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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 teeth 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
selected to effectively exert a stable and consistent repositioning force against the tecth of a patient can
cause discomfort when the dental appliance repeatedly contacts oral tissues or the tongue of a patient over
an extended treatment time. 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.
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[0005] 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.

[0006] 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 polymeric layers. In one
embodiment, the dental appliance includes at least two thermoplastic polymers selected to provide
maintain a substantially constant stress profile over an extended treatment time, and provide a relatively
constant tooth repositioning force over the treatment time to maintain or improve tooth repositioning
efficiency, without prematurely cracking from repeated placement on the tecth of a patient. The
combination of thermoplastic polymers is also selected to provide other beneficial properties for the
dental appliance such as, for example, good stain resistance, low optical haze, and good mold release
properties after the dental appliance is thermally formed from a polymeric film.

[0007] In some embodiments, additional optional polymer layers in the dental appliance are also
included to improve or maintain other beneficial properties of the dental appliance including, but not
limited to, one or any combination of the following: hydration blocking, stain resistance, feel against the
oral tissues of the patient, or cosmetic properties such as at least one of transparency and haze.

[0008] Ifthe dental appliance is thermoformed from a substantially flat sheet of a multi-layered
polymeric film, the multi-layered polymeric film can further optionally include rheological modifying
layers with polymeric materials selected to reduce thinning caused by the drawdown during the
thermoforming process, which can improve durability of the thermoformed dental appliance over a
desired treatment time in the mouth of the patient. The multi-layered polymeric film can also include
polymeric layers selected to enhance or maintain release from the mold used during thermoforming,.
[0009] 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
polymeric shell includes at least 3 alternating polymeric layers AB, wherein layer A includes a
thermoplastic polymer A, layer B includes a thermoplastic polymer B, and the thermoplastic polymer B is
different from the thermoplastic polymer A. Each of the thermoplastic polymers A and B have a flexural
modulus of about 1.0 GPa to about 4.0 GPa; and each of the thermoplastic polymers A and B have a glass
transition temperature (T,) greater than about 40 °C.

[0010] In another aspect, the present disclosure is directed to method of making a dental appliance, in
which a plurality of tooth-retaining cavities are formed in a multilayered polymeric film. The
multilayered polymeric film includes at least 3 alternating polymeric layers AB, wherein layer A includes
a thermoplastic polymer A, layer B includes a thermoplastic polymer B, and the thermoplastic polymer B

is different from the thermoplastic polymer A. Each of the thermoplastic polymers A and B have a
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flexural modulus of about 1.0 GPa to about 4.0 GPa; and each of the thermoplastic polymers A and B
have a glass transition temperature (Tg) greater than about 40 °C.

[0011] In another aspect, the present disclosure is directed to a method of orthodontic treatment that
includes positioning a dental appliance around one or more teeth. 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
thereto. The polymeric shell includes at least 3 alternating polymeric layers AB, wherein layer A includes
a thermoplastic polymer A, layer B includes a thermoplastic polymer B, and the thermoplastic polymer B
is different from the thermoplastic polymer A. Each of the thermoplastic polymers A and B have a
flexural modulus of about 1.0 GPa to about 4.0 GPa; and each of the thermoplastic polymers A and B
have a glass transition temperature (Tg) greater than about 40 °C.

[0012] 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

[0013] FIG. 1is a schematic overhead perspective view of an embodiment of a multilayered dental
appliance.

[0014] FIG. 2 is a schematic, cross-sectional view of an embodiment of a multilayered dental appliance
of FIG. 1.

[0015] FIG. 3 is a schematic, cross-sectional view of an embodiment of a multilayered dental appliance
of FIG. 1.

[0016] FIG. 4 is a schematic, cross-sectional view of an embodiment of a multilayered dental appliance
of FIG. 1.

[0017] FIG. 5 is a schematic overhead perspective view of a method for using a dental alignment tray by
placing the dental alignment tray to overlie teeth.

[0018] Like symbols in the drawings indicate like elements.

