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paratus are provided for resurfacing of skin that includes
formation of a plurality of small holes, e.g., having widths
less than about 1 mm or 0.5 mm, using a mechanical appar-
atus, thus avoiding generation of thermal damage as occurs
with conventional laser resurfacing procedures and devices.
The holes formed can be well-tolerated by the skin, and can
exhibit shorter healing times and less swelling than conven-
tional resurfacing procedures. The apparatus includes one or
more needles adapted to remove a small portion of tissue
when inserted into and withdrawn from the skin. The frac-
tional surface coverage of the holes can be between about
0.1 and 0.7, or between about 0.2 and 0.5. The exemplary
method and apparatus can produce cosmetic effects such as
increases in collagen content, epidermal thickness, and
dermal/epidermal junction undulations in the skin.
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METHOD AND APPARATUS FOR SKIN RESURFACING

CROSS REFERENCE TO RELATED APPLICATION

[0001] The present application relates to and claims priority from U.S.
Provisional Patent Application Serial No. 61/437,486 filed January 28, 2011, the

disclosure of which is incorporated herein by reference in its entirety.

[0002] The present invention relates to cosmetic methods and apparatus for
mechanically generating a plurality of small damaged regions in biological tissue, €.g., in
skin or the like, which may provide beneficial cosmetic effects such as skin resurfacing

and rejuvenation.

BACKGROUND INFORMATION

[0003] Skin loses its tone and smooth texture as it ages, commonly developing
wrinkles and laxity. This can be further compounded by photodamage and other effects
such as, e.g., scarring from acne or 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
can work to remove these damaged tissues and/or and stimulate the growth of new,
healthy collagen, elastic fibers and skin cells and thereby improve the appearance of the
skin.

[0004] A common procedure for skin rejuvenation, laser resurfacing, uses light
energy to heat and damage the upper dermis. However, laser resurfacing has a poor side
effect profile, with many patients experiencing prolonged erythema, scarring and
dyspigmentation. Recently, the development and use of fractional ablative therapy has
achieved better results. A 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 healing of the damaged regions, as well as other

desirable effects such as tissue shrinkage.
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[0005] 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, and
require a skilled physician or clinician for their operation.

[0006] Percutaneous collagen induction therapy (PCI), another approach for
mechanically inducing cosmetic improvements in skin tissue, is based on the use of
stamps or rollers to insert small solid needles through the epidermis and into the dermis
of the skin to stimulate collagen growth. This technique can improve the appearance,
e.g., of acne, burn scars and striae without removal of tissue, and may provide an
improved side effect profile, but generally has exhibited limited clinical efficacy.
Because PCI does not heat the skin, needling devices also avoid the erythema and
scaring that may be associated with laser treatment, and have significantly less recovery
time.

[0007] Accordingly, there may be a need for a relatively simple, inexpensive, and
safe cosmetic method and device that can be mechanical in nature and would overcome
at least some of such exemplary deficiencies, and can be configured to produce fractional

damage in biological tissue that is well-tolerated.

SUMMARY OF EXEMPLARY EMBODIMENTS

[0008] ‘The present invention relates to exemplary embodiments of simple,
inexpensive, and safe methods and devices for mechanical generation of a plurality of
small regions of damage in biological tissue, such as skin. Such exemplary damaged
regions can have a size that is, e.g., about | mm or less as measured in at least one
direction along the tissuc surface.

[0009] An exemplary embodiment of an apparatus according to the present
invention can be provided that includes one or more needles configured to be inserted
into and withdrawn from the tissue to remove portions of tissue and thereby generate
damaged regions. The exemplary needles can be hollow (e.g., coring needles) or solid,
and adapted and/or sized to remove small portions of tissue when inserted into and
withdrawn from the tissue. One or more extensions can be provided along an outer
surface of the needles and/or an inner surface of the hollow needles to affect the amount,

shape, and/or characteristics of tissue removed. One or more notches or slots can be
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provided that extend at least partially through a wall of the hollow needles. The distal
end of the needles can be tapered or pointed to facilitate insertion of the needles into the
tissue. Needle tips having two or more points or prongs can be used.

[0010] According to further exemplary embodiments of the present invention, a
plurality of needles can be affixed or coupled to a substrate, which can facilitate a
generation of a plurality of damaged regions using a stamping mode in which the needles
are inserted into the tissue substantially simultaneously. In other exemplary
embodiments, the needles can be provided on a roller arrangement, ¢.g., a cylindrical
base configured to rotate about its longitudinal axis. Such exemplary apparatus can form
a plurality of damaged regions in the tissue when the roller arrangement is rolled over the
tissue surface.

[0011] The damaged regions can be holes that result from removed portions of
tissue, and/or physically disrupted volumes of tissue generated by insertion and
subsequent removal of the needle(s). For example, such damaged regions can be
generated in regular patterns or arrays, in one or more rows, in random spatial
distributions, or in other patterns.

[0012) The diameter or width of the holes or damaged tissue regions can be less
than about 1 mm, e.g., about 0.8 mm or less, or even about 0.5 mm or less, for example,
between about 0.3 mm and 0.5 mm (i.e., between about 300 and 500 microns). Hollow
coring needles adapted to form such holes can be formed from conventional syringe
needles or the like, having a size between 18 and 30 gauge, which corresponds to internal
diameters between about 0.84 mm and 0.14 mm. For example, needle sizes between
about 22 and 25 gauge (e.g., internal diameters between about 0.40 mm and 0.24 mm)
can be used. Coring needles smaller than 30 gauge or larger than 18 gauge may also be
used in certain embodiments.

[0013] The fraction of tissue surface area covered by the damaged regions (e.g.,
the approximate areal fraction of skin tissue removed using one or more coring needles
in a treatment area) can be between about 20% and about 70%, or between about 20%
and about 50%, or between about 20% and about 40%. Values of this areal coverage
(e.g. fraction of surfacc tissue removal) of between about 20-50%, for cxample, may be
particularly well-tolerated in skin and sufficiently large to promote desirable cosmetic

rejuvenation effects (such as increased collagen production and/or thickening of the
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dermis) while not being so large as to require extended healing times or present post-
treatment complications. Larger or smaller exemplary areal coverages can also be
generated in further exemplary embodiments of the present invention, e.g., to treat
particular regions of skin or other tissues more or less aggressively. A predetermined
coverage can be achieved, e.g., by inserting and withdrawing one or more coring needles
from a target area of known area for a particular number of times.

[0014] In further exemplary embodiments of the present invention, one or more
needles can be affixed to a substrate that is mechanically coupled to a reciprocating
arrangement. The exemplary reciprocating arrangement can include a motor or other
actuator configured to repeatedly insert and withdraw the one or more needles. The
reciprocating arrangement can be provided in a housing that facilitates manipulation of
the apparatus, e.g., a placement of the apparatus on the tissue being treated and/or
traversing the apparatus over the tissue. The housing can optionally be configured to
stretch or otherwise stabilize the tissue proximal to the needle(s) being inserted, to
reduce deformation of the tissue and/or improve accuracy of the placement of the
needle(s) in the tissue. The reciprocating arrangement can further include a translational
controller configured to translate the needle(s) over the tissue in at least one direction,
and optionally in two orthogonal directions, to provide larger regions of treatment
without translating the entire apparatus over the tissue surface.

[0015] In still further exemplary embodiments of the present invention, a low-
pressure conduit can be provided in communication with the distal ends of the hollow
coring needles. The low pressure can create a suction in the needles to facilitate
insertion of the coring needles into tissue and/or removal of cut tissue portions from the
lumen of the needles. A filter arrangement can optionally be provided to capture the
tissue portions extracted from the needles during operation. Such a low-pressure or
suction arrangement can be provided in combination with any of the exemplary devices
described above that are adapted to remove portions of tissue by insertion and
withdrawal of one or more coring needles.

