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METHOD AND APPARATUS FOR AFFECTING PIGMENTATION OF TISSUE

CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001] The present application relates to and claims priority from U.S. Provisional Patent
Application Serial No. 61/939,162 filed February 12, 2014, the disclosure of which is

incorporated herein by reference in its entirety.

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates generally to affecting pigmentation of biological
tissue, and more specifically to method and apparatus for controlled cooling of skin tissue to

affect the pigmentation thereof.

BACKGROUND

[0003] Controlled cooling or freezing of biological tissue, such as skin tissue, can
produce various effects. Certain tissue freezing procedures and devices, such as conventional
cryoprobes, can cause severe freezing of tissue and generate cellular damage. For example,
moderate degrees of cooling or freezing can produce particular effects, such as affecting the

expression of skin pigmentation.

[0004] There is a demand for cosmetic products that can lighten the appearance of skin or
otherwise controllably affect skin pigmentation. For example, it may be desirable to lighten
the overall complexion or color of a region of skin to alter the general appearance for
cosmetic reasons. Also, lightening of the appearance of certain hyperpigmented regions of
skin, such as large freckles, ‘café au lait’ spots, melasma, or dark circles under the eyes that
may result from excessive local amounts of pigment in the skin, may also be desirable for
cosmetic reasons. Hyperpigmentation can result from a variety of factors such as UV
exposure, aging, stress, trauma, inflammation, etc. Such factors can lead to an excess
production of melanin, or melanogenesis, in the skin by melanocytes, which can lead to
formation of hyperpigmented areas. Such hyperpigmented areas can be typically located
within the epidermis. However, they can also result from excess melanin deposited within
the dermis. Many topical formulations are being marketed that claim to lighten age spots and
reduce the effects of such hyperpigmentation. However, most of these cosmetic formulations

have questionable effectiveness, and may produce unwanted side effects.
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[0005] Hypopigmentation of skin tissue has been observed in response to temporary
cooling or freezing of the tissue, such as may occur during cryosurgery procedures. Loss of
pigmentation following skin cooling or freezing may result from decreased melanosomes
production, destruction of melanocytes, or inhibited transfer of melanosome into the
keratinocytes in the lower region of the epidermal layer. The resultant hypopigmentation
may be long-lasting or permanent. It has also been observed that some of these freezing

procedures can generate regions of hyperpigmentation of skin tissue.

[0006] It has been recognized recently that controlled cooling or freezing of skin tissue
can generate hypopigmentation as described, e.g., in U.S. Patent Publication No.
2011/0313411. Factors that can affect the pigmentation outcomes can include cooling
temperature, cooling time, and geometric features of a cooled object that may be contacted
with the skin surface to cool it. Surfaces geometries that have been proposed for such
cooling or freezing include, e.g., simple flat plates, plates with small protrusions (e.g., less
than about 1-2 mm in diameter), and plates with discontinuous raised features (e.g., greater
than about 5-10 mm in diameter). There may be some variability in pigmentation reduction
and consistency in such procedures based on the use of different cooled plate geometries,
where such results may further be sensitive to other parameters such as plate temperature and

contact duration.

[0007] Accordingly, there may be a need for methods and apparatus that can provide
controlled freezing of skin or other tissue, and gradual lightening of skin tissue that can

address and/or overcome at least some of the deficiencies or issues described herein above.

SUMMARY OF EXEMPLARY EMBODIMENTS

[0008] The herein described exemplary embodiments pertain to cosmetic method and
apparatus that can address and/or overcome at least some of the deficiencies or issues
described herein above. Synergetic effects may arise from different combinations of the
features and embodiments described herein, although all such combinations might not be
described in detail. Further, it shall be noted that all embodiments of the present disclosure
concerning a method can be carried out with the order of the steps as described, nevertheless
this may not be the only and essential order of the steps of the exemplary methods. For
example, all different orders and combinations of the method steps and procedures are

herewith described.
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[0009] Exemplary embodiments of the present disclosure relate to non-invasive methods
and apparatus for controlled cooling or freezing of skin tissue, which can reduce an overall
pigmentation of an area of skin using cryogenic techniques. In one exemplary embodiment
of the present disclosure, an apparatus can be provided for controllably cooling or freezing
regions of skin at particular temperatures and time durations to produce a lightening of the

skin appearance.

[00010] According to an exemplary embodiment of the present disclosure, the apparatus
can include a cooled contact arrangement, preferably formed at least partially of a material
having a large thermal effusivity, e.g., an effusivity at least about 10 times greater than that of
skin tissue. For example, the plate can be made at least partially of a metal or alloy, such as
brass, gold, silver, copper, aluminum, or the like, diamond or diamond-like carbon, a frozen
material, or another material that has a high thermal effusivity, such as diamond. The contact
arrangement can have a distal surface configured to contact a surface of a region of skin.
Optionally, the contact arrangement can be formed using two or more materials having
different thermophysical properties (e.g. different thermal effusivities). In one exemplary
embodiment, a layer or film of a second material can be provided on the distal (contact)

surface of the contact arrangement.

[00011] The distal contact surface of the contact arrangement can be substantially planar,
or it can be convex or concave to facilitate contact with a region of skin. The contact surface
can be provided with a plurality of dimples, ¢.g., small recesses that may be substantially
round and have a diameter or width that is between about 0.3 mm and about 3 mm, or
between about 0.5 mm and 2 mm, or optionally about 1 mm. The depth of the dimples can be
between about 0.3 mm and about 2 mm, or between about 0.5 mm and about 1.5 mm, or
optionally about 1 mm. The dimples can be provided in a regular pattern (e.g. a rectangular
or triangular array) or they may be randomly or semi-randomly distributed over the contact

surface.

[00012] In further exemplary embodiments of the present disclosure, one or more of the
dimples can have an elongate shape, with a width (e.g. smaller dimension) that is between
about 0.3 mm and about 3 mm, or between about 0.5 mm and 2 mm, or optionally about 1
mm. The length (e.g. longer dimension) of the elongate dimples can be greater than the
corresponding width. The depth of such elongate dimples can be between about 0.3 mm and
about 2 mm, or between about 0.5 mm and about 1.5 mm, or optionally about 1 mm. The

elongate dimples can be provided in a regular pattern (e.g. with their long axes parallel or
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perpendicular to one another) or their orientations and/or locations may be randomly or semi-
randomly distributed over the contact surface. In one exemplary embodiment of the present
disclosure, elongate dimples can be provided as a plurality of substantially parallel grooves
that can extend across a portion or substantially the entire width or length of the contact

surface.

[00013] In still further exemplary embodiments of the present disclosure, dimples having
different sizes and/or shapes (e.g. different widths, lengths, and/or depths) can be provided on
a single contact surface. Such dimples can be provided in a regular array or randomly or

semi-randomly oriented and located.

[00014] The edges of the dimples where the dimples meet the distal surface can optionally
be rounded or beveled, ¢.g., to avoid a sharp edge. The interior surface of a dimple can be
rounded, cylindrical, or square in profile, or have another shape. The interior surface of a
round dimple can be cylindrical or can have the shape of a portion of a sphere or ellipsoid.
The interior surface of an elongate dimple can have a shape that is rounded, such as a portion

of a circular or ellipsoidal cylinder, or it may be provided with internal corners.

[00015] An area fraction of the dimples on the contact surface can be, ¢.g., between about
0.05 and about 0.50, or optionally between about 0.10 and about 0.30, or about 0.20. Such
exemplary ranges and values of fractional area coverage can provide a sufficient area of
direct skin contact by the contact surface while also providing sufficient areal density of
dimples to improve local cooling and/or freezing efficacy to generate hypopigmentation

effects.

[00016] In further exemplary embodiments of the present disclosure, a cooling
arrangement can be provided in the apparatus. The exemplary cooling arrangement can
include, e.g., a reservoir provided in thermal contact with the cooling plate. A refrigerant or
other heat-absorbing medium, such as, ¢.g., a saline solution, a water-alcohol mixture, a
water-glycol mixture, or the like can be provided in the reservoir to cool the plate.
Optionally, a cooled refrigerant can be circulated through the reservoir and/or one or more
ducts formed in the reservoir to provide continuous cooling to the plate. A control
arrangement can optionally be provided, and the cooling arrangement can be configured to
control and/or maintain a particular temperature of the cooling plate while the cooling plate is
in contact with the skin. One or more temperature sensors can be provided on or in the

contact element to facilitate temperature control of portions of the contact element.

.
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[00017] In another exemplary embodiment of the present disclosure, a thermoelectric
cooling device such as, e.g., a Peltier device, or other cooling source can be provided in
thermal contact with the contact arrangement to cool it. In certain embodiments, the contact
arrangement can be formed as part of a cooled portion of the cooling device and configured

to be placed directly on the skin surface.

[00018] One or more temperature and/or optical sensors, or other types of sensors, can be
provided to control the temperature of the cooling plate or device, to detect the local
temperature of contacted/cooled tissue, and/or to detect local freezing of skin tissue while the
cooling plate or device is placed in contact with the skin surface. Treatment time can
optionally be determined relative to the initiation of freezing, e.g., as a duration of contact
time between the cold object and the skin surface after local tissue freezing has begun.
Temperature can be measured using contact sensors, non-contacting sensors, or both. A
heating arrangement can optionally be provided to warm the frozen tissue after the particular
treatment time has elapsed. A feedback signal can be generated and transmitted to the
cooling device or the control arrangement, if present, such that undesired or excessive
cooling or freezing can be avoided. For example, a feedback control can be provided to
facilitate a safe and effective treatment procedure for which no danger or risk results for the

person undergoing the treatment.

[00019] According to further exemplary embodiments of the present disclosure, a method
and apparatus for detection of tissue freezing at the onset of such freezing can be provided.
Such exemplary freezing detection can be based on, ¢.g., temperature detection, optical

detection, and/or measurement of electrical and/or mechanical impedance of the skin tissue.

[00020] In another exemplary embodiment of the present disclosure, one or more pressure
sensors can be provided to detect a contact pressure between the contact surface of the

apparatus and the skin surface.

[00021] In yet another exemplary embodiment of the present disclosure, the contact
arrangement can include a flexible or pliable contact surface to facilitate improved contact
between the contact surface of the apparatus and the skin surface. A pliable or malleable
substance having a high thermal conductivity or effusivity can be provided between the
cooling arrangement and a flexible film at the contact surface to facilitate a deformation of
the contact surface, while maintaining a high rate of heat extraction from the skin tissue.

Such pliable or malleable substance can include, e.g., a thermally conductive paste or gel, or
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a two-phase slush or slurry having a phase transition temperature or range that is at, close to,

or in proximity to, a predetermined contact temperature.

[00022] In still another exemplary embodiment of the present disclosure, a vacuum
arrangement comprising one or more channels in the contact arrangement can be provided to
facilitate an improved contact between the contact surface of the apparatus, e.g., within the

dimples, and the skin surface.

