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ABSTRACT

A method for manufacturing a transparent aligner for
dental alignment 1is disclosed. The method may 1include:

determining a tooth contour model which 1includes a contour

)

portion surrounding a surface of a tooth requiring
rotational correction; determining an axis of rotation for
the tooth requiring rotational correction; determining two

points touching exterior surfaces of the tooth requiring

rotational correction based on the axis of rotation and a
direction of rotation required for correcting the tooth
requiring rotational correction, the two points being
symmetrical with respect to the axis of rotation;
determining a rotational correction model for the rotational
correction by protruding the contour portion towards a tooth
surface and towards a direction of zrotation at the two
points; and generating the 3D dental alignment model data by

applying the rotational correction model.
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DESCRIPTION

TRANSPARENT ALIGNER AND METHOD FOR MANUFACTURING SAME

Technical Field
L OO01 ] The present invention relates to a dental aligner
and, more particularly, to a transparent alilgner and a

method for manufacturing the same.

Background Art

L0002 ] Dental alignment 1s widely being used for
treating malocclusion or for cosmetic purposes. A widely
used apparatus based on the related art 1s the so-called
fixed braces, which involve affixing brackets onto the teeth
and coupling wires to the brackets to pull or push the
brackets for dental alignment.

0003 In fixed braces, the brackets are usually mounted
onto the smooth outer surfaces, 1.e. the labial side, of the

teeth. While such fixed braces provide advantages 1n terms
of effectiveness and convenience of the procedure, patients

may often be averse to using braces because of the lowered

aesthetic appeal, as 1llustrated i1n FIG. 23.
L0004 In addition to the problem of fixed braces having
a negative aesthetic effect, there also other problems such

as the inconvenience of having the braces affixed all the
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time. To resolve such problems, transparent aligners (and
procedures) such as Invisalign and Clear-aligner have been
proposed. Both of the above are aligners having transparent
forms and may be worn in the manner of a mouthpiece.

LO005 ] The former entails dividing the transformation
process between the current state and the target state of
the teeth 1i1into several dozens of stages. After molding
pockets that match the dental arrangement for each stage,
the patient would wear the dental pockets, replacing the
pockets for each stage. The latter 1s similar to the
former, but 1s differentiated 1n that progress 1s observed
and the pockets are fabricated as necessary.

(00086 The procedure using transparent aligners was
developed 1in 1997, with the launching of the dental aligner
“Invisalign System” by the U.S.-based company “Align
Technology, Inc.” Details may be found in U.S. Patents No.
5,975,893 and No. 6,217,325 held by the company mentioned
above. The “Invisalign System” creates 20 to 30 palirs of
mockups for the stages the teeth must progress through until
they wultimately zreach the desired positioned, using a
special program to obtain a virtual simulation based on 3-
dimensional scans of the patient’s teeth. Afterwards,
transparent plastic casts are fabricated according to each
of the mockups and provided to the patient, where the

plastic casts allow movement of the teeth.
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L0007 The feature of the “Invisalign System” 1s to
gradually move the misaligned teeth to their final target

positions by fitting the teeth 1nto a series of plastic

casts according to the corresponding stages. Since the
plastic casts are made from a transparent material and are
not readily visible, they have minimal negative impact on a

patient’s daily social life. Another advantage 1s that the

aligner can be easily removed and reinserted as needed by
the patient.

L O008] With such transparent alignment method, an
aligner of a transparent material (hereinafter referred to
as a transparent aligner) 1s capped onto the teeth like a
mouthpiece, so that 1t 1s not readily discernible from the
exterior. Moreover, 1t can be removed and reinserted at
will, allowing greater convenlience. Due to  these
advantages, this method 1s gaining more popularity compared
to other alignment methods.

L0009 ] However, although the existing transparent

aligner may be great for pulling or pushing teeth, i1t cannot

apply a strong rotating force on the teeth, so that it 1is

ineffective for zrotating correction. In particular, the

concave portion at the upper part of the teeth mockup may
apply a greater force on the teeth compared to other
portions, making 1t difficult to apply rotational correction

on the teeth.
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L0010 Also, with the existing transparent aligner, 1t
may not be easy to remove the aligner 1f the teeth are
severely crooked or 1f the aligner 1s too tight, 1ncurring
problems such as broken finger nails or damaged gums.

L0011 Furthermore, the existing transparent aligner may
be limited 1n terms of application to children or
adolescents as 1t does not provide space for a developing
permanent tooth before or after a primary tooth 1s shed.
L0012 ] Also, the existing transparent aligner has a
specific thickness. Thus, when 1t 1s needed to move the
teeth by a large amount or a wearer needs to wear the
aligner for an extended period, the aligner may cause pailin,

or the aligner may not function properly due to abrasion.

L0013]

Disclosure

Technical Problem

G014 ] The present 1nvention has been made keeping in
mind the above problems occurring in the related art, and an

object of the present i1nvention 18 to provide a transparent

aligner and a method for manufacturing the transparent

aligner, where the transparent aligner 1s effective at

rotational correction of teeth.

