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(57) ABSTRACT

Exemplary methods and devices can be provided for improv-
ing the appearance of dermal melasma. This canbe done, e.g.,
focusing electromagnetic radiation having a wavelength
between about 600 nm and 850 nm into a region of the
pigmented dermal tissue at a depth between about 150 and
400 microns, using a lens arrangement having a large numeri-
cal aperture between about 0.5 and 0.9. The exemplary local
dwell time of the focused radiation can be less than a few
milliseconds, and a local fluence provided in the focal region
can be between about 50 and 500 J/em?®. The focal region can
be scanned through the dermal tissue at speeds on the order of
a few cm/s. Such parameters can provide sufficient energy
absorption by pigmented cells in the dermis to disrupt them
while avoiding damage to the overlying tissue and unpig-
mented dermal tissue.
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METHOD AND APPARATUS FOR TREATING
DERMAL MELASMA

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] The present application relates to and claims prior-
ity from U.S. Provisional Patent Application Ser. No. 61/864,
238 filed Aug. 9, 2013, the present disclosure of which is
incorporated herein by reference in its entirety.

FIELD OF THE DISCLOSURE

[0002] Exemplary embodiments of the present disclosure
relates to treating pigmented tissue, and more particularly to
methods and apparatus for treating dermal melasma.

BACKGROUND INFORMATION

[0003] Melasma is a skin disorder of unknown etiology that
causes a blotchy hyperpigmentation, often in the facial area.
This condition is more common in women than in men.
Although the specific cause(s) of melasma may not be well-
understood, the pigmented appearance of melasma can be
aggravated by certain conditions such as pregnancy, sun
exposure, certain medications, such as, e.g., oral contracep-
tives, hormonal levels, genetics, etc.

[0004] Exemplary symptoms of melasma include dark,
irregularly-shaped patches or macules, which are commonly
found on the upper cheek, nose, upper lip, and forehead.
These patches often develop gradually over time. Melasma
does not appear to cause any other symptoms, nor have other
detrimental effects, beyond the cosmetic discoloration.
[0005] Unlike many pigmented structures that are typically
present in the epidermal region of skin (i.e., at or near the skin
surface), dermal (or deep) melasma is often characterized by
widespread presence of melanin and melanophages (includ-
ing, e.g., excessively-pigmented cells) in portions or regions
of the underlying dermis. Accordingly, treatment of dermal
melasma (e.g., lightening of the appearance of darkened pig-
mented regions) can be particularly challenging because of
the presence of the greater difficulty in accessing and affect-
ing such pigmented cells and structures located deeper within
the skin. Accordingly, conventional skin rejuvenation treat-
ments such as facial peels (laser or chemical), dermabrasion,
topical agents, and the like, which primarily affect the over-
lying epidermis, may not be effective in treating dermal
melasma.

[0006] It has been observed that application of light or
optical energy of certain wavelengths can be strongly
absorbed by pigmented cells, thereby damaging them. How-
ever, an effective treatment of dermal melasma using optical
energy introduces several obstacles. For example, pigmented
cells in the dermis must be targeted with sufficient optical
energy of appropriate wavelength(s) to disrupt or damage
them, which may release or destroy some of the pigmentation
and reduce the pigmented appearance. However, such energy
can be absorbed by pigment (e.g., chromophores) in the over-
lying skin tissue, such as the epidermis and upper dermis.
This near-surface absorption can lead to excessive damage of
the outer portion of the skin, and insufficient delivery of
energy to the deeper dermis to affect the pigmented cells
therein.

[0007] Fractional approaches have been developed that
involve application of optical energy to small, discrete loca-
tions on the skin that are separated by healthy tissue to facili-
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tate healing. However, such fractional approaches may
“miss” many of the pigmented cells in the dermis, and effec-
tive targeting of such deeper cells may again result in exces-
sive damage to the nearby healthy tissue.

[0008] Therefore, it may be desirable to provide method
and apparatus that can effectively target pigmented cells in
the dermis and reduce the appearance of melasma, without
generating excessive damage to healthy skin tissue or produc-
ing other undesirable side effects.

SUMMARY OF EXEMPLARY EMBODIMENTS
OF THE DISCLOSURE

[0009] Exemplary embodiments of methods and apparatus
can be provided for a treatment of dermal melasma and other
pigmented defects within the dermis, e.g., to lighten the dark
pigmented appearance of dermal melasma. The exemplary
embodiments of the methods and apparatus can facilitate
selective energy absorption by, and thermal damage to, pig-
mented structures within the dermis by focusing highly-con-
vergent electromagnetic radiation (EMR), e.g., optical
energy, having appropriate wavelengths onto the pigmented
regions within the dermis. This exemplary procedure can
result in heating and/or thermal damage to the pigmented
regions, thereby disrupting the pigment and lightening the
appearance of the skin, while avoiding unwanted thermal
damage to surrounding unpigmented tissue and the overlying
tissue.

