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Skin-abrading surface that releases agents to the skin

FIELD OF THE INVENTION
The invention relates to a microdermabrasion device and to a method for the

controlled removal of at least part of the stratum corneum with such device.

BACKGROUND OF THE INVENTION

Microdermabrasion methods are known in the art. US2006/0253125, for
instance, describes a method and system for performing microdermabrasion on a patient's
skin. The method comprises providing a handpiece having a supply lumen, a return lumen,
and distal cap having a window. The supply lumen and return lumen are operatively
connected to a control system. A flow of crystals is introduced through the supply lumen.
The flow of crystals is directed from the supply lumen at the window. The patient's skin is
abraded with the crystals. The crystals are drawn in a proximal direction through the return
lumen. A mode selection switch on the control system can be switched. An abrasive area is
added to the handpiece. The abrasive area is positioned against a patient's skin. A suction
force is applied through the return lumen to the patient's skin. The abrasive surface is moved
across the patient's skin surface.

US2007/0156124 describes an apparatus for treating skin having a console
with a user input device and a hand piece assembly. The hand piece assembly is configured
to treat a skin. A fluid line provides fluid communication between the console and the hand
piece assembly. A manifold system is coupled to the console and controlled by the user input
device. The manifold system is configured to hold releasable a plurality of fluid sources and
deliver fluid from at least one of the plurality of fluid sources to the hand piece assembly.

EP2444015 describes a device having an abrasion unit for contacting human
skin during treatment. A grip housing has a drive for transmitting rotational movement on the
abrasion unit. The abrasion unit has a carrier for accommodating an abrasion pill that is
produced from a mixture of aluminum oxide crystals, powdery cosmetic active substances
and binding agents by pressing. The abrasion unit is connected with the carrier, and the

housing has a tubular treating section connected with a suction device by an extraction hose.
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US2013345721 describes an article for mechanical skin resurfacing techniques
that is suitable for transferring mechanical energy from a handheld device to skin placed in
contact with the article. The article may be formed of a fibrous structure having a first major
surface having associated therewith an adhesive system and a second major surface,
generally opposite the first major surface. The second major surface is arranged and
configured to reversibly engage a fastener of a motion-generating unit. This document also
describes a coupling device for coupling a motorized apparatus to a disposable skin-
contactable element. The coupling device includes a water-resistant first attachment and a
second attachment for releasable affixing said article to a surface of the motion generation
unit.

WO02011006009 describes a microdermabrasion device for treating skin
comprising a hand piece assembly having a distal end and a proximal end. The hand piece
assembly includes at least one delivery conduit and at least one waste conduit. The
microdermabrasion device additionally comprises a tip configured to be positioned along the
distal end of the hand piece assembly, wherein the tip is adapted to contact skin surface. In
several embodiments, the tip comprises a lip, a first opening in fluid communication with the
fluid delivery conduit and a second opening in fluid communication with the waste conduit In
one embodiment, the device includes one or more abrasive elements positioned along a distal
end of the tip, wherein the abrasive elements are configured to selectively remove skin In
some embodiments, the delivery conduit is configured to selectively deliver at least one time-
release material to the skin surface being treated.

US2003165550 describes a composition including a base and a plurality of
abrasive particles. An apparatus including a head, and an applicator coupled to the head, the
applicator having dimensions suitable for contacting localized areas of human skin is also
described. A method including applying a composition to an area of human skin, the
composition comprising a base and a plurality of abrasive particles, and manipulating the
composition over the area of human skin with a handle-operated instrument is also mentioned
in this document.

DE202014102546U1, also published as US2016106468, describes a
microdermabrasion device comprising a vacuum system and a device tip, wherein the
vacuum system comprises a channel with a channel inlet at the device tip, wherein the
channel inlet is surrounded by a channel rim which facilitates gliding of the device tip over a

skin, and wherein the device tip comprises a microdermabrasion zone configured remote
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from the channel inlet with a recession configured between the microdermabrasion zone and

the channel rim.

SUMMARY OF THE INVENTION

The “micro dermo abrasion” or "mircodermabrasion" (MDA) technique is
being used to help the upper skin layer (the so called stratum corneum) to renew in a faster
way than it would normally do. Traditionally, crystal microdermabrasion system contains a
pump, a connecting tube, a hand piece, and a vacuum source. While the pump creates a high-
pressure stream of inert crystals, like aluminum oxide, to abrade the skin, the vacuum
removes the crystals and exfoliated skin cells. Instead of abrasion with particles in a gas
stream, also a roughened surface, such as a diamond surface, of the tip of the device can be
used. This is for instance known as (diamond) microdermabrasion. Unlike the crystal
microdermabrasion system, the (diamond) microdermabrasion does not produce particles
from crystals that may be inhaled into patients’ nose or blow into the eyes. A subject’s skin
comprises a skin surface formed by a stratum corneum layer, an epidermis layer below the
stratum corneum layer and a dermis layer below the epidermis layer.

The present invention especially relates amongst others to a
microdermabrasion device with a stationary abrasion zone (i.c. no moving abrasive part),
such as a diamond microdermabrasion device. However, in other embodiments, the present
invention also relates to a microdermabrasion device wherein the microdermabrasion zone
(or microdermabrasion area) may be moving (i.e. not stationary).

Especially, the term “microdermabrasion” refers to the mechanical removal of
the outer layer(s) of the skin and is a well-established skin treatment to improve the
appearance and feel of the skin. The mechanisms for skin improvement can include
thickening of the epidermis, stimulation of collagen production in the dermis, compaction of
the stratum corneum, removal of dead surface skin cells and more radiant skin. As indicated
above, microdermabrasion is often achieved by particulate matter accelerated into the skin, or
bringing a rough or abrasive surface into contact with the skin, often with the aid of a
vacuum. When particulate matter is accelerated into the skin, such microdermabrasion
systems require reservoirs of solid particles in excess and are inconvenient for home use.

Thus, this invention is especially concerned with embodiments based on
abrasive surfaces. The abrasive surfaces for microdermabrasion in the prior art often contain
glued or fixed particles from a rigid, especially inert, material, such as diamond, or can

comprise a bristle or brush. The harshness of the treatment or the degree of stratum corneum
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removal is usually controlled by adjusting the abrasive surface properties and the strength of
the skin contact with the abrasive surface, for example by adjusting the vacuum.

The cosmetic outcome of microdermabrasion can be improved with the
application of a cosmetic formula containing an active ingredient(s) during or after treatment.
One possible mechanism is that the removal of the outer skin layer can facilitate improved
percutaneous penetration of cosmetic active ingredients. Furthermore, the stimulation of skin
cell renewal processes due to the microdermabrasion can (further) be complemented by e.g.
the addition of active ingredients that support skin renewal processes.

For instance, it may be possible to use a microdermabrasion system that
delivers active ingredients to the skin. However, a primary disadvantage of such
microdermabrasion system that delivers active ingredients to the skin is the inconvenience of
the dispensing systems and the requirement of a fluid formula. Large volumes of low-
viscosity fluids containing active ingredients may have to be coupled to the
microdermabrasion device, and may have to be actively pumped into the device. The reasons
for the large volumes is that the microdermabrasion usually employs a vacuum to facilitate
skin contact and remove debris, and the fluids placed into skin contact are typically rapidly
pumped away and thus need to be constantly replenished in excess. If the vacuum contact is
lost, fluid losses can occur and the delivery of the fluid can interfere with the vacuum. The
large volumes usually require refilling often through an external reservoir and such systems
are not easy to embody in a convenient handheld embodiment for home use. Hence, would
active ingredients (herein also called “functional materials”) be used in such systems, they
would be used in excess and are therefore wasteful.

Hence, it is an aspect of the invention to provide an alternative
microdermabrasion device, which preferably further at least partly obviates one or more of
above-described drawbacks, and wherein especially an active material is applied in such a
way that active material use is convenient (for the user) and active material waste is low.

