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CONCURRENT TREATMENT WITH THERMAL AND ACOUSTIC ENERGY

RELATED APPLICATIONS
The present application takes priority from US Provisional Patent Application 61/487,720 filed 19
May 2011.

FIELLD AND BACKGROUND OF THE INVENTION

The 1invention, in some embodiments, relates to the ficld of treatment of body tissue with
energy, and more particularly, but not exclusively, to methods and devices for trecatment of
subcutaneous fat using a combination of thermal energy deposited using a unipolar RF (radio-
frequency) field and acoustic energy, for example for subcutaneous fat reduction.

Adipose tissuc comprises primarily adipocytes containing fat together with fibroblasts, macrophages
and endothelial cells. In mammals such as humans, one of the main locations of adipose tissue is the
hypodermis (subcutaneous tissue) located beneath the skin (epidermis and dermis) that insulates the
body core from external temperature changes but most importantly acts as an energy store for the
mammal.

Unlike excessive visceral fat, excessive subcutaneous fat (fat in the hypodermis) in humans is
not directly associated with pathologies. However, excessive subcutaneous fat is considered to be
unaesthetic and 1t 1s common for pcoplc to try to reduce the amount and distribution of subcutaneous
fat to achieve a more aesthetic external appearance. It is often preferred to treat subcutaneous fat by
the local application of energy. Specifically, over a series of individual scssions, encrgy is locally-
applied to the hypodermis. Such local application of energy over a series of individual sessions
allows different amounts of subcutaneous fat to be removed from the hypodermis at different

locations of the body, allowing the body to be shaped to achieve a desired aesthetic appearance.

Treatment of subcutaneous fat with acoustic energy

One popular mode of locally-applied energy for the treatment of subcutaneous fat is
conveying of acoustic energy (for cxample, using acoustic waves) through a skin layer into the
hypodermis, for example as described in patent application publication US 2011/0213279 of the
Applicant, as well as the references cited therein. The acoustic radiative surface of a sonotrode
ftmctionally associated with an ultrasound transducer is coupled (e.g., by direct contact or by indirect

contact through a coupling substance, e.g., a liquid or gel) to a skin surface of a subject to be
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treated. The ultrasound transducer 1s activated to generate acoustic waves that are directed by
the acoustic radiative surface of the sonotrode through the skin surface to convey acoustic
energy nto a volume of the hypodermis. It 1s believed that application of sufficient acoustic
energy (in terms of power, intensity and duration) damages and even ruptures the walls of
adipocytes in the hypodermis, releasing fat contained therein into the bulk of the hypodermis.

The power of the acoustic waves 1s chosen so that the acoustic waves convey
substantial energy to a depth of about 2 cm past the skin surface. By "substantial energy"” 1s
meant sufficient to achieve a desired result in the treatment of subcutancous fat. Although
acoustic compression (longitudinal) waves are typically used, 1t has been found that acoustic
shear (transverse) waves are also effective, as discussed m US 2011/0213279.

Typically, a course of treatment of subcutancous fat with acoustic energy includes
about six individual weekly treatment sessions. In the period between any two individual
sessions, the body clears the fat and cell debris released into the bulk of the hypodermis. To
treat an arca the size of two thighs and a belly, each session has a duration of about 1 hour
which 1s oftcn considered cxccessively long, tiring both the trcated subjcct and the opcrator.
The only solution for reducing the duration of an individual session 1s by increasing the
power of the acoustic waves and thereby of the acoustic energy conveyed into the
hypodermis. However, increasing the power typically leads to deeper penetration into the

body of the treated subject which can be dangerous and damaging to other tissue.

Treatment of subcutaneous fat with thermal ener

Another popular mode of locally-applied energy for the treatment of subcutaneous fat
1s heating of a volume of the hypodermis by depositing thermal energy by application of RF
(radio-frequency) waves through the skin. The manner in which applied RF waves deposit
thermal energy into a volume of hypodermis, and the physiological effect such depositing

has, depends on the frequency of the RF waves and the manner in which applied.

RF waves that produce electrical current

One manner of applying RF waves to treat subcutancous fat 1s to produce an electric
currcnt (1onic movcement) m the hypodermis between two clectrodes, sce for cxample, US
2007/0239075 or US 6,662,054. Specifically, two electrodes are coupled (e.g., by direct
contact or by indirect contact through a coupling substance, ¢.g., a liquid or gel) with a skin
surface and a functionally-associated RF energy source 1s activated, producing an RF current

that passes through the tissue between the two clectrodes. Tissue between the electrodes
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through which the current passes 18 heated primarily as a result of the electrical resistance of
the tissue.

There are a number of limitations of applying RF waves to deposit thermal energy to
treat subcutancous fat by producing an RF current that passes thercthrough.