[0010] According to exemplary embodiments of the
present disclosure, an apparatus can be provided that can
include a radiation emitter arrangement configured to emit
EMR, and an optical arrangement configured to direct the
EMR onto the skin being treated and focus it to a focal region
within the dermis. A plate that is substantially optically trans-
parent to the EMR can be provided on a portion of the appa-
ratus that is configured to contact the surface of the skin being
treated. Such plate can stabilize the pliable skin tissue and
facilitate better control of the depth of the focal region below
the skin surface. A lower surface of the plate can be substan-
tially planar, or it may optionally be slightly convex or con-
cave. The apparatus can further include a housing or hand-
piece that can contain these components and facilitate
manipulation of the apparatus during its use.

[0011] The EMR emitter can include, e.g., a waveguide or
optical fiber configured to direct EMR from an external
source, an EMR source such as one or more diode lasers, a
fiber laser, or the like. If the emitter arrangement includes a
source of EMR, it can optionally include a cooling arrange-
ment configured to cool the EMR source(s) and prevent over-
heating of the source(s). A control arrangement can be pro-
vided to control the operation of the emitter arrangement
including, e.g., turning the EMR source on and off, control-
ling or varying the power output of the EMR source, etc.
[0012] The EMR can have a wavelengths that is preferably
greater than about 600 nm, e.g., between about 625 nm and
about 850 nm, or between about 650 nm and 750 nm. Smaller
wavelengths (e.g., less than about 600 nm) can be scattered
significantly within the skin tissue, thereby having insuffi-
cient penetration depth to reach portions of the dermal layer
with sufficient fluence and focus. Such smaller wavelengths
can also have a very high melanin absorbance, which can
generate increased EMR absorption by melanin in the over-
lying epidermal region and unwanted thermal damage to the
surface region. Such smaller wavelengths can also have a
higher absorbance by hemoglobin, a competing chro-
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mophore, which may be present in blood vessels. Significant
EMR absorption by hemoglobin can cause unwanted thermal
damage to such vessels. Absorbance of EMR by melanin
generally decreases with increasing wavelength, so wave-
lengths longer than about 850 nm may not be sufficiently
absorbed by the dermal melanin to cause local heating and
disruption of the pigmented structures.

[0013] The exemplary apparatus can include an optical
arrangement configured to focus the EMR in a highly con-
vergent beam. For example, the optical arrangement can
include a focusing or converging lens arrangement having a
numerical aperture (NA) of about 0.5 or greater, e.g., between
about 0.5 and 0.9. The correspondingly large convergence
angle of the EMR can provide a high fluence and intensity in
the focal region of the lens (which can be located within the
dermis) with a lower fluence in the overlying tissue above the
focal region. Such focal geometry can help reduce unwanted
heating and thermal damage in the overlying tissue above the
pigmented dermal regions. The exemplary optical arrange-
ment can further include a collimating lens arrangement con-
figured to direct EMR from the emitting arrangement onto the
focusing lens arrangement.

[0014] The exemplary optical arrangement can be config-
ured to focus the EMR to a focal region having a width or spot
size that is less than about 200 um (microns), for example,
less than 100 pum, or even less than about 50 um, e.g., as small
as 10 um. Such spot size can be selected as a balance between
being small enough to provide a high fluence or intensity of
EMR in the focal region (to effectively irradiate pigmented
structures in the dermis), and being large enough to facilitate
irradiation of large regions/volumes of the skin tissue in a
reasonable treatment time.

[0015] The exemplary optical arrangement can also be con-
figured to direct the focal region of the EMR onto a location
within the dermal tissue that is at a depth below the skin
surface of between about 120 um and 400 pm, e.g., between
about 150 pm and 300 pm. Such exemplary depth range can
correspond to typical observed depths of pigmented regions
in skin that exhibits dermal melasma. This focal depth can
correspond to a distance from a lower surface of the apparatus
configured to contact the skin surface and the location of the
focal region.

[0016] In further exemplary embodiments of the present
disclosure, the positions and/or orientations of the EMR emit-
ter arrangement and/or components of the optical arrange-
ment can be controllable or adjustable relative to one another,
such that the path of the EMR can be varied. Such variation in
the path of the EMR can provide corresponding variations in
the depth, width, and/or location of the focal region within the
dermis, and can facilitate treatment of larger volumes of the
skin tissue when the apparatus is translated with respect to the
skin. Such relative movement of these components can also
facilitate movement of the focal region within the skin tissue
when the apparatus is held stationary relative to the skin, e.g.,
to treat larger regions of the skin without moving the overall
apparatus.

