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METHOD AND APPARATUS FOR BERMATOLOGICAL TREATMENT 

CROSS-REFERENCE TO RELATED APPLICATlONCSi 

{8801 ] Hie present application relates to and claims priority from U.S. Provisional Patent 

Application Serial No. 61/668,744 filed July 6, 2012, the disclosure of which is incorporated 

5 herein by reference in its entirety. 

TECHNICAL FIELD 

[0002] The present disclosure relates to cosmetic methods and systems for improved 

fractional resurfacing of skin tissue and similar procedures, specifically, such methods and 

systems that facilitate enhanced and/or directional reduction in skin area or reduction of 

i 0 wrinkles. 

BACKGROUND 

[0003] There is an increasing demand for repai r of or improvement to skin defects, which 

can be induced by aging, sun exposure, dermatologies! diseases, trauma, surgical procedures, 

heredity, 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, 

e.g., scarring from trauma, age-related rhytides, and striae. Aged skin is characterized by a 

flattened dermal-epidermal junction, thinning epidermis and dermis, less fibrous collagen, and 

alterations in elastin organization. Skin rejuvenation therapies work to remove these damaged 

tissues and/or and stimulate the growth of new, healthy col lagen, elastic fibers and skin cells and 

20 thereby improve the appearance of the skin. 

[0004] R eduction in the appearance of wrinkles is an objective of many dermatological 

procedures and treatments. For example, a face lift operation is a standard surgical procedure in 

which skin is removed from in front or behind the ears, which pulls and lifts adjacent skin from 

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

25 unnatural stretched appearance. 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 scarring, the result would be a more natural appearance while still 

removing unwanted sagging or redundant skin. 
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[8805] Certain treatments may be used to improve skin defects by irradiating the skin 

with electromagnetic energy, which can lead'to beneficial responses to' improve the treated skin 

condition.. A common procedure for skin-rejuvenation, i.e., laser resurfacing, uses light, energy to 

heat and damage the upper dermis. However, laser resurfacing has a poor side effect profile, 

5 with many patients experiencing prolonged erythema, scarring 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, about 1 mm) and proximity of healthy tissue can facilitate a rapid 

10 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 expensive, present safety hazards, arid require a skilled physician or 

clinician for their operation. Further, fractional, resurfacing treatments tend to produce general 

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

10007] However, many wrinkles tend to present on certain parts of the body with a 

general orientation, such as wrinkles extending laterally from the comers of the eyes 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 

20 (e.g. with sutures) to "pull" the skin back; in a particular direction. Such procedures, as used in 

conventional facelifts, create large scars that must he carefully located, and may generate some 

unnatural-looking shrinkage in response to 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 

millimeters wide, and to close the resulting holes with sutures or the like to produce a more 

25 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-ears when they are collapsed. However, such holes are still large enough to produce visible 

markings when healed, and foil healing time may require up to a few weeks. Further, closure of 

such holes is a ski 11-intensive procedure that would require manipulation such as individual 

30 suturing or manual, even approximation followed by application of an adhesive coating such as a 
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eyanoaerylate adhesive to keep the holes closed imtil they heal. Such hole closure procedures 

would be time-mteixsive and prone to visible scarring. 

{'0809] Accordingly, Acre may be a need for a relatively simple, inexpensive, robust and 

safe cosmetic method and system that can be mechanical in nature, and would overcome at least 

5 some of such exemplary deficien cies described above, and that can be configured to produce 

fractional damage in biological tissue that leads to directional reduction of skin surface area 

without causing visible scarring. 

SUMMARY 

{000.10] The present d isclosure relates to exemplary embodiments of simple, inexpensive, 

1.0 and safe cosmetic methods and systems for mechanical generation of a plurality of small holes, 

e.g., micraregioos of damage, m biological tissue, such as skin, and for manipulating the treated 

skin to generate a cosmetically desirable red ucti on of skin area that can. be enhanced and/or that 

has a particular or preferred direction, Such exemplary holes can. have a width or diameter that 

is, e.g., between about 0.2 mm and 0.7 mm, or preferably between about 0.2 mm and 0.5 mm as 
15 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 5% and 50%, or between about 10% and 30%. Formation 

of holes in this sub-millimeter size range andareal coverage is well-tolerated by the body, with, 

minimal risk of scarring, infection, or other complications. 

