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Abstract:

An orthodontic appliance shaped to receive teeth. The orthodontic appliance can be constructed from
a laminate structure with a outer transparent layer and an inner translucent layer. The translucent
layer can scatter light to decrease a relative degree or perceived gloss to the human eye, and hence
provide a more natural appearance to the orthodontic appliance.
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ORTHODONTIC APPLIANCES AND MATERIALS

BACKGROUND

[0001] An objective of orthodontics is to move a patient's tecth to positions where function
and/or aesthetics are optimized. Traditionally, appliances such as braces are applied to a
patient's teeth by a treating practitioner and the set of braces exerts continual force on the
teeth and gradually urges them toward their intended positions. Over time and with a series
of clinical visits and reactive adjustments to the braces by the practitioner, the appliances to

move the teeth toward their final destination.

[0002] Morc rccently, altcrnatives to conventional orthodontic treatment with traditional
affixed appliances (e.g., braces) have become available. For example, systems including a
series of molded plastic aligners have become commercially available from Align
Technology, Inc., San Jose, Calif., under the trade name Invisalign® System. The
Invisalign® System is described in numerous patents and patent applications assigned to
Align Technology, Inc. including, for example in U.S. Pat. Nos. 6,450,807, and 5,975,893.
Such aligners are commonly called “clear” aligners due to a transparent plastic construction.
Similarly constructed (i.e., thicker) clear retainers (e.g. ESSIX retainers) also exist as a post-

procedure option for orthodontic patients.

[0003] Clear aligners and retainers are popular among patients over patients for ease of use
and aesthetic reasons, as the clear plastic touted as being much less noticeable by others.
While clear aligners and retainers may be more aesthetically acceptable to many, such
devices are not “invisible.” The devices add an unnatural gloss to the teeth due to light
interactions with the transparent plastic. For some patients, this gloss effect reduces

appliance wear compliance.

SUMMARY OF THE INVENTION

[0004] Embodiments of the invention relate to orthodontic appliances and materials as
summarized in the following paragraphs. Some embodiments relate to orthodontic

appliances and materials that have a less noticeable gloss and a more natural oral appearance.
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In some embodiments, an appliance can include a white translucent or opaque layer of

material covered by a transparent layer of material.

[0005] Some embodiments related to an orthodontic appliance. The orthodontic appliance
can be formed from a laminate material shaped to fit over teeth. The laminate material can
include a first layer having a transparent material, a second layer having an opaque or
translucent material; and a third layer also including the transparent material. The second

layer can be between the first and third layer.

[0006] In some embodiments, the first and third layer can include at least a portion of

polyethylene terephthalate glycol-modified (PETG).

[0007] In some embodiments, the second layer can be a translucent material and the second

layer can be at least somewhat crystalized to provide a relative degree of translucency.

[0008] In some embodiments, the second layer can include at least a portion of a

polyurethane.

[0009] In some embodiments, the second layer can be at least somewhat crystalized to

provide a relative degree of translucency.

[0010] In some embodiments, the second layer can be decrystallized during formation of the

orthodontic appliance to determine a degree of translucency for the second layer.

[0011] In some embodiments, the degree of translucency of the second layer is dependent on

how long and/or the amount of heat is applied to the laminate material during thermoforming.

[0012] In some embodiments, the second layer can include at least a portion of a

thermoplastic elastomer, such as a thermoplastic copolyester,

[0013] In some embodiments, the second layer can include at least a portion of a maleic

anhydride grafted PE (HDPE).

[0014] In some embodiments, the second layer can include at least a portion of a reactive

terpolymer.
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[0015] In some embodiments, the laminate material can be .0235-.045 inches (0.635-1.143
mm} thick.

[0016] Some embodiments relate to an orthodontic appliance material that can be a laminate
.025-.045 inches (0.635-1.143 mm) thick and can have a translucent or opaque layer and at

least one transparent layer.

[0017] In some embodiments, the orthodontic appliance material can include a first
transparent layer and second transparent layer, and the translucent layer can be between the

first and second transparent layer.

[0018] In some embodiments, the orthodontic appliance material can be sized to fit

commercially available orthodontic appliance device.

[0019] In some embodiments the first transparent layer and second transparent layer can
each be a transparent copolyester and the translucent or opaque layer can be a thermoplastic

copolyester.