[0017] In still further exemplary embodiments of the
present disclosure, the exemplary focusing lens arrangement
can include a plurality of micro-lenses, e.g., convex lenses,
plano-convex lenses, or the like. Each of the micro-lenses can
have a large NA (e.g., between about 0.5 and 0.9). The micro-
lenses can be provided in an array, e.g., a square or hexagonal
array, to produce a plurality of focal regions in the dermal
tissue in a similar pattern. A width of the micro-lenses can be
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small, e.g., between about 1 mm and 3 mm wide. Micro-
lenses 300 that are slightly wider or narrower than this can
also be provided in certain embodiments. In yet further exem-
plary embodiments of the present disclosure, the micro-
lenses can include cylindrical lenses, for example, convex
cylindrical lenses or plano-convex cylindrical lenses. A width
of such cylindrical micro-lenses can be small, e.g., between
about 1 mm and 3 mm wide. A length of the cylindrical
micro-lenses can be between, e.g., about 5 mm and 5 cm.
[0018] The exemplary radiation emitter arrangement and/
or the exemplary optical arrangement can be configured to
direct asingle wide beam of EMR over the entire array of such
micro-lenses or a portion thereof to simultaneously generate
aplurality of focal regions in the dermis. In further exemplary
embodiments, radiation emitter arrangement and/or the opti-
cal arrangement can be configured to direct a plurality of
smaller beams of EMR onto individual ones of the micro-
lenses. Such multiple beams can be provided, e.g., by using a
plurality of EMR sources (such as laser diodes), a beam
splitter, or a plurality of waveguides, or by scanning a single
beam over the individual micro-lenses. If cylindrical micro-
lenses are provided, one or more beams of EMR can be
scanned over such cylindrical lenses, e.g., in a direction par-
allel to the longitudinal axis of such cylindrical lenses.
[0019] Inyetanother exemplary embodiment ofthe present
disclosure, the exemplary cylindrical or spherical micro-
lenses can different NA values, different sizes or radii, and/or
different effective focal lengths than one another. Such varia-
tions in the geometry and optical properties of the micro-
lenses can facilitate irradiation of larger volumes of the der-
mis.

[0020] The plate configured to contact the skin surface can
optionally be provided as part of the focusing lens arrange-
ment, e.g., it can be formed as the lower surface of a plano-
convex lens or a plurality of such micro-lenses. The plate can
optionally be cooled, e.g., by pre-cooling it prior to use or
with an active cooling arrangement (e.g. a Peltier device, a
conductive cold conduit, or the like). Such cooling can help
protect the epidermis and upper portions of the dermis from
unwanted thermal damage. An optical gel or the like (e.g.
glycerol or a similar substance) can optionally be provided
between the plate and the skin surface to reduce an optical
index mismatch between the plate and the skin, thereby
improving transmission of the EMR into the skin.

[0021] In further exemplary embodiments of the present
disclosure, the exemplary apparatus can include one or more
sensors configured to detect contact of the apparatus with the
skin and/or speed of the apparatus over the skin surface dur-
ing use. Such exemplary sensors can be coupled to a control
arrangement of the EMR emitter or source, and adapted to
generate signals capable of varying properties of the EMR,
e.g., by varying the power emitted by the emitter arrangement
based on the translational speed of the apparatus, by turning
off the source(s) of EMR when the apparatus is stationary
relative to the skin surface or moved away from the skin, etc.
Such sensors and control arrangements can improve safety of
the apparatus by preventing excessive irradiation and
unwanted thermal damage to the skin.

[0022] It can be preferable to limit irradiation time (dwell
time) of a particular location in the dermis to a short period of
time, e.g., about 1-2 milliseconds or less. Such short dwell
times can be achieved, e.g., by configuring the radiation emit-
ter arrangement to provide discrete pulses of EMR. The
exemplary interval between such pulses of EMR canbe, e.g.,
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on the order of about 50 milliseconds or more to provide
spatial separation between regions of the dermis irradiated by
successive pulses when the apparatus is translated over the
skin. Short dwell times can also be achieved by translating the
apparatus over the skin during use, e.g., at speeds of about 1
cm/s or greater, such that the focal region does not remain on
a particular location in the dermis for longer than a few
milliseconds. In further embodiments, optional sensors can
also be used to control the EMR emitted by the apparatus to
avoid longer local dwell times.

[0023] The power output of the exemplary emitter arrange-
ment can be selected to provide a local fluence within each
focal region that is between about 10-1000 J/cm?® for EMR
having a wavelength of about 650 nm, e.g., between about
50-500 J/cm?®. The estimated fluence within the focal region
can berelated to the spot size, local dwell time, and total beam
power using conventional equations. Larger or smaller local
fluence values can also be used when using faster or slower
scan speeds and/or with shorter or longer dwell times, respec-
tively. The fluence can be somewhat lower for shorter wave-
lengths (which is more readily absorbed by melanin) or larger
for longer wavelengths, for which EMR absorption by mela-
nin is weaker.