[0016] Further exemplary embodiments of the present invention can provide a
cosmetic method that can improve the appearance of skin by mechanical generation of
fractional damage in the tissue. Such damage can be generated by removal of small

portions of tissue to generate small holes in the tissue, e.g., less than about 1 mm in
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width or diameter, e.g., less than about 800 microns wide, or about 500 microns or less in
width, for example, between about 300 and 500 microns in width. The depth of the holes
can be selected based on the tissue type and location being treated. For example, hole
depths of about 2-5 mm can be used in skin tissue, where such depths correspond
approximately to the thickness of the dermis layer. Such exemplary hole depths in skin
can correspond to removal of tissue portions extending through the entire dermis and up
to and/or including the subcutaneous fat layer. Shorter and/or longer needles can also be
used. The holes can be formed by repeated insertion and withdrawal of one or more
coring needles from the tissue as described above. The insertions and withdrawals can
be performed using a manual device containing one or more coring needles, or by using
a device that contains one or more needles coupled to a reciprocating arrangement. A
predetcrmined areal fraction of removed tissue can be obtained by inserting and
withdrawing an apparatus containing a particular number of coring needles, each having
a particular inside diameter of a central lumen, for a particular number of times over a
specified target region to be treated.

[0017] In further exemplary embodiments of the present invention, methods and
apparatuses can be provided for generating a plurality of small holes in tissue by
inserting and withdrawing a plurality of needles, where at least two of the needles have a
different width or diameter, length, shape, and/or other geometric characteristic. For
example, one or more needles can be hollow, and one or more needles can be solid with
protrusions on an outer surface near the distal end. Various combinations of needle
sizes, shapes, spacings, spatial arrangements, and geometries can be used in further
exeroplary embodimenis,

[0018] The herein described embodiments pertain to a cosmetic method and
apparatus. [t 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 can be safe as it does not present a substantial health risk, and does
not require professional medical expertise to be performed. For example, no clinician is
needed to perform the erabodiments of the method described herein, and no risk, much

less a health risk, is presented for a person being treated with said cosmetic method if



10

15

20

o
Lh

30

WO 2012/103492 PCT/US2012/022993

standard cleanliness and sterilization procedures are employed, as will become clear
from the following description.

[0019] Synergetic effects can 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
invention concerning the exemplary method, can be carried out with the order of the
steps as described, nevertheless this has not to be the only and essential order of the steps
and/or procedures of the exemplary method. All different orders and combinations of
the method steps and/or procedures are herewith described.

[0020] These and other objects, features and advantages of the present invention
will become apparent upon reading the following detailed description of exemplary
embodimenis of the present invention, when taken in conjunction with the appended

drawings and claims.

[0021] Further objects, features and advantages of the present invention will
become apparent from the following detailed description taken in conjunction with the
accompanying figures showing illustrative embodiments, results and/or features of the
exemplary embodiments of the present invention, in which:

[0022] FIG. 1A is a schematic side view of a first apparatus for mechanically
generating fractional damage in tissue in accordance with exemplary embodiments of the
present invention;

[0023] FIG. 1B is a bottom view of the exemplary apparatus shown in FIG. 1A;
[0024] FIG. 2A is a schematic side view of the exemplary apparatus shown in
FIG. 1A being applied to a biological tissue;

[0025] FIG. 2B is a schematic side view of a tissue portion being removed using
the exemplary apparatus shown in FIG. 1A;

[0026] FIG. 2C is a schematic side view of a plurality of holes formed in the
biological tissue using the exemplary apparatus shown in FIG. 1A;

[0027] FIG. 3A is a schematic side view of a second apparatus for mechanically
generating fractional damage in tissue in accordance with further exemplary

embodiments of the present invention;
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[0028] FIG. 3B is a perspective view of the exemplary apparatus shown in FIG.
3A;
[0029] FIG. 4A is a schematic side view of a third apparatus for mechanically

generating fractional damage in tissue in accordance with further exemplary
embodiments of the present invention;

[0030] FIG. 4B is a schematic side view of the third apparatus shown in FIG. 4A
that is provided with a plurality of coring needles in accordance with further exemplary
embodiments of the present invention;

[0031] FIG. 5A is a cross-sectional side view of a distal portion of a first needle
that can be used in accordance with exemplary embodiments of the present invention;
[0032] FIG. 5B is a side view of a distal portion of a second needle that can be
used in accordance with exemplary embodiments of the present invention;

[0033] FIG. 5C is a side cross-sectional view of a distal portion of a third coring
needle that can be used in accordance with cxemplary embodiments of the present
invention;

[0034] FIG. 5D is a side cross-sectional view of a distal portion of a fourth coring
needle that can be used in accordance with exemplary embodiments of the present
invention;

{3351 FIG. 5E is a side cross-sectional view of a distal portion of a fifth coring
needle that can be used in accordance with exemplary embodiments of the present
invention;

[0036] FIG. 6 is a schematic side view of a fourth apparatus for mechanically
generating fractional damage in tissue that includes a low-pressure conduit in accordance
with further exemplary embodiments of the present invention;

[0037] FIG. 7 is an exemplary set of surface images taken at various times
showing the appearance of fractional damage generated in porcine skin using various
needle types;

[0038] FIG. 8 is an exemplary set of cross-sectional, histologic images stained
with masson's trichrome and taken at various times showing the appearance of fractional
damage generated in porcine skin using a coring needle as compared to an undamaged

control site;
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[0039] FIG. 9 is an exemplary pair of cross-sectional histologic images showing
a generation of new collagen in porcine skin that was fractionally damaged using a
coring needle in accordance with further exemplary embodiments of the present
invention, as compared to an undamaged control site;

[0040] FIG. 10 is a plot of exemplary data showing the observed increase in
papillary dermis thickness of porcine skin damaged with coring needles as compared to
other treated and non-treated skin areas;

[0041] FIG. 11 is a plot of exemplary data showing the observed increase in
epidermal thickness of porcine skin damaged with coring needles as compared to other
treated and non-treated skin areas; and

[0042] FIG. 12 is a plot of exemplary data showing the observed increase in
collagen content of porcine skin damaged with coring needles as compared to other
treated and non-treated skin areas.

[0043] 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 embodiments can be done unless otherwise explicitly stated.
Moreover, while the present invention will now be described in detail with reference to
the figures, it is done so in connection with the illustrative embodiments and is not
limited by the particular embodiments illustrated in the figures. It is intended that
changes and modifications can be made to the described embodiments without departing
from the true scope and spirit of the cxemplary embodiments of the preéent invention as

defined by the appended claims.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0044] Exemplary embodiments of the present invention relate to and are
directed to method and apparatus for generating fractional damage in tissue such as, but
not limited to, skin tissue. A side view of an exemplary apparatus 100 for generating
fractional damage in tissue is shown in FIG. 1A. This exemplary apparatus 100 can
include one or more needles 120, where the needles 120 are configured to remove small

portions of tissue when they are inserted into and then withdrawn from the tissue. For
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example, the needles 120 can be hollow, e.g., such that they include a lumen therein.
The apparatus can optionally include a substrate 130, with the one or more needles 120
affixed or coupled to the substrate 130. Although the substrate 130 is illustrated in FIG.
1A, certain exemplary embodiments of the present invention can be provided that do not
include such substrate 130. The substrate 130 can provide mechanical stability to the
one or more needles 120 and/or facilitate their positioning and manipulation. An
optional handle 110 can be affixed to the substrate 130 or formed as a part thereof. The
substrate 130 can have a substantially flat lower surface from which the needles 120
protrude, or this surface can be curved or otherwise contoured, e.g., to more closely
match a contour of the tissue surface. The substrate can optionally be formed as part of a
housing, or affixed to such housing, for example, where a portion of such housing may
be shaped to form the handle 110.

[0045] A bottom view of the exemplary apparatus 100 is shown in FIG. 1B. The
exemplary needles 120 can be arranged in a square or rectangular pattern, as shown in
FIG. 1B. Alternatively, the rows of needles 120 can be offset or staggered, e.g., to form
a triangular or hexagonal pattern or the like. Other exemplary arrangements of the
needles 120 can also be used, such as a random distribution of the necdles 120 on the
substrate 130.

