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METHOD AND APPARATUS FOR DERMATOLOGICAL TREATMENT
CROSS-REFERENCE TO RELATED APPLICATION(S)

N The present application relates to and claims priority from U.S. Provisional Patent
Application Serial No. 61/668,744 filed July 6, 2012.

L9 3

[0002] The present disclosure refates to cosmetic methods and systems for improved
fractional resarfacing of skin tissue and similar procedures, specifically, such methods and
systeras that facilitate enhanced and/or directional reduction in skin area or reduction of

10 wrinkles.

BACKGROUND

[6003] There is an increasing demand for vepair of or improvement 1o skin defects, which
can be induced by aging, sun exposure, dermatological diseases, tranma; surgical procedures,
hesedity, and the like, Skin loses its tone and smooth texture as it ages, commonly developing
15 wrinkles and laxity, This can be further compounded by photodamage-and other effects such as,
a.g., scarring from trauma, age-related thytides, and striae. Aged skin is characterized by a
flattened denmal-epidermal junction, thinning epidermuis and dermis, less fibrous collagen, and
alterations 1n clastin organization. Skin rejuvenation therapies work to remove these damaged
tissues apd’or and stimulate the growth of new, healthy collagen, elastic fibers and skin cells and

20 thercby improve the appearance of the skin.

j6004] Reduction in the appearance of wrinkles is an objective of many dermatological
procedares and treatments. For example, 3 face lift operation iy 3 standard surgical procedure in
which skin is removed fiom in front or behind the ears, which pulls and lifts adjacent skin from

the face and neck that bas sagged during aging. However, the result of this procedure is often an

)
L

unnatural stretched appeavance. If skin on'the face or neck itself could be removed in a way that
decreases the area of skin, with preference to one or more given directions for reduction of skin
area, and without visible scarving, the result would be a more nataral appegrance while still

removing unwanted sagging or redundant skin.
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|0605] Certain treatrents may be ased to improve skin defects by irvadiating the skin
with electromagnetic energy, which can lead to beneficial responses to improve the treated sk
condition. A common procedure for skin rejuvenation, te., laser resurfacing, uses light energy to
heat and damage the upper deomis. However, laser resurfacing has a poor side effect profile,

with many patients experiencing prolonged eryibema, scarring and dyspigmentation,

[00006] Recently, the development and use of fractional skin therapy has achieved hetter
results. Fractional damage can inclnde forming small regions of damage in tissue (.., ablation
or thermal damage) that are surronnded by healthy tissue. A small size of the damaged regions
(e.g., generally Jess than aboat | mm) and proximity of healthy tissue can facilitate a rapid
healing of the damaged regions, as well as other desirable effects such as tissue shrinkage,
Laser-based fractional resurfacing techniques and devices involve the use of expensive and
potentially dangerous lasers or other sources of intense optical energy to damaged tissue. Such
optical systems can be ex pensive, present safety hazards, and requare a skilled physician or
chinician for thewr operation. Further, fractional resurfacing treatments tend to produce general

tightemng of the skin that has no divectional preference or bias.

{0007} 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 sutures) to “pull™ the skin back in o particular divection. Such procedures, as used in
conventional facelifts, ereate large scars that must be carefully located, and may generate some

unsatural-fooking shiinkage in response 10 the large-scale removal and repositioning of the skin,

{6008] ft has been proposed to remove smaller portions of skin, e.g. on the order of a few
millimeters wide, and to close the resulting holes with sutures or the like to produce a more
controlled reduction of skin area. Such holes should be elongated (e.g. lenticular or eltiptical 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 ase stifl large enough to produce visible
markings when healed, and full healing time may require up o a few weeks. Further, closure of
such holes is a skill-intensive procedure that would require manipulation sach as individaal

suturing or manual, even approximation followed by application of an adhesive coating such as a
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cvanoacrylate adhesive 10 keep the holes closed until they heal. Soch hole closure procedures

would be time-mtensive and prone to visible scarring.

10609] Accordingly, there may be a need for a relatively simple, inexpensive, robust and
safe cosmetic method and sysiem that can be mechanical in nature, and would overcome at least
sotie of such exemplary deficiencies deseribed above, and that can be cenfigured to produce
fractional damage 1 biological tissue that leads 10 directional reduction of skin surface area

without causing visible scarring.
SUMMARY

{00010} The present disclosure relates to exemplary embodiments of simple, inexpensive,
and safe cosmetic methods and systems for mechanical generation of a plurality of small holes,
2., microregions of damage, in biclogical 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 direction. Such exemplary holes can bave a width or diameter that
is, e.z., between about 0.2 wmm and 0.7 mum, or preferably between about 0.2 nun and 6.5 nim as
measured along the tissue surface. Such holes can extend into 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-miltineter size range and areal coverage is well-tolerated by the body, with

minimal risk of scarring, infection, 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 4 plurality of holes in a region of skin
as described above, and then an application of tensile and/or comypiessive stresses in a direction
generally along the surface of the skin to the treated region duriag subsequent healing process,
Such stresses can enbance overall reduction in the treated region and/or provide a divectional bias
to the resulting shrinkage. The applicd stresses can be maintained in the treated region untit the
holes have substaniiatly closed and/or tissae regrowth has been effectively modified, e.g.,
between abont 4-6 days or longer. In certain exemplary embodiments, this time period may be
much shorter, e.g., on the order of several mimates ot hours, if a tissue adhesive, glue, or the like

is used 10 facilitate hole closure,
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{00012} In one exemplary embodiment, 2 pre-stretched 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 closure 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 fo provide mechanical stability and maintain deformarion of the treated

region duning the primary healing pracess.