[0024] In further embodiments of the disclosure, a method
can be provided for treating dermal melasma that includes
focusing at least one beam of EMR onto at least one focal
region within the dermis, to generate selective absorption by
pigmented cells or structures within the dermis while avoid-
ing unwanted heating and damage to unpigmented tissue and
overlying tissue. The EMR wavelength used, focal properties
(e.g., NA value, focal depth, spot size), scanning speeds and/
or pulsed EMR properties, EMR beam power, fluence within
the focal region(s), etc., can be provided in accordance with
the various embodiments described herein.

[0025] 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

[0026] Further objects, features and advantages of the
present disclosure will become apparent from the following
detailed description taken in conjunction with the accompa-
nying figures showing illustrative embodiments, results and/
or features of the exemplary embodiments of the present
disclosure, in which:

[0027] FIG. 1A is a side view of an illustration of one or
more radiations being focused into pigmented dermal tissue;

[0028] FIG. 1B is an exemplary absorbance spectrum graph
for melanin;
[0029] FIG.1C s an exemplary absorbance spectrum graph

for oxygenated and deoxygenated hemoglobin;

[0030] FIG.2 is a cross-sectional side view of a diagram of
an exemplary apparatus in accordance with exemplary
embodiments of the present disclosure;

[0031] FIG. 3A is a schematic side view of an arrangement
of micro-lenses that can be used with certain exemplary
embodiments of the present disclosure;

[0032] FIG. 3B is aschematic top view of a first exemplary
arrangement of the micro-lenses shown in FIG. 3A;

[0033] FIG. 3C is a schematic top view of a second exem-
plary arrangement of the micro-lenses shown in FIG. 3A;
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[0034] FIG. 3D is a schematic top view of an exemplary
arrangement of cylindrical micro-lenses that can be used with
certain exemplary embodiments of the present disclosure;
[0035] FIG. 3E is a schematic angled view of the exemplary
arrangement of cylindrical micro-lenses shown in FIG. 3D;
[0036] FIG. 3F is a schematic side view of a further exem-
plary arrangement of the micro-lenses that can be used with
further exemplary embodiments of the present disclosure;
[0037] FIG. 4 is a schematic cross-sectional side view of a
further exemplary apparatus in accordance with still further
exemplary embodiments of the present disclosure;

[0038] FIG. 5 is an exemplary biopsy image of pig skin
tattooed with a melanin solution to simulate the effects of
dermal melasma;

[0039] FIG. 6A is an exemplary surface image of a region
of pig skin tattooed with a melanin solution to simulate the
effects of dermal melasma; and

[0040] FIG. 6B is an exemplary surface image of the tat-
tooed region of pig skin shown in FIG. 6A after it has been
irradiated with focused electromagnetic radiation in accor-
dance with exemplary embodiments of the present disclosure.
[0041] 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 disclosure will now be described
in detail with reference to the figures, it is done so in connec-
tion 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 present disclosure as defined by the
appended claims.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0042] According to certain exemplary embodiments of the
present disclosure, devices and methods can be provided for
treating dermal (or deep) melasma. For example, electromag-
netic radiation (EMR) such as, e.g., optical energy) at one or
more particular wavelengths can be focused into the dermis,
where the EMR can optionally be pulsed and/or scanned,
such that the radiation is selectively absorbed by the pig-
mented cells in the dermis. Such absorption of the energy,
together with the focusing geometry and scanning param-
eters, can selectively damage or destroy many of the pig-
mented cells while reducing or avoiding damage to surround-
ing unpigmented cells and to the overlying epidermis.
[0043] An exemplary schematic side view of a section of
skin tissue is shown in FIG. 1. The skin tissue includes a skin
surface 100 and an upper epidermal layer 110, or epidermis,
which can be, e.g., about 60-120 pum thick in the facial region.
The dermis can be slightly thicker in other parts of the body.
The underlying dermal layer 120, or dermis, extends from
below the epidermis 110 to the deeper subcutaneous fat layer
(not shown). Skin exhibiting deep or dermal melasma can
include a population of pigmented cells or regions 130 that
contain excessive amounts of melanin.

[0044] In exemplary embodiments of the present disclo-
sure, an electromagnetic radiation (EMR) 150 (e.g., optical
energy) can be focused into one or more focal regions 160 that
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can be located within the dermis 120. The EMR 150 can be
provided at one or more appropriate wavelengths that can be
absorbed by melanin. The EMR wavelength(s) can be
selected to enhance selective absorption by the pigmented
regions 130 in the dermis 120.

