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METHOD AND APPARATUS FOR PERMATOLOGICAL TREATMENT

CROSS-REFERENCE TO RELATED APPLICATION(S)

{0001} The present application relates to and claims priority frem U.S. Provisional Patent
Application Sertal No. 61/668 744 filed July 6, 2012, the disclosure of which is incorporated

heremn by reference in its entirety.

TECHNICAL FIELD
j0002] The present disclosure relates to cosmetic methods and systems for improved

fractional resarfacing of skin tissue and simitar procedures, specifically, such methods and

systems that facilitate enhanced and/or directional reduction 1w skan grea or reduction of

wrinkles.
BACKGROUND
{00031 There s an increasing demand for repair of or improvement to skin defects, which

can be nduced by aging, sun exposure, dermatologieg! diseases, tratma, surgical procedures,
heredity, and the like. Skin Joses its tone amd smooth texture as it ages, commonly developing
wiinkles and laxity. This can be further compounded by photodamage and other effects such as,
e.g, scarring from trauma, age-related thytides, and striae. Aged skin is characterized by a
flattened dermal-epidermal junction, thinning epidermis and dermis, less fibrous collagen, and
alterations m elastin organization. Skin rejuvenation therapies work to remove these damaged
tissues andfor and stimulate the growth of new, healthy collagen, elastic fibers and skin cells and

thereby improve the appearance of the skin.

[0004] Reduction in the appearance of wrinkles is an objective of many dermatological
procedures and treatments. For example, g face Hft operation is g standard surgical procedure in
which skin is removed from m front or belund the ears, which pulls and hifts adjacent skin from
the face and neck that has sagged during aging. However, the result of this procedure 1s offen an
unnatural stretched gppearance. If skin on the face or neck itself could be removed 1 a way that
decreases the area of skin, with preference to one or more given directions for reduction of skin
area, and without visible scarring, the result would be a more patural appearance while still

removing unwanted sagging or redundant skin.
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H0005] Certatn treatments may be psed to improve skin defects by trradiating the skin
with electromagnetic energy, which can lead to beneficial responses to improve the treated skin
condition. A common procedure for skin rejuvenation, te., laser resurfacing, uses light energy o
heat and damage the upper dermis. However, laser resurfacing has a poor side effect profile,

with miany patients experiencing prolonged erythema, scarrmg and dyspigmentation,

[0006] Recently, the development and use of fractional skin therapy has achieved better
results. Fractional damage can include forming small regions of damage in tissue {e.g., ablation
or thermal damage) that are surrounded by healthy tissue. A small size of the damaged regions
{e.g., generally less than aboat 1 mym) and proximity of healthy tissue can facilitate a rapid
healing of the damaged regions, as well as other desirable effects such as tssue shrinkage.
Laser-based fractional resurfacing techniques and devices mvolve the use of expensive and
potentially dangerouns lasers or other sources of intense optical energy to damaged tissue, Such
opiical systems can be expensive, present safely hazards, and require a skilled physician or
chnician for thewr operation. Further, fractional reswriacing treatments tend to produce general

tightening of the skin that has no directional preference or bias.

{0807} However, many wrinkles tend to present on certain parts of the body with a
general orientation, such as wrinkles extending laterally from the corners of the eves or mouth,
or along the neck beneath the jaw. Directional shrinkage of skin can be achieved by removing
elongated areas of skin in an appropriate shape, and then joining the edges of remaining skin
{e.g. with satures) to “pull” the skin back in a particular direction. Such procedures, as used in
conventional facehifis, create large scars that must be carefully located, and may generate some

unnaturat-fooking shrinkage in response 1o the large-scale removal and repositioning of the skin.

{0008] it has been proposed to remove smaller portions of skin, e.g. on the order of a few
mitlimeters wide, and 1o close the resulting holes with sutares or the lke to produce a more
controlled reduction of skin area. Such holes should be elongated (e.g lenticular or elliptical in
shape) to facilitate their closure by approximating their longer edges and avoid the formation of
dog-cars when they are collapsed. However, such holes are still targe enough to produce visible
markings when healed, and full healing time may require up to a few weeks. Further, closure of
such holes is a skill-intensive procedure that would vequire mampulation soch as individasl

suturing or manual, even approximation followed by application of an adhesive coating such as a
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cvannacryiate adbesive to keep the holes closed wntil they heal. Soch hole closore procedures

would be time-intensive and prone to visible scarring.

{0609] Accordingly, there may be a need for a relatively simple, inexpensive, robust and
safe cosmetic method and system that can be mechanical i nature, and would overcome at least
some of such exemplary deficiencies described above, and that can be configurad to produce
tractional damage m biological tissue that leads to directional reduction of skin surface area

without causing visible scarring.

SUMMARY
00010 The present disclosure relates o exemplary embodiments of simple, inexpensive,

and safe cosmetic methods and systems for mechanical generation of a plurality of small holes,
g.g., microregions of damage, in biological tissue, such as skin, and for manipulating the treated
skin to generate a cosmetically desirable reduction of skin area that can be enhanced andfor that
has a particular or preferred divection. Such exemplary holes can have a width or diamerer that
18, £.g., between about 0.2 mm and 0.7 mum, or preferably between aboat 0.2 mun and 0.5 num as
measured along the tissue surface. Such holes can extend nto or preferably through the entire
thickness of the dermis. The fractional area of skin removed by formation of such holes in a
treatment region can be between about 3% and 50%, or between about 10% and 30%. Formation
of holes in this sub-millimeter size range and areal coverage is well-tolerated by the body, with

minimal risk of scarrmg, nfection, or other complications.

{00011} An exemplary embodiment of a cosmetic method according to the present
disclosure can be provided that can include a formation of a plurality ot holes n a region of skin
as described above, and then an application of tensile and/or compressive stresses in a direction
generally along the surface of the skin to the treated region during subsequent healing process.
Such stresses can enhance overall reduction in the treated region and/or provide a directional bias
to the resalting shrinkage. The applied stresses can be maintained in the treated region until the
holes have substantially closed and/or tissae regrowih has been effectively modified, e g,
between abont 4-6 days or longer. In certain exemplary embodimenis, this time period may be
nuuch shorter, e.g., on the order of several mimutes or hours, if a tissue adhesive, glue, or the like

is used to facilitate hole closure,
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{00012} In ong exemplary embodiment, a pre-siretched or heat-shrinkable film can be
adhered to the surface of the treated region after the holes are formed. The resulting compressive
stresses can enhance hole closnre in the direction of the applied stresses andfor affect the
orientation of collagen or other structures that grow or evolve as part of a healing response in the
tissue surrounding the small holes. A rigid film, plate, or other object can optionally be adhered
over the stretched film to provide mechanical stabality and maintain deformation of the treated

region during the primary healing process,

{00013} In further exemplary embodiments, compressive stresses can be generated in the
treated region of skin by applying one or more surgical staples andior sutwres to the area. The
staples and/or sutures are preferably large, such that they span several of the formed holes, and
optionally the entire treated region. In certamn embodiments, a plurality of staples of sutures can
be applied to a single area at ditferent orientations, to provide omnidirectional compressive
stresses that can enhance hole closare and overall shrinkage of the treated region as compared 1o

a similariy-treated region without the apphed stresses.