It is herein suggested to use a microdermabrasion treatment tip that has the
dual-function of delivering active ingredients and of microabrading the skin. The invention
especially includes an abrasive microdermabrasion treatment surface that contains active
ingredients in a solid or crystalline form that are e¢.g. consumed, released or dissolved during
use. Hence, in a first aspect the invention provides a microdermabrasion device (“device”)
comprising a microdermabrasion zone for abrading a part of a skin of a subject, wherein the
microdermabrasion zone comprises a support material and abrasive structures at least

partially associated with the support material, wherein the microdermabrasion zone
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comprises a releasable material, releasable comprised by the microdermabrasion zone,
wherein the releasable material is a solid in air at 20 °C and at 1 bar, and wherein the
releasable material comprises a functional material. As further also elucidated below, in
specific embodiments, said microdermabrasion zone (at least partially) perimetrically
surrounds said channel inlet, or said microdermabrasion zone is (at least partially)
perimetrically surrounded by said channel inlet. In yet further specific embodiments, the
microdermabrasion device comprises a stationary microdermabrasion zone (see also below).
Yet further, in specific embodiments the microdermabrasion device comprises a vacuum
system and a device tip, wherein the vacuum system is in fluid communication with a
channel inlet at an inlet zone of the device tip, wherein the vacuum system is configured to
apply a vacuum to the inlet zone, wherein the device tip further comprises said
microdermabrasion zone (see further also below). Hence, the presently proposed device may
in specific embodiments not include a liquid delivery system including cavities or containers
or conduits for storage and/or transport of liquid material (i.e. material that is liquid at 20 °C
at 1 bar).

For instance for home use, it is ideal to have a system that can deliver active
ingredients to the skin without employing large volumes of fluids or formulas or a fluid
management system, which is possible with the presently proposed device. Because the
active ingredients may in embodiments comprise the treatment surface itself, or are in
embodiments embedded into the treatment surface, there is no need for fluid management to
deliver the active ingredients to the skin. Because the ingredients are in a solid form, they
may optionally also be capable of microdermabrading the skin. With the present device, it is
possible to deliver active ingredients that are not optimally dissolved or dispersed in a fluid
formula, such as antioxidants (vitamin C), colloidal metals, or agents that should have
preserved structural integrity when delivered to the skin, such as polymers for filling and
swelling the skin, or large macromolecules intended to adhere to the surface of the skin.
Hence, the herein described releasable material may e.g. comprise one or more of a colloidal
metal, an agent that has a preserved structural integrity when delivered to the skin, such as
polymers for filling and swelling the skin, and large macromolecules intended to adhere to
the surface of the skin.

As indicated above, there are a number of types of microdermabrasion
devices. For instance, in embodiments the microdermabrasion device is configured to
produce abrasive particles, propelled by a gas flow, for application to the skin (in or in front

of the inlet zone) for abrading the skin. In further embodiments the microdermabrasion
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device comprises an area with abrasive material, which has an abrasive function when the
microdermabrasion device is moved over the skin. Optionally, the microdermabrasion device
may also include a moving, such as rotating and/or vibrating, element including abrasive
material. In principle, for all these embodiments the invention may be useful, as in all cases a
vacuum may be used to remove the material that is abraded, and optionally also for massage
properties. Hence, in a specific embodiment the microdermabrasion device further comprises
an abrading material system configured to provide in a gas flow abrading material to the
microdermabrasion zone. The terms “abrasive material” and “abrading material” may
substantially refer to the same material; particle properties of embodiments of such materials
are defined below (see e.g. information concerning “particulate material”). Alternatively, (or
optionally additionally), the microdermabrasion zone (of the microdermabrasion device)
comprises a microdermabrasion zone comprising immobilized abrading material. Especially,
the latter embodiment and variants thereon are described herein.

Here below, the device is described in more detail, often with reference to the
device when being applied as microdermabrasion device to the skin of a subject. The term
“subject” especially refers to a living human, having an average body temperature of about
37 °C. In general, the average skin temperature of a human is about 34 °C. However, the
device and accompanying claims relate also to the device per se. Application or use of the
device may include movement of the device over the skin (i.e. moving while physically being
into contact with the skin, especially moving while a skin dome protrudes into the inlet zone),
but application or use may also include a stationary use, i.e. the device is not moved over the
skin (while staying physically into contact with the skin).

As indicated above, the abrasion zone has abrasive properties, such as due to
microscopic structures that facilitate abrasion of the upper part of the skin. Such microscopic
structures may for instance be selected from the group consisting of alumina structures, such
as alumina particles, and diamond structures, such as diamond particles. These structures are
¢.g. comprised by the microdermabrasion zone, such as an abrasion rim, i.¢. attached or part
of the rim.

Especially, the microdermabrasion zone comprises abrasive structures, such as
particulate material, attached (“associated”) to the microdermabrasion zone, having mean
dimensions in the range of 0.1-1000 um, especially 1-1000 um, such as 2-300 um, like 5-80
um or 120-200 um. These dimensions may also apply when a gas flow with abrading
particles is applied. Alternatively or additionally, the microscopic structures may for instance

be selected from the group consisting of silicon carbide structures, such as silicon carbide
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particles, and metal nitride structures, such as metal nitride particles. Alternatively or
additionally, the microscopic structures may for instance be selected from the group
consisting of metal oxide structures, such as aluminum oxide particles and aluminum oxide
structures (see also above). Further options of microscopic structures may for instance be
selected from the group consisting of diamond structures (see also above), boron nitride
structures, silicon carbide structures (see also above), glass beads, steel grit structures, other
metal grit structures, zirconium oxide structures, and quartz structures. Combinations of
different kind of structures, both in chemical composition and/or dimensions, may also be
applied.

The abrasive structures are especially available in the microdermabrasion zone
in a density in the range of 20-500 structures/mm?’. Especially, particles in the size of 2-200
um are available in this density (either mobile or immobilized in a microdermabrasion zone).
The term “structure” may in this context also refer to “particle”.

The abrasive structures, such as particles, may e.g. be glued to a surface, to
provide the microdermabrasion zone. However, alternative options are also possible. The
abrasive structures may also be at least partially embedded in a material (support material).
An abrasive surface can be made in many ways. Abrasive structures, such as particles, may
be glued or metal-plated. An abrasive structure can also be made from a solid material by
machining or sanding a material. A surface treatment by a laser is also possible. Also by
inject molding an abrasive surface can be created. Hence, the abrasive structures, such as
particles, are associated to the support material. The substrate material may e.g. comprise a
metal, a polymer, a siloxanes material, an(other) inorganic material, such as pumice, etc.. The
substrate material, herein also indicated as support material, may be porous (see also below).

In an embodiment, the microdermabrasion zone is stationary, i.c. especially
the microdermabrasion zone is not configured to move relative to the device. In yet another
embodiment, the microdermabrasion zone may be able to move. For instance, the device may
be configured to let the microdermabrasion zone vibrate. Optionally or additionally, the
device may be configured to let the microdermabrasion zone rotate. Such rotation may also
include a vibration movement, for instance when the rotation is only a small rotation hence
and forth.

With such MDA device, at least part of the stratum corneum can be removed
from the skin of a human. This can be done in a non-therapeutical treatment, such as a
cosmetic treatment. Hence, the invention also provides in a further aspect a method for the

controlled removal of at least part of the stratum corneum of a part of a skin of a subject and
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application of a functional material to said part of said skin of said subject, the method
comprising contacting the microdermabrasion device as especially defined herein with the
part of the skin, removing at least part of the stratum corneum while applying the functional
material to the part of the skin, especially while applying a vacuum to the vacuum channel
(see further also below).

