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SYSTEMS, DEVICES, AND METHODS FOR REDUCING A TEMPERATURE OF
A USER’S MOUTH AND SURROUNDING TISSUE

RELATED APPLICATIONS

{80011 This patent application is an international (PCT) patent application claiming
priority to U.S. Provisional Patent Application Number 63/503,848 filed on 23 May
2023 and entitled *DEVICE FOR COOLING THE ORAL MUCOSA” and U.S.
Provisional Patent Application Number 63/606,942 filed on 06 December 2023 and
entitied “INTRACRALCOOLING DEVICE FOR DECREASING ORAL CAVITY
TEMPERATURE,” both of which are incorporated herein in their entireties.

FIELD OF THE INVENTION

[0002] The present invention s a medical device configured o cool the oral cavity,
which may prevent oral mucositis (e.g., inflammation and ulceration of oral mucosa
or oral tissue) as may ocour during, or following, certain medical treatments such as

infusion with chemotherapy drugs andfor exposure to radictherapy.

BACKGROUND

{0003} inflammation of oral mucosa, oral tissue, and formation of ulcers or mouth
sores, which is sometimes referred to as “oral mucositis” (OM) is a painful and
debilitating medical condition that may be caused by, for example, auto-immune
conditions, infectious dissasas (s8.g., COVID and herpes), and/or may be a result of
chemotherapy andfor radiotherapy. For example, OM affects over 40% of patients
receiving chamotherapy for all types of cancer treatment and 80% of patients at
high-risk of developing OM, such as those receiving treatment for head & neck
cancer and/or receiving stem cell transplants because the chemotherapy damages
the cells of the oral mucosa and tissue. OM causes significant pain and impairs
normal oral functions (speaking, aating, swallowing), which can lead o malnutrition,
dehydration, andfor infections. These complications cause a major dacline in
quality of life and healih for affected populations, which often require additional
treatments and, in particularly severe caseas, hospitalization.

{80041 The current standard of care for treating OM is primarily palliative and

supportive, aimead at providing pain relief (e.g., topical analgesia andfor opioid
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analgesics), reducing inflammation (e.g., benzydamineg and/or honey), increasing
nuiritional intake (e.q., total parenteral nutrition (TPN) and/or nasogastric tube
insertion), and/or decreasing infection risks {e.g., use of antibictic mouthwashes).
Howaever, these treatments are often ineffective and do not prevent, or reduce a
severity of, OM. Attimes, OM treatment requires changes in adminisiration {e.g.,
dosage and/or freguency of infusion) of chemotherapy andfor radiation, which may
disrupt cancer treatment and/or negatively impact cancer recovery outcomes.
{0008] Traditionally, the oral cryotherapy 1o prevent and/or mitigate OM is provided
using ice chips and/or chilled water. However, use of ice chips andfor chilled water
has poor patient adherence due o patient discomfort and side effects including
chills, nausea, pain, and teeth hypersensitivity. Additionaily, use of ice chips does
not uniformiy cool the oral mucosa, especially regions under the tongue and where

the gingiva meets tha intenor of the oral cavity.

SUMMARY

{00081 The mouth-cooling systems and devices disclosed herein may include a
body configured for placement within a user's oral cavily and an exierior component
configured for placement outside the oral cavity so that a surface thereof may
cortact, or be proximate o, the user’s lips, skin, andfor cheeks. In some
embodiments, the axterior componeant may be configured to sized and configurad
to reside outside the user's mouth when the mouth-cooling device is wom and
extend from a left commissure of the users lips to a right commissure of the user's
lips. The body andfor exterior component may include one or more cavities within
which a heat-absorbing material may be present andfor sealed therein. The heat-
absorbing material andfor the med as a whole may be configured and/or cooled so
that absorbs heat from the user’s oral cavily, mouth, lips, skin, and/or cheeks.
Additionally, or alternatively, the mouth-cooling device may be configured o induce
vasoconstriction and/or reduce capillary blood flow within the user’s mouth, lips,
andfor cheeks when worn. Additionally, or alternatively, the mouth-cooling device
may be configured to reduce a metabolism rate of cells {e.g., oral epithelial stem
celis) within the user's mouth, lips, and/or cheeks when wormn. Additionally, or

alternatively, the mouth-cooling device may be configured to prevent or mitigate
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development of oral mucositis for the user as may occur before, during, or afier the
user receives chemaotherapy treatment and/or radiotherapy treatment.

{00671 In some embodimenis, the mouth-cooling device andfor a portion thergof
may be malleable andfor configured to deform to be proximate o the user's mouth,
lips, or skin so that it may, for example, conform to user anatomy.

{0G08] AL times, the moed with the heat-absorbing material positioned within cavities
thereof may be cooled by, for example, storage in a refrigeration device and/or
exposure 1o a cosling/heat-absorbing substance hike dry ice. Additionally, or
alternatively, the haat-absorbing material may be cooled andfor refrigeration prior to
placement within a cavity of the med. Prior to insertion within the user’'s mouth, the
mouth-cooling device may be cooled to a temperature at, or below 37, 20, 18, 15,
13, 10, 8, 6, or 4 degrees Celsius and/or within a range of 4-25 degrees Celsius.
{0009} In some embodiments, the heat-absorbing material resident within a cavity of
the external component may be communicated to a cavity within the body and vice
versa. In this way, heat-absorbing matenal may be exchanged betweaen one cavity
and ancther to, for example, refresh and/or replace heat-absorbing material that
may have warmed following use with new, cooled, heat-absorbing material.
[00010] In many instances, the heat-absorbing material may be a phase-
change material configured to change phase upon absorption of heat from the
user's mouth and/or may be biocompatible. Exemplary heat-absorbing material
include one or more of saline, water, a hydrogel, encapsulated water particles,
encapsulated salineg particles, gelatin, a suspansion of water and a thickening
agent, a combination of waler and methylceliulose, and/or an emulsion of water
and a thickening agent. Exemplary thickening agents include, but are not limited {o
a celiulose ether, methyicellulose, hydroxypropyt methylcellulose, carboxymethyl
cellulose, and/or xanthan gum.

{00011} The body may be comprise an outer reservoir, an inner reserveir, and
a connecting portion. The outer reservoir may include an cuter reservoir cavity, the
outer reservair may be shaped 1o extend betweean a superior oral vestibule cavity of
the user and an inferior vestibule cavily of the user when worn with a front side of
the outer reservair may be configurad to be placed proximate 1o the supenor oral
vestibuie cavity and the inferior oral vestibule cavily and a back side may be

configurad 1o be proximate to a buccal side of the user's upper jaw and lower jaw
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when worn by the user (i.e., positioned within the user’'s oral cavity or mouth). The
inner reservoir may be shaped (o extend between a lingual side of the user's upper
jaw and a lingual side of the user’s lower jaw and abut the user's tongue when worn
and may include an inner reservoir cavity positionad therein. The connacting
portion may be configured to connect the inner reservoir and the outer reservoir
and fit between the user's upper jaw and lower jaw {e.¢., between the user's teeth)
when wom.

{60G12] In some embodiments, the mouth-cooling devices and systems
disclosed herain may inciude an over-ongue extension with an overtongue
extension cavity positioned therein. The over-tongue exiension may extend from
an inner side of the nner reservoir and may be sized and configured o reside
between the user's tongue and mouth roof (e, on top of the tongue) when wom
and the extension cavity may be filled with heat-absorbing material configured to
absorb heat from the user’s tongue and mouth roof when the body is positioned
within the user's mouth. Additionally, or alternatively, the mouth-cooling devices
and systems disciosed herein may comprise an under-tongue extension with an
extension cavity resident therein. The under-tongue extension may extending from
an inner side of the inner reservoir and may be sized and configured to reside
under the user's tongue when the body is positioned within the user's mouth.
{00013} I some embodiments, the body andfor exterior componant may
include an opening sized and configured o accept insertion of a plug therein. The
olug may act 1o open, or axpose the exterior component cavity, outer reservoir
cavity andfor inner reservoir cavity seals so that, for example, heat-absorbing
material may be added thereto and/or extracted therefrom and/or sealed within the
exterior component cavily, outer reservoir cavity and/or inner reservoir cavity.
{60G14] in some embodiments, the exterior component is configured to extend
to, between and/or beyond a left buccal mucosa extension and a right buccal
mucosa extension of the user's mouth when the body is positionad within the user's
mouth, Additionally, or alternatively, the exterior componant may be configured to
extend to, between, and/or a left commissure of the user's mouth and a right
commissure of the user's mouth when the body is positioned within the user's
mouth. Additionally, or alternatively, the exterior component may be configured ic

cool the user's lips and skin proximate {o the user’s lips when the mouth-cooling
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device is worn. For example, the exderior component may be configured to cool the
user's skin opposing at least one of a superior oral vestibule and an inferior oral
vestibule of the user when the mouth-~-cooling device and/or lips is worn.

