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A method of treating a skin tissue relief feature (3) in mam-
malian, in particular human, skin tissue (1) is provided. The
method comprises the steps of: determining a perimeter (4) of
the relief feature and inducing contraction of skin tissue areas
(5) present on opposite sides of the relief feature in positions
adjacent to respective portions of the perimeter in a direction
of contraction substantially parallel to a skin surface and
substantially normal to the respective portions of the perim-
eter. A system is also provided comprising a radio-frequency
source (9) and an applicator with a roller.
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RADIO-FREQUENCY SYSTEM FOR SKIN
TREATMENT INCLUDING A ROLLER WITH
AN ELECTRODE AND A METHOD FOR SKIN

TREATMENT

TECHNICAL FIELD

[0001] The present disclosure relates to skin treatment, in
particular radio-frequency treatment of mammalian skin tis-
sue, more in particular human skin and subdermal tissue. The
treatment is primarily suitable for skin tightening and/or skin
rejuvenation.

BACKGROUND

[0002] Various techniques are known for tightening skin,
treating wrinkles and/or providing skin rejuvenation. In par-
ticular creation of small skin lesions which provoke a natural
regeneration reaction of the skin tissue has proven a success-
ful technique. The lesions may be thermally inflicted, based
on thermolysis by heating the dermal tissue. Dermal collagen
contracts when it is heated at temperatures approximately
between 60° C. and 70° C., and it denatures at higher tem-
peratures. The tissue contraction and shrinkage can reach tens
of percents of the heated tissue volume, and results in tight-
ening of the skin and reduction of wrinkles, fine lines and skin
laxity. Furthermore, it also rejuvenates the skin by stimulat-
ing the synthesis of new collagen. Application of electromag-
netic energy at radio frequencies (RF energy) to heat the skin
tissue has proven to be very effective.

[0003] However, for accurate treatment, proper positioning
of'the RF electrodes on the skin and dosing of the energy are
required to prevent under- or overheating. E.g. US 2010/
210993 discloses an apparatus for personal skin treatment
whichincludes an RF generator and an applicator with at least
a pair of electrodes mounted on the distal end of the applica-
tor. The electrodes are configured for applying an RF voltage
to a subject skin. The RF voltage generator supplies the elec-
trodes with the RF voltage. The applicator may include a
feedback system for controlling proper treatment.

[0004] Such apparatus is complex and may provide unsuc-
cessful and/or uncontrolled treatment due to varying contacts
between the radio-frequency contacts and the skin to be
treated upon moving the apparatus. Also, if contact between
the radio-frequency contacts and the skin is lost, discharges
may occur which are generally perceived as painful and
which should be avoided.

[0005] Further, at present a method or device for treatment
of single skin relief features, in particular elongated features
such as fine lines or wrinkles is still lacking.

[0006] An improved method and system are therefore
desired.

SUMMARY
[0007] Herewith, a method of treating a skin tissue relief

feature in mammalian, in particular human, skin tissue is
provided. The method comprises the steps of: determining a
perimeter of the relief feature and a number of skin tissue
areas present on opposite sides of the relief feature in posi-
tions adjacent to respective portions of the perimeter at an
outward side of the perimeter, and inducing contraction of the
skin tissue areas in a direction of contraction substantially
parallel to a skin surface and substantially normal to the
respective sections of the perimeter.
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[0008] Thus, the contracted skin tissue areas exert a pulling
force on the skin tissue relief feature to flatten the relief
feature and reduce the skin relief so that a more even appear-
ance is achieved. In case of a rounded feature, e.g. a dimple or
abulge, the direction of contraction may be generally radial to
the relief feature.

[0009] Contraction of collagen of a portion of the skin
tissue area may in particular be induced reliably by heating
the portion of the skin tissue area to a temperature in a range
ot 60-70 degrees Celsius, which may be controlled by moni-
toring the skin tissue temperature, possibly using a feedback
system to maintain the portion of the skin temperature at such
desired temperature for a desired period of time. Inducing
contraction in such a manner is reliable and predictable, and
may be noninvasive and may not require healing. Hence, the
method is user friendly.

[0010] The skin relief feature may be an elongated feature
having a direction of elongation, such as a fine line or wrinkle.
Then, the skin tissue areas may extend along the elongated
feature and substantially parallel to the direction of elonga-
tion. Thus, e.g. with the skin relief feature being a wrinkle, the
relief of the feature may be effectively reduced and possibly
the relief feature may be removed substantially completely.
[0011] In an effective embodiment of the method, the step
of'inducing contraction comprises applying radio-frequency
energy to a portion of the skin tissue areas via at least one
radio-frequency electrode. Application of radio-frequency is
a proven technology, the effects of which can be accurately
modeled and controlled. This facilitates providing the skin
tissue contraction and according skin relief reduction as
intended, preventing accidental over- or under-treatment. In
particular bipolar radio-frequency application facilitates
determining a direction of the radio-frequency field, which
may be primarily directed in the desired direction of contrac-
tion.

[0012] When using radio-frequency, the step of inducing
contraction may comprise causing (mechanical) contact
between the radio-frequency electrode and the skin-surface in
a plurality of, possibly successive, contact areas of the skin
surface, and applying the radio-frequency energy with the
radio-frequency electrode in contact with the skin surface.
This facilitates use of relatively small contact areas with
respect to the skin tissue areas to be treated and it allows use
of relatively small electrodes that facilitate accurate applica-
tion and/or dosing of the radio-frequency energy. Use of
plural contact areas along the skin tissue relief feature, e.g. by
displacing one or more radio-frequency electrodes, enables
tracing the perimeter or contour of the feature and/or adapta-
tion of the direction of contraction to suit the feature’s shape
and possible anatomic details. Providing different contact
areas along the skin, in particular with the electrode(s) in
contact with the skin surface, allows treating significant areas
of skin tissue and providing a smooth and even effect.
[0013] Plural contact areas may be adjacent to each other
and contact each other and/or they may overlap each other at
least partly, e.g. to ensure that no portion of a skin tissue area
is skipped and/or to provide a gradually varying treatment
intensity.