[0020] In some embodiments, the first transparent layer and second transparent layer ecach
consist of a transparent polyethylene terephthalate glycol-modified (PETG) and the

translucent or opaque layer consists of a thermoplastic copolyester (TPC/TPE-E).

[0021] Some embodiments relate to an orthodontic appliance material having a polymer
laminate .025-.040 inches (0.635-1.016 mm) thick and only including a single translucent

layer between two transparent layers.

[0022] Some embodiments relate to a method for forming an orthodontic appliance. A
laminate material can be placed into an orthodontic appliance thermoforming device. The
laminate material can include a first layer of a transparent material; a second layer ot a
crystallized thermoplastic elastomer; and a third layer of the transparent material. The second
layer can be between the first and third layer. The laminate material can be thermoformed
into the orthodontic appliance according to pressure, heating, and time settings of the

orthodontic appliance thermoforming device. At least the heating and time settings can be



CA 03157978 2022-5-10

selected to at least partially decrystallize the thermoplastic elastomer of the second layer so as

to make the second layer relatively more transparent.

[0023] In some embodiments, at least the heating and time settings are selected to at least
partially decrystallize the thermoplastic elastomer of the second layer so to become

translucent.

[0024] In some embodiments, increasing an amount of heat energy applied to the laminate
material and/or increasing the amount of time the laminate material is heated can cause the

second layer to have greater relative transparency.

[0025] In some embodiments, the heating settings can include a setting of 220°C (427°F).

[0026] In some embodiments, the time setting can include a heating time of 30-60 seconds.

[0027] In some embodiments, increasing the amount of heat applied to the laminate material
and/or increasing the amount of time the laminate material is thermoformed can cause the

second layer to increase in an amount of translucency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] For a better understanding of at least certain embodiments, reference will be made to
the following Detailed Description, which is to be read in conjunction with the accompanying

drawings.

[0029] FIG. 1 is a perspective view of an orthodontic appliance, according to some

embodiments.

[0030] FIGS. 2A is an exploded view of an orthodontic appliance, according to some

cmbodiments.

[0031] FIG. 2B is a cross-section of a laminate material, according to some embodiments.

[0032] FIG. 3 is a perspective view of a process for molding an orthodontic appliance,

according to some embodiments.
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[0033] FIG. 4A is a photograph of a cross-section of a laminate material, according to some

embodiments.

[0034] FIG. 4B is a photograph of the laminate material of FIG. 4A formed into an

orthodontic appliance, according to some embodiments.

[0035] The figures depict various embodiments of the present invention for purposes of

illustration only, wherein the figures use like reference mumerals to identity like elements.
One skilled in the art will readily recognize from the following discussion that alternative
embodiments of the structures and methods illustrated in the figures may be employed

without departing from the principles of the invention described herein.

DETAILED DESCRIPTION

[0036] Embodiments are disclosed that relate to orthodontic appliances constructed from
multiple shells for the purpose of maximizing working elasticity, which is defined herein as
the capability of an orthodontic appliance to elastically deform to attach to an initial location

of the teeth.

[0037] Betore the present invention is described in greater detail, it is to be understood that
this invention is not limited to particular embodiments described, as such can, of course, vary.
It is also to be understood that the terminology used herein is for the purpose of describing
particular embodiments only, and is not intended to be limiting, since the scope of the present

invention will be limited only by the appended claims.

[0038] Where a range of values is provided, it is understood that each intervening value, to
the tenth of the umit of the lower limit unless the context clearly dictates otherwise, between
the upper and lower limit of that range and any other stated or intervening value in that stated
range, is encompassed within the invention. The upper and lower limits of these smaller
ranges can independently be included in the smaller ranges and are also encompassed within
the invention, subject to any specitically excluded limit in the stated range. Where the stated
range includes one or both of the limits, ranges excluding either or both of those included

limits are also included in the invention.
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[0039] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although any methods and materials similar or equivalent to those described herein
can also be used in the practice or testing of the present invention, representative illustrative

methods and materials are now described.

(19

[0040] It is noted that, as used herein and in the appended claims, the singular forms “a”,
“an”, and “the™ include plural referents unless the context clearly dictates otherwise. It is

further noted that the claims may be drafted to exclude any optional element. As such, this
statement is intended to serve as antecedent basis for use of such exclusive terminology as

2% e

“solely,” “only” and the like in connection with the recitation of claim elements, or use of a

“negative” limitation.