[0046] The exemplary apparatus 100 can be pressed onto a tissue surface, such
that the needles 120 penetrate into the tissuc 200, as shown in FIG. 2A. A plug 210 of
tissue that has been separated from the surrounding tissue 200 by the hollow needle 120
and located at least partially within the lumen of the needle 120 is shown in FIG. 2B.
Such exemplary plugs 210 can be removed from the surrounding tissue 200 when the
needles 120 are withdrawn from the tissue 200 to form a plurality of holes 220, as shown
in FIG. 2C. For example, the exemplary apparatus 100 can be used as a stamping tool,
where the plurality of needles 120 can be inserted into the tissue 200 once or a plurality
of times in different locations. This exemplary “coring” procedure can facilitate a
formation of a plurality of the holes 220 in the tissue 200. The holes 220, which can be
made during each insertion and withdrawal sequence, can have a spacing substantially
similar to the spacing of the coring needles 120 in the apparatus 100.

[0047] The discrete holes 220 formed by the exeroplary apparatus 100 can

produce regions or areas of & damaged skin issue that can ehucidate a healing response,
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which can be similar to the effects produced using conventional fractional resurfacing
techniques and systems. The size of the holes 220 can be determined by the size of the
needles 120. For example, the diameter of the holes 220 can correspond approximately
to an inside diameter or lumen width of the needles 120, although the observed hole
diameter can be somewhat smaller after formation due to factors such as, e.g., the
malleable/elastic nature of the tissue, a tendency for the gaps in the tissue to close and/or
the hole wall to partially adhere to itself, and mechanical forces applied to the tissue
before or during a formation of the holes 220. Accordingly, the diameter (size) of a hole
220 formed can generally be defined as the inner diameter of a hollow coring needle 120
that is used to form the hole 220 by cutting and removing a portion 210 of the tissue.
[0048] According to an exemplary embodiment of the present invention, the
diameter or width of the holes or damaged tissue regions can be less than about 1 mm,
e.g., about 0.8 mm or less, which can be well-tolerated by the skin. In further exemplary
embodiments, the hole diameter can be about 0.5 mm or less, which may be better-
tolerated and result in a faster healing response. For example, the holes formed can be
between about 0.3 mm and 0.5 mm (i.e., between 300 and 500 microns).

[0049] In certain exemplary embodiments of the present invention, the coring
needle 120 can be formed, e.g., from a conventional syringe needle or an equivalent tube
having a size between 18 and 30 gauge, which corresponds approximately to internal
diameters and hole sizes between about 0.84 mm and 0.14 mm. Exemplary needle sizes
between about 22 and 25 gauge (e.g., internal diameters and corresponding hole sizes
between about 0.40 mm and 0.24 mm) can be used, because such needle sizes can
produce holes that are small cnough to be particularly well-tolerated with a needle large
enough to be mechanically stable and reliable when repeatedly inserted into and
withdrawn from the skin. Larger gauges (and smaller diameters) of coring needles 120,
e.g., greater than 30 gauge, can be used in certain exemplary embodiments, even though
such needles may exhibit increased flexing and/or mechanical weakness when repeatedly
inserted into and withdrawn from the tissue 200, and may also be prone to clogging.
Larger needles 120 that can form correspondingly larger-sized holes 220, e.g., needles
120 having a gauge smaller than 18, can also be used for certain procedures and tissues,

even though they can generate more pain than smaller needles, and the larger holes 220
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may not be as well-tolerated, e.g., there may be an increased likelihood of scarring,
infection, or other undesirable side effects.

[0050] Exemplary sizes of the holes 220 of about 200-500 microns can generally
correspond to the hole sizes formed in conventional fractional surfacing procedures,
although the mechanical coring procedure described herein does not generate any
thermal damage at the boundaries of the removed tissue portions 210. These hole sizes
appear to be well-tolerated in the skin tissue, with smaller holes generally being better
tolerated (e.g., associated with faster healing times), and larger holes providing more
extensive damage that can stimulate a stronger response in the tissue. The exemplary
apparatus 100 can be configured to form the holes 220 having similar dimensions.
Larger or smaller holes can be formed in certain tissues to achieve particular healing
responses or other physical or biclogical responses.

[0051] The surface or areal fraction of the tissue damage can be determined (fora
single insertion and withdrawal of the apparatus 100) by the diameters and spacings of
the needles 120 provided on the substrate 130. The areal fraction of damage can be
increased in a particular target region of tissue by applying the exemplary apparatus 100
to a plurality of locations in the target area. For example, the fraction of tissue surface
covered by the holes 220 following an exemplary treatment procedure of a target area
can be as small as about 0.1 (10% fractional removal) and as large as about 0.7 (1.e., 70%
fractional removal). In general, areal fractions of holes can be between about 0.2 and
0.5, or between about 0.2 and 0.4. These areal coverage values may be preferable for
some procedures because they can be better tolerated, may lead to shorter local healing
times, etc. Smaller or larger areal coverages can also be generated in certain tissues, €.g.,
to provide a desired healing response or the like in the tissue.

[0052] The number of coring needles 120 provided in a substrate 130 and their
spacing can be selected based on several considerations. For example, a larger number
of the needles 120 can produce a larger areal fraction of damage each time the exemplary
apparatus 100 is inserted into and withdrawn from the tissue. This can facilitate taster
treatment of a target area by requiring fewer insertion/withdrawal cycles for a particular
final areal coverage. However, providing a very large number of the needles 120 ina
substrate 130 can be expensive and/or present manufacturing challenges. Further, a

larger force is needed to simultaneously insert a large number of the needles 120
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simultaneously into a tissue as compared to a substrate 130 of the same dimensions
containing a smaller number of needles. Accordingly, the number of the needles 120 in
the exemplary apparatus 100 can be between about 3 and 25, or between about 6 and 20.
In certain embodiments of the present invention, larger or smaller numbers of the needles
120 can be provided for generating fractional damage in particular tissues and/or for
treating larger areas with fewer insertion and withdrawal cycles.

[0053] Distances between adjacent ones of the needles 120 can be less than about
15 mm, ¢.g. about 10 mm or less, or even about 5 mm or less. Smaller spacings can
generate a larger fractional area of damage over a smaller area based on a single insertion
of the plurality of needles 120 into the tissue. Larger separation distances (e.g. greater
than about 20 mm) can lead to large numbers of insertion/withdrawal cycles to generate
a particular areal coverage of holes 220 in the tissue being treated. Such large spacings
between needles may also not be suitable for treating relatively small target areas, €.g.,
having a width of about 1 inch or less. Alternatively, very small separation distances
between the coring needles 120 (e.g., on the order of 3 mm or less) can be used, although
such small needle spacings may present manufacturing difficulties. It may also be more
difficult to achieve a fairly uniform surface distribution of holes 220 over larger target
areas using the exemplary apparatus 100 having needles 120 that are very closely spaced.
In general, the number of the needles 120 and spacings between such needles 120
provided in any exemplary apparatus described herein can be selected based on such
factors as the size and structure of the target regions to be treated, the desired surface
coverage, speed of the procedure (e.g., more needles 120 can facilitate fewer
insertion/withdrawal cycles to achieve a particular surface coverage), etc.