Q015 Another objective of the present invention 1s to

provide a transparent aligner and a method for manufacturing
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the transparent aligner, where the transparent aligner
allows easy removal.

L0016 ] Yet another objective of the present invention 1s
to provide a transparent aligner and a method for
manufacturing the transparent aligner, where the transparent
aligner provides an allowance for a permanent tooth before
or after a primary tooth has been shed.

LOO1T ] Still another objective of the present invention
is to provide a transparent aligner and a method ftor
manufacturing the transparent aligner, where the transparent

aligner has different thicknesses.

L0018 Another objective of the present 1nvention 1s to
provide a transparent aligner and a method for manufacturing
the transparent aligner, where the transparent aligner 1is

effective for rotational correction of teeth.

L0018 Another objective of the present invention 1s to
provide a transparent aligner and a method for manufacturing
the transparent alignerxr, where the transparent aligner
allows easy removal.

L0020 Yet another objective of the present 1nvention 1s

to provide a transparent aligner and a method for

manufacturing the transparent aligner, where the transparent

aligner provides an allowance for a permanent tooth before

or after a primary tooth has been shed.



10

15

20

25

CA 02958539 2017-02-17

L0021 ] Still another objective of the present 1nvention
1s to provide a transparent aligner and a method tor

manufacturing the transparent aligner, where the transparent

aligner has different thicknesses.

Technical Solution

F0022] A method for manufacturing a transparent aligner
according to an embodiment of the present invention, devised
to accomplish the objectives above, may include:

L0023 providing a 3D-modeled teeth mockup; and

(0024 ] generating 3D dental alignment model data by

incorporating alignment data 1nto the 3D-modeled teeth

mockup; fabricating an alignment teeth mockup using the 3D
dental alignment model data; and applying vacuum compression
after placing a synthetic resin sheet on the alignment teeth

mockup.

RV Here, generating the 3D dental alignment model
data may 1include:

FO0026 ] determining a tooth contour model that has a
contour portion surrounding a surface of a tooth regquiring
rotational correction;

00273 determining the axis of rotation for the tooth
requliring rotational correction;

00281 determining two points, which are symmetrical

with respect to the axis of rotation and which touch the
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exterior surfaces o©of the tooth requiring —rotational

correction, based on the axis of rotation and a direction of

rotation required for correcting the tooth requiring
rotational correction; and

0029 determining a rotational correction model for the
rotational correction by protruding the contour portion
towards a tooth surface and towards a direction of rotation
at the two points.

L0301

RULERE Here, 1t may be preferable to determine a
correction model that utilizes second protrusions formed on
the lingual (tongue) side wall and labial (lip) side wall of
a second tooth pocket, which corresponds to a tooth that
requires pulling aid, where the second protrusions push the
tooth requiring pulling aid in the direction of pulling.
L0032 ] Before the applying of the wvacuum compression, an
operation of attaching an elliptical patch at an outside gum
portion at a molar of the alignment teeth mockup may be
performed.

00337 Before the applying of the vacuum compression, an
operation of filling in a tooth portion with resin may be
performed, for a portion of the alignment teeth mockup where
a primary tooth was shed and a permanent tooth has not vet

developed.
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F0034 ] In the applying of the vacuum compression,
synthetic resin sheets of different thicknesses may be

sequentially applied to fabricate a multiple number of

transparent dental aligners.

5 L0035] Before the applying of the vacuum compression, 1t
may be preferable to obtain a cover by applying a heat seal
resin on the alignment teeth mockup, and then performing the
vacuum compression operation with the obtained cover covering
the alignment teeth mockup.

[0 {[Q036] A transparent aligner according to an embodiment
of the present invention is devised which can accomplish the
objectives above.

L0037 ] The transparent aligner may be a transparent
aligner of a mouthpiece type for déntal alignment and may

15 1nclude:

G038 an ilnsertion aligner part, 1in which tooth pockets
are formed corresponding to an aligned teeth arrangement,
and which is configured to be fitted over a corresponding
group of teeth; and

20 (0039 a support part extending from the 1nsertion
aligner part to the gums,

00407

(00413 where at least one of the tooth pockets 1s a
first tooth pocket corresponding to a tooth that requires

25 rotational correction,
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L0042 ] the first tooth pocket comprises a labial side
wall and a lingual side wall surrounding a labial side and a
lingual side of the tooth requiring rotational correction,
and

L0043 ] protrusions may be provided on the labial side
wall and the lingual side wall at symmetric positions with

respect to an axis of zrotation of the tooth requiring

rotational correction, with the protrusions protruding
towards the tooth requiring rotational correction.

L0044 ] Here, the protrusion may include a convex portion
that protrudes towards the tooth requiring zrotational
correction and a concave portion that 1s positioned at the
rear of the convex portion, and i1t may be preferable to have
the concave portion filled with a solid support material.
L0045] Here, 1f the tooth requliring rotational
correction were divided i1nto an upper part and a lower part

with respect to the midpoint height, 1t may be preferable to

have the protrusions positioned at the lower part of the

tooth requiring rotational correction.