[0041] As will be apparent to those of skill in the art upon reading this disclosure, each of
the individual embodiments described and illustrated herein has discrete components and
features which can be readily separated from or combined with the features of any of the
other several embodiments without departing from the scope or spirit of the present
invention. Any recited method can be carried out in the order of events recited or in any other

order that is logically possible.

[0042] FIG. | illustrates orthodontic appliance 10, which can be worn by a patient in order
to achieve an incremental repositioning of individual teeth or for the purpose of retaining
position of moved teeth after completion of an orthodontic treatment (i.e., a “retainer”). In
some embodiments, orthodontic appliance 10 can be formed from a laminate of suitable
layers of polymeric material. Orthodontic appliance 10 can fit over all teeth present in an

upper or lower jaw, or less than all of the teeth.

[0043] In some embodiments, only certain teeth received by an appliance will be
repositioned by the appliance while other teeth can provide a base or anchor region for
holding the appliance in place as it applies force against the tooth or teeth targeted for
repositioning. In some cases, many or most, and even all, of the teeth will be repositioned at
some point during treatment. Teeth that are moved can also serve as a base or anchor for
holding the appliance as it is worn by the patient. Typically, no wires or other means will be

provided for holding an appliance in place over the teeth. In some cases, however, it may be
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desirable or necessary to provide individual anchors on teeth with corresponding receptacles
or apertures in the appliance so that the appliance can apply a selected force on the tooth.
Basic methods for determining an orthodontic treatment plan using a series of incremented
appliances as well as instructions for molding orthodontic appliances are well known, and,

for example, are described in U.S. Pat. Nos. 6,450,807, and 5,975,893.

[0044] An appliance can be designed and/or provided as part of a set of a plurality of
appliances. In such an embodiment, each appliance may be configured so a tooth-receiving
cavity has a geometry corresponding to an intermediate or final tooth arrangement intended
for the appliance. The patient's teeth can be progressively repositioned from an initial tooth
arrangement to a target tooth arrangement by placing a series of incremental position
adjustment appliances over the patient's teeth. A target tooth arrangement can be a planned
(inal tooth arrangement selected (or the patient's teeth al the end of all planned orthodontic
treatment. Alternatively, a target arrangement can be one of many intermediate arrangements
tor the patient's tecth during the course of orthodontic treatment. As such, it is understood
that a target tooth arrangement can be any planned resulting arrangement for the patient's
teeth that follows one or more incremental repositioning stages. Likewise, an initial tooth
arrangement can be any imitial arrangement for the patient's teeth that is followed by one or

more incremental repositioning stages.

[0045] The orthodontic appliances can be generated all at the same stage or in sets or
batches, e.g., at the beginning of a stage of the treatment, and the patient wears each
appliance until the pressure of each appliance on the teeth can no longer be felt or has
resulted in the maximum amount of expressed tooth movement for that given stage. A
plurality of different appliances (e.g., set} can be designed and even fabricated prior to the
patient wearing any appliance of the plurality. After wearing an appliance for an appropriate
period of time, the patient replaces the current appliance with the next appliance in the series
until no more appliances remain. The orthodontic appliances are generally not affixed to the
teeth and the patient may place and replace the appliances at any time during the procedure

(e.g., patient-removable appliances).

[0046] FIG. 2A shows an exploded view of orthodontic appliance 10. The orthodontic
appliance 10 can include a first layer 14 having a teeth engaging surface, a second layer 16

over the first layer and a third layer 18 having an outer surface that is exposed to the oral



CA 03157978 2022-5-10

cavity. Insome embodiments, one or more additional layers can be located between the first

layer 14 and the second layer 16 and/or between second layer 16 and third layer 18.

[0047] In some embodiments, third layer 18 is not included and therefore only first layer 14

and second layer 16 are included, with second layer 16 being the tooth engaging layer.

[0048] While the orthodontic appliance 10 is shown in an exploded view for the purpose of
better understanding, the layers of the orthodontic appliance 10 are intended to be of a single
sheet of laminate material. A cross-section of laminate material 20 is shown at FIG. 2B.

Laminate material 20 can be formed as a co-extruded or co-laminated sheet.