{06013} In further exemplary embodimens, compressive stresses can be generated in the
treated region of skin by applying one or more sargical staples andior suttes to the area. The
staples and/or sutures are preferably large, sach that they span several of the formed holes, and
optionally the entire treated region. In certain embodiments, a plusality of staples or sutures can
be applied to a single area at different orientations, to provide omnidirectional compressive
stresses. that can enhance hole closure and overall shrinkage of the treated region as compared fo

a simularly-treated region without the applied strasses.

j00014] fn other exemplary embodiments, compressive stresses can be generated by
applying a shrinkable material to the skin surface after the holes are formed therein. The
shrinkable material can include, e.g.. a heat-shrink fim sdhered to the skin surface and then
heated, a tiquid layer that can polymerize or react to form an adherent §ilm that reduces in size as

it forms, cures or ages, efc.

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

104010] In sull further exemplary embodiments, tensile stresses can be penerated in 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 a direction orthogonal to the direction
of the applied tensile stress. Such tensile stresses can be manually generated and then

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

-4
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100017} According to further exemplary embodiments of the present disclosure, a system
can be provided for generating a plurality of holes m a region of skin that includes one or more
coring needles that can romove simall cores of tissue by inserting and withdrawing the nesdles
from the skin. A plurality of such needles can be affixed to a substrate to facilitate motion and
positioning of all of the needles simultancously. Insertion and withdrawal of the needles can be
controlled 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 pnewmatic translator or the
like.

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

curable/shrinkable liquid to the skin surface, eic.

{00019} The herein described exemplary embodiments pertain to cosmetic method and
apparatus. It shall further be noted that the herein described cosmetic method has been tested,
and s a safe and routine procedure that can be practiced in beaaty parlots or other settings. The
presented method is & minimally-invasive a method. Moreover, the exemplary method is safe as
it does not preseut a substaniial health nisk, and does not require professional medical expertise
to be performed. No clinician is needed to perform the exemplary embodiments of the method
described herein, and little or ro risk, much less a health risk, is presented for a person being
treated with said cosmetic method if standard cleanlmess and sterilization procedures are

employed, as shall become apparent from the following description.

[80026] Synergetic effects may arise from different combinations of the features and
embodiments described herein, although all such combinations might not be described in detail.
Further, it shall be noted that all embodiments of the present disclosure concerning method or
system according to the exemplary embodiment of the present disclosure, might be carried 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. All different orders

and combinations of the steps and procedures ave herewith described.
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joan2 i) These and other objects, features and advantages of the present disclosure will
become apparent upon reading the following deiailed description of exemplary embodiiments of

the present disclosure, when taken in conjuiction with the appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

S 180022 Further objects, features and advantages of the preseut discloswe will become
apparent from the following detailed description taken in conjutiction with the accompanying
figores showing illusirative embodiments, results and/or features of the present disclosure, in

which:
[60023] FIG. 1A s & top view of a round hole that can be formed in skin tissue, in
10 accordance with exemplary embodiments of the present disclosure;
[00024] FIG. 1B is a top view of an array of the holes such as that shown in FIG. 14,
j60025) FIG. IC is a wop view of an elongated hole that can be formed in skin tissue, in
aecordanee with further embodiments of the present disclosure;
{00026} FIG. 11 is atop view of a lenticular-shaped hole that can be formed fu skin fissue,
15 inaccordance with stili farther ernbodiments of the present disclosurg,
{60027} FIG. 2 is a schematic illustration of 8 coring needle that can be used 10 form small
holes in a biological tissue such as skin, in accordance with exemplary embodiments of the

present disclosure;

[00028] FIG. 3A is a schematic side view of a stretch film, in accordance with further
20 exemplary embodiments of the present disclosurs;
{00029} FIG. 3B is a schematic side view of the exemplary film shows in FIG. 3A being
applied to the surface of a tegion of skin containing holes therein;
1000301 FIG. 3C is a schematic top view of the region of skin shown in FIG. 2B with the

exemplary filim applied to the surface thereof;

ra
(4

[00031] FIG. 3D is & schematic side view of the exemplary film applied to the surface of
the region of skin as shown in FIG. 3B. with a rigid object adhered to the top of the stretch film

to stabilize it mechamically;

CA 2878458 2019-11-05
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00032} FIG. 4A is a schematic side view of a surgical staple that can be used to compress
a region of skin tissue, in accordance with further exemplary embodiments of the present

disclosure;

[000633} FIG. 4B is a schematic side view of the staple shown in FIG. 4A that is applied to

aregion of skin containing holes therein;

000344 FIG. 4C 15 a schematic side view of & tensioning clip that is applied to a region of
skin containing holes therewn in accordance with certain exemplary embodiments of the

disciosure:

{00035} FIG. 5A 1s a schematic side view of a sture that can be used to compress a region

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

[800346} FIG. 5B 15 a schematic top view of a plurality of sutures such as that shown in

FIG. 3A that are applied to a region of skin containing holes therein in a first configuration;