[0054] The exemplary depth of the holes 220 formed in the tissue can correspond
approximately to the length of the needles 120 protruding from a lower surface of the
substrate 130. For example, the needles 120 can extend about 2-5 mm below the lower
surface of the substrate 130. In skin tissue, such coring needle protrusion lengths can
facilitate the formation of the holes 220 that extend through substantially the entire
thickness of the dermal layer without penetrating significantly into the underlying
subcutaneous fat layer. A penetration of the needles 120 through substantially the entire
dermal thickness can facilitate removal of the tissue portions 210, which can include

mostly dermal tissue that can be more easily separated from the subcutaneous fat layer
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during withdrawal of the needles 120. In other exemplary embodiments, the needles 120
can be configured to penetrate through the dermis and some distance into the
subcutaneous fat layer. In still further embodiments, the needles 120 can protrude at
different lengths from the substrate 130 in an apparatus that includes a plurality of
needles. A plurality of needles 120 having widths that are different from one another can
also be provided in any of the multi-needle embodiments described herein, e.g., to
provide a more randomized pattern of fractional damage in the tissue.

[0055] Shallower or deeper holes 220 can be formed using the needles 120 that
are shorter or longer, respectively. The exemplary lengths and diameters of the needles
120, and the exemplary depths and widths of the corresponding holes 220 formed, can be
selected based on the characteristics of the tissue 200 being treated and the desired
effects to be achieved. Using the needles 120 having different characteristics (e.g., size,
diameter, or geometry as described herein) can generate desirable cosmetic effects in
different tissues.

[0056] A side view of a further exemplary apparatus 300 for generating fractional
damage in tissue is shown in FIG. 3A. This exemplary apparatus 300 can include the
plurality of hollow needles 120 affixed to a cylindrical roller 330. The roller 330 can be
pivotally connected to a handle 310 such that it can rotate. A perspective view of the
exemplary apparatus 300 is shown in FIG. 3B. The needles 120 can be arranged as a
plurality of rows on the roller 330, as shown in FIG. 3B. Other arrangements of the
needles 120 can also be used, such as staggered rows or a random distribution of the
needles 120 on the roller 330.

[6057] The exemplary apparatus 300 can be pressed onto a tissue surface, such
that one or more of the needles 120 penetrates into the tissue 200. The apparatus 300 can
then be traversed over a region of tissue to be treated such that the needles 120 are forced
into and then withdrawn from the tissue 200 as the roller 330 rolls over the tissue
surface. The exemplary apparatus 300 illustrated in FIGS. 3A and 3B is not necessarily
drawn to scale. For example, the protrusion lengths of the needles 120 from the roller
330 may be smallcr as compared to the diameter of the roller 330 than illustrated in these
figures.

[0058] A further exemplary apparatus 400 in accordance with exemplary

embodiments of the present invention is shown in FIG. 4A. The exemplary apparatus
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400 can include one or more of the coring needles 120 affixed to a substrate 130, which
can then be mechanically coupled to a reciprocating arrangement 420 provided within a
housing 430. The housing 430 can also include a handle 410 to facilitate a manipulation
of the exemplary apparatus 400. The reciprocating arrangement 420 can be configured
to displace the needle 120 back and forth along a direction that can be substantially
parallel to the axis of the needle 120. For example, the reciprocating arrangement 420
can be powered and/or actuated by a motor or the like, controlled by a switch that can
turn the reciprocating arrangement 420 on and off, and/or further control the
reciprocating frequency and/or protrusion distance of the needle 120 below the lower
surface of the housing 430. In a further exemplary embodiment , the needles 120 can
protrude a particular distance from the lower surface of substrate 130, and the
reciprocating arrangement 420 can be configured to extend and withdraw the substrate to
and from a position where the lower surface of the substrate 130 is substantially flush
with at least a portion of the lower surface of the housing 430. In such exemplary
embodiment, the protrusion distance of the needles 120 can determine the depth of the
holes 220 formed, rather than the cyclical position of the substrate 130 relative to the
housing 430.

[0059] Another exemplary embodiment of the apparatus 400 is illustrated in FIG.
4B. In this exemplary embodiment, the needles 120 are shown affixed to the substrate
130. The various parameters, gcometries, and characteristics of the needles 120 and the
substrate 130 described herein and/or illustrated in the figures can be used, individually
or in combination, with the exemplary apparatus 400 illustrated in FIG. 4B.

[0060] The exemplary apparatus 400 of FIGS. 4A and 4B can bc traversed over a
region of tissue to be treated such that the one or more needles 120 forms a plurality of
the holes 220 in the tissue 200 as described herein. The exemplary depth of the holes
220 can be determined by the configuration of the reciprocating arrangement 420, the
protrusion lengths of the needles 120, and/or the characteristics of the substrate 130, as
described herein. The spacing of such holes 220 in the tissue can be determined, e.g., by
the reciprocating frequency and/or the translational speed of the apparatus 400 over the
tissue surface, and the spacings between the needles 120 if a plurality of such needles
120 are provided, as shown in FIG. 4B. For example, the exemplary apparatus 400 can

include a speed and/or position sensing arrangement that can be provided in
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communication with the reciprocating arrangement 420 to generate a particular spacing
and/or areal fraction of the holes 220.

[0061] In further exemplary embodiments, the housing 430 can be configured to
stretch skin or other tissue when the exemplary apparatus 400 is placed on the tissue to
be treated. Such exemplary stretching can facilitate mechanical stabilization of the
tissue, e.g., such that the one or more needles 120 can more easily be inserted and/or
withdrawn from the tissue, while reducing or avoiding deformation of the tissue area
being treated. Such stretching of the tissue 200 can also reduce the effective size of the
holes 220 or other regions of damage formed by the apparatus when the tissue is allowed
to relax after treatment. Alternatively or in addition, the surface of the region of skin or
tissue to be treated can be stretched or stabilized using other techniques prior to and/or
during treatment of the region in accordance with any of the exemplary embodiments
described herein.

[0062] In another exemplary embodiment, the reciprocating arrangement 420 can
further include a translational mechanism configured to translate the one or more of the
needles 120 over the surface of the tissue 200 in one or two orthogonal directions or a
combination thereof. For example, the reciprocating arrangement 420 can be configured
to translate such one or more of the needles 120 over a portion of the tissue surface,
while the exemplary apparatus 400 is held stationary with respect to the tissue surface.
In one exemplary embodiment, the reciprocating arrangement 420 can be configured to
translate the one or more needles 120 along a single direction to form one or more rows
of the holes 220 or damaged regions. The exemplary apparatus 400 can optionally be
translated over the tissue surface after such rows are formed to generate a plurality of
such holes 220 over a larger region of the tissue.

[0063] In further exemplary embodiments of the present invention, any of the
exemplary apparatuses described herein can be configured to generate the holes 220 in
any of a variety of spatial distributions in the tissue being treated. For example, the holes
220 can be formed as one ot more rows, a regular two-dimensional pattern (such as a
square, rectangular, or trianguiar arvay), a random distribution, or the like. Such patterns
or spatial distributions of holes 220 can be generated based on, e.g., the exemplary

configuration of one or more of the provided needles 120 in the substrate 130, the
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properties of the reciprocating arrangement 420, and/or the rate of translation of the
exemplary apparatus 400 over the surface of the tissue 200.

[0064] A cross-sectional side view of a distal portion of an exemplary needle 120
is shown in FIG. 5. The distal end 500 of the needle 120 can be provided with a
sharpened edge to facilitate penetration of the needle 120 into the tissue 200 being
treated. One or more protrusions 510 can optionally be provided within the lumen, e.g.,
along an inner surface of the needle 120. Such protrusions 510 can facilitate a removal
of the tissue plugs 210 that can be present within the needle 120 when it is inserted into
the tissue 200 as described herein. For example, such protrusions 510 can be angled
upward as shown in FIG. 5 to facilitate the needle 120 to penetrate the tissue 200 easily.
These protrusions 510 can then grab onto the tissue plug 210 in a barb-like manner to
pull the plug 210 from the surrounding tissue 200 when the needle 120 is withdrawn.
The plugs 210 that are removed and reside within the needle 120 can be pushed upward
towards the proximal end of the needle 120 by subsequent plugs 210 formed by
successive insertions of the needle 120 into the tissue 200.