{00G18] in some embodiments, the mouth-cooling device may be sized and
configured to hold the mouth-cooling device in place within the user's mouth when
the mouth-cooling device is worn. For example, wherein an interior side of the
exterior component may include ong or more retention features configured to hold
the mouth-cooling device in place within the user's mouth when the mouth-cooling
device is worn. Exemplary retention features include, but are not limited {0, an
extension, a plurality of extensions, a ridge, and a deformable member. In some
cases, the retention feature may include a retention faature cavity filled with haat-
absorbing material. Additionally, or alternatively, the exterior component may
include comprises a handie and a decorative fealure extending from and exterior
{not user facing) side thereof.

{0G0186] In some embodiments, the exterior component may be removably
attached to the body. In some of these embodiments, the body includes a first
mating feature and the exterior componeant includes a second mating feature
configured to cooperate with the first mating feature to removably attach the
exterior component to the first mating feature.

{00017} The first mating featura may be, for example, a coupling configured 1o
accept insertion of the second mating feature therein. The coupling may be, for
exampie, a threaded coupling configurad o accept insertion of the second mating
feature therein, the second mating feature may include threads configured to align
with corresponding treads of the treaded coupling so that the second mating
feature may be screwed into first mating feature, thereby attaching the exterior
component to the body. Additionally, or alternatively, the first mating feature may
be configured to snap together with the second mating feature thereby atiaching
the exterior compaonent to the body. Additionally, or altermnatively, the first mating
feature may be configured 10 be heald in place relative 1o the second mating featurs
via al least one of a sealani, a sleeve, an elaslic band, a zip tie, and a gasket.
[00018] in many instances, the mouth-cooling devices and systams disclosed
herein are configured o iolerate cleaning and/or sanitation for repeated use. For

exampie, the mouth-cooling devices and systems disclosed herein may be
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dishwasher safe and/or configured to tolerate slerilization via application of heat,
steam, and/or a chemical sterilizing agent.

{60019] in some embodiments, the mouth-cooling devices and/or systems
disclosed herein may inciude a base configured to fit within a user's mouth and/or
oral cavity. The base may comprise an outer edge configured {0 be removably
coupled to a cooling attachment, an inner reservoir may include an inner reservoir
cavity, the inner reservoir may be shaped o extend between a lingual side of the
user's upper jaw and lower jaw and abut the user's tongue when wom, and a
connecting portion configured (o connect the innear reservolr and the outer reservolr
and fit belween the user's upper jaw and lower jaw when worn. The cooling
attachment may be removably couplad o the outer edge of the body, the codling
attachment may include a cooling attachment cavity and may be shaped to extend
betwesn a supernior oral vestibuie cavity of the user and an inferior vestibule cavity
of the user when wormn with a front side of the outer reservolr may be configured to
be placed proximate 1o the superior oral vestibule cavity and inferior oral vastibule
cavity. Heat-absorbing material may be resident within inner reservoir cavity and
the cooling attachment cavily, the heat-absorbing material may be configured to
absorb heat from inside and cutside the user's mouth when the mouth-cooling
device is positioned therein. The cooling altachment may include an opening sized
and configured (o accept insertion of a plug therein, whersin the plug seaals the
heat-absorbing material within the cooling attachment cavity and a volume of heat-
absorbing material may be removead from andfor added 1o the cooling attachment
cavity via removal of the plug from the opening.

{0G020] The mouth-cooling devices andfor systams disclosed herein may be
used by placing the body of any of the mouth-cooling devices disclosed herein
within the mouth of a user and positioning the exterior portion outside the user's
mouth proximate to the user's lips so that the body and the exterior portion absorb
heat from the user's mouth, lips, and/or cheeks, reduce capiliary blood flow within
the user's mouth, lips, andf/or cheeks, induce vasoconstriction within the user's
mouth or lips, reduce a metabolism rate of cells within the user's mouth, lips, and/or
cheeks, or prevent or mitigate developmaent of oral mucositis for the user. In some
embodiments, a temperature of the user's mouth, mouth-cooling device, andfor

portion/component theraof may be measured and/or monitored and, whean a
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temperature the user's mouth, mouth-cooling device, andfor portion/component
thereof rises above a threshold temperature {(e.g., 10, 15, or 20 degrees Ceisius) a
first mouth-cooling device may be removed from the user's mouth and a second

one may be placed therein/thereon.

BRIEF DESCRIPTION OF THE DRAWINGS

{00021} The present invention is iliustrated by way of example, and not
limitation, in the figures of the accompanying drawings in which:

[00022] FIG. 1A is a schematic diagram illustrating a top-perspactive view of
an exemplary mouth-cooling device, in accordance with some embodiments of the
present invention;

{00023] FiG. 1B is a schematic diagram illusirating a cross-section view of a
portion of the mouth-cooling device of FIG. 1A, in accordance with some
embodiments of the present invention;

{00024] FIG. 2A is a schematic diagram illustrating a top view of another
exemplary mouth-cooling device, in accordance with some embodiments of the
present invention;

{00025] FI(. 2B is a schematic diagram illustrating a cross-section view of the
mouth-cooling device of FIG. 2A, in accordance with some embodimenis of the
present invention;

[60026] FIG. 2C is a schematic diagram illustrating a perspective view of the
motth-cooling device of FIG. 2A, in accordance with some embodimeants of the
present invention;

000277 FIG. 2D is a schematic diagram illustrating a mid-sagittal cross-
section view a user with the mouth-cooling device of FIG. 2A correctly positioned
{Le., being worn} in his anatomy (e.g., mouth, lips, cheeks, eic), in accordance with
some embodiments of the present invention;

{00028] FIGG. 3 is a schematic diagram Hllustrating a perspective view of
another exemplary mouth-cooling device, in accordance with some embodiments of
the present invention;

[00029] FIG. 4A is a schematic diagram illustrating a perspective view of an

exempiary mouth-cooling device with a handie andior reservoir extending from an
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exterior surface theregof, in accordance with some embodiments of the present
invention:

{60030} FIG. 4B is a schematic diagram illusirating a sectioned, or cut-away,
view of the exemplary mouth-cooling device of FIG. 4A with a handle and/for
reservoir, in accordance with some embodiments of the present invention;

{00031} FIG. 4C is a schematic diagram illustrating a mid-sagittal cross-
saction view a user with the mouth-cooling device of FIG. 4A correctly positioned
{Le., being worn) within his anatomy {(e.g., mouth, lips, cheeks, elc.), in accordance
with some embodiments of the present invention;

{00032] FiG. 5A is a schematic diagram illustrating a perspective view of
another exemplary mouth-cooling device when in an open, or unfolded,
configuration, in accordance with some embodiments of the present invention;
[00033] FIG. 5B is a schamatic diagram illustrating the mouth-cooling device
of FIG. 5A when in a closed, or folded configuration, in accordance with some
embodiments of the present invention;

[00034] FiG. 5C is a schematic diagram illustrating a cross-section view a
user with the mouth-cocling device of FIG. 5A inserted into his mouth when
arranged in a folded configuration as shown in FIG. 5B, in accordance with some
embodiments of the present invention;

[00035] FIG. 8 is a schematic diagram illustrating an exemplary system that
includes a mouth-cooling device in communication with a peristaltic pump, in
accordance with some embodiments of the present invention;

{00036] Fi(z. 7 is a block diagram of a kit including a plurality of mouth-cooling
devices and thermally insulating packaging, in accordance with some embodiments
of the present invention;

[60037] FIG. 8A is a schematic diagram illustrating a top view of another
exemplary mouth-cooling device, in accordance with some embodiments of the
present invention;

[00038] FIG. 8B is a schematic diagram illustrating a back perspective view of
the mouth-cooling device of FIG. 8A, in accordance with some embodiments of the

present invention;
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{00039] FiG. 8C is a schematic diagram illustrating a side perspective view of
the mouth-cooling device of FIG. 84, in accordance with some embodiments of the
oresent invention;

16004407 FIG. 8C is a schematic diagram illustrating a cross-section view of the
mouth-cooling device of FIG. 8A, in accordance with some embodimenis of the
present invention;

[00041] FIG. 9A is a schematic diagram illustrating a top view of abase for a
mouth-cooling device, in accordance with some embodiments of the present
invention:

{00042] FiG. 9B is a schematic diagram illustrating a side view of the base of
FIG. 9A, in accordance with some embodiments of the present invention;

{00043] FiG. 9C is a schematic diagram illustrating a top view of a cooling
attachment, in accordance with some embodiments of the present invention;
{00044] FI(3. 9D is a schematic diagram Hllustrating a perspective view of the
cooling attachment of FIG. 9C, in accordance with soms embodiments of the
present invention;

[00045] FIG. 8K is a schematic diagram illustrating a cross-section view of the
cocling attachment of FiG. 8C, in accordance with some embodiments of the
present invention;

[00046] FIG. OF is a schematic diagram illustrating an assembly of the base of
FiG. 9A and the cooling attachment of FIG. 8C, in accordance with some
embodiments of the preseant invention,;

{00047] FiG. 96 is a schematic diagram illusirating a rear-perspective of the
assembly of FIG. 9F, in accordance with some embodiments of the present
invention:

160048} FIG. gH is a schematic diagram illustrating a cross-section view of the
assembly of FIG. SF, in accordance with some embodiments of the present
invention:

[00049] FIG. 10A is a schematic diagram Hllustrating a top view of an
exempiary mouth-cooling device body, in accordance with some embodiments of

the present invention,
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{00050] FiG. 10B is a schematic diagram illustrating a perspective view of the
mouth-cooling device body of FIG. 104, in accordance with some embodiments of
the present invention;

{00051} FIG. 10C is a schematic diagram Hllustrating a front view of the mouth-
cocling device body of FIG. 104, in accordance with some embodiments of the
present invention;

[00052] FiG. 10D is a schematic diagram illustrating a cross-section view of
the mouth-cooling davice body of FIG. 104, in accordance with soms embodiments
of the present invention;

{00053] FiGG. 11Ais a schematic diagram illustrating a front view of an
exemplary fixed-shape exierior componant andfor an exemplary deformable
exterior component, in accordance with some embodiments of the present
invantion:

{000584] FIG. 118 is a schematic diagram illustrating a top view of the fixed-
shape exterior component and/or deformable exerior component of FIG. 114, in
accordance with some embodiments of the present invention;

[00055] FIG. 11C is a schematic diagram Hllustrating a side view of the fixed-
shape exterior component andfor deformable exderior component of FIG. 11A, In
accordance with some embodiments of the present invention;

[00056] FIG. 11D is a schematic diagram illustrating a rear perspective view of
fixed-shape exterior component and/or deformable exterior component, in
accordance with some embodiments of the present invention;

{0005T] FiGG. 11E is a schematic diagram illustrating a cross-section view of
fixaed-shape exierior component, in accordance with some embodiments of the
present invention;

[60058] FIG. 11F is a schematic diagram illustrating a side view of a
deformable exterior component, in accordance with some embodiments of the
present invention;

[00059] FIG. 11G is a schematic diagram illustrating a cross-section view of
the deformabile exterior component of FIG. 11F, in accordance with some

embodiments of the present invention;
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{00060] FiGG. 12A is a schematic diagram illustrating an exploded view of an
exempiary mouth-cooling device, in accordance with some embodiments of the
oresent invention;

[00061] FIG. 128 is a schematic diagram illustrating an exploded view of
another mouth-cooling device, in accordance with some embodiments of the
present invention;

[00062] FiG. 12C is a schematic diagram illustrating an exploded view of
ancther mouth-cooling device, in accordance with some embaodiments of the
prasent invention;

{00063] FiGG. 12D is a schematic diagram illustrating an exploded view of
another mouth-cooling device, in accordance with some embpodiments of the
present invention;

[00064] FIG. 13AIs a schematic diagram illustrating a top view of a body for a
mouth-cooling device, in accordance with some embodiments of the present
invention:

[00065] FiG. 138 is a schematic diagram illustrating a front view of the body of
FIG. 134, in accordance with some embodiments of the prasent invention;

{00066] FIG. 13C is a schematic diagram illustrating a cross-section view of
the body of FIG. 134 in accordance with some embodiments of the present
nvention:

{00067 FIG. 14A s a schematic diagram illusirating a top view a mouth-
cooling device that includes the body of FIG. 134 and the fixad deformable exterior
component and/or deformable exterior component of FIGS. 11A-11G, in
accordance with some embodiments of the present invention;

[00068] FiG. 148 is a schematic diagram illustrating a perspective view of the
mouth-cooling device of FIG. 14A, in accordance with some embodiments of the
oresent invention;

{00069] FIG. 14C provides a top view of assembly mouth-cooling device of
FIG. 14A with an arrangement of reference linas superimposed thereon, in
accordance with some embodiments of the present invention;

[00070] FIG. 14D provides a cross-section view of the mouth-cooling device of
FIG. 14A with a fixed-shape external component, in accordance with some

embodiments of the present invention;
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{00071} FiGG. 14E provides a cross-section view of the mouth-cooling device of
FIG. 14A with a deformable-shape external component, in accordance with some
embodiments of the present invention;

{60072} FIG. 15Ais a schematic diagram illustrating a mid-sagittal cross-
section view a user with the mouth-cooling device of 14A correctly positioned (e,
being worm; in his anatomy {&.¢., mouth, lips, cheeks, etc.), in accordance with
some embaodiments of the present invention;

{6007 3] FIG. 158 is a schematic diagram illustrating a front view the user
wearing the mouth-cooling device of 14A in accordance with some embodiments of
the present invention; and

[00074] FIG. 15C is a schematic diagram illustrating a bottom perspective
view the user wearing the mouth-cooling device of 14A, in accordance with some
embodiments of the preseant invention.

[00075] Throughout the drawings, the same reference numerals, and
characlers, unless otherwise stated, are used to denote like features, alements,
components, or portions of the illustrated embodiments. Moreover, while the user
nvention will now be described in detail with reference to the drawings, the
description is done in conneaction with the llustrative embodiments. it is intended
that changes and modifications can be made (o the described embodiments without
departing from the true scope and spirit of the user invention as definad by the

appended claims.

DETAILED DESCRIPTION

{00076] Cral cryotherapy is a mechanism for promoting vascconstriction
andfor reducing cellular metabolism within the mouth, which leads to decreased
delivery of OM-causing chemotherapy drugs to the oral tissue and mucosa before,
during, andfor after g user receives chemotherapy drugs andfor radiotherapy. In
particular, cooling oral epithelial stem celis may slow down their growth rates so
that, for example offtarget effects of chemaotherapy agents on the oral epithelial
stermn cells that may contribute {0 the development and/or severity of OM may be
avoided. Additionally, or alternatively, cooling-mediated vasoconstriction of the
blood vessels of the oral tissue may reduce the blood flow o the oral tissue, which

reduces delivery of chemaotherapy agents to the mouth during treatment and,
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consequently, may reduce damage caused o the oral tissue caused by the
chemotherapy agents.

{00G77] in some embodiments, the mouth-cooling devices disclosed herein
may be configured to cool a user’s mouth and/or a portion thereof below 20
degrees Celsius and/or within a range of 4-25 degrees Celsius. In some
embodiments, the mouth-cooling devices disclosed herein may be configured o
preferentially cool regions of the mouth and/or oral tissue that may be at highast at
risk for developing OM, such as an interior surface of the user's cheeks and/or lips,
oral vestibules (crevices between the gums and lips) within the user's mouth, the
user’s soft palate mucosa, floor of the mouth, and/or the user’s tongue {e.g., the
ventral surface of the tongue), which may be collectively referred (o hereinas a
‘mouth.”

[00G738] The mouth-cooling devices disclosad hersin may be sized, shaped,
and/or configured to fit within and/or conform to a user's mouth and cool one or
more regions of the mouth to, for exampls, reduce cellular metabolism andfor
promote vasocenstriction within the mouth at times from two sides {e.¢., inside and
outside the mouth).

[00079] In some embodiments, the mouth-cooling devices disciosed herein
may be configured to cool a user's mouth, or a region therecf, for a pre-set duration
of time that may correspond {o, for example, a length of time the user receivas a
chemotherapy infusion (e.q., 15-60 minutes) andfor a period of time sufficient to
slow cellular meatabolism and/or induce vasoconstriction prior to, during, and/or
after, for example, infusion with a chemotherapeutic agent and/or exposure {0
radiation. In some cases, a user may use a plurality of mouth-cooling devices in,
for example, a sequential fashion to, for example, provide varying levels of
cryotherapy o the mouth as, for example, a plurality {e.g., 2-5) of mouth-cooling
devices that provide progressively stronger cryotherapy to gradually andfor
sequentially reduce a temperature of the user's mouth from, for example, 37 1o 25,
20, 15,10, 5, or 4 degrees Celsius. Additionally, or alternatively, in some
embodiments, a mouth-cooling device may be configured {o provide consistent
cryotherapy for a pericd of time {e.g., 10-20 minutes) and multiple mouth-cooling
devices may be used sequentially to cool a user's mouth should a time period for

cooling in excess of the period of time for which a single mouth-codling device may
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provide the cryotherapy that is desired and/or needed. For example, if a 45
minutes of cryotherapy is recommendead for a user, three mouth-cooling devices
configured to provide cryotherapy may be sequentially used at 15 minute intervais
to provide a {otal of 45 minutes of cryotherapy across the three mouth-cooling
devices.

{0G080] The mouth-cooling devices disclosed herein may comprise a body
that comprises and/or houses a matenal capable of interfacing and/or thermally
communicating with a user's mouth tissue {e.¢g., mucosa, lips, tongue, gingiva, sic.)
to absorb heat therefrom. The body may be sized, shaped, and/or configured to be
comfortably worn and/or prevent application of excessive friction and/or pressure to
the user's mouth or a portion thereol. The body may be made from a soft, or
deformable, non-toxic, material such as a food-grade polymer, food-grade silicons,
a biocompatible elastomer, and/or a soft edible maternial {e.g., seaweed) that is
selected andfor configured so that it does not significantly {e.g., remains functional)
dissolve during use. The mouth-cooling device bodies describad herein may be
made vig any manufacturing process such as 3D printing, injection molding, andfor
cast molding.