40037 FIG. 5C is a schematic top view of a pluralitv of sutures such as that shown in
| jY P A

FIG. 5A that are applied to a region of skin containing holes therein in a second configaration;

{00038} FIG. 6A is a schematic top view of a tensile stress being applied to a region of

skin containing holes therein;

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

in FIG. 6A on the holes:

[00040} FIG. 7 1s & schematic side view of an exemplary apparatus for mechanically
generating fractional damage in tissue and providing a compressive stress to the tissue, in
accordance with farther exemplary embodiments of the present disclosure;

{60041} FIGS. 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 generated therein
followed by applied stresses; and

{00042} FIGS. 9A and 98 are bar graphs of exemplary data showing the observed changes
i width and height of regions of porcine skin fractionally damaged with coring needles,

nommalized by corresponding size changes of untreated regions.
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[60043) Throughout the drawings, the same reference nurerals and characters, unless
otherwise stated, are nsed to denoie like features, elements, components, or portions of the
iHlustrated embodiments. . Similar features may thos be described by the same reference
numerals, which indicate to the skilled reader that exchanges of features between different

5 embodiments can be done unless otherwise explicitly stated. Moreover, while the present
disclosure will now be described ia detail with reference to the figures, it is done 5o in
connection with the llustrutive embodiments and s not linited by the particular embodiments
illastraied in the figures. Tt is intended that changes and modifications can be made to the
described embodiments without departing from the true scope and spinit of the present disclosure

10

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

j00044) Exemplary embodiments of the present disclosure selate to cosmetic methods and
systems for generating a plusality of small holes in skin vissue and then manipulating or
compressing the treated region in a particular direction, which can result in a Jocally directional

1§ redustion of skin surface area without visible scarring.

{60045] According to exeniplary embodiments of the present disclosure, a phurality of
small boles 100, such as the hole shown in the top view of FIG. 1A, can be formed mechanically
in skin tissue, €., by a coring procedure as described in mmore detail below. The widih or
diameter of the holes 100 can be between 200 microns and 700 microns, or preferably between
20 200 microns and 500 microns. The small sizes of such holes can avoid the formation of visible
markings or scars after the surrounding tissue heals. Forming boles in this size range is also
well-tolerated and safe, because of the very small size of the damaged regions formed and the

presence of undamaged adjacent tissue to promoie rapid healing.

}600446] The holes 100 can e substantially rousd as shown in FIG. 1A, A plurality of

25 such holes 100 can be formed in a treatment region of skin or other tissue, €., as shown in FIG,
1B, 0 promote a general healing reaction over {he treated region. Such a healing reactivon may,
for example, stimulate contraction of existing collagen and/or growth of new collagen in the

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

100047} For example, the holes 100 can be formed using a pronged hollow needle 200

30 such as that shown i FIG. 2. This exemplary needle 200 has 2 pointed prongs, and can be

-8-
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formad, e.o., 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 also be used, e g., the needles 200 having
more than 2 pointed proags. Such pronged needle 200 {as opposed to, e g, a conventional
biopsy-type needle having a circular cutting end} can facilitate penetration of the end of the
needle 200 into the skin and removal of small cores of tssue to form the holes 100 without
rotating the needle 200, These needles 200 can be formed, ¢.g., from conventional syringe
needles having a gauge between about 19 and 27, e.g., having an internal diameter between
about 700 microns (0.7 mm) and about 200 microns (0.2 mm). Preferably, the needle gauge can
be between 21 and 27, corresponding to an internal diameter between about 0.5 mm and about
0.2 mm. Coring needles 200 can also be formed from other tvpes of hollow tubes having an

internal diameter corresponding to the desived hole width.

{00048} Insertion of the ngedle 200 into skin tissue, and subsequent withdrawal therefrom,
can remove a core of tissue and form a microscopic hole 100, The needle 200 can be nserted to
a depth that extends at least pactially into the underlving dermal layer, or preferably through the
entite dermal layer to the underlying subcutaneous fai fayer. Inserting the needle 200 to at least
the depth of the subcutaneous fat can facilitate removal of the tissue core within the needle
lumen from the surrounding tissue, €. hecause the tissue core will be severed from the adjacent
dermmal tissue and the bottom of the tissue core is not strongly held by the underlving fat. Such
mechanical coring procedures used 1o genergte holes 100 may be accompanied by some minor

bleeding, which is not significant and may tend fo stop quickly because of the small hole sizes.

[06049] The hole 100 formed by a 2-pronged needle 200 may be somewhat elongated in
shape, as shown in FIG. 1C. This non-circular shape can resuli from the slightly asymmetical
tissue stretching and catting that can ocour when the 2 prongs of the needle 200 pierce the tissue
and advance within #. For example, the hole 100 formed nsing a 2-pronged coring needle 200
can have an aspeci ratio (e.g. ratio of length to width in cross-section) of about 3:2 at or near the
tissue surface.