DETAILED DESCRIPTION
{3019] A dental apphiance such as an orthodontic apphance 100 shown i FIG. 1, which s also referred
to herein as an orthodontic aligner tray, mcludes a thin polvmeric shell 102 having a plurality of cavitics
104 shaped to receive one or more tecth in the upper or lower jaw of a patient. In some embodiments, n
an orthodontic aligner tray the cavities 104 are shaped and configured to apply force 1o the teeth of the
patient to resiliently reposition one or more tecth from one tooth arrangement {o a suceessive tooth
arcangement. In the case of a retainer tray, the cavities 104 are shaped and configured fo receive and

maintain the position of one or more tecth that have previously been aligned.
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{0828] The shell 102 of the orthodontic appliance 100 is an elastic polymeric material that generally
conforms {o a patient’s teeth, and mav be transparent, translucent, or opague. In the embodiment of FIG.
1, the shell 102 includes at least three aliernating polvmeric layers. The polymerie layers melade
polyimers AB, wherein A and B are different thermoplastic polymeric materials. The thermoplastic
polymers AB 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.

{0621} In the embodiment of FIG. 1, a polymeric laver 110 forms an oxternal surface 106 of the shell
162, a polymeric laver 112 forms an internal surface 108 of the shell 102, and a polyvmeric layer 114
resides between the polymeric lavers 110 and 112, The polymeric layers 119, 112, 114 cach include
favers of a thermoplastic polvmeric material A or B. The thermoplastic polvmeric materials i the layers
110, 112, 114 are arranged to alternate such as, for example, 1 the arrangement ABA or BAR, For
example, in the eobodiment of FIG. 1, the laver 118 can mchude polymer A, the faver 114 can include
polvmer B, and the laver 112 can include polvmer A, O, the layer 110 can include polymer B, the layer
114 can melade polvmer A, and the layer 112 can include polvmer B.

{3622} Each of the thermoplastic polymers A and B have a flexural modulus of about 1.0 GPa to about
4.0 GPa, and a glass transition temperature (Tg) greater than about 40 °C. In addition, the thermoplastic
polymers A and B can be selected to provide particular properties to the shell 102 including, but not
limited to, resistance to moisture absorption, resistance to staining, desired optical properties such as, for
example, color, visible light transmission, and haze, ease of release from a thermoforming mold used to
form the cavities 104, and resistance to cracking following repeated placement over the teeth of the
patient.

{0023] In various embodiments, each of the polymers A and B have a flexural modulus of about 1 GPa
to about 3 GPa, or about 1.5 GPa to about 2.5 GPa. In some embodiments, the fiexaral modulas of 4
polvmer A, Bina layer 110, 112, 114 in the dental appliance 100 is no greater than twice the flexural
raodulus of the polymer present in an adjacent layer.

{3024} In various embodiments, each of the polymers A and B have a Tg of about 50 °C to about 200 °C,
or about 70 °C to about 170 °C, or about 75 °C to about 150 °C. In some embodiments, the differcnce
between the Tg of the polvmers A, B m any two adjacent layvers 110, 112, 114 m the dental appliance 1006
is not greater than about 70 °C.

{0025] In some embodiments, the layer 110 on the outer major surface 106 of the dental appliance 100
and the layer 112 on the inner surface 108 include the same polymeric layer A or B. In other
embodiments, the layer 110 on the outer major surface 106 of the dental appliance 100 and the layer 112
on the inner surface 108 include different polvmeric layers A and B.

[{3026] In some embodiments, the polymers A and B m the cach of the lavers 110, 112, 114 of the

polymeric shell 102 are polvesters, and 1n some embodiments the polvester i a particular laver may
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optionally be blended with a polycarbonate (FC). In some embodiments, the polymer A is a polvester and
the palvmer Bis a PC.

[3027] 1o various embodiments, the polvmers A and B are chosen from polvethylene terephthalate
{(PET). polyethyicne terephthalate glyeol (PETg), polveyelohexylenedimethylene terephthalate {(PCT),
polveyelchexvienedimethviene terephthalate glveol (PCTg), polycarbonate (PC), and nuxtures and
combinations thereof. Suitable PETg and PCTg resins can be obtamed from various commercial
suppliers such as, for example, Fastman Chemical, Kangsport, TN; 5K Chemicals, Irvine, CA;
DowbDuPont, Midland, Mi; Pacur, Oshkosh, W 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. Suitable polycarbonates (PC) can be obtained from, for example, Covestro AG,
Baytown, TX, under the trade designation MAKROLON LTG2623. Suitable polyester and PC blends
include, but are not limited to, resins available under the trade designation XYLEX from Sabic, Exton,
PA, such as XYLEX X8519.