00014} in other exemplary embodiments, compressive stresses an be generated by
applying a shrinkable materral to the skin surface after the holes are formed therem. The
shrinkable material can include, e.g., a heat-shrink film adhered to the skin surface and then
heated, a liguid layer that can polymerize or react 1o form an adberent film that reduces in size as

it forms, cures or ages, efc.

00015} in other exemplary embodiments, a photosctivated adhesive can be applied to the
surface of the treated region, and a compressive or tensile sivess can be generated m the region
while directing alight energy onto the region to activate the adhesive. The photoactivated
adhesive can wclude, e.g., rose bengal or any other photoactivated biologcal adhestve known in
the art.

{00016} i sl further exemplary exnibodiments, tensile stresses can be penerated i the
treated region of skin by stretching the treated region in one or more directions along the skin
surface, which can facilitate hole closure and shrinkage in g direction orthogonal to the direction
of the applied tensile stress. Such tensile stresses can be manvally generated and then

maintained, e.g., by adhering a rigid film, plate, or other object to the stretched area of skin,

o4
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{00017} According to forther exemplary embodiments of the present disclosure, a system
can be provided for generating a plurality of holes i a region of skin that inchudes one or more
coring needles that can remove small cores of tissue by inserting and withdrawing the needles
from the skin. A plurality of such needles cany be affixed to a substrate to facilitate motion and
positioning of all of the needles simultancousty. Insertion and withdrawal of the needles can be
controlied by an actuator, which can control the positioning of the needles and/or the substrate, if
present, via a mechanical coupling or actuation of an electrical or pneumatic transiator or the
like.

{00018} The exemplary system can further inchude a compression arrangement capable of
or configured for applying a compression device or substance to deform the treated region after
the holes are formed therein. For example, the compression arrangement can inchude a surgical
stapler, a suturing device, an apphicator capable of applving a stretched film ora

curable/shrinkable ligaid to the skin surface, eic.

{00019 The herein deseribed exemplary embodiments pertaim to cosmetic method and
apparatus. It shiall further be noted that the herein deseribed cosmetic method has been tested,
and 18 a safe and routine procedure that can be practiced in beanty parlors or other settings. The
presemied method is @ minimally-invasive & method, Moreover, the exemplary method is safe as
it does not present a substantial health nisk, and does not require professional medical expertise
to be performed. No clinician is needed 1o perform the exemplary embodiments of the method
described herein, and hittle or no risk, much less a health risk, is presented for a person being
treated with satd cosmetic method if standard cleanliness and sterihzation procedures are

employed, as shall become apparent from the following description.

{00024 Synergetic effecis may arise from different combinations of the features and
embodiments descrbed herem, although all such combinations might not be described in detail.
Further, 1t shall be noted that all embodiments of the present disclosure concerning method or
system according to the exemplary embodiment of the present disclosure, might be camed out
with the order of the steps or procedures as described, nevertheless this has not to be the only and
essential order of the steps of the procedures of the method and the system. Al different orders

and combmations of the steps and procedures are herewith described.
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00021} These and other objects, features and advantages of the present disclosure will
become apparent upon reading the following detailed description of exemplary embodiments of

the present disclosure, when taken in conjunction with the appended drawings and clamms.

BRIEF DESCRIPTION OF THE DRAWINGS

{00022} Further objects, features and advantages of the present discloswre will become

apparent from the following detailed description taken m conpunction with the accompanving

figures shovang iHustrative embodiments, results andfor features of the present disclosure, in
which:
1090234 FIG. 1A 15 a top view of a round hole that can be formed o skin tissue, in

accordance with exemplary embodiments of the present disclosure;

{00024} FIG. 1B 15 a top view of an array of the holes such as that shown in FIG. 14
00015} FIG. 1C is a top view of an elongated hole that can be formed in skin tissue,

accordance with further embodiments of the present disclosure;

[000285] FIG. 1D iy a top view of a lenticular-shaped hole that can be formed 1u skin tissue,
m accordance with still further embodiments of the present disclosure;

{00627} FIG. 2 is & schematic ilnstration of a coring needle that can be used to form small
holes in a biological tissue such as skin, in accordance with exemplary embodinents of the
present disclosure;

00028} FIG. 3A s a schematic stde view of a streteh film, in accordance with further
exemplary embodiments of the preseat disclosugs;

{00029} FIG. 3B is @ schematic side view of the exemplary film shown in FIG, 34 being
apphied to the surface of a region of skin contanuing holes therein;

1000301 FIG. 3C 15 a schematic top view of the region of skin shown in FIG. 2B with the
gxemplary film applied 1o the surface thereof,

{00031} FIG. 3D is a schematic side view of the exemplary film applied to the sarface of
the region of skin as shown i FIG. 3B, with a rigid object adhered to the top of the stretch film

to stabilize 1t mechanically;

“fy o~
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{00032} FIG. 44 i3 a schematic side view of g surgical staple that can be used to compress
a region of skin tissue, 1 accordance with further exemplary embodiments of the present
disclosare;

{06033} FIG. 4B is a schematic side view of the staple shown in FIG. 4A that is applied to

a region of skin containing holes therein;

00034} FIG. 4C 15 a schematic side view of a tensioning chip that is apphied to a region of
skin containing holes therein in accordance with certain exemplary embodiments of the
disclosure;

{06035] FIG. SA 1 a schematic side view of a suture that can be used 10 compress a region

of skin tissue, in accordance with further exemplary emabodiments of the present disclosure;

{00636} FIG. 5B 15 a schematic top view of a plurality of sutures such as that shown in

FIG. 5A that are applied to a region of skin containing holes therein in a first configuration,

100037} FIG. SC s a schematic top view of a pharality of sutures such as that shown in

FIG. 5A that are applied 1o a region of skin contaming holes therein in a second configuration;
{00038} FIG. 6A s a schematic top view of a tensile stress being applied to a region of
skin containing holes therein;

j00039} FIG. 6B 15 a schematic top view illustrating the effect of the tensile stress shown

in FIG. 6A on the holes;

00040} FIG. 716 g schematic side view of an exemplary apparatas for mechanically
generating fractional damage in tissue and providing a compressive sfress to the tissue, n
accordance with farther exemplary embodiments of the presemt disclosure;

{00041} FEGS. 8A-8C are exemplary images of a region of porcine skin taken at various
times, showing the size and shape changes arising from fractional damage penerated therein
followed by apphed stresses; and

{00042} FIGS, 9A and 98 are bar graphs of exemplary data showing the observed changes
i width and beight of regions of porcing skin fractionally damaged with coning needles,

normalized by comresponding size changes of untreated regions.
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100043} Throughout the drawings, the same reference sumerals and characters, ynless
otherwise stated, are used to denote like features, elements, components, or portions of the
lostrated embodiments. . Similar features may thus be described by the same reference
numerats, which indicate to the skilled reader that exchanges of features between different
embodiments can be done unless otherwise explicitly stated. Moreover, while the presens
disclosure witl now be described in detail with reference to the figures, it i3 done so in
connection with the Hlustrative embodiments and is not limited by the particular embodiments
lustrated in the figures. [t is intended that changes and modifications can be made to the
described embodiments without departing from the true scope and spunit of the present disclosure

as defined by the appended claims,

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

{00044} Exemplary embodimsents of the present disclosure relate o cosmetic methods and
systems for generating a plorality of small heles in skin tissue and then manipulating or
compressing the treated region i a particular direction, winch can result m a locally directional

reduoction of skin surface area without visible scarring.