[0045] For example, a graph of an exemplary absorption
spectrum for melanin is shown in the graph of FIG. 1B. The
absorption of EMR by melanin is observed to reach a peak
value at a wavelength of about 350 nm, and then decreases
with increasing wavelength. Although absorption ofthe EMR
by the melanin facilitates heating and/or disruption of the
melanin-containing regions 130, a very high melanin absor-
bance can result in high absorption by pigment in the epider-
mis 110 and reduced penetration of the EMR into the dermis
120. As illustrated in FIG. 1B, melanin absorption at EMR
wavelengths that are less than about 500 nm are relatively
high, such that wavelengths less than about 500 nm may not
be suitable for penetrating sufficiently into the dermis 120 to
heat and damage or disrupt pigmented regions 130 therein.
Such enhanced absorption at smaller wavelengths can result
in unwanted damage to the epidermis 110 and upper (super-
ficial) portion of the dermis 120, with relatively little unab-
sorbed EMR passing through the tissue into the deeper por-
tions of the dermis 120.

[0046] Another significant chromophore observed in skin
tissue is hemoglobin, which is present in blood vessels.
Hemoglobin can be oxygenated (HbO,) or deoxygenated
(Hb), where each form of Hemoglobin may exhibit slightly
different EMR absorption properties. For example, exem-
plary absorption spectra for both Hb and HbO, are shown in
the graph of FIG. 1C. These spectra indicate a high absorption
coefficient for both Hb and HbO, at EMR wavelengths less
than about 600 nm, with the absorbance decreasing signifi-
cantly at higher wavelengths. Strong absorption of EMR
directed into skin tissue by hemoglobin (Hb and/or HbO,)
can result in heating of the hemoglobin-containing blood
vessels, resulting in unwanted damage to these vascular struc-
tures and less EMR available to be absorbed by the melanin.
[0047] Accordingly, it can be preferable to use EMR having
wavelengths greater than 600 nm in certain exemplary
embodiments of the present disclosure, e.g., about 625 nm or
greater. Such wavelengths can increase selectivity of EMR
absorption in the dermis, e.g., by reducing competing absorp-
tion by hemoglobin, and by also avoiding excessive absorp-
tion of the EMR by epidermal melanin (as described above)
such that the EMR can penetrate into the dermis 120 and
target pigmented regions 130 therein.

[0048] Forexample, longer wavelengths of EMR tend to be
scattered more easily by the non-homogeneous structure of
skin tissue. Such scattering can reduce the effective penetra-
tion depth of EMR directed onto the tissue, and also inhibit
focusing of the EMR beam 150 into a small focal region 160
as described herein. Further, the absorbance of melanin con-
tinues to decrease with increasing wavelength, as indicated in
the graph of FIG. 1B. Thus, EMR having wavelengths less
than about 750 nm or 850 nm be well-focused in tissue to
generate sufficient local intensity within the dermis 120, as
well as sufficiently absorbed by dermal melanin to disrupt
and/or damage pigmented regions 130.

[0049] Accordingly, exemplary embodiments of the
present disclosure, it is possible to provide or use EMR hav-
ing one or more wavelengths between about 600 nm and
about 850 nm, e.g., between about 625 nm and about 800 nm,
which is mostly in the visible range of light. In certain
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embodiments, the wavelength can be between about 650 nm
and 750 nm. In further exemplary embodiments of the present
disclosure, wavelengths less than about 600 nm or greater
than about 850 nm may be used, although EMR having such
wavelengths may be provided with sufficient focusing and/or
appropriate power and fluence, as described herein, to
achieve sufficient quantity and selectivity of absorption by
melanin in the dermis.

[0050] In further exemplary embodiments of the present
disclosure, an apparatus 200, schematically illustrated in a
diagram of FIG. 2, can be provided to treat dermal melasma in
skin using EMR 150, e.g., optical energy. For example, the
apparatus 200 can include a radiation emitter arrangement
210, and an optical arrangement that can be provided between
the radiation emitter arrangement 210 and the target tissue to
be treated. For example, the optical arrangement can include
a first lens arrangement 220 and a second lens arrangement
230. These exemplary components can optionally be pro-
vided in a handpiece 250 or other housing or enclosure. The
apparatus 200 can further include a plate 240 having a lower
surface configured to contact the surface 100 of the skin tissue
being treated. An actuator arrangement 260 can be provided
to control the operation of the apparatus 200, e.g., to activate
and/or turn off the emitter arrangement 210, control or adjust
certain operational parameters of the apparatus 200, etc. A
power source (not shown) for the radiation emitter arrange-
ment 210 can be provided. For example, the power source can
include a battery provided within the handpiece 250, an elec-
trical cord or other conductive connection provided between
the emitter arrangement 210 and an external power source
(e.g. an electrical outlet or the like), etc.

[0051] The radiation emitter arrangement 210 can include,
e.g., one or more laser diodes, optical fibers, waveguides, or
other components configured to generate and/or emit EMR
150 and direct it toward or onto the optical arrangement 220,
e.g., onto the first lens arrangement 220. In certain exemplary
embodiments of the present disclosure, the radiation emitter
arrangement 210 can include one or more laser diodes that
emit optical radiation 150 having one or more wavelengths
between about 600 nm and 850 nm, e.g., between about 650
nm and 750 nm.