The microdermabrasion zone is especially configured for abrading a part of
the skin of the subject, during use of the device. Hence, when bringing the
microdermabrasion zone, or at least part of it, in contact with the skin, and especially by
moving the device over the skin, the part of the skin that is in contact with the
microdermabrasion zone may be (at least partially) abraded. Though the invention does not
exclude the use of abrading particles propelled by a gas flow for abrading the skin, the device
at least comprises (immobilized) abrasive structures, such as having one or more dimensions
0f 0.1-1000 um (see also above). The term “dimension” may especially refer to one or more
of length, width, diameter, etc. The term may refer to the length, or width or diameter of an
abrasive structure (such as particle), but it may also refer to a length, or width or diameter of
a face or edge of an abrasive particle. For instance, facetted abrasive structures may be
applied, such as crystalline material (see also below). Therefore, in embodiments the abrasive
structures comprise one or more dimensions selected from the range of 0.1-1000 um, such as
1-1000 pum, like 2-300 um (see also above).

The microdermabrasion zone may be comprised by an element that is
detachable from the microdermabrasion device. Such detachable element allows replacement
of a releasable material depleted microdermabrasion zone. Hence, e.g. the tip of the device
may be detachable, or part of the tip, i.c. the detachable element, may (thus) be detachable.

These abrasive structures may be attached to a support material or may be at
least partially embedded in support material (see also above). For instance, the abrasive
structures may be attached to a support material via one or more of mechanical attachment
and chemical bonding, etc.. For instance, the structures may be glued to a support material. In
yet another embodiment, the support material comprises an adhesive material. The term
“associated” and similar terms may thus refer to a connection with the support material via
the use of a glue, an adhesive, by at least partly embedding in the support material, etc.. The
support material and the abrasive structures are especially the basis that may also facilitate
the release of releasable material. This will be elucidated further below after having discussed

some embodiments of the functional material and the releasable material.
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As indicated above, the releasable material comprises the functional material.
In embodiments, the releasable material essentially consists of the functional material. In
other embodiments, the releasable material comprises the functional material and optionally
one or more other materials. For instance, the releasable material may comprise a matrix for
the functional material. For instance, the releasable material may comprise pumice or other
type of material, such as another mineral, silicon carbide, alumina, etc. (or a combination of
two or more of these), which comprises the functional material. The pumice, or other type of
material, may function as host or matrix for the functional material.

In specific embodiments, the releasable material comprises one or more of (a)
an abrasive material, (b) a cosmetic or skin care material, and (c) a pharmaceutical material.
Hence, especially, the functional material comprises one or more of (a) an abrasive material,
(b) a cosmetic or skin care material, and (c) a pharmaceutical material. Non-limiting
examples of abrasive materials are given above.

In specific embodiments the functional material comprises a pharmaceutical
material. Hence, the invention also provides a pharmaceutical material for use in a medical
method wherein the device as described herein is applied to apply the pharmaceutical
material to the subject (i.e. to part of the skin of the subject), with the pharmaceutical
material especially comprised by the releasable material.

In yet further specific embodiment, the functional material comprises a
cosmetic or skin care material. Therefore, the invention also provides a cosmetic method,
wherein the device as described herein is applied to apply a cosmetic material to the subject,
and wherein the cosmetic method comprises the herein described method wherein the
functional material comprises, or essentially consists, of the cosmetic material (and especially
essentially has only a cosmetic function). The phrase “cosmetic or skin care material”
especially refers to substantially any substance capable of improving the condition and/or the
appearance of the skin by affecting the skin’s properties, especially the physical and/or
chemical properties and/or biological properties.

Hence, the term “functional material” may also refer to a plurality of different
functional materials.

In yet further specific embodiments, the functional material comprises one or
more selected from the group consisting of a sugar amine, a vitamin (such as L-ascorbic
acid), a phytosterol, an anti-wrinkle agent, an anti-atrophy agent, a flavonoid, an N-acyl
amino acid compound, a retinoid, a peptide, an anti-cellulite agent, a desquamation agent, an

anti-acne agent, an anti-oxidant, a radical scavenger, an anti-inflammatory agent, a tanning
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agent, a skin lightening agent, an antiperspirant agent, an anti-dandruff agent. Note that some
of the materials described, or not described, herein may have more than one functionality.

Hence, especially the functional material is not specifically used for abrading
the (part of the) skin, but may assist in abrading, or may assist in rejuvenation of the skin, or
may have other useful purposes. Therefore, in specific embodiments the functional material
comprises one or more of (a) a cosmetic or skin care material, and (b) a pharmaceutical
material.

In further specific embodiments, the functional material comprises one or
more selected from the group consisting of an anti-cellulite agent, a desquamation agent, an
anti-acne agent, an anti-oxidant, a radical scavenger, an anti-inflammatory agent, a tanning
agent, a skin lightening agent, a pigmentation modulation agent, an antiperspirant agent, an
anti-dandruff agent, a moisturizing agent (may also be indicated as hydrating agent), a skin
plumping (or swelling) agent, a skin structure restorative agent, a skin structure modulation
agent, an anti-wrinkle agent, an anti-aging agent and a skin firming agent.

In yet further specific embodiments, the functional material comprises one or
more selected from the group consisting of a sugar amine, a vitamin, such as L-ascorbic acid,
a phytosterol, a flavonoid, an N-acyl amino acid compound, a retinoid, hyaluronic acid, and a
peptide.

As indicated above, the support material and the abrasive structures are
especially the basis that may also facilitate the release of releasable material. For instance, the
abrasive structures may comprise the releasable materials. Alternatively or additionally, the
releasable material is configured as abrasive structures. Further, the releasable material may
be comprised by the support material. For instance, the releasable material may be embedded
by the support material. Hence, in embodiments the support material may be configured as
host or matrix for the releasable material. In yet further embodiments, the releasable
materials is at least partially associated to the support material, but may not specifically be
configured as abrasive material. Hence, the support material may comprise a surface
comprising the abrasive structures and the releasable material. As also indicated below,
embodiments may be combined.

Hence, in embodiments the releasable material is comprised by the abrasive
structures. For instance, due to erosion (especially due to movement over the skin), melting
(especially due to physical contact with the human skin and/or active heating), dissolving
(due to physical contact with the human skin that may naturally have some moist or that may

be made wet with water or another liquid (i.e. solvent for the releasable material)), etc., the
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releasable material is released, especially in a controlled way, such that over time the
functional material may be subjected to the skin.

Alternatively or additionally, in embodiments the releasable material is
comprised by the support material. Likewise, due to erosion (especially due to movement
over the skin), melting (especially due to physical contact with the human skin and/or due to
(active) heating of the microdermabrasion zone), dissolving (due to physical contact with the
human skin that may naturally have some moist or that may be made wet with water or
another liquid), etc., the releasable material is released, especially in a controlled way, such
that over time the functional material may be subjected to the skin.

Also alternatively or additionally, in embodiments the microdermabrasion
zone comprises releasable particulate material, wherein the releasable material is comprised
by the releasable particulate material. The releasable particulate material is not necessarily
designed as abrasive material, but may be distributed between the abrasive materials.
Nevertheless, the releasable particulate material may be configured as abrasive material. In
such embodiments, especially the particulate material comprises facetted material. Therefore,
in further embodiments, the particulate material comprises crystalline material, even more
especially consists of crystalline material. In such embodiments (also) the particulate material
may comprise one or more dimensions selected from the range of 0.1-1000 um. Hence, ¢.g.
the facet(s) of the above indicated facetted material may have one or more dimensions
selected from the range of 0.1-1000 um, such as 1-1000 um, such as 2-300 um, like 5-80 um
or 120-200 um.