[00045] According to exemplary embodiments of the present disclosure, a phaality of
small holes 100, such as the hole shown in the top view of FIG. 1A, can be formed mechanically
in skin tissue, e.¢., by a coring procedure as described in more detatl below. The width or
drameter of the holes 100 can be between 200 microns and 700 mucrons, or preferably between
200 nyicrons and 500 microns. The small stzes of such holes can avoid the formation of visible
markings or scars after the surrounding tissue heals. Forming holes m this size range 18 also
well-tolerated and safe, becanse of the very small size of the damaged regions formed and the
presence of undamaged adjacent tissue to promote rapid healing.

j00046] The holes 100 can be substantially round as shown in FIG. 1A, A plurality of
such holes 100 can be formied 1n a peatment region of skiv or other tissue, e.g., a8 shown w FIG.
18, 1o promote a general healing reaction over the treated regron. Such a healing reaction may,
for example, stimulate contraction of existing collagen andfor growth of new collagen in the

treated region in response to the mechanical damage generated by formation of the holes 100

[00047] For example, the holes 100 can be formed nsing a pronged hollow needle 200

sucht as that shown 1o FIG, 2. This exemplary needle 200 has 2 pointed prongs, and can be

-8
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formed, e.g., by abrading opposite sides of the distal end of a bollow needle at an angle relative
to the axis of the needle. Other needle geometries can alse be used, e ., the needles 200 having
more than 2 pointed prongs. Such pronged seedle 200 {as opposed 1o, e.g.. a conventional
biopsy-type neadle having a cucular cutting end) cav facilitate penetration of the end of the
needle 200 inte the skin and removgl of small cores of tissue to form: the holes 100 without
rotating the needle 200, These needles 200 can be formed, e.g., from conventional syringe
needies having a gauge between about 19 and 27, e.g., having an internal diameter between
about 700 microns (0.7 mum} and about 200 microns ((.2 mmy). Preferably, the needle gauge can
be between 21 and 27, corresponding to an internal diameter between about 1.5 mm and about
0.2 mun. Coring needles 200 can also be formed from other tvpes of hollow tubes having an

mternal diameter corresponding to the desired hole width.

{00048] Insertion of the needle 200 nto skin tissue, and subsequent withdrawal therefrom,
can remove a core of tissae and form a microscopic hole 100, The needle 200 can be wnserted o
a depth that extends at least partially into the underlving dermal layer, or preferably through the
entive dermal layer to the underlying subcutancous fat fayer. Inserting the needle 200 to at least
the depth of the subcutaneous fat can facilitate removal of the tissue core within the needle
hasen from the surrounding tissue, e.g., because the tissue core will be severed from the adjacent
dermal tissue and the bottom of the tissue core 18 not strongly held by the underlving fat. Such
mechanical coring procedures used to generate holes 100 may be accompanied by some minor

bleeding, which 1s not significant and may tend to stop quickly because of the soall hole sizes.

{00049] The hole 100 formed by a 2-pronged veedle 200 may be somewhat elongated in
shape, as shown in FIG. 1C. This non-circular shape can result from the shightly asymmetrical
tissue stretehing and cutting that can ocour when the 2 prongs of the needle 200 pierce the tissue
and advance within it For example, the hole 100 formed nsing a J-pronged coring needle 200
can bave an aspect ratie (e.g., ratio of length to width in cross-section) of about 3:2 at or near the
tissue surface,

{06050} Other hole shapes can be formed in accordance with certain exenplary
embodiments of the present disclosure, such as the lenticular-shaped hole 100 shown in FIG. 1D,
For example, the aspect ratio of the lenticolar bole 100 FIG. 1D canbe, e, about 3:1, and the
angle at which the curved sides meet can be about 30 deprees. This ratio {or an aspect ratio close

to this) and geometry can facilitate closure of the hole 100 by reducing associated stresses or

29
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deformations in the suvounding tissue. Although the shape of an actual lenticalar hole 100
formed in soft issue may not have precisely smooth edges and sharp comers as illustrated n

FIG. 1D, an approximately lenticular shape may facilitate closure of such holes 100 as they heal.

[06051} In general, the specific shape(s) of the holes 100 may not be mmportant andfor
critical, because the small size scale facilitates approximation of the hole edges m any desired
direction without generating unwanted effects such as “dog ears™ or misalignments when they
close and heal together. Neeadles 200 having more prongs, e.g., 3 or 4 prongs, can be used in
further embodiments, where such needles 200 may tend to produce rounder holes 100 such as

those shown in FIG. 1AL

100052} in further exemplary embodiments of the disclosure, formation of microscopic
holes 100 in tissue that are asymmetric or noncircular, such as the hole 100 shown i FIG. 1C,
can be desirable for generating closure of holes 100 that is locally andior macroscopically
directional. Such holes 100 that are asymmetric may be closed more easily, e.g.. by compressing
the tissue such that the narrow width is further narrowed and opposite sides of the hole 100 are
brought inte proximity or contacted with each other. Asymmetric holes 100 can be formed using
a variety of techniques and apparatuses i accordance with embodiments of the present

disclosure,

{00053 In one exemplary embodiment, elongated holes 100 can be formed in tissue by
stretching the tissue in a direction, and then forming the holes 100 in the tssue, e.g., using a
mechamcal coring needle 200, or another mechanics! device, Upon allowing the tissue 1o relax,

the hole 100 will tend to be somewhat elongated, such as the hole 100 shown m FIG. 1€

[{00054] In further exemplary embodiments, the coring needle 200 can be provided in
various shapes, ¢.g., having an elongated non-circular cross section, such that the holes 100
formed in the skin or other tissue by inserting and withdrawing the needle 200 will be elongated
in shape.

0058} In general, the shape of & microscopic hole 100 formed 1 soft skin tissue may not
have precisely smooth edges and a well-defined shape, and the precise shape of the holes 100

may not significantly attect the subsequent divectional shrimkage or closure behavior because of

their small size {e.g., 0.7 mm or less).