[0049] Scientific theory of human perception of gloss is complex and evolving. One study
found that six types of perceived gloss, i.¢., gloss perceptions, exist: 1. specular gloss (i.c.,
perceived shininess, perceived brilliance of highlights); 2. Sheen at grazing angles, which is
the perceived gloss at grazing angles of otherwise matte surfaces; 3. Contrast gloss, which is
identified by contrasts between specularities and the rest of a surface (i.c., observed contrast
between specular highlights and otherwise diffusely retlecting surface areas); 4. Haze —
this is the presence of a hazy or milky appearance adjacent to reflected highlights (e.g. haze
surrounding a reflected highlight on a brushed metal surface); 5. Distinctness-of-reflected-
image gloss — (i.e., the perceived distinctness and sharpness of a pseudoimage seen reflected
in a surface); and 6. Absence-of-surface-texture gloss — this 1s the perceived smoothness of a
surtace, where non-uniformities of surface texture such as blemishes are not visible. See
Chadwick et al., “The perception of gloss: A review.” Vision Research, Vol. 109, Part B,
April 2013, Pages 221-235. See also Luo ef al., ““Assessing Gloss of Tooth using Digital
Imaging.” Conference on Colour in Graphics, Imaging, and Vision, CGIV 2008 Final
Program and Proceedings, pp. 307-311. Accordingly, the presence of different types of gloss
perceptions (e.g., brilliance next to haziness within a reflected image) on one surface can

result in a high perception of gloss.

[0050] Accordingly, aspects that contribute to perceived gloss of a prior art clear aligner can
include (among others): gloss perceptions derived from light interaction on the outer surface
of the clear material; gloss perceptions derived between light interaction between surfaces of
the outer and inner surface of the clear material; gloss perceptions derived from light

interaction with trapped saliva between the aligner and the tooth surface; perceptions derived
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trom light interaction with air gaps between the aligner and the tooth surface; and gloss
perceptions derived from light interaction at inner and outer surface concavity changes (e.g.,
inner/outer surface lines at gaps between teeth, gumlines). Put another way, a prior art clear
aligner suffers from disparate appearances of high specular gloss, image reflections, shiny
surfaces, and dark contrast at the creases/lines between teeth and gumline. The thickness of
prior art clear appliances (typically 0.030-0.045 inches ( 0.75-1.00 mm}) contributes to these

issues by increasing retlective distortion.

[0051] Light transmittance is the ratio of light intensity passing through a material to the
intensity of light received by the specimen. Transmittance is determined by light reflection,
absorption, and scattering at the material. A highly transparent material has very little
absorptive and scattering properties. An opaque material transmits little to no light because
ol high scattering and absorplive qualities. Translucent materials have relatively high
transmittance ratios, because of negligible absorption, but greatly scatter the transmitted light,
resulting in a hazy, white appearance. First layer 14 and third layer 18 can be transparent and
second layer 16 can be a translucent material or an opaque or nearly opaque material. The
result can be very visnally similar (as perceived by the human eye) to the appearance of

natural teeth while mitigating gloss perceptions of prior art clear appliances.

[0052] Some embodiments of the invention include one or more transparent layers
laminated over a translucent layer or an opaque layer. Embodiments of the invention reduce
perceived glossiness by: including a thinner transparent layer(s) to reduce reflective gloss
perceptions derived trom light interaction between internal transparent surtaces; including a
thinner transparent layer to reduce gloss perceptions derived from light interaction at inner
and outer surface concavity changes; including a laminated internal translucent or opaque
layer to eliminate gloss perceptions derived from reflections of teeth surfaces; including a
laminated internal translucent layer to eliminate gloss perceptions derived from air gaps
between the transparent layer and the translucent or opaque layer; including a laminated
translucent layer to eliminate gloss perceptions derived from light interaction with trapped
saliva; and including a thinner transparent layer(s) to reduce gloss perceptions derived from

light interaction at surface changes (i.c., hard surface lines at gaps between tecth, gumlines).

[0053] In some embodiments, one or more of first layer 14, second layer 16, and third layer

18 can have thicknesses ranging from 0.001 - 0.040 inches (0.025-1.02 mm} thick. In some
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embodiments, the total thickness of laminate material 20 can range from 0.020-0.050 inches
(0.51-1.27 mm). In some embodiments, first layer 14, second layer 16, and/or third layer 18
are 0.015 inches (0.381 mm) thick prior to forming (e.g. thermoforming) laminate material 20
into appliance 10. In some embodiments, first layer 14, second layer 16, and/or third layer 18
are 0.010 inches (0.254 mm) thick prior to tforming (e.g. thermoforming) laminate material 20

into appliance 10.