[00023] In other exemplary embodiments of the present disclosure, the cooling apparatus
can be provided with a plurality of cooling arrangements and/or a plurality of contact
arrangements. One or more temperature sensors, pressure sensors, freezing detectors, and/or
control arrangements can optionally be associated or provided in communication with each

cooling arrangement and/or with each contact arrangement.

[00024] In a further exemplary embodiment of the present disclosure, a cosmetic method
can be provided to produce hypopigmentation in skin tissue. In one exemplary embodiment,
the method for lightening the appearance of skin can be provided that includes cooling and/or
freezing a region of skin to induce localized hypopigmentation effects. Further lightening

can be achieved by treating a particular region of skin more than once.

[00025] In a still further exemplary embodiment of the present disclosure, the cosmetic
method can include freezing regions of skin tissue, for example, to at least the depth of the
basal layer, e.g., to at least about the depth of the dermal-epidermal junction, which can
provide a hypopigmentation effect. This exemplary freezing can preferably be achieved by
contacting the skin surface with the distal surface of a contact arrangement, e.g., a cooling
plate or the like, that is provided with a plurality of dimples and that is provided at a
temperature colder than about —5 degrees Celsius, ¢.g., between about —7 and —10 degrees
Celsius. In certain exemplary embodiments, temperatures as low as about —15 to —20 degrees
Celsius can be used. Cooling or treatment times, which can correspond to the duration that
the cold object is contacted with the skin surface after local tissue freezing begins, can be less
than about two minutes, or preferably less than about one minute, ¢.g., between about 30
seconds and 1 minute when the temperature of the distal surface of the contact arrangement is
between about —7 and —10 degrees Celsius. Shorter cooling times can be used when the distal
surface of the contact arrangement is provided at colder temperatures, e.g. less than about 30
seconds or even less than about 15 seconds when the temperature of the cold object is

between about —15 to —20 degrees Celsius. Such temperatures and times can lead to
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hypopigmentation responses in skin tissue while being fast enough to facilitate sequential

cooling or freezing of a plurality of regions of skin.

[00026] One or more temperature and/or optical sensors, or other types of sensors, can be
provided to control temperature of the contact arrangement and/or of a cooling device
provided in thermal communication with the contact arrangement, to detect the local
temperature of contacted/cooled tissue, and/or to detect local freezing of skin tissue while the
contact arrangement is placed in contact with the skin surface. Treatment time(s) can
optionally be determined relative to the initiation of freezing, e.g., as a duration of contact
time between the cold object and the skin surface after local tissue freezing has begun.
Temperature can be measured using contact sensors, non-contacting sensors, or both. A
heating arrangement can optionally be provided to warm the frozen tissue after the particular
treatment time has elapsed. A feedback signal may be generated and sent to the cooling
device, if present, such that undesired or excessive cooling or freezing is avoided. In other
words, a feedback control can be provided to ensure a safe treatment procedure for which no

danger or risk results for the person undergoing the treatment.

[00027] The exemplary method and apparatus according to an exemplary embodiment of
the present disclosure can provide gradual lightening of the skin area being treated by
controllably forming depigmented areas. Multiple treatments can be used to lighten the arca
further. The exemplary methods and apparatus described herein may also improve the

general appearance of the skin by stimulating a response in the small regions of frozen tissue.

[00028] The exemplary described cosmetic method has been tested, and is determined to
be a safe and routine procedure that can be implemented in beauty parlors or other settings.
The exemplary method can be a non-invasive a method. Moreover, the method can be safe as
it is non-invasive, does not present a substantial health risk, and does not require professional
medical expertise to be performed. No clinician is needed to perform the embodiments of the
method described herein, and no risk, much less a health risk, is presented for a person being

treated with said cosmetic method, as will become clear from the following description.

[00029] These and other objects, features and advantages of the present disclosure will
become apparent upon reading the following detailed description of embodiments of the

disclosure, when taken in conjunction with the appended claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[00030] Further objects, features and advantages of the present disclosure will become
apparent from the following detailed description taken in conjunction with the accompanying
figures showing illustrative embodiments, results and/or features of the exemplary

embodiments of the present disclosure, in which:

[00031] FIG. 1 is a side cross-sectional view of an exemplary apparatus that can be used to
produce a hypopigmentation cryogenically in a skin tissue according to an exemplary

embodiment of the present disclosure;

[00032] FIG. 2A is an exemplary cross-sectional side view of a contact element of the

exemplary apparatus shown in FIG. 1;

[00033] FIG. 2B is a bottom view of a first exemplary configuration of the contact element

shown in FIG. 2A;

[00034] FIG. 2C is a bottom view of a second exemplary configuration of the contact

clement shown in FIG. 2A;

[00035] FIG. 2D is a bottom view of a third exemplary configuration of the contact

clement shown in FIG. 2A;

[00036] FIG. 2E is a bottom view of a fourth exemplary configuration of the contact

clement shown in FIG. 2A;

[00037] FIG. 2F is a bottom view of a fifth exemplary configuration of the contact element
shown in FIG. 2A;

[00038] FIG. 2G is a bottom view of a sixth exemplary configuration of the contact

clement shown in FIG. 2A;

[00039] FIG. 2H is a bottom view of a seventh exemplary configuration of the contact

clement shown in FIG. 2A;

[00040] FIG. 21 is a bottom view of an eighth exemplary configuration of the contact

clement shown in FIG. 2A;

[00041] FIG. 2J is a bottom view of a ninth exemplary configuration of the contact

clement shown in FIG. 2A;

[00042] FIG. 2K is a bottom view of a tenth exemplary configuration of the contact

clement shown in FIG. 2A;
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[00043] FIG. 3A is a side cross-sectional view of an exemplary contact element containing
a rounded dimple contacting a skin surface according to an exemplary embodiment of the

present disclosure;

[00044] FIG. 3B is a side cross-sectional view of the exemplary contact element
containing a dimple having a cylindrical or rectangular profile according to a further

exemplary embodiment of the present disclosure;

[00045] FIG. 3C is a side cross-sectional view of the exemplary contact element
containing a shallow rounded according to another exemplary embodiment of the present

disclosure;

[00046] FIG. 3D is a side cross-sectional view of the exemplary contact element
containing a deep dimple according to yet an exemplary embodiment of the present

disclosure;

[00047] FIG. 4A is a bottom view of an exemplary configuration of the contact element

shown in FIG. 2A that includes a plurality of temperature sensors;

[00048] FIG. 4B is a cross-sectional side view of an exemplary contact element that

includes 3 thermal sensors provided at different locations on and within the contact element;

[00049] FIG. 5 is a side cross-sectional view of an exemplary apparatus for controllably
cooling skin tissue that includes an optical arrangement to detect local skin freezing

according to an exemplary embodiment of the present disclosure;

[00050] FIG. 6 is an exemplary data graph generated with an apparatus according to an
exemplary embodiment of the present disclosure illustrating changes in both measured
surface temperature and optical reflectance when a region of live pig skin is cooled and local

freezing of the skin commences;

[00051] FIG. 7 is a cross-sectional side view of the exemplary contact element that
includes two different materials having different thermophysical properties according to an

additional exemplary embodiment of the present disclosure;

[00052] FIG. 8 is a side cross-sectional view of an exemplary apparatus for controllably
cooling or freezing skin tissue that includes pressure sensors to detect contact pressure of the
contact element with the skin surface according to an exemplary embodiment of the present

disclosure;
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[00053] FIG. 9 is a cross-sectional side view of the exemplary contact element that
includes a vacuum arrangement configure to facilitate contact between the contact surface
and the skin surface according to a yet further exemplary embodiment of the present

disclosure;

[00054] FIG. 10 is a cross-sectional side view of an exemplary contact element that

includes a flexible or pliable contact surface;

[00055] FIG. 11 is a side cross-sectional view of the exemplary apparatus for controllably
cooling or freezing skin tissue that includes more than one cooling arrangement and more
than one contact element according to another exemplary embodiment of the present

disclosure;

[00056] FIG. 12A is an exemplary image of a region of swine skin obtained 4 weeks after
it was cooled to -9 degrees C for a contact time of 15 seconds using a dimpled contact surface

according to an exemplary embodiment of the present disclosure;

[00057] FIG. 12B is an exemplary image of the region of swine skin shown in FIG. 12A

obtained 9.5 weeks after it was cooled;

[00058] FIG. 13A is an exemplary image of a region of swine skin obtained 4 weeks after

it was cooled to -9 degrees C for a contact time of 15 seconds using a smooth contact surface;

[00059] FIG. 13B is an exemplary image of the region of swine skin shown in FIG. 13A

obtained 9.5 weeks after it was cooled;

[00060] FIG. 14A is an exemplary image of a region of swine skin obtained 4 weeks after
it was cooled to -9 degrees C for a contact time of 30 seconds using a dimpled contact surface

according to an exemplary embodiment of the present disclosure;

[00061] FIG. 14B is an exemplary image of the region of swine skin shown in FIG. 14A

obtained 9.5 weeks after it was cooled;

[00062] FIG. 15A is an exemplary image of a region of swine skin obtained 4 weeks after
it was cooled to -9 degrees C for a contact time of 30 seconds using a smooth contact surface;

and

[00063] FIG. 15B is an exemplary image of the region of swine skin shown in FIG. 15A

obtained 9.5 weeks after it was cooled.

[00064] Throughout the drawings, the same reference numerals and characters, unless

otherwise stated, are used to denote like features, elements, components, or portions of the
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illustrated embodiments. . Similar features may thus be described by the same reference
numerals, which indicate to the skilled reader that exchanges of features between different
embodiments can be done unless otherwise explicitly stated. Moreover, while the present
disclosure will now be described in detail with reference to the figures, it is done so in
connection with the illustrative embodiments and is not limited by the particular
embodiments illustrated in the figures. It is intended that changes and modifications can be
made to the described embodiments without departing from the true scope and spirit of the

present disclosure as defined by the appended claims.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[00065] According to an exemplary embodiment of the present disclosure, a cryotherapy-
based approach can be used to controllably and non-invasively cool and/or freeze regions of
skin tissue. Such cooling or freezing can lighten the overall appearance of the skin, or reduce
the overall darkness of certain skin areas that have excess pigmentation. For example,
contacting regions of skin with cold objects can inhibit formation and/or expression of
pigment in the underlying skin. This effect can provide long-lasting or possibly permanent

lightening of the areas being treated.