20 [0001 If An exemplary embodiment of a cosmetic method according to the present 

disclosure can be provided that can include a formation of a plurality of holes in a region of skin 

as described above, and then an application of tensile and/or compressi ve 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 aod/or provide a directional bias 

25 to the resulting shrinkage. The applied stresses can be maintained in the treated region until the 

holes have substantially closed and/or tissue regrowth has been effectively modified, e.g., 

between about 4-6 days or longer. In certain exemplary embodiments, this time period may be 

much shorter, e.g., on the order of several minutes or hours, if a tissue adhesive, glue, or the like 

is used to facilitate hole closure. 
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[00012} In one exemplary embodiment, a 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 and/or affect the 

orientation of collagen or oilier structures that grow or evolve as part of a healing response in the 

5 tissue surrounding the small holes, A rigid film, plate, or other object can optionally be adhered 

over the stretched film to provide mechanical stabili ty and .maintain deformation of the treated 

region during the primary healing process, 

{00013} In further exemplary embodiments, compressive stresses can he generated in the 

treated region of skin by applying one or more surgical staples ami/or sutur es to the area. The 

10 staples and/or sutures are preferably large, such that they span several of the formed holes, and 

optionally the entire treated region. In certain embodiments, a plurality 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 to 

a similarly-treated region without the applied stresses. 

15 [800141 In other exemplary embodiments, compressive stresses can be generated by 

applying a shri.nka.ble material to the skin surface after the holes are formed therein. The 

shrinkable material can include, e.g., a heat-shrink film adhered to the skin surface and then 

heated, a liquid layer that can polymerize or react to form an adherent film that reduces in size as 

it forms, cures or ages. etc. 

20 [00015j In other exemplary embodiments, a photoactivated adhesive can be applied to the 

surface of the treated region, and a compressive or tensile stress 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. 

25 [00016J In still further exemplary embodiments, tensile stresses can be generated 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 stretched area of skin. 

.4. 
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jfttlOl 7} According to further exemplary embodiments of th.e'present-disclosure, a system 

can be provided for generating a plurality of holes hi a region of skin thai includes one or more 

coring needles that can remove small cores of tissue by inserting and wi th drawing the needles 

from the skin. A plurality of such needles can be affixed to a substrate to facilitate motion and 

5 positioning of all of the needles simultaneously. 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 pneumatic translator or the 

like. 

{00018J The exemplary system can further include a compression arrangement capable of 

10 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 include a surgical 

stapler, a suturing device, an applicator capabl e of applying a stretched film or a 

curable/shrinkahle liquid to the skin -surface, etc, 

|00019 j The herein described exemplary embodiments pertain to cosmetic method and 

15 apparatus. It shall further be noted that the herein described cosmetic method has been tested, 

and is a safe and routine procedure that can be practiced in beauty parlors or other settings. The 

presented method is a minimally-invasive a method. Moreover, the exemplary method is safe as 

it does not present a substantial health risk, and does not require professional medical expertise 

to be performed. No clinician is needed to perform the exemplary embodiments of the method 

20 described herein, and little or no risk, much less a health risk, is presented for a person, being 

treated with said cosmetic method if standard cleanliness and sterilization procedures are 

employed, as shall become apparent from the following description. 

100O2QJ Synergetic effects may arise from different combinations of the .features and 

embodiments described herein, although all such combinations might not be described in detail. 

25 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 are herewi th described. 
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[66021] 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 claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 {00022] Further objects, features and advantages of the present disclosure will become 

apparent from the following detailed description taken hi conjunction with the accompanying 

figures showing illustrative embodiments, results and/or .features of the present disclosure, i n 

which: 

{00023] FIG. 1A is a 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. IB is a top view of an array of the holes such as that shown in FIG. 1 A; 

[00025] FIG. 1C is a top view of an elongated hole that can be formed in skin tissue, in 

accordance with further embodiments of the present, disclosure: 

[O0026| FIG. .1D is a top view of a lenticular-shaped hole that can be .formed in skin tissue, 

15 in accordance with still further embodiments of the present disclosure; 

[00027] FIG. 2 is a schematic illustration of a coring needle that can. be used to form small 

holes in. a biological tissue such as skin, in accordance with exemplary embodiments of the 

present disclosure; 

[O0O28| FIG. 3 A is a schematic side view of a stretch film, in accordance with further 

20 exemplary embodiments of the present disclosure; 

{90029} FIG. 3B is a schematic side view of the exemplary film shown in FIG. 3 A being 

applied to the surface of a region of skin containing holes therein; 

[00030| FIG, 3C is a schematic top view of the region of skin shown in FIG. 2B with the 

exemplary film applied to the surface thereof; 

25 [60031] FIG. 3D is a 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 mechanically; 

-6-
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188632] FIG. 4A1$ 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; 

{90053] FIG. 4B is a schematic side view of the staple shown in FIG. 4A. that is applied to 

5 a region of skin containing holes therein; 

{80034] FIG, 4C is a schematic side view of a tensioning clip that is applied to a region of 

skin containing holes therein in accordance with certain exemplary embodiments of the 

disclosure; 

|90035f FIG. 5A is a schematic side view of a suture that can be used to compress a region 

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

{80036] FIG. 5B is 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; 

{80037] FIG. SO is 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 second configuration; 

15 j00038} FIG. 6A is a schematic top view of a tensile stress being applied to a region of 

skin containing iiol.es therein; 

