2005/107848 A2 | IV 00 0O OO O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

17 November 2005 (17.11.2005)

AT OO0 OO A

(10) International Publication Number

WO 2005/107848 A2

(51) International Patent Classification’: AG61IN
(21) International Application Number:
PCT/US2005/011338

(22) International Filing Date: 1 April 2005 (01.04.2005)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/558,476 1 April 2004 (01.04.2004) US

(71) Applicant (for all designated States except US): THE
GENERAL HOSPITAL CORPORATION [US/US]; 55
Fruit Street, Boston, MA 02114 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only): MANSTEIN, Dieter
[DE/US]; 4 Longfellow Place, Apt. 2005, Boston, MA
02114 (US).

(74) Agents: KOWALSKI, Thomas, J. et al.; Frommer
Lawrence & Haugh LLP, 745 Fifth Avenue, New York,
NY 10151 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SM, SY, TJ,
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA,
ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, 7ZM,
7ZW), BEurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO,
SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: METHOD FOR DERMATOLOGICAL TREATMENT USING CHROMOPHORES

(57) Abstract: The present invention encompasses methods that use heat and/or electromagnetic radiation for dermatological treat-
ment and more particularly to a method that uses heat and/or electromagnetic radiation in combination with chromophores for
fractional wounding and, in particular, discontinuous fractional damage of skin tissue.



WO 2005/107848 PCT/US2005/011338

TITLE OF THE INVENTION

METHOD FOR DERMATOLOGICAL TREATMENT USING CHROMOPHORES
INCORPORATION BY REFERENCE

This application claims priority to U.S. provisional patent application no. 60/558,476,
filed April 1, 2004,

The foregoing applications, and all documents cited therein or during their

prosecution (“appln cited documents™) and all documents cited or referenced in the appln
cited documents, and all documents cited or referenced herein (“herein cited documents™),
and all documents cited or referenced in herein cited documents, together with any
manufacturer’s instructions, descriptions, product specifications, and product sheets for any
products mentioned herein or in any document incorporated by reference herein, are hereby
incorporated herein by reference, and may be employed in the practice of the invention.
FIELD OF THE INVENTION

The present invention relates to methods that use heat and/or electromagnetic

radiation for dermatological treatment and, more particularly to a method that uses heat
and/or electromagnetic radiation and chromophores to ablate or damage selected portions of a
target area for dermatological treatment.

BACKGROUND OF THE INVENTION

There is an increasing demand for repair of or improvement to skin defects, which can

be induced by aging, sun exposure, dermatological diseases, traumatic effects, and the like.
Many treatments which use electromagnetic radiation have been used to improve skin defects
by inducing a thermal injury to the skin, which results in a complex wound healing response
of the skin. This leads to a biological repair of the injured skin.

Various techniques providing this objective have been introduced in recent years.
The different techniques can be generally categorized in two groups of treatment modalities:
ablative laser skin resurfacing (“LSR”) and non-ablative collagen remodeling (“NCR”). The
first group of treatment modalities, i.e., LSR, includes causing thermal darﬁage to the
epidermis and/or dermis, while the second group, i.e., NCR, is designed to spare thermal
damage of the epidermis.

LSR with pulsed CO; or Er:YAG lasers, which may be referred to in the art as laser
resurfacing or ablative resurfacing, is considered to be an effective treatment option for signs
of photo aged skin, chronically aged skin, scars, supetficial pigmented lesions, stretch marks,
and superficial skin lesions. However, patients may experience major drawbacks after each

LSR treatment, including edema, oozing, and burning discomfort during first fourteen (14)
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- days after treatment. These major drawbacks can be unacceptable for many patients. A

.further problem with LSR procedures is that the procedures are relatively painful and
therefore generally require an application of a significant amount of analgesia. While LSR of
relatively small areas can be performed under local anesthesia provided by injection of an
anestheticum, LSR of relatively large areas is frequently performed under general anesthesia
or after nerve blockade by multiple injections of anesthetic.

Any LSR treatment results in thermal skin damage to the treatment area of the skin
surface, including the epidermis and/or the dermis. LSR treatment with pulsed CO, lasers is
particularly aggressive, causing thermal skin damage to the epidermis and at least to the
superficial dermis. Following LSR treatment using CO, lasers, a high incidence of
complications can occur, including persistent erythema, hyperpigmentation,
hypopigmentation, scarring, and infection (e.g., infection with Herpes simplex virus). LSR
treatment with the Er:YAG laser has been introduced as a more gentle alternative to the CO,
laser, due to the lesser penetration depth of the Er:YAG pulsed laser. Using the Er:YAG
laser results in a thinner zone of thermal injury within the residual tissue of the target area of
the skin. However, LSR that uses the Er:YAG laser produces side effects similar to those
made by LSR that uses the CO, laser within the first days after treatment.

A limitation of LSR using CO; or Er:YAG lasers is that ablative laser resurfacing
generally can not be performed on the patients with dark complexions. The removal of
pigmented epidermis tissue can cause severe cosmetic disfigurement to patients with a dark
complexion, which may last from several weeks up to years, which is considered by most
patients and physicians to be unacceptable. Another limitation of LSR is that ablative
resurfacing in areas other than the face generally have a greater risk of scarring, LSR
procedures in areas other than the face result in an increased incidence of an unacceptable
scar formation because the recovery from skin injury within these areas is not very effective.

In an attempt to overcome the problems associated with LSR procedures, a group of
NCR techniques has emerged. These techniques are variously referred to in the art as non-
ablative resurfacing, non-ablative subsurfacing, or non-ablative skin remodeling. NCR
techniques generally utilize non-ablative lasers, flashlamps, or radio frequency current to
damage dermal tissue while sparing damage to the epidermal tissue. The concept behind
NCR techniques is that the thermal damage of only the dermal tissues is thought to induce
wound healing which results in a biological repair and a formation of new dermal collagen.
This type of wound healing can result in a decrease of photoaging related structural damage.

Avoiding epidermal damage in NCR techniques decreases the severity and duration of

2



WO 2005/107848 PCT/US2005/011338

“treatment related side effects. In particular, post procedural oozing, crusting, pigmentary
_changes and incidence of infections due to prolonged loss of the epidermal barrier function
can usually be avoided by using the NCR techniques.

Various strategies are presently applied using nonablative lasers to achieve damage to
the dermis while sparing the epidermis. Nonablative lasers used in NCR procedures have a
deeper dermal penetration depth as compared to ablative lasers used in LSR procedures.
Wavelengths in the near infrared spectrum can be used. These wavelengths cause the non-
ablative laser to have a deeper penetration depth than the very superficially-absorbed ablative
Er:YAG and CO, lasers. The dermal damage is achieved by a combination of proper
wavelength and superficial skin cooling, or by focusing a laser into the dermis with a high
numerical aperture optic in combination with superficial skin cooling. While it has been
demonstrated that these techniques can assist in avoiding epidermal damage, one of the major
drawbacks of these techniques is their limited efficacies. The improvement of photoaged skin
or scars after the treatment with NCR techniques is significantly smaller than the
improvements found when LSR ablative techniques are utilized. Even after multiple
treatments, the clinical improvement is often far below the patient’s expectations. In
addition, clinical improvement is usually several months delayed after a series of treatment
procedures.

