturing apparatus 1 may include a
communicator (not illustrated). The communicator includes
a circuit that communicates with an external apparatus in
conformity with a predetermined communication standard (for
example, LAN, Wi-Fi (registered trademark), Bluetooth
(registered trademark), USB, HDMI (registered trademark),
controller area network (CAN), and serial peripheral
interface (SPI)).

[0093]

Components of the manufacturing apparatus 1 can be
implemented by an arithmetic apparatus that can be
implemented with a semiconductor device or the like. These
components can be configured by, for example, a microcomputer,
a CPU, an MPU, a GPU, a DSP, an FPGA, or an ASIC. Functions
of these components may be configured only by hardware, or
may be implemented by a combination of hardware and software.
[0094]

[About material forming shaped body]

A material forming the shaped body 3 may be a material

that can be used in the SLA method and/or the DLP method of

the optical shaping apparatus 12. Specifically, a material
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forming the shaped body 3 may be a material having
photocurability such as (meth)acrylate resin, and 1is
preferably a material having less polymerization shrinkage.
[0095]

A polymerizable acrylic compound that may be used in
a composition of a material that forms the shaped body 3 is
not limited, but 1is selected from among compounds that
include an unsaturated double bond group that provides high
biological safety and that is used widely as a radically
polymerizable monomer, in fields of dentistry and chemical
industry.

[0096]

For example, a monomer, oligomer, or polymer having
one or more unsaturated double bond groups such as methyl
acrylate, methyl methacrylate, methacrylic acid, ethyl
acrylate, ethyl methacrylate, isopropyl methacrylate, a
(meth)acryloyl group, a (meth)acrylamide group, and a vinyl
group are suitably used.

[0097]

The term " (meth)acrylate" means both acrylates and
methacrylates. Examples thereof include, in addition to an
unsaturated double bond group, compounds having one or more
or a plurality of a hydrocarbon group, a phenyl group, a
hydroxyl group, an acidic group, an acid amide group, an

amino group, a thiol group, a disulfide group, a cyclic group,
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a heterocyclic group, a halogen group, a silanol group, a
pyrrolidone group, an urethane bond, an ester bond, an ether
bond, an alkylene glycol group, and the like. A suitable
radically polymerizable monomer 1is a (meth)acrylic acid
ester derivative having an above-described functional group
or bond.

[0098]

The radically polymerizable monomer is preferably a
combination of a crosslinkable monomer and a diluent monomer
in order to maintain moderate viscosity.

[0099]

Examples of the crosslinkable monomer include urethane
(meth)acrylates including mono-, di-, tri-, and tetra-
ethylene glycol di(meth)acrylates.

[0100]
"Urethane di-(meth)acrylate" Arefers to a reaction

product of suitable diisocyanates and hydroxyalkyl-mono-

(meth)acrylates in a molar ratio of 1 : 2. "Urethane tri-
(meth)acrylate” is a reaction  product of suitable

diisocyanates, hydroxyalkyl-di- (meth)acrylates, and
hydroxyalkyl—mono—(meth)acrylatés in a molar ratio of 1

1 : 1. Urethane tetra-(meth)acrylate is a reaction product
of suitable diisocyanates and hydroxyalkyl-di-
(meth)acrylates in a molar ratio of 1 : 2.

[0101]
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Examples include di-[ (meth)acryloxyethyl]
trimethylhexamethylene diurethane, di-[ (meth
acryloxypropyl] trimethylhexamethylene  diurethane, di-
[ (meth)acryloxybutyl] trimethylhexamethylene diurethane,
di-[ (meth)acryloxypentyl] trimethylhexamethylene diurethane,
di-[ (meth)acryloxyhexyl] trimethylhexamethylene diurethane,

di-[ (meth)acryloxydecyl] trimethylhexamethylene diurethane,

di-[ (meth)acryloxyethyl] isophorone diurethane, di-
[ (meth)acryloxypropyl] isophorone diurethane, di-
[ (meth)acryloxybutyl] isophorone diurethane, di-
[ (meth)acryloxypentyl] isophorone diurethane, di-
[ (meth)acryloxyhexyl] isophorone diurethane, di-

[ (meth)acryloxyethyl] hexamethylene diurethane, 2,2-Bis[4-
(2-hydroxy-3-methacryloyloxypropoxy)phenyl] propane, 2,2-
Bis[4-(2-methylacryloyloxyethoxy)-phenyl] propane, 2,2-
Bis[4-methacryloyloxyphenyl] propane, and 2,2-Bis[4-(3-
methacryloyloxypropoxy) phenyl] propane. Preferable are Di-
[ (meth)acryloxyethyl] trimethylhexamethylene diurethane,
di-[ (meth)acryloxypropyl] trimethylhexamethylene diurethane,
di-[ (meth)acryloxybutyl] trimethylhexamethylene diurethane,
2,2-Bis[4-(2-hydroxy-3-methacryloyloxypropoxy)phenyl]
propane, and 2,2-Bis[4-(2-methylacryloyloxyethoxy)-phenyl]
propane. Two or more of these compounds may be used together
as desired.

[0102]
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Specific examples of a preferable diluent monomer
include mono-, di-, tri-, tetra-ethylene glycol

di (meth)acrylates, polyethylene glycol (meth)acrylates, 1,4-

di[ (meth)acryloxy] butylene, 1,6-di[ (meth)acryloxy]
hexamethylene, neopentyl glycol di (meth)acryloxy]
hexamethylene, neopentyl glycol di (meth)acrylate,

tetramethylolpropane-tetra (meth)acrylate,

methyl (meth)acrylate, (meth)acrylamide, and styrene.
Ethylene glycol di(meth)acrylate and triethylene glycol
di{meth)acrylate are preferable. Two or more of these
compounds may be used together as desired.

[0103]

As a photopolymerizable catalyst and reducing agent
that can be used for a material that forms the shaped body
3, camphorquinone, 2,4,6-trimethylbenzoyldiphenylphosphine
oxide, or methylbenzoin; and/or a reducing agent such as
tertiary amines for example, can be used.

[0104]

An absorption wavelength range of a material that forms
the shaped body 3 may be initiated by irradiating the
composition with light energy preferably havihg a wavelength
range of about 300 nm to 600 nm. A photoinitiator selected
from among classes of acylphosphine oxides may also be used.
Examples of these compounds include a monoacylphosphine

oxide derivative, a bisacylphosphine oxide derivative, and
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a triacylphosphine derivative.
[0105]

In one aspect of the embodiment, a material called
"ALF" may be used in the composition, the "ALF" including
camphor quinone (CQ); Butylated Hydroxytoluene (BHT); N,N-
dimethylaminoneopentyl acrylate, gamma-methacryloxypropyl
trimethoxysilane, and methacrylic acid.

[0106]

A filler may be used to improve strength of a monomer
used for a material that forms the shaped body 3. The filler
is, 1inorganic filler, organic filler, organic-inorganic
composite filler, or the like, and examples of the inorganic
filler include silica, aluminum silicate, alumina, titania,
zirconia, various glasses (including fluorine (glass,
borosilicate glass, soda glass, Dbarium glass, barium
aluminum silica glass, glass including strontium or

zirconium, glass ceramics, fluoroaluminosilicate glass,

. synthetic glass obtained by a sol-gel method, and the 1like),

BAEROSIL (registered trademark), calcium fluoride, strontium
fluoride, calcium carbonate, kaolin, clay, mica, aluminum
sulfate, calcium sulfate, barium sulfate, titanium oxide,
calcium phosphate, hydroxyapatite, calcium hydroxide,
strontium hydroxide, and zeolite. Examples of the organic
filler include polymethyl methacrylate (PMMA), polyethyl

methacrylate, polypropyl methacrylate, polybutyl
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methacrylate, polyvinyl acetate, polyethylene glycol,
polypropylene glycol, polyvinyl alcohol, and the like.
[0107]

These inorganic filling materials and/or fillers may
be surface-treated with a known titanate coupling agent,
aluminate coupling agent, or silane coupling agent.
Examples of the silane <coupling agent include vy-
methacryloxypropyltrimethoxysilane, Y-
methacryloxypropyltriethoxysilane, and the like. Preferably,
y-methacryloxypropyltrimethoxysilane is used. Surfaces of
the aggregate and filler may be treated with the same kind
of coupling agent or different kind of coupling agent.
[0108]
<Casting apparatus>

The casting apparatus 20 is an apparatus that casts
the prosthetic apparatus 4 of a metal cast denture base by
using the shaped body 3 produced by the production apparatus
10. The casting apparatus 20 may include, for example,
equipment for performing casting‘with a lost-wax method.
[0109]

The casting apparatus 20 includes, for example, a mold
production apparatus that produces a mold for prosthetic
apparatus manufacturing, by wusing the shaped body 3, a
pouring apparatus that introduces molten metal into the mold,

a digging apparatus that breaks the mold to remove a cast
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metal, and>a finishing apparatus that adjusts and finishes
the cast metal into the prosthetic apparatus 4.

[0110]

[manufacturing method for prosthetic apparatus]

Next, a manufacturing method for the prosthetic
apparatus 4 performed by the manufacturing apparatus 1 will
be described. According to the first embodiment, in the
manufacturing method for the prosthetic apparatus 4, the
casting apparatus 20 produces the prosthetic apparatus 4 of
a metal cast denture base by using the shaped body 3 for
dental purpose produced by the production apparatus 10. For
this reason, as a manufacturing method for the prosthetic
apparatus 4, a method for producing the shaped body 3 for
dental purpose, and a method for producing the prosthetic
apparatus 4 of a metal cast denture baée by’using the shaped
body 3 will be described.

[0111]
<Production method for shaped body>

First, a production method for the shaped body 3 will
be described by using FIG. 6. FIG. 6 1is a flowchart
illustrating an example of a production method for the shaped
body 3 of the first embodiment according to the present
invention. Note that Steps STl to ST6 illustrated in FIG.
6 are performed by the production apparatus 10.

[0112]
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As illustrated in FIG. 6, Step STl is an acquisition
process of acquiring scan data of the model 2 that is a
reproduction of at least a part of an inside of an oral
cavity of a patient. 1In Step ST1l, the shape data creating
apparatus 11 acquires the scan data of the model 2 from the
scanning apparatus 21. Specifically, the scanning apparatus
21 scans the model 2 (refer to Fig. 2) to acquire scan data
of the model 2. The shape data creating apparatus 11
acquires the scan data of the model 2 from the scanning
apparatus 21.

[0113]

Step ST2 is a shape data creating process of preparing
shape data of fhe shaped body 3 for dental purpose on the
basis of the scan data. In Step ST2, the shape data creating
apparatus 11 creates the shape data of the shaped body 3 for
dental purpose having a shape and size conforming to the
model 2 on the basis of the scan data‘of the model 2 acquired
in Step STI1.

[0114]

Step ST3 1is a shaped body production process of
producing the shaped body 5 in the semi-cured state on the
basis of the shapé data. 1In Step ST3, the optical shaping
apparatus 12 produces the shaped body 5 in the semi-cured
state on the basis of the shape data created in Step ST2

(refer to FIG. 3).
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[0115]

A polymerization rate of the shaped body 5 in the semi-
cured state produced in Step ST3 is 50% or more and 98% or
less. Preferably, the polymerization rate of the shaped
body 5 in the semi-cured state produced in Step ST3 is 60%
or more and 95% or less. More preferably, the polymerization
rate of the shaped body 5 in the semi-cured state produced
in Step ST3 is 70% or more and 90% or less. By setting the
polymerization rate of the shaped body 5 in the semi-cured
state produced 1in Step ST3 within an above-described
numerical range, conformity of the shaped body 3 in the final
cured state can be improved.

[011l6]

For example, in a case where the polymerization rate
of the shaped body 5 in the semi-cured state is less than
50%, polymerization shrinkageb may increase in a curing
process (Step ST6) to be described later, or the shaped body
5 in the semi-cured state may be too soft, resulting in
occurrence of unintended deformation of the shaped body 5 in
the semi-cured state. In addition, in a case where the
polymerization rate of the shaped body 5 in the semi-cured
state is more than 98%, the shaped body 5 in the semi-cured
state is less likely to fit the model 2 in an air release
process (Step ST5) to be described later. Accordingly, by

setting the polymerization rate of the shaped body 5 in the
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semi-cured state produced in Step ST3 within an above-

described numerical range, the shaped body 5 in the semi-

‘cured state can be suitably fitted to the model 2 in the air

release process (Step ST5) to be described later. In
addition, the polymerization shrinkage can be decreased in
the curing process (Step ST6) to be described later, and
occurrence of unintended deformation in the shaped body 5 in
the semi-cured state can be reduced.

[0117]

Step ST4 is a covering process of attaching the shaped
body 5 in the semi-cured state to the model 2 and covering
at least a part of the shaped body 5 in the semi-cured state
and at least a part of the model 2 with the film 6. In Step
ST4, in a state where the shaped body 5 in the semi-cured
state shaped in Step ST3 is attached to the model 2 (refer

to FIG. 4), the wvacuum packaging apparatus 13 covers the

shaped body 5 in the semi-cured state and the model 2 with

the film 6 (refer to FIG. 5). In the first embodiment,
entire surfaces of the shaped body 5 in the semi-cured state
and the model 2 are covered with the film 6. Note that, in
Step ST4, an example has been described in which the wvacuum
packaging apparatus 13 covers the shaped body 5 in the semi-
cured state and the model 2 with the film 6, but the present
invention is not limited thereto. For example, the shaped

body 5 in the semi-cured state and the model 2 may be covered
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with the film 6 by an apparatus separate from the wvacuum
packaging apparatus 13. Alternatively, the shaped body 5 in
the semi-cured state and the model 2 may be covered with the
film 6 by any method or any apparatus.
[0118i

Step ST5 is an air release process of releasing air in
the part covered with thevfilm 6 to deform the film 6 and
bring the shaped body 5 in the semi-cured state into close
contact with the model 2. 1In Step ST5, the air releaser 15
of the vacuum packaging apparatus 13 releases the air in the
part covered with the film 6 in Step ST4. Thus, the inside
of the film 6 is subjected to negative pressure to deform
the film 6, and the shaped body 5 in the semi-cured state is
pressed against the model 2 by the film 6. As a result, the
shaped body 5 in the semi-cured state is in close contact
with the model 2.
[0119]

Step ST5 may include an adjustment process of adjusting
a vacuum degree of the part covered with the film 6. For
example, in the adjustment process, a vacuum degree of the
part covered with the film 6 is adjusted to 40% or more and
95% or 1less by the Vadjustér 16 of the wvacuum packaging
apparatus 13. Preferably, in the adjustmen£ process, a
vacuum degree of the parf covered with the film 6 is adjusted

to 50% or more and 90% or less. More preferably, in the
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adjustment process, a vacuum degree of the part covered with
the film 6 is adjusted to 60% or more and 70% or less.
[0120]

In Step ST5, after the air in the part covered with
the film 6 1s released, the sealing unit of the wvacuum
packaging apparatus 13 seals the film 6. Thus, the shaped
body 5 in the semi-cured state and the model 2 remain in
close contact with each other.

[0121]

Step ST6 is a curing process (light emission process)
of curing the shaped body 5 in the semi-cured state by
emitting light on the shaped body 5 in the semi-cured state
where the shaped body 5 is in close contact with the model
2. 1In Step ST6, the light emission apparatus 14 emits light
on the shaped body 5 in the semi-cured state, in a state
where the shaped body 5 is in close contact with the model
2. Light emitted from the light emission apparatus 14 cures
the shaped body 5 in the semi-cured state, and is, for
example, ultraviolet light. The light emitted from the light
emission apparatus 14 is transmitted through the film 6 and
emitted on the shaped body 5 in the semi-cured state. Thus,
the shaped body 5 in the semi-cured state is cured. As a
result, the shaped body 3 in the final cured state is
completed. Note that the curing process may be referred to

as a light emission process.
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[0122]

As described above, with the production method for the
shaped body 3, the shaped body 3 can be manufactured by
performing Steps STl to ST6.

[0123]
<Production method for prosthetic apparatus>

Next, a method for producing the prosthetic apparatus
4 of a metal cast denture base by using the shaped body 3
will be described by using FIG. 7. Note that Steps ST11l to
ST15 illustrated in FIG. 7 are performed by the casting
apparatus 20.

[0124]

As illustrated in FIG. 7, Step ST11l is a shaped body
production process of producing the shaped body 3 with the
production method for the shaped body 3 illustrated in FIG.
6. In Step ST1l, the shaped body 3 1is produced by the
production apparatus 10 performing Steps STl to ST6
illustrated in FIG. 6. |
[0125]

Step ST12 is a mold production process of producing a
mold for prosthetic apparatus manufacturing, by using the
shaped body 3 as a casting pattern. Step ST12 includes a
wax-up process, an investment process, and a burning process.
[0126]

FIG. 8A is a schematic diagram illustrating an example
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of the wax-up process. As illustrated in FIG. 8A, in the
wax-up process, the shaped body 3 produced in Step ST11 is
waxed up on a rubber table. Specifically, when the molten
metal is introduced into the mold, spruing for adjusting
flow of the molten metal is performed.

[0127]

FIG. 8B is a schematic diagram illustrating an example
of the investment process. As illustrated in FIG. 8B, in
the investment process, the shaped body 3 after being
subjected to the wax-up process is invested in an investment
mateiial 31 mixed with water and malaxated. Examples of the
investment material 31 include a cristobalite investment
material, a phosphate-based investment material, and the
like. Specifically, the shaped‘ body 3 after carrying
performing the wax-up process is disposed in a ring 30. Then,
the investment material 31 mixed with water and malaxated is
injected into the ring 30, by which the shaped body 3 is
invested in the investment material 31. After the shaped
body 3 1is 1invested in the investment material 31, the
investment material 31 is hardened. Note that a bottom of
the ring 30 may be blocked with, for example, a rubber table
until the investment material 31 is hardened. After the
investment material 31 is hardened, the bottom.of the ring
30 may not be blocked.

[0128]
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FIG. 8C is a schematic diagram illustrating an example
of the burning process. As illustrated in FIG. 8C, in the
burning process, after the investment process is performed,
the ring 30 and the rubber table are removed, and the
hardened investment material including the shaped body 3 is
burned. Thus, the shaped body 3 is melted, and the shaped
body 3 is removed from the hardened investment material. In
addition, in the burning process, the hardened investment
material remains unmelted. Thus, a hollow having a shape of
the shaped body 3 is formed inside the hardened investment
material. This hardened investment material is used as a
mold 32 for prosthetic apparatus manufacturing.

[0129]

Returning to FIG. 7, Step ST13 is a pouring process of
introducing molten metal 33 into the mold 32. FIG. 8D is a
schematic diagram illustrating an example of the casting
pfocess. As illustrated in FIG. 8D, in the casting process,
the molten metal 33 is introduced into the mold 32. After
the molten metal 33 is introduced into the mold 32, the
molten metal 33 is hardened.

[0130]

Returning to FIG. 7, Step ST1l4 is a digging process of
breaking the mold 32 and removing a cast metal 34. 1In Step
ST14, the mold 32 is broken, and the cast metal 34 inside

the mold 32 is removed. The cast metal 34 is a metal casting
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product hardenéd in Step ST13, and 1is formed in a shape
similar to the shape of the shaped body 3. FIG. 8E is a
schematic diagram illustrating an example of the digging
process. Figure 8E illustrates the cast metal 34 removed
from the mold 32.

[0131]

Step ST15 is a finishing process of adjusting and
finishing the cast metal 34 into the prosthetic apparatus 4.
A shape of the cast metal 34 removed in Step ST14 is adjusted
with an abrasive material and a polishing material to finish
the cast metal 34 into the prosthetic apparatus 4.