{80039] FIG. 66 is a schematic top view illustrating the e ffect of the tensile stress sho wn 

in FIG. 6A on the holes: 

{80040] FIG. 7 is a schematic side view of an exemplary apparatus for mechanically 

20 generating fractional damage in tissue and providing a compressive stress to the tissue, in 

accordance with further exemplary embodiments of the present disclosure; 

{90041] FIGS. SA-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 

25 {80642| FIGS, 9A and 9B are bar graphs of exemplary data showing the observed changes 

in width and height of regions of porcine skin fractionally damagedwith coring needles, 

normalized by corresponding size changes of untreated regions. 
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[66643] Throughout the drawings, the same reference numerals and characters, unless 

otherwise stated, are used to denote like features, elements, components, or portions of the 

illustrated embodiments. . Similar features may thus be described by the same reference 

numerals, which indicate to the skilled reader that exchanges of features between different 

5 embodiments can be done unless otherwise explicitly stated. Moreover, while the present 
disclosure will now be described in detai l with reference to the figures, it is done so in 

connection with the illustrative embodiments and is not limited by the particular embodiments 

illustrated in the figures. It is intended that changes and modifications can be made to the 

described embodiments without departing from She true scope and spirit of the present disclosure 

.10 as defined by the appended claims. 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 

(906441 Exemplary embodiments of the present disclosure relate to cosmetic methods and 

systems for generating a plurality of small holes in skin tissue and then manipulating or 

compressing the treated region in a particular direction, which can result in a locally directional 

15 reduction of skin, surface area without visible scarring. 

[80O45| According to exemplary embodiments of the present disclosure, a plurality of 

small holes 100. such as the hole shown in the top view of FIG. LA , can be formed mechanically 

in skin tissue, e.g., by a coring procedure as described in more detail below. The width or 

diameter of the holes 100 can be between 200 microns and TOO microns, or preferabl y between 

20 200 microns and 500 micr ons. The small sizes of such, holes can avoid the formation of visible 

markings or scars after the surrounding tissue heals. Forming holes in this size range is also 

well-tolerated, and safe, because of the very small size ofthe damaged regions formed, and the 

presence of undamaged adjacent tissue to promote rapid healing. 

[99046] The holes 100 can be substantially round as shown in FIG. 1A. A plurality of 

25 such holes 100 can be formed in a treatment region of skin or other tissue, e.g., as shown in FIG. 

IB, to promote a.general healing reaction over the treated region. Such a healing reaction 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, 

[0004? j For example, the holes 3 00 can be formed using a pronged hoi low needle 200 

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

.g. 
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formed, e.g.., by abrading opposite sides of the distal end of a hollow .needle at an angle relative 

to the axis of the needle. Other needle geometries can also be used, e.a.. the needles 200 bavins 4*.' .• v -• v 

more than 2 pointed prongs. 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 

5 needle 200 into the skin and removal 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 

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 

10 0.2 mm. Coring needles 200 can also be formed from other types of hollow tabes having an 

internal diameter corresponding to the desired hole width. 

(00048] insertion of the needle 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 inserted to 

a depth that extends at least partially into the underlying dermal layer, or preferably through the 

15 entire dermal layer to the underlying subcutaneous tat layer. 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, e.g., because the tissue core will be severed from the adjacent 

dermal tissue and the bottom of the tissue core is not strongly held by the underlying fat. Such 

mechanical coring procedures used to generate holes 100 may be accompanied by some minor 

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

(90049} 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 result from, the slightly asymmetrical 

tissue stretching and cutting that can occur when the 2 prongs of the needle 200 pierce the tissue 

end advance within it For example, the hole 100 formed using a 2-pronged. coring needle 200 

25 can have an aspect ratio (e.g., ratio of length to width in cross-section) of about 3:2 at or near the 

tissue surface. 

(00659] 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 ratio ofthe lenticular hole 100 in FIG, ID can be, e.g., about 3:1, and the 

30 angle at which the curved sides meet can be about 30 degrees. This ratio (or an aspect ratio close 

to this) and geometry can facilitate closure ofthe hole 100 bv reducing associated stresses or 
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ddtanations in the surrounding tissue.- Although the shape of an actual lenticular' -hole 100 

formed in soft tissue may 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) ofthe holes .100 may not be important and/or 

5 critical because the small 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 heal together. Needles 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. 1 A. 

10 {00052| 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 in FIG, 1C, 

can be desirable for generating closure of holes 100 that is locally and/or 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 

15 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 ofthe 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 tissue, e.g., using a 

20 mechanical coring needle 200, or another mechanical device. Upon allowing the tissue to relax, 

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

{000541 In further exemplary embodiments, the coring needle 200 can be provided in 

various shapes, e.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 

25 in shape. 