Another limitation of NCR procedures relates to the breadth of acceptable treatment
parameters for safe and effective treatment of dermatological disorders. The NCR
procedures generally rely on an optimum coordination of laser energy and cooling
parameters, which can result in an unwanted temperature profile within the skin leading to
either no therapeutic effect or scar formation due to the overheating of a relatively large
volume of the tissue.

Yet another problem of non-ablative procedures relates to the sparing of the
epidermis. While sparing the epidermis is advantageous in order to decrease the side effects
related to complete removal of the epidermis, several applications of NCR procedures may
benefit from at least partial removal of epidermal structures. For example, photoinduced skin
aging manifests not only by the dermal alterations, but also by epidermal alterations.

A further problem of both ablative and nonablative resurfacing is that the role of
keratinocytes in the wound healing response is not capitalized upon. Keratinocyte plays an
active role in the wound healing response by releasing cytokines when the keratinocyte is
damaged. During traditional ablative resurfacing procedures, the keratinocytes are removed

from the skin along with the epidermis, thereby removing them from the healing process
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alto gether. On the other hand, in traditional non-ablative procedures, the keratinocytes,
_which are located in the epidermis, are not damaged, therefore they do not release cytokines
to aid in the healing process.

Another major problem with all LSR and NCR techniques now used is the appearance
of visible spots and/or edges after treatment due to inflammation, pigmentation, or texture
changes, corresponding to the sites of treatment. Devices for LSR and NCR produce
macroscopic (easily seen) exposure areas. For example, laser exposure spot diameters
typically vary from about 1 to 10 mm, and NCR exposure spot diameters from about 3 to 50
mm. Some devices, such as intense pulsed light devices, leave “boxes” of skin response due
to rectangular output patterns on the skin. Patients do not like such spot or box patterns,
easily seen as red, brown or white areas ranging from on the order of millimeters to
centimeters in size, which remain for days or even years after treatment.

Therefore, there is a need to provide a procedure that combine safe and effective
treatment for improvement of dermatological disorders while reducing or eliminating
undesirable side effects such as intra-procedural discomfort, post-procedural discomfort,
lengthy healing time, and post-procedural infection.

Citation or identification of any document in this application is not an admission that
such document is available as prior art to the present invention.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a method that combines safe and

effective treatment for an improvement of dermatological disorders with minimal undesirable
side effects. Another object of the present invention is to provide a method that
simultaneously causes a pattern of individual microscopic wounds to a portion of a target area
while sparing portions of the skin adjacent to the wounds from damage. Still another object
of the present invention is to provide a method that successively causes multiple microscopic
wounds to a region of skin being treated.

These and other objects can be achieved with an exemplary embodiment of the
method according to the present invention, in which at least portions of a target area are
subjected electromagnetic radiation, e.g., heat, light, radio frequency pulses, etc. In
accordance with the methods of the present invention electromagnetic radiation may be
applied invasively or non-invasively to portions of a target area, causing fractional wounding
within this region of skin.

In an advantageous embodiment of the present invention, portions of the skin tissue

are indirectly heated using one or more chromophores that preferentially absorb
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‘ electromagnetic radiation. In one advantageous embodiment, one or more chromophores are

_placed in registration with selected portions of the skin surface within the target area in a
pattern corresponding to the desired fractional wounding. Electromagnetic radiation may be
applied according to the methods of the present invention whereby the chromophores
preferentially absorb the electromagnetic radiation and transfer heat to adjacent portions of
the skin, thus creating a fractional wounding pattern in the region of skin being treated.

In yet still another embodiment of the present invention, pigment particles, e.g.,
chromophores, may be distributed within the skin and may preferentially absorb
electromagnetic radiation that is applied to the region of skin being treated, causing fractional
wounding within the target area. Advantageously, a mask with a pattern corresponding to the
desired fractional wounding can also be applied, such that fractional wounding occurs where
the mask is in contact with skin., i.e., a “positive mask.” Alternatively, a mask can be
configured to protect the skin from fractional wounding, e.g., fractional wounding occurs on
the unprotected portion of the skin, which constitutes a “negative mask.”

Tt is noted that in this disclosure and particularly in the claims and/or paragraphs,
terms such as “comprises,” “comprised,” “comprising” and the like can have the meaning
attributed to it in U.S. Patent law; e.g., they can mean “includes,” “included,” “including,”
and the like; and that terms such as “consisting essentially of”” and “consists essentially of”
have the meaning ascribed to them in U.S. Patent law, e.g., they allow for elements not
explicitly recited, but exclude elements that are found in the prior art or that affect a basic or
novel characteristic of the invention.

These and other embodiments are disclosed or are obvious from and encompassed by,
the following Detailed Description.

DETAILED DESCRIPTION

The exemplary methods in accordance with the present invention deliver energy in the

form of heat and/or electromagnetic radiation to a target area of skin on a patient, wherein
such energy is selectively absorbed in various patterns so as to induce thermal injury
corresponding to the patterns. In the present disclosure, ‘skin’ refers to both the dermis and the
epidermis, separately or collectively. The term ‘dermal tissue’ is also used interchangeably
with the term ‘skin’ herein. The resulting regions of thermal injury involve only a fraction of
the target area of skin. The delivery of the heat and/or electromagnetic radiation to the target
area in a predetermined pattern is achieved using either invasive or noninvasive delivery
apparatus and methods to generate a specific pattern for affecting superficial and/or sub-

dermal thermal skin injury. “Thermal injury” encompasses cell death in one or more regions

5



WO 2005/107848 PCT/US2005/011338

of the dermal tissue of interest (“lethal damage™), or stimulation of the release of cytokines,

- heat shock proteins, and other wound healing factors without stimulating necrotic cell death
(“sublethal damage™). “Damage” is used interchangeably with “thermal injury” herein. The
term “target area” refers to any region of skin being treated in accordance with the present
invention. The term “fractional wounding” refers to any method or process that results in
regions of damaged skin that are small in at least one dimension (where “small” is
approximately 1 mm. or less), and where such damaged regions have at least one adjacent
region of undamaged skin tissue that may be large.

Fractional wounding encompasses the controlled ablation, removal, destruction,
damage or stimulation of multiple regions of epidermal skin tissue, generally having at least
one dimension smaller than about 1 mm, while sparing intervening areas of skin tissue from
damage. The damage may optionally extend into the dermal tissue below the epidermis.
Fractional wounding also encompasses creation of damaged regions of tissue within the
dermis. It is performed to achieve beneficial cosmetic and medical results by mechanisms
such as tissue reshaping and stimulation of wound healing responses. The spatial scale of
fractional wounding is chosen to allow for rapid wound healing and to avoid the appearance
of spots or scars on a macroscopic scale, while still providing effective treatment by exposing
multiple small areas to greater than a minimal damaging stimulus. For example, damaging
individual exposure areas approximately 0.1 mm diameter and spaced about 0.2 mm apart,
extending into the skin up to a depth of about 0.5 mm, is well tolerated. This type of damage
pattern produces effective improvement of photo-aging of skin and rapid healing of the
affected area, while avoiding the formation of apparent spots. Spared skin between the
individual damaged areas assists in promoting a rapid wound healing response.

During the exemplary fractional wounding procedure of the present invention, certain
portions of the target area remain undamaged, thereby preserving keratinocytes and
melanocytes, which serve as a source of undamaged cells to promote reepithelialization. This
procedure differs from traditional resurfacing procedures, wherein the entirety of the target
area is damaged, thus inhibiting the ability of the damaged areas to heal.