[00081] In some cases, the mouth-cooling device bodies disclosed herein may
be hollow, or partially hollow, and a volume of heat-absorbing material configured
may be positioned within hollow opanings, or cavities, so that it may extract heat
from proximate mouth tissue. The heat-absorbing material may, ormay not, be a
phase change material and, in many cases, 1s non-toxic andfor biccompatible.
Exemplary heat-absorbing materials include, but are not limited to, waler, saline
solution, encapsulated water particles, encapsulated saline particles, gelatin, a
suspension, a hydrogel, andf/or a thickened solution {(&.9., a combination of water
and a thickener such as a cellulose ester, methyiceliulose, hydroxypropy!
methylceliuiose, carboxymethy! celfulose, and/or xanthan gum)). Additionally, or
alternatively, the heat-absorbing material may be in gas andfor vapor form
embaodied as, for example, a vapor containing frozen saline droplets or particles
that are steadily released inlo cavities within the mouth-cooling devices disclosed
herein.

{00082] in some embodiments, the mouth-cooling device bodies disclosed

herein may act andfor include as a thermal insulator configurad {o, for exampie,
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slow the heat fransfer between heat-absorbing material and oral lissue, maintain
thermal stability of the mouth-cocling device {(e.g., keep surface temperature of the
mouth-cooling device even and/or above a temperature threshold that causes pain
or discomfort to a user), and/or prevent heat transfer from non-mucosal tissue
within the mouth {e.g., teeth) that may be sensitive to cooling. Additionally, or
alternatively, in some embodiments, the mouth-cociing devices disciosed hersin
may include an insulation layer positioned on an exterior surface, or a portion of an
exterior surface thereof. The insulation layer may comprise, for example, a non-
toxic and biccompatible material (e.g. silicone, foam, air, polyurethane, aic.).
{00083] in some embodiments, the mouth-cooling devices disciosed herein
may be configured so that they comfortably fit into a user’s mouth with no additional
support or force needead to hold the mouth-cooling device in place. Additionally, or
alternatively, ong or more of the mouth-cooling devices disclosed herein may be
configured to be seif-contained so that it does not need o be connected to an
additional piece of equipment ¢ be functional during use.

{00084] It some embodiments, a user's mouth may be treated with, for
exampie, an analgesic and/or pain relieving drug {&.¢., lidocaine mouthwash)
before, during, and/or after use with one or mare of the mouth-cooling devices
disclosed herein o, for exampie, reduce the user’'s sensilivity to the cryotherapy so
that, for example, the user may tolerate the cryotherapy for a prescribed period of
time. Additionally, or alternatively, a mouth-cooling device | or a portion thersof,
may be coated and/or treated with an analgesic and/or pain relieving drug
configured (o interact with oral tissue during use of the mouth-cooling device.
{0G085] In some embodiments, the mouth-cooling devices disciosed herein
may include a temperature sensor (e.¢., temperature sensors) andfor temperature
indicating feature {e.g., non-toxic thermochromic inks or dyves embedded in the
surface of the device that changes color responsively to detected temperature)
corfigurad o measure and/or provide an indication of the temperature inside a
user's mouth and/or a region of the mouth (e.g., under the tongue). Temperature
measurements and/or indications may be used by clinicians and/or caregivers to,
for example, determine when o replace the mouth-cooling device (i.a., when the

mouth-cooling device is no longer cooling to the desired temperalure) and/or
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provide a feedback mechanism by which increase and/or decrease cooling
provided by the mouth-cooling device.

{600386] In some embodiments, the mouth-cooling device may comprise a
polymer with low softening point that may be moldable when, for exampie, heated.
It these embodiments, the mouth-cooling device may be provided to a user in a
general form {e.g., a curved shape) and upon application of heat to the device {&.¢.
in the microwave, or in a bath of hot water), it is introduced into the user's mouth,
for example, the user, a clinician, and/or a professional caretaker and molded into a
shape that approximates and/or mimics featuras of the user's mouth. As the mouth-
cooling device refurns to an unheated temperature, it retains the molded shape and
is therefore customized to the usar. In thase embodiments, the mouth-cooling
device(s) can be provided in a range of general forms that have varying initial
general sizes and shapes configured to accommuaodate insertion into the mouth of
different users, including adult and pediatric patients.

000877 Tumning now 1o the figures, FIG. 1A provides a top-perspective view of
an exemplary mouth-cooling device 100 and FIG. 1B provides a cross-section view
of a portion of mouth-cocling device 100 taken along sectioning iine 1B-1B shown
in FIG. 1A, Mouth-cooling device 100 includes a body 101, that may have one or
more characlteristics of the mouth-cooling device bodies disclosed herein. Body
131 includes a left buccal mucosa extension 1104, a right buccal mucosa
extension 1108, a superior oral vestibule exiension 1154, an inferior oral vestibule
extension 1158, a left lateral tongue extansion 1204, a right lateral tongue
extension 1208, and a floor of mouth portion 125, Left and right buccal mucosa
extensions 110A and 110B may be sized, positionad, and/or configurad {0 be
positioned on a respective left and right side of a user’s mouth proximate 1o buccal
mucosa (e.q., between the user's testh and cheek) during use. Superior oral
vestibule 115A may be sized, positioned, and/or configured to be positioned within
a superior oral vestibule of a user's mouth between the gingiva of the user's
superior jaw and superior lip (i.e., superior lip crevice during usea). Inferior oral
vestibule 1158 may be sized, positioned, and/or configured {o be positioned within
an inferior oral vestibule of a usar's mouth between the gingiva of the user's inferior
jaw and inferior lip (i.e., inferior lip crevice) during use. Left and right lateral fongue

extensions 120A and 120B may be sized, positionad, and/or configurad to be
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positioned on a respective left and right side a user’s tongue during use. Floor of
mouth portion 125 may be sized, positioned, and/or configured to be positioned on
a fioor of a user's mouth under his or her tongue during use.

{003G88] In some embodiments, mouth-cooling device 100 may be hollow {e.g.,
include one or more cavities) that may be filled with a heat-absorbing material as,
for example, described herein and shown in FilG. 1B, which shows a cross-section
of body 101 with a volume of heat-absorbing material 150, such as the heat-
absorbing material disclosed herein, positioned therein.

[00089] FIGS. 2A-2D are schemalic diagrams illustrating various views of an
exemplary mouth-cooling device 200, wherein FIG. 2A illustrates a top view; FIG.
2B illustrates a cross-section view, FIG. 2C ilustrates a perspective view; and FIG.
20 Hlustrates a cross-section view a user 25 with mouth-cooling device 200
positionad within his mouth (Le., a portion of mouih-cooling device 200 is
vositioned within the user's cral cavily 222 and a portion of mouth-cooling device
200 is positioned outside oral cavily 222). Mouth-cooling device 200 includes a
superior oral vestibule portion 18 sized, positioned, and configured 1o be positioned
proximaie {o and absorb heat from a user’s superior oral vestibule 210 (i.e.,
between an interior side of the user's superior Hip 220, superior oral vestibule 210,
and superior teeth 230} during use as shown in FIG. 2D; an inferior oral vestibule
portion 18 sized, positionad, and configured to be positioned proximate to and
absorb heat from a user’s inferior oral vestibule 215 {i.e., between an interior side of
the user's inferior lip 225, inferior oral vestibule 215, and inferior teath 235} during
use as shown in FiG. 20D; an under-tongue extension 12 sized, positioned, and
corfigurad to be proximate to and absorb heat from a region in the user's mouth
under the user's tongues 205 as shown in FIG. 2D, an over-tongue extension 14
sized, positionad, and configured to be proximate to and absorb heat from an upper
side of the user's tongue 205 during use as shown in FIG. 2D, a left buccal
extension 16A sized, positioned, and configured to be positioned proximate to and
absorb haat from a left buccal region of the user's mouth during use as shown in
FiG. 2D, a right buccal extension 16B sized, positioned, and configured to be
positioned proximate to and absorb heat from a right buccal region of the user’'s
mouth during use, and an external component 10 sized, positioned, and configured

{0 reside outside the user's oral cavity and to be positioned proximats to the user's
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superior lip 220 and inferior lip 225 and cheeks during use as shown in FIG. 20D and
hold mouth-cooling device 200 in place with the user’s mouth when wom. In some
embodiments, external component 10 may be configured o cool the user's superior
lip 220, inferior lip 225, and cheeks, and/or exierior portions of the mouth, which
may be helpful in preventing development of OM on the exterior paris of a user's
lips, particularly among pediatric populations, who are particularly susceptible to the
development of sores on the oulside of their lips. External component 10 may also
be configured to cool internal portions of the user's mouth from the outside in (8.g.,
superior oral vestibule 210 and inferior oral vestibule 215 are cooled by both
outside component 10 and superior oral vestibule portion 18 and inferior oral
vastibule portion 12, respectively.