- 10 -
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100056} The holes 100 can he formed mechanically such that the fraction of surface area
removed in the treated region is between about 5% and 50% .., between about 10% and 30%.
Such area fractions of removed tissue can be small encugh to promote healing or recovery of the
mechanically damaged skin by retaining a sufficient amount of healthy tissue mround each hole
100, while being large encugh to generate a cosmetically desirable amount of shrinksge ina
single exemplary procedure performed on the treated region as described herein. The particalar

area fraction of holes 100 can be selected based on factors such as, e.g., the desired extent of

shrinkage, the location of the treated region {e.g., face, neck, arms, etc.), general skin

characteristics, ete.

00057} The distribution of the holes 100 can be substantially random, or formed in any of
varions patterns. For example, a phaality of holes 100 can be formed in the skin or other tissue
in a generally square or rectangudar array. In further embodiments, the holes 100 can be formed
1 an array of staggered rows, or v a random pattern. The parficelar arrangement Or pattern of
the holes 100 may not be particularly important with respect to shrimkage behavior, e.g., because

of the large number and small size of the holes 100 in the treated region.

{00058} A pattern of the holes 100, such as that shown mn, e.g, FIG. 1B, can be formed
using a variety of technigues. For example, the holes 100 can be formed mechanically, e.g.,
using a reciprocating mechanism that traverses the tissoe to form the pattern. The mechanism
can include one or more rows of the coring needies 200, such that stagpered rows of the holes
100 can be generated in the skin tissue. In forther excemplary embodiments, the holes 100 can be
formed in other patterns that may not be rows, e.g., i spatially random arrangements, which can
be achieved by repeated manual insertion and withdrawal of one or more needles 200 at vartous

locations i the treated region,

{00059 The density or proximity of the holes 100 can also be varied in different regions
of the f1ssue being treated. For example, the holes can be spaced fanther apart in the peripheral
areas or edges of a particular treated region. Such “feathermg” of the removed tissue volume can
facilitate a smoother or gradual transition between the shrunken or tightened skin within the
treatment region and the untreated region of tissue surrounding it. However, such “feathering”
of density gradients of the holes 100 may not be particolarly tmportant for obtaming a
continuous directional shrinkage over the treated region, because the large number of small holes

100 can adjust to gradients in skin deformation during the sobsequent healing process. For

-1 -
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example, the large wamber and moderate to bigh density of microscopic heles 100 can
accommadate macroscopic gradients m shiinkage with enly very muner local differences in the
closure and healing behavior of each individual hole 100. Such gradients and diwectionality can
be produced, e.g., by the exemplary manipulation of the treated region after the holes 100 are

formed, as described herein below,

{00060} The particalar shape and size of the treated region in which the holes 100 are
formed is arbitrary, and can be selected based on the areas of skin that may benefit from the
exemplary methods described herem. Such methods can be effective over both small regions
{e.g. on the order of a square cmi o less) and larger regions, because of the large number of sub-
mitlimeter holes 100 used to aclieve cosmetic effects as descnibed herem, For example, the
small size of the holes 100 generated at an areal fraction between about 3% and 0% can provide
a substantially uniform dispersion of such holes 100 when viewed at size scales of about | em or
larger. Accordingly, the exemplary methods described herein can inchude divectional closure of
a large number of small holes 100, which can well accommuodate any gradients in shrinkage that
may result within or adjacent to a particular treatment region, and which may be applied in

treatment regions having arbitrary shapes and extents.

{00061} After the holes 100 are formed m skin or other tissue, as described above, it is
possible to promote closure of the holes 100 by applyving appropriate latesal forces (e.g.,
compressive of tensile forces) to the tissue in the treated region as it heals, Such forces can
facititate contact between opposite edges of the holes 100, particularly near the tissue surface,
and mcrease overall shrinkage of the tissue as the holes 100 heal in a closed configuration.
Further, anisotropy or directionality of the overalf skin shrinkage in the treated region following
formation of the holes 100 can be achieved by application of sucls forces 1 a particular digection

during the subsequent healing or recovery processes.

j00062] In one exemplary embodiment of the present disclosure, a stretch filn: 300 can be
used to provide a compressive surface force to the tissue surface in the treated region and
promote hole closure. For example, as shown in FIG. 3A, the film 300 can be pre-stretched in
the direction of the arrows. The stretch film 300 can then be adhered to the tissue surface, as
shows in the exemplary cross-sectional view of the treated region in FIG. 3B, The pre-stretched
film 300 can then generate a directional compressive force along the fissue surface, as shown by

the arrows in FIG. 3B. This force can pull together the edges of the holes 100, particnfarly near

12
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the tissue surface, to facilitate bole closure snd increased shrinkage of the tisswe during the
healing process. Forexample, the stretch film 300 can be applied such that the direetion of
compressive forces at the tissoe surface {indicated by the arrows in FIG. 3B) 5 i the preferred
divection of shrinkage. Hole closure resulting from such compressive forces can result ma
closed-hole configuration stmilar to the exemplary configuration shown in the 1op view of the
treated region of FIG. 3C, where the arrows represent the direction of compressive forces, and

the small vertical lines 310 represent the approximated edges of the holes 100 at the skin swrface.

{06063} Materials that can be psed to form the film 300 include Tegaderu™, another
stretchable polymer, or the like. For example, Tegaderm™ has adherent properties and can be
stretched up to about 30-40% and then applied to the tissue surface. Other film materials can
alzo be used i further embodiments. Such films can be provided with an adhesive surface, or
alternatively can be adhered to the tissue surface using any appropnate biocompatible glue,

cement, oy adbesive.

{06064] For example, the compressive film 300 can be maintained on the tissue surface for
several days, e.g about 4-6 days, to faciiitate sufficient healing or modification of the skin tissue

while 1t 15 held w8 compressed state, e.g., to mummize or prevent re-opening of the holes 100 or

collagen expansion in the compressive direction by external forces.

{06063} In further exemplary embodiments, a stabilizing film 330 (shown in FIG. 3D),
e.g., a non-siretching film or rigid plate or the like, can be adhered to the upper surface of the
film 300 after 1t has relaxed and compressed the tissue surface. This stabilizing film 330 can
provide mechanical stability to the compressed tissue surface to mamtain the compressive state
and constrain further displacement {e.g.. relaxation} of the compressed tissue during the healing
process, for example, to prevent relaxation of the film 300 daring the recovery process or prevent
detachment of the film 300 from the skin surface. In certain exemplary embodiments, the
stabilizing film can be adhered divectly to the skin surface surrounding the treated region, e.g..
beyond the edges of the stretch film 300, instead of or in addition to being adhered to the top of

the stretch filim 300

{00066} in another exemplary embodiment of the disclosure, one or more surgical staples
400 can be used to apply and maintain a compressive force on the treated region, as shown in the