{00030} Other hole shapes can be formed in accordance with certain exemplary
embodiments of the present disclosure, such as the lenticular-shaped hole 100 shown in FIG. 1D.
For example, the aspect tatio of the lenticolar bole 100 s FIG. 1D canbe, e.g., 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 closme of the hole 100 by reducing associated stresses or

-9
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deformations in the smvounding tissue. Although the shape of an actual lenticalar hole 100
formed in soft tissue inay not have precisely smooth edges and sharp comers as illustrated in

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

[00051} In general, the specific shape(s) of the holes 100 may not be tmportant andfor
critical, because the simall size scale facilitates approximation of the hole edges in any desired
direction without generating unwanted effects such as “dog ears” or misalignments when they
close and heaf together. Needles 200 having more prongs, e.g., 3 or 4 prongs, can be used in
turther embodiments, where such needies 200 may tend to produce rounder holes 100 such as

those shown in FIG. 1A,

[00052} In farther exemplary embodiments of the disclosure, formation of mictoscopic
holes 100 in tissue that are asymnetric or noncircular, such as the hole 100 shown in 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 parrowed and opposite sides of the hole 100 are
brought into proximity or contacted with each other. Asymmetric holes 100 can be formed using
a variety of techniques and apparatuses in accordance with embodiments of the present

disclosore,

{80033} 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 tissue, 2.¢., using a
mechanical coring needle 200, or another mechanical device. Upon allowing the tissue 10 relas,

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

[00054] in further exemplary embodiments, the coring seedie 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.

{00055] In general, the shape of @ microscopic hole 100 formed in 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 affect the subsequent directional shrinkage or closure behavior because of

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

-10-
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{00056} The holes 100 can be formed mechanically such that the fraction of surface area
remaved w the treated region is between about 5% and 50%, e g, between about 10% and 30%.
Such area fractions of removed tissue can be small enough to promote healing or recovery of the
mechanically damaged skin by retaining a sufficient amount of healthy tissue around each hole
100, while being large enough to generate a cosmetically desirable amount of shrinkage 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, eic.

180057} The distribution of the holes 100 can be substantially random, or formed in any of
vatious patterns. For example, a phaality of holes 100 can be formed in the skin or other tisswe
in a generally square or rectangular array. In further embodiments, the holes 100 can be formed
18 an array of staggered rows, o in a random pattern, The particular arrangement or pattern of
the holes 100 may not be particalarly important with respect to shrinkage behavior, e.g, because

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

[80058] A pattem of the holes 100, such as that shown in, e.g., FIG. 1B, can be formed
using a variety of techniques. For example, the holes 100 can be formed mechanicatly, ¢.g.,
using a reciprocating mechanism that traverses the tissue 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 further exemplary embodiments, the holes 100 can be
formed in other patterns that may not be rows, e.g., in spatially random arraugements, which can
be achieved by repeated manual insertion and withdrawal of one or more needles 200 at various

locations m the sreated region,

00055} The density or proximity of the holes 100 can also be varied in different regions
of the tissue being treated. For example, the holes can be spaced forther apart in the peripheral
areas or edges of a particular treated region. Such “feathering” of the removed tissue volume can
facilitate a smoother or gradual trangition between the shrunken or tightened skin within the
treatment region and the untreated region of tissue surrounding it. However, such “feathering™
o density gradients of the holes 100 may not be particafarly important for obtaining a
continuous directional shrinkage over the treated region, because the large number of smali holes

100 can adjust to gradients in skin deformation during the subsequent healing process. For
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exgmple, the Jarge mamber and moderate to bigh density of microscopic holes 100 can
accommaodate macroscopic gradients in shankage with only very minor local differences in the
closure and healing behavior of each individual hole 106. Such gradients and directionality can
be produced, e.g., by the exemplary manipulation of the treated region after the holes 100 are

formed, as described hegein 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 heremn. Such methods can be effective over both small regions
{e.g. on the order of a square cm or less) and larger regions, beeause of the large number of sub-
millimeter holes 100 used to achieve cosmetic effects as described herein. For example, the
small size of the holes 100 generated at an aveal fraction between about 5% and 30% can provide
a substantially unifonn dispersion of such holes 100 when viewed at size scales of about | em or
larger: Accotdingly, the exemplary methods deseribed hersin can include directional closute of
2 large number of small holes 100, which can well accommodate any gradients in shrinkage that
may result within or adjacent to a particular treaiment region, and which may be applied in

treatment regions having arbitrary shapes and extents.

{00061} After the holes 100 are formed in skin or other tissue, as described above, it is
passible to promote closure of the holes 100 by applying appropriate lateral forces (e.g.,
compressive ot tensile forces) to the tissue in the treated region as it heals. Such forces can
facilitate contact between opposite edges of the holes 100, particularly near the tissue surface,
and increase overall shrinkage of the tissue as the holes 100 heal in a closed configuration.
Further, anisotropy or directionality of the overail skin shrinkage in the treated region following
formation of the holes 100 can be achieved by application of such forces in a particular direction

during the subsequent healing or recovery processes.

{00062} In one exemplary embodiment of the present disclosure, a stretch film 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 streteh film 300 can then be adhered to the tissue surface, as
shown 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 tissue surface, as shown by

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

-12-
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the tissue surface, (o facilitaie bole closure and increased shrinkape of the tisswe during the
healing process. For-example, the stretch film 300 can be applied such that the direction of
compressive forces at the tissue surface {indicated by the arrows in FIG. 3B) is in the preferred
direction of shrinkage. Hole closure resulting from such compressive forces can result in a
closed-hole configuration similar to the exemplary configuration shown in the top view of the
treated region of FIG. 3C, where the arrows represent the direction of comprassive forces, and

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

{00063} Materials that can be used to form the film 300 include Tegaderm™, 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
also be used in further embodiments. Such films can be provided with an adhesive surface, or
altermnatively can be adhered to the tissue surface using any appropriate biocompatible glue,

cement, o1 adhgsive.