[0132]

As described above, in the production method for the
prosthetic apparatus 4, the prosthetic apparatus 4 of a metal
cast denture base can be prdducéd by performing Steps ST11
to ST15.

[0133]

FIG. 9 is a schematic diagram illustrating an example

of the prosthetic apparatus 4 of the first embodiment

according to the present invention. FIG. 9 illustrates an
example of a state where the prosthetic apparatus 4 is
attached to the model 2. Note that the prosthetic apparatus
4 illustrated in FIG. 9 1is an example, and the prosthetic
apparatus 4 is not limited therefo.

[0134]
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[Effects]

According to the first embodiment according to the
present invention, the following effects can be obtained.
[0135]

The manufacturing apparatus 1 for the prosthetic
apparatus 4 includes the production apparatus 10 of the
shaped body 3 and the casting apparatus 20 that produces the
prosthetic apparatus 4 of a metal cast denture base by using
the shaped body 3. The production apparatus 10 includes the
shape data creating apparatus 11, the optical shaping
apparatus 12, the vacuum packaging apparatus 13, and the
light emission apparatus 14. The shape data creating
apparatus 11 acquires scan data of the model 2 that is a
reproduction of the inside of the oral cavity of the patient,
and creates shape data of the shaped body 3 for dental
purpose on the basis of the scan data. The optical shaping
apparatus 12 produces the shaped body 5 in the semi-cured
state on the basis of the shape data. In a state where at
least a part of the shaped body 5 in the semi-cured state
and at least a part of the model 2 are covered with film 6,
the vacuum packaging apparatus 13 releases air in the film
6. Thus, the shaped body 5 in the semi—cufed state 1is
brought into close contact with the model 2. The light
emission apparatus 14 cures the shaped body 5 in the semi-

cured state by emitting light on the shaped body 5 in the
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semi-cured state, in a state where the shaped body 5 is in
close contact with the model 2.
[0136]

With such a configuration, the shaped body 5 in the
semi-cured state produced by the optical shaping apparatus
12 is cured by light from the light emission apparatus 14 in
a state where the shaped body 5 is in close contact with the
model 2. When the shaped body 5 in the semi-cured state is
finally cured by light from the light emission apparatus 14,
warpage and deformation due to shrinkage can be reduced.
Thus, conformity of the shaped body 3 in the final cured
state to the model 2 can be improved. As a result, it is
possible to improve conformity of the prosthetic apparatus
4 of a metal cast denture base to the inside of the oral
cavity of the patient, the prosthetic apparatus 4 being
produced by the casting apparatus 20 with the shaped body 3.
[0137]

The manufacturing methodvfor the prosthetic apparatus
4 includes a production method for the shaped body 3 and a
production method for the prosthetic apparatus 4 of a metal
cast denture base by using the shaped body 3. The production
method for the shaped body 3 includes an acquisition process
STl, a shape data creating process ST2, a shaped body
prbduction process ST3, a covering process ST4, an air

release process ST5, and a curing process STé6. The
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acquisition process STl acquires scan data of the model 2
that is a reproduction of at least a part of the inside of
the oral cavity of the patient. The shape data creating
process ST2 creates shape data of the shaped body 3 for
dental purpose on the basis of the scan data. The shaped
body production process ST3 produces the shaped quy 5 in
the semi-cured state on the basis of the shape data. The
covering process ST4 attaches the shaped body 5 in the semi-
cured state to the model 2 and covers at least a part of the
shaped body 5 in the semi-cured state and at least a part of
the model 2 with the film 6. The air release process ST5
releases air in the part covered with the film 6 to deform
the film 6 and bring the shaped body 5 in the semi-cured
state into close contact with the model 2. The curing
process ST6 cures the shaped body 5 in the semi-cured state
by emitting light on the shaped body 5 in the semi-cured
state, in a state where the shaped body 5 is in close contact
with the model 2.
[0138]

~With such a configuration, the shaped body 5 in the
semi-cured state is cured in a state of being in close
contact with the model 2. When the shaped body 5 in the
semi-cured state is finally cured, warpage and deformation
due to shrinkage can be reduced.  Thus, conformity of the

shaped body 3 in the final cured state to the model 2 can be
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improved. As a ;esult, it is possible to improve conformity
of the prosthetic apparatus 4 of a metal cast denture base
to the 1inside of the oral cavity of the patient, the
prosthetic apparatus 4 being produced by the production
method for the prosthetic apparatus 4 of a metal cast denture
base.

[0139]

In general, the more complex a shape of a prosthetic
apparatus is, the more difficult it is to improve conformity.
For example, in a method described in Patent Document 1,
deformation of a part not fixed by a fixing member cannot be
prevented, and therefore the more complex a shape of the
shaped body is, the more easily the shaped body partially
separates from the model. According to the manufacturing
apparatus 1 for and the manufacturing method for the
prosthetic apparatus 4, partial separation of the model 2
from the shaped body 5 and deformation of the shaped body 5
can be reduced also in a case of manufacturing the prosthetic
apparatus 4 having a complex shape. For this reason, also
in the case of manufacturing the prosthetic apparatus 4
having a complex shape, conformity of the prosthetic
apparatus 4 can be improved.

[0140]
When used as a casting pattern, the shaped body 3

produced by the manufacturing apparatus 1 and the
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manufacturing method is preferably for a metal cast denture
base. The metal cast denture base has a complex structure
having a mixture of a major connector of which design is
called internal and a clasp of which design is called
external. According to the manufacturing apparatus 1 and
the manufacturing method, the shaped body 3 in the final
cured state with good conformity to the model 2 is obtained.
[0141]

The air release process ST5 includes an adjustment
process of adjusting a vacuum degree of the part covered
with the film 6 to 40% or more and 95% or less. Preferably,
the adjustment process adjusts a vacuum degree of the part
covered with film 6 to 50% or more and 90% or less. More
preferably, the adjustment process adjusts a vacuum degree
of the part covered with film 6 to 60% or more and 70% or
less. With such a configuration, a vacuum degree can be
adjusted, and the conformity of the shaped body 3 in the
final cured state to the model 2 can be adjusted.

[0142]

A polymerization rate of the shaped body 5 in the semi-
cured state produced in the shaped body production process
ST3 1is 50% or more and 98% or less. Preferably, the
polymerization rate of the shaped body 5 in the semi-cured
state is 60% or more and 95% or less. More preferably, the

polymerization rate of the shaped body 5 in the semi-cured
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state 1is 70% or more and 90% or less. With such a
configuration, the conformity of the shaped body 3 in the
final cured state to the model 2 can be further improved.
[0143]

The shaped body production process ST3 produces the
shaped body 5 in the semi-cured state with the optical
shaping apparatus 12 of the digital light processing method.
With such a configuration, the shaped body 3 can be produced
in a shorter time.

[0144]

The film 6 transmits light having a wavelength of 100
nm or more and 780 nm or less. Preferably, the film 6
transmits light having a wavelength of 300 nm or more and
600 nm or less. More preferably, the film 6 transmits light
having a wavelength of 350 nm or more and 500 nm or less.
With such a configuration, light for curing the shaped body
5 in the semi-cured state, for example, ultraviolet light
and visible light are easily transmitted through the film 6.
[0145]

In addition, the prosthetic apparatus 4 is produced
with the shaped body 3 obtained by curing the shaped body 5
in the semi-cured state by (i) releasing air in a part
covered with the film 6 in a state where at least a part of
the shaped body 5 in the semi-cured state and at least a

part of the model 2 are covered with film 6 to bring the
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shaped body 5 in the semi-cured state into close contact
with the model 2, and (ii) emitting light on the shaped body
5 in the semi-cured state, in a state where the shaped body
5 1is in close contact with the model 2. With such a
configuration, the prosthetic apparatus 4 has an effect of
improving conformity to the inside of the oral cavity of the
patient.

[0146]

In addition, the vacuum packaging apparatus 13 is a
vacuum packaging apparatus used for manufacturing a
prosthetic apparatus, and includes the air.releaser 15 that
releases air in the film 6 that covers at least a part of
the shaped body 5 in the semi-cured state and at least a
part of the model 2. The air releaser 15 releases air in
the part covered with the film 6 to deform the film 6 and
bring the shaped body 5 in the semi-cured state into close
contact with the model 2. With such a configuration, the
shaped body 5 in the semi-cured state can be brought into
close contact with and fixed to the model 2. Thus, it 1is
possible to reduce chances of the shaped body 5 in the semi-
cured state partially separating from the model 2.

[0147]

The vacuum packaging apparatus 13 further includes the

adjuster 16 that adjusts a vacuum degree of the part covered

with the film 6 to 40% or more and 95% or less. Preferably,
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the adjuster 16 adjusts a vacuum degree of the part covered
with film 6 to 50% or more and 90% or less. More preferably,
the adjuster 16 adjusts a vacuum degree of the part covered
with film 6 to 60% or more and 70% or less. With such a
configuration, with such a configuration, a vacuum degree
can be adjusted, and the conformity of the shaped body 3 in
the final cured state to the model 2 can be adjusted.

[0148]

Note that, in the first embodiment, an example of
producing the shaped body 3 including a metal cast denture
base pattern, and manufacturing, by using the shaped body 3,
the prosthetic apparatus 4 of a metal cast denture base has
been described, but the present invention is not limited
thereto.

[0149]

In the first embodiment, an example has been described
in which the manufacturing apparatus 1 for the prosthetic
apparatus 4 includes the production apparatus 10 of the
shaped body 3 and the casting apparatus 20 that produces the
prosthetic apparatus 4 of a metal cast denture base by using
the shaped body 3, but the present invention is not limited
thereto. 1In addition, an example has been described in which
the manufacturing method for the prosthetic apparatus 4
includes the method for producing the shaped body 3 and the

method for producing, by using the shaped body 3, the
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prosthetic apparatus of a metal cast denture base, but the
present invention is not limited thereto.
[0150]

For example, the manufacturing apparatus 1 for the
prosthetic apparatus 4 may not include the casting apparatus
20 and may include the production apparatus 10. In addition,
the manufacturing method for the prosthetic apparatus 4 may
not include the method for producing the prosthetic apparatus
4 of a metal cast denture base by using the shaped body 3,
and may include the method for producing the shaped body 3.
In this case, the shaped body 3 itself produced by the
production apparatus 10 and the production method for the
shaped body 3 may be used as the prosthetic apparatus 4.
[0151]

FIGS. 10 to 12 are schematic diagrams illustrating the
prosthetic apparatuses 4A to 4C that are other examples of
the first embodiment according to the present invention.
Note that the examples illustrated in FIGS. 10 to 12
illustrate states where the prosthetic apparatuses 4A to 4C
are attached to the models 2A to 2C, respectively. The
prosthetic apparatus 4A illustrated in FIG. 10 is a crown.
The prosthetic apparatus 4B illustrated in FIG. 11 is a resin
base. The prosthetic apparatus 4C illustrated in FIG. 12 is
an orthodontic splint. The prosthetic apparatuses 4A to 4C

illustrated in FIGS. 10 to 12, respectively, are produced by
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the production apparatus 10 and the production method for
the shaped body 3. That is, in the prosthetic apparatuses
4A to 4C, the shaped body 3 in the final cured state produced
by the production apparatus 10 and the production method for
the shaped body 3 is used as is as a prosthetic apparatus.
[0152]

As deséribed above, the shaped body 3 produced by the
production apparatus 10 and the production method for the
shaped body 3 may be any one of a crown, a bridge, a resin
base, and an orthodontic splint, and these shaped bodies 3
may be used as the prosthetic apparatuses 4A to 4C. With
such configurations also, conformity of the prosthetic
apparatuses 4A to 4C to the model 2 and the inside of the
oral cavity of the patient can be improved.

[0153]

In the first embodiment, an example has been described
in which the shape data creating apparatus 11, the optical
shaping apparatus 12, the vaCuum packaging apparatus 13, and
the light emission apparatus 14 are separate apparatuses in
the production apparatus 10, but the present invention is
not limited thereto. A plurality of apparatuses may be
integrally formed as one apparatus. For example, the shape
data creating apparatus 11 and the optical shaping apparatus
12 may be integrally formed as one apparatus. The vacuum

packaging apparatus 13 and the light emission apparatus 14
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may be integrally formed as one apparatus.
[0154]

In the first embodiment, an example has been described
in which the scanning apparatus 21 is not included in a
component of the manufacturing apparatus 1, but the present
invention is not limited thereto. The scanning apparatus 21
may be included in a component of the manufacturing apparatus
1. In addition, the manufacturing apparatus 1 may include
a model production apparatus that takes impression of the
inside of the oral cavity of the patient and produces the
model 2.

[0155]

In the first embodiment, an example in which the
manufacturihg apparatus 1 includes the vacuum packaging
apparatus 13 has been described, but the present invention
is not limited thereto. The manufacturing apparatus 1 may
include a covering apparatus capable of bringing the shaped
body 5 into close contact with the model 2, with the film 6.
For example, other than a vacuum packaging apparatus, the
covering apparatus may be a pressure-bonding apparatus that
applies pressure to the shaped body 5 so that the shaped
body 5 is brought into close contact with the model 2, or
may be a sealing apparatus that seals the shaped body 5 with
the film 6, in a state where the shaped body 5 is in close

contact with the model 2, or the like.
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[0156]

In the first embodiment, an example has been described
in which the vacuum packaging apparatus 13 includes ﬁhe
adjuster 16 that adjusts a vacuum degree, but the present
invention is not limited thereto. The vacuum packaging
apparatus 13 may not include the adjuster 16.

[0157]

In the first embodiment, an example has been described
in which the manufacturing apparatus 1 includes the light
emission apparatus 14 as a curing apparatus, but the present
invention is not limited thereto. That 1is, the curing
apparatus is not limited to the light emission apparatus 14.
The manufacturing apparatus 1 may include a curing apparatus
that cures the shaped body 5 in a state where the shaped
body 5 is in close contact with the model 2. For example,
the curing apparatus may be a heating apparatus that heats
the shaped body 5 in close contact with the model 2.

[0158]

In the first embodiment, the examples illustrated in
FIGS. 3 and 9 have been described as shapes of the shaped
body 3 and prosthetic apparatus 4, but the shapes are not
limited thereto. The shapes of the shaped body 3 and
prosthetic apparatus 4 can be any shape according to case
history of the patient and the shape inside of the oral

cavity of the patient.
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[0159]

In the first embodiment, an example of the
mahufacturing method for the prosthetic apparatus 4 has been
described, but the method is not limited thereto. For
example, a method for preparing the shaped body 3 may be
used as a post-curing method for a shaped body. The post-
curing method includes at least Steps ST3 to ST6 in FIG. 6.
[0160]

In the first embodiment, an example has been described
in which the curing process in Step ST6 cures the shaped
body 5 in the semi-cured state by emitting light on the
shaped body 5 in the semi-cured state, in a state where the
shaped body 5 is in close contact with the model 2, but the
present invention is not limited thereto. The curing process
in Step ST6 may a process of curing the shaped body 5 in the
semi-cured state in a étate where the shaped body 5 in the
semi-cured state is in close contact with the model 2. For
example, the curing process in Step ST6 may be a heating
process of heating thé shaped body 5 in the semi-cured state
in a state where the shaped body 5 in the semi-cured state
is in close contact with the model 2. Alternatively, the
curing process may include one or a plurality of processes
of curing the shaped body. For example, the curing process
may include at least either of a first curing process (light

emission process) by light emission and a second curing
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process (heating process) by heating.
[0161]

In the first embodiment, the shaped body produced by
the optical shaping apparatus 12 is referred to as the shaped
body 5 in the semi-cured state, and the shaped body cured by
the light emission apparatus 14 is referred to as the shaped
body 3 in the final cured state, but the terms are not
limited thereto. The term indicating a curing state of the
shaped body»may be arbitrarily determined. For example, the
shaped body 5 in the semi-cured state may be referred to as
the shaped body 5 in a first curing state, and the shaped
body 3 in the final cured state may be referred to as the
shaped body 3 in a second curing state. The second curing
state means a state where a degree of curing is great as
compared to the first curing state.

[0162]

In the first embodiment, an example has been described

in which the scanning apparatus 21 acquires scan data of the

model 2 that 1is a reproduction of the inside of the oral

- cavity of the patient, but the present invention is not

limited thereto. For example, the scanning apparatus 21 may
directly scan the inside of the oral cavity of the patient
to acquire scan data of the inside of the oral cavity. 1In
this case, the shape data creating apparatus 11 may acquire

scan data of the inside of the oral cavity of the patient,
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and may create shape data of the shaped body 3 for dental
purpose on the basis of the scan data.
[0163]

In the first embodiment, an example has been described
in which the shaped body 3 is any one of a crown, a bridge,
a resin base, or an orthodontic splint, but the shaped body
3 is not limited thereto. For example, the shaped‘body 3
may be a resin base denture. The resin base denture means
a denture in which a plurality of artificial teeth is bonded
to a resin base of a denture base.

[0164]

In the first embodiment, an example in which the
prosthetic apparatus 4 is a metal cast denture base has been
described, but the prosthetic apparatus 4 is not limited to
a metal cast denture base. For example, the prosthetic
apparatus 4 may be a denture.

[0165]
(Examples)

A manufacturing apparatus for and a manufacturing
method for the prosthetic apparatus 4 will be further
described on the basis of examples, but the present invention
is not limited to the following examples. Note that, in the
examples, the shaped body 3 produced by the production
apparatus 10 for and a production method for the shaped body

3 have been evaluated.
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[01l66]

Hereinafter, conditions of the examples will be

.described.

[0167]
[Conditions of examples]
<Optical shaping apparatus>

As the optical shaping apparatus 12, D30 of the DLP
method (manufactured by Rapid Shape) and DIGITAL WAX 020D of
the SLA method (manufactured by DWS) were used.
[0168]
<Material forming shaped body>

Cast (manufactured by NextDent, material: acrylate
resin) and Base (manufactured by NextDent, material:
acrylate resin) for the DLP method, and RF080 RESIN
(manufactured by DWS, material: acrylate resin) for thé SLA

method were used.

[0169]
<Film>

Hiryu N-5NP, which is a standard bag with magic cut
(manufactured by Asahi Kasei Pax, material: nylon,

polyethylene) was used.
[0170]
<Light emission apparatus>
LC-3DPrint Box (manufactured by NextDent) was used.

[0171]

67



10

15

20

25

Evaluation samples for examples 1 to 18 and comparative
examples 1 to 4 were prepared by the following procedure.
[0172]

[Production of conformity evaluation samples]

By using the production apparatus 10 of the first
embodiment, the shaped body 3 was produced as a conformity
evaluation sample. Specifically, shape data of the shaped
body 3 for dental purpose was created according to the model
2 by the shape data creating apparatus 11. On the basis of
the produced shape data, the shaped body 5 in the semi-cured
state was produced by the optical shaping apparatus 12
according to an instruction manual of each material or a
condition initially set. After completion of the shaping,
the shaped body 5»in the semi-cured state was subjected to
ultrasonic cleaning in ethanol for five minutes, a support
was removed, and then the shaped body 5 was attached to the
model 2. Thereafter, the shaped body 5 in the semi-cured
state and the model 2 were covered with the film 6, and air
in the part covered with the film 6 was released by the
vacuum packaging apparatus 13 to bring the shaped body 5 in
the semi-cured state and the model 2 into close contact with
each other. Thereafter, in a state where the shaped body 5
in the semi-cured state and the model 2 Were in close contact
with each other, the shaped body 5 was irradiated with light

(post-cured) by the 1light emission apparatus 14 for 15
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minutes.
[0173]
[Production of polymerization rate evaluation samples]

A part of the support removed at a time of production
of the conformity evaluation sample was used as a
polymerization evaluation sample.