[0014] By using a roller comprising the radio-frequency
electrode, and by rolling the roller over the skin surface and
causing contact between the radio-frequency electrode and
the skin surface in a plurality of successive contact areas of
the skin tissue areas, causing contact between the radio-fre-
quency electrode and the skin-surface in a plurality of suc-
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cessive contact areas of the skin surface may be achieved.
Thus the locations where the radio-frequency is applied via
the contact area may be distributed over the skin by rolling the
radio-frequency electrode over the skin. This facilitates main-
taining contact between the electrode(s) and the skin so as to
prevent RF discharges which may damage the skin, e.g. by
ablation of skin tissue, which is perceived as uncomfortable,
may have side effects and require healing, but which other-
wise may have no negative effect on the treatment and in fact
may be beneficial to the skin. Also, it facilitates tracing a
particular desired trajectory and/or reduces the risk of
unwanted skin tissue deformation by dragging skin along
with the electrode(s) and possible associated accidental mis-
alignment of the direction of contraction.

[0015] Although contraction may be induced along sub-
stantially the entire perimeter of the feature, it is possible to
treat a series of smaller skin tissue areas adjacent the feature
to achieve the desired effect at less energy use, treatment
duration and/or exposure of the skin tissue to the treatment,
thus reducing (risk of) erythema or overtreatment. It is how-
ever considered beneficial if the treated skin tissue areas
extend along a section of the perimeter with a spatial distri-
bution duty cycle of treated skin tissue relative to untreated
skin tissue of about 50% or more, so that the treated skin
tissue areas are distributed along the perimeter but exceed the
untreated areas in size.

[0016] In an embodiment, contraction of at least two skin
tissue areas present on opposite sides of the skin tissue relief
feature is induced substantially simultaneously. This may
reduce duration of a particular treatment and it facilitates
achieving a symmetric effect.

[0017] Contraction of skin tissue areas present on opposite
sides of the relief feature may be achieved substantially
simultaneously in an efficient manner by displacing the elec-
trodes on opposite sides of and parallel to the skin tissue relief
feature.

[0018] In an embodiment, the elongated feature is a
wrinkle, and the contraction of the skin tissue areas present on
opposite sides of the wrinkle is induced substantially simul-
taneously by using a roller comprising at least two radio-
frequency electrodes, and by rolling the roller over the skin
surface in a direction parallel to the wrinkle, wherein the two
radio-frequency electrodes are in contact with the skin sur-
face on respective opposite sides of the wrinkle to apply
radio-frequency energy to the skin tissue areas.

[0019] Also, a method is provided of treating mammalian,
in particular human, skin tissue with electromagnetic energy.
The method comprises applying radio-frequency energy to a
portion of the skin tissue by contacting the skin at a contact
area with a radio-frequency electrode and displacing the con-
tact area substantially continuously over the skin by rolling
the radio-frequency electrode over the skin and in contact
with the skin. Thus, larger areas of skin tissue than the contact
area are treated with little to no risk of damage of skin tissue
from discharges such as burning and/or ablation.

[0020] An embodiment comprises applying radio-fre-
quency energy to a portion of the skin tissue by contacting the
skin at two contact areas with radio-frequency electrodes
wherein the electrodes are interconnected and operated for
bipolar radio-frequency signal generation, and wherein the
method further comprises displacing the contact areas sub-
stantially continuously over the skin by rolling the radio-
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frequency electrodes over the skin and in contact with the
skin. This facilitates application of radio-frequency energy in
a well-defined area.

[0021] An embodiment comprises treating an elongated
skin portion, comprising applying radio-frequency energy to
a portion of the skin tissue by contacting the skin at two
contact areas with radio-frequency electrodes, wherein the
contact areas are arranged on opposite sides of the elongated
skin portion and wherein the method further comprises dis-
placing the contact areas substantially continuously over the
skin by rolling the radio-frequency electrodes over the skin
and in contact with the skin. displacing the contact areas
along the elongated skin portion, e.g. along a tension line in
the skin of a mammalian e.g. human subject, improves effec-
tiveness of the treatment, in particular when arranging the
contact areas on opposite sides of one dimensional skin fea-
tures.

[0022] An embodiment comprises applying the radio-fre-
quency dependent on the displacement speed of the contact
area. This facilitates preventing overtreatment or undertreat-
ment. The displacement speed may be determined by mea-
suring one or more aspects from the treated skin tissue and/or
from movement of at least one part of the electrode, e.g. a
rolling speed.

[0023] Further, a system for treating skin tissue with elec-
tromagnetic energy according to the appended claims is pro-
vided. The system comprises a radio-frequency source and an
applicator. The applicator comprises a manipulator and a
roller which is rotatable about an axis of rotation and com-
prises at least one radio-frequency electrode for contacting a
skin surface at successive contact areas of the skin surface.
The radio-frequency electrode is couplable or coupled with
the radio-frequency source, and the roller is rotatable and
configured for, in use, causing the radio-frequency electrode
to contact the successive contact areas of the skin surface by
rotation of the roller over the skin surface. The system is
configured to apply the radio-frequency energy to the skin
tissue only via direct mechanical contact between the radio-
frequency electrode and the skin surface when the roller is in
direct mechanical contact with the skin surface.