{0028] In one cmbodiment, the polvmer A 1s PETg and the polymer B is PCTg o another emmbodiment,
the polymer A 1s PETyg and the polvmer B is a blend of a polvester and PC. In another embodiment,
wherein the polymer A is PETg and the polymer B is PC.

{0029 A schematic cross-sectional view of another embodiment of a dental appliance 200 is shown in
FIG. 2, which includes a polymeric shell 202 with a multdayered polymeric structure. The polvmeric
shell 202 mcludes alternating lavers including thermoplastic polymers AB, and includes the same laver A
proximal a first major swrface 220 and a second major surface 222, The lavers AB can be selected from
any of the thermoplastic polymers A and B discussed with respect to FIG. 1, which maintain a
substantially constant stress profile during a treatment time, provide a relatively constant tooth
repositioning force over the treatment time to maintain or improve tooth repositioning efficiency, resist
staining, resist moisture absorption, resist cracking, provide desired optical properties, and/or provide ease
of release from a thermoforming mold.

[6038] 1o the embodiment of FIG. 2, the polymenic shell 202 further includes additional optional
performance enbancing lavers that can be included to vuprove properties of the shell 202, In various
embodiments, which are not mtended to be limiting, the performance enhancing layers can be, for
example, barrier layers that are resistant to staming and moisture absorption; abrasion-resistant lavers;
cosmetic fayers that may optionally inclade a colorant, or may tnelude a polymeric material selected to
adjust the optical haze or visible light transparency of the polvmeric shell 202; tie lavers that enhance
compatibility or adhesion between packets of lavers AB or between layers AB in cach packet, elastic
favers to provide a softer mouth feel for the patient; thermal forming assistant layers between packets of
favers AB or between lavers AB in each packet to enhance thermoforming, layers to enhance mold
release durmg thermoforming, and the hike.

{08831} 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
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selected from materials that are softer and more elastic that the polymers AB. In various embodiments,
which are not intended to be limiting, the performance enhancing layers include thermoplastic
polyurethanes (TPU) and olefins.

{3032} 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.

{3033 For exarople, w the embodiment of FIG. 2, the polvmeric shell 202 mcludes an optional moisture
barnier laver 240 on each external surface, which can prevent motsture intrusion into the polvmeric layers
AB, 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 in each packet of alternating layers. In some embodiments, the
tie/thermoforming assist layers 250 can improve compatibility between the polymers in the layers AB as
the polymeric shell 202 is formed from a multilayered polymeric film, or reduce delamination between
layers AB 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 elastic layers 260 are located proximal the major surfaces 220, 222 of the shell
202.

{3034} A schematic cross-sectional view of another embodiment of a dental apphiance 300 is shown in
FIG. 3, which includes a polvmenic shell 302 with a multilayered polvmeric structure. The polymeric
shell includes alternating layers of thermoplastic polymers AB, and mchudes a different layer proximal a
first major surface 320 and a second major surface 322, The layers AB can be selected from any of the
thermoplastic polvimers A and B discussed above with respect to FIGS, 1-2.

{3038] 1o the embodiment of FIG. 3, the polymeric shell 302 meludes a moisture barrer and stain
resistant laver 340 on cach external surface, which can prevent intrusion of moisture into the polvmernic
lavers AB and reduce damage to the shell 302 from colored foods (for example, tea, coffee, red wine and
the like}. The polymeric shell 302 further includes tie or thermoforming assistant layers 350, which can
be the same or different, between each packet of alternating layers AB. In some embodiments, the layers
350 can improve compatibility between the polymers in the layers AB as the polymeric shell 302 is
formed from a multilayered polymeric film, or reduce delamination between layers AB during the
treatment time.

[06136] A schematic cross~-sectional view of another embodiment of a dental apphiance 400 is shown 1
FIG. 4, which inchudes a polymenic shell 402 with a multilayered polymenic structure {AB),, whereinn =

2 to about 300, or about 5 to about 200, or about 10 to about 100, The layers AB, which include different
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polymers, can be selected from any of the thermoplastic polvmers A and B discussed above with respect
to FIGS. 1-3. In some embodiments, which are not intended to be limiting, the layers A and B include
polymers selected from polyesters, polycarbonates, and blends thereof. In some non-limiting
embodiments, the polymers in layers A and B are chosen from polyethylene terephthalate (PET),
polyethylene terephthalate glycol (PETg), polycyclohexylenedimethylene terephthalate (PCT),
polycyclohexylenedimethylene terephthalate glycol (PCTg), polycarbonate (PC), and mixtures and
combinations thereof.