[0174]
[Conformity evaluation method]

For conformity evaluation, the model 2 for a metal
cast denture base illustrated in FIG. 2 was used to design
a shaped body 3‘for dental purpose. In addition, a shaped
body 3A illustrated in FIG. 14 was designed by using a model
2D for a three-unit bridge illustrated in FIG. 13. In
addition, a shaped body 3B illustrated in FIG. 11 was
designed by using a model 2B having a resin base (complete
denture base) illustrated in FIG. 15.

[0175]

A  comprehensive conformity evaluation will be
described. With respect to the shaped body 3 for a metal
base, the shaped body 3 was attached to the model 2
illustrated in FIG. 2, and gaps at a major connector, a clasp,
and a rest were measured. As a measurement method, DAIFREE
{(manufactured by DAIKIN INDUSTRIES) was applied to the model
2, measurement points were chemically polymerized by using

resin cement (ResiCem (manufactured by SHOFU INC.)), and
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thickness of the resin cement was measured. Note that the
measurement was performed twice, and an average value thereof
was used.

[0176]

It is clinically acceptable if the gaps at all of the
major connector, clasp, and rest are 500 um or less, and it
is clinically optimal if the gaps at all of the major
connector, clasp, and rest are 100 um or less.

[0177]

In addition, with respect to the shaped body 3A for a
three-unit bridge, when the shaped body 3A is attached to
the model 2D illustrated in FIG. 13, and conformity of a
margin part of the shaped body 3A is evaluated, the gap of
the shaped body 3A of 100 uym or less is clinically acceptable,
and the gap of the shaped body 3A of 50 ym or less is optimal.
[0178]

In addition, with respect to the shaped body 3B for a
resin base, the shaped body 3B was attached to the model 2B
iilustrated in FIG. 15, and gaps between the shaped body 3B
and the model 2B were measured. FINE CHECKER (manufactured
by SHOFU INC.) was used to measure the gaps of a complete
denture, and a greatest value among measurement values of a
central portion was measured. The gaps are clinically
acceptable to be 500 pm or less, and more preferably 100 um

or less.
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[Polymerization rate evaluation method]

By using Fourier Transform Infrared Spectrometer FT-
IR 6300 (manufactured by JASCO Corporation), peak intensity
attributed to C = C at 6000 cm! was measured for resin
material of the shaped body 3 before shaping, a shaped body
(a part of the support) in a semi-cured state, and a shaped
body (a part of the support) in a final cured state. The
polymerization rate was calculated from a rate of a decrease
rate of the peak intensity. In this regard, a polymerization
rate of the shaped body in the semi-cured state was
calculated provided that the polymerization rate of the
shaped body in the final cured state is 100%.
[0180]

Evaluation results are illustrated in Tables 1 to 9
below.
[0181]

[Table 1]
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Example Example Example Example
1 2 3 4
Type of optical
shaping apparatus D30 D30 D30 D30
Material of sh d
a erlabogy shape Cast Cast Cast Cast
Polymerization rate of
shaped body in semi- 80 80 80 80
cured state (%)
Use of vacuum
packaging apparatus Yes Yes ves ves
Vacuum degree (%) 35 40 50 60
Model for conformity Metal Metal Metal Metal
evaluation base base base base
Gap at major connector
(um) 250 150 90 80
Gap at clasp (um) 260 200 90 75
Gap at rest (pm) 260 200 80 60
[0182]
[Table 2]
Example Example Example Example
5 6 7 8
Type of optical
shaping apparatus D30 D3¢ D30 D30
Material of shaped
body T Cast Cast Cast Cast
Polymerization rate of
shaped body in semi- 80 80 80 80
cured state (%)
Use of wvacuum
packaging apparatus Yes Yes Yes Yes
Vacuum degree (%) 70 90 85 99
Model for conformity Metal Metal Metal Metal
evaluation base base base base
Gap at major
connector (um) 70 150 300 450
Gap at clasp (um) 75 200 150 400
Gap at rest (um) 65 200 150 350

[0183]

12




[Table 3]

Example Example Example Example
9 10 11 12
Type of optical
shaping apparatus D30 D3¢ b30 D30
Material of shaped Cast Cast Cast Cast
body
Polymerization rate of
shaped body in semi- 40 50 60 70
cured state (%)
Use.of vacuum Yes Yes Yes Yes
packaging apparatus
Vacuum degree (%) 10 70- 70 70
Model for conformity Metal Metal Metal Metal
evaluation base base base base
Gap at major 260 110 75 75
connector (um)
Gap at clasp (um) . 260 120 100 90
Gap at rest (pm) 250 140 80 80
[0184]
[Table 4]
Example Example Example Example
13 14 15 16
Type of optical
shaping apparatus D30 D30 D30 D30
Material of shaped
body P Cast Cast Cast Cast
Polymerization rate of
shaped body in semi- 80 95 g8 99
cured state (%)
Use.of vacuum Yes Yes Yes Yes
packaging apparatus
Vacuum degree (%) 70 70 70 70
Model for conformity Metal Metal Metal Metal
evaluation base base base base
Gap at major
connector (um) 110 130 200 270
Gap at clasp (um) 90 110 150 250
Gap at rest (um) 100 130 180 250

[0185]
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[Table 5]

Example 17

Example 18

Type of optical
shaping apparatus

DIGITAL WAX 020D

IDIGITAL WAX 020D

Material of shaped

Body RFO80 RESIN RFOS0 RESIN
Polymerization rate of
shaped body in semi- 80 80
cured state (%)
Use of vacuum
, Yes Yes
packaging apparatus
Vacuum degree (%) 70 40
Model for copformlty Metal base Metal base
evaluation
Gap at major ;
connector (um) 60 100
Gap at clasp (um) a0 S0
Gap at rest (um) 55 85
[0186]
[Table 6]
Example 19 Example 20
Type of optical .
shaping apparatus D30 D30
Material of shaped
body P Cast Cast
Polymerization rate of
shaped body in semi- 80 80
cured state (%)
Use of vacuum
. Yes Yes
packaging apparatus
Vacuum degree (%) 50 70
Model for conformity Three-unit Three-unit
evaluation bridge bridge
Gap at margin (pm) g5 45

[0187]
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[Table 7]

Vacuum degree (%)

Example 21 Example 22
Type of optical
shaping apparatus D30 D30
Material of shaped
body P Base Base
Polymerization rate of
shaped body in semi- 80 80
cured state (%)
Use of vacuum
. Yes Yes
packaging apparatus
50 70

Model for conformity

Resin base

Resin base

evaluation
Gap at central portion
of palate (um) 150 . 90
[0188]
[Table 8]
Comparative Comparative
Example 1 Example 2
Type of optical
shabing apmaracus D30 DIGITAL WAX 020D
Material of shaped
body Cast RF080 RESIN
Polymerization rate of
shaped body in semi- 80 80
cured state (%)
Use of vacuum No No
packaging apparatus
Vacuum degree (%) — —
Model for copformity Metal base Metal base
evaluation
Gap at major
connector (pm) 600 750
Gap at clasp (um) 750 800
Gap at rest (um) 650 800

[0189]
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[Table 9]

packaging apparatus

Comparative Comparative
Example 3 Example 4
Type of optical
shaping apparatus D30 D30
Material of shaped ;
body P Cast Base
Polymerization rate of
shaped body in semi- 80 80
cured state (%)
Use of wvacuum No No

Vacuum degree (%)

Model for conformity
evaluation

Three-unit
bridge

Resign base

Gap at margin (um)

200

Gap at central portion
of palate (um)

600

[0190]

First,

attention is paid to the examples 1 to 18 and

the comparative examples 1 to 2 that are regarding the model
2 for a metal cast denture base and the shaped body 3. Note
that, in the examples 1 to 18, the vacuum packaging apparatus
13 is used to adjust a vacuum degree. Meanwhile, in the
comparative examples 1 to 2, the vacuum packaging apparatus
13 is not used.
[0191]

As illustrated in Tables 1 to 5 and Table 8, the gaps
were 500 ym or less at any of the major connector, the clasp,
Meanwhile,

and the rest in the examples 1 to 18. the gaps

were within a range of 600 pum or more and 800 um or less at
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any of the major connector, the clasp, and the rest in the
comparative examples 1 to 2. As described above, in the
examples 1 to 18, the gaps are smaller than the gaps in the
comparative examples 1 to 2. 1In addition, although the gaps
in the examples 1 to 18 fall within a clinically acceptable
range, the gaps in the comparative examples 1 to 2 are beyond
the clinically acceptable range.

[0192]

Attention 1is paid to the examples 1 to 8. As
illustrated in Tables 1 and 2, in the examples 1 to 8,
conditions are common except for a vacuum degree. In the
examples 1 to 8, the gaps are small when the vacuum degreé
is in a range of 40% or more and 95% or less. In addition,
the gaps are smaller when thebvacuum degree 1s in a range of
50% or more and 90% or less. Then, the gaps are smallest
when the vacuum degree is in a range of 60% or more and 70%
or less. In the examples 6 to 8, due to a high vacuum degree,
deformation occurred and the gaps increased. From these
results, the vacuum degree is preferably 40% or more and 95%
or less. More preferably, the vacuum degree is 50% or more
and 90% or less. Even more preferably, the vacuum degree is
60% or more and 70% or less.

[0193]
Attention is paid to the example 5 and the examples 9

to 16. As illustrated in Tables 2 to 4, in the example 5
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and the examples 9 to 16, conditions are common except for
a polymerization rate of the shaped body in the semi-cured
state. In the example 5 and the examples 9 to 16, the gaps
are small when the polymerization rate is in a range of 50%
or more and 98% or less. 1In addition; the gaps are smaller
when the polymerization rate is in a range of 60% or more
and 95% or less. Then, thebgaps are smallest when the
polymerization rate is in a range of 70% or more and 90% or
less. From these results, the polymerization rate of a
shaped body in a semi-cured state is preferably 50% or more
and 98% or less. More preferably, the polymerization rate
is 60% or more and 95% or less. Even more preferably, the
polymerization rate is 70% or more and 90% or less.

[0194]

Attention is paid to the examples 2 and 5, and the
examples 17 and 18. As illustrated in Tables 1 to 2 and 5,
the examples 2 and 5 are different from the examples 17 and
18 in a type of the optical shaping apparatus 12 and material
of the shaped body 3. In the examples 2 and 5, an optical
shaping apparatus of the DLP method (D30) is used, and
material of the shaped body 3 is Cast. Meanwhile, in the
examples 17 and 18, an optical shaping apparatus of the SLA
method (DIGITAL WAX 020D) is used, and material of the shaped
body 3 is RF080 RESIN. In addition, the vacuum degree is

70% in the examples 5 and 17, and the vacuum degree is 40%
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in the examples 2 and 18. Other conditions are common in
the examples 2, 5, 17, and 18. Although the DLP method is
a shaping method with accuracy lower than accuracy of the
SLA method, from the evaluation results in the examples 2,
5, 17, and 18, it can be seen that, with the DLP method also,
the gaps can be reduced to almost the same as with the SLA
method.

[0195]

Next, attention is paid to examples 19 to 20 and a
comparative example 3 that are regarding the model 2D for a
three-unit bridge and the shaped body 3A. Note that, in the
examples 19 to 20, the vacuum packaging apparatus 13 is used
to adjust a vacuum degree. Meanwhile, in the comparative
example 3, the vacuum packaging apparatus 13 is not used.
[0196]

As illustrated in Tables 6 and 9, a gap at a margin is
small in the examples 19 to 20 as compared to the comparative
example 3. Although the gaps fall within a clinically
acceptable range in the examples 19 to 20, the gaps are
beyond the clinically acceptable range in the comparative
example 3.

[0197]

In addition, in comparison between the example 19 with

a vacuum degree of 50% with the example 20 with a vacuum

degree of 70%, a gap at a margin is smaller in the example
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20. For this reason, the vacuum degree is preferably close
to 70% from a viewpoint of further reducing the gap.
[0198]

Next, attention is paid to examples 21 to 22 and a
comparative example 4 that are regarding the model 2B for a
resin base and the shaped body 3B. Note that, in the
examples 21 to 22, the vacuum packaging apparatus 13 is used
to adjust a vacuum degree. Meanwhile, in the comparative
example 4, the vacuum packaging apparatus 13 is not used.
[0199]

As 1llustrated in Tables 6 and 8, gaps at a central

portion of a palate are small in the examples 21 to 22 as

- compared to the comparative example 4. Although the gaps

fall within a clinicélly acceptable range in the examples 21
to 22, the gaps are beyond the clinically acceptable range
in the comparative example 4.
[0200]

In addition, in comparison between the example 21 with
a vacuum degree of 50% with the example 22 with'a vacuum
degree of 70%, the gap at the central portion of the palate
is smaller in the example 22. For this redson, the wvacuum
degree is preferably close to 70% from a viewpoint of further
reducing the gap.
[0201]

As described above, in the examples 1 to 22, the gaps
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between the model and the shaped body can be reduced as
compared to the comparative examples 1 to 4. 1In addition,
the evaluation results of the examples 1 to 22 fall within
a clinically acceptable range, whereas the evaluation
results of the comparative examples 1 to 4 are beyond the
clinically acceptable range.

[0202]

(Second embodiment)

A manufacturing apparatus for and manufacturing method
for a prosthetic apparatus'of a second embodiment according
to the present invention will be described.

[0203]

In the second embodiment, points different from the
first embodiment will be mainly described. In the second
embodiment, configurations the same as or equivalent to
configurations of the first embodiment will be described
with the same reference characters. In addition, in the
second embodiment, description overlapping with the first
embodiment will be omitted.

[0204]

FIG. 16 is a block diagram illustrating an example of
a manufacturing apparatus 1A for a prosthetic apparatus 4 of
the second embodiment according to the present invention.
[0205]

The second embodiment 1s different from the first
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embodiment in that a production apparatus 10A of the
manufacturing apparatus 1A includes a permanent
stabilization apparatus (heating apparatus) 17.

[0206]

In the first embodiment, when the film 6 covering the
shaped body in the final cured state and model 2 are removed
after the light emission, immediately after the removal,
conformity of the shaped body in a final cured state is in
a state of being improved. However, the shaped body in the
final cured state may deform with time after the film 6 is
removed, and conformity may decrease. In a case of a casting
pattern for example, a shaped body in a final cured state
easily changes with time, and therefore, if a wax-up process
and investment process are not performed immediately after
the film is removed, the produced prosthetic apparatus may
partially separate from the model and may not conform.
[0207]

In the second embodiment, in order to reduce a decrease
in conformity of a shaped body 3 in a final cured state, the
shaped body after light emission is heated by the permanent
stabilization apparatus (heating apparatus) 17. Thus, a
shaped body in a permanently stable state is obtained.
Hereinafter, the second embodiment will be described in
detail.

[0208]
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In the second embodiment, the shaped body 5 in the
semi-cured state produced by the optical shaping apparatus
12 is referred to as a shaped body in a first curing state,
and a shaped body cured by the light emission apparatus 14
is referred to as a shaped body in a second curing state,
and a shaped body heated by the permanent stabilization
apparatus 17 1is referred to as a shaped body in a third
curing state. The second curing state means a state where
a degree of curing is great as compared to the first curing
state. The third curing state means a state where a degree
of curing is great as compared to the second curing state.
[0209]

As illustrated in FIG. 16, the production apparatus
10A of the manufacturing apparatus 1A includes the permanent
stabilization apparatus 17 in addition to the configuration
in the first embodiment. In the second embodiment, in the
production apparatus 10A, a shape data creating apparatus
11, the optical shaping apparatus 12, a vacuum packaging
apparatus 13, the 1light emission apparatus 14, and the
permanent stabilization apparatus 17 are disposed in this
order from an upstream side to a downstream side.

[0210]
<Permanent stabilization apparatus>
The permanent stabilization apparatus 17 heats the

shaped body in the second curing state cured by the light
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emission apparatus 14, in a state where the shaped body is
in close contact with the model 2. Thus, the shaped body in
the second curing state is further cured to be a shaped body
3 in the third curing state, thereby obtaining the shaped
body 3 in the permanently stable state. In the second
embodiment, the permanent stabilization apparatus 17 is
disposed downstream of the light emission apparatus 14. The
permanent stabilization apparatus 17 heats the shaped body
in the second curing state produced by the light emission
apparatus 14, in a state where the shaped body is in close
contact with the model 2.

[0211]

The permanent stabilization apparatus 17 is may be,
for example, a heating apparatus that can perform heating
and can adjust temperature. Hereinafter, the permanent
stabilization apparatus 17 1is referred to as a heating
apparatus 17. Examples of the heating apparatus 17 include
a heater. Heating temperature by the héating apparatus 17
is 50°C or more and 130°C or less. Preferably, the heating
temperature is 65°C or more and 115°C or less. More
preferably, the heating temperature is 80°C or more and 100°C
or less. Specifically, in a case where the heating
temperature is lower than 50°C, a shaped body 3 in a
permanently stable state is not sufficiently stabilized, and

it is difficult to obtain a shaped body 3 in a permanently
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stable state that changes little with time. In addition, in
a case where the heating temperature is higher than 130°C,
there is a risk of decomposition of resin, and therefore, it
is difficult to obtain a shaped body in a permanently stable
state that changes little with time, and the shaped body may
not conform. Therefore, by adjusting the heating
temperature of the heating apparatus 17 to fall within an-
above-described numerical range,. a shaped body 3 in a
permanently stable state that changes little with time can
be obtained. During mooring time in time of heating, it is
preferable to continue a heating state to such an extent
that the shaped body 3 in the permanently stable state is
obtained. Specifically, it is preferably 3 minutes or more
and 60 minutes or less. The heating may be performed by
gradually increasing temperature from room temperature, or
may be performed in an environment set in an above-described
numerical range. Heating temperature and heating time in
the heating apparatus 17 can be adjusted as appropriate
according to a shape and required dimensions of the shaped
body 3 in a permanently stable state. Note that, not limited
to above, the heating apparatus 17 is preferably immersed in
warm water (50°C to 100°C).
[0212]

In the second embodiment, a thermal polymerization

initiator may be included as a material that forms the shaped
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body 3. Suitably wused as the thermal polymerization
initiator are, for example, an organic peroxide such as
benzoyl peroxide, para-chlorobenzoyl peroxide, 2,4-
dichlorobenzoyl peroxide, acetyl peroxide, lauroyl peroxide,
tertiary butyl ©peroxide, cumene hydroperoxide, 2,5-
dimethylhexane, 2,5-dihydroperoxide, methyl ethyl ketone
peroxide, or tertiary butyl peroxybenzoate, and azo
compounds such as azobisisobutyronitrile, methyl
azobisisobutYrate, and azobiscyanovaleric acid. Among them,
benzoyl peroxide, azobisisobutyronitrile,
trimethylbarbituric acid, or tributylborane oxide is
preferably selected and used in the present invention.
[0213]

In the second embodiment, the heating apparatus 17
heats the shaped body in the second curing state and the
model 2 that are covered with film 6. For this reason, the
film 6 is formed by a heat-resistant material. Note that
the film 6 may be formed by a material that withstands
heating temperature described above. Examples of the heat-
resistant material include nylon, polyethylene, polystyrene,
polyimide, and fluororesin.