The fractional wounding patterns employed in accordance with the present invention
may be oval, circular, arced, linear, irregular and/or the like, or any combination thereof, in
shape. In a preferred embodiment, the specific pattern may comprise one or more lines,
wherein such lines may be straight or curved and may have a constant or varying width.
Patterns may also be formed by straight or curved lines, intersecting lines, discontinuous

lines, or various combinations thereof, In other embodiments, wavy patterns may be used. A
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- wavy pattern includes, but is not limited to, one or more circular, arced and otherwise
_irregular non-linear lines. A wavy pattern may result in a feathered edge, which avoids a
sharp macroscopically visible demarcation between treated and untreated areas.

Alternatively, patterns employed in accordance with the present invention may
comprise a dispersion of dots or other discontinuous domains. The dots may be round, oval,
ovoid, or the like. Patterns may also comprise any combination of dots and lines. Line
patterns may also be advantageous for achieving directional shrinkage or ofher anisotropic
effects. For example, a line pattern may be generated parallel to skin wrinkles for directed
shrinkage of the wrinkles.

After the dermatological treatment disclosed herein is completed, portions of the
target area of the skin are damaged in a specific pattern. The smallest dimension of any
damaged region of skin tissue is preferably in the range of about 1 pm to about 1000 pm, or
about 100 pm to about 800 pm, or about 300 um to about 500 pm.

The fill factor for a fractional wounding procedure represents the relative amounts of
damaged and undamaged tissue after treatment is performed. This factor is important
because it denotes the amount of undamaged tissue that is available to initiate and promote
the wound healing process in the damaged areas. If tissue damage is induced primarily at or
near the surface of the skin (e.g., within the epidermis), a fill factor can be defined as the
percentage of the surface area of the target area that is damaged tissue. If damage is induced
primarily within the dermis, or extends from the surface to the skin down to a characteristic
depth in the skin, the fill factor can be defined as the volumetric percentage of damaged
tissue within the overall volume of treated skin. The overall volume of treated skin can be
defined as the size of the target area multiplied by the distance between the uppermost and
lowermost damaged regions of tissue within the target area.

The fill factor in accordance with the present invention can be about 10% to about
80%, preferably about 20% to about 70%, more preferably about 30% to about 60%, and
most preferably about 40%. The preferred fill factor for a given treatment may vary with the
specific condition or imperfections in the skin being treated and the wound healing response
desired.

The average distance between individual regions of damaged tissue may be in the
range between about 10 um to about 2000 pm, and preferably in the range of about 100 um to
about 500 pm. The macroscopic pattern of the individual damaged areas may be a field of
uniformly distributed individual damaged areas having nearly constant spacing throughout

the target area, randomly distributed individual damaged areas within the target area, and/or
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.regularly distributed individual damaged areas with uniform spacing and randomly shifted
_locations.

The skin treatment in accordance with the present invention can be performed in by a
single treatment covering the skin surface with a specific surface damage pattern, or by
multiple treatments either performed at the same visit or during different treatment visits.
Individual or multiple exposures can be used to achieve the appropriate thermal damage in
particular target areas. Employing regularly distributed individual damaged areas with
uniform spacing and randomly shifted locations may be useful to minimize undesirable
effects that may occur during multiple treatments of a given target area. Such multiple
treatments may be utilized to cover the entire area as homogeneously as possible by the
individual damaged areas over the course of multiple treatments, while allowing healing to
occur between individual treatments. Uniformly distributed individual damaged areas with
constant spacing throughout the target area may create unwanted spatial distributions similar
to moiré patterns, resulting in spatial interference macroscopic patterns generated with a
distance in between the areas of exposure which have a significant spatial period. To
minimize the occurrence of moiré patterns, a randomized shift within the range of about 10%
to about 50% of the average distance between individual damaged areas during a single
treatment may be utilized.

In an embodiment in accordance with the present invention, a chromophore may be
placed on portions of the surface of the epidermal tissue of the target area or deposited within
the epidermal tissue or dermal tissue in a pattern or distribution. The target area is then
heated or exposed to an electromagnetic radiation source. The chromophore may absorb the
electromagnetic radiation and transfer a portion of this absorbed energy in the form of heat to
adjacent portions of the target area in sufficient amounts to cause local thermal damage. In
an advantageous embodiment, the chromophore is distributed on or in the epidermal or
dermal tissue in a pattern corresponding to the desired pattern of fractional wounding, e.g.,
over a tattooed portion of the skin, or in linear patterns parallel or perpendicular to a set of
wrinkles.

The present invention encompasses the application of a specific pattern of
chromophores to a target area of skin, followed by exposure of the target area to heat or
electromagnetic energy, to induce the formation of fractional wounding. The pattern may be
directly applied to the skin using chromophores in a suitable form, such as those suspended in
an ink or a gel. In an alternate embodiment, the chromophores are first applied uniformly

over the target area, and the fractional wounding pattern is determined by a mask. The mask
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. employed in accordance with this embodiment of the present invention is preferably a

_reflective shield (a “negative” mask). The chromophore will preferential absorb incident
energy directed toward the target area to promote wounding in the underlying skin, whereas
the reflective mask will protect the portions of the target area beneath it from wounding. The
reflective negative mask determines the pattern of undamaged skin that remains after the
target area is exposed to heat or energy. The portions of the target area not covered by this
mask correspond to the resultant fractional wounding patterns.

In another embodiment, the fractional wounding pattern is achieved by initially
applying the one or more chromophores as a layer, optionally in the form of a powder or
suspended in a liquid or other solvent. Next, a portion of the one or more chromophores is
selectively removing from the surface of the skin. The residual chromophores that remain on
or in the skin are preferentially located on or within particular features of the skin to be
treated, such as pores or wrinkles. In this way, the subsequent fractional wounding pattern
will preferentially damage the targeted features that the residual chromophores are associated
with.

In other advantageous embodiments, chromophore particles are selectively distributed
on or in the epidermal or dermal tissue of the patient. In one exemplary embodiment, large
chromophore particles may be matched to the anatomical structure of the skin profile, e.g.,
the chromophore may be distributed over epidermal tissue that contains dilated pores by
brushing a light-absorbing powder over the skin surface. The chromophore powder may then
cover the epidermal tissue with a heterogeneous thickness, with a greater concentration of
chromophore within the pores. Subsequent exposure of the target area to heat or
electromagnetic radiation may then lead to preferential absorption of heat ‘sufficient to cause
greater thermal damage the unwanted dilated pore than to the surrounding areas.

Tn an exemplary embodiment according to the present invention, pigment particles,
e.g., a chromophore, ink, dye and the like, may be distributed within the selected portions of
the target area of the epidermis or dermis prior to application of electromagnetic radiation to
thereby cause fractional wounding of the selected portions of the target area. The pigment
particles preferentially absorb the electromagnetic radiation, causing an increase in the
temperature of the pigment particles that damages the selected portions of the target area in
local contact with the pigment particles. In some embodiments, the pigment particles may be
randomly distributed within the skin to cause fractional wounding of a large portion of a
target area. In other embodiments, the pigment particles may be controllably distributed by

using a preferred particle concentration and diameter.
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In other embodiments, a delivery apparatus may be used to place chromophores in a

_portion of the target area. Any device that results in application of a discontinuous pattern of
chromophores on or within the skin may be utilized in the methods of the invention. A
desired pattern of chromophores may be applied by a grid, a mesh, a roller, a stamp or a
stencil. Advantageously, the pattern is applied with a grid or a mesh, preferably a metal grid
or mesh. In another example, a needle stamp, comprising a chromophore at the tips of the
needles, may be used to deliver the chromophore to the surface of the skin or within the
epidermis or within the dermis at a preferred depth. In an exemplary embodiment, the
chromophore particles may be removable after treatment of the target area, e.g., with a
second application of electromagnetic radiation of a different wavelength.