exemplary cross-sectional views of a treated region m FIGS. 4A and 48, An exemplavy large
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surgical staple 400 (e g, a staple Iarge evough to span across a plurality of holes 100} s
positioned over the treated region in FIG. 4A. FIG. 4B shows the compressive deformation of
the treated region by the inserted staple 400, The exemplary staple 400 can be used w provide &
general compression of the treated region of skan, thereby approximating the edges of a pluralnty
of holes 100, as shown in FIG. 48, rather than approximating twoe opposing edges of a single
incision or wound {as is typically done with corventional applications of surgical staples). Such
exemplary use of one or more surgical staples 400 may provide increased compression of the
skin below the surface of the treated region as compared to that provided by application of a
stretch film 300 to the skin surface {shown in FIG. 3B}, because of the anchoring and pulling

together of tissue below the surface by the staple 400,

{00067} In another exemplary embodiment, a tenstomng olip 430 as shown in FIG. 4C can
be nsed 1o apply and maintam a compressive stress m the treatment region, The clip 450
inctades two prong arrangements 460 capable of being inserted into skin, The prong
arvangemenis 460 can have a sharp point or edge at thewr distal ends 1o facilitate penstration mto
the skin, and can be made from any material sutficiently rignd or strong o support & stress as
described below without breaking or deforming significantly (e.g., a metal or rigid plastic or the
hike). The prong arrangements 460 can be connected by an elastic material 470, which can be
provided as a strap, cord, or the like {e.g., similar to a rubber band, snxall bungee cord, or the
like). The clastic material 470 can be stretched and the prong arrangementsd60 then inserted tnto
skin within andfor adjacent to the treatment region that contans holes formed as described
herein. The stretched elastic material 470 can then cause the prong arrangements 460 o exert 4
compressive force between them, as shown by the arrows in FIG. 4C. In this manner, a
compressive stress can be generated and maintained over at least a portion of the treatment area
using a tensioning clip 430 that can be easily inserted into and removed from the skin. The size
of the prong arrangements 460 and elastic material 470 can be selected based on the size of the
treatment region and/or portion of such region over which a stress is o be maintained.

{00068} According io certain exemplary embodiments, a plorality of staphes 408 andfor
tenstoning clips 450 can be apphed within andfor across an entire treated region, or a portion
thereof. In further embodiments, staples 400 and/or tensioning clips 450 can be onented in
different directions on or across the treated region to vary the local preferred direction of

shrinkage andfor o provide increased non-directional shrinkage of the treated region {e.g., as
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compared to a conventional fractional damage procedure that does not compress the treated

region after holes 100 are formed}.

{06063} The staple(s) 400 and/or tensioning clips 450, ifused, can be retained m the
treatment region for several davs, e.g. about 4-6 days, to mamain a compressive state therein
during the healing/recovery process, thereby allowing sufficient healing or modification of the
skin tissue white 1t is held n g compressed state. Fuorther, the staples 400 and/or tenstoning clips
450 can be small or thin in at least one divection, to avoid formation of visible markings upon
their removal. In certam exemplary embodiments, staples 400 and/or tenstoning clips 450 can be
used that are thin and/or that wclade several prongs configured to pierce the skin. Such staples
400 andfor tensioning clips 450 can provide compressive forces conparable to a single large
staple 400 or chip 450 while allowing the individual prongs to be smaller i size to reduce or

eliminate formation of markings when such staples 400 and/or tensioning clips 450 are removed,

{06070} In yet another exemplary embodiment of the disclosure, one or more satures 500
can be applied to the treated region apply to maintain a compressive force thereon, as shown
the exemplary cross-sections! view of FIG. SA. Each suture 500 can be large enough © span
across a phurality of boles 100, thereby promoting directional approximation of opposing
surfaces of the holes 100, gs shown m FIG. 3A. Similar to the staple 400 shown in FIG. 48, the
sutare 300 may provide increased compression of the skin below the surface of the treated region

as compared to that provided by application of a stretch film 300 to the skin surface.

000714 According to certain exemplary embodiments, a plurality of sutures 500 can be
applied within and/or across an entire treated region, or a portion thereof. For example, a
phurality of the sutures 500 can be applied substantially parallel across the treated region, as
shown in the exemplary fop view of FIG. 3B, The arrows in FIG. §B indicate the direction of
compressive forces, and the small vertical lines 310 represent the approximated edges of the
hotes 100 at the skin surface. In another exemplary embodiment; the satures 500 can be applied
w different directions over the treated region, such as m the exemplary configuration shown
the top view of FIG. 3C, to provide increased non-directional shrinkage of the treated region.
The arrows in FIG. 5C represent the local direction of compressive forces, which may tend to
omni-directionally or isotropically compress the edges of the holes 100 at the skin surface. In

still another exemplary embodiment, the sutures 500 can be onented in different directions
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within or across the treated region 1o vary the local preferred direction of shrinkage within the

treated region.

{06072} Sunilar to the stretch film 300 and the staple 400, the suture{s) 500, if used, can
be retained m the peatment region for several days, e.g. about 4-6 davs, to maintam a
compressive state therein during the healing/recovery process, thereby allowing sufficient

heahing or modification of the skin tissue while it is beld in a compressed state,

[00073] According to further exemplary embodiments, other devices and techmques can
alse be used to apply and maintain compressive forces to the perforated tissue in the treated
region such as, e.g., forceps, adbesive heat-shrink films, surface apphcation of curable iquids
such as polymer precursors that can shrink and adhere to the skin surface as they cure, etc. Any
such heat-shrink films, curable shrinking liquids, and the hke that are known w the art may be

used with certain embodiments of the present disclosure,

{00074} In still further exemplary embodiments, any combination of stretch film 300,
staples 400, sutares 300, heat-shrink films, and/or curable liquids can be nsed 1o apply andfor

maintain stresses or deformations in the treated region as the holes 100 heal,

00075} According to vet further exemplary embodiments, a tensile force can be applied to
a surface region of tissue to promote closure of holes 100 formed theremn. For example, a
pluralitv of holes 100 can be formed in a tissue as described heremn and shown in FIG. 6A. A
tensile force can be applied to the tissue in the direction of the arrows shown in FIG, 6A. Such
exemplary tensile force can locally stretch the tissue i the divection of the arrows, which may
cause the lateral sides of the holes to approach and/or contact each other as shown in FIG. 6B.
Such narrowing of the holes 100 can facilitate closure and healing, and result in local directional
shrinkage of the tissue in a direction orthogonal to the applied tensile force as the holes heal,
while tending to maintain or even slightly expand the skin in the direction of the tensile forces as
the tissue damage caused by fornsation of the holes 100 heals,

{00076} The tenstle force, as Mlustrated in FIG. 64A, can be applied using any of a variety
of techniques andfor devices. For example, such force can be applied manually, e.p., by pressing
fingers agatnst the skin at oppostie sides of the treated region, adjacent to the penimeter thereof.
The fingers can then be spread apart to apply the tensile force to the tissue, e.9., to stretch the

region of tissue between the finger contact points. A rigid or non-stretchable adhesive film or
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plate can then be adhered to the stretched tissue 10 inhibit or prevent relaxation of the tissoe as
the holes heal, thereby maintaining the tissue in a streiched or tensile state. In a further
embodiment, an expander device can be used that inchades two or more contact surfaces that can
be spread apart, 8., a pawr of forceps or the like having & flat contact area on the end of each tip.
In & sumilar manner, the contact areas can be pressed against the tissue and then moved apan
mechanically to streteh the tissue between the contact areas. The contact areas can be provided
with a rough, non-slip, and/or adhesive surface to maintain contact with particular focations on
the skin or tissue sarface as the tenste force 15 applied, and the expander device can be
configured to maimtain the expanded configuration while it is adhered to the skin surface. Other
techiiques to stretch the skin locally may also be used with embodiments of the present

disclosure.