[0214]

FIG. 17 1is a flowchart illustrating an example of a

production method for a shaped body of the second embodiment

according to the present invention. ©Note that Steps ST1 to
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ST6 of the production method in the second embodiment
illustrated in FIG. 17 are similar to Steps STl to ST6 of
the production method in the first embodiment illustrated in
FIG. 6, and therefore detailed description thereof is omitted.
[0215]

As illustrated in FIG. 17, a shaped body in the second
curing state can be obtained by performing Steps ST1 to ST6.
Specifically, the shaped body 5 in the first curing state is
produced by performing Steps STl to ST3. The shaped body in
the second curing state is produced by performing Steps ST4
to ST6. The shaped body in the second curing state is in a
state of being covered with the film 6 together with the
model 2. For this reason, the shaped body in the second
curing state is in close contact with the model 2.

[0216]

Step ST7 is a permanent stabilization process (heating
process) of stabilizing the shaped body in the second curing
state by heating the shaped body in close contact with the
model 2. In Step ST7, the heating apparatus 17 heats the
shaped body in the second curing state, in a state where the
shaped body is 1in close contact with the model 2. The
heating by the heating apparatus 17 stabilizes the shaped
body in the second curing state. Thus, the shaped body in
the second curing state is further cured to obtain the shaped

body 3 in the third curing state, which is more cured than

87



10

15

20

25

the shaped body in the second curing state. As a result,
the shaped body 3 in the permanently stable state 1is
completed. Note that the permanent stabilization process
may be referred to as a heating process.

[0217]

As described above, with the production method for the
shaped body 3 in the permanently stable state according to
the second embodiment, the shaped body 3 in the permanently
stable state can be manufactured by performing Steps STl to
ST7 illustrated in FIG. 17. |
[0218]

[Effects]

According to the second embodiment according to the
present invention, the following effects can be obtained.
[0219]

In the manufacturing apparatus 1A of the prosthetic
apparatus 4, the production apparatus 10A further includes
the heating apparatus 17 that heats the shaped body in the
second curing state cured by the light emission apparatus
14, in a state where the shaped body is in close contact
with the model 2. With such a configuration, the shaped
body in the third curing state obtained by further curing
the shaped body 5 in the second curing state can be brought
into the permanently stable state, and temporal change of

the shaped body 3 can be reduced. As a result, because the
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shaped body 3 is in the permanently stable state, even if
the shaped body 3 removed from the model 2 and stored for a
certain period of time is used, it is possible to improve
conformity of the prosthetic apparatus 4 of a metal cast
denture base to an inside of an oral cavity of a patient,
prosthetic apparatus 4 being produced by the casting
apparatus 20.
[0220]

The manufacturing method for the prosthetic apparatus
4 according to the second embodiment further includes the
permanent stabilization process (heating process) ST7 of
heating the shaped body in the second curing state cured in
the light emission process ST6, in a state where the shaped
body 1is in close contact with the model 2. With such a
configuration, the shaped body in the second curing state
can be cured to produce the shaped body 3 in the third curing

state. The shaped body 3 in the third curing state is in a

" permanently stable state, and therefore a temporal change

can be reduced. As a result, it is possible to improve
conformity of the prosthetic apparatus 4 of a metal cast
denture base to the inside of the oral cavity of the patient,
the prosthetic apparatus 4 being produced by the production
method for the prosthetic apparatus 4 of a metal casf denture
base.

[0221]
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The prosthetic apparatus 4 according to the second
embodiment 1is produced with the shaped body 3 in the
permanently stable state obtained by further heating the
shaped body in the second curing state in a state where the
shaped body is in close contact with the model 2. With such
a configuration, conformity to the inside of the oral cavity
of the patient is improved.

[0222]

Note that, in the second embodiment, an example has
been described in which the shape data creating apparatus
11, the optical shaping apparatus 12, the vacuum packaging
apparatus 13, the 1light emission apparatus 14, and the
heating apparatus 17 are separate apparatuses in the
production apparatus 10A, but the present invention is not
limited thereto. A plurality of apparatuses may be
integrally formed as one apparatus. For example, the light
emission apparatus 14 and the heating apparatus 17 may be
integrally formed as one apparatus.

[0223]

Although Step ST7 1is referred to as a permanent
stabilization process or a heating process in the second
embodiment, Steps ST6 and ST7 may be collectively referred
to as a curing process. That is, the curing process may
include a first curing process (light emission process) of

emitting light on the shaped body 5 in the first curing state
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when the shaped body 5 is in close contact with the model 2,
and a second curing process (heating process) of heating the
shaped body in the second curing state when the shaped body
5 is in close contact with the model 2. Specifically, the
first curing process is Step ST6, and the shaped body 5 in
the first curing state 1is cured by light emission by the
light emission apparatus 14 to obtain a shaped body in the
second curing state. The second curing process is Step ST7,
and a shaped body in the second curing state is cured by
heating by the heating apparatus 17 to obtain a shaped body
in the third curing state.

[0224]

(Third embodiment)

A manufacturing apparatus for and manufacturing method
for a prosthetic apparatus of a third embodiment according
to the present invention will be described.

[0225]

In the third embodiment, points different from the
second embodiment will be mainly described. In the third
embodiment, configﬁrations the same as or equivalent to
configurations of the second embodiment will be described
with the same reference characters. In addition, in the
third embodiment, description overlapping with the second
embodiment will be omitted.

[0226]
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FIG. 18 is a block diagram illustrating an example of
a manufacturing apparatus 1B for a prosthetic apparatus 4 of
the third embodiment according to the present invention.
[0227]

The third embodiment is different from the second
embodiment in that a light emission apparatus 14 is disposed
upstream of a vacuum packaging apparatus 13. In addition,
the third embodiment is different from the second embodiment
in Fhat a shaped body 5 in a first curing state is cured by
light emission without being covered with the film 6 to
produce a shaped body in a second curing state, that the
shaped body in the second curing state and a model 2 are
covered with film 6, and that the shaped body inithe cured
state is brought into close contact with the model 2.

[0228]

As illustrated in FIG. 18, in a production apparatus
10B of the manufacturing apparatus 1B, the light emission
apparatus 14 is disposed upstream of the wvacuum packaging
apparatus 13. That is, in the production apparatus 10B, a
shape data creating apparatus 11, an optical shaping
apparatus 12, the light emission apparatus 14, the vacuum
packaging apparatus 13, and a permanent stabilization
apparatus 17 are disposed in this order from an upstream
side to a downstream side.

[0229]
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In the third embodiment, the permanent stabilization
apparatus 17 is referred to as a heating apparatus 17. The
shaped body 5 in the semi-cured state produced by the optical
shaping apbaratus 12 is referred to as a shaped body in a
first curing state, and a shaped body cured by the light
emission apparatus 14 is referred to as a shaped body in a
second curing state, and a shaped body heated by the
permanent sfabilization apparatus (heating apparatus) 17 is
referred to as a shaped body in a third curing state. The
second curing state means a state where a degree of curing
is great as compared to the first curing state. The third
curing state means a state where a degree of curing is great
as compared to the second curing state.

[0230]

The light emission apparatus 14 emits light on the
shaped body 5 in the semi-cured state, that is, the shaped
body 5 in the first curing state, to cure the shaped body 5
in the first curing state, thereby obtaining a shaped body
in the second curing state. The light emission apparatus 14
emits light on the shaped body 5 in the first curing state
that is not covered with the film 6. The second curing state
is a state of being cured to such an extent as ‘to be
deformable by force applied.

[0231] |

The vacuum packaging apparatus 13 covers at least a
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part of the shaped body in the second curing state and at
least a part of the model 2 with the film 6. In addition,
the air releaser 15 of the vacuum packaging apparatus 13
deforms the film 6 by releasing air in the part covered with
the film 6 to bring the shaped body in the second curing
state.into close contact with the model 2.

[0232]

FIG. 19 is a flowchart illustrating an example of a
production method for a shaped body 3 of the third embodiment
according to the present invention. Note that Steps ST1 to
ST3 and ST7 of the producfion method in the third embodiment
illustrated in FIG. 19 are similar to Steps ST1 to ST3 and
ST7 of the production method in the second embodiment
illustrated in FIG. 17, and therefore description thereof is
omitted. In addition, in the production method in the third
embodiment, Steps ST24 to ST26 are performed instead of’Steps
ST4 to 8T6 of the manufacturing method in the second
embodiment.

[0233]

As illustrated in FIG. 19, the shaped body 5 in the
semi-cured state, that is, the shaped body 5 in the first
curing state, is obtained by performing Steps ST1 to ST3.
[0234] |

Step ST24 is a first curing process (light emission

process) of emitting light on the shaped body 5 in the first
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curing state to cure the shaped body 5 in the first curing
state, thereby obtaining a shaped body in the second curing
state. In Step ST24, the light emission apparatus 14 emits
light on the shaped body 5 in the first curing state that is
not covered with the film 6. Light emitted from the light
emission apparatus 14 cures the shaped body 5 in the first
curing state, and is, for example, ultraviolet light. Thus,
a shaped body in the second curing state is obtained by
curing the shaped body 5 in the first curing state.

[0235]

Step ST25 is a covering process of attaching the shaped
body in the second curing state to the model 2 and covering
at least a part of the shaped body in the second curing state
and at least a part of the model 2 with the film 6. In Step
ST25, the vacuum packaging apparatus 13 covers at least a
part of the shaped body in the second curing state and at
least a part of the model 2 with the film 6.

[0236]

Step ST26 is an alir release process of releasing air
in the part covered with the film 6 to deform the film 6 and
bring the shaped body in the second curing state into close
contact with the model 2. 1In Step ST26, the air releaser 15
of the vacuum packaging apparatus 13 releases the air in the
bart covered with the film 6. Thus, the inside of the film

6 is subjected to negative pressure to deform the film 6,
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and the shaped body in the second curing state is pressed
against the model 2 by the film 6. As a result, the shaped
body in the second curing state is in close contact with the
model 2.

[0237]

Note that, in Step ST25, an example has been described
in which the vacuum packaging apparatus 13 covers the shaped
body in the second curing state and the model 2 with the
film 6, but the present invention is not limited thereto.
For example, the shaped body in the second curing state and
the model 2 may be covered with the film 6 by an apparatus
separate from the vacuum packaging apparatus 13.
Alternatively, the shaped body in the second curing state
and the model 2 may be covered with the film 6 by any method
or any apparatus.

[0238]

Similarly to the second embodiment, Step ST7 is the
second curing process of curing the shaped body in the second
curing state by heating the shaped body in a state where the
shaped body in the second curing state is in close contact
with the model 2. The second curing process is a heating
process (permanent stabilization process) of heating the
shaped body in the second curing state. In Step ST7, the
heating apparatus 17 heats the shaped body in the second

curing state, in a state where the shaped body is in close
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contact with the model 2. The heating by the heating
apparatus 17 stabilizes the shaped body in the second curing
state. Thus, the shaped body in the second curing state is
further cured, by which the shaped body 3 in the third curing
state is completed. The third curing state is a state where
a degree of curing is great as compared to the second curing
state.

[0239]

As described above, with the production method for the
shaped body 3 according to the third embodiment, a shaped
body 3 in a permanently stable state can be manufactured by
performing Steps STl to ST7 illustrated in FIG. 19.

[0240]
[Effects]

According to the third embodiment according to the
present invention, the following effects can be obtained.
[0241]

In the production apparatus 10B of the manufacturing
apparatus 1B of the prosthetic apparatus 4, the light
emission apparatus 14 emits light on the shaped body 5 in
the first curing state without co%ering the shaped body 5 in
the first curing state with film 6 to cure the shaped body
5 in the first curing state, thereby obtaining a shaped body
in the second curing state. The second curing state is a

state where a degree of curing is great as compared to the
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first curing state. The vacuum packaging apparatus 13

releases air in the part covered with the film 6 to deform

the film 6 and bring the shaped body in the second curing
state into close contact with the model 2. With such a
configuration also, the shaped body 3 can be brought into a
permanently stable state, and temporal change of the shaped
body 3 can be reduced. As a result, because the shaped body
3 1s in the permanently stable state, even if the shaped
body 3 removed from the model 2 and stored for a certain
period of time is used, it is possible to improve conformity
of the prosthetic apparatus 4 of a metal cast denture base
to an inside of an oral cavity of a patient, prosthetic
apparatus 4 being produced by the casting apparatus 20.
[0242] |

In the third embodiment, the production method for the
shaped body 3 in the manufacturing method for the prosthetic
apparatus 4 includes an acquisition process ST1l, a shape
data creating process ST2, a shaped body production process
ST3, a light emission process ST24, a covering process ST25,
an air release process ST26, and a heating process ST7. The
acquisition process STl acguires scan data of the model 2
that is a reproduction of at least a part of the inside of
the oral cavity of the patient. The shape data creating
process ST2 prepares shape data of a shaped body for dental

purpose on the basis of the scan data. The shaped body
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production process ST3 produces the shaped body 5 in the
first curing state on the basis of the shape data. The light
emission process ST24 emits light on the shaped body 5 in
the first curing state to cure the shaped body 5 in the first
curing state, thereby obtaining a shaped body in the second
curing state. The covering process ST25 attaches the shaped
body in the second curing state to the model 2 and covers at
least a part of the shaped body in the second curing state
and at least a part of the model 2 with the film 6. The air
release process ST26 releases air in the part covered with
the film 6 to deform the film 6 and bring the shaped body in
the second curing state into close contact with the model 2.
The heating process ST7 obtains the shaped body 3 in the
third curing state by heating the shaped body in the second
curing state in a state where the shaped body is in close
contact with the model 2. With such a configuration also,
the shaped body 3 can be brought into a permanently stable
state, and temporal change of the shaped body 3 can be
reduced. As a result, because the shaped body 3 is in the
permanently stable state, even if the shaped body 3 removed
from the model 2 and stored for a certain period of time is
used, it is possible to improve conformity of the prosthetic
apparatus 4 of a metal cast denture base to an inside of an
oral cavity of a patient, prosthetic apparatus 4 being

produced by the casting apparatus 20.
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[0243]

Note that, in the third embédiment, an example has
been described in which the shape data creating apparatus
11, the optical shaping apparatus 12, the vacuum packaging
apparatus 13, the 1light emission apparatus 14, and the
heating apparatus 17 are separate apparatuses in the
production apparatus 10B, but the present invention is not
limited theretb. A pluraliﬁy of apparatuses may be
integrally formed as one apparatus. For example, the optical
shaping apparatus 12 and the light emission apparatus 14 may
be integrally formed as one apparatus.

[0244]

Although Step ST24 is referred to as a first curing
process or a light emission process in the third embodiment,
Steps ST3 and ST24 may be collectively referred to as a
shaped body production process. That is, the shaped body
production process may include producing the shaped body 5
in the first curing state on the basis of the shape data
(Step ST3), and producing the shaped body in the second
curing state cured more than in the first curing state by
emitting light on the shaped body 5 in the first curing state
(Step ST24).

[0245]
(Examples)

A manufacturing apparatus for and a manufacturing
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method for the prosthetic apparatus 4 will be further
described on the basis of examples, but the present invention
is not limited to the following examples. Note that, in the
examples, the shaped body 3 in the permanently stable state
have been evaluated, the shaped body 3 being produced by the
production apparatuses 10A, 10B for and a production method
for the shaped body 3 in the permanently stable state.
[0246]

Hereinafter, <conditions of the examples will be
described.
[0247]
[Conditions of examples]
<Optical shaping apparatus>

As the optical shaping apparatus 12, D30 of the DLP
method (manufactured by Rapid Shape) was used.
[0248]
<Material forming shaped body>

Cast (manufactured by NextDent, material: acrylate
resin) and Base (manufactured by NextDent, material:
acrylate resin) for the DLP method were used.
[0249]
<Film>

Hiryu N-5NP, which is a standard bag with magic cut
(manufactured by Asahi Kasei Pax, material: nylon,

polyethylene) was used.
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[0250]
<Light emission apparatus>

LC-3DPrint Box (manufaétured by NextDent) was used.
[0251]
<Permanent stabilization apparatus (heating apparatus)>

PHH-101 (manufactured by ESPEC) was used.
[0252]

Evaluation samples for examples 23 to 46 and
comparative examples 5 to 7 were prepared by the following
procedure. Examples 47 to 49 are based on the first
embodiment.

[0253]
[Production method for conformity evaluation samples]

By using a production apparatus 10, a shaped body 3 in
a permanently stable state was produced as a conformity
evaluation sample. Specifically, shape data of the shaped
body 3 for dental purpose was created according to the model
2 by the shape data creating apparatus 11. On the basis of
the produced shape data, the shaped body 5 in the semi-cured
state was produced by the optical shaping apparatus 12
according to an instruction manual of each material or a
condition initially set. After completion of the shaping,
the shaped body 5 in the semi-cured state was subjected to
ultrasonic cleaning in ethanol for five minutes, and a

support was removed.

102



10

15

20

25

[0254]

In the examples 23 to 34 in the second embodiment, the
shaped body 5 in the semi-cured state was attached to the
model 2. Thereafter, the shaped body 5 in the semi-cured
state and the model 2 were covered with the film 6, and air
in the part covered with the film 6 was released by the
vacuum packaging apparatus 13 to bring the shaped body 5 in
the semi-cured state and the model 2 into close contact with
each other. Thereafter, in a state where the shaped body 5.
in the semi-cured state and the model 2 were in close contact
with each other, the shaped body 5 wés irradiated with light
(post-cured) by the 1light emission apparatus 14 for 15
minutes, heated from room temperature by the heating
apparatus 17, and then slowly cooled at room temperature
after the heating temperature was maintained for 20 minutes.
[0255]

In the examples 35 to 46 of the third embodiment, the
shaped body 5 in the semi-cured state was irradiated with
light (post-cured) by the light emission apparatus 14 for 15
minutes. Subsequently, the shaped body in the final cured
state and the model 2 wefe covered with the film 6, and air
in the part covered with the film 6 was released by the
vacuum packaging apparatus 13 to bring the shaped body in
the final cured state and the model 2 into close contact

with each other. Thereafter, the shaped body in a final
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cured state and the model 2 in close contact with each other
were heated from room temperature by the heating apparatus
17, and then slowly cooled at room temperature after the
heating temperature was maintained for 20 minutes.

[0256]

[Conformity evaluation method]

For conformity evaluation, the model 2 for a metal
cast denture base illustrated in FIG. 2 was used to design
a shaped body 3 for dental purpose. In addition, a shaped
body 3A illustrated in FIG. 14 was designed by using a model
2D for a three-unit bridge illustrated in FIG. 13. In
addition, a shaped body 3B illustrated in FIG. 11 was
designed by using a model 2B having a resin base (complete
denture base) illustrated in FIG. 15.

[0257]

A  comprehensive conformity evaluation will  be
described. With respect to the shaped body 3 that is for a
metal cast denture base and in a permanently stable state,
the shaped body 3 in the permanently stable state was
attached to the model 2 illustrated in FIG. 3, and gaps at
a major connector, a clasp, and a rest were measured. As a
measurement | method, DATIFREE (manufactured by DAIKIN
INDUSTRIES) was applied to the model 2, measurement points
were chemically polymerized by using resin cement (ResiCem

(manufactured by SHOFU INC.)), and thickness of the resin
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cement was measured. The measurement was performed 10
minutes and 24 hours after the slow cooling was completed
and the film was removed. Note that the measurement was
performed twice, and an average value thereof was used.
[0258]

It 1is clinically acceptable if all of ﬁhe major
connector, clasp, and rest are 500 um or less, and it 1is
clinically optimal if all of the major connector, clasp, and
rest are 100 um or less.

[0259]

In addition, with respect to the shaped body 3A for a
three-unit bridge, when the shaped body 3A is attached to
the model 2D illustrated in FIG. 13, and conformity of a
margin part of the shaped body 3A is evaluated, the shaped
body 3A of 100 pm or less is clinically‘acceptable, and the
shaped body 3A of 50 um or less is optimal.