{3837} Referring again to FIG. 1, in some embodiments, the polymeric shell 102 is formed from
substantially transparent polymeric materials. In this application the term substantially transparent refers
1o materials that pass hight 1 the wavelength region sensttive to the human eve {about 400 ran to about
750 mm} while rejecting light in other regions of the electromagunetic spectrum.  In some embodiments,
the reflective edge of the polvmeric materials selected for the shell 102 should be above about 750 nm,
just out of the sensitivity of the human eve.

[3038] In some embodiments, any or all of the layers of the polymeric shell 102 can optionally mchude
dves or pigments to provide a desired color that may be, for example, decorative or selected to improve
the appearance of the teeth of the patient.

{003%] The orthodontic appliance 100 may be made using a wide variety of technigues. Inone
embodiment, a suitable configuration of tooth {or tecth}-retaining cavitics are formed n a substantially
flat sheet of a muintlayvered polvmeric film that meludes lavers of polvmeric material arranged like the
configurations discussed above with respect to FIGS. 14, The cavities may be formed by any suitable
technique, inchuding thermoforning, laser processing, chemical or physical eiching, and combinations
thereof, but thermoforming has been found to provide good results and excellont efficiency. o some
erabodiments, the multilavered polymeric film is heated prior to formung the tooth-retaming cavities, or a
surface thereotf may optionally be chomically treated such as, for example, by etching, or mechanically
embossed by contacting the surface with a tool, prior to or after forming the cavities.

{3048] Referring now to FIG. 5, a shell 502 of an orthodontic appliance 500 mcludes an outer surface
568 and an tnner surface 508 with cavities 504 that gevcrally conform to one or more of a patient's teeth
600, and an external surface 506, In some embodiments, the cavities 304 are shghtly out of aligmment
with the patient's mitial tooth configuration, and 1n other embodiments the cavities 504 conform to the
teeth of the patient to maintain a desired tooth configuration. In some emboduments, the sheli 502 may be
one of g group or a series of shells having substantialiy the same shape or mold, but which are formed
from different materials to provide a different stiffness or resilience as need to move the teeth of the
patient. In this manner, in one embodiment, a patient or 3 user may alternately ase one of the orthodontic
appliances during cach treatment stage dependmg upon the patient's preferred usage time or desired
freatment time period for cach treatment stage.

{3041} No wires or other means may be provided for holding the shell 502 over the tecth 600, but m

some embodiments, it may be deswrable or necessary to provide individeal anchors on teeth with
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corresponding receptacies or apertures in the shell 502 so that the shell 502 can apply a retentive or other
directional orthodontic force on the tooth which would not be possible in the absence of such an anchor.
{3142} The shells 502 may be customized, for example, for day time use and night time use, during
function or non-function {chewing vs. non-chewing}, durtng social settings {where appearance may be
wore tmportant) and nonsocial settings {(where the aesthetic appearance may not be a significant factor},
or based on the patient’s desire to accelerate the teeth movement (by optionally using the more st
apphiance for a longer period of tme as opposed o the less stff appliance for cach treatment stage).
{3043} For example. in one aspect, the patient may be provided with a clear orthodontic apphance that
may be primarily used o retain the position of the teeth, and an opaque orthodontic appliance that may be
primaridy used to move the teeth for cach treatment stage. Accordingly, during the day time, 11 social
setiings, or otherwise in an enviromment where the patient 18 more acutely aware of the physical
appearance, the patient may use the clear appliance. Moreover, during the evening or night time, in non-
social settings, or otherwise when in an environment where physieal appearance is less important, the
patient may use the opague appliance that is configured to apply a different amount of force or othorwise
has a stiffer configuration to accelerate the tecth movement during cach treatment stage. This approach
may be repeated so that cach of the pair of apphances are alternately used daring each treatment stage.
{3844} Referring again to FHG. 3, an orthodontic treatment system and method includes a plurality of
rocremental position adjustment appliances, cach formed from the same or a differcnt material, for cach
treatment stage of orthodontic treatment. The orthodontic apphances may be configured to incrementally
reposition individual or multiple teeth 600 m an upper or lower jaw 602 of a patient. In some
embodiments, the cavities 504 are configured such that selected teeth will be repositioned, while other
tecth will be designated as a base or anchor region for holding the repositioning appliance in place as the
appliance applics the resilient repositioning force against the tooth or teeth intended to be reposttioned.
[0045] Placement of the elastic positioner 302 over the teeth 600 applies controlled forces in specific
locations to gradually move the teeth into the new configuration. Repetition of this process with
successive apphiances having different configurations eventually moves the teeth of a patient through a
serigs of mtermediate configurations 1o a final desired configuration.