[00066] FIG. 1 provides a cross-sectional view of an exemplary apparatus 100 for
controllably cooling and/or freezing skin, e.g., to produce hypopigmentation effects in skin
tissue, in accordance with exemplary embodiments of the present disclosure. The exemplary
apparatus 100 can include a contact element 110 provided in a thermal communication with a
cooling arrangement 120. In certain exemplary embodiments, the contact element 110 and
the cooling arrangement 120 can be formed at least in part from a single material. A control
arrangement 150 can optionally be provided and used to control certain aspects of the cooling
arrangement 120, e.g., temperature, timed shutoff, etc. The cooling arrangement 120, control
arrangement 150, and/or contact element 110 can optionally be provided within or affixed to
a housing or handpiece 130, as shown in FIG. 1, e.g., to facilitate handling and positioning of
the apparatus 100. The exemplary apparatus 100 shown in FIG. 1 is not necessarily drawn to
scale. For example, the relative dimensions of the cooling arrangement 120 and contact
element 110 are not limited to the proportions illustrated in the FIG. 1. In further exemplary
embodiments of the present disclosure, the contact element 110 can be larger or smaller in

width or cross-sectional area as compared to the dimensions of the cooling arrangement 120.

[00067] The contact element 110 can include a distal (contact) surface 140 that is

configured to contact a skin surface. The distal surface 140 can be substantially flat. In
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further exemplary embodiments of the present disclosure, the distal surface 140 can be
convex or concave to better match the local shape of skin tissue being treated and/or to
provide good thermal contact with the skin surface when the apparatus 100 is placed on the
arca of the skin to be treated. In still further exemplary embodiments of the present
disclosure, the contact element 110 can be detachable from the cooling arrangement 120, e.g.,
so that a plurality of contact elements 110 having different sizes, shapes, and/or surface

features as described herein can be used with a single cooling element 120.

[00068] The distal contact surface 140 can have a large width or diameter configured to
contact the surface of a region of skin, e.g., a diameter or width that is greater than about 3
cm, or greater than about 5 cm, to facilitate treatment of large areas of skin. In further
embodiments, the width of the distal surface 140 can be small, e.g., on the order of 1-2 cm or
less, which may facilitate improved temperature control and/or treatment of particular

features on the skin.

[00069] The contact element 110 can be formed from a metal or a metal alloy, or another
material having a high thermal effusivity, e.g., such that values of these thermophysical
properties are greater than the corresponding values for skin tissue. The thermal effusivity €
is equal to the square root of the product of a material’s thermal conductivity and its
volumetric heat capacity. The thermal effusivity is a measure of the ability of a material to
exchange heat with its surroundings and to maintain a consistent temperature as it does so.
For example, the interface temperature T; where two semi-infinite materials at temperature T,
and T, respectively, are brought into contact will depend on their relative effusivities, €, and
€, a8 Ti =Ty + (To-T)*[e2/(e2t€1)]. Accordingly, e.g., with £,>>¢, the interface temperature
where the two materials are in contacts will remain close to T, as heat flows from one to the
other. In this manner, the surface of a first material will be cooled down close to the
temperature of a second material having a much higher thermal effusivity when the second

material is brought into contact with the first material.

[00070] For example, the contact element 110, at least in part or wholly, can be made of
brass, copper, silver, aluminum, an aluminum alloy, steel, graphite, diamond, diamond-like
carbon, other materials which are used in conventional contact cryoprobes, or combinations
thereof. For example, the contact element 110 can be formed, wholly or at least in part, from
materials having a much higher thermal conductivity than the skin tissue, and can be used to
facilitate an extraction of heat from the portion of the tissue contacted by the distal surface

140 of the contact element 110. Further, materials having a much higher thermal effusivity
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than the skin tissue, ¢.g. at least about 10 times the thermal effusivity of skin, can be more
readily maintained at a cold temperature. Such high-effusivity materials thereby may extract
heat more effectively from the portion of tissue contacted by the contact element 110 than
materials having lower thermal effusivities, and facilitate a better control of the tissue

temperature at a contact interface..

[00071] In certain exemplary embodiments of the present disclosure, the distal contact
surface 140 of the contact element 110 can be smaller in area than the proximal end of the
contact element 110 that contacts the cooling arrangement 120. Such geometry can provide
certain advantages. For example, the narrower or tapered distal end of the contact element
110 can facilitate a more precise placement of the distal surface 140 on a particular location
of the skin surface to be cooled, e.g., while reducing visual obstruction by the housing 130.
Further, the relatively larger proximal end of the contact element 110 can provide a larger
arca that can be directly cooled by the cooling arrangement 120 to facilitate increased
extraction of heat from the smaller distal contact surface 140. In certain embodiments, the
arca of the proximal end of the contact arrangement distal contact surface 140 can be at least

twice as large as the area of the distal contact surface 140, e.g., 3-5 times as large.

[00072] The distal surface 140 of the contact element 110 can be provided with a plurality
of dimples 210, e.g., indentations or pockets formed in the contact surface 140 of the contact
element 110, as shown in the cross-sectional side view of FIG. 2A. Such dimples 210 can be
substantially round and have a diameter or width that is between about 0.3 mm and about 3
mm, or between about 0.5 mm and 2 mm, or optionally about 1 mm. The depth of the
dimples can be between about 0.3 mm and about 2 mm, or between about 0.5 mm and about
1.5 mm, or optionally about 1 mm. The edges of the distal surface 140 can be rounded or
beveled, as shown in FIG. 2A, which can facilitate continuous contact of the distal surface
140 with the skin surface while avoiding contact with any sharp or abrupt edges or corners

when the apparatus 100 is placed against the skin surface for treatment.

[00073] An exemplary end view of the contact surface 140 with dimples 210 is shown in
FIG. 2B. An area fraction of the dimples 210 on the contact surface 140 can be e.g., between
about 0.05 and about 0.50, or optionally between about 0.10 and about 0.30, or about 0.20.
Such exemplary ranges and values of fractional area coverage can provides a sufficient area
of direct skin contact by the contact surface 140 while also providing sufficient areal density
of dimples 210 to improve local cooling and/or freezing efficacy to generate

hypopigmentation effects.
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[00074]  Although the size and depth of the exemplary dimples shown in FIGS. 2A and 2B
are substantially uniform, individual dimple sizes and/or depths associated with a single
contact element 110 can vary within the ranges described herein in further embodiments of

the disclosure.

[00075] The exemplary arrangement of the dimples 210 on the contact surface 140 can be
substantially random, as shown in FIG. 2B. In a further exemplary embodiment of the
present disclosure, shown in FIG. 2C, the dimples 210 can be provided in a radial
arrangement. Such exemplary arrangement/configuration can yield a lower density of
dimples 210 (e.g., a wider average spacing between adjacent dimples 210), which may lead to
a reduced effect of the dimples 210 near the perimeter of the contact surface 140. In a still
further embodiment, the dimples 210 can be provided in a regular array, e.g., a hexagonal

array as shown in FIG. 2D, or a square array.

[00076] In further exemplary embodiments of the present disclosure, the dimples 210 can
have an elongated shape, as shown in the exemplary configuration in FIG. 2E. Such elongate
dimples 210 can have a smaller dimension (e.g., width) that is between about 0.5 mm and
about 3 mm, or optionally about 1 mm. A longer dimension (e.g., length) of such clongate
dimples 210 can be greater than the width, e.g., twice the width or longer. For example, the
exemplary dimples 210 shown in FIG. 2E have a length that is about five times greater than
the width. Other exemplary length-to-width ratios can be provided in further exemplary
embodiments of the present disclosure. The depth of the elongate dimples 210 can be
between about 0.3 mm and about 2 mm, or between about 0.5 mm and about 1.5 mm, or
optionally about 1 mm. The edges of the distal surface 140 can be rounded and/or beveled

where these dimples 210 meet the contact surface 140, as shown in FIG. 2A.

[00077] The long axes or dimensions of the exemplary elongate dimples 210 shown in
FIG. 2E can be substantially parallel to one another. In a still further exemplary embodiment
of the present disclosure, the long axes of some elongate dimples 210 can be substantially
perpendicular to other ones, ¢.g., as shown in FIG. 2F. In still further exemplary
embodiments of the present disclosure, the long axes of the elongate dimples 210 can be
provided at various angles to one another on the contact surface 140. The elongate dimples
210 can be provided in a regular array or pattern, as shown in FIGS. 2E and 2F.
Alternatively or in addition, the elongate dimples 210 can be provided in a non-uniform or

random arrangement, as shown, ¢.g., in FIG. 2G.
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[00078] In further exemplary embodiments of the present disclosure, individual ones of the
dimples 210 provided on a single distal contact surface 140 can have different sizes, shapes,
and/or orientations. For example, different ones of the elongate dimples 210 can have the
same width (small dimension) and different aspect ratios (e.g., ratios of length to width) as
shown, e.g., in FIG. 2H. In further exemplary embodiments of the present disclosure,
different ones of the dimples 210 can have different widths and/or different lengths from one
another as shown, ¢.g., in FIG. 2I. In still further exemplary embodiments of the present
disclosure, the contact surface 140 can include both round and elongate dimples 210 as
shown, e.g., in FIG. 2J. In general, it can be preferable that the width (or diameter) and depth
of the various dimples 210 are within the size ranges described herein. In yet another
exemplary embodiment of the present disclosure, elongate dimples 210 can be provided as a
plurality of substantially parallel grooves, as shown, e.g., in FIG. 2K. The ends of such
dimples 210 can lie within the perimeter of the contact surface 140 as shown in the
exemplary configuration of FIG. 2K. Alternatively, the elongate dimples 210 can extend
through the perimeter of the contact surface 210, such that at least some of the dimples 210

form continuous grooves that span the full length of the contact surface 140.

[00079] The interior surface of a dimple 210 can be rounded, cylindrical, or square in
profile, or have another shape. For example, the interior surface of a round dimple 210 can
be cylindrical or can have the shape of a portion of a sphere or an ellipsoid. The interior
surface of an elongate dimple 210 can have a shape that is rounded, such as a portion of a
circular or ellipsoidal cylinder, or it may be provided with internal corners, e.g., as a squared-

off channel or the like.

[00080] In general, a nearest distance between adjacent ones of the dimples 210 at the
contact surface can be at least as large as the width of the dimples 210. This exemplary
distance between adjacent dimples 210 can be greater than their width, e.g., as shown in
FIGS. 2B-2K. Such separation distances can facilitate sufficient heat extraction from the
vicinity of each dimple 210 and provide a sufficient area of the contact surface 140 between

dimples 210 so the contact surface 140 can be placed comfortably against the skin surface.

[00081] The shape of the exemplary contact surface 140 shown in FIGS. 2B-2K is
substantially round. In a further exemplary embodiment of the present disclosure, the contact
surface 140 can be provided with a shape that is substantially square, rectangular, or
hexagonal. Such shapes can facilitate treatment of larger areas of skin by successively

contacting adjacent areas thereof with the contact surface 140 while reducing or avoiding
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significant overlap in treated areas. In further embodiments, the contact surface 140 can have

still different shapes.