[0052] In further exemplary embodiments of the present
disclosure, the radiation emitter arrangement 210 can include
distal ends of one or more waveguides (e.g., optical fibers)
(not shown), where the waveguides can be configured or
adapted to direct EMR 150 from an external source (not
shown) toward or onto the first lens arrangement 220. Such
exemplary external EMR source can be configured to provide
or direct EMR 150 to the radiation emitter arrangement 210
having one or more wavelengths between about 600 nm and
850 nm, e.g., between about 650 nm and 750 nm.

[0053] In further exemplary embodiments of the present
disclosure, the electromagnetic radiation (EMR) 150 (e.g.,
optical energy) can be focused into one or more focal regions
160 that can be located within the dermis 120, as shown
schematically in

[0054] FIGS.1A and2. The exemplary optical arrangement
can be configured to provide one or more highly-convergent
beams of EMR 150, where each such beam can be emitted
from a lower portion of the apparatus 200 and converge to a
narrower focal region 160 located at a particular distance
below the lower surface of the apparatus 200, e.g., below the
lower surface of the plate 240. Such convergence of the EMR
150 can produce a high local fluence and intensity within the



US 2016/0199132 Al

focal region 160, while irradiating the overlying tissue (e.g.
epidermis 110 and upper portion of the dermis 120) at a lower
fluence.

[0055] In one additional exemplary embodiment of the
present disclosure, the first lens arrangement 220 can be
adapted and/or configured to direct EMR 150 from the emit-
ter arrangement 210 towards or onto the second lens arrange-
ment 230. The first lens arrangement 220 can include, e.g.,
one or more lenses, reflectors, partially- or fully-silvered
mirrors, prisms, and/or beam splitters. For example, the first
lens arrangement 220 can be configured to collimate or align
the EMR 150 emitted from the emitter arrangement 210 onto
the second lens arrangement 230, as shown in FIG. 2. The first
lens arrangement 220 can include, e.g., an objective lens or
the like.

[0056] The second lens arrangement 230 can be configured
and/or adapted to receive EMR 150 from the first lens
arrangement 220, and direct it into one or more focal zones
160 within the dermis 120, as shown in FIG. 1. For example,
the first lens arrangement 220 can be a collimating lens, and
the second lens arrangement 230 can serve as a focusing lens
that includes, e.g., a single objective lens as shown in FIG. 2,
one or more plano-convex lenses or cylindrical lenses, or the
like. Various exemplary embodiments of the optical arrange-
ment that can be configured to produce one or more focal
regions 160 are described in more detail herein below.
[0057] For example, as shown in the exemplary illustration
in FIG. 2, the highly-convergent beam of EMR 150 is rela-
tively “spread out” as it is passes through the plate 240 (e.g.,
as it enters the surface 100 of the skin tissue when the appa-
ratus 200 is placed on the skin to irradiate it). Geometrical,
temporal, and power characteristics of the EMR 150 can be
selected as described herein, such that the fluence and inten-
sity of the EMR 150 at and near the skin surface 100 are
sufficiently low to avoid unwanted heating and damage to the
surface tissue. The EMR 150 can then be focused to a suffi-
cient intensity and fluence within the focal zone 160 to facili-
tate significant absorption of the EMR 150 by pigmented
regions 130 within or proximal to the focal region 160. In this
manner, exemplary embodiments of the present invention can
target pigmented regions 130 within the dermis 120 to selec-
tively heat and disrupt or damage them, without generating
unwanted damage in the overlying tissue and surrounding
unpigmented tissue.

[0058] Exemplary beam convergent angles of about 70-80
degrees are illustrated in FIGS. 1A and 2, although this
approximate value is merely an exemplary one. In general,
the convergent angle can be about 40 degrees or greater, e.g.,
even about 90 degrees or larger. Such non-narrow conver-
gence angles can generate a large local intensity and fluence
of EMR 150 at the focal region 160 while the corresponding
fluence in the overlying (and underlying) tissue may be lower
due to the beam convergence/divergence. It should be under-
stood that other convergence angles are possible, and are
within the scope of the present disclosure.