[0024] Thus, the contact area, and consequently the treat-
ment area, may be varied by rolling the roller over the skin
which enables control of the position, contact and/or contact
force between the electrode and the skin during the displace-
ment. Also, (arcing) discharges between the RF electrode and
the skin are prevented by the rolling construction, which
discharges could occur when (at least direct electrical) con-
tact between the electrode and the skin is lost, e.g. due to
stick-slip motion of a non-rotational electrode over the skin.
Such discharges may damage the skin e.g. by ablation of skin
tissue which is perceived as uncomfortable, may have side
effects and require healing. Prevention of discharges may
furthermore be achieved if the system is provided with a
controller and a sensor for detecting contact between the skin
and the electrode(s), e.g. by detecting electrical impedance
variations in a circuit connected to the electrode upon contact
with the skin. Suitable systems are known in the art. A curved
electrode suitable for rolling may also assist in flattening the
skin by pressure and/or improving contact by following the
anatomic contour of the body portion of which the skin is to
be treated.

[0025] The roller and the radio-frequency electrode may be
configured for, in use, causing the radio-frequency electrode
to contact the skin surface continuously by rotation of the
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radio-frequency electrode in contact with the skin surface.
This facilitates providing a continuous skin surface area to
which the RF energy is applied and facilitates prevention of
discharges.

[0026] Generally disc- or wheel shaped rollers may be pro-
vided for rotation about a predetermined axis of rotation. In
anembodiment, theroller is generally ball-shaped facilitating
rolling in any direction.

[0027] Inanapplicator comprising plural electrodes, one or
more electrodes may be operated individually.

[0028] In an embodiment, the roller is rotatable about the
axis of rotation over a first angular range, and the radio-
frequency electrode has a contact surface for contacting the
skin surface which extends continuously about the axis of
rotation over a second angular range equal to or larger than the
first angular range, e.g. being elongated in the circumferential
direction. This allows continuous displacement of the contact
area over the full rotational freedom of the roller and prevents
loss of contact between the electrode and the skin surface by
rolling the roller further than the length of the electrode in the
direction of rotation. E.g., if the electrode extends circumfer-
entially over the roller over an angular range of about 180
degrees about the axis of rotation, continuous contact
between the electrode and the skin surface over a distance of
about equal to the diameter of the roller is facilitated if the
roller can roll that far.

[0029] In a particular embodiment, the roller is rotatable
about an axis of rotation and the electrode has a contact
surface for contacting the skin extending 360 degrees about
the axis of rotation, e.g. extending substantially annularly
about the axis of rotation. Thus, the electrode may be dis-
placed substantially continuously over a distance longer than
the circumference of the roller and the angular position of the
roller with respect to the skin is irrelevant for establishing
contact between the skin surface and the electrode. The elec-
trode may advantageously be configured to contact the skin
surface at a substantially constant position relative to the
roller’s position and in particular its axis of rotation, e.g. by
providing an electrode extending substantially radially at one
axial position. This facilitates determination and control of
the contact area. In an embodiment with a cylindrical roller,
the axis of rotation may be fixed. In an embodiment with a
ball-shaped roller, the axis of rotation may be fixed, fixable or
arbitrarily variable. In particular in case of the latter embodi-
ment, the roller may comprise a continuous electrical con-
ductive surface, e.g. the roller being a massive or hollow,
preferably generally spherical, body of an electrically con-
ductive material such as a metal and/or a conducting plastic or
an insulating body with an electrically conductive coating.
[0030] Inanembodiment, the system comprises at least two
radio-frequency electrodes for contacting the skin concur-
rently at respective contact areas, and is couplable or coupled
with the radio-frequency source for applying radio-frequency
energy to the skin tissue, each electrode being rotatable with
about a respective axis of rotation such that the electrodes are
rotatable and configured for, in use, causing the electrodes to
contact successive respective contact areas of the skin surface
by rotation over the skin surface. Thus, treatment of skin
tissue over a relatively large area is facilitated.

[0031] The electrodes may be arranged in an array or in any
desired geometry. In a preferred embodiment, the system
comprises at least two radio-frequency electrodes arranged at
a mutual distance in an axial direction of the axis of rotation
for contacting the skin surface concurrently at respective
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contact areas, each radio-frequency electrode being cou-
plable or coupled with the radio-frequency source for apply-
ing radio-frequency energy to the skin tissue, and each radio-
frequency electrode being rotatable about the axis of rotation.
Thus, two or more contact areas are arranged at a mutual
distance along the axis of rotation.

[0032] The electrodes may be individually rotatable, e.g.
the applicator comprising plural rollers having one or more
electrodes. This facilitates displacing the applicator about the
skin in a curved pattern, since turning of the applicator entails
different radii of curvature for the inner and outer curves to be
traced by the different electrodes. Stick-slip motion of the
electrodes with respect to the skin surface with possible
moments of poor contact and/or arcing discharges due to
sideways movement of the electrode(s) may be reduced or
even prevented, allowing continuous displacement.

[0033] Individual freely rotatable ball-shaped rollers may
behave even better than individual electrodes on a common
axis of rotation. However, simplicity and/or robustness of the
applicator may improve when the applicator comprises a
roller having an insulating body provided with plural rollers,
e.g. circumferential electrodes which are arranged axially
offset at a mutual distance in an axial direction, in particular
when the applicator comprises a single such roller rather than
plural separate rollers. Note that in an embodiment with plu-
ral rollers one or more rollers may be individually suspended;
this may facilitate accommodating height level differences in
the treated body portion. A similar effect may be achieved by
arranging plural rollers on a flexible axle.

[0034] The electrodes may be configured for rolling about
the same axis of rotation, in particular with the electrodes
extending substantially parallel each other with respect to the
axis of rotation and wherein the electrodes may have about
equal diameter/about equal circumferential size and shape.
This provides a row of contact areas in a direction along the
axis of rotation, which may be substantially parallel to the
axis of rotation. Providing such row may be most easily
realized by providing an insulating roller with plural elec-
trode paths extending parallel each other on the surface of the
roller. The roller may have a cylindrical portion and/or have
doubly-curved surface portion having a varying diameter
with respect to its axis of rotation, e.g. having a barrel- or
ball-shaped portion. The latter options may be particularly
useful for treating generally hollow body portions such as in
the neck, the elbow pits, etc.