[0260]

In addition, with respect to the shaped body 3B for a
resin base, the shaped body 3B was attached to the model 2B
illustrated in FIG. 15, and gaps between the shaped body 3B
and the model 2B were measured. FINE CHECKER (manufactured
by SHOFU INC.) was used to measure the gaps of a complete
denture, and a greatest value among measurement values of a
central portion was measured. The gaps are clinically

acceptable to be 500 pm or less, and more preferably 100 um
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or less.

[0261]

Evaluation results are illustrated in Tables 10 to 19

below.

Tables

illustrated in Tables

10 to 12.

Results of the third embodiment are

13 to 15.

embodiment are illustrated in Tables 16 to 17.

Results of the second embodiment are illustrated in

Results of the first

Results of

the comparative examples 5 to 7 are illustrated in Tables 18

to 19.
[0262]

[Table 10]

(Second embodiment)

Example 23 Example 24 Example 25 Example 26
Type of opticalsnaping D30 D30 D30 D30
Material of shaped body Cast Cast Cast Cast
Use of ngggg\tggckaging Yes Yes Yes Yes
Vacuum degree (%) 70 70 70 70
U f t
stabislei;atfo%rmaapn;anratus Yes Yes Yes Yes
Heating temperature (°C) 50 80 100 130
Modelegg{ugggggrmity Metal base Metal base Metal base Metal base
10 minutes
) later 70 T0 70 70
Gap at major
connector (um) 24 h
later 80 75 75 80
inut
10 minutes 75 75 75 75
Gap at clasp
(pm) 24 hours
| hou 90 75 75 85
10 minut
later o 65 65 65 65
Gap at rest
(um) 24 h
later 80 65 65 70

[0263]
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[Table 11]

(Second embodiment)

Example 27

Example 28 Example 29 Example 30
Type Of P Cas naping D30 D30 D30 D30
Material of shaped body Cast Cast Cast Cast
Use of vacuum packagin
apparatgs g Yes ves ves Yes
Vacuum degree (%) 70 70 70 70
Use of permanent
stabilizatf%n apparatus Yes Yes Yes Yes
Heating temperature (°C) 50 80 100 130
Model for conformity Three-unit Three—unit Three-unit Three-unit
evaluation bridge bridge bridge bridge
10 minut -
, later 45 45 45 45
Gap at margin .
(pm)
24 h - P
later 55 45 45 50
[0264]
[Table 12]
(Second embodiment)
Example 31 Example 32 Example 33 Example 34
T f tical shapi
YPe O pharacus  opind D30 D30 D30 D30
Material of shaped body Rase Base Base Base
Use of vacuum packaging
apparatus ) Yes Yes Yes Yes
Vacuum degree (%) 70 70 70 70
Use of permanent
stabilization apparatus Yes Yes Yes Yes
Heating temperature (°C) 50 80 100 130

Model for conformity

Resin base

evaluation Resin base Resin base Resin base
Gap at central lofffﬁfes 80 90 90 90
portion of
Palate (Pm) 24 hours 1(}0 95 90 100
later
[0265]
[Table 13]

10 (Third embodiment)
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Example 35 Example 36 Example 37 Example 38
Tpe of O otus aptng D30 D30 D30 D30
Material of shaped body Cast Cast Cast Cast
Use of Zgggggtggckaging Yes Yes Yes Yes
Vacuum degree (%) 70 70 70 70
U £ t c
stabislei zoatipoerf“;a;;;ratus Yes Yes Yes Yes
Heating temperature (°C) 50 80 100 130
Model for conformity Metal base Metal base Metal base Metal base
10 minutes E
5 75 75 75
Gap at major later
connector (um)
24 hours 95 75 75 85
10 minutes -
minu 75 75 75 75
Gap at clasp
(pm) 24 h
L oours 90 80 75 85
10 minutes
70 70 70 70
Gap at rest tater ]
(pm) 24 hours
| hous 80 70 70 75
[0266]
[Table 14]
(Third embodiment)
Example 39 Example 40 Example 41 Example 42
T £ ical shapi
YPe o R rargs. oping D30 D30 D30 D30
Material of shaped body Cast Cast Cast Cast
Use of Zg;ggtggckaglng Yes Yes Yes Yes
vVacuum degree (%) 70 70 70 70
Use of permanent
stabilizatfon apparatus Yes Yes Yes Yes
Heating temperature :( °C) 50 80 100 130
Model for conformity Three-unit Three-unit Three-unit Three-unit
evaluation bridge bridge bridge bridge
10 minut
. v 50 50 50 50
Gap at margin
(pm)
24 hours
oo 60 50 50 55
[0267]
[Table 15]

(Third embodiment)
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Example 43 Example 44 Example 45 Example 46
T £ tical shapi
YPe O pparatus . orind D30 D30 D30 D30
Material of shaped body Base Base Base Base
Use of Z;ggggtgzckaglng Yes Yes Yes Yes
Vacuum degree (%) 70 70 70 70
Use of permanent
stabilizatfgn apparatus Yes Yes Yes Yes
Heating temperature (°C) 50 80 100 130

Model for conformity

Resin base

Resin base

Resin base

Resin base

evaluation
10 minutes
Gap at central later 95 85 9% 95
portion of
24 hours
palate (pm) lator 105 95 95 100
[0268]
[Table 16]
Example 47
Type of optical shaping D30
apparatus !
Material of shaped body Cast
Use of vacuum packagin
apparatus g Yes
Vacuum degree (%) 70
Use of permanent N
stabilization apparatus °
Heating temperature (°C) —
Model for conformity
evaluation Metal base
10 minutes 70
Gap at major later
connector (pm) 24 hours
later 125
10 minutes
75
Gap at clasp later
(pm) 24 hours
later 110
10 minutes
65
Gap at rest later
(pm) 24 hours
later 105

[0269]

[Table 17]
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Example 48 Example 49

Type of optical shaping
apparatus b3o D30
Material of shaped body Cast Base
Use of vacuum packaging
apparatus pes Yes
Vacuum degree (%) 70 70
Use of permanent
stabilizatfon apparatus No No
Heating temperature (°C) — e
Model for conformity Three-unit ;
evaluation bridge Resin base
10 minutes .
) later 45 -
Gap at margin
(pm)
K 24 hours 85
later 3 -
10 minutes - 90
Gap at central later
portion of
palate (um) 24 hours
later - 130
[0270]
[Table 18]
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Comparative

Example 5
Type of optical shaping 030
apparatus
Material of shaped body Cast
Use of vacuum packaging No
apparatus
Vacuum degree (%) o
Use of permanent No
stabilization apparatus
Heating temperature (°C) L
Model for conformity
evaluation Metal base
10 minutes
. later 600
Gap at major )
connector (um) 24 hours 630
later
10 minutes o~
later 750
Gap at clasp
(pm) 24 hours
later 820
10 minutes
850
Gap at rest later
(pm) ‘
24 hours
later 730

[0271]
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[Table 19]

Comparative Comparative
Example 6 Example 7
" Type of optical shapin
P apgaratus ping D30 D30
Material of shaped body Cast Base
Use of vacuum packaging
apparatus No No
Vacuum degree (%) — b
Use of permanent No No

stabilization apparatus

Heating temperature (°C) e

Model for conformity Three-unit Resin base

evaluation bridge
10 minutes
. later 200 -
Gap at margin
(pm)
24 hours
later 273 —
10 minutes . .
Gap at central later 600
portion of
palate (pm) | 24 hours _n
later 685
[0272]
The examples 47, 48, and 49 are the same as the

examples 5, 20, and 22 of the first embodiment, respectively.

[0273]

First, attention is paid to the examples 23 to 26, 35

to 38, 47 and the comparative example 5 that are regarding

the model 2 for a metal cast deﬁture base and the shaped

body 3 in a permanently stable state. Note that, in the

examples 23 to 26 and 35 to 38, the vacuum packaging

apparatus 13 1is used to adjust a vacuum degree, and the

heating apparatus 17 1is used to adjust heating temperature.

Meanwhile, in the example 47, the heating apparatus 17 is

not used. In addition, in the comparative example 5, the
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vacuum packaging apparatus 13 and the heating apparatus 17
are not used.
[0274]

As illustrated in Tables 10, 13, 16, and 18, gaps did
not substantially change at any of the major connector, the
clasp, and the rest even after 24 hours as compared to after
10 minutes in the examples 23 to 26 and 35 to 38, whereas
the gaps changed by 35 um or more at any of the major
connector, the clasp, and the rest after 24 hours in the
example 47 @and the comparative example 5.

[0275]

As described above, in the examples 23 to 26 and 35 to
38, the gaps were smaller after 24 hours as compared to the
example 47 and the comparative example 5. In addition, the
gaps remained 100 pm or less also after 24 hours in the
examples 23 to 26 and 35 to 38, which is clinically optimal.
[0276]

Next, attention is paid to fhe examples 27 to 30, 39
to 42, and 48 and the comparative example 6 that are
regarding the model 2D for a three-unit bridge and the shaped
body 3A. Note that, in the examples 27 to 30 and 39 to 42,
the vacuum packaging apparatus 13 is used to adjust a vacuum
degree, and the heating apparatus 17 1is used to adjust
heating temperature. Meanwhile, in the example 48, the

heating apparatus 17 1s not used. In addition, in the
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comparative example 6,‘the vacuum packaging apparatus 13 and
the heating apparatus 17 are not used.
[0277]

As illustrated in Tables 11, 14, 17, and 19, a gap at
a margin did not substantially change even after 24 hours as
compared to after 10 minutes in the examples 27 to 30 and 39
to 42, whereas a gap changed by 40 um or more after 24 hours
in the example 48 and the comparative example 6.

[0278]

Next, attention is paid to the examples 31 to 34, 43
to 46, and 49 and the comparative example 7 that are
regarding the model 2B for a resin base and the shaped body
3B. Note that, in the examples 31 to 34 and 43 to 46, the
vacuum packaging apparatus 13 1is used to adjust a vacuum
degree, and the heating apparatus 17 is used to adjust
heating temperature. Meanwhile, in the example 49, the
heating apparatus 17 1is not used. In addition, in the
comparative example 7, the vacuum packaging apparatus 13 and
the heating apparatus 17 are not used.

[0279]

As illustrated in Tables 12, 15, 17, and 19, gaps at
a central portion of a palate did not substantially change
even after 24 hours as compared to after 10 minutes in the
examples 31 to 34 and 43 to 46, whereas the gaps changed by

40 pm or more after 24 hours in the example 49 and the
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comparative example 7.
[0280]

As described above, in the examples 23 to 46, the gaps
between the model and the shaped body after 24 hours can be
reduced as compared to the examples 47 to 49 and the
comparative examples 5 to 7.

[0281]
(Fourth embodiment)

The manufacturing apparatus for and manufacturing
method for a prosthetic apparatus of a fourth embodiment
according to the present invention will be described.

[0282]

In the fourth embodiment, points different from the
first to third embodiments will be mainly described. In the
fourth embodiment, configurations the same as or equivalent
to configurations of the first to third embodiments will be
described with the same reference characters. In addition,
in the fourth embodiment, description overlapping with the
first to third embodiments will be omitted.

[0283]

In the fourth embodiment, a mode in which the first to

third embodiments are generalized will be described.
[0284]
FIG. 20 is a flowchart illustrating an example of a

production method for a shaped body 3 of the fourth
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embodiment according to the present invention. As
illustrated in FIG. 20, a production method for a shaped
body 3 of the fourth embodiment includes Steps ST31 to ST36.
[0285]

Step ST31 is an acquisition process of acquiring scan
data of a model that is a reproduction of at least a part of
an inside of an oral cavity of a patient. Step ST31 is
similar to Step STl in the first to third embodiments, and
therefore detailed description thereof is omitted.

[0286]

Step ST32 is a shape data creating process of creating
shape data of a shaped body for dental purpose on the basis
of the scan data. Step ST32 is similar to Step ST2 in the
first to third embodiments, and therefore detailed
description thereof is omitted.

[0287]

Step ST33 1is a shaped body production process of
producing a shaped body on the basis of the shape data. Step
ST33.includes production of a shaped body 5 in a first curing
state on the basis of the shape data by an optical shaping
apparatus 12. The shaped body 5 in the first curing state
is a shaped body in a semi-cured state produced by the
optical shaping apparatus 12, and is a shaped body cured to
such extent as to be deformed when force is applied. Note

that the production of the shaped body 5 in the first curing
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state 1is similar to Step ST3 in the first to third
embodiments.
[0288]

Step ST33 may further include production of the shaped
body in the second curing state cured more than in the first
curing state by emitting light on the shaped body 5 in the
first curing state with the light emission apparatus 14.
The production of a shaped body in the second curing state
is similar to Step ST24 in the third embodiment.

[0289]

Step ST34 is a covering process of attaching the shaped
body to the model 2 and covering at least a part of the
shaped body and at least a part of the model 2 with the film
6. In the covering process, the shaped body in the first
curing state may be covered with the film 6, or the shaped
body in the second curing state may be covered with the film
6. Step ST34 is similar to Step ST4 in the first and second
embodiments or Step ST25 in the third embodiment, and
therefore detailed description thereof is omitted.

[0290]

Step ST35 is an air release process of deforming the
film 6 by releasing air in the part covered with the film 6
to bring the shaped body into close contact with the model.
Step ST35 is similar to Step ST5 in the first and second

embodiments or Step ST26 in the third embodiment, and
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therefore detailed description thereof is omitted.
[0291]

Step ST36 is a curing process of curing the shaped
body, in a state where the shaped body is in close contact
with the model 2. The curing process includes at least
either of a light emission process of emitting light on the
shaped body in a state where the shaped body is in close
contact with the model 2, dr a heating process of heating
the shaped body in a state where the shaped body is in close
contact with the model 2.

[0292]

For example, in a case where the shaped body in the

first curing state is in close contact with the model 2 in

Step ST36, either one or both of the light emission process
and the heating process may be performed. 1In a case where
the shaped body in the second curing state is in close
contact with the model 2 in Step ST36, a heating process may
be performed.

[0293]

[Effects]

According to the fourth embodiment according to the
present invention, the following effects can be obtained.
[0294]

The manufacturing method for the prosthetic apparatus

4 includes an acquisition process ST31, a shape data creating
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process ST32, a shaped body production ‘process ST33, a
covering process ST34, an air release process ST35, and a
curing process ST36. The acquisition process ST31 acquires
scan data of a model that is a reproduction of at least a
part of the inside of the oral cavity of the patient. The
shape data creating process ST32 creates shape data of a
shaped body for dental purpose on the basis of the scan data.
The shaped body production process ST33 produces a shaped
body on the basis of the shape data. The covering process
ST34 attaches the shaped body to the model 2 and covers at
least a part of the shaped body and at least a part of the
model 2 with the film 6. The air release process ST35
releases air in the part covered with the film 6 to deform
the film 6 and bring the shaped body intoc close contact with
the model 2. The curing process ST36 cures the shaped body
in a state where the shaped body is in close contact with
the model 2.

[0295]

With such a configuration, the shaped body is cured in
close contact with the model 2, and therefore, warpage and
deformation due to shrinkage that occurs in the curing can
be reduced. Thus, conformity of the shaped body 3 to the
model 2 can be improved. As a result, conformity of the
prosthetic apparatus 4 to the inside of the oral cavity of

the patient can be improved.
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[0296]
(Fifth embodiment)

A covering apparatus of a fifth emboaiment according
to the present invention will be described.
[0297]

In the fifth embodiment, points different from the
first to fourth embodiments will be mainly described. In
the fifth embodiment, configurations the same as or
equivalent to configurations of the first to fourth
embodiments will be described with the same reference
characters. In addition, in the fifth embodiment,
description overlapping with the first to fourth embodiments
will be omitted.

[0298]

In the fifth embodiment, a vacuum packaging apparatus
13 will be described as an example of a covering apparatus
used in the first to fourth embodiments.

[0299]

FIG. 21 is a perspective view illustrating an example
of the vacuum packaging apparatus 13 of the fifth embodiment
according to the present invention. FIG. 22 1is another
perspective view 1illustrating an example of the vacuum
packaging apparatus 13 of the fifth embodiment according to
the present invention. FIG. 21 illustrates a state before

film 6 including the model 2 to which the shaped body 5 is
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attached is attached to the vacuum packaging apparatus 13.
FIG. 22 illustrates a state where the film 6 is attached to
the vacuum packaging apparatus 13 and air in the film 6 1is
released.

[0300]

As illustrated in FIGS. 21 and 22, the vacuum packaging
apparatus 13 includes a cover unit 40 and a main body unit
41. The cover unit 40 and the main body unit 41 are formed
in a plate shape having a longitudinal direction. In
addition, one end of the cover unit 40 in a shorter direction
and one end of the main body unit 41 in a shorter direction
are connected by a hinge. The cover unit 40 is rotatable
with respect to the main body unit 41 about the hinge. Thus,
the vacuum packaging apparatus 13 can achieve a state where
the cover unit 40 and the main body unit 41 are in contact
with each other and closed, and a state where the cover unit
40 and the main body unit 41 are separated from each other
and opened. That is, the cover unit 40 can be opened and
closed by moving the cover unit 40 with respect to the main
body unit 41.

[0301]

The cover unit 40 is provided with a first deaeration
groove 42 for deaeration. The first deaeration groove 42
extends in the longitudinal direction of the cover unit 40.

A pad 43 for sealing is disposed around the first deaeration
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groove 42. The pad 43 1is disposed over an entire
circumference of the first deaeration groovev42.
[0302]

The cover unit 40 includes a first sealing heater 44.
The first sealing heater 44 deforms and seals the film 6
with heat. The first sealing heater 44 extends in the
longitudinal direction of the cover unit 40 and is disposed
adjacent to the first deaeration groove 42. The first
sealing heater 44 functions as a sealing unit.

[0303]

The cover unit 40 is provided with a hole 45 into which
a switch 46 of the main body unit 41 to be described later
is inserted. When the cover unit 40 is closed, the switch
46 is inserted into the hole.

[0304]

The main body unit 41 includes the switch 46 that
controls the operation of the vacuum packaging apparatus 13.
Fér example, the switch 46 can control start‘and end of air
releasing.

[0305]

The main body unit 41 1is provided with a second
deaeration groove 47 for deaeration. The second deaeration
groove 47 extends in the longitudinal direction of the main
body unit 41. A pad 48 for sealing is disposed around the

second deaeration groove 47. The pad 48 is disposed over an
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entire circumference of the second deaeration groove 47.
When the cover unit 40 is closed, the first deaeration groove
42 and the second deaeration groove 47 communicate with each
other, and at the same time, the pads 43 and 48 seal the
first deaeration groove 42 and the second deaeration groove
47 between the cover unit 40 and the main body unit 41. Thus,
a closed space formed by the first deaeration groove 42 and’
the second deaeration groove 47 is formed.

[0306]

The second deaeration groove 47 is provided with a
deaeration port 49. Thus, the deaeration port 49 deaerates
air in the closed space formed by the first deaeration groove
42 and the second deaeration groove 47.

[0307]

The main body unit 41 includes a second sealing heater
50. The second sealing heater 50 deforms and seals film 6
with heat. The second sealing heater 50 extends in the
longitudinal direction of the main body unit 41 and is
disposed adjacent to the second deaeration groove 47. The
second sealing heater 50 functions as a sealing unit.