[0065] Another exemplary configuration for the distal end of a coring needle 120
is shown in FIG. 5B. The distal end of the needle 120 can be provided with a single
point or prong 550, similar to that of a conventional Chiba needle, or with two or more
points or prongs 550, e.g., in a configuration similar to that of the outer cannula of a
conventional Franseen needle or crown-point tip. For example, such prongs 550 can be
formed by a planar grinding of the end portion of a hollow tube at acute angles relative to
the longitudinal axis of the tube, at one or more angular intervals around the longitudinal
axis. For example, a 2-pronged ncedlc end, such as illustrated in FIG. 5B, can be formed
by grinding the opposite sides of a hollow tube or needle (e.g., orientations that are 180
degrees apart) in a plane that forms an acute angle with the longitudinal axis of the tube.
Similarly, a 3-pronged needle can be formed by angular grinding of the needle at 120
degree intervals; 4-pronged needles can be formed by grinding at 90 degree intervals,
ete. Such prongs 550 can facilitate the insertion of the needle 120 into the tissue 200,
and can further facilitate detachment and removal of tissue portions 210 upon the
withdrawal of the needle 120 from the tissue 200.

[0066] Other exemplary configurations of one or more of the needles 120 can be

used with any of the various exemplary embodiments deseribed herein. For example,
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another needle 120 as shown in a cross-section in FIG. 5C can be used, which includes
one or more angled notches 560 provided in the needle walls, e.g., near the distal end of
the needle 120. Such exemplary notches 560 can extend partially or completely through
a wall of the exemplary hollow needle 120. During the insertion and/or withdrawal of
the needle 120, such notches 560 can be adapted to cut into the tissue adjacent to the
needle 120, thereby removing a portion of the tissue and generating a hole or gap. For
example, the notches 560 can be angled upward (as shown in FIG. 5C) and/or downward
relative to the distal end of the needle 120.

[0067] In further exemplary embodiments, an edge 565 of the notches 560 can
optionally protrude from the outer periphery of the needle wall, as shown in cross section
in FIG. 5D. The protruding edge 565 can provide a cutting edge or the like, which may
be viewed as analogous to the configuration and operation of some cheese graters but on
a smaller scale, to facilitate separation and removal of a portion of the tissue proximal to
the needle 120 as it is moved through the tissue.

[0068] In further exemplary embodiments, one or more of the needles 120 can be
provided as a solid non-hollow needle 520 that includes one or more extensions 570
protruding from a lateral side thereof, e.g., as shown in an exemplary cross-sectional
view in FIG. SE. If more than one such extension 570 is provided, they can be
distributed at various angular intervals around the axis of the needle 520. The extensions
570 can extend over any one of various lengths along the axis of the solid needle 520,
and can be located near the distal end of the needle 520. These extensions 570 can be
provided with a size and shape that is structured or adapted to remove small portions of
tissue when the needle 520 is inserted into and/or withdrawn from the tissue being
treated. For example, the extensions 570 can be similar in shape to the protrusions 510
shown in FIG. 5A, with the extensions 570 provided on an outer surface of the solid
needle 520 rather than on an inner surface of a hollow needle 120 as shown in FIG. SA.
Preferably, the outer diameter of the extensions 570 around the longitudinal axis of the
needle 520 can be less than about 1 mm, and optionally tess than about 0.5 mum. Such
small sizes cap lmit the size of the damaged regions of tissue generated, and thereby
reduce or prevent formation of visible markings or scars in the damaged tissue.

[0069] The exemplary illustrations of the needles 120, 520 shown in FIGS. 5A-

5E are not nccessarily drawn to scale. For example, the sizes of a protrusion 510, a
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notch 560, and/or an extension 570 relative to the needle width or diameter, and/or their
distances from the needle tip, can vary from what is shown in the illustrations. The
specific shapes of these features and, e.g., the notch edges 565, can also vary from those
shown in the drawings. Further, different ones of the needles 120, 520 can be provided
with different diameters, feature sizes, and or lengths in a singie apparatus 100, 200, 400,
600.

[0070] In still further exemplary embodiments, one or more extensions 570 can
be provided on an outer wall or surface of any of the hollow coring needles 120
described herein. In yet further exemplary embodiments, a single exemplary apparatus
100, 300, 400, 600 can be provided with a plurality of needles 120, 520, where one or
more of such needles 120, 520 can be provided with different ones of the features
illustrated in FIGS. SA-SE and described herein.

[0071] In further exemplary embodiments of the present invention, the
exemplary apparatus 100, 300, 400 can be provided with suction or low pressure to
improve the ease of needle insertion and facilitate removal of tissue portions 210 from
the needle upon withdrawal from the tissue 200. An exemplary apparatus 600 that
includes one or more coring needles 120, a substrate 130, and a low-pressure conduit 620
is illustrated in FIG. 6. The conduit 620 is provided in communication with a proximal
end of the coring needles 620. The conduit 620 can also be connected to a source of low
pressure (not shown) such as, ¢.g., a vacuum pump, a partially-evacuated vessel or
container, a piston, another vacuum source, or the like. The low pressure in the conduit
620 can generate a suction in the needles 120, which can facilitate insertion of the
needles 120 into tissue 200 being treated, extraction of tissue portions 210 from the
surrounding tissue 200, and/or removal of such tissue portions 210 from the lumen of the
needles 120 after the needles 120 are withdrawn from the tissue 200.

10072} The exemplary apparatus 600 can optionally include a valve, restriction,
and/or other pressure arrangement between the low pressure source and the proximal
ends of the needles 120, where the pressure arrangement is adapted to control the degree
of suction or low pressure present in the conduit. In an alternative exemplary
embodiment, characteristics of the low pressure source can be controlled directly to vary

the pressure in the conduit 620.
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[0073] An optional filter arrangement 630 can be provided in the exemplary
apparatus 600, e.g., between the proximal end of the needles 120 and the low-pressure
source. For example, the filter arrangement 630 can be provided at a location in the
conduit 620 as illustrated in FIG. 6. The filter arrangement 630 can include a polymer or
metal mesh or screen, a paper filter, or the like adapted to capture tissue portions 210 that
may be sucked out of the needles 120 during operation of the apparatus 600. The filter
arrangement 630 can include a filter element that can be easily cleaned or discarded
during or after operation of the exemplary apparatus 600. The filter arrangement 630 is
preferably sized so that it will not become clogged with captured tissue portions 210
during operation, which may reduce or eliminate the suction provided to the needles 120.
An optional reservoir or container (not shown) can be provided and adapted to store
tissue portions 210 that are trapped by the filter arrangement 630, where such tissue
portions 210 can be directed into the container or fall into it under the influence of
gravity, and can then be removed from the exemplary apparatus 600 and discarded.
[0074] The low-pressure conduit 620 and optional filter arrangement 630 as
described above can be combined with any of the exemplary embodiments described
herein, including the exemplary devices 100, 400 shown in FIGS. 1 and 4. The
advantages of such a combination can include, e.g., easier insertion of the needles 120
into tissue 200 being treated, more effective removal of tissue portions 210 from the
central lumen of needles 120 during operation of the devices, reduced clogging of the
needles 120, etc. _

[0075] In further eXemplary embodiments of the present invention, a method is
provided that allows for the removal of small portions of aged or damaged skin, which
can facilitate and/or promote the growth of new skin components while reducing or
avoiding undesirable side effects such as scarring, infection, and the like.

[0076] Further exemplary embodiments of the present invention provide a
cosmetic method that can improve the appearance of skin by mechanical generation of
fractiona! damage in the tissue. Such damage can be generated by removal of portions of
tissue to generate small holes in the tissue. A width or diarneter of these holes can be,
e.g., less than about 1 mm, or less than about 0.5 mm, e.g., between about 0.3 mum and

about 0.5 mm, as described herein above.
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[0077] The depth of the holes can be selected based on the tissue type and
location being treated. For example, hole depths of about 2-5 mm can be used in skin
tissue, where such depths correspond approximately to the thickness of the dermis layer.
Such hole depths in skin can correspond to removal of tissue portions extending through
the entire dermis and up to the subcutaneous fat layer. fn further exemplary
embodiments, longer needles 120, 520 can be provided that can extend into the
subcutaneous fat layer when inserted partially or fully into skin tissue.