[0059] Accordingly, the effective numerical aperture (NA)
of the second lens arrangement 230 is preferably large, e.g.,
greater than about 0.5, such as between about 0.5 and 0.9. The
numerical aperture NA is generally defined in optics as NA=n
sin 0, where n is the refractive index of the medium in which
the lens is working, and 6 is one-half of the convergence or
divergence angle of the beam. The EMR 150 enters the lens
through surrounding air, which has an index of refraction of
about 1. Thus, an exemplary convergent half-angle 6 of the
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beam of EMR towards the focal region 160, corresponding to
a NA value between about 0.5 and 0.9, can be between about
30 and 65 degrees. Thus, the exemplary range of the total
convergence angle can be between about 60 and 130 degrees.
[0060] Larger values of the effective NA can provide a
larger convergence angle, and a corresponding greater difter-
ence in the local beam intensity and fluence between the
tissue surface 100 and the focal region 160. Accordingly, a
larger NA value can provide a greater “safety margin” by
providing less intense irradiation levels to the overlying tissue
than to the pigmented regions 130, thereby reducing the like-
lihood of generating thermal damage in the overlying tissue.
However, a larger NA value can decrease the size of the focal
region 160 relative to the area of the incoming EMR beam,
which can thereby irradiate a relatively smaller treatment
volume of pigmented tissue within the dermis 120. Such
smaller treatment volumes can reduce the efficiency of treat-
ing large areas of skin in a reasonable time. Exemplary NA
values between about 0.5 and 0.9 can thus provide a reason-
able compromise between safety factor and treatment effi-
ciency, although slightly larger or smaller values of the NA
may be used in certain embodiments (e.g., by adjusting other
system parameters appropriately, such as beam power, scan-
ning speed, etc.).

[0061] A width of the focal region 160 (e.g., a “spot size™)
can be small, e.g., less than about 200 um, for example, less
than 100 um. In general, the focal region can be defined as the
volumetric region in which the EMR 150 is present at a
highest intensity. For example, the focal region 160 may not
be present as an idealized spot because of such factors as
scattering of the EMR 150 within the tissue, aberrations or
nonidealities in the optical components (e.g. lenses and/or
reflectors), variations in the path of the incident rays of EMR
150, etc. Further, the focal region 160 can be spread over a
small range of depths within the tissue, as shown schemati-
cally in FIGS. 1A and 2. In general, the size and location of
the focal region relative to the apparatus 200 can be deter-
mined or selected based on properties and configuration of
the optical arrangement (e.g., the first and second lens
arrangements 220, 230), the characteristics of the EMR 150
provided by the emitting arrangement 210, and optical prop-
erties of the skin tissue being treated.

[0062] In certain exemplary embodiments, the width ofthe
focal region 160 can be less than 50 um, e.g., as small as 10
um. For example, a theoretical lower for the spot size can be
approximated as 1.220/NA, where A is the wavelength of the
electromagnetic radiation and NA is the numerical aperture of
a lens. For a wavelength of about 650 nm and a NA of 0.5, the
theoretical minimum spot size is about 1.6 microns. The
actual spot size (or width of the focal region 160) can be
selected as a balance between being small enough to provide
a high fluence or intensity of EMR 150 in the focal zone 160
(to damage pigmented cells 130), and being large enough to
irradiate a sufficiently large volume of the skin tissue in a
short time. Also, a larger focal spot size can reduce the dif-
ference in fluence between the focal region and the overlying
tissue for a given NA value, thereby increasing the possibility
of unwanted heating and/or damage to overlying tissue.
[0063] For a particular exemplary NA value of the focusing
lens arrangement 230, the beam radius at the surface can be
estimated as the focal depth multiplied by the tangent of the
half-angle of convergence provided by the focusing lens. As
an example, an NA value of 0.5 corresponds to a convergence
half-angle of about 30 degrees, for which the tangent is 0.577.
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For an exemplary focal depth of 200 microns, the radius of the
converging EMR beam at the skin surface 100 is about 115
microns (0.577x200), such that the total beam width at the
surface is about 230 microns. The local fluence is inversely
proportional to the local cross-sectional area of the beam for
a particular beam energy. Accordingly, for a spot size (focal
region width) of 20 microns, the ratio of fluence at the focal
region to that at the skin surface is about (230/20), or about
130:1. The actual fluence ratio may be somewhat less due to
absorption of some of the EMR energy between the skin
surface and the focal region. Nevertheless, this exemplary
calculation indicates the relatively low fluence in the surface
regions of the skin (as compared to the fluence in the focal
region) that can be generated when using a focusing lens
having a high NA.

[0064] In further exemplary embodiments of the present
disclosure, a plurality of such focal regions 160 can be gen-
erated simultaneously by the exemplary apparatus and/or the
focal region(s) 160 may be scanned or traversed through the
portions of dermis 120 containing pigmented cells 130 to
irradiate larger volumes of the dermis 120 in a reasonable
time, as described in more detail herein.

[0065] In certain exemplary embodiments, the depth of the
focal region 160 below the skin surface 100 can be between
about 120 um and 400 pum, e.g., between about 150 um and
300 pm. This exemplary depth range can generally corre-
spond to the observed depths of pigmented regions 130 in
skin that exhibits dermal melasma. The focal depth can cor-
respond to a distance from a lower contact surface of the
apparatus 200 (e.g., the lower surface of the plate 240) and the
focal region 160 of the EMR 150, because the plate 240 may
flatten out the underlying tissue when placed on the skin
surface 100. Accordingly, the depth of the focal region 160
within the skin may be selected or controlled based on a
configuration of the optical arrangement within the housing
250.