As already indicated above, there may be different mechanisms that allow
release of the releasable material. Especially, (a) erosion of part of the microdermabrasion
zone due to application of the device on the skin, (b) melting of the releasable material and/or
the support material (comprising the releasable material), due to contact with the human body
and/or due to heating of the microdermabrasion zone, or (c) dissolving in or mixing with
liquid on the skin, either available as natural liquid, such as especially sweat, or applied to the
skin, are mechanisms that may free the releasable material that is otherwise solid in air at 20
°C and at 1 bar.

Especially, the releasable material is solid in air at 20 °C at 1 bar, wherein the
air has a relative humidity selected from the range of 0-90%, such as 5-80% relative
humidity. The relative humidity may e.g. be evaluated with a (sling) psychrometer, as known
in the art. Especially, the relative humidity may be measured according to ASTM E337-02.

Hence, in embodiments the releasable material is solid in air at 20 °C at 1 bar, having a
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relative humidity of 50%. Materials that are not solid, may leak away from the device, even
when not being used.

Optionally, the microdermabrasion device may further comprise a heating
system configured to heat the microdermabrasion zone. In this way, releasable material that
may be released upon heating may be released (in a controlled way). Especially in such
embodiment the releasable material may comprise a material that is solid in air at 20 °C at 1
bar but that may melt during operation, such as by heating of the releasable material to a
temperature of selected from e.g. 40-65 °C, such as especially 40-50 °C.

Hence, in embodiments the device is configured to release the releasable
material as function of one or more of (i) melting of the releasable material and/or of the
support material due to contact of the microdermabrasion zone with a part of a skin of a
subject and/or due to (active) heating of the microdermabrasion zone, (i) dissolving or
mixing of the releasable material and/or of the support material with a liquid on a part of a
skin of a subject, (iii) eroding of the releasable material and/or of the support material due to
contact of the microdermabrasion zone with a part of a skin of a subject. Additionally or
alternatively, the device may be configured to release the releasable material as function of
preferential bonding of the releasable material to the a part of a skin of a subject. For
instance, due to covalent bonding or H-bonding with the skin, releasable material may bind to
the skin (or a material thereon) and thereby be removed (and thus released) from the device.
Hence, due to a kind of coating mechanism, i.c. coating of the skin, the releasable material is
released from the microdermabrasion zone and sticks to the skin.

When the support material changes (such as by dissolving or melting or
erosion, etc.), the releasable material (when comprised by the support) may be released.

After some use time, the microdermabrasion device may start getting depleted
from the releasable material. Hence, in yet a further aspect the invention also provides a kit of
parts comprising the microdermabrasion device as herein, wherein the microdermabrasion
device comprises a detachable element comprising said microdermabrasion zone, wherein the
kit further comprises a plurality of said detachable elements. This allows replacement of
microdermabrasion zones which are depleted in releasable material. Hence, in yet a further
aspect the invention also provides a detachable element per se, for use with the
microdermabrasion device as described herein. The detachable element is configurable in a
detachable way to the microdermabrasion device for functional use as microdermabrasion
device as further described herein. Hence, the microdermabrasion device may include a

receptor configured to receive the detachable element. The detachable element can
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functionally be coupled to the microdermabrasion device to provide the herein described
microdermabrasion device with microdermabrasion zone with releasable material.

Especially, this invention provides an abrasive microdermabrasion treatment
surface, where the abrasive element of the surface comprises active skin ingredients in a
particulate or solid form that are capable of gradual consumption or release due to dissolution
or mechanical wear. The ingredients are delivered to the skin as facilitate by
microdermabrasion. The ingredients may be intended to penetrate the skin or remain on the
surface of the skin for diverse skin benefits. This invention overcomes the disadvantage of a
possible microdermabrasion system that delivers active ingredients, such as cosmetic
ingredients that require fluid reservoirs and fluid delivery systems.

Especially, the microdermabrasion device comprises a vacuum system.

With such device, the massage function (especially caused by moving the
device over the skin (and in contact with the skin) in combination with the vacuum) and
abrasion function (especially caused by the microdermabrasion zone, optionally in
combination with moving the microdermabrasion device over the skin (and in contact with
the skin)) may optimally be executed.

The vacuum system may comprise a source of vacuum, such as pump,
configured to provide a suction flow in a direction from the channel inlet to the source of
vacuum, such as a pump. The channel inlet or inlet zone, which is at the device tip, is thus
configured upstream of the vacuum pump. Especially, the device may be configured to
provide a negative pressure (‘“underpressure”) in the range of 5-80 kPa, such as especially 15-
60 kPa, such as in the range of 20-40 kPa. This may especially imply that when the skin is in
contact with the inlet zone, and closes off the inlet zone, the device is able to provide a
pressure which is in the range of 15-60 kPa lower than atmospheric pressure. Hence, the term
underpressure may especially indicate that when the skin is in contact with the inlet zone, the
skin may be sucked at least partly into the inlet zone due to the suction of the vacuum system,
leading to an underpressure in the inlet zone relative to ambient pressure. Hence, especially
the vacuum system is configured to suck gas from the inlet zone away into the vacuum
System.

In general, the inlet zone is configured in such a way, that a good closing
connection with the skin may be achieved. Especially, the inlet zone comprises a rim, herein
also indicated as "channel rim". This channel rim may be a (slightly) protruding part of the
device tip. The channel rim may also be seen as a distal part or end part of the channel

opening. Especially this rim will be in contact with the skin of a user during use of the
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device. Optionally, this rim may comprise the microdermabrasion zone with abrading
material (see also below).

In embodiments the microdermabrasion device further comprises a user
interface configured to allow a user select a user input parameter, such as especially related to
a strength of the vacuum, and wherein the control unit is configured to control the vacuum
(also) as function of the user input parameter. Alternatively or additionally, the control unit
may configured to control the optional heating system and/or an optional actuator for
vibrating and/or rotating the (part of the microdermabrasion device comprising the)
microdermabrasion zone, etc..

Further, it may be desirable that the user may also influence the settings of the
microdermabrasion device. For instance, the user may choose between e.g. options “light”
and “intense”, or “light”, “medium”, and “intense”, or “high”, “medium”, and “low”, etc., or
the user interface may be configured to allow indicate the body zone that is to be treated, or
the user interface may be configured to allow the user to select a specific program (e.g. face
& arms), etc. etc.. The user interface may optionally comprise a graphical user interface.
Further, optionally the user interface is a remote interface, such as an App on a smart phone,
i-phone, tablet or other (portable) electronic device. With providing information via the user
interface, the control unit may impose boundaries to the possibilities that may be chosen by
the control unit when providing instructions to the vacuum system. For instance, the range of
the vacuum setting may be limited and only a sub selection may be allowed (e.g. the stronger
vacuums when choosing “intense” or “high”).

Therefore, in further embodiments the microdermabrasion device comprises a
vacuum system and a device tip, wherein the vacuum system is in fluid communication with
a channel inlet at an inlet zone of the device tip, wherein the vacuum system is configured to
apply a vacuum to the inlet zone, wherein the device tip further comprises said
microdermabrasion zone.

As indicated above, especially in embodiments the microdermabrasion zone at
least partially perimetrically surrounds said channel inlet or in embodiments said
microdermabrasion zone is at least partially perimetrically surrounded by said channel inlet.

The term “perimetrically surrounding” and similar terms also include a
surrounding of a perimeter having a (perimetrically) shape other than circular. Hence, e.g. the
microdermabrasion zone may have a circular shape but may in embodiments also have an
oval shape. Other shapes may also be possible. Further, the channel inlet may have a circular

shape and the microdermabrasion zone may have an oval shape, surrounding the channel
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inlet. Yet further, the microdermabrasion zone may have a circular shape, surrounded by an
oval channel inlet. Other shapes than circular and oval may also be possible. Further, as
indicated above, the channel inlet and microdermabrasion zone do not necessarily have the
same shape. The term “circular shape” and similar terms may indicate that the indicated item
has a circular cross section.