In another embodiment, the specific pattern of the one or more chromophores is
applied to the skin using an attachment medium. The attachment medium may be an
adhesive, a solvent, or a light-activated material. Advantageously, the attachment medium is
an acrylide, a derma-bond or a glue. In a preferred embodiment, the attachment medium is
applied to a grid, a mesh, a roller, a stamp, or a stencil prior to application of the one or more
chromophores to the grid, mesh, roller, stamp or stencil to facilitate the delivery of the one or
more chromophores to the skin. Alternatively, the attachment medium may be deposited
onto the skin in the desired pattern, and a uniform coating of the desired chromophore is then
deposited over the entire target area in a continuous or near-continuous layer. The applied
chromophore that does not overlie the attachment medium is then removed by mechanical or
other means, such as brushing or blowing off with compressed air, leaving a pattern of
chromophore that adheres to the underlying patterned attachment medium.

In another advantageous embodiment, a stencil is used to form the patterns for
chromophore deposition and subsequent wounding. A stencil containing cutout patterns of
the desired wounded regions is placed over the target area. A chromophore suspended in a
solvent or in any other form that will adhere to exposed skin is then applied uniformly over
the stencil. The stencil is then removed, leaving a pattern of chromophores on the target area
that is subsequently exposed to heat or radiation to induce fractional wounding,

The present invention also encompasses a method for fractional wounding of skin,
comprising applying one or more chromophores to a target area, followed by application of a
mask with a specific pattern over the target area, wherein the specific pattern corresponds to a
desired pattern of fractional wounding. The target area is then exposed to heat and/or
electromagnetic radiation. In one embodiment, the mask preferentially absorbs energy and

the chromophore is reflective, such that the fractional wounding occurs where the mask is in
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" contact with the skin. In another embodiment, the mask is reflective and protects portions of
the skin from fractional wounding, and the fractional wounding occurs where the skin is not
in contact with the mask, aided by the presence of chromophores that preferentially absorb
energy. The mask can be a grid, a mesh, a roller, a stamp or a stencil. Advantageously, the
mask is a mesh. Preferably, the mesh comprises one or more metals. The fractional
wounding methods employing masks in accordance with the present invention are
distinguished from those of International Publication No. WO 2004/086947 in that the
present invention utilizes chromophores to enhance and better control the fractional damage.

The surface of the mask should preferably have a minimal absorption at the
wavelength generated by the electromagnetic radiation source for the particular
dermatological process. Such absorption can decrease the undesirable heating of the mask.
The mask may be coated by one or more chromophore reflectors, e.g., a metal material, for
affectuating a minimal absorption of the electromagnetic radiation. Additionally, the
microstructure of the mask can have a periodicity preferably in the range of the wavelength
of the electromagnetic radiation emitted by the delivery optics. This configuration can diffuse
the collimated electromagnetic radiation emitted by the delivery optics into a highly scattered
beam so as to decrease the risk of electromagnetic radiation-related accidents. In another
exemplary embodiment, the microstructure of the surface of the mask may have a periodicity
in the range of the wavelength of the electromagnetic radiation emitted by the delivery optics.

The mask may also have a configuration so as to provide effective skin cooling during
the exposure thereof with the radiation. Skin cooling provides significant anesthetic effects,
and has other advantages related to the pattern induced by the electromagnetic radiation. The
mask can be cooled prior to the beginning of the dermatological procedure, during the
procedure by spraying an evaporative agent or a precooled liquid onto the mask between the
successive electromagnetic radiation pulses, or during the procedure by introducing a cool or
cold liquid into microchannels running through the mask. The cooling of the mask has a
secondary advantage in that such cooling of the mask decreases the rate of the
electromagnetic radiation absorption by the mask, as the rate of the electromagnetic radiation
absorption by the metals increases with the increasing temperature.

To provide skin cooling as described above, the temperature of the mask should be in
the range of about 37 C to about -20 C, and preferably about 10 C to about -4 C. The mask
can both protect and cool the portions of the skin surface that are not exposed to
electromagnetic radiation emitted by the electromagnetic radiation source. In addition to

cooling and shielding portions of the skin surface, the mask allows the debris ejected during
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" ablative procedures to escape, and thereby not interfere with the beam delivery for successive
_ pulses. For example, the areas that are not exposed to the laser are being cooled by the mask,
i.e., the areas that are provided between the affected areas.

In another exemplary embodiment, all areas (i.e., both the affected and nonaffected
areas) are cooled to provide anesthesia, and to reduce over-damaging the superficial levels of
the damaged areas. A cooling agent, e.g., either a liquid or gas, may circulate through
microchannels during a dermatological procedure, thereby removing heat from the protected
skin and the mask itself.

In another embodiment, a masking function is achieved by depositing a pattern of
reflective chromophores that protect the skin beneath the pattern from damage. The damage
is induced in the exposed skin not covered by reflective chromophores upon exposure of the
target area to heat or electromagnetic radiation. The mask of this embodiment differs from
the mask of PCT publication WO 2004/086947 in that the mask of the present invention is an
applied layer that may comprise one or more chromophore reflectors to shield the skin from
heat and/or electromagnetic radiation, and is not a separable apparatus.

In an advantageous embodiment, the one or more chromophore reflectors include, but
are not limited to, a glass bead, a gold flake, a metal particle (e.g., gold, silver, or copper), a
mirrored glass bead, a salt crystal, a silica, or any combination thereof.

Any chromophore that is non-toxic that preferably causes minimal irritation to skin
may be contemplated in the methods of the present invention (see, e.g., U.S. Patent
Appplication Publication Nos. 2001/0013349, 2003/0159615 and 2003/0050678). A
preferred chromophore in the methods of the present invention is a very strong absorbing
chromophore that will make a fine pattern on the skin. In an advantageous embodiment, the
chromophore comprises carbon. In this embodiment, a wavelength in the range of about 400
nm to about 1200 nm is applied.

In another advantageous embodiment, the chromophore can be a phase transition
chromophore. Preferably, the phase transition chromophore may comprise paraffin. The
paraffin melting during application of heat and/or electromagnetic energy can protect
portions of the skin, generally by absorbing some of the incident energy to accomplish the
phase transition. The phase transition chromophore may also protect underlying thermal
damage if the chromophore is in a matrix, such as but not limited to paraffin or polymers that
melt after laser heating but do not cause skin damage upon melting. In one embodiment of
the present invention, phase transition chromophores may be employed to form a positive

mask. A pattern of the phase transition chromophore is deposited onto the target area such
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that it covers the portions of the skin that are not to undergo thermal damage. The target area

-is then exposed to heat or other electromagnetic energy. The portions of the target area not
covered by the phase transition chromophore will be damaged, whereas the portions of the
target area protected by this chromophore will be spared from damage because the phase
transition chromophore will absorb some or all of the incident heat or energy. The result of
this process is a pattern of fractional damage over the target area that spares those portions of
the skin initially covered by the phase change chromophore. It is routine experimentation of
one of skill in the art to adjust the intensity and/or exposure time of the energy or heat source
to achieve desired results for a particular application.