Indiscriminately passing electric current through the body of a person is dangerous
and can lead to electrocution or disruption of heart function. Since electrical current passes
between the two electrodes, 1in practical implementations of such methods the two electrodes
are maintained close together (typically between 1 and 5 ¢cm) to ensure that the current-path 1s
well-defined and benign.

Gengerally, the lower the frequency of the RF waves, the more cffectively the thermal
energy 1s deposited by the produced RF current passing through the tissue.

It 1s generally accepted that for depositing thermal energy using such an RF current,
RF frequencies up to about 2 MHz are effective and that RF frequencies above 200 MHz
provide substantially no heating. The efficacy of depositing thermal energy with a produced
RF current falls-off quickly from frcquencics of 2 MHz to about 200 MHz. That said,
medical regulatory requirements and legal limitations on RF transmission restrict frequencies
used 1n medical treatments to frequencies 1n the Industrial, Scientific and Medical (ISM)
bands. The ISM bands are typically higher than 1deal for depositing thermal enecrgy by a
current as described above, e.g., 13.560 MHz + 7 kHz, 27.120 MHz £ 163 kHz, 40.68 MHz +

20 kHz and, 1n some localities, 6.780 MHz + 15 kHz. Thus, effective implementation of such

methods 1s practically limited to the lower ISM frequency of 6.780 MHz + 15 kHz and
possibly 13.560 MHz + 7 kHz, while at the higher ISM frequencies 27.120 MHz + 163 kHz
and 40.68 MHz + 20 kHz, such methods are inefficient.

The maximal power of the electric current produced as described above 1s limited by
the power that ensures that the skin surface suffers no substantial damage (e.g., burning,
ablation), thercby also limiting the inter-electrode distance and the degree of heating of
hypodermis that can be achieved using such methods.

The hypodermis, especially a hypodermis containing excessive fat, has a conductivity
an order of magnitude lower than that of skin. As a result, most of the current produced as
dcscribcd above passcs through the skin and very little current, and therctorc power for
heating, passes through the hypodermas.

The current that does pass through the hypodermis passes only through the upper tew
millimeters of the hypodermis and does not lead to substantial deposition of thermal energy

decper in the hypodermis. As noted above, it 1s not practically possible to increase the
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amount and depth ot thermal energy dcposition by increasing the power of the current without
damaging the skin.

Despite the severe limitation on the power of the current that can be produced in
thhypodermis as described above and the concomitant limitation of the amount of thermal energy
deposited, such methods have proven to be not totally ineffective in treating subcutaneous fat in
the upper part of the hypodermis due to the structurc of the hypodermis. Specifically, a volume of
hypodermis comprises mostly poorly conductive adipocytes, substantially globules of poorly-
conducting fat with a small amount of conductive cytoplasm surrounded by electrically insulating
cell walls, and between the adipocytes a relatively small amount of conductive intercellular fluid.
As a result, electric current produced in the hypodermis passes almost entirely through the
intercellular fluid. Since the current is limited to the small volume of the intercellular fluid,
despite the relatively low current the concomitant local heating is to a relatively high temperature
(typically above 65 ”C) that is sufficient to substantially damage adjacent adipocyte walls leading
to necrosis or apoptosis thereof.

One solution proposed to deposit thermal energy to treat subcutaneous fat found deeper
in the hypodermis as well as to drive less current through the skin and more through the
hypodermis is to place the two electrodes on either side of a fold of tissue including the skin and
hypodermis, see for example, US 2007/0239075 or US 6,662,054, Clearly, such a treatment that
includes folding tissue, for cxample by suction, is unpleasant for both the subject and the person
performing the treatment, is not applicable to all body surfaces, and is of limited efficacy.

An interesting variant for the treatment of subcutaneous fat has been described in US
2007/0239075 which teaches a trcatment combining acoustic energy and deposited thermal
energy by using RF waves between two electrodes to produce a current in the hypodermis as
described above. Therein is reported that the combined cell-wall destroying effects of the two
types of energy are particularly effective. The combined treatment still suffers from
disadvantages, for example, the inability for treatment of deeper layers of the hypodermis except

by folding tissue with the concomitant disadvantages as described above.

Dielectric heating with RF waves
Another manner of applying RF waves to treat subcutaneous fat is through dielectric heating to

deposit thermal energy directly into a volume of tissue with a unipolar RF field, for instance, as

described in US 7,630,774 of the Applicant
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if fully set forth herein. An RF applicator including an RF radiative surface 1s coupled (e.g.,
contacted) with a skin surface and a RF energy source functionally-associated therewith 1s
activated to produce RF waves. The RF applicator directs RF waves generated by an
activated RF energy source to the RF radiative surface to form a unipolar RF field that passes
through skin with which the RF radiative surface 1s coupled. The formed RF ftield causes
dipolar molecules in the tissue, such as water, to rotate thereby depositing thermal energy in
the volume of tissue. It 18 important to note that at lower frequencies a unipolar RF field may
also deposit some thermal energy 1n tissue by other modes, for example by a current related
to polarization of the tissue. Such other modes arc more significant the lower the frequency of
the RF field: progressively less important at greater than 2 MHz, and being insubstantial at
frequencies greater than 10 MHz.

