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transition temperature of less than about 0 °C and a flexural modulus less than about 1 GPa; and first and second exterior layers of a
third thermoplastic polymer C with a thermal transition temperature of about 70 °C to about 140 °C and a flexural modulus greater than
about 1.3 GPa. Interfacial adhesion between any of the adjacent layers in the polymeric shell is greater than about 150 grams per inch.

[Continued on next page]



WO 2020/225657 A | [IN 1000000000000 0 0O

SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

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

Declarations under Rule 4.17:

— as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

— as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
—  with international search report (Art. 21(3))
— in black and white; the international application as filed

contained color or greyscale and is available for download
Jrom PATENTSCOPE



WO 2020/225657 PCT/1IB2020/054051

MULTI-LAYERED DENTAL APPLIANCE

BACKGROUND

[0001] Orthodontic treatments involve repositioning misaligned teeth and improving bite configurations
for improved cosmetic appearance and dental function. Repositioning teeth is accomplished by applying
controlled forces to the teeth of a patient over an extended treatment time period.
[0002] Teeth may be repositioned by placing a dental appliance such as a polymeric incremental position
adjustment appliance, generally referred to as an orthodontic aligner or an orthodontic aligner tray, over
the teeth of the patient. The orthodontic alignment tray includes a polymeric shell with a plurality of
cavities configured for receiving one or more tecth of the patient. The individual cavities in the polymeric
shell are shaped to exert force on one or more teeth to resiliently and incrementally reposition selected
teeth or groups of teeth in the upper or lower jaw. A series of orthodontic aligner trays are provided for
wear by a patient sequentially and alternatingly during each stage of the orthodontic treatment to
gradually reposition teeth from misaligned tooth arrangement to a successive more aligned tooth
arrangement until a desired tooth alignment condition is ultimately achieved. Once the desired alignment
condition is achieved, an aligner tray, or a series of aligner trays, may be used periodically or
continuously in the mouth of the patient to maintain tooth alignment. In addition, orthodontic retainer
trays may be used for an extended time period to maintain tooth alignment following the initial
orthodontic treatment.
[0003] A stage of an orthodontic treatment may require that a polymeric orthodontic retainer or aligner
tray remain in the mouth of the patient for up to 22 hours a day, over an extended treatment time period of
days, weeks or even months.

SUMMARY

[0004] The present disclosure is directed to orthodontic dental appliances configured to move or retain
the position of teeth in an upper or lower jaw of a patient such as, for example, an orthodontic aligner tray
or a retainer tray. An orthodontic dental appliance made from a relatively stiff polymeric material with a
high flexural modulus selected to effectively exert a stable and consistent repositioning force against the
teeth of a patient such as, for example, polyesters and polycarbonates, can cause discomfort when the
dental appliance repeatedly contacts oral tissues or the tongue of a patient over an extended treatment
time. These high modulus polymeric materials can also have poor stress retention behavior to provide a
desired level of force persistence performance.

[0005] A rubbery elastomer has excellent stress retention behavior, in many cases may be too soft to be
used alone in a dental appliance to effectively move teeth into a desired alignment condition in a

reasonably short treatment time.
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[0006] In addition, the warm and moist environment in the mouth can cause the polymeric materials in
the dental appliance to absorb moisture and swell, which can compromise the mechanical tooth-
repositioning properties of the dental appliance. These compromised mechanical properties can reduce
tooth repositioning efficiency and undesirably extend the treatment time required to active a desired tooth
alignment condition. Further, in some cases repeated contact of the exposed surfaces of the dental
appliance against the teeth of the patient can prematurely abrade the exposed surfaces of the dental
appliance and cause discomfort.

[0007] Dental appliances such as orthodontic aligner and retainer trays can be manufactured by
thermoforming a polymeric film to provide a plurality of tooth-retaining cavities therein. In some cases
the thermoforming process can thin regions of a relatively rigid polymeric film selected to efficiently
apply tooth repositioning force over a desired treatment time. This undesirable thinning can cause
localized cracking of the thermoformed dental appliance when the patient repeatedly places the dental
appliance over the teeth.

[0008] In general, the present disclosure is directed to a multi-layered dental appliance such as, for
example, an orthodontic aligner tray or retainer tray, that includes multiple layers of high flexural
modulus and low flexural modulus polymeric materials to improve patient comfort while maintaining an
acceptable level of force persistence. The combination of thermoplastic polymers in the dental appliance
is also selected to provide other beneficial properties such as, for example, good stain resistance, low
optical haze, and good mold release properties after the dental appliance is thermally formed from a
multilayered polymeric film.

[0009] In various embodiments, the dental appliance includes at least 5 polymeric layers, with softer
polymeric interior layers disposed between a harder polymeric core layer and two harder polymeric outer
layers. The hard core layer can enhance dimensional stability, while the softer middle layers positioned
close to the outer skin layers can improve patient comfort and strain recovery.

[0010] In various embodiments, the soft polymeric interior layers have a flexural modulus lower than
about 1 GPa, a glass transition temperature of less than about 0 °C, and a vicat softening temperature of
greater than 65 °C. In various embodiments, the hard polymer core layer and the outer layers have a
flexural modulus greater than 1.3 GPa and a thermal transition temperature in the range of about 70 °C to
about 145 °C. In various embodiments, the multilayered laminate dental appliance has an effective
flexural modulus in the range of about 0.8 GPa to about 1.5 GPa, as well as excellent interfacial adhesion
of greater than about 150 grams per inch (6 grams per mm).

[0011] In some embodiments, the multilayered dental appliance is transparent or translucent, and has
enhanced crack resistance and force persistence, good staining resistance, improved patient comfort and
improved dimensional stability.

[0012] In one aspect, the present disclosure is directed to a dental appliance for positioning a patient's

teeth, which includes a polymeric shell with a plurality of cavities for receiving one or more teeth. The
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polymeric shell includes an interior region with at least 3 alternating layers: a core layer with a first major
surface and a second major surface, wherein the core layer includes a first thermoplastic polymer A with a
thermal transition temperature of about 70 °C to about 140 °C and a flexural modulus greater than about
1.3 GPa; a first interior layer adjacent to the first major surface of the core layer; and a second interior
layer adjacent to the second major surface of the core layer; wherein the first interior layer and the second
interior layer, which may be the same or different, include a second thermoplastic polymer B different
from the first thermoplastic polymer A, wherein the second thermoplastic polymer B has a glass transition
temperature of less than about 0 °C and a flexural modulus less than about 1 GPa. The polymeric shell
further includes an exterior region, including: a first exterior layer on a first side of the interior region, and
a second exterior layer on a second side of the interior region, wherein the first exterior layer and the
second exterior layer, which may be the same or different, include a third thermoplastic polymer C, which
may be the same or different than the first thermoplastic polymer A, with a thermal transition temperature
of about 70 °C to about 140 °C and a flexural modulus greater than about 1.3 GPa. Interfacial adhesion
between any of the adjacent layers in the polymeric shell is greater than about 150 grams per inch (6
grams per mm).

[0013] In another aspect, the present disclosure is directed to a method of making a dental appliance by
forming a plurality of tooth-retaining cavities in a multilayered polymeric film. The multilayered
polymeric film includes an interior region with at least 3 alternating layers, wherein the interior region
includes: a core layer with a first major surface and a second major surface, wherein the core layer
includes a first thermoplastic polymer A with a thermal transition temperature of about 70 °C to about
140 °C and a flexural modulus greater than about 1.3 GPa; a first interior layer adjacent to the first major
surface of the core layer; and a second interior layer adjacent to the second major surface of the core
layer; wherein the first interior layer and the second interior layer, which may be the same or different,
include a second thermoplastic polymer B different from the first thermoplastic polymer A, wherein the
second thermoplastic polymer B has a thermal glass temperature of less than about 0 °C and a flexural
modulus less than about 1 GPa. The multilayered polymeric film further includes an exterior region
including a first exterior layer on a first side of the interior region, and a second exterior layer on a second
side of the interior region, wherein the first exterior layer and the second exterior layer, which may be the
same or different, include a third thermoplastic polymer C, which may be the same or different than the
first thermoplastic polymer A, with a thermal transition temperature of about 70 °C to about 140 °C and a
flexural modulus greater than about 1.3 GPa. Interfacial adhesion between any of the adjacent layers in
the multilayer film is greater than about 150 grams per inch (6 grams per mm).

[0014] In another aspect, the present disclosure is directed to a method of orthodontic treatment, which
includes positioning a dental appliance around one or more teeth, wherein. The dental appliance includes
a polymeric shell with a first major surface having a plurality of cavities for receiving one or more teeth,

wherein the cavities are shaped to cover at least some of a patient's teeth and apply a corrective force
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thereto. The polymeric shell includes an interior region with at least 3 alternating layers, wherein the
interior region includes: a core layer with a first major surface and a second major surface, wherein the
core layer comprises a first thermoplastic polymer A with a thermal transition temperature of about 70 °C
to about 140 °C and a flexural modulus greater than about 1.3 GPa; a first interior layer adjacent to the
first major surface of the core layer; and a second interior layer adjacent to the second major surface of
the core layer; wherein the first interior layer and the second interior layer, which may be the same or
different, include a second thermoplastic polymer B different from the first thermoplastic polymer A,
wherein the second thermoplastic polymer B has a glass transition temperature of less than about 0 °C and
a flexural modulus less than about 1 GPa. The polymeric shell further includes an exterior region,
including a first exterior layer on a first side of the interior region, and second exterior layer on a second
side of the interior region, wherein the first exterior layer and the second exterior layer, which may be the
same or different, include a third thermoplastic polymer C, which may be the same or different than the
first thermoplastic polymer A, with a thermal transition temperature of about 70 °C to about 140 °C and a
flexural modulus greater than about 1.3 GPa. Interfacial adhesion between any of the adjacent layers in
the polymeric shell is greater than about 150 grams per inch (6 grams per mm).