As used herein, a chromophore includes compounds having chromophoric groups
such as nitro groups, azo, alkylene units, esters, carbonyl groups, aldehydes, alkynes,
aromatic rings, heterocyclics, carboxylic acids and the like. The chromophore acts to
selectively absorb the chosen wavelength of laser light thereby enhancing the effectiveness of
the irradiation. Other chromophores or photoactive or photoabsorbable compounds can be
used which themselves act as therapeutic or cytotoxic agents upon irradiation. A
chromophore also may be a substance (solid, liquid, or gas) that has color or imparts a color
to the intact microparticles (including when the substance itself lacks color, for example, a
clear gas, but scatters electromagnetic waves, for example, light, and thus may appear
colored, for example, white, blue, green, or yellow, depending on its scattering properties)
under some conditions, for example, all of the time or after exposure to a certain wavelength
(such as in a fluorescent substance). For example, a chromophore can be a fluorescent,
phosphorescent, wavelength up-converting, or other substance that may normally be
substantially invisible, but that emits ultraviolet, visible, or infrared wavelengths during
and/or after exposure to wavelengths from a particular region of the electromagneﬁc
spectrum. A chromophore can also be a substance that reversibly or irreversibly changes
color spontaneously or in response to any stimulus. The chromophore can be or include
rifampin, B-carotene, tetracycline, indocyanine green, Evan's blue, methylene blue, FD&C
Blue No. 1 (Brilliant Blue FCF), FD&C Green No. 3 (Fast Green FCF), FD&C Red No. 3
(Erythrosine), FD&C Red No. 40, FD&C Yellow No. 5 (Tartrazine), or FD&C Yellow No. 6
(Sunset Yellow FCF). The chromophore can be any colored substance approved by the
United States Food and Drug Administration for use in humans. In certain embodiments, the
chromophore can be detected by the naked eye under normal lighting conditions or when

exposed to UV, near-UV, IR, or near-IR radiation.
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As used herein, a microparticle may be a particle of a relatively small size, not

_necessarily in the micron size range; the term is used in reference to particles of sizes that can
be implanted to form tissue markings and thus can be less than 50 nm to 100 microns or
greater. In contrast, a nanoparticle may be a particle in the nanometer (10”°) size range, for
example, 15 nm or 500 nm. A micro- or nanoparticle may be of composite construction and
is not necessarily a pure substance; it may be spherical or any other shape. Microparticles
include (i) an indispersible, biologically inert coating, (ii) a core enveloped within the
coating, wherein the core includes the chromophore which is detectable through the coating
and is dispersible in the tissue upon release from the microparticle, and, optionally, (iii) an
absorption component that absorbs the specific energy and that is located in the coating or the
core, or both; and the specific property is the absorption of the specific energy to rupture the
microparticle, releasing the chromophore which disperses in the tissue, thereby changing or
removing, or both, the detectable marking, wherein the coating, the core, or the optional
absorption component, or any combination thereof, provides the specific property.

Chromophores can be made from any appropriate solid, liquid, or gaseous material
that has chromophoric properties. In general, useful chromophores include stains, dyes,
colored drugs and proteins, and other materials. Preferably, chromophores are biologically
inert and/or non-toxic (ideally they are non-carcinogenic, non-allergenic, and non-
immunogenic) such as those approved by the FDA for use within the body.

Chromophores may be mixed in combinations before or after optional encapsulation,
so that it may only be necessary to select a small number of different chromophores to obtain
a broad range of colors for various tissue marking purposes. For example, the pure
chromophores can be encapsulated separately and afterwards different colors may be mixed
to form intermediate colors and shades (yellow microparticles may be mixed with blue
microparticles to form a green mixture). Combinations of two or more unreactive
chromophores can be mixed to form desired colors and shades, and then encapsulated to form
microparticles. Optionally, pure chromophores may be separately encapsulated to form sub-
microparticles, and then different colored sub-microparticles can be mixed together (or with
unencapsulated chromophores) to form desired colors and shades. The mixture can then be
encapsulated in coating to form a microparticle having a perceived color resulting from the
blend of the differently colored chromophores.

Useful dispersible chromophores include, but are not limited to: drugs and dyes such
as rifampin (red), B-carotene (orange), tetracycline (yellow), indocyanine green (such as

Cardio-Green™), Evan's blue, methylene blue; soluble inorganic salts such as copper sulfate
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‘ (green or blue), Cu(NH;)** (dark blue), MnO, (purple), NiCl, (green), CrOs (yellow),

. Cr;07.% (orange); proteins such as thodopsin (purple and yellow forms) and green fluorescent
protein (fluoresces green under blue light); and any of the Food and Drug Administration
(FDA) approved dyes used commonly in foods, pharmaceutical preparations, medical
devices, or cosmetics, such as the well-characterized non-toxic sodium salts FD&C Blue No.
1 (Brilliant Blue FCF), FD&C Green No. 3 (Fast Green FCF), FD&C Red No. 3
(Erythrosine), FD&C Red No. 40 (ALLURA™ Red AC), FD&C Yellow No. 5 (Tartrazine),
and FD&C Yellow No. 6 (Sunset Yellow FCF). Of these FD&C dyes, Yellow No. 5 is known
to produce occasional allergic reactions. Additional FDA approved dyes and colored drugs
are described in the Code of Federal Regulations (CFR) for Food and Drugs (see Title 21 of
CFR chapter 1, parts 1-99).

Dispersible chromophore nanoparticles can be made from certain inert, normally
indispersible colored substances which have been reduced to nanoparticles about 50 nm and
smaller. Although diffuse nanoparticles might have different optical properties from the
macroscopic material, when concentrated within the confined space of a microparticle core
(that is, nanoparticles are closer together than the wavelength of visible light, about 500 nm),
they act as a single light scatterer and/or absorber, and thus have the appearance of the
original indispersible material from which they are derived. Useful dispersible chromophore
nanoparticles may be made from graphite, iron oxides, and other materials with small particle
size, for example, less than 50 nm and preferably less than 5 nm.

Like the coating material, chromophores can be a material, or can include specific
absorption components, which strongly absorbs radiation of specific wavelength(s),
particularly in the near-infrared spectral region from about 800 to 1800 nm. Absorption
properties of the chromophore or specific absorption component allow the microparticle core
to be selectively heated by pulses of near-infrared radiation, thus rupturing the microparticle
and releasing the previously encapsulated chromophores.

Visibly colored near-infrared absorbing materials can be used as the chromophore(s)
(to provide the desired detectable color) or as specific absorption component(s) in
conjunction with another chromophore (to contribute to the detectable color, if desired). The
infrared-absorbing visible chromophore should be rendered invisible upon exposure of the
microparticles to the radiation, for example, through dispersal. Examples of useful colored
near-infrared absorbing materials include, but are not limited to, graphite and amorphous

forms of carbon (black), iron oxides (black or red), silicon (black), germanium (dark gray),
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» cyanine dyes (including indocyanine green and other colors), phthalocyanine dyes (green-
_blue), and pyrylium dyes (multiple colors). See also U.S. Pat. No. 5,409,797 to Hosoi et al.