When the cover unit 40 is closed, the film 6 1is
sandwiched between the first sealing heater 44 of the cover
unit 40 and the second sealing heater 50 of the main body
unit 41. Thus, after the air inside the film 6 is released,

an opening 6a of the film 6 is closed by heat while the

123



10

15

20

25

opening 6a of the film 6 is being sealed.
[0308]

The main body unit 41 has a clip 51 that fixes the
film 6. In the fifth embodiment, the main body unit 41 has
two clips 51. The clips 51 fix the film 6 by sandwiching
the film 6. Specifically, the clips 51 sandwich the film 6
such that one end of the film 6 provided with the opening 6a
is disposed on the first deaeration groove 42 and the second
deaeration groove 47.

[0309]

FIG. 23 is a block diagram illustrating an example of
an internal configuration of the vacuum packaging apparatus
13 of the fifth embodiment according to the present invention.
As illustrated in FIG. 23, the vacuum packaging apparatus 13
includes an air releaser 15 that releases air and an adjuster
16 that adjusts a vacuum degree.

[0310]

The air releaser 15 includes a pump 52. The pump 52
is connected to the deaeration port 49 and an air release
port 53 via a pipe. The air release port 53 is provided
outside the main body unit 41, for example. The pump 52
sucks air from the deaeration port 49, and the pump 52 that
releases air from the air release port 53 releases air in
the closed space formed by the first deaeration groove 42

and the second deaeration groove 47 from the deaeration port
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49. Because one end of the film 6 ﬁrovided with the opening
6a is disposed in the space, the air in the film 6 is released.
[0311]

The adjuster 16 includes a vacuum sensor 54 and a
controller 55.

[0312]

The vacuum sensor 54 detects a vacuum degree in the
film 6. For example, the vacuum sensor 54 is disposed on a
pipe connecting the pump 52 and the deaeration port 409.
[0313]

The controller 55 controls the pump 52 on the basis of
a vacuum degree detected by the vacuum sensor 54.
Specifically, the controller 55 controls the pump 52 to
achieve a desired wvacuum degree. The controller 55
preferably/adjusts a vacuum degree of a part covered with
the film 6 to 40% or more and 95% or less.

[0314]

In addition, the controller 55»controls the sealing
heaters 44 and 50. Specifically, the controller 55 generates
heat by the sealing heaters 44 and 50 after reaching a
desired vacuum degree. Thus, the opening 6a of the film 6
can be closed.

[0315]
In addition, the controller 55 controls operation of

the vacuum packaging apparatus 13 by turning on/off the
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switch 46.
[0316]
[Effects]

According to the fifth embodiment according to the
present invention, the following effects can be obtained.
[0317]

A covering apparatus 13 1is an apparatus‘ used for
manufacturing a prosthetic apparatus 4, and includes the air
releaser 15 that releases air in the film 6 that covers at
least a part of the shaped body and at least a part of the
model 2. The air releaser 15 release air in the part covered
with the film 6 to deform the film 6 and bring the shaped
body into close contact with the model 2. With such a
configuration, with such a configuration, the shaped body
can be brought into close contact with and fixed to the model
2. Thus, i1t 1is possible to reduce chances of the shaped
body partially separating from the model 2. As a result,
conformity of the shaped body 3 to the model 2 can be improved,
and therefore conformity of the prosthetic apparatus 4 to an
inside of an oral cavity of a patient can be improved.
[0318]

Note that, in the fifth embodiment, a vacuum packaging
apparatus has been described as an example of the covering
apparatus 13, but the covering apparatus 13 is not limited

thereto. The covering apparatus 13 may be an apparatus that
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can release air in the film 6 and bring the shaped body into
close contact with the model 2.
[0319]

In the fifth embodiment, an example in which the
covering apparatus 13 includes the vacuum sensor 54 has been
described, but the present invention is not limited thereto.
The vacuum sensor 54 is not an essential configuration.
[0320]

(Sixth embodiment)

A manufacturing apparatus for and manufacturing method
for a prosthetic apparatus of a sixth embodiment according
to the present invention will be described.

[0321]

In the sixth embodiment, points different from the
first embodiment will be mainly described. In the sixth
embodiment, configurations the same as or equivalent to
configurations of the first embodiment will be described
with the same reference characters. In addition, in the
sixth embodiment, description overlapping with the first
embodiment will be omitted.

[0322]

FIG. 24 is a block diagram illustrating an example of
a manufacturing apparatus 1C for a prosthetic apparatus 4D
of the sixth embodiment according to the present invention.

FIG. 25 1s a flowchart illustrating an example of a
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manufacturing method for the prosthetic apparatus 4D of the
sixth embodiment according to the present invention.
[0323]

In the sixth embodiment, an example of manufactufing
the prosthetic apparatus 4D of a denture by producing a
shaped body 3C of a denture base and bonding artificial teeth
to the produced shaped body 3C will be described.

[0324]

The sixth embodiment is different from the first
embodiment in that the manufacturing apparatus 1C includes
a bonding apparatus 22 and a processing apparatus 23. In
addition, the sixth embodiment is different from the first
embodiment 1in that the manufacturing method includes a
bonding process ST47 and a processing process ST48.

[0325]

‘'The manufacturing apparatus 1C manufactures a denture
as the prosthetic apparatus 4D. The denture is, for example,
a denture base such as a resin base to which artificial teeth
are bonded (refer to FIG. 30). In the manufacturing
apparatus 1C, the shaped body 3C of a denture base 1is
produced (refer to FIG. 28), and prefabricated artificial
teeth 8 are bonded to the shaped body 3C as the denture base
(refer to FIG. 29). Thus, a denture is manufactured.

[0326]

As illustrated in FIG. 24, the manufacturing apparatus
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1C includes the bonding apparatus 22 and the processing
apparatus 23.
[0327]

The bonding apparatus 22 is an apparatus that bonds an
artificial tooth to the denture base which is the shaped
body 3C produced by a production apparatus 10. For example,
the bonding apparatus 22 may be a dispenser that applies a
bonding material for bonding the artificial tooth and the
shaped body 3C. Alternatively, the bonding apparatus 22 may
be a brush for applying a bonding material. Note that the
bonding apparatus 22 is not limited to the dispenser and the
brush. The bonding apparatus 22 may be an apparatus capable
of applying a bonding material. The bonding material is not
particularly limited, and curable resin, such as
photopolymerizable resin that is a material used for a 3D
pfinter or powder-liquid type autopolymerizing resin, can be
used.

[0328]

The processing apparatus 23 1s an apparatus that
processes the shaped body 3C to which the artificial teeth
are bonded. For example, the processing apparatus 23
performs a finishing process by cutting the shaped body 3C
to which the artificial teeth are ‘bonded. Thus, the
prosthetic apparatus 4D of a denture is completed.

[0329]

129



10

15

20

25

Next, an example of a manufacturing method for the
prosthetic apparatus 4D will be described by using FIG. 25.
Note that Steps ST41 to ST46 illustrated in FIG. 25 are
similar to Steps STl to ST6 illustrated in FIG. 6 of the
first embodiment, and therefore detailed description thereof
is omitted.

[0330]

As illustrated in FIG. 25, Step ST41 is an acquisition
process of acquiring scan data of a model that 1is a
reproduction of at least a part of an inside of an oral
cavity of a patient. FIG. 26 is a schematic diagram
illustrating an example of a model 2E. The model 2E
illustrated in FIG. 26 is a model that is a reproduction of
an inside of an oral cavity of an edentulous upper jaw. In
Step ST41, scan data of the model 2E is acquired by a scanning
apparatus 21.

[0331]

Step ST42 is a shape data creating process of creating

shape data of a shaped body for a denture on the basis of

the scan data. Specifically, in Step ST42, a shape data

creating apparatus 11 creates shape data of the denture base.

The shape data may include shape data of an artificial tooth
in addition to shape data of a denture base. As the shape
data of the artificial tooth, for example, data of a

prefabricated artificial tooth may be adopted. The
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prefabricated artificial tooth is a ready-made artificial
tooth of which shape is previously determined.
[0332]

Step ST43 is a shaped body production process of
producing the shaped body in the semi-cured state on the
basis of the shape data. 1In Step ST43, the optical shaping

apparatus 12 produces a shaped body in a first curing state,

that is, a shaped body in a first curing state in a semi-

cured state, on the basis of the shape data of the denture
base, the data being prepared in Step ST42. FIG. 27 is a
schematic diagram illustrating an example of a shaped body
S5A in a semi-cured state. The example illustrated in FIG.
27 illustrates the shaped body 5A of a denture base to which
ready-made artificial teeth are bonded. As illustrated in
FIG. 27, the shaped body 5A in the semi-cured state has a
shape of the denture base to be attached to the model 2E. A
plurality of recesses 7 on which a plurality of artificial
teeth 1s to be disposed is formed in the shaped body 5A.
The plurality of recesses 7 has shapes corresponding to
respective shapes of the plurality of artificial teeth.
Specifically, the plurality of recesses 7 1s recessed
according to a shape of foundations of the plurality of
artificial teeth. In addition, each of the recesses 7 1is
formed with a projection 7a for positioning, which is to be

inserted into a positioning hole provided in each of the

131



10

15

20

25

foundations of the artificial teeth.
[0333]

Step ST44 is a covering process of attaching the shaped
body 5A to the model 2E and covering the shaped body 5A and
of the model 2E with the film 6. FIG. 28 is a schematic
diagram illustrating an example of a state where the shaped
body 5A in the semi-cured state is attached to the model 2E.
As illustrated in FIG. 28, in Step ST44, in a state where
the shaped body 5A shaped in Step ST43 is attached to the
model 2E, the vacuum packaging apparatus 13 covers the shaped
body 5A and the model 2E with the film 6.

[0334]

Step ST45 is an‘air release process of releasing air
in the part covered with the film 6 to deform the film 6 and
bring the shaped body 5A into close contact with the model
2E.

[0335]

Step ST45 may include an adjustment process of
adjusting a vacuum degree of the part covered with the film
6. For example, in the adjustment process, a vacuum degree
of the part covered with the film 6 is adjusted to 40% or
more and 99.9% or less by an adjuster 16 of the vacuum
packaging apparatus 13. Preferably, in the adjustment
process, a vacuum degree of the part covered with the film

6 is adjusted to 50% or more and 99.9% or less. More
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preferably, in the adjustment process, a vacuum degree of
the part covered with the film 6 is adjusted to 60% or more
and 99.9% or less.

[0336]

In Step ST45, after the air in the part covered with
the film 6 is released, the sealing unit of the vacuum
packaging apparatus 13 seals the film 6. Thus, the shaped
body 5A and the model 2E remain in close contact with each
other.

[0337]

Step ST46 is a curing process (light emission process)
of curing the shaped body 5A by emitting light on the shaped
body 5A in a state where the shaped body 5A is in close
contact with the model 2E. In Step ST46, the light emission
apparatus 14 emits light on the shaped body 5A in the semi-
cured state, in a state where the shaped body 5 is in close
contact with the model 2E. Thus, the shaped body 5A in the
semi-cured state is cured. As a result, a shaped body 3C in
a final cured state is produced. Tﬁat is, the shaped body
3C in the second curing state obtained by further curing the
shaped body 5A in the first curing state is produced.

[0338]

Step ST47 is a bonding process of bonding artificial

teeth to the shaped body 3C. FIG. 29 is a schematic diagram

illustrating an example of a state where a plurality of
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artificial teeth 8 is bonded to the shaped body 3C of a
denture base. Note that, in the example illustrated in FIG.

29, the artificial teeth 8 are prefabricated artificial teeth.
As 1illustrated in FIG. 29, in Step ST47, the Dbonding
apparatus 22 bonds the plurality of artificial teeth 8 to
the shaped body 3C. Specifically, the bonding apparatus 22

applies the bonding material to the plurality of recesses 7

provided on the shaped body 3C, and disposes the plurality
of artificial teeth 8 on the plurality of recesses 7. By
the bonding material being hardened, the shaped body 3C to
which the artificial teeth are bonded is produced.

[0339]

In Step ST48, the shaped body 3C to which the
artificial teeth are bonded is subjected to a finishing
process. In Step ST48, the processing apparatus 23 performs
a process such as cutting the shaped body 3C produced in
Step ST47. Thus, the prosthetic apparatus 4D of a denture
is completed. FIG. 30 is a schematic diagram illustrating
an example of the prosthetic apparatus 4D of a denture. As
illustrated in FIG. 30, after the finishing process, the
prosthetic apparatus 4D 1is removed from the model 2E, by
which the prosthetic apparatus 4D of a denture is completed.
[0340]

As described above, in the manufacturing method for

the prosthetic apparatus 4D of a denture, the prosthetic
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apparatus 4D of a denture can be manufactured by performing
Steps ST41 to ST48.

[0341]

[Effects]

According to the sixth embodiment according to the
present invention, the following effects can be obtained.
[0342]

In the manufacturing apparatus 1cC for and
manufacturing method for the prosthetic apparatus 4D, the
prosthetic apparatus 4D of a denture can be manufactured by
producing the shaped body 3C of a denture base and bonding
the artificial teeth 8 to the produced shaped body 3C. 1In
addition, according to the manufacturing apparatus 1C and
the manufacturing method, an amount of residual monomer can
be reduced, and conformity of the prosthetic apparatus 4D of
a denture can be improved.

[0343]

Specifically, because the shaped body 5A of a denture
base in the semi-cured state is cured to the shaped body 3C
in the final cured state in a state where the shaped body 5A
is in close contact with the model 2E, warpage and
deformation due to shrinkage that occurs in the curing can
be reduced.

[0344]

In an air release process ST45, air in the film 6 is
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released by the vacuum packaging apparatus 13 in a state
where the shaped body 5A and the model 2E are covered with
the film 6. Thus, polymerization is performed in a state
where oxygen as a polymerization inhibitor is removed
together with air, the polymerization is promoted, and an
amount of residual monomer can be reduced.

[0345]

Note that, in the sixth embodiment, an example has
been described in which the manufacturing apparatus 1C and
the manufacturing method manufacture a maxillary denture as
the prosthetic apparatus 4D, but the present invention is
not limited thereto. For example, the manufacturing
apparatus 1C and the manufacturing method may manufacture a
mandibular denture as the prosthetic apparatus 4D.

[0346]

In the sixth embodiment, an example has been described
in which the artificial teeth 8 are préfabricated artificial
teeth which are ready-made artificial teeth, but the
artificial teeth 8 are not limited thereto. The artificial
teeth 8 may not be ready-made artificial teeth, but shaped
artificial teeth. For example, the artificial teeth 8 may
be shaped artificial teeth shaped by the shape data creating
apparatus 11 and the optical shaping apparatus 12.
Alternatively, the shaped artificial teeth may be éhaped by

an apparatus different from a production apparatus 10C.
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[0347]

For example, the shape data creating apparatus 11 may
create shape data of the shaped artificial teeth. For
example, the shape data creating apparatus 11 may create
shape data of artificial teeth having a shape suitable for
the‘inside of the oral cavity of the patient. The optical
shaping apparatus 12 may shape the shaped artificial teeth
on the basis of the shape data of the artificial teeth.
created by the shape data creating apparatus 11. Thus, a
finishing process for the artificial teeth by the processing
apparatus 23 can be omitted.

[0348]

The manufacturing method for the prosthetic apparatus
4D may include a step of producing shaped artificial teeth.
With such a configuration, a denture base and the artificial
teeth can be produced, and therefore, the prosthetic
apparatus 4D of a denture can be easily manufactured.

[0349]

In the sixth embodiment, an example has been described
in which the plurality of artificial teeth 8 is separated
from each other, but the artificial teeth 8 are not limited
thereto. A plurality of artificial teeth may be connected
to one another. For example, 1in a case of shaping a
plurality of artificial teeth, it is preferable to shape

connected artificial teeth obtained by connecting a
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plurality of artificial teeth to one another.
[0350]

FIG. 31 is a schematic diagram illustrating an example
of connected artificial teeth 9 in which a plurality of
shaped artificial teeth 8a is connected to one another. FIG.
31 illustrates the connected artificial teeth 9 in which six
teeth, which are front teeth, are connected to one another.
The front teeth include central incisors, lateral incisors,
and canines. As illustrated in FIG. 31, the plurality of
shaped artificial teeth 8a may be connected to one another
by connection parts 8b. A connection part 8b is formed
between two adjacent shaped artificial teeth 8a. The
connection parts 8b are shaped together when the plurality
of shaped artificial teeth 8a is shaped. For this reason,
the plurality of shaped artificial teeth 8a and the
connection parts 8b are integrally formed. In addition, the
connection parts 8b define arrangement of the plurality of
shaped artificial teeth 8a. In the example illustrated in
FIG. 31, the plurality of shaped artificial teeth 8a is
connected in a state of being arranged in an arch shape by
the connection parts 8b. By using such connected artificial
teeth 9, the plurality of shaped artificial teeth 8a can be
easily disposed and bonded to the shaped body 3C of a denture
base.

[0351]
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In the sixth embodiment, an example has been described
in which a projection 7a is provided on each of the plurality
of recesses 7 of the shaped body 3C, but the present
invention is not limited thereto. A projection 7a may not
be provided on a recess 7 of the shaped body 3C.

[0352]

In the sixth embodiment, an example has been described
in which the plurality of recesses 7 of the shaped body 3C
includes shapes corresponding to shapes of the foundations
of the plurality of prefabricated artificial teeth 8, but
the present invention is not limited thereto. The plurality
of recesses 7 may be changed according to the shapes of the
plurality of artificial teeth to be disposed. For example,
the plurality of recesses 7 may include shapes corresponding
to the shapes of the foundations of the plurality of shaped
artificial teeth 8a. Alternatively, the plurality of
recesses 7 may include shapes corresponding to the shapes of
the foundations of the connected artificial teeth 9 in which
the plurality of shaped artificial teeth 8a is connected.
[0353]

FIG. 32 is a schematic diagram illustrating another
example of the shaped body of a denture base. FIG. 32
illustrates a shaped body 3D of a denture base to which the
connected artificial teeth 9 are to be bonded. As

illustrated in FIG. 32, in the shaped body 3D, recesses 7A
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on which the connected artificial teeth 9 are to be disposed
have a shape corresponding to shapes of foundations of the
connected artificial teeth 9. Specifically, the recesses 7A
are recessed according to shapes of foundations of the
plurality of shaped artificial teeth 8a and of connection
parts Sb. As described above, the shaped body 3D of a
denture base may include recesses 7A corresponding to the
connected artificial teeth 9.

[0354]

In the sixth embodiment, an example in which the
manufacturing apparatus 1C includes the processing apparatus
23 has been described, but the present invention is not
limited thereto. The manufacturing apparatus 1C may not
include the processing apparatus 23. In addition, an example
has been described in which the manufacturing method for the
prosthetic apparatus 4D includes Step ST48 as a finishing
process, but the manufacturing method is not limited thereto.
The manufacturing method for the prosthetic apparatus 4D may
not 1include Step ST48. That 1is, Step ST48 1s not an
essential configuration.

[0355]

In the sixth embodiment, an example has been described
in which the bonding apparatus 22 is an apparatus different
from the production apparatus 10, but the bonding apparatus

22 is not limited thereto. The bonding apparatus 22 may be
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included in the production apparatus 10. In addition, an
example has been described in which Step ST47 as a bonding
prdcess is performed after producing the shaped body 3C, but
the present invention is not limited thereto.

[0356]

FIG. 33 1s a block diagram illustrating another example
of a manufacturing apparatus 1D for a prosthetic apparatus
4D of the sixth embodiment according to the present invention.
As illustrated in FIG. 33, in the manufacturing apparatus
1D, the production apparatus 10C may include the bonding
apparatus 22. In addition, in the manufacturing apparatus
1D, the bonding apparatus 22 may bond a plurality of
artificial teeth to a shaped body in a semi-cured state
produced by the optical shaping apparatus 12.