[0078] Tissue portions can be removed, and holes can be formed, by repeéted
insertion and withdrawal of one or more needles 120, 520 from the tissue as described
herein above. The insertions and withdrawals can be performed using a manual device
containing one or more needles 120, 520, or alternatively by using a device that contains
one or more needles 120, 520 coupled to a reciprocating arrangement 420. A
predetermined areal fraction of removed tissue can be obtained by inserting and
withdrawing a particular number of needles 120, 520 for a particular number of times
over a specified target region to be treated.

[0079] In further exemplary embodiments of the present invention, a source of
pressurized fluid, e.g. saline or the like, can be coupled to the lumen of the hollow coring
needle 120. The flow of such fluid can be controlled using conventional means, and
used to clean or flush out tissue portions and/or other debris that may be present in the
lumen. In still further embodiments, a heat source, c.g., a resistive heater or current, can
be provided in communication with one or more of the needles 120, 520, and adapted to
cauterize, ablate, or otherwise remove tissue or other residue that may adhere to the
needles 120, 520.

[0080] As suggested by the observations described below, the method of
mechanically generating fractional damage in skin tissue by removing small tissue
portions, e.g., by repeatedly inserting and withdrawing one or more coring needles,
appears to be safe and well-tolerated by the skin, with little risk of infection or unwanted
side effects as compared with laser-based resurfacing procedures. Such methods can
stimulate collagen formation in skin and lead to an increase in dermal and epidermal

thickness, which can improve the appearance of aged or photo-damaged skin.

[0081] Example

20



10

20

30

WO 2012/103492 PCT/US2012/022993

[0082] A large-animal study of the method and apparatus according to certain
exemplary embodiments of the present invention was performed. Tissue coring needles
were produced by modifying conventional hypodermic needles, so that a cylindrical area
of tissue is removed when they puncture the skin and are then withdrawn, similar to a
core biopsy but on a smaller size scale. Standard 25 gauge hypodermic needles (e.g.,
Becton Dickinson, Franklin Lakes, NJ), having a 260 micron inner diameter, were
ground down such that their anti-beveled edges were removed, to form hollow needles
having a double-crown or double-pronged tip, such as that illustrated in FIG. 5B.
Devices were prepared in accordance with embodiments of the present invention that
include four such coring needles affixed in a 2 x 2 x 4 cm block of rubber. The needles
were provided in a square array, with 8mm of separation between the needles along the
sides of the square, and with the distal ends of the needles extending 4 mm from the
lower surface of the rubber block. For comparison, several similar 4-needle devices
were prepared using different types of needles. Devices were assembled with four
standard or “regular” 25 gauge hypodermic needles (not having double-pronged ground
tips), four regular 23 gauge needles, four “solid” 25 gauge needles (having the same
outer diameter but without a hollow center) and four 23 gauge coring (double-pronged)
needles. These additional devices were also tested as described herein.

[0083] One female miniature swine (Sus scofa domesticus), 1-1/2 years of age
and weighing 117kg, was utilized for this study. The pig was subjected to general
anesthesia and positioned on its right side. The hair from the left flank was clipped and
the skin was prepped with soap. The pig was given a single dose of buprenorphine (0.01
mg/kg) for analgesia, and then draped in a sterile fashion.

[0084] Using a template, the corners of 32 1-inch treatment squares were marked
by tattoo. A total of 24 squares were treated with the devices containing either standard
(“rcgular™) 25 gauge hypodermic needles, solid 25 gauge needles, or 23 or 25 gauge
coring needles. The device used for each treatment square was repeatedly pressed onto
the sauare of skin tissue by hand and removed for a prescribed nurnber of times, with the
device being randomly transtated within the area of the square heing treated before cach
re-inseriion. The number of insertions/removals for each site was calculated to provide
an areal fraction of affected tissue (based on the ID of the needles) of either 0.20 (20%

coverage) or 0.40 {40% coverage). For example, a coverage of 20 % corresponds to
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about 625 insertion/withdrawal cycles per square inch with a device containing four 25
gauge needles, and a coverage of 40 % corresponds to about 1250 insertion/withdrawal
cycles of the same device per square inch. Coverages of 20% and 40% can also be
achieved with about 362 and 724 insertion/withdrawal cycles per square inch,
respectively, of a device having four 23 gauge needles. Eight marked squares were left
untreated as controls. Devices containing new needles were used for each treatment site.
[0085] At the completion of the coring procedure, 4 mm punch biopsies were
obtained from each treatment and control site. These biopsy sites were then each closed
with a single, 3-0 nylon suture. The wounds were then dressed with triple antibiotic
ointment, zeroform, gauze and tape.

[0086] This entire procedure was then repeated on the opposite (right) flank, and
photographs were taken of the treatment and control squares on this side both before and
after the needle devices were applied to the various treatment sites. On days 7, 28, 56,
and 84 (1, 4, 8, and 12 weeks, respectively) after the initial coring procedures were
performed, the pig was again placed under general anesthesia and further biopsies from
sites on the left flank, and pictures of the sites on the right flank, were taken.

[0087] Four series of photographs of certain treatment squares of pig skin tissue
are presented in FIG. 7. Pictures in row A were taken of a control square that was not
penetrated by any needles; pictures in row B were taken of a control square treated with
regular (conventional) 25 gauge hypodermic needles; pictures in row C were taken of a
control square treated with solid 25 gauge needles; and pictures in row D were taken of a
control square treated with 25 gauge coring needles having 2-prong tips configured to
remove a portion of the tissue upon being withdrawn. Pictures in the first and second
columns of FIG. 7 were taken immediately pre- and post-needle treatment. Pictures in
the third, fourth, and fifth columns of FIG. 7 were taken at 1, 4, and 12 weeks after the
needle treatment, respectively. These photographs were taken using a Nikon D3100
digital SLR with a Nikkon Micro-Nikkor 105mm Macro Lens (Nikon Corporation,
Tokyo, Japan). Image measurements were made using Adobe Photoshop CS4 (Adobe
Systems Incorporated, San Jose, California). The surface coverage for each treated
square shown in FIG. 7 was about 20%.

[0088] The micro-coring needle apparatus and technique in accordance with

embodiments of the present invention appeared to be well-tolerated. All treatment areas



10

15

20

25

30

WO 2012/103492 PCT/US2012/022993

were observed immediately post-treatment to be characterized by redness and serous
exudates (second column of FIG. 7). This initial appearance is similar to that observed
with some laser resurfacing procedures. However, the treated sites healed quickly, with
any observable erythema resolved within two weeks of the treatment. By 4 weeks
(fourth column in FIG. 7), the treatment sites appeared to be completely healed. The
sites treated with solid needles at 40% coverage appeared to be the last to heal. There
was no evidence of infection or scarring at any of the 64 treatment sites over the 12-week
study.

[0089] Punch biopsies from the treated sites were fixed with 10% formalin,
embedded in paraffin and cut into 5 um sections. The sections were stained with
hematoxylin and eosin, Masson’s Trichrome, and Verhoef[-Van Gieson. Images of the
sectioned and stained biopsies were acquired on a Nikon Eclipse E600 microscope in
brightfield (Nikon). A series of four biopsy images with Masson’s Trichrome staining
for an untreated control site, taken at 0, 1, 4, and 8 weeks after treatment of the other
sites are show in FIGS. 8A-8D. The images in FIGS. 8E-8H were taken of stained
biopsies from a site treated with 25 gauge coring needles, as described above, at these
same time intervals of 0, 1, 4, and 8 weeks after treatment of the site. The length of the
scale bar in these images is 100 microns.