{06077} Various additional procedures can be used to promote hole closure and healing of
the holes 100 after they are formed in the tissue. For example, the holes 100 can be exposed to
saling or other soluttons after they are formed, 1o promote hydration and softening of the tissue
prior to healing. Such solutions can also facilitate removal of debris or imporities in the holes,
e.g., removal of blood that may be present after the holes 100 are formed mechanically asing one

or more of the corug needles 200,

{00078} In further exemplary embodmments, biocompatible glues or adhesives can be used
to facilitate more rapid adherence of the closed boles 100, e g, during the healing process. For
example, photochenvical tissue bonding (PTB) technigues can be used to help attach the holes
100 i a closed configuration duwring the bealing process. n a PTB process, a photosensitizer
{e.g., rose bengal, riboflavin, porphyrins, chlorins, and the like) can be applied to the tissue afier
the holes 100 have been formed therein, bat prior to applying the compressive film 300 ora
comnpressive of tensile foree as deseribed heremn. Fhotosensitizer precursors meluding, e.g., pro-
drugs of such photosensitizers, can also be used, where such precursors may be metabolized or
otherwise activated to form photosensitizers in the tissue. Such photoactive substances {e.g.,
photosensitizers of precursors) can promote tissue bonding when applied to tissne, optionally
activated or allowed to meabolized, and then exposed to light having one or more appropriate

wavelengths.

{06079} After the holes 100 are directionally compressed using the stretch film 300,

staple(s} 400, suture{s} 300, andfor other compressive or tensile forces, the tissue can be exposed

N N
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to Hght having an appropriate wavelength to activate the tissue bonding, to promote adhesion of
the hole walls within a few minutes. The choice of wavelength can be based on the particular
photosensitizer or precursor psed. The matenal and/or object(s) imposing compressive and/or
tensile forces i the treated region can then be removed while the holes 100 remain closed at the

tissue surface and continue to heal.

{00080} According to yet further exemplary embodiments, the streteh filim 300 can be
provided with a laver of one or more photosensitizers or precursors, such that at least a portion of
the photoactive substance{s) is transferred onto the tissue surface when the film 300 1s apphed to
the surface of the tissue. For example, the photoactive substance(s} can be provided in a gel or
micro-encapsulated layer on the surface of the film 300 that is placed against a skin surface. The
activating light can then be directed through the top surface of the film 300 and onto the
compressed tissne surface and the photoactive substance applied thereon. In general, one or
more of the varions conventional photochemical tissue bonding systems, materials, and methods
can be used to facilitate more rapid hole closure in accordance with embodiments of the present

disclosure.

{00081} in further exemplary embodiments, other tissue gloes such as, e.g.,
cyanoacryiates, can be used to glue the holes 100 together afier they are formed and compressed,
stretched andfor closed. H may be preferable to it apphication of such glue to the tissue
surface and avoid introduction of them within the holes 100, to avoid filling them with tnwanted
material that may inhibit subsequent hole closure and shrinkage. The use of any conventional
tissue-bonding techmgues or tissue glues, including those described herein, can reduce the
amount of time that the compressive film 300 or other dressings are maintained over the treated
tissue area as i beals, while preveating re-opening of the closed holes 100 dunng the gradual

heahing process.

{00082} As described herein, the shape, density or spacing, and patiemn or spatial
distribution of the holes 100, and/or the orientation of an applied compressive or tensile foree to
the surface of the treated region, can provide a directionally-oriented shrinkage of the tissue as it
heals. Such directionality can be untilized to achieve improved cosmetic results by generating
increased shrinkage in a preferred local divection in a wechanical fractional resurfacing
procedure, A plurality of such procedures can be applied to a particular treated region to obtain

greater overall shrinkage of the skin or other tissue, preferably allowing sufficient healing time
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between sabsequent treatments on a particelar asea. The compressive andfor tensile directions
can be varied in different treatments of a single area 1o obtain a more homogenous shrinkage of
tissue in the area. The sizes and prefered shrinkage directions of adjacent treated regions can
also be selected and vaned to achieve desirable overall shrinkage patterns for the skan or other

11SSUE,

{00083} Application of a tensile or compressive force to the tissue to promote hole closure
can also affect the characteristics of collagen that may be formed during the hole closure and
tisste healing processes that ocour after the holes 100 have been formed. For example, collagen
may grow andéor align in particular directions when forming in tissue that is deformed by
application of exteral forces after the formation of the holes 100, as described heremn, Such
modification of collagen growth andfor aligrmment in the treated tissue may provide further

desirable cosmetic effects.

{00684} In farther exemplary embodiments of the present disclosure, a system can be
provided to generate a platahity of the holes 100 in a treated region of skin, and then apply a
compressive or tensile foree to the treated region. For example, an exemplary system 700 can be
provided that meludes & handpiece 710 having a lower surface 715, a plurality of retractable
coring needles 200, an actugtor handle 720, and a compression grrangement 730, as shown in
FIG. 7. The needles 200 can, ¢.g., be affixed {0 a movable substrate 725 ag a needle array or the
like to facilitate their controllable motion and positioning relative to the lower surface 715.
According to certain exemplary embodiments, the needles 200 and the substrate 725 can be
provided together as a single unit or cartndge, which can be disposable or reusable/sterilizable.
The lower surface 715 can be configared and/or structured to be placed on the surface of a
treated region, and the actuator handle 720 can be capable of positioning andior mamntaining the

needles 200 andfor the substrate 725 at one or more locations refative 1o the lower surface 715,

{00085] A number of the needles 200 and area of the needle array can be selected based on
vartous factors. For example, a number of the needles 200 can be large enough to facilitate rapid
treatment of large areas of skin, but not so large that the cost and complexity of the needle array
becomes prohibitive. Further, it may be difficult to insert a large number of the needles 200 into
the skin stmudtaneously. For example, such nuruber of the needles 200 can be between, e.g., |
and 30, or between about 6 and 25, In certain exemplary embodiments, a larger number of the

needies 200 can be provided in the system 700. The average spacing between the needles 200
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can be selected based on the inner diameter of the needles 200 and the desired Fractional area of
skin to be removed by a single msertion and withdrawal of the needles 200, using simple

geometric calculations.