[0035] In an embodiment, plural electrodes are rotatable
about a common axis of rotation and are couplable or coupled
with the radio-frequency source for bipolar operation. Thus,
providing plural treatment areas adjacent each other is facili-
tated. This facilitates treating large areas of skin tissue. By
operating neighboring electrodes in bipolar arrangement, the
radio-frequency field extends between the electrodes and its
direction may therefore be accurately known. Plural elec-
trodes may be arranged in a row or in an array to facilitate
orienting the direction of treatment and/or treating a relatively
large tissue area. Plural generally annular electrodes may be
arranged axially offset with respect to the common axis of
rotation to align the direction of the radio-frequency field
parallel to the axial direction.

[0036] A particular embodiment comprises at least two
pairs of bipolar radio-frequency electrodes wherein the pairs
are arranged at a mutual distance in the axial direction and
rotatable about the axis of rotation and couplable or coupled
with the radio-frequency source for bipolar operation. This
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facilitates treating a skin relief feature concurrently on oppo-
site sides with bipolar RF treatment.

[0037] Elongated skin features such as wrinkles and fine
lines, also sometimes referred to as “one dimensional skin
features™, generally comprise structurally oriented features of
the skin created in the direction of the tension lines within the
human body. The basic pattern of the skin tension lines in the
human body can be known from anatomic publications. E.g.
see: http://www.tpub.com/content/armymedical/MDO0574/-
MD05740043 htm. By directing the radio-frequency field
and thus the contraction of the collagen perpendicular to the
orientation of the tension line, the one dimensional feature
can be treated more effectively. Having the electrodes axially
offset with respect to the common axis of rotation ensures that
the field extends substantially axially with respect to the axis
of rotation. This facilitates orienting the direction of treat-
ment. Note that the electrodes may have a differently shaped
contact surface, e.g. undulating or zig-zagging, so that con-
trolled variations of the axial separation and/or the actual
direction of the field about the general direction of the treat-
ment may be provided.

[0038] An embodiment comprises a controller for control-
ling operation of the radio-frequency source. Thus, operation
of the system is further facilitated. The controller may be
configured to control operation of the RF source with respect
to the emitted power from one or more electrodes, the radio-
frequency, continuous, pulsed and/or otherwise modulated
operation. The controller may comprise a memory and be
programmable.

[0039] An embodiment comprises at least one sensor con-
figured to provide a signal indicative of at least one of contact
between the radio-frequency electrode and the skin tissue,
radio-frequency power deposition into the skin tissue, treat-
ment effectiveness and roller movement with respect to at
least one of an applicator portion and the skin surface. Thus,
feedback and/or control over operation of the system and/or
treatment effectiveness is facilitated. The sensor may com-
prise a thermal sensor, an electrical sensor, a mechanical
and/or an optical sensor. Plural sensors may be provided. A
thermal sensor may be coupled to the electrode and or to the
skin ofthe treated subject, and it may be of any type including
an optical sensor detecting thermal radiation. An electrical
sensor may be configured to monitor at least a portion of a
radio-frequency signal supplied to the electrode and/or a por-
tion of a radio-frequency signal reflected from the electrode.
In a particular embodiment, the sensor(s) is (are) configured
to detect roller movement, which may be indicative of a
portion of a treatment protocol. The system may comprise
one or more signaling devices such as a display, a light source,
an acoustic source etc. for providing to an operator informa-
tion and/or warning signals derived from the sensor signal(s).
In case of an applicator having plural electrodes the sensor
signal may be configured to provide signals, e.g. for move-
ment data, for one or more individual electrodes and/or treat-
ment areas.

[0040] In an embodiment with a controller and at least one
sensor, the sensor(s) may be at least one of couplable and
coupled to the controller and the controller is configured to
control operation of the radio-frequency source in depen-
dency of one or more signals from the sensor(s). Thus, feed-
back and safety control are facilitated, e.g. for preventing
application of too much or too little radio-frequency energy
with respect to one or more reference values. This facilitates
optimizing treatment effectiveness. E.g., a system may be
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provided providing pulsed radio-frequency energy doses with
apulse-to-pulse delay time dependent on the rolling speed of
the roller, the pulses being triggered by the sensor signal(s).
Also, the controller may ensure that radio-frequency energy
is only applied to electrodes that are actually in direct
mechanical contact with the skin, so as to prevent discharges.
Various systems for detecting (sufficiently good) contact
between an RF electrode and skin are known and may be
suitably employed.

[0041] Inanembodiment the roller is releasably coupled to
the manipulator and/or the applicator is releasably coupled to
the radio-frequency source and/or a power source. Thus,
exchanging of rollers is facilitated, facilitating use of specific
rollers for specific treatments and/or treatment areas. It also
facilitates customization, maintenance and/or repair of (parts
of) the applicator. Different rollers may have (portions with)
different diameters and/or differently shaped and/or sized
electrodes.

[0042] The applicator may be a handheld device. In a hand-
held embodiment administrating the RF energy and perform-
ing treatment are facilitated. The radio-frequency source and
the applicator may be provided as a single integrated device,
possibly also including a power source such as a (possibly
rechargeable) battery. Such integrated system may also be
provided as a handheld device.