[00064} For example, the compressive film 300 can be maintained on the tissue surface for
several days, e.g. about 4-6 days, to facilitate sufficient healing or modification of the skin tissue

while it is held in a compressed state, e.g., to minimize or prevent re-opening of the holes 100 or

collagen expansion in the compressive direction by extersal forces.

{00063} In further exemplary embodimenss, a stabilizing film 330 (shown in FIG. 3D).
e.g., a pou-stretching film or rigid plate or the lke, can be adhered to the upper surface of the
film 300 after it has relaxed and compressed the tissue sorface. This stabilizing film 330 can
provide mechanical stability to the compressed tissue surface to maintain the compressive state
and constrain further displacement {e.g., refaxation) of the compressed tissue during the healing
process, for example, to prevent relaxation of the film 300 during the recovery process or prevent
detachment of the film 300 from the skin surface. In certain exemplary embodiments, the
stabilizing {ilm can be adhered direcily 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 film 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 in FIGS. 4A and 4B. An exemplary large
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surgical swapte 400 (e g, a staple large enough to span across a plurality of holes 100 4s
positioned over the treated region in FIG. 4A. FIG. 4B shows the compressive deformation of
the treated region by the inseried staple 400. The exemplary staple 406 can be used t provide a
general compression of the treated region of skin, thereby approximating the edges of a plurality
of holes 100, as shown in FIG. 4B, rather than approximating twe opposing edges of a single
incision or wound (as is typically done with conventional 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 swrface by the staple 400.

[80067] In another exemplary embodiment, a tensioning clip 450 as shown in FIG. 4C can
be used to apply and maintain a compressive stress in the treatment region. The clip 450
includes two prong amrangements 460 capable of being inserted into skin. The prong
arrangements 460 can have a sharp point or edge at their distal ends to facilitate penetration into
the skin, and can be made from any material sufficiently rigid or strong to support & stress as
described below without breaking or deforming significantly (e.g., a metal or rigid plastic or the
kike). The prong ssrangements 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, smal! bungee cord, or the
like). The clastic material 470 can be stretched and the prong arrangements460 then inserted into
skin within and/or adjacent to the treatment region that contains holes formed as described
herein. The stretched elastic material 470 can then cause the prong arrangements 460 to exert a
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 450 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 to be maintained.

{00068} According (o certain exemplary embodiments, a plurality of staples 400 andfor
tensioning clips 450 can be applied within andfor across an entire treated region, or a portion
thereof. In further embodimens, staples 400 and/or tensioning clips 456 can be oviented in
different directions on or across the treated region to vary the local preferred divection of

shrinkage and/or 1o provide increased nou-directional shrinkage of the treated region {e.g., as
- 14
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compared to a comventional fractional dampge procedure that does not compress the treated

region after holes 100 are formed).

|66068] The staple(s) 400 aadfor tensioning clips 450, if used, cau be retained in the
treatment region for several days, e.g. about 4-6 days, to maintain a compressive siate therein
during the healing/recovery process, thereby allowing sufficient healing or modification of the
skin tissue while 1t 15 beld m a compressed state. Further, the staples 400 and/or tensioning clips
450 can be small or thin in at least one direction, to avoid formation of visible markings upon
their removal. In certain exemplary embodimens, staples 400 and/or tensioning clips 430 can be
used that are thin and/or that include several prongs configured to pierce the skin. Such staples
400 and/or tensioning clips 450 can provide compressive forces comparable to a single large
staple 400 or clip 430 while allowing the individual prongs to be smaller in size to reduce or

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

[08070} In vet another exemplary embodiment of the disclosure, one or more sutures 500
can be applied to the treated region apply to maintain a compressive force thereon, as shows in
the exemplary cross-sectional view of FIG. SA. Each suture 500 can be large enough to span
across a plurality of holes 100, thereby promoting directional approximation of opposing
surfaces of the holes 100, as shown in FIG, SA. Similar to the staple 400 shown in FIG. 4B, the
satare 500 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.

[00071} 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
plurality of the sutures 500 can be applied substantially parallel across the freated region, as
shown i the exemplary {op view of FIG. 3B. The artows 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 sutures 500 can be applied
in different directions over the treated region, such as in the exemplary configuration shown in
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 conipress the edges of the holes 100 at the skin surface. In

still another exemplary embodiment, the sutures 500 can be oriented in different directions
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within or across the treated rogion 10 vary the local preferred direction of shrinkage within the

treated region.