(346 The transparent aligner may further include:
L0047 a second tooth pocket corresponding to a tooth

requlring pulling aid,

L0048 ] where the second tooth pocket may include a

labial side wall and a lingual side wall surrounding a
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labial side and a lingual side, respectively, of the tooth

requiring pulling aid, and

(00491 second protrusions are provided on the labial
side wall and the 1lingual side wall, where the second
protrusions are configured to push the tooth requiring
pulling aid in a direction of pulling.

L0050 Also, i1t may be preferable for the transparent
aligner to further include:

L0051 a third tooth pocket corresponding to a portion
where a primary tooth was shed and a permanent tooth will
develop.

L0058 ] Also, 1t may be preferable for the transparent
aligner to have:

L0053 a removal handle formed at an outside gum portion
at a molar of the support part.

L0054 ] The transparent aligner may preferably be formed

such that several of the transparent aligners having
different thicknesses form one set.

L0055 ] According to an embodiment of the present
invention, a transparent aligner that 1s effective for
rotational correction of teeth can be manufactured.

L00856] Also, a transparent aligner that can be readily

removed even 1f the teeth are severely misaligned or the

aligner 1s too tight can be provided.

10
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(00587 ] Also, a transparent aligner that allows space for

a permanent tooth to grow before or after a primary tooth 1is

shed can be provided.

L0088 Also, a transparent aligner that does not cause
5 pain even 1f the teeth are moved by a great amount or the

aligner is used for an extended period can be provided.

Description of Drawings

LO059] FIG. 1 1is a flow diagram of a method for
10 manufacturing a transparent aligner according to an

embodiment of the present invention.

L0060 ] FIG. 2 1illustrates an alignment method of a

transparent aligner according to an embodiment of the

present i1nvention.

15 [OO081] FIG. 3 1is a diagram for explaining the selection
of a center line 1in choosing a direction for rotational
correction.

0062 ] FIG. 4 1is a diagram for explaining a method of
choosing contact points for the rotational correction

20 1llustrated in FIG. 2.

(0063 ] FIG. 5 1s a diagram 1llustrating a tooth 1in 1its

proper position after rotational correction.

L0064 ] FIG. 6 represents a method of selecting the

points 1llustrated 1n FIG. 4.

11
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L0065 ] FIG. 7 1illustrates a c¢ross section of an
alignment tooth model for a tooth that requires rotational
correction and a corresponding first tooth pocket.
G088 ] FIG. 8 i1is a flow diagram representing a method of
determining the two points i1llustrated in FIG. 7.

o067 FIG. 9 1llustrates a horizontal cross-section at

the portion of the points chosen on an alignment tooth

model .
o068 FIG. 10 1llustrates a vertical cross-section at

the portion of the points chosen on an alignment tooth

model .

00887 FIG. 11 illustrates the shape of a transparent

aligner at the two points of an alignment model obtained
from the alignment tooth model of FIG. 10.

(0070] FIG. 12 is a diagram for explaining an alignment
teeth model according to a second embodiment of the present
invention for a tooth that 1s smaller 1n size than other
teeth and requires slight pulling to match the sizes of the
other teeth.

COOT L] FIG. 13 1llustrates an aligner based on the
second embodiment considered i1in connection with  the
manufacture of the transparent aligner of FIG. 12.

o072 FIG. 14 1llustrates the aligner of FIG. 13 as

seen from the left or right side.

[2
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L0073 ] FIG. 15 is a diagram for explaining an alignment
teeth model according to a third embodiment of the present
invention in which a wax or resin mold 1s provided at a
position corresponding to where a permanent tooth will
develop for cases in which a permanent tooth 1s as vyet
missing.

L0074 ] FIG. 16 1s a diagram for describing a method for
manufacturing a transparent aligner according to a fourth

embodiment of the present invention.

Q075 FIG. 17 illustrates an example of a heat seal
resin.
076 FIG. 18 1llustrates a cover that has the same

shape as a transparent aligner and 1s made from the heat

seal resin of FIG. 17.

LT FIG. 19 1illustrates an example of a synthetic
resin.

0078 FIG. 20 illustrates an example of a mold.

LG0T FIG. 21 illustrates a transparent aligner.

L0080 ] FIG. 22 illustrates an example of putting on a

transparent aligner.
(o081 FIG. 23 illustrates an example of a fixed aligner

according to the related art as worn by a patient.

L0082 ]

Best Mode

13
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L0083 ] The best mode for practicing an embodiment of the
present invention 1s i1llustrated in FIG. 8, where FIG. 8 is
a flow diagram representing a method of determining the two

points i1llustrated in FIG. 7.

L0084 ] First, a tooth contour model may be determined,
which has a contour that surrounds the surfaces of a tooth
requiring rotational correction (s602).

(0085 The tooth contour model may be shaped as the
tooth requiring rotational correction.

0086 ] The axis of rotation for the tooth contour model
may be determined (s604).