[0043] In an embodiment a shield is at least partially sur-
rounding the roller. A shield increases safety, e.g. by ensuring
that there is no interaction between the RF electrodes and
non-intended treatment areas. In an embodiment, the operat-
ing portion comprises a hand grip, and the shield is arranged
between the grip and the roller separating them. At least a
portion of the shield may be formed to conform to the roller
shape. The shield may be physically protecting and/or elec-
trically protecting, e.g. at least a portion of the shield may be
transparent for observing electrode position, treatment direc-
tion, and/or treatment progress, but preventing physical con-
tactto the roller. Also, at least one portion of the shield may be
a radio-frequency shield preventing emission of the radio-
frequency energy as noise on other systems. A shield portion
may be transparent for visible radiation but opaque for RF
radiation, e.g. comprising a transparent conductive layer and/
or a conductive grid of appropriate mesh size.

[0044] The system may be configured to induce contraction
of collagen of a portion of the skin tissue by heating the
portion of the skin tissue to a temperature in a range of 60-70
degrees Celsius, e.g. by providing an appropriate sensor and
controller. Such system is safe and user friendly.

[0045] In an aspect a roller and a kit of parts with plural
exchangeable rollers are provided. In the kit, at least some of
the rollers may differ from each other with respect to the size,
shape, number, arrangement and/or materials of the rollers
and/or one or more of their electrodes. One or more rollers
may also be provided as separate parts, e.g. for treatment of
different body parts and/or replacement.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] The foregoing will be explained in more detail and
with further benefits and aspects with reference to the
appended drawings showing exemplary embodiments.
[0047] In the drawings:

[0048] FIG. 1 indicates treatable skin tissue features for
further reference;

[0049] FIG. 2 is a side view an embodiment of a disclosed
system for treating skin tissue;
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[0050] FIG. 3 is a partial front view of the embodiment of
FIG. 2;
[0051] FIG. 4A-4C indicate (details of) different embodi-
ments;
[0052] FIG. 5 indicates a portion of an electric circuit for

use in the disclosed system;

[0053] FIGS. 6A-D show details of embodiments of elec-
trode geometries and operating modes for embodiments of
the disclosed system;

[0054] FIGS. 7-8 indicate sensor arrangements for the dis-
closed system;
[0055] FIG. 9 indicates possible sensor data indicative of

roller movement;
[0056] FIGS. 10A-10C show different electrode geom-
etries.

DETAILED DESCRIPTION OF EMBODIMENTS

[0057] Itis noted that in the drawings, like features may be
identified with like reference signs, where useful with alpha-
betic suffixes. It is further noted that the drawings are sche-
matic, not necessarily to scale and that details that are not
required for understanding the present invention may have
been omitted. Terms “upward”, “downward”, “below”,
“above”, and the like relate to the embodiments as oriented in
the drawings.

[0058] FIG. 1 indicates a portion of skin 1, comprising a
one dimensional skin relief feature 3, e.g. an elongated nar-
row wrinkle for at least part of which a portion of a perimeter
4 may be determined, e.g. by judging a deviation from the
relief (e.g. the evenness) of adjacent skin tissue, e.g. sur-
rounding skin. The feature and/or the perimeter need not be,
and generally will not be, straight, symmetrical and/or at
constant separation as indicated in FIG. 1. On each side of the
relief feature 3 in a skin tissue area 5 contraction of the skin
tissue is induced in a direction substantially orthogonal to (the
local portion of the perimeter of) the feature 3 and parallel to
the skin surface (indicated with narrow arrows). As a result,
the skin tissue in between the contracted areas is pulled apart
(indicated with bold arrows) and the feature 3 will be flat-
tened. Thus, wrinkles and fine lines may be removed from the
skin.

[0059] Similarly, differently shaped relief features may be
flattened by suitably arranging the skin tissue areas and the
direction of the contraction therein relative to the relief fea-
ture, e.g. radial forces may smoothen a generally rounded
skin relief feature such as ice pick acne scars.

[0060] The skin tissue contraction is advantageously
caused by collagen contraction which may be achieved by
thermal activation, in particular heating, the skin. Human
collagen may deform and contract when heated to a tempera-
ture in a range of about 60-70 degrees Celsius, so that heating
to such temperatures is preferred. However, heating to higher
temperatures and/or otherwise causing localized damage and/
or small lesions in the skin tissue, e.g. by ablation of skin
portions which may be intentionally caused by small RF arcs
striking the skin, may also cause contraction of the skin tissue
as a consequence of processes for healing and skin rejuvena-
tion.

[0061] Suitably, the skin tissue is heated by RF energy by
applying the RF energy to the skin tissue areas 5 on several
positions along the relief feature by contacting the skin 1 with
one or more radio-frequency electrodes. RF energy may be
applied in a monopolar configuration with a single electrode
7A connected to an RF source 9 contacting the skin in the
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treatment area 5 and a second electrode (not shown) con-
nected to the skin at a remote location. Preferred is, however,
bipolar RF field generation between two adjacent electrodes
7B contacting the skin, more preferably with the bipolar
electrodes arranged adjacent to each other substantially in a
direction substantially perpendicular to the local direction of
extension of the perimeter of the relief feature.

[0062] Inducing contraction along the relief feature is effi-
ciently achieved by displacing the RF electrode(s) 7A, 7B
along the relief feature 3 and contacting the skin intermit-
tently, in a plurality of positions to provide a plurality of
separate contact areas, as indicated with the bold broken
arrow 11 or, preferred, with the electrode(s) in constant con-
tact with the skin or placed in a series of partly overlapping
contact areas to provide a continuous contracted skin tissue
area, as indicated with the continuous arrow 13. For effective
treatment, opposite sides of a relief feature may be treated
simultaneously or subsequently.

[0063] Causing significant heating may also trigger skin
tissue regeneration, amplitfying and prolonging the rejuvena-
tion effect.