[0046] The devices of the present disclosure will now be further described in the following non-limiting

examples.

EXAMPLES

Materials

PP: polypropylene from Total Petrochemicals USA, Houston, TX: grade FINA 3230

TPU: thermoplastic polyurethane from Lubrizol, Wickliffe, OH: grade ESTANE ETE 60DS3
XYLEX: polyester/PC blend from Sabic, Exton, PA, grade: XYLEX X8519PC

PC: polycarbonate from Covestro, Baytown, TX, grade: MAKROLON LTG2623

PETg: from Eastman Chemicals, Kingsport, TN, grade: EASTAR GN071
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KRATON G1645: styrene-based linear triblock copolymer thermoplastic elastomer from Kraton Corp,
Belpre, OH

Properties of Selected Polyesters for Lavers AB

[0047] Properties of some of the polymeric materials used in the examples below are shown in Table 1.

Table 1
PETg PCTg Xylex PC
Ty 81 °C 80 °C 96 °C 143 °C
Modulus, 2.1 GPa 1.8 GPa 1.7 GPa 2.3 GPa
Flexural

Summary of Test Procedures

[0048] The following test procedures were used in the examples below.

Mold Release
[0049] The qualitative inspection test assesses the force required to remove the thermoformed polymeric
shell from the tooth mold. If the shell was very difficult to remove, the rating was poor (--). If the shell

was removed with ease, the rating was very good (++). The in-between levels were rated at either Fair (-)
or Good (+).

Haze

[0050] Haze is defined as the percent of transmitted light that is scattered so that its direction deviates
more than 2.5 degrees from the direction of the incident beam as specified in ASTM D1003-13 "Standard
Test Method for Haze and Luminous Transmittance of Transparent Plastics." Haze was determined using
a HAZE-GARD PLUS meter available from BYK-Gardner Inc., Silver Springs, MD, which was said to
comply with the ASTM D1003-13 standard.

[0051] The films used to make the polymeric shells were tested on a Haze-Gard Plus. If the film had a

haze of less than 5%, it was rated as very good (++). If the haze was above 10%, it was rated as Poor (--).

Stain Resistance

[0052] 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 X-Rite 3M Inst. No.
1528196.

[0053] Ifthe 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 (++).
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Crack Resistance

[0054] 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 both
number of cycles and their failure mode. Specifically, the brittle failure with sharp cracks were not

considered to be as desirable than the ductile failure with plastic yielding and stretching.

Comparative Example 1

[0055] A single-layer polymeric film with 100% XYLEX resin was extruded through a film die using a
pilot scale extruder at a throughput of 15Ibs/hr. The extrusion melt temperature was controlled to be 520
°F (271 °C). The extruded sheet was chilled on a casting roll and collected in a roll. The sheet thickness
was controlled at 30 mils (0.76 mm). The film sample was wound into a roll.

[0056] The film was then subsequently thermally formed into a dental tray. As summarized in Table 2
below, the dental tray of single-layer rigid XYLEX crack easily under repeated stress testing.

Comparative Example 2

[0057] A single-layer film with 100% PC resin was extruded using the same process as in Comparative
Example 1, except that the extrusion melt temperature was controlled at 530 °F (277 °C). The sheet
thickness was controlled at 30 mils (0.76 mm). The film sample was wound into a roll.

[0058] The film was then subsequently thermal formed into a dental tray. As summarized in Table 2

below, the dental tray of single-layer rigid PC cracked easily under repeated stress testing.

Comparative Example 3

[0059] A single-layer film with 100% PP resin was extruded using the same process as in Comparative
Example 1, except that extrusion melt temperature was controlled at 500 °F (260 °C). The sheet thickness
was controlled at 30 mils (0.76 mm). The film sample was wound into a roll.

[0060] The film was then subsequently thermal formed into a dental tray. As summarized in Table 2

below, the single-layer rigid PP had a hazy appearance and low corrective force.