{00030] FiG. 3 provides a perspective view of another exemplary mouth-
cooling device 300 that includes all the componeants of mouth-cooling device 200
and further includes an opening 30 sized, positioned, and configured o allows the
user {¢ breaths through the device while it is inuse. Opening 30 may be a
passageway through exterior component 10 so that it is open on both sides,
thereby allowing the passage of air into, and out of, the user's mouth/oral cavity.
[00091] In some embodiments, the mouth-cooling devices disciosed herein
may include an external extension that may be configured to be, for example, a
reservoir of heat-absorbing material, a handile, and/or one or more decorative
accents. FIG. 44 provides a top-perspective view of an exemplary mouth-cooling
device with an extarnal extension 400, FIG. 4B provides a side view of mouth-
cooling device with external extension 400, and FIG. 4C is a sagitial cross-section
view of a user with mouth-cooling device with external extension 400 positioned
within his oral cavity. Mouth-cooling device with external extension 400 includeas
under-tongue extension 22, over-ongue extension 14, under-tongue extension 22,
left buccal extension 16A, right buccal extension 168, external component 10,
superior oral vestibule portion 18, inferior oral vestibule portion 12, and an external
extension 20. Mouth-cooling device with extemal extension 400 may be
positioned within a user's 25 mouth in a manner substantially the same as the
positioning of mouth-cooling device 200 within user's 25 mouth as shown in FIG.
20, External extension 20 may be configured 1o be a handie that faciiitates

positioning of mouth-cooling device with external extension 400 within a8 user's
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mouth and/or keeping mouth-cooling device with external extension 400 in place
within the user's mouth. Additionally, or alternatively, external extension 20 may be
configured as a reservolr for storing heat-absorbing material. Additionally, or
alternatively, external extension 20 may be configured to have a decorative feature
{in this case, a teddy bear face {(as shown in FIGS. 4A and 4B). Alternatively,
external extension may have a round shape like external extension 20 shown in
FIG. 4C. In some embodiments, external extension 20 may be removable andfor
exchangeable so that, for example, a plurality of external extensions 20 may be
used with a singie mouth-cooling device during, for example, a treatment session
and/or to personalize the mouth-cooling device according to, for example, a user
preference. For example, during a thirty minute treatment session, three external
extensions 20 may be sequentially used (e.g., one exiemnal exiension every 10
minutes) so that the cooling provided by the extermnal extansion is maintained
throughout the treatment session.

{00082} FIGS. 5A-5C show an embodiment of an elliptically-shaped mouth-
cooling device 500 that includes a body 501 that holds a volume of heat-absorbing
material therein. In particular, FIG. 5A is a top view of elliptically-shaped mouth-
cocling device 500 when in an unfolded state; FIG. 5B is a side view of elliptically-
shaped mouth-~cooling device 500 when in a folded state; and FIG. 5C is a sagitial
cross-saction view of user 25 with foldad elliptically-shapead mouth-cooling davice
500 positioned within his oral cavity 522. Elliptically-shaped mouth-cooling device
500 includes a left buccal mucosa extension 5104, a right buccal mucosa
extension 5108, a superior oral vestibule portion 515A, and an inferior oral
vestibuie portion 51588, FIG. 5A also includes a bisecting line 511 superimpossd
thereon that marks an approximate location about which elliptically-shaped mouth-
cooling device 500 folds as shown in FIGS. 58 and 5C. As may be seen in FIG.
50, when ellipticaliy-shaped mouth-cooling device 500 is bent (as shown in FIG.
5B} and positioned within a user's oral cavity 522 (as shown in FIG. 5C), right
buccal mucosa extension 3108 may be positioned proximate to the user's right
buccal mucosa (e.q., belween the user's teeth and cheek), superior oral vestibule
portion 5154 may be positionad proximate {0 the user's superior oral vestibule
{e.g., between the user's superior lip and the gingiva of the superior jaw}, and

inferior oral vestibule portion 5158 may be positionad proximate to the usar's
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inferior oral vestibule {s.g., between the user’s inferior lip and the gingiva of the
inferior jaw).

{60093} FIG. © provides a schematic diagram of an exemplary system 600
that includes a mouth-cooling device 801 similar mouth-cooling device 100 with the
exception that it configured to couple to a tube 610 via an inlet pont 820 and an
outlet port 625, Tube 610 is coupled to a peristaltic pump 830, which pumps
cooling vapor andfor quid into mouth-cooling device 6801 via inlet port 620 and
pulls the cooling vaporffluid through, and out of, mouth-cooling device 6801 via outlat
port 825.

{00084] in some embodiments, the mouth-cooling devices disciosed herein
may be configured for storage in a cooler andfor refrigerator and, while stored
there, the heat-absorbing material and/or mouth-cooling device may achieve andfor
be maintained at a desired temperature (8.g., 4-25 degress Celsius). In these
embodiments, one or more mouth-cooling devices may be provided in packaging
{2.0., a sealed bag, box, and/for kit} for placement in the cooler and/or refrigerator.
Additionally, or alternatively, a plurality of mouth-cooling devices may be packaged
together as a kit 700, an example of which is provided by FIG. 7. Kit 700 includes a
case 705 with a first, second, third, and fourth mouth-cooling device storage
container, or recess, 710A, 710B, 710C, and 710D positioned therein. The first,
second, third, and/or fourth recesses 7104, 7108, 710C, andfor 710D may be sized
and configured {o house one or more mouth-cooling devices like the mouth-cooling
devices disclosed herain. In soma embodiments, all of the mouth-cooling devices
housed in case 705 may be of the same size and/or configuration and, in other
embodiments, the mouth-cooling devices housed in case 705 may be of differing
sizes and/or configurations. Case 705 may be made from a thermally insulating
material {e.g., Styrofoam, plastic, and/or metal) so that it may prevent a heat
exchange between the mouth-cooling devices (which may be pre-cooled) and an
ambient environment.

{00088] Irn some embodiments, kit 700 may also include a refrigeration device
720 configured o cool the mouth-cooling devices o a desired temperature. In
thesa embodiments, kit may further include a power source 730 andfor a
temperature sensor {e.g., thermocouple and/or thermometer) 725 configured to

sense a temperature within kit 700 andfor activate refrigeration device 720

20



WO 2024/243457 PCT/US2024/030875

responsively to a determination that the temperature is above a desired
temperatura. Al times, kit 700 may further include a sanitizing kit 735 which may
include, for example, sanitizing solution, a sanitization pouch configured for
cooperation with an autoclave, and/or sanitizing wipes.

{00086] FIGS. 8A-8D are schematic diagrams that illustrate various views of
another exemplary mouth-cocling device 800, wherein FIG. 8A provides a top view,
FI(. 8B provides a back-perspective view, FIG. 8C provides a side-perspactive
view, and FIG. 8C provides a cross-section view of mouth-cooling device 800,
Mouth-cooling device 800 inciudes an outer reservoir 810 including an outer
reservoir cavity 815 (see in FIG. 8D), an inner reservoir 820 with an inner reservoir
cavity 825, a connecting portion 830, an optional 835, and an optional phig 840.
Culer reservoir 810 may be shaped to extend belween a superior oral vestibule
cavity of the user and an inferior vestibule cavity of the user whan worm with a front
side of the cuter reservoir being configured 10 be placed proximate to the superior
oral vestibule cavity and inferior oral vestibule cavily and a back side being
configured to be proximate to a buccal side of the user's upper jaw and lower jaw
when worn by the user as shown in, for example, FIG. 8E.

[00097] Inner reservoir 820 may be shaped andfor configured o extend
between a lingual side of the user's upper jaw and lower jaw and abut the user’s
tongue when worn by the usar as shown in, for example, FIG. 8E. Connecling
portion 830 may be shaped and configured to connect the inner reservoir and the
outer resarvoir and fit between the user's upper jaw and lower jaw when wom.
When the user has teeth, connecting portion 830 may be positioned between the
user's upper and lower tgeth as shown in, for example, FIG. 8E. In some
embodiments, connecting portion 830 may be sclid (i.e., not include a cavity) 80
that it does not cool the teeth positioned proximate thersto.

[00098] Mouth-cooling device 800 may further include a heat-absorbing
material positioned within outer resarvoir cavity 815 and inner reservoir cavity 825
and the heat-absorbing material may be configured {0 absorb heat from inside and
outside the user’s mouth, lips, andfor cheeks when mouth-cooling device 800 is
positionad within the user's mouth as shown in, for example, FIG. 8E. Mouth-
cooling device 800 may further include optional opening 835 sized and configured

{0 accept insertion of optional plug 840 therein. Plug 840 may be sized and
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configured fit within opening 835 and form a waler-tight seal (vig, for exampie,
friction and/or mechanical sealing), thereby sealing the heat-absorbing material
within at least one of the outer reservoir cavily and the inner reservoir cavity. In
some embodiments, heat-absorbing material may be removed from andfor added
to mouth-cooling device 800 via removal of plug 840 from opening 835 in order o,
for example, remove heat-absorbing maierial that has absorbed heat from the
user’s mouth and replace the warmed heat-absorbing material with cool, fresh,
heat-absorbing material.