[00082] The aspect ratio of the contact surface shape can be varied in different exemplary
embodiments. For example, a square, rectangular or hexagonal shape of the contact surface
140 can facilitate uniform coverage of a larger area of skin tissue by sequential placement of
the apparatus 100 on adjacent regions of skin tissue, such that substantially all of the desired
treatment area of skin has been cooled by the apparatus 100 with little or no overlap of such
treatment regions. Other exemplary plate shapes and/or sizes can also be provided, e.g., to
conform to particular regions of skin and/or to conform to a shape of a particular skin feature

to be treated such as, e.g., an age spot or the like.

[00083] One or more of any of the exemplary dimple shapes, dimensions, dimple patterns,
contact surface sizes and shapes, etc., or combinations thereof, can be used with any of the
exemplary embodiments and features of the present disclosure. For example, a single contact
surface 140 can include a plurality of dimple shapes (e.g. round, clongated, etc.), spatial
arrangements, etc., and certain various ones of such dimples 210 provided on a single contact
surface 140 can have one or more characteristic diameters, widths and/or depths, as described

herein.

[00084] The exemplary ranges and values of geometrical parameters for the dimples 210
can provide partial or full contact between the skin surface and the inner surface of the
dimples 210 when the contact surface 140 is placed against the skin. This can improve local
cooling and/or freezing efficacy to generate hypopigmentation effects as described in further
detail herein. For example, a cross-sectional view of a contact element 110 containing a
dimple 210 that is placed against skin tissue 300 is shown in FIG. 3A. When the contact
surface 140 is placed against the skin surface, a small portion of the pliable skin 300 can

protrude into the dimple 210, as illustrated in FIG. 3A.

[00085] Without being bound to a particular theory, such local deformation of the skin 300
can provide an increased local surface area that is in contact with the inner surface of the
dimple 210. Some local stretching of the skin 300 where the edges of the dimple 210 meet
the contact surface 140 can also occur. Further, heat can be extracted sideways from a
portion of the skin 300 within the dimple 210 through the interior surface of the dimple 210,
which can enhance the local effectiveness of skin cooling. Because of the relatively small
width of the dimple 210, as described herein, such enhanced cooling can be localized to the

upper portion of the skin 300 (e.g., the epidermal region) within the dimple 210. The
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thermally conductive material of the contact element 110 between the dimples 210 can also
provide better heat extraction from the skin 300 than, e.g., a cold object, made of the same
material and provided at the same temperature, containing a plurality of discrete small

protrusions contacting the skin.

[00086] Accordingly, for a particular temperature provided or present at the contact
surface 140 (which is generally below 0 degrees C), enhanced local cooling effects as
suggested herein may promote local freezing of skin tissue 300 at a dimple 210 as compared
to a contact surface 140 at the same temperature without dimples 210. Such factors which
can be present in a dimpled contact surface may provide more consistent and/or better
hypopigmentation effects than contact surfaces 140 that are substantially flat or which
contain one or more protrusions. Because of the suggested enhanced local cooling effect of
the dimples 210, exemplary embodiments of the exemplary apparatus 100 described herein
can also provide hypopigmentation effects at slightly warmer surface temperatures (e.g.,
possibly 1-2 degrees warmer) and/or slightly shorter contact times than the temperatures and

times needed to produce similar effects using a contact surface 140 without any dimples 210.

[00087] The cross-sectional view of the exemplary dimple 210 shown in FIG. 3A can
correspond to a substantially hemispherical dimple or, alternatively, a cylindrical groove that
can extend into a plane of the page, or an ellipsoidal dimple. Further exemplary dimple
configurations that can be used in accordance with further exemplary embodiments of the
present disclosure are shown in FIGS. 3B-3D. For example, the cross-sectional view of the
exemplary dimple 210 shown in FIG. 3B can correspond to, ¢.g., a cylindrical dimple (e.g.,
one having a circular cross-sectional shape in an orthogonal plane), or a rectangular groove.
The cross-sectional view of the exemplary dimple 210 shown in FIG. 3C can correspond to,
¢.g., a shallow round dimple or a shallow cylindrical groove, whereas the exemplary “deep”
dimple 210 shown in FIG. 3D can correspond to, ¢.g., a deeper round dimple or a deep and
narrow cylindrical groove. Any of these exemplary dimple shapes, or combinations thereof,

can be used in various exemplary embodiments of the present disclosure.

[00088] In a further exemplary embodiment of the present disclosure, the cooling
arrangement 120 can include a thermoelectric cooling device, e.g., a Peltier device or the like.
The cold side of such cooling device 120 can be provided in thermal communication with the
contact element 110. A power source for powering such cooling arrangement 120 can be
provided as part of the exemplary apparatus 100, or alternatively an external power source

can be provided separate therefrom. The hot side of such cooling device 120 can optionally
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be cooled by contacting it with a cooled object, by allowing or directing air or another gas to
flow over at least a portion of it, and/or by other conventional cooling or ventilation
techniques. In certain exemplary embodiments, a conventional cold-water circulating
arrangement (not shown) can be provided in thermal communication with the cooling device
120 to cool the hot side. In further exemplary embodiments, a conventional heat sink

arrangement can be provided to facilitate dissipation of heat from the cooling arrangement

120.

[00089] In still further exemplary embodiments of the present disclosure, one or more
temperature sensors 410 can optionally be provided within or adjacent to the contact element
110. For example, a contact surface 140 with an exemplary configuration of three thermal

sensors 410 provided thereon is shown in FIG. 4A.

[00090] A temperature sensor 410 can be provided at one or more locations of the contact
element 110. For example, FIG. 4B shows a cross-sectional view of the temperature sensor
410 on or adjacent to the contact surface 140, another temperature sensor 410 provided in a
central portion of the contact element 110, and a further temperature sensor 410 provided at a
proximal portion of the contact element 110, ¢.g., adjacent to or close to the cooling
arrangement 120 (not shown). For example, the temperature sensor 410 can be provided in a
small groove or recess located on the distal surface 140, as shown in the lower portion of
FIG. 4B, such that a surface or contact portion of the temperature sensor 410 is substantially
co-planar with the contact surface 140. In certain exemplary embodiments, a plurality of
temperature sensors 410 can be provided within or adjacent to the contact element 110, which

can facilitate a more precise temperature control during operation of the exemplary apparatus

100.

[00091] The temperature sensor 410 can include, ¢.g., one or more thermocouples,
thermistors, resistance temperature detectors (RTDs), or the like. A single apparatus 100 can
include one or more types of such temperature sensors 410. A temperature sensor 410 having
a small size and/or small mass, ¢.g., a thermistor, may be desirable in certain exemplary
embodiments because it can have a smaller effect on the heat transfer and thermal
characteristics of the surrounding contact element material. The temperature sensors 410 can

be used with any of the exemplary embodiments described herein.

[00092] The temperature sensor(s) 410 can be provided in communication with the control
arrangement 150 (shown in FIG. 1) that can be associated with the cooling arrangement 120.

Such exemplary control arrangement 150 can be provided within the housing 130 as shown in
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FIG. 1, optionally integrated with the cooling arrangement 120, or it can be provided external
to the housing 130. The control arrangement 150 can be configured to alter or control certain
parameters of the cooling arrangement 120 such as, ¢.g., a power level provided to a
thermoelectric cooler, a coolant flow rate or coolant temperature that may be used with or
part of the cooling arrangement 120 (e.g., to cool the hot side of a thermoelectric cooling
device or to provide direct cooling of the contact element 110), etc. For example, a control
arrangement 150 that uses a conventional feedback control system can be provided that uses
signals from the temperature sensor 410 to facilitate stabilization and/or maintenance of a
particular temperature (or range of temperatures) at the contact surface 140 and/or at another
location within the contact element 110. The control arrangement 150 can be configured to
use a conventional proportional, integral, and/or derivative feedback algorithm to control the
operation of the cooling arrangement 120, e.g., to maintain the contact surface 140 of the
contact element 110 at a predetermined temperature or to approximate a predetermined

temperature profile over time. Such control algorithms are known in the art.

[00093] In further exemplary embodiments of the present disclosure, such temperature and
process control can be achieved using a plurality of temperature sensors 410. Temperature
sensors 410 can be provided on (or coplanar with) the contact surface 140, e.g., near the
contact surface 140, within the contact element 110, and/or near or on the proximal end of the
contact element 110 (e.g., adjacent to the cooling arrangement 120), as shown in FIG. 4B.
Control of the temperature at or near the contact surface 140 can optionally be based at least
in part on a temperature measured away from such location by calibrating the thermal
response for a particular cooling arrangement 120 and characteristics of a particular contact

element 110 (e.g., the shape and material of the contact element 110).

[00094] For example, cooling the basal layer of the skin (e.g., proximal to the dermal-
epidermal junction) can be achieved by cooling a surface of the skin to a particular
temperature for a particular treatment time (which can be determined as a time interval that
begins when local freezing of tissue begins). In addition, such cooling or local freezing can
produce cosmetically desirable depigmentation effects, e.g., a general lightened appearance
of the cooled region of skin. Such lightened appearance may persist for several months or
longer. It has also been observed that cooling or freezing the skin surface with a cold contact
surface 140 that includes a plurality of dimples 210 thereon, as described herein, can provide
more consistent and uniform lightening of the cooled skin area as compared to a comparable
cooling procedure provided by a contact surface that is substantially flat or featureless, or that

includes a plurality of protrusions thereon.
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[00095] Accordingly, any of the exemplary embodiments described herein can be
configured to provide one or more surfaces (e.g. the contact element 110 and/or the contact
surface 140 thereof) at a temperature of about —4 degrees Celsius or colder, e.g., between
about —5 degrees and -10 degrees Celsius. Treatment times corresponding to such
temperatures can be, ¢.g., about one minute or less at such temperatures, for example,
between about 30 seconds to one minute. Such combinations of temperatures and times that
generate freezing in tissue can produce hypopigmentation effects in skin without producing

depigmentation (i.c., total pigmentation loss).

[00096] In further exemplary embodiments of the present disclosure, the temperature of at
least a portion of the contact element 110 can be colder than -10 degrees Celsius, ¢.g., as cold
as —15 or -20 degrees Celsius, with correspondingly shorter contact or treatment times, to
generate sufficient local cooling and freezing of the tissue without inducing undesirable tissue
damage from excessive cooling. For example, contact times at these colder temperatures can
be as short as 30 seconds or less, ¢.g., about 15-30 seconds, at temperatures of between about
—15 and -20 degrees Celsius. Such colder temperatures can be used, for example, to facilitate
faster treatment times, and/or to compensate for such effects as thermal inefficiencies in the
heat conduction through the contact element 110 and/or warming effects of the skin that can
be heated by local blood flow. However, such colder temperatures and corresponding shorter
contact times may be more difficult to control precisely and may lead to some excessive local
cooling or freezing of tissue, which can result in non-uniform pigmentation effects, some

edema or scab formation, etc.