Compared to other tissue such as skin and muscle, the hypodermis includes relatively
few blood vessels and 1s therefore not effectively cooled by the body. Typically dielectric
heating with a unipolar RF ficld allows deposition of thermal energy sufficient to raise the
tcmpcraturc of a volumc of tissuc to about 45°C - 48°C. Although no dircct damagce 1s donc to
the adipocytes in the hypodermis by such heating (as opposed to heating resulting from a
current produced as described above), apparently such a temperature increase 18 sutficient to
raise the metabolic rate in the hypodermis to an extent that allows reduction of the amount of
fat in the hypodermis, for example, by increasing the rate of flow of bodily fluids through the
heated volume of tissue.

In diclectric heating with a unipolar RF field, the greater the power of the RF waves,
the deeper the RF field penetrates and consequently, the deeper thermal energy 1s deposited.
Accordingly, the maximal power of the RF waves for dielectric heating 1s limited to a power
that ensures that no substantial damage 18 done to tissue deeper than the hypodermis. That
said, diclectric heating allows treatment of subcutancous fat 1n the entire hypodermis
(typically to a maximal depth of about 2 ¢m) and not only 1n the upper layers thercof as 1n
heating by a produced current as discussed above.

For diclectric heating, the efficiency (proportion of power of the RF waves to thermal
energy deposited 1n the tissue) increases with increasing frequency. Thus although any
frcquency can bc uscd for diclectric hcating of tissuc, typically an RF ficld having a
frequency of at least 2 MHz, at lcast 4Mhz and even at least 10 MHz 1s preferred. That said,
dielectric heating of hypodermis with a unipolar RF field 1s most eftective at frequencies

between 10 MHz and 100 MHz, especially at higher values of this range.
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As with treatment with acoustic energy, a typical course of treatment of subcutancous
fat with RF waves, whether for diclectric heating or for heating by an induced current,
includes about six mndividual weekly treatment sessions. To treat an area the size of two
thighs and a stomach, each such individual session has a duration of about 1 hour.
Analogously to treatment with acoustic energy, the only manner of reducing the duration of a
given Individual session 1s by increasing the power of the RF energy source which, as
discussed above, 1s not practical.

It has been proposed during an individual treatment session to first treat a volume of
tissue with acoustic energy to damage adipocyte walls and then to deposit thermal energy m
the same volume of tissue by dielectric heating to accelerate local metabolism to clear the fat
and cell debris released into the volume of tissue by the acoustic energy treatment. In a single
such combined session to treat an area the size of two thighs and a belly, the duration of the
acoustic treatment 1s about 1 hour followed by dielectric heating for about 20 to 30 minutes.
It has been found that although each such session 1s of longer duration; such combined

trcatmcnts provide better results.

SUMMARY OF THE INVENTION

The mvention, 1n some embodiments, relates to the treatment of body tissue with
encrgy and more particularly, but not exclusively, to methods for the treatment of tissue such
as subcutanecous fat using a combination of thermal energy and acoustic energy. The
invention, in some embodiments, relates to devices for treatment of material with energy and
more particularly, but not exclusively, to a device suitable for the treatment of a volume of
material with a combination of thermal energy and acoustic energy, for example materials
such as hypodermis, especially for the treatment of subcutancous fat.

Thus, according to an aspect of some embodiments of the invention there 1s provided
a method of treatment of subcutancous fat in a subject, comprising: concurrently

a) conveying an effective amount of acoustic energy into a volume of hypodermis
through a skin surface with which an acoustic radiative surface of a sonotrode 1s coupled; and

b) depositing an effective amount of thermal energy into the volume of hypodermis
with a unipolar RF ficld through a skin surfacc.

According to an aspect of some embodiments of the invention there 15 also provided a
device suitable for treatment of a volume of material with energy through a surface, the

device comprising:
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an ultrasound transducer functionally associated with a sonotrode having an acoustic
radiative surface, the ultrasound transducer configured, when activated, to generate acoustic
waves that are directed by the acoustic radiative surface 1nto the volume of material through a
first portion of a surface with which the acoustic radiative surface 1s coupled to convey an
ctfective amount of acoustic energy into the volume of material; and

an RF (radio-frequency) applicator having an RF radiative surface, which RF
applicator 1s functionally associable with an RF energy source, the RF applicator configured
to direct RF waves, generated by an activated RF energy source functionally-associated with
the RF applicator, to the RF radiative surface to form a unipolar RF field, the unipolar RF
field passing through a second portion of the surface with which the RF radiative surface 1s
coupled to deposit an effective amount of thermal energy in the volume of material,
wherein the device 18 configured for concurrent depositing of the effective amount of thermal

energy and conveying of the effective amount of acoustic energy into the volume of material.