Near-infrared absorbing materials used as specific absorption component(s) can also
be visibly transparent or nearly transparent at the concentrations and sizes used within the
microparticles so that they do not affect the perceived color of the microparticle or of the
tissue after microparticle disruption even if the material is indispersible. Useful examples
include particles of filter glass (such as those manufactured by Schott, Inc.) and plastics such
as polymethylmethacrylate (PMMA), as well as low concentrations of nanoparticulate
graphite or other carbon. These materials can be mixed with chromophores having a desired
color and then encapsulated.

Although this description has focused on near-infrared absorbing materials, materials
with other properties (such as absorption of ultraviolet, visible, microwave, radio wave and
other wavelengths) can also be used to construct the radiation-targeted portion of the
microparticles. For example, visible materials can be incorporated into the microparticles as
chromophores, or as specific absorption components within the chromophore or coating
material. Then visible radiation can be applied to rupture the microparticles. Useful materials
include, but are not limited to, all of the visible colored dispersible chromophores listed
above and other materials rendered invisible upon exposure of the microparticles to the
visible radiation, for example, Oil Nile Blue N dyes, fluorescein dyes, porphyrin dyes, and
coumarin dyes.

In another embodiment, chromophores can be materials that are rendered invisible (or
whose color changes) upon exposure of the microparticles to specific electromagnetic
radiation without necessarily rupturing the microparticle. Bleachable chromophores (which
react with a bleaching agent released by the radiation), photobleachable chromophores
(altered by the radiation) or thermolabile chromophores (altered by heat produced by
radiation absorption) may be used. Most of the chromophores listed above are suitable,
because they can be oxidized and rendered invisible by bleaching agents, for example,
peroxides, hypochlorites (such as sodium hypochlorite, or household bleach), excited oxygen
species, or free radicals. For example, a microparticle can be constructed with core
chromophore FD&C Red No. 40 and sub-microparticle(s) 90 containing sodium hypochlorite
as the bleaching agent, which is released upon exposure of the microparticle to specific
electromagnetic radiation. The chromophore FD&C Red No. 40 is rendered invisible upon
exposure of the microparticle to this radiation and mixing with the bleach. Bleachable

chromophores which are pH-sensitive can also be used, because they can be rendered
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invisible if the pH within the microparticle is changed. For example, a microparticle can be
constructed with core chromophore phenolphthalein (pink to red above pH 9) in a basic
alcohol solution and sub-microparticle(s) 90 containing hydrochloric acid as bleaching agent
100 which is released upon exposure of the microparticle to specific electromagnetic
radiation. The chromophore phenolphthalein is rendered invisible upon exposure of the
microparticle to this radiation because of reduction in pH within the microparticle.

Photobleachable chromophores that are colored until they are rendered invisible by
exposure to a specific type, wavelength, and/or intensity of electromagnetic radiation include,
but are not limited to, phthalocyanine (such as the zinc or chloroaluminum complexes which
are green or blue); porphycenes which can be green or purple; chlorin which is a chlorophyll
derivative; thodamine dyes which can appear red, yellow, or orange and are bleached upon
exposure to near-ultraviolet light; porphyrins (such as porfimer sodium, for example,
PHOTOFRIN™ (Quadra Logic Technologies, Vancouver, British Columbia, Canada), a
green chromophore bleached by near-ultraviolet light); Rose Bengal, bleached upon exposure
to near-ultraviolet light or high intensity visible light (such as in the megawatts/cm.sup.2
range); and infrared-bleached dye-paired ion compounds, cationic dye-borate anion
complexes, 3-position-substituted coumarin compounds, and bis(diiminosuccinonitrilo)-
metal complexes, as described in U.S. Pat. No. 5,409,797 to Hosoi et al. Some chromophores
are only photobleached upon simultaneous absorption of multiple photons, and are therefore
unaffected by diffuse solar radiation.

A thermolabile chromophore may be any substance that becomes invisible upon
heating through absorption of radiation by the chromophore or a component in contact with
the chromophore which indirectly heats it. Thermolabile chromophoric mixtures can also be
prepared by mixing a specific chromophore with a thermally initiated activator that releases
free radicals upon heating. These free radicals then react chemically with the chromophore to
render it invisible. The activators are used in the plastics industry for thermal curing of
various plastics,

Microparticles constructed in accordance with any of the foregoing embodiments can
also provide tissue markings that are normally invisible but can be detected under specific
conditions or by specific devices. For example, materials that fluoresce, phosphoresce,
wavelength up-convert, or otherwise emit visible light upon exposure to specific, often high-
intensity wavelengths can be used in the microparticles. Substances can also be used which

reversibly or irreversibly change color spontaneously or upon any of a variety of stimuli
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including changes in the chromophore's environment (such as temperature or pH) or upon
exposure to energy (such as electromagnetic energy, for example, sunlight).

The chromophore may also be lipophilic or non-lipophilic. A lipophilic chromophore
is dissolved in a pharmaceutically acceptable oil and applied directly to the area of skin one
wishes to treat. A lipophilic chromophore is dissolved in oil at a final concentration from
about 0.001% to about 20% (w/v), with the proportion determined empirically using an
animal model (e.g., a hamster ear model or other appropriate model for human skin as known
in the art).

A non-lipophilic chromophore is applied as chromophore-bearing liposomes or as a
lipid ,chromophore suspension. Following application of either a lipophilic chromophore in
oil, chromophore-bearing liposomes or a lipid chromophore suspension, either by swabbing,
for example with a cotton swab, a cotton ball or a paint brush, or by spraying or pouring the
chromophore-oil mixture on the area to be treated, the mixture may be manually rubbed into
the affected area to enhance the degree and/or rate of penetration of the mixture into the skin.
Generally, the mixture is contacted with the skin for about 2 minutes to about 24 hours prior
to irradiation. The time of contact of the mixture and the concentration of chromophore
applied is determined empirically using an animal model for a given chromophore
preparation. The mixture may be applied to an entire area, for example, the face, or to a
smaller portion of the area (e.g., a small portion of the face or back) one ultimately wishes to
treat.

The form of heat and/or energy applied to selectively induce fractional wounding of
the skin in accordance with the present invention is determined, in part, by the selection of
the chromophore to be used for a given treatment. The absorption properties of the
chromophore determines, in part, the specific energy wavelengths to be applied. For
example, if carbon is the chromophore, then a wavelength of about 400 nm to about 1200 nm
is preferred. The energy source may be a laser, a flashlamp, a tungsten lamp, a diode, a diode
array, and the like, or a CO, laser or a Er:YAG laser. Collimated pulsed electromagnetic
irradiation may be applied which has a pulse duration in the range of about 1 ps to about 10 s,
preferably in the range of about 100 ps to about 100 ms, and more preferably in the range of
about 0.1 ms to about 10 ms, and fluence in the range from about 0.01 to about 100 J/cm2,
and preferably in the range from about 1 to about10 J/cm?. The applied electromagnetic
radiation should be able to achieve at least a temperature rise within the areas of the skin that
is sufficient to cause damage to the epidermis and/or the dermis. The peak temperature

sufficient to cause thermal damage in the exposed tissues is time dependent and at least in the
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“range of about 45 C to about 100 C. For exposure times in the range of about 0.1 ms to about

.10 ms, the minimum temperature rise required to cause thermal damage is in the range of
approximately about 60 C to about 100 C. The depth of thermal damage can be adjusted by
proper choice of wavelength, fluence per pulse and number of pulses. Determination of the
amount and duration of energy to be applied is routine experimentation for one of skill in the
art.