The term “at least partially” (equivalent to “at least partly””) and similar terms
indicate that a first item that surrounds a second item may not necessarily surround the entire
perimeter. By way of example, a square (“0”) second item may be partially perimetrically

surrounded with two straight (“/” and

“|)’ “|”

) or curved (“(* and “)”’) elements, forming the first
item surrounding the second item (e.g. to provide a “|0|” configuration or a “(0)”
configuration, etc.). Especially, the perimeter of the second item is at least perimetrically
surrounded . The partial perimetrically surrounding may be a surrounding over in total at
least about 180°, especially at least about 225°, even more especially at least about 270°, like
in the range of 270-360°, like in the range of 315-360°, such as 360°. The fact that a first item
at least partially perimetrically surrounds a second item may include physical contact
between the first item and the second item, but they may also be configured remote from
cach other. Even part may be in contact and part may be remote.

More especially, in embodiments the channel inlet is surrounded by a channel
rim, and the device tip comprises a microdermabrasion zone configured remote from the
channel inlet with a recession configured between the microdermabrasion zone and the
channel rim, wherein the channel inlet is (at least partially) perimetrically surrounded by the
channel rim.

Especially, the microdermabrasion zone (at least partially) perimetrically
surrounds the channel inlet, or optionally a (non-abrasive) channel rim. Especially, the
channel inlet has a vacuum area in the range of 10-400 mm?. Especially, the treatment head
include a single channel inlet. Therefore, in embodiments the microdermabrasion device may
comprise a single channel inlet (at least partially) perimetrically surrounded by the
microdermabrasion zone, The device is especially configured to provide a negative pressure
in the range of 5-80 kPa.

In alternative embodiments, the microdermabrasion zone is (at least partially)
perimetrically surrounded by the channel inlet.

Especially, the channel inlet has a vacuum area in the range of 10-400 mm?.
Further, also in these embodiments the device may especially be configured to provide a

negative pressure in the range of 5-80 kPa.
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Further, the present device is especially a handheld device, which may include
a rechargeable battery to use the device wireless. The device may include a plug or socket for
a wired charging. The device may in embodiments not include a connection to an external
vacuum, gas, or liquid delivery system. Hence, the device may include a vacuum system

only, and not a system configured to provide a liquid (or a gas) to the skin of a user.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described, by way of example only,
with reference to the accompanying schematic drawings in which corresponding reference
symbols indicate corresponding parts, and in which:

Figs. 1a-1d schematically depict some aspects of the MDA device;

Figs. 2a-2b schematically shows an embodiment where the active skin
ingredient(s) itself comprises an abrasive skin surface and is capable of gradual consumption.
The treatment tip can be connected to a larger device that is coupled to a vacuum pump to
enable suctioning through an orifice;

Figs. 3a-3b schematically shows top and side views of treatment tip
comprising a ring containing active ingredients in particulate form attached to a mounting
piece. The treatment tip is connected to a device body that is coupled to a controlled vacuum
through an orifice;

Fig. 4 schematically depicts a more detailed view of matrix of binding material
containing active ingredient particulates with an air-solid interface comprising the abrasive
surface;

Figs. 5a-5b schematically shows an embodiment for gradual release of active
ingredient particulates due to gradual dissolution of the solid substance in which the particles
are embedded and recession of air/solid interface;

Figs. 6a-6¢ schematically depicts some configurations of the releasable
material; and

Figs. 7a-7b schematically depict some further configurations.

The schematic drawings are not necessarily on scale.

DETAILED DESCRIPTION OF THE EMBODIMENTS
Figs. 1a and 1b schematically depict an embodiment of a microdermabrasion
device 1. This device 1 comprises a vacuum system 100, with a pump 105 and a channel 110.

Further, this device 1 comprises a device tip 200. Pump 105 can suck air into the channel
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110. Channel 110 has a channel inlet 120 at the device tip 200. In other words, the device tip
has a channel inlet 120 which is part of the channel 110 of the vacuum system 100. Here, the
channel inlet 120 may be (perimetrically) surrounded by a channel rim 220 (though other
embodiments may also be possible). This channel rim 220 may facilitate gliding of the device
tip 200 over a skin (not shown). Hence, this channel rim 220 may be a non-abrasive rim. In
embodiments, the device tip 200 further comprises a microdermabrasion zone 300 configured
remote from the channel inlet 120. The microdermabrasion device 1 may comprise a
detachable element 400 comprising the microdermabrasion zone 300; this is an optional
embodiment, further also elucidated with the embodiment of Fig. 1d. The microdermabrasion
zone comprises a functional material 1330. The functional material 1330, such as a cosmetic
material, is comprised by a releasable material 330, which is especially solid under general
non-use conditions. Optionally, the microdermabrasion device may further comprise a
heating system (not depicted) configured to heat the microdermabrasion zone.

Optionally, the device tip 200 with the microdermabrasion zone 300
configured remote from the channel inlet 120 may further comprise a recession 230
configured between the microdermabrasion zone 300 and the channel rim 220. Fig. 1b
schematically depicts in 3D view by way of example an embodiment of a device tip 200
having a ring-shaped channel rim 220, recession 230 and abrasion zone 300, all
(perimetrically) surrounding the channel inlet 120, but the recession 230 remote from the
channel rim 220 and the abrasion zone 300 remote from the channel rim 220 and recession
230. Reference 111 indicates a (virtual) channel axis. The microdermabrasion zone 300 may
include abrasive structures (not depicted), which are known per se. The invention is not
limited to the devices including such recession 230. In other embodiments, there may be a
single rim comprising the microdermabrasion zone (see ¢.g. Fig. 1c-1).

Among the plurality of possible embodiments, especially using vacuum, there
are amongst others two main embodiments. Fig. 1¢ schematically depicts top views of the tip
of the device, showing the microdermabrasion zone 300. In the first embodiment, Fig. 1c-1,
the channel inlet 120 is perimetrically surrounded by the microdermabrasion zone 300 (e.g.
comprised by a rim); in the second embodiment, Fig. 1¢c-2, the microdermabrasion zone 300
is perimetrically surrounded by the channel inlet 120. Note that Fig. 1¢-1 schematically
depicts an embodiment without an intermediate non-abrasive rim. Substantially all
embodiments described herein may also include the variant of Fig. 1¢c-2, though most of the
embodiments are described and depicted herein in relation to Fig. 1¢c-1 and variants thereon

(such as including an intermediate (non-abrasive) rim).
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Fig. 1d schematically depicts a kit 5 of parts comprising the
microdermabrasion device 1 as defined herein, wherein the microdermabrasion device
comprises a detachable element 400 comprising said microdermabrasion zone 300, wherein
the kit 5 further comprises a plurality of said detachable elements 400. Here, by way of
example the microdermabrasion device 1 is schematically depicted with the detachable
element 400 detached. Hence, the kit of parts is especially configured to assemble the herein
described microdermabrasion device 1.

Amongst others, this invention provides a microdermabrasion treatment tip
that has the dual-function of delivering active ingredients and microabrading the skin. The
invention provides amongst others an abrasive microdermabrasion treatment surface that
contains active ingredients in e.g. a solid or crystalline form that are consumed, released or
dissolved during use. Because the ingredients are in a solid form, they are capable of
microdermabrading the skin. Because the active ingredients comprise the treatment surface
itself, or are embedded into the treatment surface, there is no need for fluid management to
deliver the active ingredients to the skin.