[0357]

FIG. 34 is a flowchart illustrating another example of
a manufacturing method for the prosthetic apparatus of the
sixth embodiment according to the present invention. Steps
ST41 to ST46 and ST48 illustrated in FIG. 34 are similar to
Steps ST41 to ST46 and ST48 illustrated in FIG. 25. As

illustrated in FIG. 34, Step ST47A, which is a bonding

‘process of bonding artificial teeth, may be performed after

Step ST43 and before Step ST44.
[0358]

FIG. 35 is a schematic diagram illustrating an example
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of a state where artificial teeth are bonded to the shaped
body 5A in the semi-cured state. As illustrated in FIG. 35,
in Step ST47A, a plurality of artificial teeth 8 may be
bonded to the shaped body 5A in the semi-cured state produced
in Step ST43. As described above, in the example illustrated
in FIG. 35, the plurality of artificial teeth 8 are bonded
to the shaped body 5A in the semi-cured state, and therefore,
the shaped body 3D finally produced by the production
apparatus 10C is a denture such as a resin base denture.
The shaped body 3D of a denture is subjected to a finishing
process by the processing apparatus 23. Thus, the prosthetic
apparatus 4D of a denture is completed. With such a
configuration alsb, an amount of residual monomer can be
reduced, and conformity of the prosthetic apparatus 4D of a
denture can be improved.

[0359]

In the sixth embodiment, an example has been described
in which the prosthetic apparatus 4D of a denture 1is
manufactured by using the manufacturing method in the first
embodiment, but the present invention is not limited thereto.
The prosthetic apparatus 4D of a denture may be manufactured
by using any one of the manufacturing methods in the first
to fourth embodiments.

[0360]

(Examples)
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The manufacturing apparatus 1C for and a manufacturing
method for the prosthetic apparatus 4D will be further
described on the basis of examples, but the present invention
is not limited to the following examples.

[0361]

Hereinafter, conditions of the examples will be

described.

[0362]

[Conditions of examples]
<Optical shaping apparatus>

As the optical shaping apparatus 12, D30 of the DLP
method (manufactured by Rapid Shape) was used.
[0363]
<Material forming shaped body>

Base (manufactured by NextDent, materialﬁ acrylate
resin) was used as a material that forms a shaped body for
a denture base.

[0364]
<Artificial teeth>

As artificial teeth, prefabricated artificial teeth 8,
which are ready-made artificial teeth, and shaped artificial
teeth 8a shaped by an optical shaping apparatus were used.
Used as the prefabricated artificial teeth 8 are Veracia SA
ANTERIOR (shade: A3, shape: ST5) and Veracia SA POSTERIOR

(shade: A3, shape: S30) that are manufactured by SHOFU INC.
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Used as the shaped artificial teeth 8a are shaped artificial
teeth shaped into shapes of Veracia SA manufactured by SHOFU
INC., by using C&B (manufactured by NextDent, material:
acrylate resin) that is a C&B material for an thical shaping
apparatus.
[0365]
<Bonding material>

PROVINICE (shade: 3S) manufactured by SHOFU INC. was
used as a bonding material for bonding the artificial teeth
and the shaped body of a denture base.
[0366]
<Film>

Hiryu N-5NP, which is a standard bag with magic cut
(manufactured by Asahi Kasei Pax, material: nylon,
polyethylene) was used.
[0367]
<Light emission apparatus>

LC-3DPrint Box (manufactured by NextDent) was used.
[0368]
<Ultrasonic cleaning apparatus>

SUC-70 (manufactured by SHOFU INC.) was used.
[0369]

Evaluation samples for examples 50 to 58 and
comparative examples 8 to 10 were prepared by the following

procedure.
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[0370]
[Production of conformity evaluation samples]
<Example 50>

In the example 50, by using the production apparatus
10C of the sixth embodiment, the shaped body 3C having a
shape of a denture base was produced as a conformity
evaluation sample. In the example 51, the shaped body 3C
was produced by performing Steps ST41 to ST46 illustrated in
FIG. 25.

[0371]

Specifically, shape data of a shaped body for a denture
is prepared according to the model 2E by the shape data
creating apparatus 11. On the basis of the created shape
data, the shaped body 5A in the semi-cured state illustrated
in FIG. 27 was shaped by the optical shaping apparatus 12 on
the basis of an instruction manual of each material or a
condition initially set. The shaped body 5A in the semi-
cured state was subjected to ultrasonic cieaning in Isopropyl
alcohol. The wultrasonic cleaning was performed for five
minutes for each of primary cleaning and secondary cleaning.
[0372]

Next, a support was removed, and the shaped body 5A in
the semi-cured state was attached to the model 2E as
illustrated in FIG. 28. The shaped body 5A in the semi-

cured state and the model 2E were covered with the film 6,
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and air in the part covered with the film 6 was released by
the vacuum packaging apparatus 13 to bring the shaped body
5A in the semi-cured state and the model 2E into close
contact with each other. The shaped body 5A in the semi-
cured state was subjected to light emission (post-curing) by
the light emission apparatus 14 for 15 minutes, in a state
where the shaped body 5A and the model 2E were in close
contact with each other. The shaped body 3C subjected to
the light emission was removed from the film 6, and a back
surface (mucosal surface) of the shaped quy 3C was subjected
to light'emission for another 15 minutes to produce the
shaped body 3C of a denture base.
[0373] |
<Example 51>

In the example 51, a denture to which prefabricated
artificial teeth 8 were bonded was produced by performing
Steps ST41 to ST48 illustrated in FIG. 25. 1In the example
51, a shaped body 3C of a denture base for prefabricated
artificial teeth 8 was manufactured as similar to the example
50, and prefabricated artificial teeth were bonded to the
produced shaped body 3C to produce a denture. Specifically,
powder-liquid mixture PROVINICE manufactured by SHOFU INC.
was applied as a bonding material to the plurality of
recesses 7 of the produced shaped body 3C. Subsequently,

Veracia SA manufactured by SHOFU INC. as ready-made
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artificial teéth was pressed against the plurality of
recesses 7 and cured at room temperature to produce a denture
to which the prefabricated artificial teeth 8 was bonded.
[0374]
<Example 52>

In the example 52, a denture to which shaped artificial
teeth 8a were bonded was produced by performing Steps ST41
to ST48 illustrated in FIG. 25. In the example 52, a shaped
body 3D of a denture base for shaped artificial teeth 8a was
produced as similar to the example 50, and artificial teeth
for shaping were bonded to the produced shaped body 3D to
produce a denture. Specifically, a 3D printer ligquid "Base
(manufactured by NextDent)" was applied to the plurality of
recesses /A of the produced shaped body 3D. Subsequently,
the shaped artificial teeth 8a were pressed against the
plurality of recesses 7A and subjected to light emission for
five minutes to produce a denture to which the shaped
artificial teeth 8a were bonded.
[0375]
<Example 53>

In the example 53, a denture to which the prefabricated
artificial teeth 8 were bonded was produced in a similar
méthod to the example 51, except that shaping was performed
with an overcure value, which was initially set for the

optical shaping apparatus 12, being changed from 100% to 80%,
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and the shaped body 5A in the semi-cured state illustrated
in FIG. 27 was shaped. Note that the overcure value is a
setting value for D30 (manufactured by Rapid Shape).

Polymerization time can be changed by changing the overcure

value. The greater the overcure value, the longer the
polymerization time. The smaller the overcure value, the
shorter the polymerization time. In the example 53, the

polymerization time was shortened as compared to the example
51 by changing the overcure value from 100% to 80%.
[0376]
<Example 54>

In the example 54, a denture to which the prefabricated
artificial teeth 8 were bonded was produced as similar to
the example 53, except that shaping was performed with an
overcure value, which was initially Set for the optical
shaping apparatus 12, being changed from 100% to 120%. 1In
the example 54, the polymerization time was elongated as
compared to the example 51 by changing the overcure value
from 100% to 120%.
[0377]
<Example 55>

In the example 55, a denture to which the prefabricated
artificial teeth 8 were bonded was produced in a similar
method to the example 51, except that a vacuum degree of the

vacuum packaging apparatus 13 was set to 50%.
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[0378]
<Example 56>

In the example 56, a denture to which the prefabricated
artificial teeth 8 were bonded was produced in a similar
method to the example 55, except that a vacuum degree of the
vacuum packaging apparatus 13 was set to 80%.
[0379]
<Example 57>

In the example 57, a denture to which the prefabricated
artificial teeth 8 were bonded was produced in a similar
method to the example 55, except that a vacuum degree of the
vacuum packaging apparatus 13 was set to 98.9%.
[0380]
<Example 58>

In the example 58, a denture to which prefabricated
artificial teeth 8 were bonded was produced by performing
Steps ST41 to ST48 illustrated in FIG. 34. Specifically,
shape data of a shaped body for a denture was created
according to the model 2E by the shape data creating
apparatus 1l. On the basis of the created shape data, the
shaped body 5A in the semi-cured state illustrated in FIG.
27 was shaped by the optical shaping apparatus 12 on the
basis of an instruction manual of each material or a
condition initially set. The shaped body 5A in the semi-

cured state was subjected to ultrasonic cleaning in Isopropyl
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alcohol. The ultrésonic cleaning was performed for five
minutes for each of primary cleaning and secondary cleaning.
Powder-liquid mixture PROVINICE manufactured by SHOFU INC.
was applied as a bonding material to the plurality of
recesses 7 of the shaped body 5A in the semi-cured state.
Subsequently, Veracia SA manufactured by SHOFU INC. as ready-
made artificial teeth was pressed against the plurality of
recesses 7 and cured at room temperature to produce the
shaped body 5A 1in the semi-cured state to which the
prefabricated artificial teeth 8 illustrated in FIG. 35 was
bonded.

[0381]

Next, the shaped body 5A in the semi-cured state to
which the prefabricated artificial teeth 8 were bonded was
attached to the model 2E. The shaped body 5A in the semi-
cured state and the model 2E were covered with the film 6,
and air in the part covered with the film 6 was released by
the vacuum packaging apparatus 13 to bring the shaped body
5A in the semi-cured state and the model 2E into close
contact with each other. The shaped body 5A in the semi-
cured state was subjected to light emission (post-curing) by
the light emission apparatus 14 for 15 minutes, in a state
where the shaped body 5A and the model 2E were in close
contact with each other. The shaped body 3E subjected to

the light emission was removed from the film 6, and a back
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surface (mucosal surface) of the shaped body 3E was subjected
to light emission for another 15.ndnutes to produce the
shaped body 3E of a denture base.
[0382]
<Comparative example 8>

In the comparative example 8, a denture to which the
prefabricated artificial teeth 8 were bonded was produced as
similar to the example 51, except that the vacuum packaging
apparatus 13 was not used. The comparative examplé 8 is
different from the example 51 in that the shaped body 5A in
the semi-cured state, which is attached to the model 2E and
not covered by the film 6, was subjected to light emission
(post-curing) by the light emission apparatus 14 for 15
minutes.
[0383]
<Comparative example 9>

In the comparative example 9, a denture to which the
prefabricated artificial teeth 8 were bonded was produced as
similar to the example 58, except that the vacuum packaging
apparatus 13 was not used. The comparative example 9 1is
different from the example 58 in that the shaped body 5A in
the semi-cured state to which the prefabricated artificial
teeth 8 were bonded, which is attached to the model 2E and
not covered by the film 6, was subjected to light emission

(post-curing) by the light emission apparatus 14 for 15
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minutes.
[0384]
<Comparative example 10>

In the comparative example 10, a denture to which the
shaped artificial teeth 8a were bonded was produced as
similar to the example 52, except that the vacuum packaging
apparatus 13 was not used. The comparative example 10 is
different from the example 52 in that the shaped body 5A in
the semi-cured state, which is attached to the model 2E and
not covered by the film 6, was subjected to light emission
(post-curing) by the light emission apparatus 14 for 15
minutes.

[0385]
[Production of polymerization rate evaluation sample in
semi-cured state]

A round base of ¢ 15 mm x 1 mm was shaped by using the
optical shaping apparatus 12. The shaped body in the semi-
cured state was subjected to ultrasonic cleaning in Isopropyl
alcohol. The ultrasonic cleaning was performed for five
minutes for each of primary cleaning and secondary cleaning.
A support was removed, and this was used for polymerization
rate evaluation of a shaped body in a semi-cured state.
[0386]

[Production of polymerization rate evaluation samples in

final cured state and residual monomer extraction ratio
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evaluation samples]

Polymerization rate evaluation samples in a final
cured state and residual monomer extraction ratio evaluation
samples had the same shape, and were produced by the
following method.

[0387]
(Forms of examples)

A sample for which polymerization rate evaluation in
a semi-cured state was completed was used as 1is. A round
base sample for which polymerization rate evaluation in a
semi-cured state was completed was placed on a plaster
adjusted to dimensions of 40 mm X 40 mm x 10 mm. The plasfer
and the round base were covered with the film 6, and air in
a part covered with the film 6 was released by the vacuum
packaging apparatus 13 to bring the plaster and the round
into close contact with each other. Thereafter, the plaster
and the round base remaining in close contact with each other
were subjected to light emission (post-curing) by the light
emission apparatus 14 for 15 minutes. After the shaped body
subjected to light emission was removed from the film 6, a
back surface of the round base (surface not directly
irradiated with light) was subjected to light emission for
another 15 minutes, and this was used as a sample for
polymerization rate evaluation of a shaped body in a final

cured state or as a residual monomer extraction ratio

153



10

15

20

25

evaluation sample.
[0388]
(Forms of comparative examples)

A sample for which pélymerization rate evaluation in
a semi-cured state was completed was used as is. A round
base sample for which polymerization rate evaluation in a
semi-cured state was completed was placed on a plaster
adjusted to dimensions of 40 mm x 40 mm x 10 mm. Light
emission (post-curing) was performed by the light emission
apparatus 14 for 15 minutes. Thereafter, a back surface of
the round base (surface not directly irradiated with light)
was subjected to light emission for another 15 minutes, and
this was used as a sample for polymerization rate evaluation
of a shaped body in a final cured state or as a residual
monomer extraction ratio evaluation sample.

[0389]
[Conformity evaluation method]

Each of the dentures and denture bases produced in the
examples 50 to 58 and the comparative examples 8 to 10 was
attached to ﬁhe model 2E illustrated in FIG. 26, and gaps
between the denture and denture base and the model 2E were
measured. FINE CHECKER (manufactured by SHOFU INC.) was
used to measure thé gaps of a complete denture, and a
greatest value among measurement values of a central portion

was measured. The gaps are clinically acceptable to be 500
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um or less, and more preferably 200 um or less.
[0390]
[Polymerization rate evaluation method]

By using Fourier Transform Infrared Spectrometer FT-
IR 6300 (manufactured by JASCO Corporation), peak intensity
attributed to C = C at around 6150 cm! was measured for
resin material of a shaped body before shaping, a shaped
body 5A in a semi-cured state, and shaped bodies 3C and 3D
in a final cured state. A polymerization rate was calculated
from a ratio of peak intensity between a. shaped body and
resin liquid material. The polymerization rate was
calculated by the following mathematical formula.

[0391]

polymerization rate (%) = (1 - (PS1/PS2)) x 100
[0392]

Here, PS1 represents peak intensity of the shaped body,
and PS2 represents peak intensity of the resin 1liquid
material.

[0393]
[Residual monomer extraction ratio evaluation method]

A shaped body and a glass container were weighed in
advance. One shaped body was placed in the glass container,
acetone was added to the glass container so as to be 10 mL
per 1 g of the shaped body, and then the glass container was

shaken at a rate of 100 rpm by using a shaker at room
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temperature for 24 hours. After completion of the shaking,
the shaped body was removed from the glass container, and
liquid remaining in the glass container was used as
extraction 1liquid. The extraction liquid in the glass
5 container was dried in a dryer at 70°C for 24 hours, and
then allowed to cool to room temperature. Total weight of
the dried extraction liquid and the glass container is
defined as dry weight, and weight of the glass container is
defined as tare weight. An extraction émount was calculated
10 from difference between the dry weight and the tare weight,
and an extraction rate was calculated with the following
mathematical formula.
[0394]
Extraction rate (%) = (Mgl/Mg2) x 100
15 [0395]
Here, Mgl represents an extraction amount (g), and Mg2

represents weight of a shaped body (g).

[0396]
Evaluation results are illustrated in Tables 20 to 22
20 below.
[0397]
[Table 20]
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Example 50 | Example 51 | Example 52 Example 53 Example 54
Type of optical
shaping Dao Dao Dao D30 D30
apparatus
Material of ) )
shaped body Base Base Base Base Base
Use of vacuum
packaging Yes Yes Yes Yes Yes
apparatus
Vacuum degree 63 65 65 65 65
Shape at
measurement Denture base Denture Denture Denture Denture
P Préfabricated Shaped Prefabricated}Prefabricated
Arg&fﬁgfal — artificial artificial artificial artificial
ee teeth teeth teeth teeth
Bonding order _- After post- After post- After post- After post-
curing curing curing curing
Po%ymﬁrizgtéog rate »
Gemi-cared state 52 75 73 67 80
(%)
Polymﬁrizgt]ioog rate
£ i “
ginzlagf(lgt)ados{aflzg ’Q,’;) 56 94 95 95
Extraction rate of ) )
¢ Shaped body in 0.014 0.016 0.016 0.013 0.013
(%)
Gap at central
portion( Of) palate 120 120 180 100 130
um
[0398]
[Table 21]
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Example 55 | Example 56 | Example 57 Example 58
Type of optical
shaping D30 D30 D30 D30
apparatus
Material of
shaped body Base Base Base Base
Use of vacuum
packaging Yes Yes Yes Yes
apparatus
Vacuum degree 50 80 89 9 65
m52§§¥2£2;t Denture Denture Denture Denture
ficial Prefabricated | Prefabricatedj Prefabricated] Prefabricated
Ar%z;gﬁa artificial artificial artificial artificial
teeth teeth teeth teeth
Bonding order After post— After post- After post- Aftgr
curing curing curing shaping
Pelymerization rate »
f sh d body i 3 ”
Gemi -""é’u‘}ee)d State 75 7% 75 15
Po%ymﬁrization rate
d body i
gin:lagﬁredosgatg 93 96 9? 95
(%)
Extraction rate of
haped b i .
£ isn aalp ecureoc;jystla?: e 0.02 0.011 0.009 6.015
(%)
Gap at central
portion of palate 180 180 80 1268
(um)
[0399]
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[Table 22]

Comparative | Comparative } Comparative
Example 8 Example 9 Example 10

Type of optical

shaping D3o D30 D30
apparatus
Material of '
shaped body Base Base Base
Polymerization rate
f shaped body in - e -
<)semi—r:pured sfatle 75 T5 i
Use of vacuum
packaging No No No
apparatus
Vacuum degree e o ——
mé§§§¥2£§;t Denture Denture Denture
Artificial Prefabricated | Prefabricated Shaped
r{;;ﬁ?a artificial artificial artificial
) teeth teeth teeth
Bonding order After POSt_ After shaping After POSt_
curing curing

Polymerization rate :
of shaped body in - - -
semi-cured state 75 5 19

(%)

Polymerizatl‘:;og rate

of shaped body in .

final cured state 90 91 B9
(%)

Extraction rate of

shaped body in 0.079 0.004 $.086

final cured state
(%)

Gap at central
portion of palate . 540 B8O 570
(pm)

[0400]

Only presence or absence of use of a vacuum apparatus
is different between the example 51 and the comparative
example 8, between the example 58 and the comparative example
9, and between the example 52 and the comparative example
lO. In all of the examples 51, 58, and 52 using the vacuum
apparatus, a gap at a central portion of a palate falls
within a clinically more preferable range, whereas the
comparative examples 1, 2, and 3 exceed a clinically

acceptable range.
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[0401]

Attention is paid to the examples 50, 51, and 52, and
comparisons are made on a bonding process of artificial teeth.
In all of the example 50 for a denture base before artificial
teeth are bonded, the example 51 for a denture to which
prefabricated artificial teeth are bonded, and the example
52 for a denture to which shaped artificial teeth are bonded,
a gap at the central portion of the palate is almost the
same and falls within a clinically more preferable range.
[0402]

Attention is paid to the examples 51 and 58, and
comparisons are made on an order of processes of bonding
artificial teeth. In both the ekample 51 in which the
artificial teeth were bonded after post-curing of the denture
base, and the example 58 in which the artificial teeth were
bonded to the denture base before post-curing and then
subjected to the post-curing, a gap at the central portion
of the palate 1is almost the same and falls within a
clinically more preferable range.