{06055} In general, the shape of a microscopic hole 100 formed, in soft s kin tissue may not 

have precisely smooth edges and a well-defined shape, and the precise shape of the holes 300 

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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(88056] The holes .100 can be formed mechanically such that the fraction of surface ares 

removed in the treated reaion' is between about 5% and 50%. e.«.. 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 

5 100, while being large enough to generate a cosmetically desirable amount of shrinkage in a 

single exemplary procedure performed on the treated region as described, herein. The particular 

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, etc. 

10 (86057] The distribution of the holes 100 can be substantially random, or formed in any of 

various patterns. For example, a plurality of holes 100 can be formed in the skin or other tissue 

in a generally square or rectangular array. In further embodiments, the holes 100 can be formed 

in an array of staggered rows, or in a random pattern. The particular arrangement or pattern, of 

the holes 100 may not be particularly important with respect to shrinkage behavior, e.g., because 

15 ofthe large number and small size ofthe holes 100 in the treated reeion. 

[00058) A pattern of the holes 100, such as that shown in, e.g., FIG. IB, can be formed 

using a variety of techniques. For example, the holes 100 can be formed mechanically; e.g., 

using a reciprocating mechanism that traverses the tissue to form the pattern. The mechanism 

can include one or more tows of the coring needles 200, such that staggered rows of the holes 

20 100 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 arrangements, which can 

be achieved by repeated manual insertion and withdrawal of one or more needles 200 at various 

locations in the treated region. 

(88059] The density or proximity of the holes 100 can also be varied in different regions 

25 ofthe tissue being treated. For example, the holes can be spaced further 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 transition between the shrunken or tightened skin within the 

treatment region and the untreated region of tissue surrounding it. However, such "feathering" 

or density gradients ofthe holes 100 may not be particularly important for obtaining a 

30 continuous directional shrinkage over the treated region, because the large number of small holes 

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

-11 -
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example, the large number and moderate to high density of-microscopic holes 100 can 

accommodate macroscopic gradients m shrinkage with only very minor local differences in the 

closure and healing behavior of each individual hole 100. Such gradients and directionality can 

be produced, e.g.. by the exemplary manipulation of the treated region after the holes 100 are 

5 formed, as described herein below. 

[09060] The particular shape arid size ofthe 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 herein. Such methods can be effective over both small regions 

(e.g. on the order of a sq uare cm or less) and larger regions, because of the large number of sub-

10 millimeter holes 100 used to achieve cosmetic effects as described, herein. For example, the 

small size ofthe holes 100 generated at an area! fraction between about. 5% and 50% can provide 

a substantially uniform dispersion of such holes 100 when viewed at size scales of about 1 cm or 

larger. Accordingly, the exemplary methods described herein can. rndude-directional 'closure of 

a large number of small holes 100, which can well accommodate any gradients in shrinkage that 

15 may result within or adjacent to a particular treatment region, and which may be applied in 

treatment regions having arbitrary shapes and extents. 

(000611 After the holes 100 are formed in skin or other tissue, as described above, it is 

possible to promote closure of the holes 100 by applying appropriate lateral forces (e.g., 

compressive or tensile forces) to the tissue in the treated region as it heals. Such forces can 

20 facilitate contact between opposite edges ofthe 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 ofthe overall skin shrinkage in the treated region following 

formation of the holes 100 can be achieved by application of auch forces in a particular direction, 

during the subsequent healing or recovery processes. 

25 [09062} In one exemplary embodiment ofthe 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. 3 A , 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 

shown in the exemplary cross-sectional view ofthe treated region in FIG. 3B, The pre-stretched 

30 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 ofthe boles ! 00, particularly near 

SUBSTITUTE SHEET (RULE 26) 



WO 2014/008470 PCT/US2013/049445 

the tissue surface, to facilitate hole closure and increased shrinkage ofthe tissue 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 

5 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 compressive forces, and 

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

f06063J Materials thai can be used to form the film 300 include Tegaderai™, another 

stretchahle polymer, or the like. For example, Tegaderm™ has adherent properties and can be 

10 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 wiih an adhesive surface, or 

alternatively can be adhered to the tissue surface using any appropriate biocompatible glue, 

cement, or adhesive. 

[00064] For example, the compressive film 300 can be -maintained on the tissue surface for 

15 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 external forces, 

[00065J In further exemplary embodiments, a stabilizing film 330 (shown in FIG. 3D), 

e.g., a non-stretching film or rigid plate or the like, can be adhered to the upper surface ofthe 

20 film 300 after it has relaxed and compressed the tissue surface. This stabilizing film 330 can 

provide mechanical stability to the compressed tissue surface to maintain the compressive state 

and constrain further displacement (e.g., relaxation) of the compressed tissue during the healing 

process, for example, to prevent relaxation ofthe film 300 during the recovery process or prevent 

detachment of the film 300 from the skin surface. In certain exemplary embodiments, the 

25 stabilizing film can. be adhered directly 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, 

[90066] 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 

30 exemplary cross-sectional views of a treated region in FIGS. 4A and 4B. An exemplary large 

~ 13-
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surgical staple 400 (e.g,, a staple large enough to span across a plurality of holes 100) is 

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: to provide a. 

general compression of the treated region of skin, thereby approximating die edges of a plurality 

5 of holes 100, as shown in FIG. 48, rather than approximating two 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 ofthe 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 

10 together of tissue, below the surface by the staple 400.. 