L0087 ] The axis of rotation may be determined 1in
consideration of the geometrical shape of the tooth.

o088 Based on the axis of rotation and the direction

of rotation required for the correction, two correction-
position points 502, 504 suitable for the desired direction
of rotation may be determined (s606).

FO089] That 1s, two polnts may be determined which are

symmetrical with respect to the axis of rotation and at

which a force couple can be generated on the outer surfaces
of the tooth.

G080 A rotational <correction model 500 may | Dbe
determined for providing rotational correction by protruding
the contour at the two points towards the inward side of the

tooth and 1in the direction of rotation (s608) .

14
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L0081 The rotational correction model 500 may be

incorporated into the 3D alignment teeth data (s610).

L0092 ] The above may be considered the best mode for
manufacturing a transparent aligner.

L0093 ]

Mode for Invention

0084 ] A transparent aligner according to an embodiment

of the present invention may be of a mouthpiece type and may
include an insertion aligner part, 1n which tooth pockets
are formed corresponding to an aligned teeth arrangement and

which is configured to be fitted over a corresponding group

of teeth, and a support part, which extends from the

insertion aligner part to the gums.
L0095 The insertion aligner part may be composed of
individual tooth pockets formed 1n a row, where a tooth

pocket 1s a transparent cover that surrounds the lingual

side and the labial side of a tooth.

RELENCECY In addition, a transparent aligner according to
an embodiment of the present invention may 1nclude a first
tooth pocket that corresponds to a tooth requiring

rotational correction, a second tooth pocket that

corresponds to a tooth requiring pulling aid, a third tooth

pocket that corresponds to a portion where a primary tooth

has been shed but a permanent tooth has not vyet developed,

15
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and a handle part 1intended for aiding the removal of the
transparent aligner.

L0087 ] FIG. 1 1s a flow diagram of a method for
manufacturing a transparent aligner according to an
embodiment of the present invention.

JUES Referring to FIG. 1, a 3D-modeled teeth mockup
may first be provided, using dental scan data (s102).

L0088 The 3D-modeled teeth mockup can be obtained by

scanning a plaster mockup of the teeth with a 3-dimensional

>Cdallller .

00100 Next, 3D dental alignment model data may be

generated by incorporating alignment data into the 3D-modeled

teeth mockup (s104).

LO0101] To be more specific, the progress between the

current state of the teeth and the future target state of

the teeth may be divided into several dozens of stages, with
the 3D dental alignment model data generated for the teeth

arrangement of each stage.

(00302 ] The generated 3D dental alignment model data may

be used 1n generating design information for the patient’s

dental aligner. Here, the design information for the dental

aligner may be design information modeled with 3D CAD and
may be provided to and processed by a 3D printer to

manufacture a dental aligner of a corresponding form.

16
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00103 ] According to an embodiment of the present

invention, the process of generating the 3D dental alignment

model data may include generating 3D dental alignment model

data for forming a first tooth pocket, which corresponds to

a tooth that reguires rotational correction, and a second

tooth pocket, which corresponds to a tooth that requires

pulling aid.

FO0L04] FIG. 2 1llustrates a method for manufacturing a
transparent aligner according to an embodiment of the
present invention and 1s provided to describe a method of

aligning a tooth that requires rotational correction.

G005 Referring to FIG. 2, 1t can be seen that a

misaligned tooth 202 requiring rotational correction can be

rotated by choosing two points which are symmetrical with

respect to the rotational center of the tooth and applying a
force couple in the direction in which rotation is desired.

(00106 FIG. 3 1s provided to 1llustrate a method of
selecting the contact points for applying the rotational

correction i1llustrated in FIG. 2.

FO0107] Referring to FIG. 4, if the misaligned tooth 202
1s to be rotated left, i1t can be seen that two points may be

needed, point A on the outer side of the tooth and point B

on the 1inner side of the tooth. As a force couple 1is

created at the two points (point A, point B) 1in the desired

direction of rotation,

17
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LO0L08] it can be seen that the tooth may be subjected to
a rotational moment induced by the force couple, as
illustrated in FIG. 5, to ultimately complete the rotational

correction.

5 {00109] FIG. 6 represents a method of selecting the
points i1llustrated in FIG. 4.
LO0LL0] Referring to FIG. 6, 1t can be seen that 1t 1s
more effective to choose the points such that they are lower
than the center line of the misaligned tooth 202. Here, the
10 center line of the tooth refers to an 1maginary line at
about the midpoint height of the misaligned tooth 202
developed upwards from the gums.
L0011 Selecting the points (point A, poilnt B) to be

higher than the center line of the misaligned tooth 202 can

15 result in not only the force couple being generated but also
a downwardly pushing force, which can hinder the rotational
correction. Conversely, selecting the points (point A,
point B) to be lower than the center line of the misaligned
tooth 202 can result 1n an upward force being generated 1in

20 addition to the force couple, but this upwardly pushing

force would aid the rotational correction.

(00114 ] Here, point B may be positioned at the opposite

si1de of point A with respect to the axis of rotation.