[0054] In some embodiments, first layer 14, second layer 16, and third layer 18 can be
constructed from one or polymers such as a polyester, a copolyester, a polycarbonate, a
thermoplastic polyurethane, a polypropylene, a polyethylene, a polypropylene and
polyethylene copolymer, an acrylic, a cyclic block copolymer, a polyetheretherketone, a
polyamide, a polyethylene terephthalate, a polybutylene terephthalate, a polyetherimide, a

polyethersullone, a polytrimethylene terephthalate or a combination thereof.

[0055] In some embodiments, first layer 14 and/or third layer 18 are each formed from a
transparent polymer having low haze, high gloss, high transparency, high regular
transmittance, and high total transmittance. For example, for a 0.010 inch (0.25 mm) sample
light transmission values can include 0.5-1.5% Haze (ASTM D1003), >80 GU @ 45° (ASTM
D2457), >80% transparency (ASTM D1746), >80% regular transmittance (ASTM D1003
modified}, and/or >80% total transmittance (ASTM D1003 Moditied}}. In some
embodiments, a transparent copolyester (e.g., Eastar™ copolyester 6763} can be used having
the following properties: (for a 0.010 inch (0.25 mm) sample: 0.8 % Haze (ASTM D1003),
108 GU (@ 45° (ASTM D2457), 85 % Transparency (ASTM D1746), 89% Regular
Transmittance (ASTM D1003 Modified), 91% Total Transmittance (ASTM D1003
Modified)).

[0056] In some embodiments, first layer 14 and third layer 18 are each transparent and
formed from one or more polymers. In some embodiments, to provide a long service life
when oral appliance 10 is a retainer, tirst layer 14 and/or third layer 18 are selected trom
materials having high impact resistance. In some embodiments, first layer 14 and third layer
18 are made primarily or entirely from polyethylene terephthalate glycol-moditied (PETG).
In some embodiments, first layer 14 and/or third layer 18 are made primarily or entirely from
polycarbonate. In some embodiments, first layer 14 and/or third layer 18 are made primarily

or entirely from polymethylmethacrylate (PMMA).

10
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[0057] In some embodiments, first layer 14 and/or third layer 18 is processed to reduce or
remove hydrophobic properties (e.g., from PETG}) that can induce saliva foaming. In some
embodiments, first layer 14 and/or third layer 18 is processed (e.g. rolled) to have a matte
outer surface finish to reduce or remove hydrophobic properties. In some embodiments, first
layer 14 and/or third layer 18 is processed with an acid or a hase to reduce or remove
hydrophobic properties. In some embodiments, first layer 14 and/or third layer 18 are

covered with coatings or additional layers having hydrophilic properties.

[0058] In some embodiments, second layer 16 is formed from one or more translucent
polymers, which can provide a hazed white appearance. In some embodiments, second layer
16 is primarily or entirely made of polyurethane, thermoplastic elastomer such as a
thermoplastic copolyester (TPC/TPE-E) (e.g. Amitel® EM400/EM460), maleic anhydride
gralled polyethylene (HDPE) (e.g. Westluke Plastics® GB1002), or reactive terpolymer (e.g.
Lotader® blends). In some embodiments, second layer 16 can be processed to increase
crystallinity, thereby increasing light scattering to reduce transparency, increase translucence
and provide a white or milky appearance. In some embodiments, second layer 16 has greater
tlexibility (e.g., at least 1.5x less tlexural modulus) than tirst layer 14 and/or third layer 18 to
provide oral appliance 10 with greater flexibility.

[0059] In some embodiments, second layer 16 can be an opaque or nearly opaque material,
such as a polymer having a white colorant (e.g. titanium dioxide particles) or a metal foil. In
some embodiments, a metal foil can be coated with titanium dioxide to provide a white

appearance.