[00089] FIGS. SA-GH provide various views an assembled mouth-cooling
device 801 and components thereof. In particular, FIGS. 9A and 8B are schematic
diagrams illustrating top and side views, respectively, of a base 900, FIGS. 9C-8E
are schematic diagrams tHustrating top, perspective, and cross-section views,
respectively, of a cooling attachment 8950, and FIGS. 8F, 86, and 9H ara top, rear-
perspective, and cross-section views, respectively, of an assembly 901 of base 900
and cooling attachment 850, Base 800 includes an outer portion 910, an inner
reservoir 920 including an inner reservoir cavity like inner reservolr cavity 825 and
connecting portion. An exterior edge of outer portion 810 includes one or more
attachment meachanisms configured to attach to cooling attachment as shown in the
cross-section view of FIG. 9H. As may be seen in FIG. 8H, cooling attachment 850
may fit into a corresponding notch or indentation in an exterior edge of base 900;
the indentation being sized and configured to removably accept insertion of cooling
attachment S50 and be held in place therein via, for exampis, friction andfor
bonding {e.q., glue, sealani, etc.).

{000100] Codling attachment 850 is sized and shaped {o cooperate with an
outer edge of body 900 and atlach thereto as shown in, for example, FIGS. OF-GH.
Cogling attachment 850 is shaped to extend between a superior oral vestibuie
cavity of the user and an inferior vestibule cavity of the user when worn with a front
side of the cuter reservoir being configured to be placed proximate o the supsrior
oral vastibule cavity and inferior oral vestibule of the user in 8 manner similar 1o that
shown in FIG. 8E. Cooling attachment 850 includes a cooling attachment cavity
960 shaped and configurad for acceptance of heat-absorbing material therein via,
for example, removal of a plug 855 from a corresponding opening in cooling

atiachmeant 850.
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{00101} in some embodiments, assembly 901 may be worn by a user {0 cool
the user's mouth and, when the heat-absorbing material is no longer sufficiently
cooling the mouth {(&.¢., has reached a temperaiure above 20 or 25 degress
Celsius), assembly 901 may be removed from the user's mouth, a first cooling
attachment 850 may be removed from body 800 and & second, fresh and cooled
{2.0., between 5-20 degrees Ceaisius) cooling attachment 850 may be attached to
body 900 and the new assembly 801 may be inserted into the user's mouth for
continued cooling thereof.

[000102] FIGS. 10A-10D are schematic diagrams that illustrate various views
of another exemplary mouth-cooling device body 1000, wherein FiG. 10A provides
a top view, FIG. 10B provides perspactive view, FIG. 100 provides a front view,
and FIG. 10D provides a cross-section view thereof. Mouth-cooling device 1000 is
similar o mouth-cooling device 800 because it includes outer reservoir 810, which
includes outer reservoir cavity 815, inner reservolr 820, which inciudes inner
reservoir cavity 825, connecting portion 830, optional 835, and optional plug 840.
In addition to these components, mouth-cocling device body 100 further includes
an attachment coupling 1015 configured for attachment {0 an external component
like exiernal component 1100 shown in FIGS. 11A-11D.

{000103] FIGS. 11A-11G are schematic diagrams that illustrate various views
of an exemplary fixed-shape exterior component 1100A andfor an exemplary
deformable exterior component 11008, wherein FIG. 11Ais a front view, FIG. 118
is a top view, FIG. 110 is a side view, FIG. 11D is a rear-parspective view of fixed-
shape exterior component 1100A and/or deformable exterior component 1100B;
FIG. 11E is a cross-section view of fixed-shape exterior component 11004; FIG.
11F is a side view of deformable exterior component 11008, and FIG. 11Gis a
cross-section view of deformable exierior component 1100B. An upper (as oriented
in FIG. 11A) edge of fixed-shape exierior component 1100A and/or deformable-
shape exterior component 11008 may include an optional notch 1130 present in an
approximate middie of the upper adge. Noich 1130 may be configured to aliow for
external component (o extend between the user’s lips and nose but not touch or
overly the user's nose as shown in, for example, 15A-15C.

{000104] Fixed-shape exterior component 1100A includes a fixed-shape body

1110A from which an attachment exiension 1120 exiends as shown in FIGS. 11C-
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11E. Fixed-shape body 1110A also includes a cavily 1115 (as shown in the cross-
section of FIG. 11E) within which heat-absorbing material may be resident.
Extension 1120 may include a central lumen, or channel, 1135 through which heai-~
absorbing media may be put info andfor exdracted from cavity 1115 when, for
exampie, adding cooled heat-absorbing material to cavity 1115 andfor transferring
heat-absorbing media to andfor from a cavity in a corresponding mouth-cooling
device body as shown in, for example, FIGS. 13A-13F and discussead below.
Extension 1120 may further include an upper (as oriented in FIG. 11E) and a lower
tab 1125 configurad {o engage with a corresponding opening of a mouth-cooling
device body, thereby holding fixed-shape exterior component 11004 and the mouth-
cocling device body together as shown in, for example, FIGS. 13A-13F and
discussed below.

[000108] Fixad-shape body 1110A may be shaped and configured so that it
resides outside the user’'s mouth when a mouth-cooling device is worn and is
curved to extend from approximately a left commissure of the user’s lips 1o a right
commissure of the user's lips and/or extend between the user’s left and right buccal
mucosa extensions when a mouth-cooling device is worn. An interior arc of
curvature for body 1110 may be curved at a rate of Smm per 30mm of length so that
an apex on the interior arc is 25mm away from a lowest point of the arc as shown in
the example of FIG. 11B. Approximate dimensions for body 1110 range betwaen
40-80mm high, 80-175mm wide, and 12-30mm thick with the dimensions of one
embodimeant of mouth-cooling device body 1110 being 85mm high by 125mm wide
by 20mm thick.

{0G0106] Deformable exterior component 11008 is substantially similar to fixed-
shape exterior component 1100A with the exception that it includes a deformable
slement 1140 configured and positioned within deformable body 1110B so that it
may be deformed and hold a deformed shape, which thereby allows deformable
body 1110 to be bent, or deformed, to for example, conform to anatomical features
of a user's face. Deformable element 1140 may be, for example, a wirg, a shape-
memory wire, a compressible foam, or any other component configured to deform
and hold its deformed shape.

{00107 FIGS. 12A-12D provide schematic diagrams of exploded views of four

different mouth-cooling devices that inciude a mouth-cooling device body 1000 and
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four different embodiments of external component 11004 and 11008, wherein FIG.
124 provides an exploded view of a first mouth-cooling device 12004 that includes
a first mouth~cooling body 1000A with a first attachment coupling 1015A comprising
a series of threads sized, shaped, and configured o cooperate with and engage
corresponding threads on a first attachment exiension 1120A that extends from a
first fixed-shape body 1110A1 and/or a first deformable body 1110B1 of a first
fixed-shape external componeant 1100A1 and/or a first deformable axternal
component 1100B1 as shown. First mouth-cooling device body 1000A and first
fixed-shape external component 1100A1 and/or a first deformable extermal
component 110081 may be assembled together by aligning first attachment
extension 1120A with first attachment coupling 10154 and twisting first attachment
extension 1120A relative to first atfachment coupling 1015A In a screw-like manner
50 that first fixed-shape body 1110A1 and/or a first deformable body 111081 is
removably attached to first mouth-cooling device body 1000A,

{000108] FIGG. 12B provides an exploded view of a second mouth-cooling
device 12008 that includes a second mouth-cooling body 10008 with a second
attachment coupling 10158 that includes a plurality of cantilever and/or u-shaped
snap fit joints sized, shaped, and configured to cooperate with and engage with a
corresponding mechanism (2.q., a shap-fit joint) of a second attachment exiension
11208 of a second fixed-shaps body 111042 andfor a second deformable body
111082 of a respeclive second fixed-shape exiernal component 110042 andfor
second deformable external component 110082 as shown. Second mouth-cooling
device body 10008 and second fixed-shape body 1110A2 andior a second
deformabie body 1110B2 may be assembled together by aligning second
attachment extension 11208 with second attachment coupling 10158 and pressing
them together so that second fixed-shape body 111042 and/or a second
deformable body 1110B is removably attached to second mouth-cooling device
body 1000B, thereby assembling second mouth-cooling device 1200B.