18
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FO031130 FIG. 7 1llustrates a rotational correction model

corresponding to a tooth that requlres rotational
correction.

00114 ] Referring to FIG. 7, 1t can be seen that the

rotational correction model 500 may have a contour portion
surrounding the misaligned tooth, with two correction-
position points 502, 504 formed towards the misaligned tooth
so as to push the tooth i1in the direction i1in which rotation
1s desired. Here, the two correction-position points 502,
504 may be at positions which are symmetrical with respect
to the axis of rotation and which are 1n contact with
portions that are recessed from the tooth surface.

00115 It may be preferable to set the positions of the
two correction-position points 502, 504 of the aligner for
the misaligned tooth to be lower than the middle of the
misaligned tooth 202. If they are higher than the midpoint
of the tooth, a pressing force that hinders the correction
may be created.

(001161 FIG. 8 is a flow diagram representing a method of

determining the two points illustrated in FIG. 7.

o017 First, a tooth contour model may be determined

which 1ncludes a contour that surrounds the surfaces of the

tooth requiring rotational correction (s602).
00118 The tooth contour model may have the shape of the

tooth requiring rotational correction.

19
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00119 The axis of rotation of the tooth contour model
may be determined (s604).

(00120 ) The axis of rotation may be determined 1in
consideration of the geometrical shape of the tooth.

FO0121] Based on the axis of rotation and the direction
of rotation required for the correction, two correction-

position points 502, 504 suitable for the desired direction

of rotation may be determined (s606) .
LO0122 ] That 1s, two points may be determined which are
symmetrical with respect to the axis of rotation and at

which a force couple can be generated on the outer surfaces

of the tooth.

(00123 ] A rotational <correction model 500 may | Dbe

determined for providing rotational correction by protruding

P
p—

the contour at the two points towards the inward side of the

tooth and i1in the direction of rotation (s8608).

(00124 ] The rotational correction model 500 may be
applied to the 3D teeth alignment model data (s610).

(00125 ]

FO01326] FIG. 9 1llustrates a horizontal cross-section at
the portion of the points chosen on an alignment tooth
model. Since the tooth contour model 1s shaped protruding

g—
p—

towards the 1i1nward side of the tooth, the corresponding

alignment tooth model 600 may have concave portions 602, 604

that are concave towards the i1nward side of the tooth.

20
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0312 FIG. 10 1i1llustrates a vertical cross-section for
FIG. 7.

Fo0128] FIG. 11 illustrates the shape of a transparent

aligner obtained according to the rotational correction
model of FIG. 10.

00129 Referring to the partial magnified view of FIG.
11, the first pocket 700 of the transparent aligner may have
convex portions 702, 704 formed corresponding to the two
concave portions 602, 604 of the alignment tooth model 600.
At the rear side of the convex portions 702, 704 of the
transparent aligner, there may be formed concave portions

702’ , 704’ of the same shape. If the concave portions 7027,

704’ are left empty, the convex portions 702 may not
properly push the tooth because of resisting forces from the
upper and lower portions of the concave portions 702', 704’
and from the tooth itself.

(001307 To prevent this, the concave portions 702', 704’

can be filled in with a solid support material such as

resin, wax, etc. For example, a solid support 706 can be
formed by filling the concave portions 702’, 704’ with a
semlisolid resin and then curing the resin. This solid

support 706 may provide the convex portions 702, 704 with

sufficient elasticity for properly pushing the tooth and

achieving effective rotational correction. The first tooth

21
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pocket 700 may be fabricated thus to allow effective
rotational correction.

[00131]

00138 ] FIG. 12 1s a diagram for explaining a method of

manufacturing a transparent aligner according to another

embodiment of the present 1i1nvention and 1s provided to
1llustrate a method of correcting a tooth that requires
pulling aid.

LO0133] The method i1llustrated in FIG. 12 1i1s for forming

a second tooth pocket 800. In FIG. 13, an example 1s

1llustrated which 1ncludes second convex portions 802, 804

side of a tooth

protruding from the labial side and lingua

requliring pulling aid.

001347 That 1s, 1n the 1nner walls of a second tooth

pocket, which corresponds to a tooth that 1s developing
slower than or has a smaller size than the other teeth and
hence requires pulling aid, there may be pulling-aid
protrusions that are the second convex portions 802, 804

formed at the lingual side and labial side of the tooth by

protruding upward or downward to help pull the tooth.

00135 Such a second tooth pocket 800 can be determined

during the process of generating an alignment teeth model

(s104) 1n FIG. 1. That 1s, a second tooth pocket 800 for a
pulling-correction aligner having the second convex portions

802, 804 as the pulling-aid protrusions can be formed by
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forming an alignment teeth mockup to which the second tooth

pocket 800 of the transparent aligner having the second

convex portions 802, 804 as the pulling-aid protrusions has

been applied, and then placing a synthetic resin fabric
thereon and applylng vacuum compression.