[0015] In another aspect, the present disclosure is directed to a method of making a dental appliance.
The method includes coextruding a first polymeric composition to form a first layer, a second polymeric
composition to form a second layer, a third polymeric composition to form a third layer, a fourth
polymeric composition to form a fourth layer, and a fifth polymeric composition to form a fifth layer of a
multilayered polymeric film, wherein the third layer is between the second and the fourth layers of the
multilayered polymeric film and the first and the second layers are on an external major surface of the
second and the fourth layers of the polymeric film, respectively. The first, second and third polymeric
compositions include a first thermoplastic polymer A with a thermal transition temperature of about 70 °C
to about 140 °C and a flexural modulus greater than about 1.3 GPa; and the second and the fourth
compositions include a second thermoplastic polymer B with a glass transition temperature of less than
about 0 °C and a flexural modulus less than about 1 GPa. Interfacial adhesion between any of the
adjacent layers in the multilayered polymeric film is greater than about 150 grams per inch (6 grams per
mm). The multilayered polymeric film is formed with an arrangement of cavities configured to receive
ong or more teeth to create the dental appliance.

[0016] In another aspect, the present disclosure is directed to a dental appliance for positioning a
patient's teeth, which includes a polymeric shell having a plurality of cavities for receiving one or more
teeth. The polymeric shell includes at least 5 alternating polymeric layers AB, wherein the shell has: a
core layer and a first and the second external surface layers, which may be the same or different, cach
including at least one layer of a thermoplastic polymer A with a thermal transition temperature of about
70 °C to about 140 °C and a flexural modulus greater than about 1.3 GPa; and an arrangement of internal

layers between the core layer and the first and the second internal layers, wherein the internal core layers,
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which may be the same or different, each include at least one layer of a thermoplastic polymer B, and the
thermoplastic polymer B is different from the thermoplastic polymer A, wherein the thermoplastic
polymer B has a glass transition temperature of less than about 0 °C and a flexural modulus less than
about 1 GPa. Interfacial adhesion between any of the adjacent layers in the polymeric shell is greater than
about 150 grams per inch (6 grams per mm).

[0017] In another aspect, the present disclosure is directed to a dental appliance for positioning a
patient's teeth, which includes a plurality of cavities for receiving one or more teeth. The polymeric shell
includes a core region, with: a core layer with a first major surface and a second major surface, wherein
the core layer includes at least one layer of a thermoplastic polymer A with a thermal transition
temperature of about 70 °C to about 140 °C and a flexural modulus greater than about 1.3 GPa; and an
internal layer on the first major surface and the second major surface of the core layer, wherein the
internal layers, which may be the same or different, each include at least one layer of a thermoplastic
polymer B different from the thermoplastic polymer A, and wherein the thermoplastic polymer B has a
glass transition temperature of less than about 0 °C and a flexural modulus less than about 1 GPa. The
polymeric shell further includes external surface layers on each side of the core region, wherein the
external surface layers, which may be the same or different, each including at least one layer of a
thermoplastic polymer C, different from the thermoplastic polymer A, wherein the thermoplastic polymer
C has a thermal transition temperature of about 70 °C to about 140 °C and a flexural modulus greater than
about 1.3 GPa. Interfacial adhesion between any of the adjacent layers in the polymeric shell is greater
than about 150 grams per inch (6 grams per mm).

[0018] The details of one or more embodiments of the invention are set forth in the accompanying
drawings and the description below. Other features, objects, and advantages of the invention will be

apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0019] FIG. 1 is a schematic overhead perspective view of an embodiment of a multilayered dental
appliance.

[0020] FIG. 2 is a schematic, cross-sectional view of an embodiment of a multilayered dental appliance
of FIG. 1.

[0021] FIG. 3 is a schematic, cross-sectional view of an embodiment of a multilayered dental appliance
of FIG. 1.

[0022] FIG. 4 is a schematic overhead perspective view of a method for using a dental alignment tray by
placing the dental alignment tray to overlie teeth.

[0023] FIG. 5 is a perspective representation of the results of the Folding Crazing Resistance test detailed
in the Example section of the present disclosure.

[0024] Like symbols in the drawings indicate like elements.
5



WO 2020/225657 PCT/1IB2020/054051

DETAILED DESCRIPTION

{00251 A dendal appliance such as an orthodontic appliance 100 shown o FIG. 1, which is also referred
o horemn as an orthodondic aligoer tray, icludes a thin polymeric shelt 102 having a plurality of cavities
104 shaped to receive one or more testh in the upper or lower jaw of a patient. In some embodiments,
an orthodontic aligner trav the cavitics 104 are shaped and configured to apply force to the teeth of the
patient to restdigntly reposition ong or more teeth from ong tooth arrangement 10 a successive tooth
arrangement. In the case of a retainer tray, the cavities 104 are shaped and contigured 1o recarve and
mainlan the position of one or more foeth that have previousty been aligned.

{3826} The shell 162 of the orthodontic apphance 100 s an arangement of lavers of slastic polvmeric
materials that generally conforms 1o a patient’s weth, and may be transparent, franslucent, or opaque. Thg
polvmeric matenals are selected to provide maintain a sufficient and substantially constant stress profile
during a desired treatment time, and to provide a relatively constant tooth repositioning force over the
treatment time to maintain or improve the tooth repositioning efficiency of the shell 102.

{00271 1o the embodiment of FI{F. 1, an arrangement of ong or more polvmeric fayers 114, which also
meay be referred to beretn as skin layvers, forms an external surface 106 of the shell 102, The oxiornal
surface 106 contacts the tongue and checks of a patient. An amsugement of one or more polvmeric layers
110, which may also be referred to herein as skin lavers, forms an mternal sarface 108 of the shell 102,
The mtemal surface 108 condacts the teeth of 2 pationt. An arrangement of intornal polymarie lavers 112
resides between the polvmernc layers 110 and 112,

{B028] A schematic cross-sectional view of an embodiment of a dental apphance 200 13 shown m FIG. 4,
which includes a polvmeric shell 282 with a multilavered polvmeric structure. The polymenc shell 202
ncludes at feast 3, or at least 5, or at least 7, alternating layers of thermoplastic polymers AB. The
pobvraeric shel 262 includes an interior region 275 including a core layer 270 with a first major surface
271 and a second major surface 272. The interior region 275 further includes interior layers 290, 292
arranged on the first major surface 271 and the second major surface 272, respectively, of the core layer
270. The polymeric shell further includes exterior regions 285, 287 on opposed sides of the interior
region 275. The exterior regions, which may also be referred to herein as skin layers, include first and
second external surface layers 280, 282, which face outwardly on the exposed surfaces of the polymeric
shell 202.

{30281 In some embodiments, the polymeric shell 202 has an overall flexural modulus necessary to move
the teeth of a patient. In some embodiments, the polymeric shell 102 has an overall flexural modulus of
greater than about 0.5 GPa, or about 0.8 GPa to about 1.5 GPa, or about 1.0 GPa to about 1.3 GPa.

{35381 In some embodiments, the interfacial adhesion between any of the adjacent layers in the
polymeric shell 202 is greater than about 150 grams per inch (6 grams per mm), or greater than about 500

grams per inch (20 grams per mm).
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{00311 In the embodiment of FEG. 2, the core fayer 270 ncludes ong or more layers of a thermoplastic
polymer A with a thermal transition temperature of about 70 °C to about 140 °C, or about 80 °C to about
120 °C, and a flexural modulus greater than about 1.3 GPa, or greater than about 1.5 GPa, or greater than
about 2 GPa. In some embodiments, the thermoplastic polymer A has an elongation at break of greater
than about 100%. As used in the present disclosure, a thermal transition temperature is any one of glass
transition (Tg), melting temperature (Tm), and Vicat softening temperature. Methods for determining
these values are set out in the Examples below.

{3832} For example, the thermoplastic polymer A may include a polyester or a copolyester, which may
include linear, branched or cyclic segments on the polymer backbone. Suitable polyesters and
copolyesters may include ethylene glycol on the polymer backbone, or be free of ethylene glycol.
Suitable polyesters include, but are not limited to, copolyesters with no ethylene glycol available under
the trade designation TRITAN from Eastman Chemical, Kingsport, TN, polvethviene terephthalate
{PET}, polyvethyiene terephthalate glyveol (PETg), polvevelohernvienedimethviene terephthalate (PUT),
polyveyelshexyionedinethylone terephthalaie glveot (PCTg), polv{L 4 cyclobexylenedimethylons)
torgphthalate (PCTA), polycarbonate (FC), and mixtures and combmations thereof. huwtable PETy wesins,
which contain no ethylene glveol on the polymer backbone, can be obtained from various commercial
suppliers such as, for example, Hastman Chemical, Eangsport, TN, 5K Cheomicals, Irving, TA;
DrowDhiPont, Midland, M, Pacur, Oshkosh, WE and Scheu Dental Tech, Iserlohn, Germany. For
example, EASTAR GNO71 PETg resins and PCTg VM318 resins from Eastman Chemical have been
found to be suitable.

{38833} In one embodiment, the first and second external surface layers 280, 282, which may be the same
or different, each include ong or more layers of the thermoplastic polymer A utilized in the core layer 270.
{30834} In another embodiment, the first and the second external surface layers 280, 282 may include at
ong or more layers of a thermoplastic polymer C, different from the thermoplastic polymer A, wherein the
thermoplastic polymer C has a thermal transition temperature of about 70 °C to about 140 °C, or about 80
°C to about 120 °C, and a flexural modulus greater than about 1.3 GPa, or greater than about 1.5 GPa, or
greater than about 2 GPa. In some embodiments, the thermoplastic polymer C has an elongation at break
of greater than about 100% or even greater than 150%.