In an embodiment, the active ingredients comprise the treatment surface itself,
i.c. the active ingredients are (also) configured as abrasive material. For this embodiment,
solid-form active ingredients comprising at least a fraction of the abrasive ring outer surface
are gradually consumed over time. The ingredient or ingredients are initially in a solid form
that are capable of microdermabrasion and are capable of slow consumption. This
embodiment is schematically illustrated in Figs. 2a-2b, wherein the skin abrasive surface can
also become gradually smoother (at t; (>ty) upon wear and consumption of the active
ingredient, with Fig. 2a schematically depicting e.g. ty and with Fig. 2b schematically
depicting t;. Figs. 2a-2b schematically depict an embodiment where the active skin
ingredient(s) itself comprises an abrasive skin surface and is capable of gradual consumption.
The treatment tip can be connected to a larger device that is coupled to a vacuum pump to
enable suctioning through an orifice. The device 1 may comprises a detachable element 400
comprising the microdermabrasion zone 300. In this way, after depletion, see right graph, the
element may be replaced with a new well abrading microdermabrasion zone 300.

One consumption mechanism may be dissolution of the active ingredients due
to contact with moisture present on the skin surface or below the skin surface. An example of
such an active ingredient is vitamin C, which is a crystal that is known to dissolve in an
aqueous environment. Another consumption method may be mechanical wear. If the abrasive

surface is highly faceted with sharp protrusions, then protrusions with appropriate dimensions



10

15

20

25

30

WO 2017/032634 PCT/EP2016/069358
19

may be broken off when the surface comes in contact with the skin, while stable protruding
parts may continue to abrade the skin while remaining intact. An example of such an active
ingredient could be silicon (Si), that has the known property that it can be used to form
microstructures through semiconductor processing techniques. The active ingredient can be
consumed by a combination of these mechanisms.

The ingredients may themselves have a physical action on the skin, such as a
scratching mechanical action, that enables them to penetrate into the skin barrier to facilitate
dissolution due to exposure to interstitial fluid.

Preferably the ingredients naturally have a faceted outer surface texture to
form a rough surface that is capable of removing skin tissue when the skin tissue is brought
into contact with the surface via vacuum, such as salt or crystalline or semi-crystalline
surface. The faceted outer surface can also be facilitated by molding processes, 3D printing
or mechanical manipulation of the ingredients such as fracturing. As the ingredients are
consumed, the faceted outer surface may gradually become smoother, so that the overall
abrasive effect gradually becomes gentler.

The ingredients may have a surface cosmetic effect such as enhancing or
changing the color or optical properties of the skin and be intended to stay on the surface of
the skin, possibly binding to the skin surface. For this embodiment, the facets of the abrasion
surface should may e.g. have a sizes in the scale of 0.1-1000 pum.

In yet further embodiments, the active ingredients may be embedded in the
treatment surface. This embodiment and the envisioned device is schematically illustrated in
Figs. 3a-3b (topview and sideview, respectively), the treatment surface can comprise a ring
attached to a mounting piece whereby the ring and mounting piece comprise the treatment
tip. The ring comprises in this case a matrix of rigid active cosmetic ingredients in particulate
form. The treatment tip can be connected to a larger device that is coupled to a vacuum pump
to enable suctioning through an orifice or channel inlet 120. In this way, a microderm-
abrasion zone 300 is provided wherein the support material 310 may comprise or host the
releasable material 330, and also may at least partly enclose the abrasive structures 320.
Hence, Figs. 3a-3b schematically depict top and side views of treatment tip comprising a ring
containing active ingredients in particulate form attached to a mounting piece. The treatment
tip is, by way of example, connected to a device body that is coupled to a controlled vacuum
through an orifice.

In a closer view of the outer surface of the skin abrading surface ring,

schematically shown in Fig. 4, the active ingredient particulates (abrasive structures) are
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imbedded in a solid substance to form a matrix with an air/solid interface. Hence, Fig. 4
provides a schematically more detailed view of matrix of binding material containing active
ingredient particulates with an air-solid interface 303 comprising the abrasive surface. In this
embodiment the microdermabrasion zone 300 comprises releasable particulate material 340.
Especially, in this embodiment the releasable material 330 is comprised by the releasable
particulate material 340. For this embodiment, the solid substance can be configured to be
gradually degraded over time, leading to release of the active ingredient particulates while
simultaneously the air/solid interface recedes, as schematically illustrated in Figs. 5a-5b.
These figures schematically show an embodiment for gradual release of active ingredient
particulates due to gradual dissolution of the solid substance (support material) in which the
particles are embedded and recession of air/solid interface.

The solid substance can be an adhesive material or composite material or
cured material, etc. It may for example be a pumice with imbedded ingredients. The active
ingredients can be capable of gradual dissolution, as described in the previous embodiment,
or mechanical wear.

In addition to the active ingredient particulates, there may also be inert
particulates such that are imbedded in the solid substance that are gradually released during
use. Such particles can be used to intensify the function of microdermabrasion if they have
defined sharp features. Thus, the active and inert particles are mixed together in the matrix.

This embodiment allows the possibility that the abrasive tip is self-renewing or
that it is always sharp due to exposure of new particulates. Or the tip may be designed to
have changing sharpness or roughness over time. This change can be facilitated by the
density, the roughness, the shape, or the hardness of the particles, which can have varied
properties according to their depth in the solid substance. Furthermore, the wear of the tip
may be indicated for example by a color change, such that as the tip wears particles of a
colored substance are revealed. For this embodiment, the active ingredient particles should
have size 0.1 microns — 1 mm and are preferably in a solid form while imbedded in the solid
material.

For all embodiments, possible ingredients include ascorbic acid (vitamin C),
silicon, silica, and silicon derivatives, carbon-based materials, calcium and calcium
derivatives, polymerized lactic acid such as poly-L-lactic acid. The ingredients can be a
combination of ingredients derived from natural herbs and plants, may be sugars or salts or
amino acids. The particulates may be a combination of bio-resorbable polymers and cosmetic

active ingredients. The ingredients may be pigments or change the surface optical properties
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of the skin. In terms of skin benefits, the ingredients may enhance the effect of the
microdermabrasion by having an anti-aging or skin rejuvenation effect. The ingredients may
calm or sooth the skin or provide moisturisation. For all embodiments, the consumption of
the active ingredients may be facilitated by the application of energy such as heat or light,
which can be used to melt or change the physical state of the active ingredients. For example,
poly-L-lactic acid can be heated to a glass transition temperature of around 60°C . Or
ultrasonic energy may be used to disperse or facilitate dissolution of the active ingredients.
For the matrix embodiment, the energy may be used to facilitate the degradation of the solid
matrix. The dissolution can be triggered by abrasive ring contact with air, skin or a fluid such
as water. For example, contact with water during shower may facilitate dissolution.

Figs. 6a-6¢ schematically depict some variants how the releasable material 330
can be implemented. Fig. 6a schematically shows that the abrasive structures 320 comprise
the releasable material. For instance by erosion, the releasable material 330 can be released
from the abrasive structures 320. Fig. 6b schematically depicts that the releasable material
330 is comprised by the support material 310. For instance by erosion, dissolution, melting,
etc., the releasable material 330 may be released. Fig. 6¢ is a variant on the embodiment of
Fig. 6b, but now the support material 310 comprises a porous material. For instance by
dissolution, but also other mechanisms are possible, the releasable material 330 may be
released from the support material 310. Fig. 3d is a further variant of embodiment of the
embodiments of Fig. 6b or 6¢c. Here, the releasable material 330 is also distributed over the
support material 310. Erosion of the support material 310 is necessary to release the material.
As also abrasive structures 320 are distributed over the support material 310, erosion of the
support material 310 may expose lower lying abrasive material 320 to the exterior, thereby
maintaining abrasive properties over part of the release time. Fig. 6¢ schematically depicts an
embodiment wherein the abrasive structures 320 are the releasable material 330; or, in other
words, the releasable material 330 is configured as abrasive structures 320. Hence, the
releasable material 330 may be configured or provided as particulate structures 340 which are
configured as abrasive structures 320. Hence, the invention provides a skin-abrading surface
that may release agents to the skin (during use of the microdermabrasion device comprising
such skin-abrading surface, herein also indicated as microdermabrasion zone).