[0066] In various exemplary embodiments of the present
disclosure, the EMR 150 can be collimated (e.g., rays within
the EMR beam are substantially parallel to one another),
convergent, or divergent between the first lens arrangement
220 and second lens arrangement 230. In still further exem-
plary embodiments, the radiation emitter arrangement 210
and/or components of the optical arrangement (e.g., the first
lens arrangement 220 and/or the second lens arrangement
230) can be controllable or adjustable such that the path of the
EMR 150 can be varied. Such exemplary variation in the path
of'the EMR 150 can provide corresponding variations in the
depth, width, and/or location of the focal region 160 within
the dermis 120 when the apparatus is held stationary with
respect to the skin.

[0067] For example, the position and/or angle of the EMR
150 can be shifted relative to the optical axis of a lens in the
second lens arrangement 230. Alternatively or additionally,
the convergence or divergence of the EMR 150 entering or
within the optical arrangement can be varied. Such variations
in the EMR geometry and/or path can provide variations in
the depth and/or lateral position of the focal region(s) 160. In
this manner, larger volumes of the dermis 120 can be irradi-
ated while the apparatus 200 is held stationary over the area of
skin being treated. Such exemplary variation of the focus
region characteristics can facilitate treatment of a plurality of
depth ranges and/or locations within the dermis 120 contain-
ing pigmented cells or defects 130.
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[0068] Exemplary adjustment and/or alteration of the
geometry and/or path of the EMR 150 can be achieved, e.g.,
using one or more translators, movable mirrors, beam split-
ters and/or prisms, or the like, which may be coupled to the
radiation emitter arrangement 210, the first lens arrangement
220, and/or the second lens arrangement 230. Further, these
exemplary variations in locations of the focal region 160 can
also be combined with a translation of the apparatus 200 over
the area of skin being treated to irradiate larger volumes of the
dermis 120, thereby targeting a greater number of pigmented
cells 130 that can be present.

[0069] In further exemplary embodiments of the present
disclosure, the second lens arrangement 230 can include a
plurality of micro-lenses 300, e.g., as provided in a schematic
side view of the exemplary configuration illustrated in FIG.
3A. For example, the micro-lenses 300 can include any con-
ventional type of convergent lenses, e.g., convex lenses, or
plano-convex lenses such as those shown in FIG. 3A. The
micro-lenses 300 can be configured to focus EMR 150 into a
plurality of focal regions 160 within the underlying dermis
120, as illustrated in FIG. 3A.

[0070] Each of the micro-lenses can have a large NA (e.g.,
between about 0.5 and 0.9), such that the EMR 150 converges
from a relatively wide area at or near the skin surface 100
(with a relatively low intensity or local fluence) to a small
width (with higher intensity or local fluence) in the focal
region 160 within the dermis 120. Such optical properties can
provide a sufficient intensity of EMR 150 within the focal
region 160 to damage pigmented cells that absorb the radia-
tion 150, while avoiding areas or volumes of high fluence or
intensity away from the volume of dermis 120 containing
pigmented cells 130, thereby reducing likelihood of damag-
ing overlying, underlying, and/or adjacent volumes of unpig-
mented skin tissue.

[0071] The micro-lenses 300 can be provided in a substan-
tially square or rectangular array, such as that shown in the top
view of such exemplary configuration in FIG. 3B. According
to further exemplary embodiments of the present disclosure,
the micro-lenses 300 can be provided in a hexagonal array, as
shown in FIG. 3C. Other exemplary patterns and/or shapes of
the micro-lenses 300 can be provided in still further exem-
plary embodiments. A width of the micro-lenses 300 can be
small, e.g., between about 1 mm and 3 mm wide. The exem-
plary micro-lenses 300 that are slightly wider or narrower
than this can also be provided in certain exemplary embodi-
ments.

[0072] Inadditional exemplary embodiments ofthe present
disclosure, the radiation emitter arrangement 210 and/or the
first lens arrangement 220 can be configured to direct a single
wide beam of EMR 150 (such as, e.g., that shown in FIG. 2)
over the entire array of micro-lenses 300 or a substantial
portion thereof. Such exemplary configuration can generate a
plurality of focal regions 160 in the dermis 120 simulta-
neously. In further exemplary embodiments, the radiation
emitter arrangement 210 and/or the first lens arrangement 220
can be configured to direct a plurality of smaller beams of
EMR 150 onto individual ones of the micro-lenses 300.
According to still further exemplary embodiments, the radia-
tion emitter arrangement 210 and/or the first lens arrange-
ment 220 can be configured to direct one or more smaller
beams of EMR 150 onto a portion of the array of micro-lenses
300, e.g. onto a single micro-lens or a plurality of the micro-
lenses 300, and the smaller beam(s) can be scanned over the