[00097] In any of the embodiments described herein, the temperature sensor(s) 410, and/or
dimples 210 can be provided directly on the cold surface of the cooling arrangement 120
(e.g., the cold side of a thermoelectric cooling device or the like) if no intermediary contact
element 110 is provided, such that the cold surface of the cooling arrangement 120 can also

be the contact surface 140.

[00098] The temperature of the epidermal layer of the skin tissue contacted by the contact
surface 140 of the contact element 110 can preferably be low enough to locally freeze at least
a portion of the skin surface region when the exemplary apparatus 100 is brought into contact
with the area of the skin to be treated. The contact surface 140 can be placed in contact with
the region of the skin being treated for an exemplary duration of time sufficient to generate
subsequent hypopigmentation of the frozen regions. This exemplary time duration can be

determined as a time interval following initial contact of the apparatus 100 with the skin, or
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alternatively as a time interval following initiation of local freezing of the skin tissue.
Inducing local freezing of the upper layers of skin tissue (e.g., down to the basal layer) at
these temperatures can also improve the hypopigmentation response. At least some portions
of the upper dermal layer can also be frozen. This exemplary time duration can be greater

than about 15 seconds.

[00099] The treatment time can preferably be not so long as to cause excessive freezing
and issue damage in the cooled or frozen tissue. For example, if the bottom surface of the
contact element 110 is maintained at a temperature of between about —4 and —10 degrees
Celsius, a contact time between about 30 and 60 seconds can be sufficient to induce local
freezing of the skin surface region that can lead to hypopigmentation. The consistency and
predictability of such freezing can be improved by the presence of the dimples 210 provided
on the contact surface 140, as described herein. In general, an appropriate time of contact can
be determined based on the geometry, materials, and initial cooled temperature of the
exemplary embodiments of the apparatus described herein. The time and temperature used
can be selected to produce a zone of frozen tissue proximal to the contact element 110 for a

particular duration.

[000100] In certain exemplary embodiments of the present disclosure, the material of the
contact element 110 can be selected such that the corresponding apparatus is initially cooled,
and the contact element 110 may gradually warm up during prolonged contact with skin
tissue. For example, the exemplary apparatus 100 can be placed in a freezer to cool the
contact element 110 and the cooling arrangement 120 to a particular temperature.
Alternatively, the contact element 110 and/or the cooling arrangement 120 can be cooled by
spraying with a refrigerant such as liquid nitrogen, or immersion them in a cold bath, such a
chilled solution of alcohol and water or a cold saline solution. Preferably, the bath can be
maintained at a predetermined temperature. After cooling, the bottom surface of the contact
element 110 can then be pressed against an area of skin to be lightened for a predetermined
time, which can locally chill and/or freeze a portion of skin tissue. For example, the contact
element 110 and the cooling arrangement 120 can preferably be cooled to at least —4 degrees
Celsius or colder, e.g., between —5 or —7 degrees and —10 degrees Celsius, or even as cold as
—15 to —20 degrees Celsius, so that the contact element 110 can cool skin tissue sufficiently
and freeze at least a portion of the skin tissue when the apparatus 100 is brought into contact
with the skin surface, which can also produce a hypopigmentation response. Accordingly,

the contact element 110 can be provided in contact with the skin for longer periods of time,
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and gradual warming of the contact element 110 can prevent excessive cooling or freezing of

the regions of skin proximal thereto.

[000101] In a further exemplary embodiment of the present disclosure, the exemplary
cooling arrangement 120 can include a thermally conductive block of material with one or
more channels provided therethrough. A cooled refrigerant can be circulated through the
channels to cool the cooling arrangement 120 and the adjacent contact element 110, and
optionally to maintain them at a particular temperature. For example, a conventional fluid
pump (not shown) can be used to circulate a cooling medium through the channels in such
cooling arrangement 120. Such exemplary pump can be located near to or remotely from the
apparatus 100, or in certain exemplary embodiments it can be affixed to the exemplary
apparatus 100. The cooling medium can also be provided in a reservoir (not shown) that can
be insulated and/or actively cooled using conventional techniques. A desired temperature of
the contact surface 140 can be maintained, ¢.g., by controlling or varying a temperature
and/or flow rate of the cooling medium based on signals provided by one or more

temperature sensors 410 as described herein.

[000102] In a still further exemplary embodiment of the present disclosure, the cooling
arrangement 120 of the apparatus 100 can include a hollow reservoir (not shown) that can
contain a refrigerant that can be selected such that it exhibits a solid-liquid phase change at a
particular temperature or a temperature range, for example, at least as cold as about —4
degrees Celsius, e.g., about —5 to —10 degrees Celsius, or optionally as cold as about —15 to —
20 degrees Celsius. For example, when the contact element 110 warms up to the phase
change temperature (if it is initially colder), e.g., by contacting warmer skin tissue, the phase-
change refrigerant can maintain the temperature of the cooling arrangement 120 and/or the
contact element 110 at approximately the phase change temperature or within a particular
phase change temperature range for an extended period of time (e.g., during longer contact
periods between the contact element 110 and the skin tissue being treated, or during
application of the exemplary apparatus 100 to a plurality of regions of skin being treated).
Heat extracted from the skin tissue can be conducted through the contact element 110 and the
cooling arrangement 120 to the refrigerant provided therein, which can absorb the heat at a
relatively constant temperature as the phase change in the refrigerant progresses. This
exemplary arrangement can facilitate a predictable and repeatable temperature of the contact
surface 140 and corresponding rate of heat transfer flow from the skin contacting the contact
element 110 because the temperature difference provided by the apparatus 100 between the

cooling arrangement 120 and the contact surface 140 can be maintained substantially constant
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over extended periods of time. This exemplary arrangement can also provide cooling and/or
freezing of the upper portion of the skin tissue at a particular temperature or within a narrow
range of temperatures, ¢.g., about —4 degrees Celsius or colder, e.g., between —5 degrees and
—10 degrees Celsius. The duration over which such cooled temperature can be consistently
maintained can be based on such factors as, e.g., the size and material of the cooling
arrangement 120, and the amount and composition of the phase-change refrigerant provided

therein.

[000103] Hypopigmentation effects based on contact cooling of the skin surface, as
described herein with respect to the various exemplary embodiments, may be more effective
if at least a local volume of tissue proximal to the surface is frozen. Cooling of the skin
tissue, even when achieved by contacting the skin surface with a plate or other object cooled
to below 0 degrees Celsius, ¢.g., cooled to about —4 to —10 degrees Celsius, may not always
lead to local tissue freezing. Such exemplary cooling procedures can instead lead to locally
supercooled tissue that does not freeze. Providing the dimples 210 on a cold contact surface
140, as described in the various exemplary embodiments herein, can increase the likelihood
of initiating some local freezing for a particular contact surface temperature and contact time.
It can also be desirable in certain instances to be able to confirm the presence of local

freezing of skin tissue.

[000104] Accordingly, in further exemplary embodiments of the present disclosure, an
arrangement can be provided to detect local freezing of skin tissue proximal to the contact
surface 140. Such freezing detection can be based on, ¢.g., a change in optical, thermal

and/or mechanical properties detected in the cooled skin, or other indicators and techniques.

[000105] An exemplary apparatus 500 that can facilitate detection of tissue freezing during
the cooling procedure according to an exemplary embodiment of the present disclosure is
illustrated in FIG. 5. The exemplary apparatus 500 can include a cooling arrangement 120
and an optional cooling plate 110 provided on a lower surface of a cooling arrangement 120,
and a handle 130, e.g., similar to the apparatus 100 shown in FIG. 1. The cooling
arrangement 120 can include any cooling device or arrangement (or combination thereof)
described in the various exemplary embodiments herein. For example, the cooling
arrangement 120 can include a Peltier device or the like. One or more optical conduits 510
can be provided with the apparatus 500, where distal ends 520 of the optical conduits 510 can
be located proximal to the lower contact surface 140 of the cooling plate 110 (or, optionally,

a bottom surface of the cooling arrangement 120 if a separate cooling plate 110 is not
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provided). The optical conduit 510 can include, ¢.g., an optical fiber, a waveguide, or the
like.

[000106] In certain exemplary embodiments of the present disclosure, the distal end 520 of
one or more of the optical conduits 510 can be provided proximal to the lower contact surface
140 of the cooling plate 110, e.g., by locating the distal portion of an optical conduit 510
within a small hole drilled through a portion of the bottom plate 110. Other exemplary
configurations of the optical conduits 510 can also be provided in further exemplary
embodiments, where the distal ends 520 of the optical conduits 510 can be provided proximal
to the skin surface and/or in optical communication with the skin surface (e.g., such that there
is an unimpeded optical path between the distal end 520 of the optical conduit 510 and the

skin surface) when the contact surface 140 of the apparatus 500 is placed against the skin.

[000107] To detect freezing of the skin tissue during cooling procedures as described
herein, the proximal end of at least one optical conduit 510 can be provided in
communication with a source of light or other optical energy (not shown). LEDs or other
light sources that emit red light having a wavelength between about 600 nm and about 800
nm can be used as the light source(s). Other wavelengths of light can also be used according
to further exemplary embodiments of the present disclosure. For example, light sources that
emit light in the near-IR range (e.g., light having a wavelength between about 800 nm and
about 2000 nm) can also be used. Such near-IR light may be relatively insensitive to
variations in melanin levels of the skin region being treated, and thereby can be used to detect

freezing in a variety of skin types.

[000108] During the cooling procedure, light can be emitted from the distal end 520 of the
at least one optical conduit 510 onto a region of the skin surface beneath the apparatus 500.
Light that is reflected and/or scattered by the skin can enter the distal end 520 of at least one
optical conduit 510 and directed through the optical conduit 510 to an optical detector (not
shown), e.g., a conventional light meter, charge-coupled device (CCD), optical transistor or
the like, which can be provided at a proximal end of the optical conduit 510. In further
exemplary embodiments of the present disclosure, cladding can be removed from other
portions of the optical conduit 510 instead of or in addition to at the distal end thereof, to
facilitate detection of light directed toward a circumferential portion of the optical conduit
510, thereby facilitating a detection of light using other orientations of the optical conduit 510

relative to the skin.
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[000109] A variation in the intensity or other characteristic of the optical light can indicate
the occurrence of local tissue freezing. For example, in certain exemplary embodiments of
the present disclosure, the optical conduit 510 used to detect scattered and/or reflected light
can be the same or similar as the optical conduit 510 used to direct light onto the skin surface,
or positioned very close to the optical conduit 510 used to direct light, e.g., within about 1-2
mm. If tissue freezing occurs, a local reflectance of impinging light can increase the amount
of light received by the detecting optical conduit 510. Such exemplary increase in an optical
signal can be used to confirm freezing of skin tissue when the apparatus 500 is placed on the
skin for a particular duration. In further exemplary embodiments of the present disclosure,
the optical conduit 510 can be provided with one or more polarizing elements to reduce or
suppress specular reflections from the fiber end and tissue surface, which can provide a more

sensitive detection of local tissue freezing.