Comparative Example 4

[0061] A 3-layer ABA (soft/rigid/soft) film was extruded using a pilot scale coextrusion line equipped
with a feedblock and film die. The skin layer (A) extruder was fed with TPU resin and the extrusion melt
temperature was controlled at 380 °F (193 °C). The throughput was 4.8 lbs/hr (2.2 kg/hr). The core
layer (B) extruder was fed with PETg resin and the extrusion melt temperature was controlled at 520 °F

(260 °C). The core layer extrusion throughput was 15 Ibs/hr (6.8 kg/hr). The extruded sheet was chilled
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on a cast roll. The overall sheet thickness was controlled at 30 mils (0.76 mm). The 3-layer film sample
was wound into a roll.
[0062] The film was then subsequently thermal formed into a dental tray. As summarized in Table 2

below, the dental tray of 3-layer film had low correction force and stained easily.

Example 1

[0063] A 5-layer ABABA ((PETg/PCTg/PETg/PCTg/PETg) 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, PETg. The skin layer extrusion melt temperature was controlled at 520 °F (271 °C). The
throughput was 10 Ibs/hr (4.5 kg/hr). The core layer (B) extruder was fed with a second rigid resin,
PCTg, and the extrusion melt temperature was controlled at 520 °F (271 °C). The core layer extrusion
throughput was 10 Ibs/hr (4.5 kg/hr). The extruded sheet was chilled on a cast roll. The overall sheet
thickness was controlled at 30 mils (0.76 mm). The 3-layer film sample was wound into a roll.

[0064] The film was then subsequently thermal formed into a dental tray. As summarized in Table 2

below, the dental tray of rigid/rigid multilayer film had good crack resistance and good stain resistance.

Example 2

[0065] A 5-layer ABABA (PETg/PCTg/PETg/PCTg/PETg) film was made in the same process of
Example 1, except the overall film thickness was controlled at 25 mils (0.64 mm).

[0066] The film was then subsequently thermal formed into a dental tray. As summarized in Table 2

below, the dental tray of rigid/rigid multilayer film had good crack resistance and good stain resistance.

Example 3

[0067] A 5-layer ABABA (PETg/XYLEX/PETg/XYLEX/PETg) 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, PETg. The skin layer extrusion melt temperature was controlled at 520 °F (271 °C). The
throughput was 16 Ibs/hr (7.3 kg/hr). The core layer (B) extruder was fed with a second rigid resin,
XYLEX, and the extrusion melt temperature was controlled at 520 °F (271 °C). The core layer extrusion
throughput was 4 lbs/hr (1.8 kg/hr). The extruded sheet was chilled on a cast roll. The overall sheet
thickness was controlled at 30 mils (0.76 mm). The 3-layer film sample was wound into a roll.

[0068] The film was then subsequently thermal formed into a dental tray. As summarized in Table 2

below, the dental tray of rigid/rigid multilayer film had good crack resistance and good stain resistance.

Example 4

[0069] A 5-layer ABABA (PETg/XYLEX/PETg/XYLEX/PETg) 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, PETg. The skin layer extrusion melt temperature was controlled at 520 °F (271 °C). The

11
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throughput was 14 Ibs/hr (6.4 kg/hr). The core layer (B) extruder was fed with a second rigid resin,
XYLEX, and the extrusion melt temperature was controlled at 520 °F (271 °C). The core layer extrusion
throughput was 6 lbs/hr (2.7 kg/hr). The extruded sheet was chilled on a cast roll. The overall sheet
thickness was controlled at 30 mils (0.76 mm). The 3-layer film sample was wound into a roll.

[0070] The film was then subsequently thermal formed into a dental tray. As summarized in Table 2

below, the dental tray of rigid/rigid multilayer film had good crack resistance and good stain resistance.

Example 5

[0071] A 5-layer ABABA (PETg/XYLEX/PETg/XYLEX/PETg) 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, PETg. The skin layer extrusion melt temperature was controlled at 520 °F (271 °C). The
throughput was 12 Ibs/hr (5.5 kg/hr). The core layer (B) extruder was fed with a second rigid resin,
XYLEX, and the extrusion melt temperature was controlled at 520 °F (271 °C). The core layer extrusion
throughput was 8§ Ibs/hr (3.6 kg/hr). The extruded sheet was chilled on a cast roll. The overall sheet
thickness was controlled at 30 mils (0.76 mm). The 3-layer film sample was wound into a roll.