[000109] FIG. 12C provides an exploded view of a third mouth-cooling device
1200C that includes a third mouth-cocling body 10000 with a third attachment
coupling 1015C and a third fixed-shape body 1110A3 and/or a third deformable
body 1110B3. Third mouth-cooling body 10000 includes a third attachment

coupling 1015C with an opening therein sized, shaped, and configured to
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cooperate with and engage with a corresponding mechanism of a third attachment
extension 1120C of a third fixed-shape body 1110A3 andfor a third deformable
body 111083 as shown. Third mouth-cooling device body 1000C and third fixed-
shape external component 1100A3 and/or third deformabile external component
110083 may be assembled together by aligning third attachment extension 11200
with third attachment coupling 1015C and pressing them togsther so that third
extarnal componant 11000 is removably attached to third mouth-cooling device
body 1000C. Cne or more retention mechanisms 1210 that extend between third
motth-cooling device body 1000C and third fixed-shape body 1110A3 andior a
third deformable body 111083 may then be put in place as shown {0 secure
assembly of third mouth-cooling device 1204,

[000110] FiG. 12D provides an exploded view of a fourth mouth-cooling device
12000 that includes a fourth mouth-cooling body 10000 with a fourth attachment
coupling 101350 with an opening therein sized, shaped, and configured to
cooperate with and engage with a corresponding mechanism of a fourth attachment
extension 11200 of a fourth fixed-shape body 1110A4 andfor a fourth deformable
body 111084, Fourth mouth-codling device body 1000D and fourth fixed-shape
body 1110A4 andfor a fourth deformabile body 1110B4 may be assembled together
by aligning fourth attachment extension 11200 with fourth attachment coupling
13150 and pressing them {ogether so that fourth fixad-shape body 1110A4 and/or
a fourth deformable body 1110B4 is removably attached to fourth mouth-cooling
device body 10000, A slesve 1220 may then be placed over a joint between fourth
attachment coupling 10150 and fourth attachment exiension 11200 as shown to
secure assembly of fourth mouth-cooling device 1204,

[000111] FIGS. 13A-13C provide schematic diagrams illustrating various views
of another exemplary mouth-cooling device 1300, wherein FIG. 13A provides a top
view, FIGG. 13B provides a front view, and FIG. 13C provides a cross-section view of
mouth-cooling device 1300, Mouth-cooling device 1300 is similar to mouth-cooling
device 800 in thatl it comprisaes an outer reservolr 1310 including an outer reservolr
cavity 1315 {see in FIG. 13C), an inner reservoir 1320 with an inner reservoir cavity
1325 (see FIG. 130C), and a connecting portion 1330, Unlike mouth-coaling device
800, mouth-cooling device 1300 also includes an opening 1350 {see FiG. 138) inlo

which attachment extension 1120 may be inserted as shown in, for example, FIGS.
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14A-140. Heat-absorbing media may be resident within inner reservoir cavity 1325
and/or outer reservoir cavity 1315,

[000112] FIGS. 14A-14E provide schematic diagrams iliustrating various views
of an assembly 1401 of mouth-cooling device 1300 and fixed-shape body 11104
(FIGS. 14A-1DC) and/or an assembly 1402 of mouth-cooling device 1300 and
deformable body 1110B (FIGS. 144, 148, 14C, and 14E), wherein FIG. 14A
provides a top view and FIG. 148 provides a perspactive view of assambly 1401
and/or 1402 and FIG. 14C provides a top view of assembly 1401 and/or 1402 with
an arrangement of reference lines superimposed thereon, FIG. 14D provides a
cross-section view of assembly 1401, and FIG. 14E provides a cross-section view
of assembly 1402,

f000113] As may be seen in the cross-section views FIGS. 14D and 14E, when
assembled, attachmant extension 1120 of fixed-shapea body 1110A and/or
deformable body 11108 are inserted info opening 1350 so that upper and lower
tabs 1125 are deformed to push through opening 1350 and then return o their
original shape once inside outer reservoir 1315, which holds fixed-shape body
11104 or deformable body 11108 in place relative 1o mouth-cooling device 1300,
Cavity 1115 and outer reservoir 1315 may be in fluid communication with one
another via channel 1135 whereby heat-absorbing maierial resident within cavily
1115 may be added to outer reservoir 1315 and/or exchanged with heat-absorbing
materiai resident within outer reservoir 1315,

[000114] The gridiinas of FIG. 14C provide exaemplary dimensions for assembly
1401 and/or 1402 wherein there are four horizonial reference lines: H1, H2, H3,
and H4 and Tour vertical reference lines: V1, V2, V3, and V4. Approximate

distances between these reference lines are included in Table 1 as follows:

Reference Lines Distance between reference lines in
mm

HTto HZ 20mm £ 2 mm

HZ to H3 cemm+05mm

H3 to H4 52 mm + 2.5 mm

V1o V2 125 mm £ 4.7 mm
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V2o V3 388 mm+ 2 mm
V3o V4 3B 8 mm L2 mm
Table 1

{000115] These distances of Table 1 are exemplary and may be proportionally
scaled up or down to make an assembly and/or mouth-cooling device that is sized
to fit @ particular user. In some instances, they may be scaled and/or proportioned
N pre-set sizes such as small, medium, and large; adult, child, and infant; adjusted
o account for skin thickness, ste.

{000116] FIG. 15A1s a schemaslic diagram #lustrating a mid-sagittal cross-
saction view, FIG. 15B is a front view, and FIG. 15C is a bottom-perspeactive view of
user 25 with the mouth-cooling device of 14A correctly positioned (i.e., being worn)
in his anatomy so that it is proximate to user's 25 mouth and surrounding tissue
{e.q., lips, skin, cheeks, stc.). As may be seen in FIG. 15A, a right side of mouth-
cooling device 1300 is in position proximate to a right side of user’s 25 tongue and
a right side of fixed-shape exterior component 1100A or deformable exterior
component 11008 wraps around the user's 25 face so that it covers the lips and
skint covering buccal side of the user's upper jaw and lower jaw. As may be seen in
FIGS. 158 and 15C, fixed-shape exterior component 1100A or deformable exterior
component 11008 resides ouiside the user's 25 mouth when the mouth-cooling
device is worn and extends from approximately a left commissure of the user's lips

to approximately a right commissure of the user’s lips.
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CLAIMS
What is claimed is:
1. A mouth-cooling device comprising:
a body configured to fit within a user’s mouth, the body comprising:
an outer reservolr including an outer raservoir cavity, the outer resarvoir
being shaped (0 exiend between a superior oral vestibule cavity of the user
and an inferior vestibule cavity of the user when worn with a front side of the
outer reservoir baing configurad o be placed provimate to the superior orgl
vaestibule cavity and the inferior oral vestibule cavily and a back side being
corfigured 1o be proximaie to a buccal side of the user's upper jaw and lower
jaw when worn by the user;
an nner resarvoir including an inner reservair cavity, the inner reservoir
being shaped {0 extend between a lingual side of the user’s upper jaw and a
ingual side of the user’s lower jaw and abut the user’s tongue when worm;
a conneacting portion configured to connect the inner reservoir and the
outer reservoir and fit between the user’s upper jaw and lower jaw when worn;
an exterior component that includes an external cavity, the exterior componeant
being sized and configurad {o reside cutside the usar's mouth when the mouth-
cooling device s worn and extend from approximately a left commissure of the
user’s lips to approximatsly a right commissure of the user’s lips, wherein a volume
of the heat-absorbing material is resident within the external cavity, and

a heat-absorbing material resident within the ouler reservoir cavity, inner
reservoir cavity, and the exterior component cavity, the heat-absorbing material
being configured to absorb heat from inside and ouiside the user's mouth when the
mouth-cooling device s positioned therain.
2. The mouth-cooling device of claim 1, wherein the mouth-cooling device is
configured to reduce capillary blood flow within the user’'s mouth, lips, and/or
cheeks when worn.
3. The mouth-cooling device of claim 1 or 2, wherein the mouth-cooling device is
configured to induce vasoconstriction within the user’s mouth, lips, and/or cheeks

when worm.
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4. The mouth-cooling device of claim 1, 2, or 3, wherein the mouth-cooling device
is configured {o reduce a metabgolism rate of cells within the user's mouth, lips,
and/or cheeks when worn.
5. The mouth-codling device of claim 4, wherein the cells are oral epithelial stem
cells.
6. The mouth-cooling device of any of the above claims, wherein the body and
heat-absorbing material are configurad {o prevent or mitigate development of oral
mucaositis for the user.
7. The mouth-cooling device of any of the above claims, wherein the body and
heat-absorbing material are configured {0 prevent oral mucositis for the user before,
during, or after the user receivas chemotherapy treatment andfor radiotherapy
fregtment.
8. The mouth-cooling device of any of the above claims, wherein a portion of the
mouth-cooling device s malleable.
8. The mouth-cooling device of any of the above claims, wherain a portion of the
mouth-cocling device is configured to deform 1o be proximate to the user’s mouth,
lips, or skin.
10. The mouth-cooling device of any of the above claims, wherein a portion of the
mouth-cooling device s configured to deform thereby conforming to user anatomy.
11. The mouth-cooling davice of any of the above claims, further comprising;

an over-tongue exiension with an over-tongue exiension cavily, the over-
tongue extension extending from an inner side of the inner raservolr and being
sized and configured to reside belween the user’s tongue and mouth roof when
worn and the extension cavity being filled with heat-absorbing material configured
to absorb heat from the user’s tongue and mouth roof when the body is positioned
within the user's mouth.
12. The mouth-cooling device of any of the above claims, further comprising:

an extension with an extension cavity, the extension extending from an inner
side of the inner reservolr and being sized and configured to reside under the
user's tongue when the body is positioned within the user's mouth.
13. The mouth-cooling device of any of the above claims, wherein the body includes

an opening sized and configured {0 accept insertion of a piug therein, wherein the
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plug seals the heat-absorbing material within at least one of the cuter reservoir
cavity and the inner reservoir cavity.