[0060] FIG. 3 depicts an example of process 30 for forming an orthodontic appliance. As
shown, laminate material 20 can be formed into orthodontic appliance 10. In this example
process, orthodontic appliance 10 can be produced with the use of physical tooth model, or
mold, 32. Tn some embodiments, laminate material 20 is dimensioned (e.g., 120mm and/or
125mm diameter circle) tor ready processing on a comumercially available forming device
(e.g., Erkoform®, Erkoform-3dmotion ®, Biostar®, Ministar S®, Drufomat Scan®,
Drufosmart®, Essix® SelectVac®). Guidelines for operating such forming devices can be
found at Scheu Dental Technology, Biostar Operating Manual,
DE/GB/FR/AIT/ES/1.000/06/19 G REF PM 0113.01; Scheu Dental Technology, Application
bookiet for the pressure moulding technigue, GB 2.000/07/19 G REF 0111.02; Erkodent,

11
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Thermoforming, S15-3106-48; Erkodent, Erkoform 3D, 61-8002-2; Erkodent, Erkoform-3D+
Instructions, BA-Erkoform-3d-+-anl-EN-04-04-2019.

[0061] Orthodontic appliance 10 can be produced by heating laminate material 20 and then
vacuum or pressure forming the material over the teeth in the physical tooth model 32, and
then trimming excess material atter removal from the mold. Accordingly, orthodontic

appliance 10 is a direct representation of physical tooth model 32.

[0062] In some embodiments, second layer 16 of laminate material 20 (e.g. thermoplastic
copolyester (TPC/TPE-E) (e.g. Arnitel® EM400/460)) is provided in a crystalized form, such
that it appears translucent or opaque prior to thermoforming. Some thermoplastic elastomers
allow one to tune the amount of translucency according to the heating temperature and/or
heating time. Thermotorming laminate material 20 for a sufficient amount of time can
modity (i.c., decrystalize) the crystalline structure of second layer 16 to make it translucent,
or at least more translucent than originally provided. The degree of translucence depends on
the amount of time laminate material 20 is thermoformed and/or the temperature applied (i.e.
thermoforming machine temperature setting} to laminate material, the thickness of second

layer 16, and the thickness of first layer 14 and third layer 18.

[0063] It has been determined that heating times of 30-60 seconds using a Biostar
thermoforming device (with thermoforming settings 6 bar/87 psi, 427 F) on larmnates with
first layer 14 and third layer 18 ranging from 0.010-.015 in. (0.254-0.381 mm) thick and
second layer 16 being 0.010 in. (0.254 mm) thick provided a good translucency for
orthodontic retainers resembling human teeth. The ability to tune translucence (for oral
appliances using at least one thermoplastic elastomer layer) can be advantageous over
appliances that use colorants such Ti02 or BaSO4 or using materials such as crystallized
polyethylene and polypropylene, which, for the purposes of thermoforming an appliance, the
degree of possible translucency or opaqueness are more or less set when such materials are

formed.

[0064] In some embodiments, an oral appliance can be constructed from a laminate shaped
to fit in a commercially available thermoforming device and has an optimal thickness of
0.020-0.045 inches (0.508-1.143 mum) (prior to thermotorming). In some embodiments, tirst
layer 14 and third layer 18 can each be formed from a transparent copolyester (e.g., PETG

12
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such as Eastar™ copolyester 6763) having an optimal thickness of 0.003-0.020 inches
(0.127-0.508 mm) (prior to thermoforming), and a second layer 16 being formed from a
thermoplastic elastomer (e.g. TPC/TPE-E such as Amnitel® EM400) having an optimal
thickness of 0.005-0.020 inches (0.127-0.508 mm}) (prior to thermoforming).