(1100671 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 arrangements 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 

15 the skin, and can be made from any material sufficiently rigid or strong to support a stress as 

described below without breaking or deforming significantly (e.g., a metai or rigid plastic or the 

like). 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, small bungee cord, or the 

like). The elastic material 470 can be stretched and the prong arrangements460 then inserted into 

20 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 

25 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. 

[80068] According to certain exemplary embodiments, a plurality of staples 400 ami/or 

tensioning clips 450 can be applied within and/or across an entire treated region, or a portion 

thereof, hi further embodiments, staples 400 and/or tensioning clips 450 can be oriented in 

30 different directions on or across the treated region to vary the local preferred direction of 

shrinkage and/or to 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). 

|'90069| The staple(s) 400 and/or tensioning clips 450, if used, can be retained in the 

treatment region for several days, e.g. about 4-6 days, to maintain a compressive state therein 

5 during the healing/recover}1 process, thereby allowing sufficient healing or modification of the 

skin tissue while it is held hi a compressed state. Further, the staples 400 and/or tensioning clips 

450 can he small or thin in at least one direction, to avoid formation of visible markings upon 

their removal. In certain exemplary embodiments, staples 400 and/or tensioning clips 450 can be 

used that are thin and'or that include several prongs configured to pierce the skin. Such staples 

10 400 and/or tensioning clips 450 can provide compressive forces comparable to a single large 

staple 400 or clip 450 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. 

{06070] In yet another exemplary embodiment of the d isclosure, one or more sutures 500 

can be applied to the treated region apply to maintain a compressive force thereon, as shown in. 

15 the exemplary cross-sectional view of FIG, 5A, Each suture 500 can be large enough to span 

across a plurality of holes 100, thereby promoting directional approximation of opposing 

surfaces ofthe holes 100, as shown in FIG. 5A. Similar to the staple 400 shown in FIG. 4B, the 

suture 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. 

20 [90071J According to certain exemplary embodiments, a plurality of sutures 500 can he 

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 treated region, as 

shown in. the exemplary top view of FIG. 5B. The arrows in FIG. 5B indicate the direction of 

compressive forces, and the small vertical lines 310 represent the approximated edges of the 

25 holes 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. 5C. to provide increased non-directional shrinkage ofthe treated region. 

The arrows in FIG, 5C represent the local direction of compressive forces, which may tend to 

omnidirectionally or isotropieally compress the edges ofthe holes 100 at the skin surface, hi 

30 still another exemplary embodiment, the sutures 500 can be oriented in different directions 
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withm or across the trea ted region to vary the local preferred direction' of shrinkage within the-

treated region. 

j00072j Similar to the stretch film 300 and the staple 400, the sutxire(s) 500, if used, can 

be retained in the treatment region for several, days, e.g. about 4-6 days, to maintain a 

5 compressive state therein during the healing/recovery process, thereby allowing sufficient 

healing or modification of the skin tissue whi le if is held in a compressed state, 

[00073} According to further exemplary embodiments, other devices and techniques can 

also be used to apply and maintain compressive forces to the perforated tissue in the treated 

region, such as, e.g., forceps, adhesive heat-shrink films, surface application of curable liquids 

10 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 like that are known in the art may be 

used with certain embodiments ofthe present disclosure, 

1000741 In still .further exemplary eoibod.ime.iits, any combination of stretch film 300, 

staples 400, sutures 500, heat-shrink films, and/or curable liquids can be used to apply and/or 

15 maintain 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 promote closure of holes 100 formed therein. For example, a 

plurality of holes 100 can be formed in a tissue as described, herein and shown in FIG. 6A. A 

tensile force can be appl ied to the tissue m the direction of the arrows shown in FIG, 6A. Such 

20 exemplary tensile force can locally stretch the tissue in the direction of the arrows, which may 

cause the lateral sides ofthe holes to approach and/or contact each other as shown in FIG. 6B. 

Such narrowing ofthe 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 ofthe tensile forces as 

25 the tissue damage caused by formation of the holes 100 heals, 

[00076] The tensile force, 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.g., by pressing 

fingers against the skin at opposite sides ofthe treated region, adjacent to the perimeter thereof. 

The fingers can then be spread apart to apply the tensile force to the tissue, e.g., to stretch the 

30 region of tissue between the finger contact points, A rigid or non-stretchable adhesive film or 

~ 16 -

SUBSTITUTE SHEET (RULE 26) 



WO 2014/008470 PCT/US2013/049445 

plate can then be adhered to the stretched tissue to inhibit or prevent relaxation of the tissue as 

the holes heal, thereby maintaining the tissue in a stretched or tensile state; hi a further 

embodiment, an expander device can be used tot includes two or more contact surfaces 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. 