[0064] FIGS. 2 and 3 elucidate realizing the presently pro-
vided system and method. FIG. 2 indicates a system 100 for
treating skin 1 with electromagnetic energy. The system 100
comprises a radio-frequency source 101 with an optional user
interface 102 and a handheld applicator 103, which comprises
a manipulator 105 and a roller 107, coupled to the manipula-
tor 105. Here, the coupling comprises a fork 109. The appli-
cator 103 comprises an optional shield 111 partially sur-
rounding the roller 107. Optionally, the applicator comprises
a user interface. A user interface may comprise one or more
push buttons, dials, signaling lights, displays etc. (not
shown). In an embodiment (not shown) a radio-frequency
source 101 and/or an associated power source may be inte-
grated in the applicator.

[0065] FIG. 3 shows a portion of the skin 1, the roller 107
and part of the fork 109, with the manipulator 105 and the
shield 111 omitted for clarity. The roller 107 comprises an
insulating body 113 rotatably arranged in the fork 109 about
an axis of rotation A. A plurality of radio-frequency elec-
trodes 115 contacting the skin 1 at respective contact areas
(generally indicated with reference numeral 117) are
arranged on the body 113. In FIG. 3, the electrodes 115 are
substantially pair-wise parallel adjacent to each other and are
offset in the axial direction with respect to the axis of rotation
A, being arranged at a mutual distance in an axial direction of
the axis of rotation. The electrodes 115 provide continuous
and generally annular contact surfaces extending circumfer-
entially about the axis of rotation A.

[0066] In operation, the electrodes 115 are placed on the
skin 1 to be treated in contact with the skin surface, providing
a row of contact areas 117 adjacent to each other generally
along the axis of rotation A. One or more RF signals are
applied to the electrodes 115 (see also below) which cause
deposition of RF energy into the skin 1 at the contact area 117
resulting in heating of the skin tissue. By displacing the
applicator as indicated in FIG. 2 by the bold arrow and dotted
lines, the roller 107 with the electrodes 115 is rolled over the
skin 1 in constant contact with the skin 1 and successive
overlapping contact areas 117 are provided over the skin 1, so
that a portion of the treatment area may be substantially
continuously treated. Since contact between the electrodes
117 and the skin 1 is maintained during the displacement,
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treatment position and effectiveness can be reliably main-
tained and potentially harmful discharges are prevented.
[0067] The electrodes 115 on the roller 107 allow creation
of continuous parallel lines of thermally induced tissue con-
traction in the dermis. The direction and length of the con-
traction lines are easily controllable by appropriately manipu-
lating the applicator. By directing the contraction of the
collagen orthogonal to the orientation of anatomic tension
lines, wrinkles and/or fine lines can be flattened, cf. FIG. 1.
[0068] FIG. 4A shows, similar to FIG. 3, a different
embodiment, comprising plural rollers 107A-C arranged
adjacent to each other but having a common axis of rotation
A. The different rollers 107A-C have different electrode
arrangements, with roller 107B providing a single electrode
contact surface, e.g. for mono-polar RF treatment. In the
applicator, electrodes 115 of each roller 107A-C may be
operated and controlled individually and/or in groups, possi-
bly with different radio frequencies and/or from different RF
sources, and/or each roller 107A-C may be individually
removed and/or exchanged.

[0069] FIG. 4B indicates different shapes of electrode con-
tact surfaces 119 which may be used on a roller: zigzagging,
undulating, saw-toothed and/or having a spatially varying
width.

[0070] FIG.4C indicates an embodiment wherein the roller
107 is a generally spherical ball with a conductive surface,
held in a suitable coupling for coupling to a manipulator with
appropriate degree of rotational freedom. Here, the coupling
comprises a clamping claw 109A with an RF conducting
contact 120 which allows the roller to rotate freely in the
coupling. Different couplings may also be provided. A
manipulator may comprise plural ball shaped electrodes,
adjacent each other and/or arranged in an array.

[0071] FIG. 5 schematically shows a portion roller 107 and
legs 109A-B of an associated applicator fork of an exemplary
embodiment. The roller 107 comprises a body 113 and RF
electrodes 115A-D which are arranged on the roller 113 pro-
viding outward accessible contact surfaces 119A-D for con-
tacting the treated skin. The RF electrodes 115A, 115D and
115B-C, respectively, are electrically connected to opposite
poles of the RF source 101. In this example, the roller 103 has
several insulating layers 113A-C, and the connections of the
electrodes 115A, 115D and 115B-C are routed through dif-
ferent layers 113A-C and different legs 109A-B of the appli-
cator, but other arrangements may be provided. The connec-
tions of the electrodes 115A-D facilitate bipolar operation to
provide adjacent RF fields 121A-B extending between the
electrodes 115A-B and 115C-D, respectively, for heating skin
tissue in contact with the electrodes 115A-D.

[0072] For treatment of a one-dimensional skin relief fea-
ture 3 (see FIG. 1), the electrodes 115B, 115C may be
arranged on opposite sides of the relief feature, so that skin
tissue areas 5 adjacent the feature 3 are contacted by a pair of
electrodes 115A and 115B on one side and a pair of electrodes
115C and 115D on the opposite side for simultanecous RF
treatment of the feature 3. Rolling the roller over and along
the feature in its longitudinal direction ensures contempora-
neous displacement of the electrodes on opposite sides of and
parallel to the skin tissue relief feature and treatment of the
feature along its length (cf. FIG. 1).

[0073] FIGS. 6A-D show different configurations of elec-
trode (operation), and the resulting RF fields, and further
configurations will be apparent to the skilled person from
contemplating the present disclosure. It is noted that different
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separation of electrodes may result in different treatment
depths, e.g. due to different distributions of the RF energy
within the skin tissue.