14. The mouth-cooling device of claim 13, wherein a volume of heat-absorbing
material may be removed from and/or added to at least one of the outer reservoir
cavity and the inner reservolr cavity via removal of the plug from the opening.

15, The mouth-cooling device of any of the above claims, wherein the exterior
componant is configurad to exiend betwaen a left buccal mucosa extension and a
right buccal mucosa extension of the user's mouth when the body is positioned
within the usear’'s mouth.

16. The mouth-cooling device of any of the above claims, wherein the exterior
componeant is configurad to exiend betwaen and beyond a left buccal mucosa
extension and a right buccal mucosa extension of the user's mouth when the body
is positionad within the user's mouth.

17. The mouth-cooling device of any of the above claims, wherein the exterior
component is configurad to extend betweaen a left commissure of the user's mouth
and a right commissure of the user’s mouth when the body is positioned within the
user's mouth.

18. The mouth-cooling device of any of the above claims, wherein the exterior
component is configured to extend between and beyond a left commissure of the
user’s mouth and a right commissure of the user's mouth when the body is
positioned within the user’s mouth.

19. The mouth-cooling device of any of the above claims, wherein the axterior
component is configured to cool the user’s lips and skin proximate to the user's lips
when the mouth-cooling device is wom.

28. The mouth-cooling device of any of the above claims, wherein the exterior
component is sized and configurad (o cool the user’s skin opposing at least one of
a superior oral vestibule and an inferior oral vestibule of the user when the mouth-
cooling device is worn.

21. The mouth-cooling davice of any of the above claims, wherein the exterior
component is sized and configured (o cool the user’s lips when the mouth-cooling

device is worn.
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22. The mouth-cooling device of any of the above claims, wherein the exterior
component is sized and configured o hold the mouth-cooling device in place within
the user’'s mouth when the mouih-cooling device is wormn.

23. The mouth-cooiing device of any of the above claims, wherein an interior side of
the exterior component includes a retention feature configured to hold the mouth-
cooling device in place within the user's mouth when the mouth-cogling device is
WO,

24. The mouth-cooling device of claim 23, wherein the retention feature is af least
one of a ndge, an extension, a plurality of extensions, and a deformable mambaer.
25. The mouth-cooling device of claim 23 or 24, wherein the relention feature
includes a retention feature cavity filled with heat-absorbing material.

26. The mouth-cooling device of any of the above claims, wherein the exterior
component (s removably attached to the body.

27. The mouth-cooling device of claim 26, wherein the bady includes a first mating
feature and the exterior component includes a second mating feature configured to
cooperate with the first mating feature {0 removably attach the exierior component
to the first mating feature.

28. The mouth-cooling device of claim 27, wherein the first mating feature is a
coupling configured o accept insertion of the second mating feature therein.

2%. The mouth-cooling davice of claim 27, whearein the first mating feature is a
threaded coupling configured o accept insertion of the second mating feature
therain, the second mating feature including threads configurad to align with
corresponding treads of the ireaded coupling so that the second mating feature
may be screwed into first mating feature, thereby atlaching the exderior component
to the body.

30. The mouth-cogling device of claim 27, wherein the first mating feature is
configured to snap together with the second mating feature thereby attaching the
exterior component to the body.

31. The mouth-cooling device of claim 27, wherein the first mating feature is held in
place relative to the second maling feature via at least one of a sealant, a slesve,
an slastic band, a zip tie, and a gaskeat.

32. The mouth-cooling device of any of the above claims, wherein the exterior

componeant is deformable so that it may be adapted to patient anatomy.
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33. The mouth-cooling device of any of the above claims, wherein the exterior
component further comprises at least one of a handle and a decorative feature.
34. The mouth-cooling device of any of the above claims, wherein the heat-
absorbing material is sealed within the body.

35. The mouth-cooling device of any of the above claims, wherein the heat-
absorbing material is biocompatible.

36. The mouth-cooling device of any of the above claims, wherain the heat-
absorbing material is at least one of saline, water, a8 hydrogel, encapsulated water
particles, encapsulated saline particles, gelatin, a suspension of water and a
thickening agent, a combination of water and methylceliulose, and an emuision of
water and a thickening agent.

37. The mouth-cooling device of claim 36, wherein the thickening agent is at least
one of a non-toxic matenal, a cellulose ether, meathylceliuvlose, hydroxypropyt
methylceliuiose, carboxymethy! cellulose, and xanthan gum.

38. The mouth-cooling device of any of the above claims, wherein the heat-
absorbing material is cooled o a temperature below 37 degrees Celsius prior io
insertion into the user’'s mouth.

38. The mouth-cooling device of any of the above claims, wherein the heat-
absorbing material is cooled to a temperature below 20 degrees Celsius prior to
nsertion into tha user’s mouth.

40. The mouth~cooling device of any of the above claims, wherein the heat-
absorbing material is cooled {0 a temperature within a range of 4-25 degrees
Celsius prior to insertion into the user’'s mouth.

41. The mouth-cooling device of any of the above claims, wherein the heat-
absorbing material is a phase change material configured to change phase upon
absorption of heat from the user’'s mouth.

42. The mouth-cooling device of any of the above claims, wherein the mouth-
cooling device is dishwasher safe.

43. The mouth-cooling davice of any of the above claims, wherain tha mouth-
cooling device is configured (o tolerate sterilization via application of heat, steam,
and/or a chemical sterilizing agent.

44 A kit comprising:

a plurality of any of the mouth-cooling devices of any of the above claims; and
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a case configured to hold the plurality of mouth-cooling devices.
45 The kit of claim 44, wherein the case includes a refrigeration device.
46. The kit of claim 44 or 45, wherein the case comprises a thermally-insulating
material.
47 . The kit of claim any of claims 44-46, wherein the plurality of mouth-cooling
devices are all the same size.
48. The kit of claim any of claims 44-46, wherain the plurality of mouth-cooling
devices are of different sizes.
49, The kit of claim any of claims 44-48, whearein the Kit is personalized to the user
50. The kit of any of claims 44-49, further comprising at least one of a sterilization
solution, a sterilization device, and a sterilization pouch suitable for use with an
autoclave.
51, Amethod comprising:

placing the body of any of the mouth-cooling devices of claims 1-43 within the
mouth of a user; and

positioning the exterior portion of any of the mouth-cooling devices of ciaims 1-
43 outside the user's mouth proximate {o the user’s lips so that the body and the
exterior portion absorb heat from the user's mouth, lips, andfor cheeks, reduce
capiliary blood flow within the user's mouth, lips, and/or cheeks, induce
vasoconstriction within the user’'s mouth or lips, reduce a meatabolism rate of cells
within the user's mouth, lips, and/or cheeks, or prevent or mitigate development of
oral mucaositis for the user.
&52. The method of claim 48, wherein the mouth-cooling device is placed in the
user’s mouth prior to, during, and/or while the user receives a chemotherapy
fregtment.
53. The method of claims H1or 52, wherein the mouth-cooling device is a first
mouth-cooling device, the method further comprising:

removing the first mouth-cooling device from the user’'s mouth; and

placing a second mouth-cooling device into the user's mouth.
54. The method of claim 51, further comprising:

monitoring a temperature of the user's mouth, wherein the first mouth-cooling
device is removed from the user’'s mouth responsively to a delermination that the

user’s mouth has warmed above a threshold tamperature.
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55. The method of claim 52, wherein the threshold temperature is 30 degrees
Celsius, 25 degrees Celsius, 20 degress Cealsius, 15 degrees Cealsius, or 10
degrees Celsius.
56. A mouth-cooling device comprising:
a base configured to fit within a user’'s mouth, the comprising:
an outer edge configured o be removably coupled to a cooling
attachmeant:
an inner reservoir including an inner reservoir cavity, the inner reservoir
being shapead {0 exiend belween a lingual side of the user’s upper jaw and
lower jaw and abut the user’s fongue when wormn;
a connecting portion configured to conneact the inner resarvoir and the
outer reservoir and fit between the user’s upper jaw and lower jaw when worn;
the cooling attachment removably coupled 1o the outer edge of the body, the
cooling attachment including a cooling attachment cavily and being shaped to
extend between a superior oral vestibule cavity of the user and an inferior vestibule
cavity of the user when wormn with a front side of the outer reservoir being
configured to be placed proximate to the superior oral vestibule cavity and inferior
oral vestibule cavity; and

a heat~-absorbing material resident within inner reservorr cavily and the cooling
attachment cavity, the haat-absorbing material being configured to absorb heat
from inside and outside the user’'s mouth when the mouth-cooling device 18
positionead therein.
&57. The mouth-cooling device of claim 56, wherein the cooling attachment includes
an opening sized and configurad {0 accept insertion of a plug therein, wherein the
plug seals the heat-absorbing material within the cooling attachment cavity.
58. The mouth-codling device of claim 57, whereain a volume of heat-absorbing
material may be removed from andfor added o the cooling attachment cavity via

removal of the plug from the opening.
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