5 In a similar manner; the contact areas can be pressed against the tissue and then moved apart 

mechanically to stretch 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 locations on 

the skin or tissue surface as the tensile force is applied, and the expander device can be 

configured to maintain the expanded configuration while it is adhered to the skin surface. Other 

10 techniques to stretch the skin locally may also be used with, embodiments ofthe present 

disclosure. 

jO0O77| 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 

saline or other solutions after they are formed, to promote hydration and softening of the tissue 

15 prior to healing. Such solutions can also facili tate removal of debris or impurities in the holes, 

e.g., removal of blood that may be present after the holes 100 are formed mechanically using one 

or more of the coring needles 200. 

|800781 In further exemplary embodiments, biocompatible glues or adhessves can be used 

to facilitate more rapid adherence of the closed holes 100, e.g. , during the healing process. For 

20 example, photochemical tissue bonding (PTB) techniques can be used to help attach the holes 

100 in a closed configuration during the healing process. In a PTB process, a photosensitizer 

(e.g., rose bengal, riboflavin, porphyries, chlorins, and the like) can be applied to the tissue after 

the holes 100 have been formed therein, but prior to applying the compressive film. 300 or a 

compressive or tensile force as described herein. Photosensitizer precursors including, e.g., pro-

25 drugs of such photosensitizers, can also be used, where such, precursors may be metabolized or 

otherwise activated to form, photosensitizes in the tissue. Such photoactive substances (e.g., 

photosensitizes or precursors) cars promote tissue bonding when applied, to tissue, optionally 

activated or allowed to metabolized, and then exposed to light having one or more appropriate 

wavelengths. 

30 |00079) After the holes 100 are dlrectionally compressed using the stretch film 300, 

staple(s) 400, suture(s) 500, and/or other compressive or tensile forces, the tissue can be exposed 

-17-

SUBSTITUTE SHEET (RULE 26) 



WO 2014/008470 PCT/US2013/049445 

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 he based on' the particular 

photosensitizer or precursor used. The material and/or objects) imposing compressive and/or 

tensile forces in the treated region can then be removed while the holes 100 remain closed at the 

5 tissue surface and continue to heal, 

[00080] According to yet further exemplary embodiments, the stretch film 300 can be 

provided with a layer of one or more photosensitizes or precursors, such that at least a portion of 

the photoactive substance(s) is transferred onto the tissue surface when the film 300 is applied to 

the surface ofthe tissue. For example, the photoactive substaiice(s) can be provided in a gel or 

10 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 ofthe various conventional photochemical tissue bonding systems, materials, and methods 

can be used to facilitate more rapid hole closure in accordance with embodiments of the present 

15 disclosure. 

{000811 in further exemplary embodiments, other tissue glues such as, e.g., 

cyanoacrylates, can be used to glue the holes 100 together after they are formed and compressed, 

stretched and/or closed. If 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 

20 mateiial 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 thai the compressive film 300 or other dressings are maintained over the treated 

tissue area as it heals, while preventing re-opening of the closed holes 100 during the gradual 

healing process. 

25 {00082} As described herein, the shape, density or spacing, and pattern or spatial 

distribution of the holes 100, and/or the orientation of an applied compressive or tensile force to 

the surface of the treated region, can provide a directionally-oriented shrinkage ofthe tissue as it 

heals. Such directionality can be utilized to achieve improved cosmetic results by generating 

increased shrinkage in a preferred local direction in a mechanical fractional resurfacing 

30 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 subsequent treatments on a particular area. The compressive-and/or tensile directions 

can be varied in different treatments of a'sinale area to obtain a more honio^eaous shrinkage of 

tissue in the area, The sizes and preferred shrinkage directions of adjacent treated, regions can 

also be selected and varied to achieve desirable overall shrinkage patterns for the skin or other 

5 tissue, 

[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 

tissue healing processes that occur after the holes 100 have been formed. For example, collagen 

may grow and/or align in particular directions when forming in tissue that is deformed by 

10 application of external forces after the formation ofthe holes 100, as described herein. Such 

modification of collagen growth and% alignment in the Created tissue may provide further 

desirable cosmetic effects. 

j06084| In Further exemplary embodiments of the present disclosure, a system can be 

provided to generate a plurali ty of the holes 100 in a treated region of skin, and then apply a 

15 compressive or tensile force to the treated region. For example, an exemplary system 700 can he 

provided that includes a handpiece 710 having a lower surface 71 S? 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 to a movable substrate 725 as a needle array or the 

like to facilitate their controllable motion and positioning relative to the lower surface 715, 

20 According to certain exemplary embodiments, the needles 200 and the substrate 725 can be 

provided together as a single unit or cartridge, which can. be disposable or reusable/sterilizable. 