[0072] The film was then subsequently thermal formed into a dental tray, and the testing results are

summarized in Table 2 below.

Example 6

[0073] A 5-layer ABABA (PETg/PC/PETg/PC/PETg) 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,
PETg. The skin layer extrusion melt temperature was controlled at 520 °F (271 °C). The throughput was
16 lbs/hr (7.3 kg/hr). The core layer (B) extruder was fed with a second rigid resin, PC, and the extrusion
melt temperature was controlled at 520 °F (271 °C). The core layer extrusion throughput was 4 lbs/hr
(1.8 kg/hr). The extruded sheet was chilled on a cast roll. The overall sheet thickness was controlled at
30 mils (0.76 mm). The 3-layer film sample was wound into a roll.

[0074] The film was then subsequently thermal formed into a dental tray, and the testing results are

summarized in Table 2 below.

Example 7

[0075] A 5-layer ABABA (PETg/PC/PETg/PC/PETg) 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, PETg. The skin layer extrusion melt temperature was controlled at 520 °F (271 °C). The
throughput was 14 Ibs/hr (6.4 kg/hr). The core layer (B) extruder was fed with a second rigid resin, PC,
and the extrusion melt temperature was controlled at 520 °F (271 °C). The core layer extrusion
throughput was 6 lbs/hr (2.7 kg/hr). The extruded sheet was chilled on a cast roll. The overall sheet

thickness was controlled at 30 mils (0.76 mm). The 3-layer film sample was wound into a roll.

12
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[0076] The film was then subsequently thermal formed into a dental tray, and the test results are

summarized in Table 2 below.

Example 8
[0077] A 5-layer ABABA (PETg/PC/PETg/PC/PETg) 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,

PETg. The skin layer extrusion melt temperature was controlled at 520 °F (271 °C). The throughput was

12 Tbs/hr (5.5 kg/hr). The core layer (B) extruder was fed with a second rigid resin, PC, and the extrusion

melt temperature was controlled at 520 °F (271 °C). The core layer extrusion throughput was 8 lbs/hr

(3.6 kg/hr). The extruded sheet was chilled on a cast roll. The overall sheet thickness was controlled at

30 mils (0.76 mm). The 3-layer film sample was wound into a roll.

[0078] The film was then subsequently thermal formed into a dental tray, and the test results are

summarized in Table 2 below.

Table 2
Mold Stain Crack
Example | Composition Structure Release | Haze | Resistance | Resistance
CEx. 1 [ Xylex 100% Single Layer Rigid ++ ++ ++ -
CEx.2 | PC100% Single Layer Rigid ++ ++ ++ -
CEx.3 | PP 100% Single Layer Rigid + -- n/a +
CEx. 4 | TPU/PETg/TPU Soft/Rigid/Soft ++ ++ - +
CEx. 5 | (PP/G1654)/PP/(PP/G1654) | Soft/Rigid/Soft -- ++ n/a +
Ex. 1 PETg/PCTg/PETg/PCTg/PE | Rigid/Rigid/Rigid/Rigid/Rigid ++ ++ ++ ++
Tg
Ex.2 PETg/PCTg/PETg/PCTg/PE | Rigid/Rigid/Rigid/Rigid/Rigid ++ ++ ++ ++
Tg
Ex. 3 PETg/Xylex/PETg/Xylex/P | Rigid/Rigid/Rigid/Rigid/Rigid ++ ++ ++ ++
ETg
Ex. 4 PETg/Xylex/PETg/Xylex/P | Rigid/Rigid/Rigid/Rigid/Rigid ++ ++ ++ ++
ETg
Ex.5 PETg/Xylex/PETg/Xylex/P | Rigid/Rigid/Rigid/Rigid/Rigid ++ ++ ++ ++
ETg
Ex. 6 PETg/PC/PETg/PC/PETg Rigid/Rigid/Rigid/Rigid/Rigid ++ ++ ++ ++
Ex. 7 PETg/PC/PETg/PC/PETg Rigid/Rigid/Rigid/Rigid/Rigid ++ ++ ++ ++
Ex. 8 PETg/PC/PETg/PC/PETg Rigid/Rigid/Rigid/Rigid/Rigid ++ ++ ++ ++
-- | Poor
- | Fair
+ | Good
++ | Better (very Good)

[0079] 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, comprising:

a polymeric shell comprising a plurality of cavities for receiving one or more teeth, wherein the
polymeric shell comprises at least 3 alternating polymeric layers AB, wherein:

layer A comprises a thermoplastic polymer A;

layer B comprises a thermoplastic polymer B, and the thermoplastic polymer B is different from
the thermoplastic polymer A;

cach of the thermoplastic polymers A and B have a flexural modulus of about 1.0 GPa to about
4.0 GPa; and

cach of the thermoplastic polymers A and B have a glass transition temperature (Tg) greater than

about 40 °C.