[000110] In further exemplary embodiments of the present disclosure, the distal end(s) 520
of the optical conduit(s) 510 used to provide and/or detect light can be spaced further apart,
¢.g., at a separation distance greater than about 3-4 mm. If tissue freezing occurs, the
reflectance of the tissue can increase and more light directed at the skin can be reflected back
from the surface region, whereas less light will be scattered laterally through the tissue.
Accordingly, a decrease in the detected light signal from such a more distant detecting optical
conduit 510 can also indicate a local freezing of the skin tissue. In still further exemplary
embodiments of the present disclosure, the distal end 520 of one or more optical conduits 510
can be provided at an inner surface of a dimple 210, instead of or in addition to being

provided at a region of the contact surface 140 between the dimples 210 as shown in FIG. 5.

[000111] Different exemplary configurations of optical conduits 510 can be provided
according to further exemplary embodiments of the present disclosure to detect tissue
freezing and/or to obtain more detail about the tissue freezing as described herein. For
example, each of a plurality of the optical conduits 510 can be configured to both direct light
onto the skin surface beneath the apparatus and detect light scattered or reflected by the skin
tissue. A plurality of such optical conduits 510 (e.g., three or more) can be used to provide
information on the depth of freezing of the tissue. Alternatively or in addition, a plurality of
spaced-apart optical conduits 510 can be configured to direct light onto the skin and/or to
detect light as described herein. The optical detector can be configured and/or calibrated to
detect a threshold change in the optical signal level that indicates freezing proximal to the
distal ends of one or more of the optical conduits 510. In certain exemplary embodiments of

the present disclosure, an indicator can be provided, e.g., an LED or light bulb, a sound
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generator, a digital display, or the like, to confirm the occurrence of tissue freezing while the

apparatus 500 is held or otherwise maintained in contact with the skin surface.

[000112] In further exemplary embodiments of the present disclosure, the temperature
sensors 410, e.g., such as those illustrated in FIG. 4A, can be configured to detect the
occurrence of the local tissue freezing. For example, in a typical cooling procedure, the
temperature detected by a temperature sensor 410 can correspond to the temperature of the
cooling plate 110 that it is in contact with. When the exemplary apparatus 100, 500 is placed
on the skin surface, the detected temperature will initially rise as the contact surface 140 of
the cooling plate 110 is warmed slightly by the skin. As cooling of the skin by the plate 110
proceeds, the measured temperature can then be decreased. The rate and extent of such
decrease can depend on several factors, e.g., the initial temperature, material, and geometry
of the cooling plate 110 (including that of the contact surface 140), the efficiency of the

cooling arrangement 120 used to cool the plate 110, etc.

[000113] Freezing of water (such as that which may be present in skin tissue) is an
exothermic process that produces or releases a certain amount of latent heat during the phase
transformation from liquid to solid. When tissue freezing occurs proximal to the bottom
surface 140 of the cooling plate 110, a slight temporary increase in local temperature may be
detected that arises from the release of this latent heat during the freezing phase
transformation. The detected temperature may then continue to decrease as further cooling of
the (partially-)frozen tissue proceeds. Accordingly, a “bump” detected in the temporal
cooling curve by a temperature sensor 410 can also indicate the occurrence of local tissue

freezing.

[000114] An exemplary study was performed to illustrate the use of optical sensors to detect
the onset of freezing in tissue in accordance with embodiments of the present invention. A
20 mm x 20 mm flat aluminum contact plate was cooled to a temperature of -7.5 degrees
Celsius. Two 1-mm optical fibers were inserted into holes drilled in the plate, with one fiber
configured to illuminate the cooled tissue and the second fiber configured to detect light from
the tissue as described herein. The cooled plate was placed in contact with a shaved skin
surface on the flank region of a female Sinclair pig for 60 seconds. A thermocouple was used
to monitor the temperature at a contact point of the cooling plate and the skin surface. The

detected light signal was also monitored and recorded during this cooling procedure.

[000115] An exemplary set of data for this cooling procedure is shown in FIG. 6. The

measured temperature (indicated by a dashed line in FIG. 6) was initially observed to rise
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rapidly (at about 5-6 seconds) when the initially cooled plate was brought into contact with
the warmer skin surface. The temperature then dropped as the plate cooled the adjacent skin
by thermal conduction. This cooling occurred between about 6 and 15 seconds in the data
graph shown in FIG. 6. The optical output (measured in volts using an optical transistor, and
indicated by a solid line in the graph of FIG. 6) remained fairly constant during this cooling
process. At about 15 seconds, a small rise in temperature was detected, indicating the onset
of local tissue freezing and release of a latent heat of freezing of the skin. This onset of tissue
freezing was accompanied by an increase in the detected optical signal. The optical signal
remained elevated as the frozen skin continued to cool. After the cooling plate was removed,
it was confirmed that a portion of the surface region of the skin was frozen. This study
demonstrates the use of optical sensors as described herein to detect the onset of tissue
freezing based on a change in detected reflectance level when a skin surface is contacted by a
cold object, and the use of temperature sensors to detect the onset of tissue freezing by the
presence of a small plateau or transient rise in local temperature associated with a release of

latent heat upon freezing.

[000116] In still further exemplary embodiments of the present disclosure, sensors can be
provided to facilitate detection of tissue freezing based on measurement of electrical or
mechanical impedance. For example, electrical impedance has been shown to change with
the onset of freezing in a number of materials including water and tissue. See, e.g., A A.
Gage, Cryobiology 16, pp. 56-62 (1979), B. Rubinsky, Ann. Rev. Biomed. Eng. 02, pp. 157-87
(2000), and T.H. Yu et al., Intl. J. Thermophysics, 24(2) (March 2003). In one exemplary
embodiment of the present disclosure, the electrical impedance can be measured between two
or more locations along the bottom surface of the cooling plate 110 that is in contact with the
skin surface. Alternatively, separate surface electrodes can be provided proximal to the
cooled region and used to measure local electrical impedance of the skin. Such sensors for
detecting electrical impedance of the skin can be used with any of the embodiments described
herein. Any of these types of sensors (thermal, optical, mechanical, force, etc.) configured to
detect tissue freezing can be used, either alone or in any combination, with any of the various

embodiments of the invention described herein.

[000117] In yet further exemplary embodiments of the present disclosure, an indicator can
be provided in communication with any of the sensing arrangements (e.g., temperature sensor
410 or optical guide 510) and apparatuses described herein that can be used to detect tissue
freezing. Such an indicator can include, for example, an indicator light, a buzzer or other

sound generator, a display panel, or the like. The indicator can be configured to provide or
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otherwise transmit a first signal to a user to indicate when tissue freezing has been detected.
Such a signal can optionally be used to determine the start of the desired treatment time. In
certain exemplary embodiments of the present disclosure, the sensors can provide signals to
the control arrangement 150 to affect operation and operating parameters of the cooling
arrangement 120. For example, the control arrangement 150 can transmit a signal or provide
a mechanical configuration to turn the cooling arrangement 120 on or off, vary the rate of

supplied cooling, etc. based on such signals.

[000118] A timing arrangement can also be provided to indicate the time elapsed since the
onset of local tissue freezing has been detected. Optionally, the timing arrangement can be
configured to provide or otherwise transmit a second signal when a predetermined or
preprogrammed time interval has passed since the onset of local freezing. This second signal
can be used to indicate when the local cooling treatment has ended, and prompt a user to
separate the apparatus used from contacting the skin surface. In further exemplary
embodiments of the present disclosure, the timing arrangement may only provide the second
signal indicating when the apparatus should be removed from the skin, and not provide the

first signal indicating the onset of local freezing.

[000119] In still further exemplary embodiments of the present disclosure, the contact
element 110 can be formed from two or more materials that can have different thermal
effusivities. Such exemplary composite structures can be used to provide particular
temperature profiles within the contact element 110, improve temperature controllability of
the contact element surface, modify the thermal absorption properties over the surface of the
contact element 110, etc. Such two or more materials can be provided as discrete layers or
regions of single materials, as a continuous compositional variation, or as a combination of

both discrete and continuous combinations of two or more materials.

[000120] In certain exemplary embodiments of the present disclosure, a material 710 having
a thermal effusivity different than that of the upper portion 720 of the contact element 110
can be optionally provided on at least a portion of the distal surface 140 of the contact
element 110, optionally in a form of a layer or coating, as shown in the exemplary cross-
sectional configuration of FIG. 7. For example, diamond and diamond-like carbon have very
high thermal effusivities, and a layer of one of these materials on the lower portion of the
contact element 110 may improve thermal transfer between the contact element 110 and the
skin being treated. Alternatively, in further exemplary embodiments of the present

disclosure, the upper portion 720 of the contact element 110 can have a greater thermal
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effusivity than the material 710 provided on the distal or lower surface thereof. Such
exemplary configuration can further increase the rate of heat extraction of skin tissue 300
protruding into the dimples 210 (as shown in FIG. 3A) relative to the heat extraction rate

from skin tissue 300 adjacent to the contact surface 140 between the dimples 210.

[000121] In still further exemplary embodiments of the present disclosure, patterns or
regions of different materials having different thermal effusivities may be provided within the
contact element 110 and/or on the contact surface 140 thereof. Such exemplary variations of
the thermal effusivity can be provided, for example, to affect a pattern of heat extraction (e.g.
cooling) by the exemplary apparatus 100, 500, to affect or improve temperature control of

such exemplary apparatus 100, 500, etc.

[000122] In further exemplary embodiments of the present disclosure, an apparatus 800 for
affecting tissue pigmentation can be provided that includes one or more pressure sensors 810,
as shown in the exemplary cross-sectional configuration of FIG. 8. The exemplary apparatus
800 can also include a handle 300, a cooling arrangement 120, and an optional cooling plate
110 provided on a lower surface of a cooling arrangement 120, e.g., similar to the apparatus
100, 500 shown in FIGS. 1 and 5, respectively, and any variations thereof described herein.
The pressure sensor(s) 810 can be used to detect, e.g., a contact pressure between the contact
surface 140 of the apparatus 800 and the skin or tissue surface during operation of the
apparatus 800. Such pressure detection can be useful, e.g., to ensure a sufficient or
appropriate pressure is applied to facilitate good thermal contact between the contact element
110 and the tissue being treated, to indicate whether there is sufficient pressure to promote
protrusion of the pliable skin tissue 300 at least partially into the dimples 210 as shown in
FIG. 3A, etc. A contact pressure of a few PSI or more (e.g., greater than the systolic pressure
in a blood vessel, for example about 2.5 PSI or more) can also produce some local blanching
or restriction of blood flow near the tissue surface. Local blanching can reduce the heat
transfer to the local tissue by flowing blood, and thereby improve the cooling or heat

extraction by the apparatus 100, 500, 800 near the tissue or skin surface.