The lower surface 7 i 5 can be configured and/or 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. and/or the substrate 725 at one or more locations relative to the lower surface 715. 

25 [00085} 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 areas of skin, but not so large th at 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 simultaneously. For example, such number ofthe needles 200 can be between, e.g., 1 

30 and 50, or between about 6 and 25, In certain exemplary embodiments, a larger number of the 

needles 200 can be provided in the system 700. The average spacing between the needles 200 

~ 19-

SUBSTITUTE SHEET (RULE 26) 



WO 2014/008470 PCT/US2013/049445 

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 insertion and withdrawal of die needles 200, using simple 

geometric cal.calatio.ns. 

[00086| In an exemplary configuration, the system 700 can (e.g., initially) be con.ftgu.ted 

5 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 ofthe local dermis of the 

treated region, fa 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. 

10 [00087j The exemplary system 700 can be applied onto a treated region until the lower 

surface 715 of the system 700 contacts the skin surface, such that the needles 200 penetrate the 

skin tissue to 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 ofthe needles 200 above the lower surface 71 Sand forming a plurality of holes 100 in 

15 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 treated region, 

[OOOSSJ In one exemplary embodiment, the compression arrangement 730 can include a 

surgical stapler configured to he mechanically or electrically actuated by the actuator handle 720, 

20 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 and/or tensioning clips 450 across at 

least a portion of the treated region as described, herein above. 

(000891 According to another exemplary embodiment, the compression arrangement 730 

can include a suture needle (e.g. a curved needle) and suture thread. The compression 

25 arrangement 730 can be capable of or configured for introducing one or more lengths of suture 

thread below the surface ofthe treated region, e.g., with the ends ofthe thread protruding from 

the surface of the skin, when it is 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 500 that can apply a compressive force to the skin tissue in 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. 

|'0flO9O| In yet another exemplary embodiment the compression arrangement 730 can 

include a stretch film applicator that is capable of and/or configured for adhering a stretch -film 

5 300 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 roll of stretch film 300 

configured 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. 

Hie film 300 can also be provided in pre-cut pieces that are sized to fit over the treated region, 

10 {00091j According to a further exemplary embodiment, the compression arrangement 730 

can include a reservoir of a curable coating material, as described herein above, and it can be 

capable of applying such coating material to the surface of the treated region after the needles 

200 are withdrawn .from the skin. In another embodiment, the compression arrangement 730 can 

be configured or adapted to apply a photoacti vated material (or precursor of such material), as 

15 described herein above, to at least a portion of the treated region, and directing light energy onto 

the region to activate the material Embodiments ofthe 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 are formed also fell within the scope ofthe present disclosure. 

20 [000921 An exemplary procedure in accordance with certain exemplary embodiments 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 approximately a 3 

cm by 3 cm square, were tattooed 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 

2 5 growth of the animal over the course of observations. 

[00093} For example, 144 'uniformly-distributed holes were made through the depth of the 

skin in each test site using a specially designed vacuum-assisted 19 gauge coring needle. The 

holes were formed in a substantially 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 

30 was approximately the same as the inside diameter of the needle, e.g., about 0.69 mm. This 
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corresponds to a fractional surface area removal within each test site of about 6%, This 

corresponds to a relatively low fractional amount of skin tissue remo ved within the preferred 

ranges described herein. 

fOOOMf A pre-stretched sticky dressing (Tegadenii™) was then adhered onto the test sites 

and allowed to retract towards its original 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.g., in the X direction). Test site 3 was compressed across the 

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

sites. 

|00095j 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 until day 28, 

(000961 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. 8A„ SB and SO, respectively. The 

sizes of these images were adjusted such that the ruler length is the same in each. Hie overall 

shape ofthe 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 compared 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-treatment height on Day 0. Further, no apparent scarring or markings are 

evident in these images, consistent with the expected cosmetic advantages of reducing skin area 

by formation of many very small holes. 

[60097] 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 1,2,4,5 and 

6 decreased slightly 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 

partially 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 

">0 
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compressive direction, appears-to have remained about the same or increased slightly between 

Day 0 and Day 20. 

Table 1: Measured dimensions of each test site (in cm) at Day 0,7, and 28 

Test 
Site Day 0 X Day 0 Y Day 7 X Day 7 Y Day 28 X Day 28 Y 
1 3.4 3.1 2,8 2.8 3.2 3.4 
2 3.2 3.0 3.0 2.8 3.25 3.3 
3 3 15 3,0 3.8 2.3 3,1 2.95 
4 3.8 3.0 3.3 2.7 3.4 3.1 
5 3.2 3.2 3.2 3,05 3.05 3.2 
6 3.4 2,9 2.7 2.6 3.0 3,4 

106698| it should be noted that there was some net growth of the animal, subject over the 

course of the observations. To correct 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, ofthe 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 ofthe test site dimensions. Table 2 below includes 