{00072} Stnilar to the streteh film 300 and the staple 400, the satare(s) 500, ifused, can
be retained in the treatment vegion for several days, e.g. about 4-6 days, to maintain a
compressive state therein during the healing/recovery process, thereby allowing sufficient

heahing or madification of the skin tissue while it is held in a compressed state,

{00073 According to further exemplary embodiments, other devices and techniques can
alse be used to apply and maintain compressive forces to the perforated tissue in the treated
region such as, ¢.g., forceps, adhesive heat-shrink films, surface application of curable Hquids
such as polyater precursors that can shrink and adhere to the skin surface as they cure, ete. Any
such heat-shrink filws, curable shrinking liquids, and the like that are known in the art may be

used with certain embodiments of the present disclosure,

{06074} In still further exemplary embodiments, suy combination of stetch film 300,
staples 400, sutures 300, heat-shrink filims, and/or curable liguids can be osed to apply and/or

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

[00075} According to yet further exemplary embodiments, a tensile force can be applied to
a surface region of tissue to promete closure of holes 100 formed thersin. For example, a
plurality of holes 100 can be formed in a tissue as described herein and shown in FIG. 6A. A
tensite 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 in the direction of the arrows, which may
cause the fateral sides of the holes to approach and/or contact each other as shown in FIG. 6B,
Such narrowing of the holes 100 can facilitare closure and healing. and result in local directional
shrinkage of the tissue in a direction orthogonal o 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 formation of the holes 100 heals,

00076} The tenstle foree, as illustrated in FIG. 6A, can be applied using any of a variety
of techniques and/or devices. For example, such force can be applied manually, e.o., by pressing
fingevs against the skin at opposite sides of the treated region, adjacent to the perimeter thereof
The fingers can then be spread apart 1o apply the tensile force to the tissue, e.g., 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 streiched tissue 1o inhibit or prevent relaxation of the tissue as
the holes heal, thereby maintaining the tissue in a stretched or tensile state. In a further
embodiment, an expander device can be used that inchudes iwo or more contact swfhces that can
be spread apart, e.g., a pair of forceps or the like having a flat contact area on the end of each tip.
In & similar manner, the contact areas can be pressed against the tissue and then moved apan
mechanically to stretch the tissue between the contact areas. The contact areas can be provided
with a rough, non-skip, and‘or adhesive surface to maintain contact with particular locations on
the skin or tissue surface as the tenstle force is applied, and the expander device can be
configured to maintain the expanded configuration while it is adhered to the skin surface. Othex
techniques to stretch the skin locally may also be used with embodiments of the present

disclosure,

[06077} Variows 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
saline or other solutions afler they are formed, to promote hydration and softening of the tissue
prior to healing. Such solutions can also facilitae removal of debris or impurities in the holes,
e.g., removal of blood that may be present after the holes 100 are formed mechanically nsing one

or more of the coring needles 200,

{06078} In further exemplary embodiments, biocompatible glues or adhesives can be used
to facilitate more rapid adhevence of the closed holes 100, e.g , during the healing process. For
cxample, photochentical tissue bonding (PTB) techniques can be used to help attach the holes
100 in a closed configuration during the healing process. Ina PTB process, a photosensitizer
{e.g., rose bengal, riboflavin, porphyrins, chiorins, and the Hke) can be applied to the tissue after
the holes 100 have been formed therein, bat prior 10 applying the compressive film 300 ora
compressive or tensile force as described herein. Photosensitizer precursors including, 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 tissae, optionally
activated or allowed to merabolized, and then exposed to light having one or more appropriate

wavelengths.

[00679] After the holes 100 are directionally compressed using the stretch film 300,

staple(s) 400, suture(s) 300, and/or other compressive or tensile forces, the tissue can be exposed
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to light 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 nsed. The material andior object(s) imposing compressive and/or
tensile forces in the treated region can then be removed while the hioles 100 remain closed at the

tissue surface and continue o heal,

{00080} According to yet further exemplary embodiments, the stretch film 300 can be
provided with a layer of one or more photosensitizers or precursors, such that at least a portion of
the photoactive substance(s) s transferred onto the tissue surface when the film 300 is applied 10
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 tissue surface and the photoactive substance applied thereon. In general, one or
more of the various conventional photockenical tissue bonding systems, materials, and methods
can be used to facilitate more rapid hole closure in accordance with embodiments of the present

disclosure.

{60081} In further exemplary embodiments, other tissue glues such as, e g,
cyanoacrylates, can be used to glae the holes 100 together afier they are formed and compressed,
stretehed and/or closed. M may be preferable to limit application of such glue to the tissue
surface and avoid introduction of them within the holes 100, to avoid filling them with unwanted
material that may inhibit subsequent hole closure and shrinkage. The use of any conventional
tissue-bonding techniques 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 areq as it beals, while preventing re-opening of the closed holes 100 during the pradual

healmg process.

60082} As described herein, the shape, density or spacing, and pattem or spatial
distribution of the holes 100, and/or the orientation of an applied compressive or tensife force to
the swrface of the treated region, can provide g directionally-oriented shrinkage of the tissue as it
heals. Such directionality can be utilized to achieve improved cosmetic resulis by generating
increased shrinkage in a preferred tocal direction in a mechanical 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 particular srea. 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 preferred shrinkage directions of adjacent treated regions can
also be selected and vanied to achieve desirable overall shrinkage patterus for the skin or other

tissue,

{00083} Application of a tensile or compressive forge 1o the tissue to promote hole closure
can also affect the characteristics of collagen that may be formed during the hole closure and
tissue healing processes that occur after the holes 100 have been formed. For example, collagen
may grow andfor align in particular directions when forming in tissue that is deformed by
application of external forces after the formation of the holes 100, as deseribed herein. Such
modilication of collagen growth and/or alignment in the treated tissue may provide further

desirable cosmetic effects.