[0090] Histologically, the areas of tissue coring/removal after treatment with the
coring needles were easily detectable and were approximately 200-300 microns in
diameters and about 600-700 microns in depth. (See FIG. 8E.) All of the treatment sites
exhibited re-epithelialization by one week of elapsed time after treatment, as shown in
FIG. 8F. The coring sites exhibited enhanced undulating rete ridges, which increases the
epidermal-dermal junction interface as shown in FIGS. 8F-H, as compared to the control
(untreated) area shown in FIGS. 8A-D. These treated sites also had a thicker papillary
dermis, most notably visible 4 weeks after trcatment as shown in FIG. 8G. This region
contained numerous fibroblasts, which are the cells responsible for new collagen and
elastin synthesis.

[0091] After 8 or more weeks post-trecatment (see FIG. 8H), the coring sites
appeared to return to a more normal skin architecture, similar to the control sites shown
in FIGS. 8A-D. This observation is not surprising, because the porcine skin that was

treated was not aged but healthy. Further, porcine skin tissue does not exhibit human-
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like wrinkles, photodamage, or similar skin vasculature, so a “cosmetically” improved
appearance of the pig skin would not be expected.

[0092] However, there is histologic evidence that some rejuvenation and
remodeling occurred. The images shown in FIGS. 9A and 9B are the biopsy samples of
an untreated control site and one treated with 25 gauge coring needles, respectively, that
were stained for elastin 8 weeks after treatment. The arrows in FIG. 9B indicate a
significant increase in the number and desirable orientation of elastin fibers. The length
of the scale bar in FIGS. 9A and 9B is 100 microns. Elastin staining at 8 and 12 weeks
after treatment of a site with coring needles revealed beading of the elastic fibers,
indicating that new elastin was being laid down. These elastin fibers are newly aligned
in a horizontal fashion, a configuration that has been observed after fractional laser
treatment and which is thought to contribute to traction stress and skin tightening. This
significant rejuvenation behavior was not observed to the same extent in control sites,
nor in sites treated with the solid and regular hypodermic needle types (not shown).
[0093] Whereas the significance of new, healthy fibroblast and collagen is well-
documented in skin rejuvenation models, the role of elastin is less clear. Although
elastin makes up a small percent of dermal connective tissue, it is clearly important, as
the lack of elastin in conditions such as Ehlers-Danlos has a dramatic presentation.
Studies have demonstrated objective increases in the amount of elastin after various skin
rejuvenation procedures, although there is minimal correlation of this with skin
tightening. It has been suggested that a horizontal realignment of elastin may lead to
skin tightening rather than an increase in density. The preduction of new elastin in tissue
sites treated with coring needles, in accordance with embodiments of the present
invention, did appear o form longer and more horizontally opposed fibers as compared
to the randomiy distributed fibers found in the conirol tissues, as shown in FIG, 9,
[0094] While alf three needle Ltypes investigated (solid, regular hypodermic, and
coring) appeared to induce some element of skin remodeling when compared to the
untreated controls, the results of the coring needles were most profound. FIG. 10 shows
a graph of measured papillary dermis thickness in biopsy samples for a control
(untreated) site and for sites treated with the three types of needles, 4 weeks after
treatment of the skin sites. The papillary dermis of the sites treated with coring needles

was observed to be up to 196% thicker at this time as compared to the untreated control
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sites {1<0.01). Multiple group comparisons were made by ANOVA using the Tukey-
Kramer post hoc analysis. A p-value of less than 0.05 was considered statistically
significant. Data analysis was performed using the GraphPad Prism statistical software
(GraphPad Inc, San Diego, CA). The vertical error bars in FIG. 10 represent a single
standard deviation and (*) indicates p<0.0S, (**) indicates p<0.01, and (***) indicates
p<0.001, as a statistical significance level between the groups within the horizontal bars
in this figure,

[0095] The observed increase in thickness of the papillary dermis in skin areas
treated with coring needles may be significant with respect to cosmetic rejuvenation
effects. Expansion of this zone has been correlated with treatment depth and skin
contracture. For example, more aggressive resurfacing therapies (e.g., high-flux laser
and dermabrasion) have been observed to result in a thicker papillary dermis at two
months. Retinoic acid treatment can increase the thickness and production of collagen in
the papillary dermis by 80%. The importance of the papillary dermis in skin
rejuvenation may result from the specialized cells it contains. Papillary fibroblasts have
been found to to be a distinct population, which are more significantly impacted by aging
than their deeper, reticular conterparts. Papillary fibroblasts were observed to have a
higher capacity to sustain kertinopoiesis and promote epidermal morphogenesis. It is
well known that the vasculature of the papillary dermis supplies the epidermis; however,
it appears that a robust supply of papillary fibroblasts may be needed to maintain a
youthful-appearing dermal-epidermal junction and the epidermis itself. The present
example of skin sites treated with coring needles as described herein has demonstrated a
significant amount of cellular activity within this region.

[0096] In addition to a younger-appearing rete ridge pattern and a thicker
superficial dermis, the skin sites treated with coring needles exhibited a thicker epidermis
at 4 weeks after treatment. A graph of epidermal thickness in biopsy samples for a
control (untreated) site and for sites treated with the three types of needles, measured 4
weeks after treatment of the sites as described herein, is shown in FIG. 11. The
epidermis of the sites treated with the coring needles appear to be significantly thicker
(187%) than the control sites (p<0.01) in this figure.

[0097] Collagen content for each treatment site was assessed at 12 weeks after

the treatment of the various skin sites with the ncedle devices. 4 mm punch biopsies
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were digested in a solution of 10ml of 0.5M acetic acid and Pepsin 0.1mg/ml (Sigma
Aldrich, St. Louis, MO) overnight at 4 °C. Samples were homogenized using a
TissueRuptor (Quiagen, Hilden, Germany). The protocol for the Sircol Soluble Collagen
Assay (Biocolor, Carrickfergus, UK) was then followed using a 1/1000 initial dilution.
Absorbance was determined using a Spectramax M2 microplate reader (Molecular
Devices, Sunnyvale, CA).

[0098] A plot of the measured collagen content in control (untreated) sites and in
sites treated with the three types of needles, 12 weeks after treatment of the skin sites, is
shown in FI3. 12, In total, the sites treated with coring needles had a mean collagen
content that was 89% higher than that of the control (untreated) sites (P<0.001). This
average collagen level was also significantly higher than that measured in sites treated
with either the regular hypodermic needles or the solid needles, as shown in FIG. 12.
[0099] The collagen assay results are consistent with observation of significant
collagen neogenesis around the regions of skin that were removed with the coring
needles. This collagen production was also observed to a lesser extent in tissue treated
with the solid needles. The production of new collagen has been correlated with a
clinical improvement of aged or photo-aged skin. The creation of new, fine, compact
collagen has been observed in numerous laser studies and may be most important
hallmark of skin rejuvenation. An 89% increase in collagen content was detected by
ELISA techniques, 12 weeks after treatment, in the sites treated with coring as compared
to the control (untreated) sites.

[00100] In summary, an exemplary embodiment of method and apparatus has been
tested that includes mechanical removal of small columns of skin tissue using one or
more coring needles as described herein. Immediately following the removal of multiple
small tissue cores from a skin site, erythema and serous oozing were observed that is
substantially similar to that observed after generating a similar density of piercings with
similarly-sized solid (non-coring) needles. The erythema generated by the coring
devices and procedures described herein is also similar to that observed following a high-
density laser fractional resurfacing treatment. However, the coring sites were observed
to be guickly re-epithelialized and return to normal skin coloration within one week,
which can result in part from the minor degree and distributed geometry of epidermal

damage.
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[00101] The exemplary results indicate that significant amounts of tissue can be
removed with coring needles, without creating scar or leading to any other adverse
advent. For example, embodiments of the present invention can provide cleanly cored
tracts that lead to changes in skin architecture and collagen content, with no observable
cellular infiltrate or significant inflammation. Despite an observed increase in fibroblast
activity and collagen neogenesis at one week and one month afer treatment, the cored
skin contained only scattered macrophages and lymphocytes. In contrast, fractional
ablative lasers tend to produce a vigorous inflammatory response and a neutrophilic
infiltrate around the necrotic channels in both humans and pigs with a coagulation zone
that reaches about 65 microns in thickness, as well as increased infiltrate, micro
thrombosis and sclerosis of vessel walls when using moderate laser flux. having been
observed for greater than 6 months after fractional laser treatment. Further, the lack of
inflammation or expression of heat shock proteins following procedures according to
erbodiments of the present invendion may fead (¢ a more rapid recovery and decreased
adverse effects as compared to conventional laser-based resurfacing procedures.
[00102] Although commonly ernployed as a large animal model for skan
rejuvenation, the pig is a poor comparisen to humans, as they do not exhibit human like
wrinkies, photodamage or similar skin vasculature. The test pig had neither aged nor lax
skin, thus there wag little chance for us to demonstrate any gross improvement in lexture
over our untreated sites.