{3835} For example, in some embodiments the thermoplastic polymer C may include a polyester or a
copolyester, which may be linear, branched, or cyclic. Suitable polyesters include, but are not limited to,
copolyesters available under the trade designation TRITAN from Eastman Chemical, Kingsport, TN,
polvethvlene terephthalate (PET), polvethyviene werephthalate ghyeol (PETg),
pobvevelohexyvienedimethvione terephthalate (PCT), polveyvelohexvienedimethylens terephthalate glycol
{(PCTs), poly(l 4 cvclohenylenedimethyione) terephthaiate (PCTA), polvecarbonate (PO, and mixtires and
combinations thoreof. buitabie PHT e and PCTg rosins can be obtaimed from various commercial

supplicrs such as, for cxample, Eastman Chennical, Kimngsport, TH: SK Chenucals, Irvine, CA;
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DrowDhiPont, Midland, M, Pacur, Oshkosh, WE and Scheu Dental Tech, Iserlohn, Germany. For
example, EASTAR GNO71 PETg resins and PCTg VM318 resins from Eastman Chemical have been
found to be suitable.

[0036] The interior layers 290, 292, which may be the same or different, each include one or more layers
of a thermoplastic polymer B, different from the thermoplastic polymer A, wherein the thermoplastic
polymer B has a glass transition temperature of less than about 0 °C, a vicat softening temperature of
greater than 65 °C, or greater than about 100 °C, inherent viscosity greater than 1 cc/gm, and a flexural
modulus less than about 1 GPa, or less than about 0.8 GPa, or less than about 0.25 GPa, or less than 0.1
GPa (i.e., typically having a modulus alone insufficient to move tecth absent the presence of layer(s) A
and/or C). In some embodiments, the thermoplastic polymers B have a melting temperature of greater
than about 70 °C, or greater than about 100 °C, greater than about 150 °C, or greater than about 200 °C.
In some embodiments, the thermoplastic polymers B have an ¢longation at break of greater than about
300%, or greater than about 400%. In some embodiments, the ratio of elongation at break of polymers B
to either of polymers A and C is no greater than about 5, or no greater than about 3.

{0371 In vanous embodiments, which are nod intended to be limiting, the theomoplastic polyrers B in
the interior lavers 290, 292 are independently chosen from copolvester ether elastomers, copolymers of
ethviene acrviates and methacrviates, ethyviene methvbacrylates, ethvlene ethyvl-acrvlates, sthyvilene butyl
acrviates, rualeic anhyvdride modified polyvolefin copolvmers, methacrvlic acid modificd polvolefin
copobymers, ethylene vinvl aleohol (EV A} polvmers, styrenic block copolymers, ethviens propyvicne
copolvmers, and thermoplastic polvurethanes (TPU}

[O838] In some embodiments, the thermoplastic polvimers B are chosen from copolyvester ether
clastomers, which may be linear, branched, ar cyclic. Suiiable examples nelude materials avatlable
under the trade designation NEOSTAR such as, for example, FN007, and ECDEL from Eastman
Chemical, ARNITEL co-polyester elastomer from DSM Engineering Materials (Troy, MI), RITEFLEX
polyester elastomer from Celanese Corporation (Irvine TX), HYTREL polyester elastomer from
DowDuPont, copolymers of ethylene and methyl acrvlate avalable from DowDuPong, Midland, MI under
the trade designation ELYVALGY, cthylene vinyl alechol (EV A) polviners, and the bke.

{8391 In vanous embodiments, suitable polvmers B forthe mienior lavers 290, 292 of the polvnernic
shell 202 have a flexural modulus less than about .24 GPa, or less than about 6,12 GPa.

{00465 In one endbodiment, ong or more kavers of a TPU described in US Provisional Patent Application
No. 62/843, 143, which s copending with the prosent application, assigned to the prosent assignee, and
mncorporated by reference berein in s eutirety, wore used o the mulilavered dontal appliances deseribed
above as the thenmoplastic polvmer B, This TPU meludes monomernie units derived from a
polyisocyanate, at least one dimer fatty diol, and an optional hydroxyl-functional chain extender. In some

embodiments, the TPU polymer includes hard microdomains formed by reaction between the
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polyisocyanate and the optional chain extender, as well as soft microdomains formed by reactions
between the polyisocyanate and the dimer fatty diol.

{bd1l The dimer fatty diols used to form the TPU are derved from dimer fatty acids, which are
dimerization products of mono or polvansaturated fatty acids and/or esters thereof. The related ferm
trimer fatty acid simdlarly refors to trimerization producis of mono- or pobvunsaturated fatty acids and/or
esters thereof

{3042 Dimer fatty scids are desenbed i, for example, T, B, Breuer, Dimer dcids, wm I 1. Kroschwitz
{ed.}, Kirk-Othmer Encvclopedia of Chemical Technology, 4th Ed, Wily, NUY |, 1993, Vol &, pp. 223-
237, The dimer fatty acids are propared by polymernizing fatty acids under pressure, and then removing
meost of the urpeacted fatty acid starting materials by distiflation. The final product usually contains some
small amounis of mono fatty acid and trumer fatty acids but 18 mostly made up of dimer fatty acids. The
resultant product can be prepared with vanous proportions of the different fatty acids as desired,

{38431 The dimer fatty acids wsed to form the dmer fatty diols are denved from the dimerization
products of 110 to {36 fatty actds, C12 to 24 fatty acids, €14 1o €22 fatty acids, T16 to {20 fatty acids,
and especially C18 fatty acids. Thus, the resulting dimer fatty acids include from 2010 60, 24 1o 48, 28 o
44 37 10 490, and especially 36 carbon aloms.

{3044] The fatty acids ueed to form the dimer fatty diols may be selecind from binear, branched, or cyclic
fatty acids, which mav be saturated or unsaturated. The fatty acids may be selected from fatty acuds
having either a cisftrans configuration and reay have one o1 more than one vosaturated double bond. In
some embodiments, the fatty acids used are hnear monounsaturated fatty acids. The fatty acids may be
hydrogenated or non-hydrogenated, and in some cases a hyvdrogenated dimer fatty residoe may have
bettor oxudative or thermal stability which may be desirable 8 a polyurethase.

{00451 In some emboduments, suiable domer fatty acuds can be the dimenzation products of fatty acids
neluding, but not Houted to, oleic acid, booleic acid, linolenic acid, pabmuoleic acid, or clmdic acid. In
particular, suitable dimer fatty acids are derived from oleic acid. The dimer fatty acids may be
dimerization products of unsatorated faity acid mixtures obtained from the hydrolveis of natural fags and
oils, o.g.. sunflower oil, sovbean oil, olive oil, rapesced ot cottonsced ol ortall oil.

b6l In vanous embodiments, the molecular weight (weight average) of the dimer fatty acids ased 1o
make the TPU polymer deseribed herein 13 450 0 690, or 500 1o 644, or 330 10 610, or 550 1o 5940

[0047] In addition to the dimer fatty acids, dimerization usually results in varying amounts of trimer fatty
acuds, ohigomernc fatty acids, and residues of wonomeric fatty acids, or ostors thereof, being prosent. o
vanous embodiments, the dimer fatty acid vsed (o make the dimer fatty diol should have a relatvely fow
amoeunt of these additional dimerization products, and the dimer fatty acd should bave 3 dimer fatty acid
{or dimer} contont of greator than 406 wi%, or greater than 35 wi%, or greater than 90 wi%, or greater than

{Q

98 wi%, or up to Y9 wi%. based on the total weight of polvmenzed fatty acids and mono tatty acids

prosent,
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{0048] Anvy of the above dimer fatty acid may be converted o a dimer fatty diol, and the resulting dimer
fatty diol may have the properties of the dimer fatty acids described hercin, except that the acid groups in
the dimer fatty acid are replaced with hydroxyl groups 1o the dimer fatty diol. The duver fatty diol may
be bvdrogenated or non-hydrogenated.

[0049] In some embodiments, which are not intended to be Iimiting, the dimer fatty diol is derived from
a fatty acid with a C18 alkyl chain. In one embodiment, the dimer fatty diol is a C36 diol available from
Croda, Inc., New Castle, DE, under the trade designation PRIPOL 2033. One depiction of the structure of
PRIPOL 2033 is shown below:

OH
OH

Pripol 2033
{501 The polvisocvanate reactant ased to make the TPU polymer mcludes at least one 1socvanaie with
a fumctionality of at Ieast 2, and i various embodiments may be an abiphatic isocvanate, such as
hexamethvione 1.6-disocyanate or isophorone ditsoeyvanate {IPDE), or an aromalic isocyanate.
{051 In some emboduments, the polvisncvanate 18 3 ao aromatic iscovanate, and suitable examples
include, but are not hniied to, toluene diisocvanate, m-phenviene disocyanate, p-phenviene dusoovanate,
xyviviens dilsooyanate, 4,4 -diphenyimethane dusoovanate, hexamethylene dusocvanate, isophorone
ditssoyvanate, polvmethvienepolyphbenyl ditsocyanate, 3,3 -dimethyi-4,4"-biphenylene diisocvanaie, 3,3'-
dimethyi-4 4 -diphenvimethane diisocvanate, 3,3~dichioro-4,4 -biphenylene diisocvanate, 1,5-naphthalene
ditsoevanate, modified compounds thereof such as uretonmune-modificd compounds thereof, and
mistures and combinations thereof.
[0052] In one enbodiment, the isocvanate component nchudes 4,4'-diphenvimethane ditsocyanate
(MY or a moxmare of MDD and & wretonumine-moditied 4,4 -diphenvbmethane ditsocvanate (modificd
MDY
{3053 The optional hvdroxyl-functional chain extender has two or more active hvdrogen groups and in
some embodiments mehudes polyvols such as cthylene glveol, dicthylene glyeol. propylene glveoi, 1,4-
butviene glveol, 15-pentvione glveol, methvipentanediol, isosorbide {and other tso-hexides), 1,6~
hexviens glveol, noopentyl glveol, trimethylolpropane, hvdroguinone ether alkoxyiate, resorcmol ether
alkoxviate, glycerol, pontacrvthiiol, diglyoerel, and dextrose; dimer fatty diol; aliphatic polvhydric
ameines such as ethylenediamine, hexamethvicnedianune, and isophorone dianune; aromatic poivhydric
amgines such as methvlene-bis{2-chlormantline ), methylenehis{dipropylanting}, dicthvi-oluencdianine,
inmethylene glveol di-p-ammoebenzoate; alkanolamines such as dicthanclamine, inethanolamine,

ditgopropanclamine, and mixtures and combinations thergof
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{3054} In vanous embodiments the hydroxyi-functional chain extender is a polvol, particelarly a dicd
with an aliphatic ncar o1 branched carbon chain having from 110 10, or 3 1o 7 carbon atoms. Suitable
diols mclude, but are not bmuted to, ethyvlens glveol, propviene shycol, dicthyvlene glveot, propyvlene
glveol, 1L4-butviene giveol, 1 5-pentviene glveol, 16 hexylene glveo! (1,6 hexane dioly,
methvipeotancediol, isosorbide {and other ixo-hoxides), and mixtures and combinations theroof, In certain
erebodiments. one or both of polyroers & and € can comprise {1.¢, moditied by} 10 mole % 1o 37 mole %
of 2.2 4 d-etramethyi-1 3-cvelobutanediol,

{B0SS] In some embodiments, the TRU may most conventently be prepared by a reactive extrusion
process i which a polvmeric reactive extrusion composition including the polyisocyanate, at least one
dimer fatty diol, the optional hydroxyl-functional chain extender, and any other optional components such
as crosslinkers, catalysts, and the like are loaded into an extruder and extruded from an appropriate die to
form a layer in a multilayered polymeric film. In some embodiments, the multilayered film may later be
thermoformed into a dental appliance with tooth-retaining cavities. In another embodiment, the reactive
extrusion composition including the TPU may be injected into a mold, which in some cases

[0056] Reformmg again to FHG. 2, the polymenc shell 202 furthor includes additional optional
performance enhancing layers that can be meluded to mmprove properties of the shell 202, In various
embodiments, which are not mtended to be limiting, the performance enhancing lavers can be, for
example, barrier lavers that are resisiant {o starning and moisture absorption; abrasion-resistant layers,
cosmetic layers that may eptionally mehde a colorant, or may include a polymeric material selected to
adiust the optical haze or visible hight transparencey of the polymene shell 202; tie lavers that enbance
compatibility or adhesion between lavers AB or BC, elastic layers to provide a sofier mouth feel for the
patient; thermal forpung assistant layers o oenhance thermoforming, layers to enbance mold release during
thermoformmmg, and the like.

{38571 The performance enhancing layers may include a wide variety of polymers selected to provide a
particular performance benefit, but the polymers in the performance enhancing layers are generally
selected from materials that are softer and more elastic than the polymers ABC. In various embodiments,
which are not intended to be limiting, the performance enhancing layers include thermoplastic
polyurethanes (TPU) and olefins.

{38858} In some non-limiting examples, the olefins in the performance enhancing layers are chosen from
polyethylene (PE), polypropylene (PP), polymethylpentene (PMP), cyclic olefins (COP), copolyolefins
with moieties chosen from ethylene, propylene, butene, pentene, hexene, octene, C2-C20 hydrocarbon
monomers with polymerizable double bonds, and mixtures and combinations thereof; and olefin hybrids
chosen from olefin/anhydride, olefin/acid, olefin/styrene, olefin/acrylate, and mixtures and combinations
thereof.

{3891 For oxarople, inthe embodiment of FIG. 2, the polvmene shell 202 inchudes an optional moisture

barrier laver 240 on each external surface, which can prevent moisture intrusion mio the underlying
o H . S
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pobvroeric layers and maintain for the shell 202 a substantially constant stress profile during a treatment
time. The polymeric shell 202 further includes tie or thermoforming assist layers 250, which can be the
same or different, between individual layers AB or BC. In some embodiments, the tie/thermoforming
assist layers 250 can improve compatibility between the polymers in the layers AB or BC as the
polymeric shell 202 is formed from a multilayered polymeric film, or reduce delamination between layers
AB or BC and improve the durability and crack resistance of the polymeric shell 202 over an extended
treatment time. The polymeric shell 202 in FIG. 2 further includes elastic layers 260, which can be the
same or different, and can be included to improve the softness or mouth feel of the shell 202. In the
embodiment of FIG. 2, the ¢lastic layers 260 are located proximal the major surfaces 220, 222 of the shell
202.

{6h] A schematic oross-sectional view of another embodiment of a dendal apphiance 300 s shown n
FIG. 3, which mehides a polymene shell 302 with an mienior region 375 having 3 multdavered polymeric
structire {AB ), wherein n = 2 10 about 500, or about 5 1o about 200, or about 10 0 about 108, The favers
AB mchoade core layers 376, 390 of the thermoplastic polyvmers A and B discossed above with espect to
Fi3. 2. The external lavers 380 of the polymernic shell 302 can include one or more lavers of oither of the
thermoplastic polymers A or C disenssed above.

{3861] Referning again fo FHG. 1, i some embodiments, the polymerte shell 102 1s formed from
substantiaily transparent polymeric materials. I this application the torm substantially transparent refors
1o materials that pass bght in the wavelength region sensitive to the human eve {about 400 nm to about
750 mm} while rejecting hight in other regions of the electromaguetic specirum. In some embodimenis,
the reflective edge of the polvmeric materiala selected for the shell 102 should be above about 750 mm,
just ot of the sensitivity of the human eve.

[0062] In some embodunonis, any or all of the lavers of the polvmeric shell 102 can optionally melude
dves or pigments 1o provide a desired color that may be, for example, decoranve or selected to improve
the appearance of the teeth of the patient.

{3863] The orthedontic appliance 100 may be made using a wide variety of tochnigues. n one
cmbodirpent, a suttable configuration of tooth {or teath-retaining cavities are formed in a substaptially
flat sheet of a nubilavered polvmene film that meludes lavers of polvmenic matenial arranged ke the
configurations discussced deseribed above with respect to FIGS. 1-3. In some embodiments, the
meitlavored polvmeric film may be formed i a dispersion and cast indo a film or applied onoa mold with
tooth-recoiving cavitios. 1o some embodiments, the swiltlavered polymernic film may be prepared by
extrusion of muliiple polymernic laver matenials through an appropnate dic to form the film. o some
embodiments, a reactive extrusion process may be ased i which one or move polymenc reaction products
are loadod into the extrader to form one or more lavers during the extrusion procedure.

i3364] In some embodiments, the multilayer polymeric film may later be thermoformed into a dental

appliance with tooth-retaining cavities or injected into a mold including tooth-retaining cavities. The
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footh-retaining caviiies may be formed by any suitable echrogue, mohiding thermoforming, laser
procassing, chemical or physical etching, and combinations thereof, but thermoforndng bas beon found o
provide good resuits and excellent etficiency. In some embodiments, the multilavered polvmeric film is
heated prioy to forming the tooth-retaming cavities, or a sorface thercof may optionally be chemically
treated such as, for example, by ctching, or mechanically embossed by contacting the sarface with a tosh,
prior to or after forming the cavities.

[0065] The nuditlavered polvmeric film, the formed dental apphiance, or both, may optionally be
croashinked with radiation chosen from ebeam, gamma, UV, and mixtures and combinations thereof.
[0066] in varous embodiments, particularly those inciude thermoplasiic elasiomers as the core laver
{3, the dental appliance is substantially optically clear. Some embodiments have a light transmission
of at least about 50%. Some embodiments have a light transmission of at least about 75%. Some
embodiments have a haze of no greater than 10%. Some embodiments have a haze of no greater than
5%. Some embodiments have a haze of no greater than 2.5%. Both the light transmission and the haze
of the adhesive article can be determined using, for example, ASTM D1003-95. The haze of dental
appliance of certain presently preferred embodiments is less than 10% and the light transmission of
dental appliance is greater than 80%.

[0067] In vartous smbodiments, the multilayvered polvmeric filin used to form the dental appliance has
a thickness of ess than about 1 mm, or less than about 8.8 mm, or less than about 8.5 mm.

{3068]  fn some embodiments, the multitayered polvreeric film may be manufactured n a roll-to-roll
manufactonng process, and may optionally be wound nto a voll untdl further converting oporations are
reguired to form one or more dental apphiances.