(001367 More specifically, similar to the case of the
tooth requiring rotational correction, a tooth contour model
may be determined that has a contour portion surrounding the
surfaces of a tooth regquiring pulling aid.

001371 The following description references FIG. 13.
(001381 In the tooth contour model, two points may be
determined where forces may be applied to push the tooth
requiring pulling aid i1n the direction of pulling.

00139 A pulling correction model may be determined by

forming protrusions at the two points, where the contour

portion of the tooth contour model protrudes 1in the

direction of pulling.

001407 The pulling correction model thus determined may
be applied to the 3D alignment teeth model.

(001417 As 1llustrated 1n FIG. 14, the pulling-aid
protrusions may extend along a horizontal direction of the
tooth requiring pulling aid and may preferably have a “U”

shape with the concave part facing the direction of pulling.

00144 Returning to FIG. 1, a 3D printer may be used to

fabricate an alignment teeth mockup (s106).
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(00143 ] FIG. 15 1s a diagram for i1llustrating a method of

manufacturing a transparent aligner according to still

another embodiment of the present invention. In FIG. 15, an
example 1s 1llustrated which includes a tooth pocket (third
pocket) corresponding to a part where a permanent tooth will

develop after a primary tooth has been shed.

00144 ) Referring to FIG. 15, a mold 304 of wax or resin
can Ppe provided 1n the alignment teeth mockup 302 at a
position where a primary tooth has been shed and a permanent
tooth has not vyet developed, i1n the case of an adolescent,

or where a permanent tooth 1s missing, 1in the case of an

adult. Here, the shape of the mold can assume the shape of

a developed permanent tooth.

00145 By performing the wvacuum compression with
synthetic resin fabric placed over the alignment teeth
mockup 302 after thus molding and curing a mold 304 made of
wax or resin 1n the shape of a permanent tooth, it 1is
possible to form a third tooth pocket corresponding to a
part where a primary tooth has been shed.

F001467 FIG. 16 1s a diagram for describing a method for
manufacturing a transparent aligner according to a vyet
another embodiment of the present invention. In FIG. 16, an

example 1s provided in which a handle part 1s formed to

enable easy removal of the transparent aligner.
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(00147 ] Numeral 302a represents a tooth on an alignment

teeth mockup, while numeral 302b represents a gum portion on

the alignment teeth mockup.

LO0148] To be more specific, an elliptical patch 306 may

be attached at the outside gum portion at each of an upper

and a lower molar of the alignment teeth mockup.

(00149 The elliptical patch 306 1s for forming a handle

308 that will be located at a lower portion of a molar on
the transparent aligner, and 1ts shape may be the same as

the contour of the handle 308. That 1s, the elliptical

patch 306 may extend from a lower end of the gum to the
boundary between the gum and the tooth, and 1ts thickness
and width may preferably be of such a degree that allows
entry by the end part of a finger nail.

(00150 ] The transparent aligner may thus be manufactured

using an alignment teeth mockup with the elliptical patch

306 attached.
00151 By performing the vacuum compression with
synthetic resin fabric placed over the alignment teeth

mockup 302 with an elliptical patch 306 attached thus, it 1is

possible to form the transparent aligner with a handle 308

formed at the portion corresponding to the elliptical patch

306.

001547 The operation of generating the 3D dental

alignment model data may entaill dividing into several stages
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and creating mockups based on a simulation of the several

stages using a program until the desired alignment teeth

mockup 1s completed.

LO0153] Also, 1n order to obtain the desired alignment
5 teeth mockup, i1t may be preferable to create teeth models of

different shapes by outputting fixed teeth mockups set for

the various stages.

001547 Using several transparent aligners created from

sequential teeth models may enable a wearer to freely and
10 painlessly take off and reapply an aligner, providing the

advantages of 1increased freedom and effectiveness 1in the

dental alignment.

RULIRSY Onto an alignment teeth mockup 302 that includes

any one of or a combination of a first tooth pocket, a
15 second tooth pocket, a third tooth pocket, and an elliptical

patch, a heat seal resin such as that i1llustrated in FIG. 17

may be applied and heated to obtain a cover such as that

1llustrated in FIG. 18.

00156 This cover may be applied to allow easier
20 separation between the alignment teeth model and the

transparent aligner when applying the synthetic resin to

manufacture the transparent aligner.

LO01LB7 ] A synthetic resin fabric such as that illustrated

in FIG. 19 may be applied over an alignment teeth mockup

25 atter the cover has been placed thereon, and then by
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performing vacuum compression, a mold such as that
illustrated in FIG. 20 may be obtained. Then, the concave
portions 702’', 704’ of a first tooth pocket corresponding to

a tooth requiring rotational correction may be filled with a

resin, and the resin may be cured to form solid supports

706.
(00158 Here, synthetic resin sheets of different
thicknesses may be applied to obtain a set of molds. For

example, four sheets having thicknesses of 0.02 inches, 0.03
inches, 0.035 inches, and 0.004 1inches, for example, can be
applied to obtain a collection of molds having four

different thicknesses from the same alignment teeth mockup.