The present invention can be used for crystal microdermabrasion system,
which contains a pump, a connecting tube, a hand piece, and a vacuum source. While the
pump creates a high-pressure stream of inert crystals, like aluminum oxide, to abrade the

skin, the vacuum removes the crystals and exfoliated skin cells. Instead of abrasion with
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particles in a gas stream, the present invention may especially be used for devices wherein a
roughened surface, such as a diamond surface, of the tip of the device is be used. This is for
instance known as (diamond) microdermabrasion. Here, a suction flow can be used for
maintaining contact between the abrasion zone and the skin and/or for massage. The
invention is especially described in relation to the later embodiment (see also the Figures).

Figs. 7a and 7b are similar to those of Figs. 1c-1 and 1c-2. However, here the
perimetrically surrounding is not entirely. Fig. 7a shows a microdermabrasion zone 300,
configured remote from a channel inlet 120. Further, the microdermabrasion zone 300
partially surround the perimeter of this channel inlet 120. Angle o, which is by way of
example identical on both sides, is about 35°. Hence, the microdermabrasion zone 300
perimetrically surrounds for 360°-2*35° = 290° the channel inlet 120. Here, by way of
example the configuration is a ““(O)” configuration. In fig. 7b the microdermabrasion zone
300 is perimetrically surrounded over less than 360° of the perimeter of the
microdermabrasion zone 300. Here, the angle o, which is by way of example identical on
both sides, is about 10°. Hence, the channel inlet perimetrically surrounds for 360°-2*10° =
340° the microdermabrasion zone 300. Note there may be one interruption or two
interruptions, as schematically depicted, but also more than two interruptions, such as 4-12
interruptions. Anyhow, the partial perimetrically surrounding may especially be a
surrounding over in total at least about 180°, especially at least about 225°, even more
especially at least about 270°, like in the range of 270-360°, like in the range of 315-360°,
such as 360°. In figs. 7a-7b the partial perimetrically surrounding is a surrounding over in
total at least about 270°. Such conditions may (also) provide the desired effects described
above.

The term “substantially” herein, such as in “substantially consists”, will be
understood by the person skilled in the art. The term “substantially” may also include
embodiments with “entirely”, “completely”, “all”, etc. Hence, in embodiments the adjective
substantially may also be removed. Where applicable, the term “substantially” may also
relate to 90% or higher, such as 95% or higher, especially 99% or higher, even more
especially 99.5% or higher, including 100%. The term “comprise” includes also
embodiments wherein the term “comprises’” means “consists of”’. The term “and/or”
especially relates to one or more of the items mentioned before and after “and/or”. For
instance, a phrase “item 1 and/or item 2” and similar phrases may relate to one or more of

item 1 and item 2. The term "comprising” may in an embodiment refer to "consisting of" but
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may in another embodiment also refer to "containing at least the defined species and
optionally one or more other species".

Furthermore, the terms first, second, third and the like in the description and in
the claims, are used for distinguishing between similar elements and not necessarily for
describing a sequential or chronological order. It is to be understood that the terms so used
are interchangeable under appropriate circumstances and that the embodiments of the
invention described herein are capable of operation in other sequences than described or
illustrated herein.

The devices herein are amongst others described during operation. As will be
clear to the person skilled in the art, the invention is not limited to methods of operation or
devices in operation.

It should be noted that the above-mentioned embodiments illustrate rather than
limit the invention, and that those skilled in the art will be able to design many alternative
embodiments without departing from the scope of the appended claims. In the claims, any
reference signs placed between parentheses shall not be construed as limiting the claim. Use
of the verb "to comprise" and its conjugations does not exclude the presence of elements or
steps other than those stated in a claim. The article "a" or "an" preceding an element does not
exclude the presence of a plurality of such elements. The invention may be implemented by
means of hardware comprising several distinct elements, and by means of a suitably
programmed computer. In the device claim enumerating several means, several of these
means may be embodied by one and the same item of hardware. 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 to advantage.

The invention further applies to a device comprising one or more of the
characterizing features described in the description and/or shown in the attached drawings.
The invention further pertains to a method or process comprising one or more of the
characterizing features described in the description and/or shown in the attached drawings.

The various aspects discussed in this patent can be combined in order to
provide additional advantages. Further, the person skilled in the art will understand that
embodiments can be combined, and that also more than two embodiments can be combined.

Furthermore, some of the features can form the basis for one or more divisional applications.
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CLAIMS:

1. A microdermabrasion device (1) comprising a microdermabrasion zone (300)
for abrading a part of a skin of a subject, wherein the microdermabrasion zone (300)
comprises a support material (310) and abrasive structures (320) at least partially associated
with the support material (310), wherein the microdermabrasion zone (300) comprises a
releasable material (330), releasable comprised by the microdermabrasion zone (300),
wherein the releasable material (330) is a solid in air at 20 °C and at 1 bar, wherein the
releasable material (330) comprises a functional material (1330), the microdermabrasion
device (1) comprising a vacuum system (100) and a device tip (200), wherein the vacuum
system (100) is in fluid communication with a channel inlet (120) at an inlet zone (1200) of
the device tip (200), wherein the vacuum system (100) is configured to apply a vacuum to the
inlet zone (1200), wherein the device tip (200) further comprises said microdermabrasion
zone (300), wherein said microdermabrasion zone (300) perimetrically surrounds said
channel inlet (120) or wherein said microdermabrasion zone (300) is perimetrically
surrounded by said channel inlet (120), and wherein the microdermabrasion zone is

stationary.

2. The microdermabrasion device (1) according to claim 1, wherein the
releasable material (330) comprises one or more of (a) an abrasive material, (b) a cosmetic or

skin care material, and (c) a pharmaceutical material.

3. The microdermabrasion device (1) according to any one of the preceding
claims, wherein the functional material (1330) comprises one or more selected from the
group consisting of a sugar amine, a vitamin, a phytosterol, a flavonoid, an N-acyl amino

acid compound, a retinoid, hyaluronic acid, and a peptide.

4. The microdermabrasion device (1) according to any one of the preceding
claims, wherein the functional material (1330) comprises one or more selected from the
group consisting of an anti-cellulite agent, a desquamation agent, an anti-acne agent, an anti-

oxidant, a radical scavenger, an anti-inflammatory agent, a tanning agent, a skin lightening
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agent, a pigmentation modulation agent, an antiperspirant agent, an anti-dandruff agent,
moisturizing agent, a skin plumping agent, a skin structure restorative agent, a skin structure

modulation agent, an anti-wrinkle agent, an anti-aging agent and a skin firming agent.

5. The microdermabrasion device (1) according to any one of the preceding
claims, wherein the releasable material (330) is comprised by one or more of the abrasive

structures (320) and the support material (310).

6. The microdermabrasion device (1) according to any one of the preceding
claims, wherein the abrasive structures (320) comprise one or more dimensions selected from

the range of 0.1-1000 um.

7. The microdermabrasion device (1) according to any one of the preceding
claims, wherein microdermabrasion zone comprises releasable particulate material (340),
wherein the releasable material (330) is comprised by the releasable particulate material

(340), and, wherein the particulate material (340) comprises facetted material.

8. The microdermabrasion device (1) according to claim 7, wherein the
particulate material (340) consists of crystalline material, and, wherein the particulate

material (340) comprise one or more dimensions selected from the range of 0.1-1000 pm.

9. The microdermabrasion device (1) according to any one of the preceding
claims, wherein the device (1) is configured to release the releasable material (330) as
function of one or more of (i) melting of the releasable material (330) and/or of the support
material (310) due to contact of the microdermabrasion zone (300) with a part of a skin of a
subject and/or due to heating of the microdermabrasion zone (300), (ii) dissolving or mixing
of the releasable material (330) and/or of the support material (310) with a liquid on a part of
a skin of a subject, (iii) eroding of the releasable material (330) and/or of the support material

(310) due to contact of the microdermabrasion zone (300) with a part of a skin of a subject.