{006%] The orthodontic article 100 can exhibit a percent loss of relaxation modulas of 409 or less as
determined by Dvoamic Mochanical Avalvsis (OMA) The DMA procodure is desoribed 1o detai 1o the
Examples below. The loss is determined by companng the wtial selavation modulusto the {og., 4
hour} relaxation modidas at 37 °C and 1% stram. B was discovered that orthodontic articles according to
at least certain embodiments of the prosent disclosure exhibit a smaller loss 1o relaxation modulus than
articles made of differont matenals. Preferably, an orthodontic article exhibits loss of rolaxation
modulus after hydration of 409 or less, 38% o7 less, 36% or less, 34% or even 32% or less. I some
embodiments, the loss of relaxation modolus 1 af least 15%, 20%. or 25% or groater,

{00763 Reforring now to FIG. 4, a sholl 402 of an orthodontic appliance 400 includes an outer surface
406 and an foner sudface 408 with cavities 404 that gonerally conforot io one or mowe of a patient’s tecth
600, In some embodiments, the cavities 404 are shightly out of alignment with the patient’'s mitial tooth
configuration, and 1o other emboduments the cavities 404 conform {o the teeth of the patient to mantain
a desired footh configuration. In some enbodiments, the shell 402 may be one of a group o a series of
shelie having substantially the saroe shape or mold, or incrementally ditferont shapes, but which are

formed from difforent polymeric matenials, or difforent lavers of polymenc matenals, selected to
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provide a destred stiffhess or restlionce as needed to move the tecth of the paticnt. In some
cmbodirpends, the shell 467 may be one of a group or a serios of sholls having substantially the same
shape or mold, or incrementally different shapes, but which are formed from the same polvmernie
materials, sclected to provide a desired stiffness or resilience as needed to move the tecth of the patient.
In this manner, in one embodiment, a patient or a user may alternately use ong of the orthodontic
appiiances during cach treatment stage depending upon the pationt's preforred usage time or desived
treatment time period for cach troatment stage.

{3871] Mo wires or other means may be provided for holding the shell 402 over the teeth 600, bulin
some embodiments, (£ may be desiralle or necossary to provide individual anchors on teeth with
correeponding receptacies or apertures in the shell 402 so that the shell 407 can apply a reteniive or other
directional orthodontic foree on the tooth whnch would not be possible in the absence of such an anchor.
[3072] The shells 402 may be customized, for example, for dav time ase and night time nse, doring
fimetion or non-function {chewing vs. non-chewing}, during social settings {where appearance mayv be
more inportant} and nonsecial setfings (where the acsthetic appearance may not be a significant factor},
ot based o the patient's desire 1o acoclerate the tecth moversent (by optionally using the mors sttt
apphance for a longer pariod of tme as opposed o the less stff apphiance for cach treatment stage).
{B073] For example, in one aspedt, the patient may be provided with a clear orthodontic appliance that
may be primanly used 1o retain the position of the teoth, and an opague orthodontic appliance that may be
primanly used to move the teath for cach treatment stage. Accordingly, during the daviime, 1n social
setings, or otherwise n an environment where the pationt 13 more aculely aware of the physical
appearance, the patient may vse the clear appliance. Moreover, dunng the evening or mght time, 1n non-
social settings, or otherwise when in an environment where physical appearance is less important, the
patient may use the opaque appliance that s configured to apply a different amound of force or otherwise
has a stiffor configuration to accelerate the teoth movement during cach treatment stage. This approach
mayv be repeated so that cach of the pair of appliances are alternately used during each treatment stage.
{3074} Reforring again {o FIG. 4, an orthodontic troatment system and method of orihodontic treatment
mnchudes appiving 1o the teeth of a pationt onc or more mcremental position adjustroerd apphiances, cach
having substantially the same shape or mold, or incrementally different shapes. The incremental
adinstment appliances may cach be formed from the same or a different combination of polymeric
materials, as needed for cach treatment stage of orthodontic treatment. The orthodontic appliances may
be configured to nerementally wposition mdividual or multiple tecth 600 i an upper or lower jaw 607 of
a patient. In some embodiments, the cavities 404 are confignred such that selocted teeth will be
repostiioned, whls other testh will be designated as a base or anchor region for holding the repositioning
appliance in place as the appliance applies the restlient repositioning force against the twoth or teeth

intended to be repositioned.
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[0075] Placement of the clastic posttionar 400 over the toeth 500 applics controdled forces in specific
locations to gradually rove the tecth wito the new configuration. Repetition of this process with
suceossive apphances having different configurations eventually moves the teeth of a patient through a
senies of wtermediate configurations o a final desired configuration.

[0076] The devices of the present disclosure will now be further described in the following non-limiting

examples.

EXAMPLES

[0077] The following Examples are merely for illustrative purposes and are not meant to be overly
limiting on the scope of the appended claims. Notwithstanding that the numerical ranges and parameters
setting forth the broad scope of the present disclosure are approximations, the numerical values set forth
in the specific examples are reported as precisely as possible. Any numerical value, however, inherently
contains certain errors necessarily resulting from the standard deviation found in their respective testing
measurements. At the very least, and not as an attempt to limit the application of the doctrine of
equivalents to the scope of the claims, each numerical parameter should at least be construed in light of

the number of reported significant digits and by applying ordinary rounding techniques.

[0078] Unless otherwise noted, all parts, percentages, ratios, and the like in the Examples and the rest of
the specification are provided on the basis of weight. Solvents and other reagents used may be obtained

from Sigma-Aldrich Chemical Company (Milwaukee, WI) unless otherwise noted.

Materials

PETg: copolyester from Eastman Chemicals, Kingsport, TN, grade: EASTAR GN071

PCTg: copolyester from Eastman Chemicals, grade: VM318

TX1000: copolyester from Eastman Chemicals, brand: TRITANMX?710: copolyester from Eastman
Chemicals, brand: TRITAN

TX2000: copolyester from Eastman Chemicals, brand: TRITAN

MX730: copolyester from Eastman Chemicals, brand: TRITAN

NEOSTAR: copolyester ether elastomer from Eastman Chemicals, grade: FN0O7

Ecdel 9967: copolyester ether elastomer from Eastman Chemicals

ELVALOY: copolymer of ethylene and methyl acrylate: from DowDuPont, Midland, MI, grade:
ELVALOY 1609

TPU 65D: thermoplastic polyurethane from Lubrizol, Wickliffe, OH, grade PELLETHANE 65D
Texin: thermoplastic polyurethane from Covestro, Pittsburgh, PA, grade RxT50D

STPE: silicone thermoplastic elastomer copolymer of the type prepared in U.S. Pat. No. 5,214,119 (Leir)
etal.) and US 8,765,881 (Hayes et al.)
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ADMER: thermoplastic elastomer (TPE) from Mitsui Chemicals America, Rye Brook, NY, grade SE810
ZEONOR: thermoplastic cylco olefin polymer (COP) from Zeon Chemicals, Louisville, KY, grade

1060R

Properties of Selected Polyesters for Lavers ABC

[0079] Properties of some of the polymeric materials used in the examples below are shown in Table 1

below.
Table 1
vieat [ Solubility o -ent 2,2,44-
. gation | Parameter . .
Tg Tm Softening 17 Viscosity | Tetramethyl-1,3-
Modulus at Break (cal .
Temp. cm~7?) (cc/gm) cyclobutanediol
PETg 80 °C N/A 76 °C 2.1 GPa 180% 9.36 0.75 N/A
PCTg 81°C N/A 79 °C 1.8 GPa 330% 8.94 N/A N/A
TX1000 110°C | N/A 110 °C 1.55 GPa 210% 9 0.724 25%
MX710 110°C | N/A 110 °C 1.55 GPa 210% 9 0.724 25%
1.575 o o
MX730 110°C | N/A N/A GPa 210% N/A 0.64 30%
TX2000 120°C | N/A N/A 1.59 GPa 140% N/A 0.65 35%
TPU 65D <0°C N/A 107 °C 0.22 GPa 450% N/A N/A N/A
TEXIN <0°C N/A 128 °C 0.11 GPa 480% N/A N/A N/A
NEOSTAR | <0°C | 205°C 170 °C 0.2 GPa 400% 8.9 1.2 N/A
ECDEL <0°C | 205°C 170 °C 0.2 GPa 400% 8.9 1.2 N/A
ELVALOY | <0°C | 101°C 70 °C 0.08 GPa 740% 8.7 N/A N/A
ADMER <0°C N/A 40 °C <0.1 GPa >200% N/A N/A N/A
STPE <0°C N/A N/A <0.1 GPa >200% <8 N/A N/A
ZEONOR 100°C | N/A 99 °C 2.1 GPa 60% N/A N/A N/A

Summary of Test Procedures

[0080] The following test procedures were used in the examples below.
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Flexural Modulus and Elongation at Break
[0081] The flexural modulus was tested according to ASTM D790-17 and tensile properties by ASTM
D638-14. The specimen made by die cutting was placed in the grips of a universal testing machine. The

stress-strain curve was then utilized to determine the modulus and elongation at break.

Coffee Stain Color Index

[0082] Coffee was used for the stain test. The sample was soaked in the coffee for 72 hours at 37° C.
The resulting color change (DE) was measured before and after soaking using an X-Rite Color 17
benchtop spectrophotometer (Grand Rapids, Michigan). If the color change (DE) was larger than 10, the
sample was rated as poor (--). If the color change (DE) was less than 10, the sample was rated as Good

(++).

Crack Resistance

[0083] The polymeric shells were tested for crack resistance using a manual operation of putting on and
taking off the shells from a three-dimensional (3D) printed tooth mold. The polymeric shell was
constantly soaked in water at 37 °C. The durability of the polymeric shells was rated based on number of
cycles for failure due to cracking. The minimal number of cycles considered acceptable for the Crack
Resistance test is 150; greater than 300 cycles is considered good, greater than 400 cycles is considered

very good, and greater than 450 cycles is considered excellent.