{80084} In farther exemplary embodiments of the present disclosure, 4 svstem can be
provided to penevate a plugality of the holes 100 in a treated region of skin, and then apply a
compressive or tenstle force to the treated region. For example, an exemplary system 700 can he
provided that includes a handpiece 710 having a lower surface 713, a plurality of retractable
coring needles 200, an actuator handle 720, and a compression arrangement 730, as shown in
FIG. 7. The needles 200 can, e.g., be affixed (0 2 movable sabstrate 725 as a needle array or the
like to facilitate their controllable motion and positioning relative to the lower surface 715.
According to certain exenplary embodiments, the needles 200 and the substrate 728 can be
provided fogether as a single unit or cartridge, which can be disposable or reusable/sterilizable.
The lower surface 715 can be configared andfor structured to be placed on the surface of a
treated region, and the actuator handle 720 can be capable of positioning and/or maintaining the

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

j00085] A number of the needles 200 and area of the needle array can be selected based on
various factors. For example, a number of the needles 200 can be large enough to facilitate rapid
treatment of large arcas of skin, but not so large that the cost and complexity of the needle array
becomes prohibitive. Further, it may be difficuli to insert a large number of the needles 200 into
the skin simultanecusly. For example. such nuruber of the needles 200 can be between, e.g., 1
and 30, or between about ¢ and 25. In certain exemplary embodiments, a farger number of the

needies 200 can be provided in the system 700. The averape 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

geomatric caleulations.

[00086} 1oy an exemplary copfiguration, the system 700 can e.g., initially) 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, ¢.¢., 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 treat skin having various thicknesses.

[00087} The exemplary system 700 can be applied onto a treated region until the lower
surface 713 of the system 700 contacts the skin surface, such that the needles 200 penetrate the
skin tissug o the particular distance into the skin, e.g., through the entire 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 sarface 715and forming a plurality of holes 100 in
the skin. The actuator handle 720 can be further capable of activating the compression
arrangement 730 (not shown) to apply a compression element to the treated region after the

needles 200 have been withdrawn from the teated region,

[60088] In one exemplary embodiment, the compression arrangement 730 can inchude 8
surgical stapler configured to be mechanically or electrically actuated by the actuator handie 720,
such that squeezing the actuator handle 720 will first withdraw the needles 200 from the
treatment site and then apply one or more large staples 400 andfor tensioning clips 450 across at

least a portion of the treated repion as deseribed herein above.

[00089] According o another exemplary embodiment, the compression arrangement 730
can include a suture needle {e.g. a curved needle) and suture thread. The compression
arvangement 730 can be capable of or configured for introducing one or more lengths of sutare
thread below the surface of the treated region, e.g., with the ends of the thread protriding from
the surface of the skin, when it is actuated by the actuator handle 720, after the needles 200 are
withdrawn from the treatinent site. The ends of the suture thread can then be tied together to

form & suture 500 that can apply a compressive force to the skin tissue in the treated region as
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described hevein above. Optionally, the compression arrangement 730 can be capable of or

configured for tving off the suture thread when actuated; e.g., al a preselected tension.

{00090} In yet another exemplary embodiment, the compression arrangement 730 can
mnclude a sweich film applicator that is capable of and/or configured 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 arrangement 730 can include a small rolf of stretch film 300
configured similar to a packing tape dispenser. The system 700 can bg 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 fit over the treated region.

{60091} According to a further exemplary embodiment, the compression arrangement 730
can include a reservoir of & curable coating material, as deseribed herein above, and # can be
capable of appiving such coating material to the surface of the wreated vegion after the needles
200 are withdrawn from the skin. In another embodiment, the compression arrangement 730 can
be configured or adapted to apply a photeactivated material (or precursor of such matesial), as
described herein abeve, 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 1 which the compression
arrangement 730 is capable of applving other types of compression or tensioning elements to the

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

Example

{00092} An exemplary procedure in accordance with certain exemplary embodiments of
the present disclosure was performed on the lower abdomen of a swine animal mode! to
demoustrate the ability to produce directional shrinkage. Six test sites, each approximately a 3
cm by 3 cm squate, were tatioced onto the animal at Day 0. Seven control sites of the same size
were also marked between the test sites. The control sites were included to account for net
prowth of the animal over the course of observations.

000933 For example, 144 uniformiy-distributed holes were made throogh the depth of the
skin inn each test site using a specially designed vacuum-assisted 19 gauge coring needle. The
hales were formed in a sabstantially vandom atray by manwally inserting and withdrawing the
coripg 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., sbout 0.069 mm. This
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corresponds to a fractional surface area removal within each test site of about 6%, This
corresponds fo a relatively low fractional amount of skin tisste removed within the preferred

ranges described heremn.

{00094} A pre-stretched sticky dressing {Tegaderm™) was then adhered onto the test sites
and allowed to retract towards its otiginal size, thus compressing the tissue as described herein
above, Test sites 1,2,4.5 and 6 were compressed along the langer lines that run approximately
horizontally from head to tail (e.z., in the X divection). Test site 3 was compressed across the
langer hines (in the vertical or Y direction). No stretched film was applied to the seven control

sites.