2. The dental appliance of claim 1, wherein each of the thermoplastic polymers A and B have a

flexural modulus of about 1 GPa to about 3 GPa.

3. The dental appliance of claim 1 or 2, wherein each of the thermoplastic polymers A and B have a

Tg of about 50 °C to about 200 °C.

4, The dental appliance of claims 1 to 3, wherein each of the thermoplastic polymers A and B have a

Tg of about 70 °C to about 170 °C.
5. The dental appliance of claims 1 - 4, wherein the flexural modulus of a thermoplastic polymer in
a layer in the dental appliance is no greater than twice the flexural modulus of a thermoplastic polymer

present in an adjacent layer of the dental appliance.

6. The dental appliance of claims 1 - 5, wherein the difference between the Tgs of the thermoplastic

polymers in any two adjacent layers in the dental appliance is not greater than about 70 °C.

7. The dental appliance of claim 6, wherein the dental appliance comprises 5 or more layers.

8. The dental appliance of claims 1 - 7, wherein the dental appliance comprises a layer structure

(AB),, and wherein n = 2 to 500.

9. The dental appliance of claims 1 - 8, wherein the polymers A and B each comprise a polyester.

14
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10. The dental appliance of claims 1 - 8, wherein the polymer A comprises a polyester, and one the

polymer B comprises a blend of a polyester and a polycarbonate.

11. The dental appliance of claims 1 - 8, wherein the polymer A comprises a polyester and the

polymer B comprises a polycarbonate.

12. The dental appliance of claims 1 - 8, wherein the polymers A and B are chosen from polyethylene
terephthalate (PET), polyethylene terephthalate glycol (PETg), polycyclohexylenedimethylene
terephthalate (PCT), polycyclohexylenedimethylene terephthalate glycol (PCTg), polycarbonate (PC),

and mixtures and combinations thereof.

13. The dental appliance of claim 12, wherein the polymer A is PETg and the polymer B is PCTg.

14. The dental appliance of claim 12, wherein the polymer A is PETg and the polymer B is a blend of
a polyester and PC.

I5. The dental appliance of claim 12, wherein the polymer A is PETg and the polymer B is PC.

16. The dental appliance of claims 1 - 15, wherein the dental appliance comprises on a major surface
thereof a polymeric moisture barrier layer, the polymeric moisture barrier layer comprising a polymer
chosen from thermoplastic polyurethanes (TPU) and olefins, wherein the olefins are chosen from
polyethylene (PE), polypropylene (PP), polymethylpentene (PMP), cyclic olefins (COP),

copolyolefins with moicties 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.

17. 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 at least 3 alternating polymeric layers AB,
wherein:

layer A comprises a thermoplastic polymer A;

layer B comprises a thermoplastic polymer B, and the polymer B is different from the polymer A;

cach of the thermoplastic polymers A and B have a flexural modulus of about 1.0 GPa to about

4.0 GPa; and
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cach of the thermoplastic polymers A and B have a glass transition temperature (Tg) greater than

about 40 °C.

18. The method of claim 17, wherein each of the thermoplastic polymers A and B have a flexural
modulus of about 1.5 GPato about 2.5 GPa, and wherein each of the thermoplastic polymers A and B
have a Tg of about 75 °C to about 150 °C.

19. The method of claim 17, wherein the polymers A and B are chosen from polyethylene
terephthalate (PET), polyethylene terephthalate glycol (PETg), polycyclohexylenedimethylene
terephthalate (PCT), polycyclohexylenedimethylene terephthalate glycol (PCTg), polycarbonate (PC),

and mixtures and combinations thereof.
20. The method of any one of claims 17 - 19, wherein the polymer A is PETg and the polymer B is

PCTg, the polymer A is PETg and the polymer B is a blend of a polyester and PC, or the polymer A is
PETg and the polymer B is PC.
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