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

Table 2: Measured dimensions of each control site (in cm) at Day 0,7, and 28 

Control 
Site Day 0 X Day 0 Y Day 7 X Day 7 Y ! Day 28 X Day 28 Y 
b 3,0 2.6 3,3 2.5 | 3,95 3.4 
c 3.15 2.7 3.25 2.0 | 3.9 3.15 
d 2.9 2,6 2.95 1.8 | 3.5 3.2 
6 2.95 2.55 2.9 2.6 | 3,45 3,4 
f 3.0 2.4 3.0 2.4 | 3.6 3.1 
9 3.1 2,5 3.15 2.15 | 3,5 3,15 
h 2,9 2.8 2,8 2.7 | 3,65 2.9 

Average 3.0 2.56 305 2.31 | 3.65 3.18 
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£08099] Bar graphs showing the normalized width and height (X and Y, respectively) of 

each test site are shown in FIGS. 9 A 'and 9B, respectively. The data in these graphs suggest that 

there was 3 noticeable decrease in width of test sites J,2,4,5 arid 6 over the 4 weeks following 

the initial, treatment, when overall growth of the animal subject was accounted for. There also 

5 appears to also 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 ofthe present disclosure. 

{000100] The observed effects (and differences in behavior between the X and Y 

10 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 resilient, may be more affected 

under similar treatment conditions. Second, the fractional area of skin removed in each lest area 

was only 6%, which is relatively low. More marked results are likely to appear if a larger 

15 number of holes was formed within each test area (corresponding to a larger fraction of skin 

removed, e.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, Further, net growth of the animal subject during the observation 

period, although addressed in 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 he greater and associated directional differences may be greater. 

Summary 

1000101] It will thus be appreciated that those skilled in the art will he able to devise 

numerous systems, arrangements and methods which, although not explicitly shown or described 

25 herein, embody the principles ofthe disclosure and are thus within the spirit and scope of the 

present disclosure, hi addition, all publications, patents, and patent applications referenced 

herein are incorporated herein by reference in their entireties. 

-24-

SUBSTITUTE SHEET (RULE 26) 



WO 2014/008470 

WHAT IS CLAMED IS: 

PCT/US2013/049445 

1. A cosmetic method for producing an-effect in skin, tissue, comprising: 

forming a plurality ofhol.es in a region ofthe skin tissue using at least one 

5 coring needle; and 

providing a stress that is at least one of a compressive stress or a tensile 

stress in the region of skin tissue after forming the holes, 

wherein a diameter of the holes is between about 0.2 mm and 0.7 nun, 

wherein the holes extend from the skin surface into the dermal layer ofthe skin, 

10 wherein the holes ex ten d over an area! traction of a surface of the region that is 

between about 5% and 50%. 

wherein the stress provides a force in the region along a direction that is 

substantially parallel to the surface of the region, and 

wherein the stress is maintained on the surface of the region until the holes have 

15 substantially closed. 

2. The method of claim 1wherein a diameter ofthe holes is between about 0.2 mm and 0.5 mm. 

3. The method of claim I, wherein the holes ex tend over the areal fraction of the surface of the 

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

4. The method of claim 1, wherein the holes extend through an entire depth ofthe dermal layer. 

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

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

6. The method of claim 5, further comprising adhering a rigid object onto the pre-stretched. film 

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 object is at least one of a rigid film or a plate. 
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S„ The method of claim 1, wherein the stress is the compressive stress that is provided by 

inserting at least one of a surgical staple or a tensioning clip into or adjacent to the region. 

9. The method of claim 1, wherein the stress is the compressi ve stress, which is provided by 

5 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 is provided by 

adhering a heat-shrink film onto at. least, a portion of the region and then heating the heat-shrink 

film. 

10 

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

applying a curable liquid onto at least a portion of the region and allowing the liquid to cure, 

wherein the curable liquid is a liquid that shrinks when curing. 

15 12, The method of claim. 1, wherein the stress is the tensile stress, which is provided by 

stretching at least a portion of the region and then adhering a rigid object onto the stretched 

region. 

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

20 

14. The method of any one of claims 5-13, wherein the stress is maintained for at least 4 days. 

15. The method of claim 1, further comprising applying at least one of a biological glue or an 

adhesive to at least, one portion of the region alter forming the holes, and maintaining the stress 

25 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. 

30 

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. 
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18. 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, 

w herein the at least one needle is capable of forming or str uctured to form the 

holes that extend from the skin surface into the dermal layer ofthe 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. 

19. The system of claim J 8, wherein the at least one coring needle comprises a plurality of 

coring needles. 

20. The svstem of claim IS, wherein the inner diameter of the at least one cotine needle is 

between about 0.2 mm and 0.5 mm. 

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

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

22. The system of claim 18, wherein the compression arrangement is configured to adhere a pre-

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

23. The system of claim. 18, wherein, the compression arrangement, is configured to adhere a 

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

24. The system of claim I B. 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. 
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