Stress Relaxation by Dynamic Mechanical Analyzer (DMA)

[0084] DMA 3-point bend rectangular specimens were tested in a TA Instruments Q800 DMA (New
Castle, DE). Samples were preconditioned in water for 24 hours prior to testing. The preconditioned
samples were then tested by single cantilever bending in a DMA machine enclosed with an environmental
chamber kept at 37 °C and 95% relative humidity. Stress relaxation was monitored after applying 1%
strain and strain recovery was measured after the stress was removed. The testing time was about 4
hours. The stress relaxation is determined by comparing the initial relaxation modulus to the 4 hour

relaxation modulus at 37 °C and 2% strain.

Interfacial Adhesion

[0085] An X-cut with dimensions 2.5 cm x 2.5 cm was gently made to the example film substrate, at
least through the skin layer, but not through the core layer. Then, 3SMTM Polyester Tape 8403 was
applied over the cut and subsequently removed. The interfacial adhesion was visually assessed based on
if the skin or middle layer delaminated from the core layer. The interfacial adhesion between the
substrate and the 3M Polyester Tape 8430 is about 150 gm/inch. An interfacial adhesion was assigned a

result of “fail” if delamination from the tape occurred and thus presumably had an adhesion of lower than
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150 gm/inch. An interfacial adhesion was assigned a result of “pass” if no delamination was observed

and thus, presumably had an adhesion of greater than 150 gm/inch.

Folding Crazing Resistance

[0086] The film sample was cut into 1 cm wide stripe, hand-folded once, and then bent back to its
original position. The folded area was inspected visually for crazing, meaning the network of fine cracks
or fold line fractures in the folded region. The tested samples were given a number value result that
approximated the number fold line fractures observed for the sample. A lower number is desirable and
represents better Folding Crazing Resistance. See FIG. 5 for an illustration representing the Folding

Crazing Resistance test results, with fractures increasing from left to right.

Vicat Softening Temperature

[0087] Vicat softening temperature was measured according to ASTM D1525 - 17.

Melting Temperature and Glass Transition Temperature
[0088] Melting temperature and glass transition temperature were measured by DSC (differential
scanning calorimeter) according to ASTM D3418.

Solubility Parameter

[0089] The solubility parameter was estimated according to the group contribution method outlined in
Chapter 3 of Sperling, L. H., Infroduction to Physical Polymer Science, John Wiley & Sons, Inc.:
Hoboken, New Jersey, 2006.

Haze and Transmission

[0090] Haze and transmission were determined using a HAZE-GARD PLUS meter available from BYK-
Gardner Inc., Silver Springs, MD, which was designed to comply with the ASTM D1003-13 standard.
The specimen surface is illuminated perpendicularly with the transmitted light, measured with an
integrating sphere (0°/diffuse geometry). The spectral sensitivity conforms to CIE standard spectral value

function "Y" under illuminant C with a 2° observer.

Procedure for Thermoforming and Temperature Measurement

[0091] The film was formed into an article on a BIOSTAR VI pressure molding machine (Scheu-Dental
GmbH, Iserlohn, Germany). To thermoform, a 125 mm diameter piece of film was heated for a specific
time and then pulled down over a rigid-polymer model. Maximum temperature of the film was measured
using an IR thermometer (FLIR TG165) before pulling down over the rigid-polymer model. The
BIOSTAR chamber behind the film was pressurized to 90 psi for 15 seconds of cooling time, after which
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the chamber was vented to ambient pressure and the formed article and arch model were removed from

the instrument and cooled down to room temperature under ambient condition.

Example 1

[0092] A 5-layer CBABC (TX1000/NEOSTAR/TX1000/NEOSTAR/TX1000) film was extruded using
a pilot scale coextrusion line equipped with a feedblock and film die. The skin layer (C) extruder was fed
with the first rigid resin, TX1000. The skin layer (C) extrusion melt temperature was controlled at 505 °F
(262.8 °C). The throughput was 4.3 lbs/hr (1.95 kg/hr). The core layer (A) extruder was also fed with the
first rigid resin, 0 TX1000, and the extrusion melt temperature was controlled at 550 °F (288 °C). The
core layer extrusion throughput was 11.6 lbs/hr (5.26 kg/hr). The middle layer (B) extruder was fed with
a second thermoplastic elastomeric resin, NEOSTAR, and the extrusion temperature was controlled at
470 °F (243.3 °C). The middle layer extrusion throughput was 5.54 lbs/hr (2.51 kg/hr). The extruded
sheet was chilled on a cast roll. The overall sheet thickness was controlled at 30 mils (0.76 mm).

[0093] The film was then subsequently thermally formed into a dental tray. As summarized in Table 2
below, the resulting dental tray had good modulus properties, good force persistence performance, good

crack resistance, good stain resistance and good interfacial adhesion.

Example 2

[0094] A 5-layer CBABC (TX1000/ELVALOY/TX1000/ELVALOY/TX1000) film was extruded using
a pilot scale coextrusion line equipped with a feedblock and film die. The skin layer (C) extruder was fed
with the first rigid resin, TX1000. The skin layer (C) extrusion melt temperature was controlled at 505 °F
(262.8 °C). The throughput was 4.3 lbs/hr (1.95 kg/hr). The core layer (A) extruder was also fed with the
first rigid resin, TX1000, and the extrusion melt temperature was controlled at 550 °F (288 °C). The core
layer extrusion throughput was 11.6 Ibs/hr (5.26 kg/hr). The middle layer (B) extruder was fed with a
second thermoplastic elastomeric resin, Elvaloy, and the extrusion temperature was controlled at 460 °F
(237.8 °C). The middle layer extrusion throughput was 4.56 lbs/hr (2.07 kg/hr). The extruded sheet was
chilled on a cast roll. The overall sheet thickness was controlled at 30 mils (0.76 mm).

[0095] The film was then subsequently thermally formed into a dental tray and the performance of the

dental tray was summarized in Table 2.

Example 3

[0096] A 5-layer CBABC (0 MX730/ECDEL/0 MX730/ECDEL9967/MX730) film was extruded using
a pilot scale coextrusion line equipped with a feedblock and film die. The skin layer (C) extruder was fed
with the first rigid resin, MX730. The skin layer (C) extrusion melt temperature was controlled at 524 °F
(273.3 °C). The throughput was 4.34 Ibs/hr (1.97 kg/hr). The core layer (A) extruder was also fed with
the first rigid resin, MX730, and the extrusion melt temperature was controlled at 530 °F (276.7 °C). The
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core layer extrusion throughput was 13.04 Ibs/hr (5.91 kg/hr). The middle layer (B) extruder was fed with
a second thermoplastic elastomeric resin, ECDEL, and the extrusion temperature was controlled at 406 °F
(207.8 °C). The middle layer extrusion throughput was 4.2 1bs/hr (1.91 kg/hr). The extruded sheet was
chilled on a cast roll and had an average haze of 2.5% and transmission of 89%. The overall sheet
thickness was controlled at 30 mils (0.76 mm). The film was then subsequently thermal formed into a

dental tray and summarized in Table 2.

Example 4

[0097] A 5-layer CBABC (MX710/ECDEL / MX710/ECDEL 9967/ MX710) film was extruded using a
pilot scale coextrusion line equipped with a feedblock and film die. The skin layer (C) extruder was fed
with the first rigid resin, MX710. The skin layer (C) extrusion melt temperature was controlled at 524 °F
(273.3 °C). The throughput was 56.34 lbs/hr (25.56 kg/hr). The core layer (A) extruder was also fed with
the first rigid resin, MX710, and the extrusion melt temperature was controlled at 547 °F (286.1 °C). The
core layer extrusion throughput was 141 Ibs/hr (63.96 kg/hr). The middle layer (B) extruder was fed with
a second thermoplastic elastomeric resin, ECDEL, and the extrusion temperature was controlled at 414 °F
(212.2 °C). The middle layer extrusion throughput was 53.95 lbs/hr (24.47 kg/hr). The extruded sheet
was chilled on a cast roll and had an average haze of 1.6% and transmission of 90.3%. The overall sheet
thickness was controlled at 25 mils (0.625 mm). The film was then subsequently thermal formed against a
flat mold. The maximum thermal forming temperature of the heated film was measured 226 °C by the IR

thermometer. The haze of the thermoformed article was determined to be 1.5%

Comparative Example 1

[0098] A single-layer polymeric film with 100% PETg resin was extruded through a film die using a
pilot scale extruder at a throughput of 15 Ibs/hr (22.7 kg/hr). The extrusion melt temperature was
controlled to be 520 °F (271 °C). The extruded sheet thickness was controlled at 30 mils (0.76 mm).
[0099] The film was then subsequently thermally formed into a dental tray. As summarized in Table 2
below, the dental tray of single-layer PETg has a high modulus, which might result in patient discomfort

upon initial seating on the dental arch.

Comparative Example 2
[00100] A 3-layer ABA (PCTg/TEXIN/PCTg) film was extruded using a pilot scale coextrusion line

equipped with a multi-manifold die. Two extruders were used for the skin layer (A) and fed with the first
rigid resin, PCTg. The skin layer (A) extrusion melt temperatures were controlled at 520 °F (271 °C).
The throughput was kept at 13.7 lbs/hr (6.2 kg/hr) from each extruder. The core layer (A) extruder was
fed with a second thermoplastic polyurethane, TEXIN, and the extrusion melt temperature was controlled
at 410 °F (210 °C). The core layer extrusion throughput was 13 Ibs/hr (5.9 kg/hr). The extruded sheet

was chilled on a cast roll. The overall sheet thickness was controlled at 30 mils (0.76 mm).
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[00101] The film was then thermally formed into a dental tray. As summarized in Table 2, the dental tray

of 3-layer film had poor stress relaxation performance.