[0074] FIG. 7 illustrates an embodiment of a displacement
sensor, here a roller movement sensor 123. The sensor 123
comprises an optical sensor, having an optical detector 127
for observing a portion of the roller 107 and detecting varia-
tions in the observed illumination pattern. A light source 129
is provided for illuminating the portion of the roller 107
observed by the detector 127 to improve detection reliability,
e.g. with a light beam 131. The detector 127 may comprise a
photodiode and/or a camera, e.g. as in a computer mouse, and
the roller 107 may comprise optical markings, e.g. a distinct
pattern that may be repetitive such as reflective stripes at
constant separation along the roller circumference. Signals
from the detector 127 may be provided to a controller 133 of
the system 100 and/or to a user interface, which may be part
of the controller 133. Different sensors such as mechanical,
conductive, capacitive, etc may be provided. E.g., FIG. 8
illustrates an embodiment of a roller movement sensor 123
wherein the roller 107 comprises magnetic portions 135 and
an inductive detector 137 for detecting movement of a mag-
netic portion 135 past it.

[0075] In another embodiment (not shown), the roller 107
is provided with detection electrodes on predetermined posi-
tions along its circumference, and the sensor is configured to
detect electrical contact between the detection electrodes and
the skin, e.g. by the skin short circuiting adjacent electrodes
and/or changing capacitance of a detection electrode.

[0076] Rotation of the roller 107 is detected by the sensor
127, 137. Different rollers and/or electrode configurations
may be associated with distinct markings and/or detection
patterns, e.g. reflective stripe patterns. The controller 133
and/or sensor 127, 137 may be programmable with informa-
tion relating to the roller(s) present in the applicator, e.g. to
detect and process the sensor signals in a predetermined way.
Possibly, a roller and the applicator comprise cooperating
structures for automatically programming the controller, e.g.
a bar code and/or an electromagnetic code imprinted on the
roller. An embodiment, e.g. FIG. 8 may provide pulsed sig-
nals to the controller 133, wherein different rolling speeds
result in different pulse intervals and/or durations. E.g., FIG.
9 indicates a pulse sequence of signals S (arbitrary units)
versus time (arbitrary units) obtained by first rolling a roller
103 with a first speed V1 and next rolling the roller at a
second, higher speed V2. The pulses may be used as a trigger
pulse for operation of the RF source 101.

[0077] Inanother embodiment, not shown, displacement of
the applicator and/or of the electrode may also be measured
with direct reference to the skin itself, e.g. with a camera-
based optical sensor like a computer mouse sensor.

[0078] By detection of the displacement speed, in particu-
lar the roller speed, the RF energy dose applied via the elec-
trodes 115 can be controlled. E.g., every (trigger) pulse may
lead to a dose of RF energy to the skin, which may comprise
apredetermined amount of RF energy within a predetermined
amount oftime. The dose can be (pre)determined based on the
contact area of the electrode(s) on the skin and the dose
needed to heat up the skin. Pulsed dosing can prevent over-
treatment. A warning signal could be provided to indicate
and/or prevent too fast displacement of the applicator (dosage
time is longer than triggering time resulting in undertreat-
ment) or too slow (cooling down of skin between two dos-
ages, also resulting in undertreatment), e.g. a visual and/or an
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acoustic signal, possibly a tangible signal on the manipulator.
Another possible embodiment involves a more complex sys-
tem with a feedback loop, wherein the measured roller speed
is used to dynamically adjust the RF dosage energy.

[0079] FIGS. 10A-10C show different electrode geom-
etries, particularly suited for use with bipolar RF fields. In
FIG. 10A electrodes 115A, 115B comprise contact surfaces
which are arranged in axial direction A of a roller 107 con-
nected alternatively to the RF source (not shown) for bipolar
operation. A sensor and a controller monitor contact between
each successive pair of electrodes 115A, 115B and the skin,
so as to apply the RF energy between the electrodes 115A,
115B in contact with the skin surface and prevent unwanted
discharges.

[0080] When rolling the roller of FIG. 10A over the skin a
series of successive contact areas that are treated with RF
energy between successive pairs of electrodes 115A, 115B
are provided. In this case of FIG. 10A the RF field direction
will be primarily perpendicular to the axis A.

[0081] Such arrangement may in particular be used with
rollers having a noncircular, e.g. faceted, rolling surface. The
separation between the treatment areas may be well known
with such embodiment. Axially and/or circumferentially
staggered electrodes may also be provided.

[0082] FIGS. 10B, 10C show electrode structures having
perpendicular sections wherein the contact surfaces have
interleaving fingers parallel to the axis A and a substantially
circumferential connecting portion perpendicular to the axis
A. Such arrangements may provide undulating directions of
the RF field, with associated contraction directions. This may
help providing a natural looking, non-uniformly tightened
skin, e.g. for large skin surfaces having striae. Further, the
arrangements of FIGS. 10B-10C may ensure constant contact
between the skin and the electrodes, which may prevent dis-
charges without requiring a sensor and controller.

[0083] Further embodiments may be provided, e.g. the
shield may be larger or smaller, the rollers may be larger or
smaller in any direction. A roller may be entirely conductive,
etc. Further systems may be provided, e.g. a system for heat-
ing (at least a portion of) the roller, and/or an illumination
system.

[0084] The disclosed embodiments may be suitable for
domestic use, use in beauty salons and for medical use, pos-
sibly dependent on RF frequencies, RF powers, and/or aes-
thetic and hygienic considerations.