[80095} 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 measured wnti day 28,

{06096} Photographic images of 1est site 6 taken at Day 0 (pre-treatment), Day 7 (when
the dressing was removed), and Day 28, are shown in FIGS. 8A, 8B and 8C, respectively. The
sizes of these images were adjusted such that the ruler length is 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 direction of compression, along the langer lines) being about
12% smaller at the end of observation conpared to the initial size of the test site. The height of
the test site {orthogonal to the compression direction) increased by about 17% by Day 28 as
compared to the pre-teeatment heipht on Day 0. Further, no apparent scarring or markings are
evident in these images, conststent with the expected cosmetic advantages of reducing skin area
by formation of many very small holes.

[00097] 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 width of sites 1, 2, 4, $ and
6 decreased shiphtly over the course of the observations, and that they tended to widen a bit
between Day 7 {when the compressive dressing was removed) and Day 28, which may be
partialy 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 disection, orthogonal

to the other test sites. Similarly, the height of the test sites {except for site 3), orthogonal to the

itlel
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compressive direction, appears to have remained about the same or increased slightly between

Day 0 and Day 20.

Table 1 Measwred dimenstons of each test site (in cm) at Day 0, 7, and 28

Test

Site | DayOX | DayOY | Day7X | Day7Y | Day28 X | Day28 Y
1 34 3.1 2.8 2.8 32 34
2 3.2 30 3.8 28 3.25 3.3
3 315 3.0 38 2.3 31 285
4 38 3.0 33 27 34 31
5 3.2 3.2 3.2 3.05 2.08 3.2
8 34 28 2.7 286 30 34

{00098} It should be noted that there was some net growth of the animal subject over the

course of the observations. To corvect for this, the width and height of each control site was
measured at Day 0. 7 and 28, The measured width and height of each test site was then
normalized 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 {i.e., general
increase in skin area) between measurements of the test site dimensions. Table 2 below includes

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

Table 2: Measured dimensions of each control site (in cm) at Day 9, 7, and 28

Control
Site Day0 X Ray0yY Day 7 X Day7Y Day 28 X Day28Y

b 3.0 28 3.3 2.5 3.85 34
[+ 318 27 325 2.0 38 345
d 2.8 2.6 285 18 3.8 3.2
e 2.85 2.55 2.8 28 345 34
f 3.0 24 36 24 38 3.1
g 31 25 3.15 2.18 35 318
b 28 28 2.8 27 365 29

Average 3.0 2.56 305 2.31 3.65 3.18

~23.
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00099} Bar graphs showing the normatized width and beight (X and Y, respectively) of
each test site are shows in FIGS. 9A and 9B, respectively. The data in these graphs suggest that
there was a noticeable decrease in width of test sites 1, 2, 4, 5 and & over the 4 weeks following
the initial treatment, when overall growth of the animal subject was accounted for. There also

5 appears to aiso be a slightly less-marked decrease in the height of these test sites {orthogonal to
the compressive direction) over the same period. Thus, there appears to be some preferred
directionality in the shrinkage of the test subject skin when treated in accordance with

embodiments of the preseny disclosore.

[000100] The observed effects (and differcnces in behavior betwesnthe X and Y

10 dircctions) are somewhat modest in this exemplary study. A few factors should be noted when
assessing these measured resulis, Fixst, there are qualitative differences between human and
swine skin. It is expected that human skin, being thinner and less resilient, may be more affected
under similar treatment conditions. Second, the fractional area of skin retmoved in each iest areq
was only 6%, which is relatively low. More marked results are likely to appear if a larger

1S munber of holes was formed within each test aren (corresponding to a larger fraction of skin
removed, .., up to 25-30% or more). Also, the dressing did not always adhere very well to the
skin of the anima) subject, and tends to adhere more strongly to human skin, thus providing more
pffective compressive forces. Further. net growth of the animal sebject during the observation
period, although addressed 1n the data analysis, may still affect the normalized results, Such “net

20 growth™ effects would not typically be present in mature human patients, so the actual skin

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

[8001.01) 1t will thus be appreciated that those skilled in ihe art will be able fo devise
numerons systems, arrangements and methods which, although not explicitly shown or described
25 hesein, embody the principles of the disclosure and are thus within the spirit and scope of the

present disclosure,

~ 24
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WHAT IS CLAIMED IS:

1. A system for producing a cosmetic effect in skin tissue, comprising:
at least one coring needle structured to form a plurality of holes in a region of the
skin tissue; and
a compression arrangement configured to produce and maintain a compressive
stress over at least one portion of the region after the holes are formed,
wherein an inner diameter of the at least one coring needle is between about 0.2 mm 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 surface into the dermal layer of the skin, and
wherein the compression arrangement is configured to maintain the stress that provides a
force in the region along a direction that is substantially parallel to the skin surface until the

holes have substantially closed.

2. The system of claim 1, wherein the at least one coring needle comprises a plurality

of coring needles.

3. The system of claim 1, wherein the inner diameter of the at least one coring needle

is between about 0.2 mm and 0.5 mm.

4. The system of claim 1, wherein the at least one needle is structured to form the holes that

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

5. The system of claim 1, wherein the compression arrangement is configured to adhere

a pre-stretched film to at least a portion of the region of skin.

6. The system of claim [, wherein the compression arrangement is configured to adhere

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

7. The system of claim 1, wherein the compression arrangement is configured to apply

at least one of a surgical staple or a suture onto or adjacent to the region of skin.

-25 .-
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