Comparative Example 3

[00102] A 5-layer CBABC (ZEONOR/ELVALOY/ZEONOR/ELVALOY/ZEONOR) film was extruded
using a pilot scale coextrusion line equipped with a multi-manifold die. The skin layer (C) extruder was
fed with the first rigid resin, ZEONOR. The skin layer (C) extrusion melt temperature was controlled at
464 °F (240 °C). The throughput was 5 lbs/hr (2.3 kg/hr). The core layer (A) extruder was also fed with
the first rigid resin, ZEONOR, and the extrusion melt temperature was controlled at 460 °F (240 °C). The
core layer extrusion throughput was 15 lbs/hr (6.8 kg/hr). The middle layer (B) extruder was fed with a
second thermoplastic elastomeric resin, ELVALOY, and the extrusion temperature was controlled at 470
°F (243.3 °C). The middle layer extrusion throughput was 32 Ibs/hr (14.5 kg/hr). The extruded sheet was
chilled on a cast roll. The overall sheet thickness was controlled at 30 mils (0.76 mm).

[00103] The film was then subsequently thermal formed into a dental tray. As summarized in Table 2

below, the resulting dental tray had very poor crack resistance.

Comparative Example 4

[00104] A 3-layer ABA (PCTg/STPE/PCTg) film was extruded using a pilot scale coextrusion line
equipped with a feedblock and film die. The skin layer (A) extruder was fed with the first rigid resin,
PCTg. The skin layer (A) extrusion melt temperature was controlled at 528 °F (275.6 °C). The
throughput was 20.5 Ibs/hr (9.3 kg/hr). The core layer (B) extruder was fed with a second thermoplastic
clastomeric resin, STPE, and the extrusion temperature was controlled at 530 °F (276.7 °C). The core
layer extrusion throughput was 10.2 lbs/hr (4.63 kg/hr). The extruded sheet was chilled on a cast roll.
The overall sheet thickness was controlled at 30 mils (0.76 mm).

[00105] The film was then thermally formed into a dental tray. As summarized in Table 2 below, the

resulting dental tray had very poor interfacial adhesion.

Comparative Example 5

[0100] A 5-layer CBABC (TX1000/ADMER/TX1000/ADMER/TX1000) film was extruded using a
pilot scale coextrusion line equipped with a feedblock and film die. The skin layer (C) extruder was fed
with the first rigid resin, TX1000. The skin layer (C) extrusion melt temperature was controlled at 505 °F
(262.8 °C). The throughput was 4.3 lbs/hr (1.95 kg/hr). The core layer (A) extruder was also fed with the
first rigid resin, TX1000, and the extrusion melt temperature was controlled at 550 °F (288 °C). The core
layer extrusion throughput was 11.6 Ibs/hr (5.26 kg/hr). The middle layer (B) extruder was fed with a

second thermoplastic elastomeric resin, ADMER, and the extrusion temperature was controlled at 490 °F
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(254.4 °C). The middle layer extrusion throughput was 4.37 lbs/hr (1.98 kg/hr). The extruded sheet was
chilled on a cast roll. The overall sheet thickness was controlled at 30 mils (0.76 mm).
[0101] The film was then thermally formed into a dental tray. As summarized in Table 2 below, the

resulting dental tray had poor folding crazing resistance.

Comparative Example 6

[0102] 10 mils TPU 65D film sample was obtained from Lubrizol, Wickliffe, OH, and 10 mils co-
polyester film (PACUR HT) was obtained from Pacur, LLC, Oshkosh, WI. A 3-layer ABA (HT/TPU
65D/HT) tray was prepared by layer-by-layer thermoforming process. As summarized in Table 2 below,

the resulting dental tray had very poor interfacial adhesion.

Comparative Example 7
[0103] A dental tray available from Align Technologies, San Jose, CA, under the trade designation
INVISALIGN SMARTTRACK, was tested. As summarized in Table 2 below, the tray had very poor

stain resistance.

Comparative Example 8

[0104] A single-layer polymeric film with 100% TX1000 resin was extruded through a film die using a
pilot scale extruder at a throughput of 15 Ibs/hr (22.7 kg/hr). The extrusion melt temperature was
controlled to be 550 °F (288 °C). The extruded sheet thickness was controlled at 30 mils (0.76 mm). The
film was then subsequently thermally formed into a dental tray. As summarized in Table 2 below, the

dental tray of single-layer TX1000 has poor crack resistance.

Comparative Example 9

[0105] A single-layer polymeric film with 100% MX730 resin was extruded through a film die using a
pilot scale extruder at a throughput of 15 Ibs/hr (22.7 kg/hr). The extrusion melt temperature was
controlled to be 536 °F (276.7 °C). The extruded sheet thickness was controlled at 30 mils (0.76 mm).
The film was then subsequently thermally formed into a dental tray. As summarized in Table 2 below,

the dental tray of single-layer MX730 has poor crack resistance.

Comparative Example 10

[0106] A 5-layer CBABC (TX2000/NEOSTAR/TX2000/NEOSTAR /TX2000) film was extruded using

a pilot scale coextrusion line equipped with a feedblock and film die. The skin layer (C) extruder was fed
with the first rigid resin, TX2000. The skin layer (C) extrusion melt temperature was controlled at 541 °F
(282.8 °C). The throughput was 6.3 lbs/hr (2.86 kg/hr). The core layer (A) extruder was also fed with the
first rigid resin, TX2000, and the extrusion melt temperature was controlled at 562 °F (294.4 °C). The

22



WO 2020/225657 PCT/1IB2020/054051

core layer extrusion throughput was 11.59 lbs/hr (5.26 kg/hr). The middle layer (B) extruder was fed with
a second thermoplastic elastomeric resin, NEOSTAR, and the extrusion temperature was controlled at
399 °F (203.9 °C). The middle layer extrusion throughput was 5.6 Ibs/hr (2.54 kg/hr). The extruded sheet
was chilled on a cast roll and had an average haze of 3.3% and transmission of 89%. The overall sheet
thickness was controlled at 30 mils (0.76 mm).

[0107] The film was then subsequently thermal formed into a dental tray. As summarized in Table 2

below, the resulting dental tray had poor crack resistance.

Comparative Example 11

[0108] A 5-layer CBABC (MX710/ECDEL/MX710/ECDEL/MX710) film was extruded using a pilot
scale coextrusion line equipped with a feedblock and film die. The skin layer (C) extruder was fed with
the first rigid resin, MX710. The skin layer (C) extrusion melt temperature was controlled at 524 °F
(273.3 °C). The throughput was 56.34 lbs/hr (25.56 kg/hr). The core layer (A) extruder was also fed with
the first rigid resin, MX710, and the extrusion melt temperature was controlled at 547 °F (286.1 °C). The
core layer extrusion throughput was 141 Ibs/hr (63.96 kg/hr). The middle layer (B) extruder was fed with
a second thermoplastic elastomeric resin, ECDEL, and the extrusion temperature was controlled at 414 °F
(212.2 °C). The middle layer extrusion throughput was 53.95 Ibs/hr (24.47 kg/hr). The extruded sheet
was chilled on a cast roll and had an average haze of 1.6% and transmission of 90.3%. The overall sheet
thickness was controlled at 25 mils (0.625 mm). The film was then subsequently thermal formed against a
flat mold. The maximum thermal forming temperature of the heated film was measured 240 °C by the IR

thermometer. The haze of the thermoformed article was determined to be 21%.

Table 2
Aligner Tray
DMA On/Off y .
Stress . Staining . Folding
. Cycling Crack . Interfacial .
Modulus | Relaxation . Resistance . Crazing
N Resistance Adhesion .
at 95% to coffee Resistance
RH Test (# of
cycle to break)
Example 1 1.23GPa| 31.95% >450 Good Pass Good
Example 2 121 GPa | 32.80% 2450 Good Pass Good
Example 3 N/A N/A >450 Good Pass Good
g}‘(’?ﬂf;{:tive 21GPa | 41.7% 333 Good N/A N/A
g}c;:lnﬁ)slr:téve 1.2 GPa 45.60% N/A Good Pass Good
g}‘(’?ﬂf;{:téve 147GPa | 26.20% <10 Good N/A Poor
g}‘(’?ﬂf&rjﬁw N/A N/A N/A N/A Fail N/A
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DMA Aligner Tray
On/Off . . .
Stress X Staining . Folding
. Cycling Crack . Interfacial .
Modulus | Relaxation . Resistance . Crazing
Resistance Adhesion :
at 95% to coffee Resistance
RH Test (# of
cycle to break)

Comparative 122 GPa N/A N/A N/A N/A Poor
Example 5
Comparative N/A N/A N/A N/A Fail N/A
Example 6
Comparative N/A N/A N/A Poor N/A N/A
Example 7
Comparative | /A N/A 87 N/A N/A N/A
Example 8
Comparative N/A N/A <10 N/A N/A N/A
Example 9
Comparative N/A N/A 81 N/A N/A N/A
Example 10

[0109] Various embodiments of the invention have been described. These and other embodiments are

within the scope of the following claims.
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CLAIMS:

1. A dental appliance for positioning a patient’s teeth, the dental appliance comprising:
a polymeric shell comprising a plurality of cavities for receiving one or more teeth, wherein the polymeric
shell comprises:
@) an interior region with at least 3 alternating layers, wherein the interior region comprises:
a core layer with a first major surface and a second major surface, wherein the core layer
comprises a first thermoplastic polymer A with a thermal transition temperature of about 70 °C to
about 140 °C and a flexural modulus greater than about 1.3 GPa;
a first interior layer adjacent to the first major surface of the core layer; and
a second interior layer adjacent to the second major surface of the core layer;
wherein the first interior layer and the second interior layer, which may be the same or different,
comprise a second thermoplastic polymer B different from the first thermoplastic polymer A,
wherein the second thermoplastic polymer B has a glass transition temperature of less than about
0 °C and a flexural modulus less than about 1 GPa; and
2) an exterior region, comprising:
a first exterior layer on a first side of the interior region, and
a second exterior layer on a second side of the interior region,
wherein the first exterior layer and the second exterior layer, which may be the same or different,
comprise a third thermoplastic polymer C, which may be the same or different than the first
thermoplastic polymer A, with a thermal transition temperature of about 70 °C to about 140 °C
and a flexural modulus greater than about 1.3 GPa; and
wherein an interfacial adhesion between any of the adjacent layers in the polymeric shell is greater than

about 150 grams per inch (6 grams per mm).