LO0LE9 ] The molds illustrated in FIG. 20 may be tailored
to provide a collection of transparent aligners composed of
several transparent aligners having different thicknesses,

such as that 1i1llustrated 1in FIG. 21, applied for the

alignment treatment.

L O00160] FIG. 22 1llustrates a way of putting on the

transparent aligner.

(00181 ] With the transparent aligners according to an
embodiment of the present i1nvention, a wearer may wear the
transparent aligners having four thicknesses, one for each
week. This would incur relatively less paln, even when the

distances moved by the teeth are great, and since the

aligner can be replaced each week, any discoloring of the
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teeth or bad breath, etc., caused by contamination of the
aligner can be prevented. Also, since abrasion of the
aligner may be avoided, the alignment can be performed with
greater precision.

00162 ] The descriptions set forth above serve merely as
examples Dbased on the technical spirit of the present

invention. A person skilled i1n the art would be able to

utilize these examples to provide various modifications
without departing from the technical spirit of the present

invention as expressed by the scope of claims.

LO00L63 ]

Industrial Applicability

00164 ] The present invention offers 1ndustrial
applicability 1n that 1t provides not only a method for
manufacturing a transparent aligner that enables easy and
effective rotational correction and removal but also a method
for manufacturing a transparent aligner which can provide an
allowance space for a permanent tooth before or atter a

primary tooth 1s shed and with which different thicknesses
can be used to adjust the duration of the aligning.

FO0165]

28



The embodiments of the present invention for which an exclusive

property or privilege is claimed are defined as follows:

1. A method for manufacturing a transparent dental aligner, the
transparent dental aligner comprising: an insertion aligner part and a
support part, the 1insertion aligner part having tooth pockets formed
therein corresponding to an aligned teeth arrangement, the insertion
aligner part configured to be fitted over a corresponding group of teeth,
and the support part extending from the insertion aligner part to a gum,
the method comprising:
providing a 3D-modeled teeth mcckup;

generating 3D dental alignment model data by incorporating

alignment data into the 3D-modeled teeth mockup;

fabricating an alignment teeth mockup using the 3D dental alignment
model data;

attaching an elliptical patch at an outside gum portion at a molar
of the alignment teeth mockup, and after attaching an elliptical patch;

applying vacuum compression after placing a synthetic resin sheet

on the alignment teeth mockup,

wherein the generating of the 3D dental alignment model data
comprises:

determining a tooth contour mcdel, the tooth contour model having

a contour portion surrounding a surface of a tooth requiring rotational

correction;

determining an axis of rotation for the tooth requiring rotational

correction;
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determining two points touching exterior surfaces of the tooth
requiring rotational correction based on the axis of rotation and a
direction of rotation required for correcting the tooth requiring
rotational correction, the two points being symmetrical with respect to
the axis of rotation;

determining a rotational correction model for the rotational
correction by protruding the contour portion towards a tooth surface and
towards a direction of rotation to apply forces at the two points in
opposite directions about the center axis of rotation:

generating the 3D dental alignment model data by applying the
rotational correction model;

wherein the generating of the 3D dental alignment model data
comprises generating mockups of several stages based on a simulation of
several stages using a program until a desired teeth mockup is completed;
and

wherein teeth models of several shapes are created by outputting
teeth mockups set according to several stages in order to obtain a

desired teeth mockup.

2 . The method for manufacturing a transparent dental aligner

according to claim 1, further comprising:
determining a tooth contour model, the tooth contour model

having a contour portion surrounding a surface of .a tooth reguiring

pulling aid;
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determining a point for creating a force pushing the tooth
requiring pulling aid in a direction of pulling, at each of a
lablal side and a lingual side of the tcooth requiring pulling aid;

and

determining a pulling correction model for the pulling
correction by protruding the contour portion towards a direction

of pulling at the two points.

3. The method for manufacturing a transparent dental aligner
according to c¢laim 1, wherein the applying of the vacuum
compression comprises sequentially applying synthetic resin sheets
of different thicknesses to fabricate a plurality of transparent

dental aligners.

4, The method for manufacturing a transparent dental aligner
according to claim 1, wherein a heat seal resin is applied on the
alignment teeth mockup to provide a cover before the applying of
the vacuum compression, and the applying of the vacuum compression
1s performed with the obtained cover covering the alignment teeth

mockup.