[0403]

Although polymerization rate of a shaped object in a
semi-cured state is 67% in the example 53, 75% in the example
51, and 80% in the example 54, a gap at the central portion
of the palate 1is almost the same and falls within a

clinically more preferable range regardless of the
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polymerization rate of the shaped object in a semi-cured

state.
[0404]

Attention is paid to the examples 51, 55, 56, and 57,
and comparisons are made on a vacuum degree. All of the

example 55 in which.a vacuum degree is 50%, the example 51
in which a vacuum degree is 65%, the example 55 in which a
vacuum degree is 80%, and the example 57 in which a wvacuum
degree is 99.9% are clinically more preferable.
Alternatively, although the degrees of vacuum fall within a
clinically acceptable range, a gap at the central portion of
the palate is smaller with a higher vacuum degree, which is
more preferable. Note that when a vacuum degree was less
than 40%, an amount of air released from the film 6 was
small, and it was difficult to bring the shaped body 5A in
a semi-cured state into close contact with the model 2E.
[0405]

Attention is paid to the examples 50 to 58 and the
comparative examples 8 to 10, and comparisons are made on a
polymerization rate of shaped bodies in a final cured state.
The polymerization rates of the shaped bodies in a final
cured state in the examples 50 to 58 are 94% to 97%, and the
polymerization rates of the shaped bodies in a final éured
state in the comparative examples 8 to 10 are 89% to 91%.

In the examples 50 to 58, the polymerization rates are
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improved as compared to the comparative examples 8 to 10.
[0406]

Attention is paid to the examples 50 to 58 and the
comparative examples 8 to 10, and comparisons are made on an
extraction rate of shaped bodies in a final cured state.
The extraction rates in the examples 50 to 58 are 0.009% to
0.020%, and the extraction rates in the comparative examples
8 to 10 are 0.079% to 0.094%. 1In thevexamples 50 to 58, the
extraction rates are reduced to 1/4 or less as compared to
the comparative examples 8 to 10.

[0407]

As described above, 1in the examples 50 to 58,
conformity to the model is favorable and an amount of
residual monomer can be reduced to 1/4 or less as compared
to the comparative examples 8 to 10.

[0408]
(Seventh embodiment)

A manufacturing apparatus for and manufacturing method
for a prosthetic apparatus of a seventh embodiment according
to the present invention will be described.

[0409] |

In the seventh embodiment, points different from the
sixth embodiment will be mainly described. 1In the seventh
embodiment, configurations the same as or equivalent to

configurations of the sixth embodiment will be described
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with the same reference characters. In addition, in the
sixth embodiment, description overlapping with the sixth
embodiment will be omitted.

[0410]

FIG. 36 is a block diagram illustrating an example of
a manufacturing apparatus 1E for a prosthetic apparatus 4E
of the seventh embodiment according to the present invention.
FIG. 37 1is a flowchart illustrating an example of a
manufacturing method for the prosthetic apparatus 4E of the
seventh embodiment according to the present invention.
[0411]

In the seventh embodiment, an example of manufacturing
the prosthetic apparatus 4E of a denture in which artificial
teeth and a denture base are integrally formed will be
described.

[0412]

The seventh‘embodiment is different from the first
embodiment in that the manufacturing apparatus 1E does not
include a bonding apparatus 22 for bonding arﬁificial teeth,
and a shaped body 3F of a denture is produced by producing
and curing a shaped body of a denture in a semi-cured state.
In addition, the seventh embodiment is different from the
first embodiment in that the manufacturing method does not
include the bonding process of bonding the artificial teeth,

and the shaped body production process ST53 produces a shaped
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body of a denture in a semi-cured state.
[0413]

In the manufacturing apparatus 1E, a shape data
creating apparatus 11 generates shape data of a denture in
which artificial teeth and a denture base are integrally
formed. The optical shaping apparatus 12 shapes a shaped
body of a denture in a semi-cured state on the basis of the
shape data prepared by the shape data creating apparatus 11.
[0414]

FIG. 38 is a schematic diagram illustrating an example
of a shaped body 5B of a denture in a semi-cured state. As
illustrated in FIG. 38, the shaped body 5B is a shaped body
of a denture in which a shaped body 5a of a denture base and
a shaped body 8c of artificial teeth are integrally formed.
[0415]

Next, an example of a manufacturing method for the
prosthetic apparatus 4E will be described by using FIG. 37.
Note that Steps ST51 to ST57 illustrated in FIG. 37 are
similar to Steps ST41 to ST46 and ST48 illustrated in FIG.
25 of the sixth embodiment, except that the shaped body 5B
of a denture 1in the semi-cured étate is produced, and
therefore detailed description thereof is omitted.

[0416]
As illustrated in FIG. 37, Step ST51 is an acquisition

process of acquiring scan data of a model that is a
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reproduction of at least a part of an inside of an oral
cavity of a patient.
[0417]

Step ST52 is a shape data creating process of preparing
shape data of a shaped body of a denture on the basis of the
scan data. Specifically, 1in Step ST52, the shape data
creating apparatus 11 creates shape data of a denture in
which a denture base and artificial teeth are integrated.
[0418]

Step ST53 1is a shaped body production process of
producing the‘shaped body 5B of a denture in the semi-cured
state on the basis of the shape data. In Step ST53, the
optical shaping apparatus 12 produces the shaped body 5B of
a denture in the semi-cured state illustrated in FIG. 38 on
the basis of the shape data of the denture, the data being
prepared in Step ST52.

[0419]

Step ST54 is a covering process of attaching the shaped
body 5B to a model 2E and covering the shaped body 5B and of
the model 2E with film 6.

[0420]

Step ST55 1is an air release process of releasing air
in the part covered with the film 6 to deform the film 6 and
bring the shaped body 5B into close contact with the model

2E. Step ST55 may include an adjustment process of adjusting
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a vacuum degree of the part covered with the film 6. For
example, in the adjustment process, a vacuum degree of the
part covered with the film 6 is adjusted to 40% or more and
99.9% or less by an adjuster 16 of the vacuum packaging
apparatus 13. Preferably, in the adjustment process, a
vacuum degree of the part covered with the film 6 is adjusted
to 50% or more and 99.9% or less. More preferably, in the
adjustment process, a vacuum degree of the part covered with
the film 6 is adjusted to 60% or more and 99.9% or less.
[0421]

Step ST56 is a curing process (light emission process)
of curing the shaped body 5B by emitting light on the shaped
body 5B in a state where the shaped body 5B is in close
contact with the model 2E. In Step ST56, the light emission
apparatus 14 emits light on the shaped body 5B of a denture
in the semi-cured state, in a state where the shaped body 5B
is in close contact with the model 2E. Thus, the shaped
body 5B of a denture in the semi-cured state is cured. As
a result, the shaped body 3F of a denture in a final cured
state is produced.

[0422]

In Step ST57; the shaped body 3F is subjected to a
finishing process. Thus, the prosthetic apparatus 4E of a
denture is completed.

[0423]
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As described above, in the manufacturing method for
the prosthetic apparatus 4E of a dentﬁre, the prosthetic
apparatus 4E of a denture can be manufactured by performing
Steps ST51 to ST57.

[0424]
[Effects]

According to the seventh embodiment according to the
present invention, the following effects can be obtained.
[0425]

In the manufacturing apparatus 1E for and
manufacturing method for the prosthetic apparatus 4E, the
prosthetic apparatus 4E of a denture is manufactured by
producing the shaped body 3F of a denture in which a denture
base and artificial teeth are integrated. Thus, 1in the
seventh embodiment, the bonding apparatus 22 and bonding
process can be omitted as compared to the sixth embodiment.
[0426]

(Examples)

The manufacturing apparatus 1lE for and a manufacturing
method for the prosthetic apparatus 4E will be further
described on the basis of examples, but the present invention
is not limited to the following examples.

[0427]
Hereinafter, conditions of the examples will be

described. Note that description of apparatuses and
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conditions similar to apparatuses and conditions in the
examples 50 to 58 will be omitted.

[0428]

<Example 59>

In the example 59, by using the manufacturing apparatus
1E of the seventh embodiment, the prosthetic apparatus 4E of
a denture in which artificial teeth and a denture base are
integrated was produced as a conformity evaluation sample.
Specifically, shape data of a shaped body of a denture was
created according to the model 2E by the shape data creating
apparatus 11. On the basis of the created shape data, the
shaped body 5B of a denture in the semi-cured state
illustrated in FIG. 38 of a‘semi—cured state was shaped by
the optical shaping apparatus 12 according to an instruction
manual of each material or a condition initially set. The
shaped body 5B in the semi-cured state was subjected to
ultrasonic cleaning in Isopropyl alcohol. The ultrasonic
cleaning was performed for five minutes for each of primary
cleaning and secﬁndary cleaning.

[0429]

Next, a support was remoVed, and the shaped body 5B in
the semi-cured state was attached to the model 2E. The
shaped body in the semi-cured state and the model 2E were
covered with the film 6, and air in the part covered with

the film 6 was released by the vacuum packaging apparatus 13
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to bring the shaped body 5B in the semi-cured state and the
model 2E into close contact with each other. The shaped
body 5B in the semi-cured state was subjected to 1light
emission (post-curing) by the light emission apparatus 14
for 15 minutes, in a state where the shaped body 5B and the
model 2E were in close contact with each other. The shaped
body 3F subjected to the light emission was removed from the
film 6, and a back surface (mucosal surface) of the shaped
body 3F was subjected to 1light emission for another 15
minutes to produce the denture.
[0430]

Evaluation results are illustrated in Table 23 below.

[0431]
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[Table 23]

Example 59

Type of optical
shaping
apparatus

D3o

Material of
shaped body

Base

Use of vacuum
packaging
apparatus

Yes

Vacuum degree

65

Shape at
measurement

Denture

Artificial
teeth

Bonding order

Polymerization rate

of shaped body in

semi-cured state
(%)

74

Polymerization rate

of shaped body in

final cured state
o

(%)

96

Extraction rate of
shaped body in
final c?g?d state

0.015

Gap at central
portion of palate

(pr)

130

[0432]

In the example 59, a gap at a central portion of a

palate is

130 um,

preferable range.

conformity to the model

examples 50 to 58.

[0433]

which falls within a clinically more
Accordingly, in the example 59 also,

is improved, similar to the

The polymerization rate of the shaped body in a final
cured state in the example 59 is 96%, and the polymerization
rates of the shaped bodies in a final cured state in the

comparative examples 8 to 10 are 89% to 91%. Accordingly,
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in the example 59 also, the polymerization rate is improved,
as similar to the examples 50 to 58.
[0434]

The extraction rate of the shaped body in a final cured
state in the example 59 is 0.015%. Accordingly, in the
example 59, the extraction rate is reduced, as similar to
the examples 50 to 58.

[0435]

As described above, in the example 59 also, as similar
to the examples 50 to 58, it is possible to have excellent
conformity with the model and to reduce the amount of
residual monomer.

[0436]

Although the present invention has been fully
described in connection with the preferred embodiments
thereof with reference to the accompanying drawings, it is
to be noted that various changes and modifications are
apparent to those skilled in the art. Such changes and
modifications are to be understood as included within the
scope of the present invention as defined by the appended

claims unless they depart therefrom.

INDUSTRIAL APPLICABILITY
[0437]

The present invention is useful, for example, in a
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field of manufacturing a

conformity.

DESCRIPTION OF REFERENCE

[0438]

8a
8b
8c
9
10,
11
12
13
14

15

1A,
2A,
3A,
4R,

5A,

7A

10A,

1B,
2B,
3B,
4B,

5B

1C,
2C,
3C,

4c,

CHARACTERS

prosthetic apparatus with improved

1D, 1E Manufacturing apparatus

2D, 2E Model

3D, 3E, 3F

Shaped body

4D, 4E  Prosthetic apparatus

Shaped body in semi-cured state

Shaped body of denture base

Film

Recess

Projection

Prefabricated artificial tooth

Shaped artificial tooth

Connection part

Shaped body of artificial teeth

Connected artificial teeth

10B,

10C production apparatus

Shape data creating apparatus

Optical shaping apparatus

Vacuum packaging apparatus (covering apparatus)

Light emission apparatus

Air releaser
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16
17
apparatus)
20
21
22
23
30
31
32
33
34
40
41
42
43
44
45
46
47
48
49
50
51

52

Adjuster

Permanent stabilization  apparatus

Casting apparatus
Scanning apparatus
Bonding apparatus
Processing apparatus
Ring

Investment material
Mold

Molten metal

Cast metal

Cover unit

Main body unit

First deaeration groove
Pad

First sealing heater
Hole

Switch

Second deaeration groove
Pad

Deaeration port
Second sealing heater
Clip

Pump

173
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53 Air release port
54 Vacuum sensor

55 Controller
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CLAIMS

1. A manufacturing method for a prosthetic apparatus for
dental purpose, comprising:

acquiring scan data of a model that is a reproduction
of at least a part of an inside of an oral cavity of a
patient;

creating shape data of a shaped body for dental purpose
on a basis of the scan data;

producing a shaped body on a basis of the shape data;

covering at least a part of the shaped body and at
least a part of a model with film, the shaped body attached
to the model;

releasing air in a part covered with the film to deform
the film and bring the shaped body into close contact with
the model; and

curing the shaped body in a state where the shaped

body is in close contact with the model.

2. The manufacturing method for a prosthetic apparatus
according to claim 1,

wherein the curing the shaped body includes at least
either of

emitting light on the shaped body in a state where the

shaped body is in close contact with the model, or
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heating the shaped body in a state where the shaped

body is in close contact with the model.

3. The manufacturing method for a prosthetic apparatus
according to claim 1,

wherein the producing the shaped body includes

producing a shaped body in a first curing state on a
basis of the shape data, and

producing a shaped body in a second curing state cured
more than in the first curing state by emitting light on the
shaped body in the first curing state, and

the curing the shaped body includes heating the shaped
body in the second cu?ing state in a state where the shaped

body is in close contact with the model.

4. The manufacturing method for a prosthetic apparatus
according to claim 2 or 3,
wherein heating temperature in the heating the shaped

body is 50°C or more and 130°C or less.

5. The manufacturing method for a prosthetic apparatus
according to any one of claims 1 to 4,

wherein the releasing the air includes adjusting a
vacuum degree of the part covered with the film to 40% or

more and 99.9% or less.
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6. The manufacturing method for a prosthetic apparatus
according to any one of claims 1 to 5,

wherein a polymerization rate of the shaped body
produced in the producting the shaped body is 50% or more

and 98%‘or less.

7. The manufacturing method for a prosthetic apparatus
according to any one of claims 1 to 6,

wherein an elongation percentage of the film is 50% or
more and 500% or less, and

the film transmits light having a wavelength of 100 nm

or more and 780 nm or less.

8. The manufacturing method for a prosthetic apparatus
according to any one of claims 1 to 7,

wherein the productiing the shaped body produces the
shaped body with an optical shaping apparatus of a digital

light processing method.

9. The manufacturing method for a prosthetic apparatus
according to any one of claims 1 to 8,

wherein the shaped body includes any one of a crown,
a bridge, a resin base, a resin base denture, or an

orthodontic splint.
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10. The manufacturing method for a prosthetic apparatus
according to any one of claims 1 to 9, further comprising:
producing a mold for prosthetic apparatus
manufacturing, by using the cured shaped body as a casting
pattern;
introducing molten metal into the mold;
removing a cast metal by breaking the mold; and
finishing the cast metal into a prosthetic apparatus
by adjusting the cast metal with an abrasive material and a

polishing material.

11. The manufacturing method for a prosthetic appératus
according to any one of claims 1 to 9, further comprising

bonding an artificial tooth to the shaped body.

12. A covering apparatus used for manufacturing a prosthetic
apparatus comprising an air releaser that releases air in
film covering af least a part.of a shaped body and at least
a part of a model,

~wherein the air releaser releases air in a part covered
with the film to deform the film and bring the shaped body

into close contact with the model.

13. The covering apparatus according to claim 12, further
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comprising an adjuster that adjusts a vacuum degree of the

part covered with the film to 40% or more and 99.9% or less.

14. A manufacturing apparatus for a prosthetic apparatus,
comprising the covering apparatus according to claim 12 or
13 and manufacturing a prosthetic apparatus for dental
purpose by bringing a shaped body produced on a basis of
scan data of a model that is a reproduction of an inside of
an oral cavity of a patient, and the model into close contact

with each other, and by curing the shaped body and the model.

15. The manufacturing apparatus for a prosthetic apparatus
according to claim 14, further comprising:

a shape data creating apparatus that acquires scan
data of a model that is a reproduction of an inside of an
oral cavity of a patient, and creates shape data of a shaped
body for dental purpose on a basis of the scan data;

an optical shaping apparatus that produces a shaped
body on a basis of the shape data; and

a curing apparatus that cures the shaped body in a
state where the shaped body is in close contact with the

model.

16. The manufacturing apparatus for a prosthetic apparatus

according to claim 15,
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wherein the curing apparatus includes at least either
of

a light emission apparatus that emits light on the
shaped body in a state where the shaped body is in close
contact with the model, or

a heating apparatus that heats the shaped body in a
state where the shaped body is in close contact with the

model.

17. The manufacturing apparatus for a prosthetic apparatus
according to claim 15,

wherein the optical shaping apparatus produces a
shaped body in a first curing state on a basis of the shape
data,

the manufacturing apparatus further comprises a light
emission apparatus that produces a shaped body in a second
curing state cured more than in the first curing state by
further emitting light on the shaped body in the first curing
state, and

the curing apparatus includes a heating apparatus that
heats the shaped body in the second curing state in a state

where the shaped body is in close contact with the model.

18. The manufacturing apparatus for a prosthetic apparatus

according to claim 16 or 17,
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wherein heating temperature of the heating apparatus

is 50°C or more and 130°C or less.

19. A prosthetic apparatus produced with a shaped body

obtained by bringing a shaped body into close contact with
a model by, in a state where at least a part of the shaped
body and at least a part of the model are covered with film,
releasing air in a part covered with the film, and curing
the shaped body in a state where the shaped body is in close

contact with the model.

20. A manufacturing method for a prosthetic apparatus for
dental purpose, comprising:

producing a shaped body for dental purpose;

covering at least a part of the shaped body and at
least a part of a model with film, the model being a
reproduction of at least a part of an inside of an oral
cavity of a patient and the shaped body attached to the
model;

releasing air in a part covered with the film to deform
the film and bring the shaped body into close contact with
the model; and

curing the shaped body in a state where the shaped

body is in close contact with the model.
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