{00086} In an exemplary configuration, the system 700 can (e.g., nutially) be configured
such that the distal ends of the needles 200 protrude a particular distance below the lower surface

715, Such exemplary distance can be, e.g., the approximate depth of the local dermis of the
treated region. in certain embodiments, such distance can be adjustable (for example, using a
threaded adjuster or stop, a plurality of stepped settings or the like, not shown) such that the

system 700 can be used to weat skin baving varnious thicknesses.

[00087] The exemplary system 700 can be applied onto  treated region until the lower
surface 715 of the system 700 contacts the skin surface, such that the needles 200 penetrate the
skin tissug to the particular distance mto the skin, e.g., through the entive thickness of the dermis.
The actuator handle 720 can then be squeezed to retract the needles from the skin, pulling the
distal ends of the needles 200 above the lower surface 713and forming a plarabity of holes 100 in
the skin. The actuator handle 720 can be further capable of activating the compression
arrangement 730 (not shown) fo apply a compression element to the treated region after the

needies 200 have been withdrawn from the weated region.

[00088] In one exemplary embodiment, the compression arrangement 730 can inchede 8
surgical stapler configured to be mechancally or electnically actuated by the actuator handle 720,
such that squeezing the gctuator handle 720 will first withdraw the needles 200 from the
treatment s1te and then apply one or more large staples 400 andfor tensioning clips 450 across at

least a portion of the treated repion as described heremn above,

{06089 Agcording to another exemplary embodiment, the compression arrangement 730
can include a suture needle {e.g. a curved needle} and suture thread. The comypression
arrangement 730 can be capable of or configured for introducing one or more lenpths of suture
thread below the surface of the treated region, e.g., with the ends of the thread protrading from
the surface of the skin, when it 15 actuated by the actuator handle 720, after the needles 200 are
withdrawn from the treatment site. The ends of the suture thread can then be tied together to

form a suture 300 that can apply a compressive force 1o the skin tissue n the treated region as
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described herein above. Optionally, the compression arrangement 730 can be capable of or

configured for tying off the suture thread when actuated, e.g., at a preselected tension.

{06090} In vet another exemplary embodiment, the compression arrangement 730 can
mctade a streteh film applicator that is capable of and/or configuwred for adhering a stretch film
300 or the like over the treated region after the needles 200 are withdrawn from the skin. For
example, the compression arrangernent 730 can juclude a small roll of stretch film 300
configurad similar to a packing tape dispenser. The system 700 can be translated over the treated
region after the needles 200 are withdrawn, to apply the film 300 over the holes 100 just formed.

The film 300 can also be provided in pre-cut pieces that are sized to it over the treated region.

[00091] According o a further exemplary embodiment, the compression arrangement 730
can include a reservoir of @ curable coating waterial, as described herein above, and it can be
capable of applyving such coating material 1o the surface of the wweated region afier the needles
200 are withdrawn from the skin. In another embodiment, the compresston arrangement 730 can
be configured or adapted to apply a photoactivated material {or precursor of such material), as
described herein above, to at least a portion of the treated region, and directing light energy onto
the region to activate the material. Embodiments of the system 700 in which the compression
arrangement 730 is capable of applying other types of compression or tensioning elements to the

treated region after the holes 100 ave formed also fall within the scope of the present disclosure.

Exanple
00092} An exemplary procedure in accordance with certain exemplary embodments of

the present disclosure was performed on the lower abdomen of a swine animal model to
demonstrate the ability to produce directional shrinkage. Six test sites, each approximarely a 3
cm by 3 om square, were tattooed onto the animal at Day 0. Seven coatrol sites of the same size
were also marked between the test sites. The control sites were included to account for net
growth of the animal over the course of observations.

{00093} For example, 144 antformiy-distriboted boles were made through the depth of the
skin mn gach test site using a specially designed vacoum-assisted 19 gauge coring needle. The
holes were formed in a sabstantially random array by manually inserting and withdrawing the
coring needle 144 times at arbitrary locations within the test sites. The width of the holes formed

was approximately the same as the inside diameter of the needle, e.g., abont 0.69 mm. This
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cosresponds 1o a fractionnd surface area removal within each test site of about 6%, This
corresponds o a relatively low fractional amount of skin tissue removed within the preferred

ranges described herein,

{06094} A pre-stretched sticky dressing (Tegaderm™) veas then adhered onto the test sites
and allowed to retract towards #ts original size, thus compressing the tissue as described herein
ahove, Test sites 1,.2,4.5 and 6 were compressed along the langer lines that run approximately
horizontally from head fo tail {e.z., in the X direction). Test site 3 was compressed across the

langer Tines (in the vertical or Y direction). No stretched film was apphied to the seven control

sites.
100095} The dressing was left in place on each test site for seven days and then removed.

The animal was observed, photographed and the width and height of each test and control site

were meastred until day 28,

{06096} Photographic images of test site 6 taken at Day 0 (pre-treatment), Day 7 {when
the dressing was removed), and Day 28, are shown in FIGS. 84, 8B and 8C, respectively. The
sizes of these images were adjusted such that the ruler length s the same in each. The overall
shape of the test site changed from substantially square to rectangular from Day 0 to Day 28,
with the width of the test site (in the divection of compression, along the langer lines) being about
12% smaller at the end of observation compared to the initial size of the test site. The height of
the test site (orthogonal {o the compression divection) increased by about 179% by Day 28 as
compared to the pre-treatment hetght on Day 0. Further, no apparent scarting or markings are
evident in these images, consistent with the expected cosmetic advantages of reducing skin area

by formation of many very small holes.

{06097} Table 1 below shows the measured width and height (X and Y, respectively) of
each test site on Day 0, Day 7, and Day 28, The data suggest that the wadih of sites 1, 2,4, S and
& decreased slightly over the course of the observations, and that they tended o widen & bt
between Day 7 (when the compressive drassing was removed) and Day 28, which may be
partiaily attributed to relaxation of the unconstrained skin. The width of test site 3 increased
between Day 0 and Day 7 because this site was compressed in the vertical direction, orthogonal

to the other test sites. Similarly, the height of the test sites {except for site 3), orthogonal to the
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compressive direction, appears 1o have remained about the same or increased shightly between

Day 0 and Day 20.