[0085] Other variations to the disclosed embodiments can
be understood and effected by those skilled in the art in
practicing the claimed invention, from a study of the draw-
ings, the disclosure, and the appended claims. In the claims,
the word “comprising” does not exclude other elements or
steps, and the indefinite article “a” or “an” does not exclude a
plurality. A single processor or other unit may fulfill the
functions of several items recited in the claims. The mere fact
that certain measures are recited in mutually different depen-
dent claims does not indicate that a combination of these
measured cannot be used to advantage. A computer program
may be stored or distributed on a suitable medium, such as an
optical storage medium or a solid-state medium supplied
together with or as part of other hardware, but may also be
distributed in other forms, such as via the Internet or other
wired or wireless telecommunication systems. Any reference
signs in the claims should not be construed as limiting the
scope.
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1. A method of treating a skin tissue relief feature in mam-
malian, in particular human, skin tissue, the method compris-
ing the steps of:
determining a perimeter of the relief feature and a number
of skin tissue areas present on opposite sides of the relief
feature in positions adjacent to respective portions of the
perimeter at an outward side of the perimeter, and

inducing contraction of the skin tissue areas in a direction
of contraction substantially parallel to a skin surface and
substantially normal to the respective portions of the
perimeter.

2. The method of claim 1, wherein the skin relief feature is
an elongated feature having a direction of elongation and the
skin tissue areas extend along the elongated feature and sub-
stantially parallel to the direction of elongation.

3. The method of claim 1, wherein the step of inducing
contraction comprises heating at least a portion of the skin
tissue area to a temperature in a range of 60-70 degrees
Celsius.

4. The method of claim 1, wherein the step of inducing
contraction comprises causing contact between at least one
radio-frequency electrode and the skin tissue areas at a con-
tact area of the skin tissue areas, and applying radio-fre-
quency energy to at least a portion of the skin tissue areas via
the at least one radio-frequency electrode in contact with the
skin surface.

5. The method of claim 4, wherein the step of causing
contact between the radio-frequency electrode and the skin
tissue areas is achieved by using a roller comprising the
radio-frequency electrode, and by rolling the roller over the
skin surface and causing contact between the radio-frequency
electrode and the skin-surface in a plurality of successive
contact areas of the skin tissue areas.

6. The method of claimn 1, wherein the contraction of at
least two skin tissue areas present on opposite sides of the
relief feature is induced substantially simultaneously.

7. The method of claim 2, wherein the elongated feature is
awrinkle, and wherein the contraction of the skin tissue areas
present on opposite sides of the wrinkle is induced substan-
tially simultaneously by using a roller comprising at least two
radio-frequency electrodes, and by rolling the roller over the
skin surface in a direction parallel to the wrinkle, wherein the
two radio-frequency electrodes are in contact with the skin
surface on respective opposite sides of the wrinkle to apply
radio-frequency energy to the skin tissue areas.

8. A system for treating skin tissue with radio-frequency
energy, comprising a radio-frequency source and an applica-
tor,

wherein the applicator comprises a manipulator and a

roller, which is rotatable about an axis of rotation and
comprises at least one radio-frequency electrode for
contacting a skin surface at successive contact areas of
the skin surface, wherein the radio-frequency electrode
is couplable or coupled with the radio-frequency source,
and wherein the roller is rotatable and configured for, in
use, causing the radio-frequency electrode to contact the
successive contact areas of the skin surface by rotation
of the roller over the skin surface, and wherein the sys-
tem is configured to apply the radio-frequency energy to
the skin tissue only via direct mechanical contact
between the radio-frequency electrode and the skin sur-
face when the roller is in direct mechanical contact with
the skin surface, wherein the roller is rotatable about the
axis of rotation over a first angular range and wherein the
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radio-frequency electrode has a contact surface for con-
tacting the skin surface continuously extending about
the axis of rotation over a second angular range equal to
or larger than he first angular range.

9. (canceled)

10. The system according to claim 8, comprising at least
two radio-frequency electrodes arranged at a mutual distance
in an axial direction of the axis of rotation A for contacting the
skin surface concurrently at respective contact areas, each
radio-frequency electrode being couplable or coupled with
the radio-frequency source for applying radio-frequency
energy to the skin tissue, and each radio-frequency electrode
being rotatable about the axis of rotation.

11. The system according to claim 8, comprising at least
two pairs of bipolar radio-frequency electrodes, wherein the
pairs are arranged at a mutual distance in the axial direction
and rotatable about the axis of rotation and couplable or
coupled with the radio-frequency source for bipolar opera-
tion.

12. The system according to claim 8, comprising at least
one sensor configured to provide a signal indicative of at least
one of contact between the radio-frequency electrode and the
skin tissue, radio-frequency power deposition into the skin
tissue, treatment effectiveness and roller movement with
respect to at least one of an applicator portion and the skin
surface.

13. The system according to claim 12, wherein the system
comprises a controller for controlling operation of the radio-
frequency source and wherein the sensor is at least one of
couplable and coupled to the controller and the controller is
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configured to control operation of the radio-frequency source
in dependency of one or more signals from the sensor.

14. The system according to claim 8, wherein the system is
configured to induce contraction of collagen of a portion of
the skin tissue by heating the portion of the skin tissue to a
temperature in a range of 60-70 degrees Celsius.

15. A roller for a system according to claim 8, wherein the
roller comprises at least one radio-frequency electrode, con-
figured for contacting a skin surface of mammalian, in par-
ticular human skin at successive contact areas of the skin
surface and for applying radio-frequency energy to said skin
tissue,

wherein the radio-frequency electrode is couplable to a

radio-frequency source, and wherein the roller is con-
figured to be rotationally coupled to a manipulator for
rotation with respect to an axis of rotation and for, in use,
causing the radio-frequency electrode to contact the suc-
cessive contact areas of the skin surface by rotation of
the roller over the skin surface, and wherein the roller is
configured to apply the radio-frequency energy to the
skin tissue only via direct mechanical contact of the
radio-frequency electrode with the skin surface when
the roller is in direct mechanical contact with the skin
surface, wherein the roller is rotatable about the axis of
rotation over a first angular range and wherein the radio-
frequency electrode has a contact surface for contacting
the skin surface continuously extending about the axis of
rotation over a second angular range equal to or larger
than the first angular range.
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