[000123] The pressure sensor(s) 810 can include any conventional components that can be
used to detect pressure such as, e.g., a piezoelectric material, a piezoresistive strain gauge, a
capacitive or inductive sensor, etc. One or more pressure sensors 810 can be provided in the
apparatus 800. Their number, type and/or locations of the pressure sensors 810 can be
selected based on several factors including, e.g., reliability of the detected contact pressure,

For example, the pressure sensor 810 can be small, have a low thermal mass and/or have a
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high thermal conductivity to minimize or avoid any reduction in the heat transfer

characteristics of the apparatus 800.

[000124] The location of the one or more pressure sensors 810 can be selected to provide an
accurate indication of the contact pressure between the contact surface 140 and the skin
surface during use of the apparatus 800. For example, one or more pressure sensors 810 can
be provided between an upper portion of the cooling arrangement 120 and the handle 300, as
shown in FIG. 8§, if the cooling arrangement 120 and handle 300 are in good mechanical
contact. This exemplary configuration can provide pressure sensing capabilities while
avoiding any reduction of the heat flow or transfer between the cooling arrangement 120 and
the skin surface. In further exemplary embodiments of the present disclosure, one or more
pressure sensors 810 can be provided between the cooling arrangement 120 and the contact
clement 110, on the contact surface 140 of the contact element 110, within the contact

element 110, or any combination of such locations.

[000125] A pressure indicator (not shown) can be provided on or near the apparatus 800.
Such pressure indicator can include a digital or analog readout of the detected contact
pressure, an indicator light that can turn on/off or change color to indicate when the contact
pressure is within or outside a particular pressure range or above/below a particular limit, an
audible signal, etc. The pressure indicator can be used to provide or otherwise transmit a
signal to the operator to ensure the presence of an appropriate contact pressure during use of
the apparatus 800. This pressure-sensing feature can be used with any of the exemplary
embodiments of the apparatus and method described herein including, e.g., different sizes
and/or shapes of the dimples 210 and contact elements 110, different cooling arrangements

120, different sensors to detect tissue freezing and/or temperatures, etc.

[000126] In further exemplary embodiments of the present disclosure, a vacuum
arrangement can be used to improve contact between the skin tissue and the contact plate
110, e.g., within the dimples 210. For example, the contact element 110 can include one or
more channels 910 therein having a distal end that extends to the lower surface 140 and/or an
inner surface of one or more dimples 210, as shown in the exemplary configuration of FIG. 9.
A vacuum pump or other conventional source of low pressure (not shown) can be coupled to
the proximal end of the channel(s) 910. A valve arrangement (also not shown) can be used to
control the presence of a lowered pressure in the channels 910. The channels 910, if present,
can be narrow enough to avoid any significant hindrance of heat conduction through the

contact element 110. The number, shape, size, and configuration of the channels 910 can be
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selected based on factors such as the size and shape of the contact element 110, the size,
shape and number of dimples 210, etc. The proximal end(s) of the channels 910 can be
provided at any location within the apparatus to facilitate connection to a low-pressure source

and/or valve arrangement.

[000127] Such exemplary vacuum arrangement can facilitate better contact between the
contact element 110 and the skin tissue. For example, a low pressure in the channels 910 can
result in a lowered pressure in the enclosed volume formed by a dimple 210 and the skin
surface, and may facilitate better physical and thermal contact between the interior dimple
surface and the skin tissue by drawing the tissue up at least partially into the dimple recess.
The exemplary vacuum arrangement can be combined with any of the other various

exemplary features and embodiments of the method and apparatus described herein.

[000128] In another exemplary embodiment of the present disclosure, the contact surface
140 of the contact element 110 can be flexible or pliable, e.g., to better conform to the local
region of skin being treated. For example, an exemplary configuration of a flexible contact
element 110 is shown in FIG. 10. The contact element 110 includes a flexible dimpled film
1010, a pliable conductive medium 1020, and an upper thermally conductive layer 1030. In a
further exemplary embodiment, the upper thermally conductive layer 1030 may be omitted,
such that the conductive medium 1020 is provided in direct contact with the cooling

arrangement 120.

[000129] The film 1010 can be formed of one or more materials that are flexible or
deformable at moderate pressures (e.g., a few PSI or more). Portions of the film 1010 can be
sufficiently rigid to maintain a shape of the dimples 210 formed therein. The film 1010 can
be formed at least partially of a material having a high thermal effusivity as described herein,
¢.g., a thermal effusivity that is more than 10 times the thermal effusivity of skin tissue. For
example, the film 1010 can be formed at least in part from any one of a variety of metals or
metal alloys. Such materials can be sufficiently thin to provide flexibility while also

providing structural strength and a high thermal effusivity.

[000130] The conductive medium 1020 can include, ¢.g., a conventional thermally-
conductive paste, putty, gel, or the like. In further exemplary embodiments, the conductive
medium 1020 can include a two-phase slurry or slush (e.g. a solid/liquid mixture) having a
phase change temperature or range that lies within the preferred temperature ranges described
herein, e.g., between about -4 and -20 degrees C. Examples of such two-phase mixtures that

can be used include, but are not limited to, saline solutions, alcohol/water mixtures, and the
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like. Such two-phase mixtures can facilitate maintenance of a relatively stable temperature as

the apparatus 100, 500, 800 extracts heat from tissue and cools the skin.

[000131] The layer or volume of conductive medium 1020 can be relatively thin, as such
non-solid materials tend to have a lower thermal diffusivity than certain solid materials such
as, e.g., metals or diamond-like carbon. The thickness of the conductive medium 1020
should be large enough to facilitate sufficient deformation of the film 1010 to adapt to the
local shape or contour of the skin region being treated. The thickness of such conductive
medium 1020 can be selected for a particular apparatus based on, e.g., the desired amount of
flexibility or deformation of the film 1010 when the apparatus 100, 500, 800 is in use.
Additionally, the contact element 110 having a deformable or flexible contact surface 140 as
shown, e.g., in FIG. 10, can be used in conjunction with any of the various embodiments and

other features of the exemplary method and apparatus disclosed herein.

[000132] In certain exemplary embodiments of the present disclosure, the lower surface of
the upper thermally conductive layer 1030 (or the lower surface of the cooling arrangement
120, if the upper conductive layer 1030 is not present) that is in contact with the conductive
medium 1020 can be contoured to better conform to the surface contour on which it can be
used. For example, the lower surface of the thermally conductive layer 1030 (or the lower
surface of the cooling arrangement 120) can be concave or convex, either cylindrically,
ellipsoidally, or spherically, or it can have another surface shape or combination of such local

shapes, and need not be substantially planar.

[000133] In yet another exemplary embodiment of the present disclosure, an apparatus 1100
can be provided that includes, for example, a plurality of cooling arrangements 120 and/or a
plurality of contact elements 110 as shown, e.g., in FIG. 11. The exemplary configuration
shown in FIG. 11 includes two cooling arrangements 120 and two contact elements 110, with
one contact arrangement 110 provided in thermal communication with each cooling
arrangement 120. The exemplary apparatus 1100 can also include other combinations of
these features such as, ¢.g., one cooling arrangement 120 provided in thermal communication
with two or more contact elements 110, a plurality of cooling arrangements 120 provided in
thermal communication with one contact element 110, or combinations of such pairings. For
example, a plurality of cooling arrangements 120 can provide better temperature control for
one or more contact elements 110 than a single cooling arrangement 120 in certain

configurations. Alternatively, a plurality of contact elements 110 can provide contact
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surfaces 140 that are more adaptive to larger treatment areas of tissue than a single contact

element 110 in certain configurations.

[000134] Exemplary embodiments of the present disclosure that include a plurality of the
cooling arrangements 120 and/or a plurality of the contact elements 110 can be used with any
other features or embodiments described herein. For example, one or more of the
temperature sensors 410 and/or one or more pressure sensors 810 can be associated with each
cooling arrangement 120 and/or with each contact element 110. One or more of the control
arrangements 150 (not shown in FIG. 11) can be provided, and certain ones of the
temperature sensors 410 and/or pressure sensors 810, if present, can be provided in
communication with one or more of such control arrangements 150. Any of the dimple
features described herein and illustrated in FIGS. 2B-2K, or any combinations thereof, can be
used with any one of the contact elements 110. The design of a particular configuration of
the apparatus 1100 that includes more than one of a particular feature can be based on known
design principles, e.g., to provide desirable temperature control, facilitate controlled cooling
of larger areas of skin tissue, provide variations in local cooling parameters over the entire
contact surface 140 of the apparatus 1100, etc. One or more of such contact elements 110
can include a deformable contact film 1010 and a conductive medium 1020 as shown, e.g., in
FIG. 10. One or more of the contact elements 110 can also include a plurality of materials

having different thermal diffusivities as shown, e.g., in FIG. 7 and described herein.

[000135] Multiple cryotherapy treatments in accordance with any of the exemplary
embodiments described herein can be performed on a particular area of the skin to produce
further lightening of the skin. Such exemplary multiple treatments can be performed at
longer intervals, e.g., days or weeks, to allow hypopigmentation effects from a particular
treatment to become visually evident before subsequent treatments are performed. Such
exemplary multiple treatments can be used to gradually lighten the skin appearance in the

treated area.

[000136] In further exemplary embodiments of the present disclosure, a method can be
provided for gradually and controllably lightening the appearance of skin tissue by generating
hypopigmentation using cryogenic techniques. For example, a region of the epidermal skin
tissue can be cooled or frozen by contacting it with a contact surface 140 that can include a
plurality of dimples 210 as also described herein, e.g., to induce the hypopigmentation using
the exemplary temperatures and times described herein. Portions of the upper dermal layer

beneath the frozen epidermal regions can also be frozen or cooled during such exemplary
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procedures. These exemplary time and temperature exposures can induce a
hypopigmentation response in the cooled or frozen skin tissue. Accordingly, the exemplary
embodiments of the cryogenic hypopigmentation method(s) and/or procedures according to
the present disclosure described herein can provide a gradual lightening of the area of skin

being treated.

[000137] In addition, the exemplary procedures described herein can be repeated on a
particular area of skin to further lighten it. Preferably, the interval between successive
procedures can be long enough to allow the hypopigmentation effects to be visibly evident
and to better control the overall degree of lightening obtained. Multiple exemplary
procedures can also be repeated at shorter intervals if desired, for example, to provide a
greater overall degree of hypopigmentation in a first area of skin as compared to a second
area, using a particular exemplary apparatus to provide contact cooling or freezing at one or

more particular temperatures for one or more particular treatment times.