In another embodiment, the applied energy may also be in part to the depth of the skin
to be penetrated as described in International Publication No. WO 02/053050. The applied
radiation may have an output wavelength which is at least in part a function of the at least one
depth of the treatment portions. More specifically, the wavelength of the applied radiation
may be selected as a function of the applied radiation as follows: depth=0.05 to 0.2 mm,
wavelength=400 - 1880 nm & 2050-2350 nm, with 800-1850 nm & 2100-2300 nm preferred;
depth=0.2 to 0.3 mm, wavelength=500-1880 nm & 2050-2350 nm, with 800-1850 nm &
2150-2300 nm preferred; depth=0.3 to 0.5 mm, wavelength=600-1380 nm & 1520-1850 nm
& 2150-2260 nm, with 900-1300 nm & 1550-1820 nm & 2150-2250 nm preferred; depth=0.5
to 1.0 mm, wavelength=600-1370 nm & 1600-1820 nm, with 900-1250 mn & 1650-1750 nm
preferred; depth=1.0 to 2.0 mm, wavelength=670-1350 nm & 1650-1780 nm, with 900-1230
nm preferred; depth=2.0 to 5.0 mm, wavelength=800-1300 nm, with 1050-1220 nm
preferred.

Fractional wounding may cause portions of the epidermis to be thermally damaged or
ablated, thereby reducing the efficacy of the barrier function of the epidermis and in
particular decreasing the stratum corneum. This facilitates the delivery of drugs or specific
substances to the dermis and epidermis which can either enhance the effects of the treatment,
or decrease the side effects caused by partial damage of the epidermis and/or dermis. Groups
of drugs and substances, which may enhance the efficacy of skin remodeling include, but are
not limited to, growth factors, collagen byproducts, collagen precursors, hyaluronic acid,
vitamins, antioxidants, amino acids and supplemental minerals among others. Groups of
drugs and substances, which may decrease side effects, can be steroidal anti-inflammatory
drugs, non-steroidal anti-inflammatory drugs, antioxidants, antibiotics, antiviral drugs,
antiyeast drugs and antifungal drugs.

In an exemplary embodiment of the present invention, the vitamins that are used may
be vitamin C and/or vitamin E. The supplemental minerals used are copper and zinc. The

antioxidants can be vitamin C and/or vitamin E.
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The fill factor of the target area may be monitored by sensing the electrical impedance
. of the skin from a location on the skin within the target area to a remote location on the skin
outside of the target area during or after treatment. An indicator capable of staining the
defects in the stratum corneum (for example, trypan glue) or transdermal water loss are
effective indicators of the fill factor of the target area.

The invention is further described by the following numbered paragraphs:

1. A method for fractional wounding of skin, comprising applying

@A) one or more chromophores in a specific pattern to a predetermined area
of skin, wherein the specific pattern corresponds to a desired pattern of
fractional wounding, and

(i)  heat and/or electromagnetic radiation to the predetermined area of skin.

2. A method for fractional wounding of skin, comprising applying

(1) one or more chromophores to a predetermined area of skin,

(i)  amask with a specific pattern over the predetermined area of skin,
wherein the specific pattern corresponds to a desired pattern of
fractional wounding, and

(iif)  heat and/or electromagnetic radiation.

3. The method of paragraph 1 or 2 wherein the method further comprises
controlling an electromagnetic radiation source to generate the electromagnetic radiation.

4, The method of paragraph 3 wherein the electromagnetic radiation source
comprises an ablative laser.

5. The method of paragraph 3 wherein the electromagnetic radiation source
comprises one of a diode laser, a fiber laser, a solid state laser and a gas laser.

6. The method of paragraph 3 wherein the electromagnetic radiation source
comprises a radio frequency generator.

7. The method of paragraph 3 wherein the electromagnetic radiation source
comprises an electric power supply.

8. The method of any one of paragraphs 1 to 7 wherein the electromagnetic
radiation is applied to skin through a delivery module configured to direct the
electromagnetic radiation to the predetermined area of skin.

9. The method of paragraph 8 wherein the delivery module is capable of
perforating the skin to a predetermined depth.

10.  The method of paragraph 8 wherein the delivery module comprises a beam

collimator.
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11.  The method of paragraph 8, wherein the delivery module comprises optical
. components.

12.  The method of paragraph 8, wherein the delivery module comprises a light
guide or fiber.

13.  The method of paragraph 12, wherein the delivery module comprises a
proximal portion capable of transmitting at least one light pulse and a distal portion, wherein
the distal portion increases in temperature at least due to the at least one light pulse causing
thermal damage to epidermal tissue and/or dermal tissue of the predetermined area within the
target area of the skin.

14.  The method of paragraph 12, wherein the delivery module is capable of
transmitting at least one light pulse wherein the at least one light pulse directly causes
damage to at least one of the epidermal tissue and/or the dermal tissue of the predetermined
area within the target area of the skin.

15.  The method of paragraph 8, wherein the delivery module comprises a needle.

16.  The method of paragraph 15, wherein the needle is insulated.

17.  The method of paragraph 15, wherein the needle is heated to cause thermal
damage to epidermal tissue and/or dermal tissue of the predetermined area within the target
area of the skin.

18.  The method of paragraph 15, wherein the needle is capable of transmitting at
least one radio frequency pulse wherein the at least one radio frequency pulse heats the
needle to cause thermal damage to epidermal tissue and/or dermal tissue of the predetermined
area within the target area of the skin.

19.  The method of paragraph 15, wherein the needle is capable of transmitting at
least one radio frequency pulse wherein the at least one radio frequency pulse directly causes
damage to epidermal tissue and/or dermal tissue of the predetermined area within the target
area of the skin.

20.  The method of paragraph 15, wherein the needle is cooled before inserted in
the epidermal tissue or dermal tissue within the target area of the skin.

21.  The method of paragraph 15, wherein the needle perforates the skin to cause
damage to epidermal tissue and dermal tissue of the predetermined area within the target area
of the skin.

22.  The method of paragraph 8, wherein the delivery module comprises particles

comprising the one or more chromophores.
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23.  The method of paragraph 22, wherein the particles absorb electromagnetic
. radiation to produce heat sufficient to cause damage to epidermal tissue and/or dermal tissue
of the predetermined area within the target area of the skin.

24.  The method of paragraph 22, wherein the particles are placed randomly, semi-
randomly or in the specific pattern on the predetermined area of skin.

25.  The method of paragraph 22, wherein the particles are placed randomly, semi-
randomly or in the specific pattern in at least one of the epidermal tissue and/or dermal tissue.

26.  The method of paragraph 25, wherein the particles may be removed from the
at least one of the epidermal tissue and/or dermal tissue.

27.  The method of any one of paragraphs 8 to 26 wherein an adaptor is coupled to
the delivery module providing the delivery module in communication with an
electromagnetic radiation source.

28.  The method of paragraph 27 wherein the adaptor is configured to mount to
multiple electromagnetic radiation source.

29.  The method of any one of paragraphs 1 to 28 wherein the specific pattern
comprises a plurality of spatially separated individual damaged areas.

30.  The method of paragraph 29, wherein dermal tissue of the skin of the plurality
of spatially separated individual damaged areas is damaged down to a predetermined depth
thereof.

31.  The method of paragraph 29, wherein the plurality of spatially separated
individual damaged areas cover at least five percent of the target area and at most sixty
percent of the target area.

32.  The method of paragraph 29, wherein an average distance between each of the
plurality of spatially separated individual damaged areas is at least 10 pm and at most 2000
pm.