2. The dental appliance of claim 1, wherein the third thermoplastic polymer C in the first and the

second exterior layers is the same as the first thermoplastic polymer A in the core layer.

3. The dental appliance of claim 2, and wherein the first and the second interior layers comprise the

same thermoplastic polymer B.

4. The dental appliance of any one of claims 1 - 3, wherein the polymeric shell comprises 5 layers,
and wherein the third thermoplastic polymer C in the first and the second exterior layers is the same as the
first thermoplastic polymer A in the core layer, and wherein the first and the second interior layers

comprise the same thermoplastic polymer B.
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5. The dental appliance of any one of claims 1 - 4, wherein a difference in a solubility parameter

between any two adjacent layers in the polymeric shell is no greater than about 2.

6. The dental appliance of any one of claims 1 - 5, wherein the polymeric shell has an effective

modulus of about 0.8 GPa to about 1.5 GPa.

7. The dental appliance of any one of claims 1 - 6, wherein the third thermoplastic polymer C in the
first and the second exterior layers comprises a polyester or a copolyester, wherein the third thermoplastic
polymer C is chosen from polyethylene terephthalate (PET), polyethylene terephthalate glycol (PETg),
polycyclohexylenedimethylene terephthalate (PCT), polycyclohexylenedimethylene terephthalate glycol
(PCTg), poly(l 4 cvclohexylenedimethylene) terephthalate (FCTA)Y, 2,24, 4-tetramethyl-1,3-
cyclobutanediol modified polycyclohexylenedimethylene terephthalate , polyesters, copolyesters,

and mixtures and combinations thereof.

8. The dental appliance of any one of claims 1 - 7, wherein the first thermoplastic polymer A in the
core layer comprises a polyester or a copolyester, wherein the first thermoplastic polymer A is chosen
from polyethylene terephthalate (PET), polyethylene terephthalate glycol (PETg),
polycyclohexylenedimethylene terephthalate (PCT), polycyclohexylenedimethylene terephthalate glycol
(PCTg), poly{l 4 cyclohexylenedimethylene) terephthalate (PCTA), 2,2,4,4-tetramethyl-1,3-
cyclobutanediol modified polycyclohexylenedimethylene terephthalate, polyesters, copolyesters,

and mixtures and combinations thereof.

9. The dental appliance of claim 8, wherein the first thermoplastic polymer A is chosen from

copolyesters, and wherein the copolyesters are free of ethylene glycol.

10. The dental appliance of any one of claims 1 - 9, wherein the second thermoplastic polymers B in
the first and the second interior layers are independently chosen from copolyester ether elastomers,
copolymers of ethylene and (meth)acrylates, ethylene methyl-acrylates, ethylene ethyl-acrylates, ethylene
butyl acrylates, maleic anhydride modified polyolefin copolymers, methacrylic acid modified polyolefin
copolymers, ethylene vinyl alcohol (EVA) polymers, styrenic block copolymers, ethylene propylene
copolymers, and thermoplastic polyurethanes (TPU).

11. The dental appliance of claim 10, wherein the second thermoplastic polymers B comprise at least

one of copolyester ether elastomers and ethylene methyl-acrylates.
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12. The dental appliance of any one of claims 1-11, wherein at least one of the first exterior layer and
the second exterior layer comprises on an external major surface thercof a polymeric moisture barrier
layer, the polymeric moisture barrier layer comprising a polyolefin, wherein the polyolefins are chosen
from polyethylene (PE), polypropylene (PP), polymethylpentene (PMP), cyclic olefins (COP),
copolyolefins with moieties chosen from ethylene, propylene, butene, pentene, hexene, octene, C2-C20
hydrocarbon monomers with polymerizable double bonds, and mixtures and combinations thereof; and
olefin hybrids chosen from olefin/anhydride, olefin/acid, olefin/styrene, olefin/acrylate, and mixtures and

combinations thereof.

13. The dental appliance of claim 1, wherein the thermoplastic polymers A and C have an elongation
at break of greater than 100%, and wherein the thermoplastic polymers B have an elongation at break of

greater than 300%.

14. A method of making a dental appliance, the method comprising:
forming a plurality of tooth-retaining cavities in a multilayered polymeric film to provide the
dental appliance, the multilayered polymeric film comprising:
@) an interior region with at least 3 alternating layers, wherein the interior region comprises:
a core layer with a first major surface and a second major surface, wherein the core layer
comprises a first thermoplastic polymer A with a thermal transition temperature of about 70 °C to
about 140 °C and a flexural modulus greater than about 1.3 GPa;
a first interior layer adjacent to the first major surface of the core layer;
a second interior layer adjacent to the second major surface of the core layer;
wherein the first interior layer and the second interior layer, which may be the same or different,
comprise a second thermoplastic polymer B different from the first thermoplastic polymer A,
wherein the second thermoplastic polymer B has a thermal glass temperature of less than about 0
°C and a flexural modulus less than about 1 GPa; and
2) an exterior region, comprising:
a first exterior layer on a first side of the interior region, and
a second exterior layer on a second side of the interior region,
wherein the first exterior layer and the second exterior layer, which may be the same or different,
comprise a third thermoplastic polymer C, which may be the same or different than the first
thermoplastic polymer A, with a thermal transition temperature of about 70 °C to about 140 °C
and a flexural modulus greater than about 1.3 GPa; and
wherein an interfacial adhesion between any of the adjacent layers in the multilayer film is greater than

about 150 grams per inch (6 grams per mm).
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15. The method of claim 14, wherein the first and the second exterior layers comprise the same
thermoplastic polymer C, and wherein the first exterior layer, the second exterior layer, and the core layer

comprise the same thermoplastic polymer A.

16. The method of claim 14 or 15, wherein the thermoplastic polymers in the first and the second
exterior layers and the core layer comprise a polyester or a copolyester, which may be the same or
different, wherein the polyester is independently chosen from polyethylene terephthalate (PET),
polyethylene terephthalate glycol (PETg), polycyclohexylenedimethylene terephthalate (PCT),
polycyclohexylenedimethylene terephthalate glycol (PCTg), polv(1.4 cyclohexviencdimethyviens)
terephtbalate (PCTA), 2,2,4,4-tetramethyl-1,3-cyclobutanediol modified
polycyclohexylenedimethylene terephthalate, polyesters, copolyesters, and mixtures and

combinations thereof.

17. The method of any one of claims 14 to 16, wherein the second thermoplastic polymers B in the
first and the second interior layers are independently chosen from copolyester ether elastomers,
copolymers of ethylene and (meth)acrylates, ethylene methyl-acrylates, ethylene ethyl-acrylates, ethylene
butyl acrylates, maleic anhydride modified polyolefin copolymers, methacrylic acid modified polyolefin
copolymers, ethylene vinyl alcohol (EVA) polymers, styrenic block copolymers, ethylene propylene
copolymers, and thermoplastic polyurethanes (TPU).

18. The method of claim 17, wherein the second thermoplastic polymers B comprise copolyester

ether elastomers.

19. The method of claim 17, wherein the second thermoplastic polymers B comprise ethylene

methyl-acrylates.

20. The method of any one of claims 14 - 19, wherein the polymeric shell has an effective modulus of

about 0.8 GPa to about 1.5 GPa.

21. A dental appliance for positioning a patient's teeth, comprising:

a polymeric shell comprising a plurality of cavities for receiving one or more teeth, wherein the
polymeric shell comprises:

a core region, comprising:

a core layer with a first major surface and a second major surface, wherein the core layer
comprises at least one layer of a thermoplastic polymer A with a thermal transition temperature of
about 70 °C to about 140 °C and a flexural modulus greater than about 1.3 GPa; and
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an internal layer on the first major surface and the second major surface of the core layer,

wherein the internal layers, which may be the same or different, each comprise at least one layer

of a thermoplastic polymer B different from the thermoplastic polymer A, and wherein the

thermoplastic polymer B has a glass transition temperature of less than about 0 °C and a flexural

modulus less than about 1 GPa; and

external surface layers on each side of the core region, wherein the external surface layers, which
may be the same or different, each comprise at least one layer of a thermoplastic polymer C, different
from the thermoplastic polymer A, wherein the thermoplastic polymer C has a thermal transition
temperature of about 70 °C to about 140 °C and a flexural modulus greater than about 1.3 GPa; and
wherein an interfacial adhesion between any of the adjacent layers in the polymeric shell is greater than

about 150 grams per inch (6 grams per mm).

22. The dental appliance of claim 21, wherein the core layer of the dental appliance comprises a

single layer of the thermoplastic polymer A.

23. The dental appliance of claim 21 or 22, wherein at least some of the internal layers comprise a

single layer of the thermoplastic polymer B.

24. The dental appliance of any one of claims 21-23, wherein the second thermoplastic polymer B

has a Vicat softening temperature of greater than 65 °C.

25. The dental appliance of any one of claims 21-24, wherein the second thermoplastic polymers B

comprise at least one of copolyester ether elastomers and ethylene methyl-acrylates.
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