[000138] Various combinations of the cooling arrangements, temperature and/or freezing
detectors, and other apparatus features described herein can also be used in further exemplary
embodiments of the present disclosure, even where certain exemplary combinations may not
be explicitly illustrated or described herein in single embodiments. The advantages or
characteristics of each of the features can be combined where possible to provide even more

advantageous exemplary embodiments.

EXAMPLE

[000139] An exemplary apparatus in accordance with exemplary embodiments of the
present disclosure, similar to the apparatus 100 shown in FIG. 1, was used to test the efficacy
of the controlled cooling procedure described herein in affecting skin pigmentation. The
apparatus includes a thermoelectric chiller having a width of the square cold surface of about
40 mm, and a contact element 110 formed of aluminum that is about 20 mm deep and tapers
to a circular contact surface 140 that has a diameter of about 10 mm. The contact surface 140
includes 18 divots 210, where each divot 210 is round in shape with a diameter of 1 mm and
a depth of 1 mm. Accordingly, the fractional of the contact surface area covered by divots
210 is about 0.18 (18%). A thermistor was provided in a small groove near an edge of the
contact surface 140, such that a side of the thermistor was substantially flush with the contact
surface 140. A conventional control arrangement was used for the chiller to maintain the
temperature measured by the thermistor at a preset value. A circulating coolant was used to

cool the hot side of the chiller. For comparison purposes, a second contact element having
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similar dimensions, with a slightly convex contact surface and no dimples, was also used to
assess the effects of dimples on pigmentation effects for various combinations of contact

temperatures and times.

[000140] The exemplary apparatus was used to controllably cool marked locations on the
flanks of a Sinclair pig for various combinations of contact surface temperatures and contact
times. The porcine model is a well-recognized model for biomedical research with
physiological and anatomical similarities to the human in many areas. For example, it has
been generally recognized that the histological and biochemical properties of pig skin are
similar to those of human skin. Like humans, swine are relatively hairless with fixed skin
tightly attached to subcutaneous tissue, and pig skin exhibits further similarities to human

skin, such as the thickness of the stratum corncum and the follicular structure.

[000141] FIG. 12A shows the hypopigmentation that was observed by contacting a
particular location of the swine skin in the center of this figure with the dimpled contact
surface provided at a temperature of -9 degrees C for a contact duration of 15 seconds,
photographed 4 weeks after treatment. FIG. 12B shows the same circular region of
hypopigmentation of FIG. 12A that was observed 9.5 weeks after treatment. The lightening

of the treated area can clearly be seen in these images.

[000142] The central portion of FIG. 13A is a location of the swine skin that was treated by
contacting it with the smooth (dimple-less) contact surface, also provided at a temperature of
-9 degrees C for a contact duration of 15 seconds, observed 4 weeks after treatment. FIG.
13B shows the same cooled circular region of skin of FIG. 13A 9.5 weeks after treatment.

There is little or no discernible lightening of the treated area in these images.

[000143] FIGS. 14A and 14B show images of a skin region of the pig (obtained at 4 and 9.5
weeks after treatment, respectively) that was controllably cooled using the dimpled contact
surface, with parameters being the same as those described above for FIGS. 12A and 12B,
except that the contact duration was 30 seconds. Similarly, FIGS. 15A and 15B show images
of a skin region of the pig (obtained at 4 and 9.5 weeks after treatment, respectively) that was
controllably cooled using the smooth contact surface, with other parameters being the same
as those described above for FIGS. 14A and 14B (e.g., contact duration of 30 seconds at a
contact surface temperature of -9 degrees C). Again, little or no hypopigmentation of the

treated area can be seen in the treated central portion of these images.

[000144] Freezing and subsequent hypopigmentation of skin tissue was observed over a

range of time/temperature conditions, including those described for FIGS. 12A-B and 15A-B,
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when using a dimpled contact surface. In contrast, results were not as consistent when using
a smooth contact surface under similar conditions. For example, freezing and subsequent
hypopigmentation of skin tissue was not observed when cooling the skin to -9 degrees C for
15 seconds with a smooth contact surface, and only some of the cooled regions of skin
exhibited freezing and hypopigmentation when cooled by the smooth contact surface to -9

degrees C for 30 seconds.

[000145] In general, it was observed that a dimpled surface can consistently generate some
skin freezing and subsequent hypopigmentation in the swine skin under various
time/temperature conditions as described herein including, e.g., at -7 degrees C for 15
seconds and -5 degrees for 60 seconds. In contrast, the production of hypopigmentation in
skin was not as consistent when using a smooth contact surface under similar
time/temperature conditions, and did not produce any hypopigmentation under certain
combinations of shorter contact times and slightly warmer temperatures (e.g., -9 degrees C

for 15 seconds).

[000146] Accordingly, dimpled surfaces can reliably and repeatably initiate freezing and
generate hypopigmentation effects in skin tissue for combinations of contact times and
temperatures described herein, whereas cooling the skin surface under similar conditions with
a smooth cold surface can produce less reliable results. Further, the use of a dimpled contact
surface can facilitate production of hypopigmentation at slightly warmer temperatures and/or

shorter contact times than can be achieved with a smooth contact surface.

[000147] The foregoing merely illustrates the principles of the exemplary embodiments of
the present disclosure. Other variations to the disclosed exemplary embodiments can be
understood and effected by those skilled in the art in practising the claimed disclosure from a
study of the drawings, the disclosure, and the appended claims. In the claims, the word
“comprising” does not exclude other elements or steps and the indefinite article “a” or “an”
does not exclude a plurality. A single processor or other unit may fulfil the functions of
several items or steps recited in the claims. The mere fact that certain measures are recited in
mutually different dependent claims does not indicate that a combination of these measures
cannot be used advantageously. Any reference signs in the claims should not be construed as
limiting the scope of the claims. Various modifications and alterations to the described
exemplary embodiments will be apparent to those skilled in the art in view of the teachings

herein. It will thus be appreciated that those skilled in the art will be able to devise numerous

techniques which, although not explicitly described herein, embody the principles of the
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present disclosure and are thus within the spirit and scope of the present disclosure. All

patents and publications cited herein are incorporated herein by reference in their entireties.
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WHAT IS CLAIMED IS:

1. An apparatus for cooling a skin tissue, comprising:
a contact arrangement comprising a distal surface configured to contact a
surface of the skin tissue; and
a cooling arrangement,
wherein the cooling arrangement is configured to cool the distal surface of the contact
arrangement to a temperature that is less than about —4 degrees Celsius, and
wherein the distal surface of the contact arrangement comprises a plurality of dimples

provided therein.

2. The apparatus of claim 1, wherein the contact arrangement is formed at least partially
from a material having a thermal effusivity that is at least 10 times greater than a thermal

effusivity of the skin tissue.

3. The apparatus of claim 1, wherein the contact arrangement is formed at least partially
from a plurality of materials having a thermal effusivity that is at least 10 times greater than a

thermal effusivity of the skin tissue.

4. The apparatus of any one of claims 1-3, wherein a width of the dimples is between
about 0.3 mm and about 2 mm, and a depth of the dimples is between about 0.3 mm and

about 2 mm.

5. The apparatus of any one of claims 1-4, wherein an areal fraction of the distal surface

of the contact element covered by the dimples is between about 0.05 and about 0.5.

6. The apparatus of any one of claims 1-5, wherein the cooling arrangement comprises at
least one of a thermoelectric cooler, a Peltier device, a reservoir configured to enclose at least
one of a refrigerant or a phase change material, or at least one conduit configured to circulate

a refrigerant therethrough.
7. The apparatus of any one of claims 1-6, wherein the cooling arrangement is

configured to cool the distal surface of the contact arrangement to a temperature that is less

than about —7 degrees Celsius.
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8. The apparatus of any one of claims 1-6, wherein the cooling arrangement is
configured to cool the distal surface of the contact arrangement to a temperature that is

between about —7 and —10 degrees Celsius.

9. The apparatus of any one of claims 1-6, wherein the cooling arrangement is
configured to cool the distal surface of the contact arrangement to a temperature that is

between about —5 and —20 degrees Celsius.

10.  The apparatus of any one of claims 1-9, further comprising at least one temperature

sensor provided within or proximal to the contact arrangement.

11.  The apparatus of any one of claims 1-9, further comprising at least one temperature

sensor provided proximal to the distal surface of the contact arrangement.

12. The apparatus of any one of claims 10 or 11, further comprising a control arrangement,
wherein the at least one temperature sensor is configured to provide signals to the control

arrangement.

13.  The apparatus of any one of claims 1-12, further comprising a sensing arrangement
configured to detect whether the skin tissue proximal to the distal surface of the contact

arrangement is frozen.
14.  The apparatus of any one of claims 1-13, further comprising at least one pressure
sensor configured to detect a contact pressure between the distal surface of the contact

arrangement and a surface of the skin tissue.

15.  The apparatus of any one of claims 1-14, wherein the distal surface of the contact

arrangement is flexible.

16. The apparatus of any one of claims 1-15, wherein the apparatus comprises a plurality of

cooling arrangements.
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17. The apparatus of any one of claims 1-16, wherein the apparatus comprises a plurality of

contact arrangements.

18. A cosmetic method for cooling a skin tissue, comprising:
contacting at least one portion of the surface of the skin tissue with a surface
of a cold object,
wherein the surface of the cold object comprises a plurality of dimples provided
therein, and
wherein the surface of the cold object is provided at a temperature that is less than

about —4 degrees Celsius.

19.  The method of claim 18, wherein a width of the dimples is between about 0.3 mm and

about 2 mm, and a depth of the dimples is between about 0.3 mm and about 2 mm.

20. The method of any one of claims 18 or 19, wherein an areal fraction of the surface of

the cold object covered by the dimples is between about 0.05 and about 0.5.
21.  The method of any one of claims 18-20, wherein the cold object is formed at least
partially of a material having a thermal effusivity that is at least 10 times greater than the

thermal effusivity of the skin tissue.

22.  The method of any one of claims 18-21, wherein a temperature of the surface of the

cold object is provided at between about —7 and —10 degrees Celsius.

23.  The method of any one of claims 18-21, wherein a temperature of the surface of the

cold object is provided at between about —5 and —20 degrees Celsius.

24.  The method of any one of claims 18-23, wherein the cold object is provided in contact

with the skin tissue for a duration that is less than about one minute.

25.  The method of any one of claims 18-24, further comprising detecting a freezing of the

skin tissue proximal to at least a portion of the cold object in contact with the skin surface.
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26.  The method of any one of claims 18-25, further comprising maintaining the
temperature of the cold object at a substantially constant temperature while the cold object is

contacting the portion of the surface of the skin tissue.
27.  The method of any one of claims 18-26, further comprising maintaining a contact

pressure between the cold object and the surface of the skin tissue above a predetermined

value.
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