[0065] As shown in FIGS. 4A and 4B, in some embodiments, laminate material 20 can be
thermoformed into a retainer 10 having an optimal thickness of 0.040 inches (1.016 mm}
(prior to thermoforming), where first layer 14 and third layer 18 can each be formed from a
transparent copolyester (e.g., PETG such as Eastar™ 6763) having an optimal thickness of
0.015 inches (0.381 mm) (prior to thermoforming), and a second layer 16 being formed from
a thermoplastic copolyester (TPC/TPE-E) (e.g. Arnitel® EM400) having an optimal
thickness of 0.010 inches (0.254 mm) (prior to thermoforming). As shown in the photograph
ol a cross-section of laminale malterial 20 at FIG. 4A, second layer 16 is opaque prior o
thermotforming. Compare with retainer 10 of FIG. 4B, in which heating laminate material 20
during a thermotorming process causes second layer 16 to decrystallize to a degree from an
opaque state to become translucent or have relatively greater transparency. As described
above, the degree of crystallinity can be tuned to increase or decrease relative translucency of
second layer 16 and hence retainer 10. It has been determined that using laminate material 20
with a commercially available Biostar® thermoforming device with a heating setting of
220°C/427°F, heating time of 45-50 seconds, and cooling time of 100-140 seconds or 120
seconds provides the level of translucency (or closely similar) of retainer 10 shown at FIG.
4B. Increasing the heating time will provide greater transparency for retainer 10 via greater
relative decrystallization of second layer 16, and conversely decreasing the heating time will
provide less transparency for retainer 10 via less relative decrystallization of second layer 16.
In some embodiments, the laminate can be thermoformed into an aligner having an optimal
thickness of 0.030 inches (0.762 mm) (prior to thermoforming), where first layer 14 and thard
layer can each being formed from a transparent copolyester (e.g., Eastar™ copolyester 6763)
having an optimal thickness of 0.010 inches (0.254 mm) (prior to thermoforming), and a
second layer 16 being formed from a thermoplastic copolyester (e.g. Arnitel® EM400)
having an optimal thickness of 0.010 inches (0.254 mun) (prior to thermoforming).

[0066] Throughout the foregoing description, and for the purposes of explanation, numerous
specific details are set forth in order to provide a thorough understanding of the described

techniques. It will be apparent, however, to one skilled in the art that these techniques can be

13



practiced without some of these specific details. Although various embodiments that
incorporate these teachings have been shown and described in detail, those skilled in the art
could readily devise many other varied embodiments or mechanisms to incorporate these
techniques. Also, embodiments can include various operations as set forth above, fewer
operations, or more operations; or operations in an order. Accordingly, the scope and spirit of
the invention should be judged in terms of the claims, which follow as well as the legal

equivalents thereot.
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CLAIMS

What is claimed is:

1. An orthodontic appliance comprising:
a laminate material shaped to fit over teeth, wherein the laminate material
comprises:
a first layer comprising a transparent material;
a second layer comprising an opaque or translucent material; and
a third layer comprising the transparent material, wherein the second layer is

between the first and third layer.

2. The orthodontic appliance of claim 1, wherein the first and third layer includes at least

a portion of polyethylene terephthalate glycol-modified (PETG).
3. The orthodontic appliance of claim 1, wherein the second layer is a translucent
material and wherein the second layer is at least somewhat crystalized to provide a relative

degree of translucency.

4. The orthodontic appliance of claim 1, wherein the second layer includes at least a

portion of a polyurethane.

3. The orthodontic appliance of claim 1, wherein the second layer includes at least a

portion of a thermoplastic copolyester.

6. The orthodontic appliance of claim 1, wherein the second layer includes at leasta

portion of a maleic anhydride grafted PE (HDPE).

7. The orthodontic appliance of claim 1, wherein the second layer includes at least a

portion of a reactive terpolymer.

8. The orthodontic appliance of claim 1, wherein the laminate material is 0.635-1.143

mm (.025-.045 inches) thick.
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9.

10.

1.

12.

13.

A method for forming an orthodontic appliance, the method comprising:
placing a laminate material into an orthodontic appliance thermoforming device,
wherein the laminate material comprises:
a first layer comprising a transparent material;
a second layer comprising a thermoplastic elastomer, the thermoplastic
clastomer being crystallized and opaque or nearly opaque; and
a third layer comprising the transparent material, wherein the second layer
is between the first and third layer;
thermoforming the laminate material into the orthodontic appliance according to
pressure, heating, and time settings of the orthodontic appliance thermoforming
device, wherein at least the heating and time settings are selected to at least partially
decrystallize the thermoplastic elastomer of the second layer so as to make the second

layer relatively more transparent.

The method of claim 9, wherein at least the heating and time settings are selected to at
least partially decrystallize the thermoplastic elastomer of the second layer so as to
become translucent.

The method of claim 9, wherein increasing an amount of heat energy applied to the
laminate material and/or increasing the amount of time the laminate material is heated
causes the second layer to have greater relative transparency.

The method of claim 9, wherein the heating settings comprises 220°C.

The method of claim 9, wherein the time setting comprises a heating time of 30-60

seconds.
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