10. The microdermabrasion device (1) according to any one of the preceding
claims, wherein said microdermabrasion zone (300) perimetrically surrounds said channel

inlet (120).
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11. The microdermabrasion device (1) according to any one of the preceding
claims, wherein the channel inlet (120) is surrounded by a channel rim (220), and wherein the
device tip (200) comprises a microdermabrasion zone (300) configured remote from the
channel inlet (120) with a recession (230) configured between the microdermabrasion zone
(300) and the channel rim (220), wherein the channel inlet (120) is perimetrically surrounded
by the channel rim (220), and wherein the microdermabrasion zone (300) perimetrically
surrounds the channel rim (220), and wherein the device is configured to provide a negative

pressure in the range of 5-80 kPa.

12. The microdermabrasion device (1) according to any one of the preceding
claims 1-9, wherein the microdermabrasion zone (300) is perimetrically surrounded by the

channel inlet (120).

13. The microdermabrasion device (1) according to any one of the preceding
claims, wherein the channel inlet has a vacuum area in the range of 10-400 mm?, wherein the
microdermabrasion device (1) comprises a single channel inlet (120) perimetrically
surrounded by the microdermabrasion zone (300), and wherein the microdermabrasion
device (1) comprises a detachable element (400) comprising said microdermabrasion zone

(300).

14. A method for the controlled removal of at least part of the stratum corneum of
a part of a skin of a subject and application of a functional material (1330) to said part of said
skin of said subject, the method comprising contacting the microdermabrasion device (1) as
defined in any one of claims 1-13 with the part of the skin, removing at least part of the

stratum corneum while applying the functional material (1330) to the part of the skin.

15. A kit (5) of parts comprising the microdermabrasion device (1) as defined in
any one of the preceding claims 1-13, wherein the microdermabrasion device (1) comprises a
detachable element (400) comprising said microdermabrasion zone (300), wherein the kit (5)

further comprises a plurality of said detachable elements (400).



WO 2017/032634 PCT/EP2016/069358

FIG. 1A

300,310,320,330,1330

220
200

e

230

110
120

220

FIG. 1B



WO 2017/032634 PCT/EP2016/069358

300

120
310,320,330

FIG. 1C-1

\ 120

310,320,330 300

FIG. 1C-2



WO 2017/032634 PCT/EP2016/069358




WO 2017/032634 PCT/EP2016/069358




00000000000000000000000000000




WO 2017/032634 PCT/EP2016/069358

340,330,1330

310 310




WO 2017/032634

7/8

320,330,1330

PCT/EP2016/069358

320 320

330,1330
Lo

ydb pdVay
300 gf ™300
3710 a\ ~310
330.1330
FIG. 6A FIG. 6B
330,1330
z{%a @/330 1330 M Y
Ef __\300 A A o "\300
T™~3710 J O ~310
330,1330 305 320 330?(;330
FIG. 6C FIG. 6D

320,330,340,1330

£

FIG. 6E



000000000000000000000000000000




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2016/069358
A. CLASSIFICATION OF SUBJECT MATTER
INV. A61B17/54
ADD. A61B17/00 A61B17/30 A61B17/32

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 6 641 591 B1 (SHADDUCK JOHN H [US]) 1-13,15
4 November 2003 (2003-11-04)
column 3, line 63 - column 5, line 54;
figures 2,3,6,7,
column 7, line 41 - column 8, line 36
X US 6 299 620 B1 (SHADDUCK JOHN H [US] ET 1-13,15
AL) 9 October 2001 (2001-10-09)
column 5, line 33 - column 9, line 37;
figures 1-9
X DE 20 2014 102546 U1l (KONINKL PHILIPS NV 1-13,15
[NL]) 12 August 2014 (2014-08-12)
paragraph [0010] - paragraph [0061];
figures 1-2
- / -

See patent family annex.

Further documents are listed in the continuation of Box C.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international

- "X" document of particular relevance; the claimed invention cannot be
filing date

considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

23 September 2016

Date of mailing of the international search report

30/09/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Neef, Tatjana

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2016/069358

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

US 2007/156124 A1 (IGNON ROGER [US] ET AL)
5 July 2007 (2007-07-05)

paragraph [0091] - paragraph [0118];
figures 1-11

WO 2011/006009 Al (EDGE SYSTEMS CORP [US];
NICOLAS ED F [US]; IGNON ROGER [US])

13 January 2011 (2011-01-13)

paragraph [0016] - paragraph [0027];
figures 8-12, 19,24

paragraph [0146] - paragraph [0147]
paragraph [0205] - paragraph [0233]
paragraph [0234] - paragraph [0252]
paragraph [0267] - paragraph [0273]
paragraph [0279] - paragraph [0296]

US 2013/345721 Al (MENKE JAMES C [US] ET
AL) 26 December 2013 (2013-12-26)
paragraph [0039] - paragraph [0053];
figures 2-14

paragraph [0074] - paragraph [0091]

EP 2 444 015 A1l (LA FONTAINE HELMUT [ES])
25 April 2012 (2012-04-25)

paragraph [0024] - paragraph [0031];
figures 1-3

US 20037165550 A1l (RHOADES DEAN L [US])

4 September 2003 (2003-09-04)

paragraph [0019] - paragraph [0029];
figures 1-5

paragraph [0032] - paragraph [0046]

1-13,15

1-13,15

1-13,15

1-13,15

1-13,15

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




International application No.
INTERNATIONAL SEARCH REPORT PCT/EP2016/069358
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:
Rule 39.1(iv) PCT - Method for treatment of the human or animal body by
surgeryand/or by therapy

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2016/069358
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 6641591 Bl 04-11-2003 US 6641591 Bl 04-11-2003
US 2004143274 Al 22-07-2004
US 2006200172 Al 07-09-2006
US 2006200173 Al 07-09-2006
US 2007208353 Al 06-09-2007
US 2013096577 Al 18-04-2013
US 2015230824 Al 20-08-2015
US 2015230825 Al 20-08-2015

US 6299620 Bl 09-10-2001  NONE

DE 202014102546 U1 12-08-2014  CN 104207806 A 17-12-2014
CN 204351873 U 27-05-2015
DE 202014102546 U1 12-08-2014
EP 3003179 Al 13-04-2016
JP 2016522048 A 28-07-2016
US 2016106468 Al 21-04-2016
WO 2014191149 Al 04-12-2014

US 2007156124 Al 05-07-2007 US 2007156124 Al 05-07-2007
US 2012022435 Al 26-01-2012
US 2015231379 Al 20-08-2015
US 2015272623 Al 01-10-2015
US 2015290442 Al 15-10-2015

WO 2011006009 Al 13-01-2011  EP 2451367 Al 16-05-2012
US 2011082415 Al 07-04-2011
US 2015032047 Al 29-01-2015
WO 2011006009 Al 13-01-2011

US 2013345721 Al 26-12-2013  NONE

EP 2444015 Al 25-04-2012  NONE

US 2003165550 Al 04-09-2003 AU 2004206945 Al 05-08-2004
BR PI0406894 A 03-01-2006
CA 2512038 Al 05-08-2004
CN 1761443 A 19-04-2006
EP 1599161 A2 30-11-2005
JP 2006516215 A 29-06-2006
KR 20050092772 A 22-09-2005
MX  PAD5007783 A 30-09-2005
US 2003165550 Al 04-09-2003
US 2009299237 Al 03-12-2009
WO 2004064610 A2 05-08-2004

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - wo-search-report
	Page 38 - wo-search-report
	Page 39 - wo-search-report
	Page 40 - wo-search-report