[00103] The needle-based rejuvenation procedure described herein was well
tolerated, with none of the treatment sites showing any sign of infection or scar. The
sites healed quickly, with re-epithelialization within 1 week and resolution of erythema
by 2 weeks after treatment. Sites treated with coring needles exhibited significant
thickening of the papillary dermis and epidermis, as well as enhanced undulating rete
ridges increasing the epidermal-dermal junction—a sign of youthful skin. These sites
also exhibited newly aligned and augmented elastic fibers and a significant increase in
collagen content as compared to untreated sites.

[00104] The coring needle-based skin rejuvenation method and apparatus as
described herein was observed to be safe and effective for inducing the microscopic and
biologic endpoints of skin rejuvenation, and more effective than similar procedures and

devices that usc other needle types. Accordingly, embediments of the present invention
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can provide a new modality for the safe and cost-effective treatment of age-related
rhytides, skin laxity, photo damage, scarring and striae.

[00105] The foregoing merely illustrates the principles of the present invention.
Other variations to the disclosed embodiments can be understood and effected by those
skilled in the art in practising the claimed invention from a study of the drawings, the
disclosure, and the appended claims. In the claims, the word “comprising” does not
exclude other elements or steps and the indefinite article “a” or “an” does not exclude a
plurality. The mere fact that certain measures are recited in mutually different dependent
claims does not indicate that a combination of these measures cannot be used
advantageously. Any reference signs in the claims should not be construed as limiting
the scope of the claims. Various modifications and alterations to the described
embodiments will be apparent to those skilled in the art in view of the teachings herein.
It will thus be appreciated that those skilled in the art will be able to devise numerous
techniques which, although not explicitly described herein, embody the principles of the

present invention and are thus within the spirit and scope of the present invention. All

references cited herein are incorporated herein by reference in their entireties.
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WHAT IS CLAIMED IS:

1. An apparatus for producing a cosmetic effect in a skin tissue, comprising:
at least one needle which is configured to remove a portion of the skin
tissue when the at least one needle is inserted into and withdrawn from the skin tissue so

as to produce the cosmetic effect.

2. The apparatus of claim 1, wherein the at least one needle is a hollow negdle which

comprises a lumen and a cutting arrangement at a distal end thereof.

3. The apparatus of claim 2, wherein a diameter of the lumen is less than about 1 mm.

4, The apparatus of claim 2, wherein a diameter of the lumen is less than about 0.8 mm.

5. The apparatus of claim 2, wherein a diameter of the lumen is less than about 0.5 mm.

6. The apparatus of claim 2, wherein a diameter of the lumen is between about 0.3 mm

and about 0.5 mm.

7. The apparatus of claim 2, wherein a gauge size of the hollow needle is between 18

gauge and 30 gauge.

8. The apparatus of claim 2, wherein a gauge size of the hollow needie is between 22

gauge and 25 gauge.

9. The apparatus of any of claims 2-8, wherein the at least one hollow necedle further

comprises at least one protrusion provided within the lumen.

10. The apparatus of any of claims 2-9, wherein the at least one hollow ncedle further

comprises at least one angled notch provided in a wall of the at least one hollow needle.
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11. The apparatus of claim 10, wherein an edge of the at least one notch protrudes

outward beyond an outer periphery of the at least one hollow needle.

12. The apparatus of any of claims 2-11, wherein the cutting arrangement comprises at

least one prong.

13. The apparatus of any of claims 2-11, wherein the cutting arrangement comprises at

least two prongs.

14. The apparatus of any of claims 1-13, wherein the at least one needle is a solid needle

comprising at least one extension provided on an outer surface thereof.

15. The apparatus of any of claims 1-14, wherein a length of the at least one needle is

between about 2 mm and about 5 mm.

16. The apparatus of any of claims 1-15, wherein the at least one needle is a plurality of

ncedles.

17. The apparatus of claim 16, wherein a distance between adjacent ones of the needles

is less than about 15 mm.

18. The apparatus of claim 16, wherein a distance between adjacent ones of the needles

is less than about 10 mm.

19. The apparatus of claim 16, wherein a distance between adjacent ones of the needles

is less than about 5 mm.

20. The apparatus of claim 16, wherein a distance between adjacent ones of the needles

is less than about 3 mm.

21. The apparatus of any of claims 16-20, wherein the at least one needle has a diameter

that is different from a diameter of at least one further needie,
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22. The apparatus of any of claims 16-21, wherein at least one needle has a length that is

different from a length of at least one further needle.

23. The apparatus of any of claims 1-22, further comprising a substrate, wherein the at

least one needle is coupled to the substrate.

24. The apparatus of claim 23, wherein the substrate is substantially flat.

25. The apparatus of claim 23, wherein the substrate is substantially cylindrical and

structured to be rolled over a surface of the skin.

26. The apparatus of any of claims 1-25, further comprising a reciprocating arrangement
configured to repeatedly insert and withdraw the at least one needle into and from the

skin tissue, respectively.

27. The apparatus of claim 26, wherein the reciprocating arrangement comprises an

actuator and a control arrangement.

28. The apparatus of any of claims 2-27, further comprising a conduit configured to
provide a low pressure source in communication with the lumen of the at ieas! one
hollow needle to facilitate a removal of the at least one portion from the skin tissue or the

lumen of the at least one hollow needle.

29. The apparatus of claim 28, further comprising a filter arrangement configured to trap

the at least one portion of tissue after it is removed from the lumen.

30. A method for resurfacing a skin tissue, comprising:
producing a plurality of holes in the skin tissue using a mechanical
arrangement,
wherein each hole is produced by removing a portion of the skin tissue, and

wherein a width of each hole is less than about 1 mm.
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31. The method of claim 30, wherein a surface area fraction of the removed portion is

between about 0.1 and 0.7.

32. The method of claim 30, wherein a surface area fraction of the removed portion is

between about 0.2 and 0.5.

33. The method of claim 30, wherein a surface area fraction of the removed portion is

between about 0.2 and 0.4.

34. The method of claim 30, wherein a surface area fraction of the removed portion is

between about 0.2 and 0.5.

35. The method of any of claims 30-34, wherein the mechanical arrangement comprises
at least one needle configured to remove the portion of the skin tissue when the at least

one needle is inserted into and withdrawn from the skin tissue.

36. The method of claim 35, wherein the at least one needle is a plurality of needles.

37. The method of any of claims 35 or 36, wherein the mechanical arrangement further
comprises a reciprocating arrangement adapted or structured to insert and withdraw the

at least one needle a plurality of times.

38. The method of any of claims 30-37, wherein at least one hole extends through the

entire dermis to at least a depth of a subcutaneous fat layer.

39. The method of any of claims 30-37, wherein each of a plurality of the holes extends

through the entire dermis to at least a depth of a subcutaneous fat layer.

40. The method of any of claims 30-39, wherein a width of each hole is less than about

0.5 mm.
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41. The method of any of claims 30-39, wherein a width of each hole is between about

0.3 mm and about 0.5 mm.
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