5. A method for manufacturing a transparent dental aligner, the
transparent dental aligner comprising: an insertion aligner part

and a support part, the insertion aligner part having tooth pockets
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formed therein corresponding to an aligned teeth arrangement, the

insertion aligner part configured to be fitted over a corresponding

group of teeth, and the support part extending from the insertion
aligner part to a gum, the method comprising:

providing a 3D-modeled teeth mockup;

generating 3D dental alignment model data by incorporating
allgnment data into the 3D-modeled teeth mockup;

fabricating an alignment teeth mockup using the 3D dental
alignment model data ;

attaching an elliptical patch at an outside gum portion at a
molar of the alignment teeth mockup, and after attaching an
elliptical patch;

applying vacuum compression after placing a synthetic resin
sheet on the alignment teeth mockup;

wherein the generating of the 3D dental alignment model data
further comprises:

determining a tooth contour model, the tooth contour model
having a contour portion surrounding a surface of a tooth requiring
pulling aid;

determining & point for creating a force pushing the tooth
requiring pulling aid in a direction of pulling, at each of a

labial side and a lingual side of the tooth requiring pulling aid;
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determining a pulling correction model for the pulling

correction by protruding the contour portion towards a direction
of pulling at the two points;

whereln the generating of the 3D dental alignment model data
comprises generating mockups of several stages based on a
simulation of several stages using a program until a desired teeth
mockup 1s completed; and

wherein teeth models o0f several shapes are created by
outputting teeth mockups set according to several stages in order

to obtain a desired teeth mockup.

6. The method for manufacturing a transparent dental aligner
according to claim 5, further comprising, before the applying of
the vacuum compression:

molding a resin in accordance to a shape of a permanent tooth
at a tooth portion of the alignment teeth mockup where a primary
tooth was shed and a permanent tooth has not yet developed; and

curlng the resin.

7. The method for manufacturing a transparent dental aligner

according to claim 5, wherein the applying of the vacuum
compression comprises sequentially applying synthetic resin sheets
of different thicknesses to fabricate a plurality of transparent

dental aligners.

33

CA 2958539 2018-06-26



8 . The method for manufacturing a transparent dental aligner
according to claim 5, wherein a heat seal resin is applied on the

alignment teeth mockup to provide a cover before the applying of

the vacuum compression, and the applying of the vacuum compression
1s performed with the obtained cover covering the alignment teeth

mockup.

9. The method for manufacturing a transparent dental aligner
according to c¢laim 5, wherein the generating of the 3D dental
alignment model data comprises generating mockups of several
stages based on a simulation of several stages using a program

until a desired teeth mockup is completed.

10. The method for manufacturing a transparent dental aligner
according to claim 9, wherein alignment teeth models of several

snapes are created by outputting teeth mockups set according to

several stages in order to obtain a desired alignment teeth mockup.

1. A <transparent aligner of a mouthpiece type for dental

alignment, the transparent aligner comprising:
an insertion aligner part having tooth pockets formed therein
corresponding to an aligned teeth arrangement, the insertion

aligner part being configured to be fitted over a corresponding
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group ©of teeth;

a support part extending from the insertion aligner part to
a gum;

whereln a removal handle is formed at an outside gum portion
al a molar of the support part;

wherein at least one of the tooth pockets is at least one
first tooth pocket corresponding to a tooth reguiring rotational

correction;

wherein the protrusion of the at least one first tooth pocket

has a convex portion and a concave portion formed therein, the
convex portion protruding towards the tooth requiring rotational
correction, the concave portion positioned at a rear of the convex
portion;

wherein the concave portion is filled with a solid support
material;

the at least one first tooth pocket comprises a labial side
wall and a lingual side wall surrounding a labial side and a
lingual side of the tooth requiring rotational correction, and
protrusions are provided protruding towards the tooth requliring
rotatlonal correction, the protrusions provided on the labial side
wall and the lingual side wall to apply forces at the two polnts
1n opposite directions about the center axis of rotation at
symmetric positions to force with respect to an axis of rotation

ol the tooth requiring rotational correction; and
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wherein several of the transparent aligners having different

thicknesses form one collection.

12. The transparent aligner of claim 11, wherein the protrusion
of the at least one first tooth pocket has a convex portion and a
concave portion formed therein, the convex portion protruding
towards the tooth requiring rotational correction, the concave

portion positiocned at a rear of the convex portion.

13. The transparent aligner of claim 11, further comprising a
second tooth pocket corresponding to a tooth requiring pulling
aid,

whereln the second tooth pocket comprises a labial side wall
and a lingual side wall surrounding a labial side and a lingual
side, respectively, of the tooth requiring pulling aid, and

pulling-aid protrusions are provided on the labial side wall
and the lingual side wall, the pulling-aid protrusions configured

Lo push the tooth requiring pulling aid in a direction of pulling.

14. A transparent aligner of a mouthpiece type for dental

alignment, the transparent aligner comprising:
an insertion aligner part having tooth pockets formed therein
corresponding to an aligned teeth arrangement, the insertion

aligner part being confiqured to be fitted over a corresponding

36

CA 2958539 2018-06-26



group of teeth; and

a support part extending from the insertion aligner part to
a gum,

wherelin at least one of the tooth pockets is at least one

second tooth pocket corresponding to a tooth requiring pulling

correction,

the at least one second tooth pocket comprises a labial side
wall and a lingual side wall surrounding a labial side and a
lingual side, respectively, of the tooth requiring pulling aid,

pulling-aid protrusions are provided on the labial side wall

and the lingual side wall, the pulling-aid protrusions configured

Cc push the tooth requiring pulling aid in a direction of pulling;

and

wherein several of the transparent aligners having different

thicknesses form one collection.
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