33.  The method of paragraph 29, wherein each of the plurality of spatially
separated individual exposure areas have a diameter of approximately 0.1 mm.

34.  The method of paragraph 29, wherein each of the plurality of spatially
separated individual exposure areas have a lateral diameter of a smallest dimension of at least
1 um and at most 500 pm.

35.  The method of paragraph 29, wherein a first one of the plurality of spatially
separated individual exposure areas is exposed to electromagnetic radiation associated with a

first set of parameters and a second one of the plurality of spatially separated individual
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exposure areas is exposed to electromagnetic radiation associated with a second set ot
parameters.

36.  The method of paragraph 29, wherein at least two of the individual exposure
areas are separated from one another by an unaffected area.

37.  The method of paragraph 31, wherein the at least two of the individual
exposure areas are separated from one another by at least approximately 125 pm.

38.  The method of paragraph 31, wherein the at least two of the individual
exposure areas are separated from one another by at most approximately 500 um.

39.  The method of paragraph 29, wherein one of at least one hundred of the
individual exposure areas within an area of a square centimeter is separated from another one
of the at least one hundred of the individual exposure areas by an unaffected area.

40.  The method of paragraph 29, wherein one of at least one thousand of the
individual exposure areas within an area of a square centimeter is separated from another one
of the at least one thousand of the individual exposure areas by an unaffected area.

41.  The method of paragraph 1 wherein the specific pattern of the one or more
chromophores is applied as a layer.

42.  The method of paragraph 41 wherein the layer application comprises applying
the one or more chromophores to the skin and removing the one or more chromophores from
the surface of the skin, wherein the one or more chromophores remain in pores of the skin.

43.  The method of paragraph 42 wherein the one or more chromophores is applied
to skin as a powder.

44,  The method of paragraph 1 wherein the specific pattern of the one or more
chromophores is applied by a grid, a mesh, a roller, a stamp or a stencil.

45.  The method of any one of paragraphs 1 or 41 to 44 wherein the specific
pattern of the one or more chromophores is applied to the skin with an attachment medium.

46.  The method of paragraph 45 wherein the attachment medium is an adhesive.

47.  The method of paragraph 45 or 46 wherein the attachment medium is light-
activated.

48.  The method of any one of paragraphs 45 to 47 wherein the attachment
medium is an acrylide, a derma-bond or a glue.

49,  The method of any one of paragraphs 45 to 48 wherein the attachment
medium is applied to a grid, a mesh, a roller, a stamp or a stencil prior to application of the

one or more chromophores.
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50.  The method of paragraph 2 wherein the fractional wounding occurs where the
mask is in contact with the skin.

51.  The method of paragraph 50 wherein the mask is a grid, a mesh, a roller, a
stamp or a stencil.

52.  The method of paragraph 51 wherein the mask is a mesh.

53.  The method of paragraph 52 wherein the mesh comprises one or more metals,

54.  The method of paragraph 2 wherein the mask protects the skin from fractional
wounding and wherein the fractional wounding occurs where the skin is not in contact with
the mask.

55.  The method of paragraph 54 wherein the mask is a grid, a mesh or a stencil.

56.  The method of paragraph 55 wherein the mask is a mesh.

57.  The method of paragraph 56 wherein the mesh comprises one or more metals.

58.  The method of any one of paragraphs 54 to 57 wherein the mask comprises
one or more chromophore reflectors.

59.  The method of paragraph 58 wherein the one or more chromophore reflectors
is a glass bead, a gold flake, a metal particle, a mifrored glass bead, a salt crystal, a silica, or
any combination thereof.

60.  The method of any one of paragraphs 1 to 59 wherein the chromophore
comprises carbon.

61.  The method of any one of paragraphs 1 to 60 wherein the chromophore is a
phase transition chromophore.

62.  The method of paragraph 61 wherein the phase transition chromophore
comprises paraffin.

63.  The method of any one of paragraphs 1 to 62 wherein the specific pattern
comprises one or more lines.

64.  The method of any one of paragraphs 1 to 63 wherein the specific pattern is a
wavy pattern.

K sk sk

Having thus described in detail preferred embodiments of the present invention, it is
to be understood that the invention defined by the above paragraphs is not to be limited to
particular details set forth in the above description, as many apparent variations thereof are

possible without departing from the spirit or scope of the present invention.
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WHAT IS CLAIMED IS:
L. A method for fractional wounding of skin, comprising applying
) one or more chromophores in a specific pattern to a predetermined area

of skin, wherein the specific pattern corresponds to a desired pattern of
fractional wounding, and .
(i)  heat and/or electromagnetic radiation to the predetermined area of skin.

2. The method of claim 1 wherein the specific pattern of the one or more
chromophores is applied as a layer.

3. The method of claim 2 wherein the layer application comprises apblying the
one or more chromophores to the skin and removing the one or more chromophores from the
surface of the skin, wherein the one or more chromophores remain in pores of the skin.

4. The method of claim 3 wherein the one or more chromophores is applied to
skin as a powder.

5. The method of claim 1 wherein the specific pattern of the one or more
chromophores is applied by a grid, a mesh, a roller, a stamp or a stencil.

6. The method of claim 1 wherein the specific pattern of the one or more

chromophores is applied to the skin with an attachment medium.

7. The method of claim 6 wherein the attachment medium is an adhesive.
8. The method of claim 6 wherein the attachment medium is light-activated.
9. The method of claim 6 wherein the attachment medium is an acrylide, a

derma-bond or a glue.

10.  The method of claim 6 wherein the attachment medium is applied to a grid, a
mesh, a roller, a stamp or a stencil prior to applicétion of the one or more chromophores.

11. A method for fractional wounding of skin, comprising applying

@A) one or more chromophores to a predetermined area of skin,

(i)  amask with a specific pattern over the predetermined area of skin,
wherein the specific pattern corresponds to a desired pattern of
fractional wounding, and

(iif)  heat and/or electromagnetic radiation.

12.  The method of claim 11 wherein the fractional wounding occurs where the
mask is in contact with the skin.
13.  The method of claim 11 wherein the mask is a grid, a mesh, a roller, a stamp

or a stencil.
14, The method of claim 13 wherein the mask is a mesh.

25



WO 2005/107848 PCT/US2005/011338

15.  The method of claim 14 wherein the mesh comprises one or more metals.

16.  The method of claim 11 wherein the mask protects the skin from fractional
wounding and wherein the fractional wounding occurs where the skin is not in contact with
the mask.

17. The method of claim 16 wherein the mask is a grid, a mesh or a stencil.

18.  The method of claim 17 wherein the mask is a mesh.

19.  The method of claim 18 wherein the mesh comprises one or more metals.

20.  The method of claim 16 wherein the mask comprises one or more
chromophore reflectors.

21.  The method of claim 20 wherein the one or more chromophore reflectors is a
glass bead, a gold flake, a metal particle, a mirrored glass bead, a salt crystal, a silica, or any
combination thereof.

22, The method of claim 1 or 11 wherein the chromophore comprises carbon.

23. The method of claim 1 or 11 wherein the chromophore is a phase transition
chromophore.

24.  The method of claim 23 wherein the phase transition chromophore comprises
paraffin.

25.  The method of claim 1 or 11 wherein the specific pattern comprises one or
more lines.

26.  The method of claim 1 or 11 wherein the specific pattern is a wavy pattern.
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