Table I» Measured dimensions of each test site (in em) at Day 0, 7, and 28

Y

Test

Site DayOX { Day0Y | Day7X | Day7Y (Day28X | Dayedy
% 34 3.1 2.8 2.8 32 34
2 32 30 30 28 325 33
3 315 3.0 38 2.3 3.1 2.95
4 38 3.0 33 27 34 3.1
& 3.2 3.2 3.2 3.08 3.05 3.2
& 34 28 2.7 26 3g 34

(00098]

course of the observations. To correct for this, the width and height of each control site was

it should be noted that there was some net growth of the animal subject over the

measured at Day 0, 7 and 28, The measured width and height of each test site was then

10 nommalized by the average width and height, respectively, of the control sites measured on the
same day. This provides a rough correction for overall growth of the animal subject (1.e, general
increase in skin area) between measurements of the test site dimensions. Table 2 below includes

the width and height of each control site as measared on Day 0, 7, and 28,

13 Table 2: Measvred dimensions of each control site (inom) at Day 8, 7, and 28
Control
Site Day 0 X Day QY Day 7 X Day7Y Day 28 X Day28Y
b 3.0 28 3.3 2.5 3.95 34
G 318 27 3.25 20 39 3.15
s} 29 28 295 18 3.8 3.2
e 285 2.55 2.8 286 345 14
f 3.0 24 3.0 24 36 34
4 3.1 2.5 315 2.16 3.5 315
h 29 28 2.8 27 3.65 28
Averags 30 2.56 3405 2.31 3.85 3.18
.73
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{00099} Bar graphs showing the normalized width and height (X and Y, respectively) of
each test site are shown in FIGS. 9A and 9B, respectively. The data in these graphs suggest that
there was a noticeable decrease i width of test sites 1, 2, 4, 5 and 6 over the 4 weeks following
the inital reatiment, when overall growth of the animal subject was accounted for. There also
appears to also be a slightly less-marked decrease in the height of these test sites (orthogonal o
the compressive direction) over the same pertod. Thas, there appears to be some preferred
directionality in the shrinkage of the test subject skin when treated in accordance with

embodiments of the present disclosare.

[000106| The observed effects (and differences i behavior between the X and Y
directions} are somewhat modest in this exemplary study. A few factors should be noted when
assessing these measured results. First, there are qualitative differences between human and
swine skin, It is expected that human skin, being thinner and less restlient, may be more affected
under sinular treatment conditions. Second, the fractional area of skin removed in each test area
was only 6%, which is relatively low. More marked results ave likely to appear if a larger
number of holes was formed within each test area (comresponding to a larger fraction of skin
removed, .g., up to 25-30% or more). Also, the dressing did not always adhere very well to the
skin of the animal subject, and tends to adhere more strongly to human skin, thus providing more
effective compressive forces. Fusther, et growth of the antwal subject during the observation
period, although addressed in the data analysis, may still affect the normalized results. Such “net
growth™ effects would not typically be present in mature human patients, so the actual skan

shrinkage may be greater and associated directional differences may be greater.

Summary
[000101] ft will thus be appreciated that those skilled 1 the art will be able to devise

numernns systems, arrangements and methods which, although not explicitly shown or described
herein, emvbody the principles of the disclosure and are thus within the spirit and scope of the
present disclosure, In addition, all publications, patents, and patent applications referenced

herewn are incorporated herem by reference In their entireties.
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WHATISCLAMED IS

. A cosmetic method for producing an effect in skin tissue, comprising:
formng a plurality of holes m a region of the skin tissue using at least one
5 coring needle; and
providing a stress that is at least one of 8 compressive stress or a tensife
stress in the region of skin tissue after forming the holes,
wherein a diameter of the holes is between about 9.2 mm and 0.7 mm,
wherein the holes extend from the skin surface into the dermal layer of the skin,
10 wherein the holes extend over an arcal fraction of a surface of the region that 1s
between about 5% and 50%,
wherein the stress provides a force in the region along a direction that is
substantially paralie] to the surface of the regron, and
wherein the stress 1s maintaimed on the surface of the region tnti the holes have

15 substantially closed.

ra

. The method of claim |, wherein a diameter of the holes 1 between about 0.2 nun and 6.5 mm.

Tad

. The method of claim 1, wherein the holes extend over the areal fraction of the surface of the

20 region that is between about 10% and 30%.

4. The method of claim [, wherein the holes extend through an entire depth of the dermal Jayer.

3. The method of claim 1, wherein the stress is the compressive stress which s provided by

3
(v 4

adhering a pre-stretched film over at least one portion of the region.

6. The method of claim 3, further comprising adbering a ngid object onio the pre-stretched fibn

after the pre-stretched film has been adhered to the at least one portion of the region.

30 7. The method of claim 6, wherein the rigid ohject 15 at least one of a rigid film or a plate.

1

P2

L
§
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§. The method of claim 1, whevein the stress is the compressive stress that is provided by

mserting at least one of a surgcal staple or a tensioning clip into or adjacent to the region.

9. The method of clamm 1, wherein the stress is the compressive stress, wlich is provided by

inserting at least one suture into or adjacent to the region.

10, The method of claim 1, wherein the stress is the compressive stress, which 1s provided by
adhering a heat-shrink film onto at least a portion of the region and then heating the heat-shnink

film.

i1, The method of claim 1, wherein the stress 1s the compressive stress, which i provided by
applying a corable Hguid omto at feast a portion of the region and allowing the hiquid o cure,

wherein the curable hquid 15 a hiquad that shrinks when carning.

12, The method of claim 1, wherein the stress 18 the tensile stress, which is provided by
stretching at feast a portion of the region and then adhering a rigid object onto the stretched

TECION.

13, The method of clanm 12, wherein the rigid object is at least one of a rigid film or a plate,

14. The method of any one of clatms 5-13, wherem the stress 15 maintained for at least 4 days.
15, The method of clamm 1, further comprising applying at least one of a biological ghue or an
adhesive to at least one portion of the region after forming the holes, and maintaming the stress
until the glue or the adhesive has at least partially set.

16, The method of claim 1, further comprising applying a photoactivated substance to at least
one portion of the region, and directing light energy onto the region while maintaining the stress

until the adhesive has been activated.

17. The method of claim 16, wherein the photoactivated adhesive comprises at least one of rose

bengal, riboflavin, a porphyrin, a chlorine, or a photosensitizer precursor.

26

SUBSTITUTE SHEET (RULE 26)



20

3
L4

WO 2014/008470 PCT/US2013/049445

18 A system for producing a cosmetic effect in skin tissue, comprising:
at least one conng needle structured to form a plurality of holes in a region
of the sk tissue; and
a compression arrangement configured to produce and maintain a
compressive stress over at feast one portion of the region after the holes are formed,
wherein an inner diameter of the at least one cormg needle s between about 0.2
nun and 0.7 mm,
wherein the at least one needle is capable of forming or structured to form the
holes that extend from the skin swrface into the dermal layer of the skin, and
wherein the compression arrangement 1s configured 1o mamtan the stress that
provides a force in the region along a divection that is substantially parallel o the skin surface

untif the holes have substantially closed.

19, The system of claim 18, wherein the at least one conng needle comprises a plorality of

coring needles.

20. The system of claim 18, wherein the mner diameter of the at least one conng needle 1s

between about 0.2 mm and 4.5 mm.

21, The system of claim 18, wheremn the at keast one needle 18 structured 1o form the heles that

extend from the skin surface through the entire devmal layer of the skin.

22, The system of claim 18, wherein the compression arrangement 1s configiwed 1o adhere a pre-

stretched film to at least a pornion of the region of skin.

23, The system of clamm 18, wherein the compression amrangement i3 configored to adhere a

rigid material to at least a portion of the stressed region of skin,

24. The system of claim 18, wherein the compression arrangement is configured to apply af least

one of a surgical staple or a suture omto or adjacent to the region of skin.
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