Unlcss otherwisc detined, all tcchnical and scientific terms uscd hercin have the samc
meaning as commonly understood by one of ordinary skill in the art to which the invention
pertains. In case of conflict, the specification, including definitions, will control.

b/

As used herein, the terms “comprising”, “including”, "having" and grammatical
variants thercof are to be taken as specifying the stated features, integers, steps or
components but do not preclude the addition of one or more additional features, integers,
steps, components or groups thereof. These terms encompass the terms "consisting of" and
"consisting essentially of™.

As used herein, the indefinite articles "a" and "an" mean "at least one" or "one or
more" unless the context clearly dictates otherwise.

As used herein, 1n some instances (for example in US Provisional Patent Application
61/487,720) the terms "ultrasound radiative surface" and "ultrasonic radiative surface" and
variants thercof are substantially synonymous with the term "acoustic radiative surface" and
variants thercof.

As used herein, 1n some 1nstances (for example m US 61/487,720) the phrase "o
deliver an effective amount of ultrasonic (mechanical) waves into a volume of material” and
variants thereof 1s substantially synonymous with the phrase "fo convey an effective amount
of acoustic energy into a volume of material" and variants thereof.

As used heremn, m some 1nstances (for example mn US 61/487,720) the phrase "to

direct an RF alternating electric field into a volume of material so that the RF alternating
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electric field conveys an effective amount of energy in the volume of material" and variants
thercof 1s substantially synonymous with the phrase "to deposit an effective amount of

thermal energy into a volume of material" and variants thereof.

BRIEF DESCRIPTION OF THE FIGURES

Some embodiments of the mvention are described herein with reference to the
accompanying figures. The description, together with the figures, makes apparent to a person
having ordinary skill in the art how some embodiments of the invention may be practiced.
The figures are for the purpose of illustrative discussion and no attempt 18 made to show
structural details of an embodiment in more detail than i1s necessary for a fundamental
understanding of the invention. For the sake of clarity, some objects depicted 1n the figures
are not to scale.

In the Figures:

FIG. 1A depicts an embodiment of a device suitable for treatment of a volume of
matcrial such as hypodcrmis according to the tcachings hercin fully assecmblced, 1n perspective
from a distal end;

FIG. 1B depicts the embodiment of the device of Figure 1A fully assembled, 1mn
perspective from a proximal end;

FIG. 1C depicts the embodiment of the device of Figures 1A and 1B, with some
components removed to show details of construction from the side;

FIG. 1D depicts the embodiment of the device of Figures 1A-1C, with some
components removed to show details of construction, 1n perspective from a distal end;

FIG. 1E depicts the embodiment of the device of Figures 1A-1D, with some
components removed to show details of construction, 1n perspective from a distal end;

FIG. 1F depicts the embodiment of the device of Figures 1A-1E, with some
components removed to show details of construction, in perspective from a proximal end; and

FIG. 2 schematically depicts a second embodiment of a device suitable for treatment

of a volume of material such as hypodermis according to the teachings herein.

DESCRIPTION OF SOME EMBODIMENTS OF THE INVENTION

The mmvention, 1n some embodiments, rclates to the treatment of body tissue with
energy and more particularly, but not exclusively, to methods for the treatment of tissue such
as subcutancous fat using a combination of thermal energy and acoustic energy. The

invention, 1n some embodiments, relates to devices for treatment of material with energy and
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more particularly, but not exclusively, to a device suitable for the treatment of a volume of
material with a combination of thermal energy and acoustic energy, for example materials
such as hypodermis, especially subcutancous fat.

The principles, uses and mmplementations of the teachings herein may be better
understood with reference to the accompanying description and figures. Upon perusal of the
description and figures present herein, one skilled in the art is able to implement the invention
without undue effort or experimentation. In the figures, like reference numerals refer to hike
parts throughout.

Before explaining at least one embodiment in detail, 1t 1S to be understood that the
invention 1s not necessarily limited 1n 1ts application to the details of construction and the
arrangement of the components and/or methods set forth herein. The invention 1s capable of
other embodiments or of being practiced or carried out 1n various ways. The phraseology and
terminology employed herein are for descriptive purpose and should not be regarded as
limiting.

As discusscd above, 1t 18 known to usc acoustic cncrgy to trcat subcutancous fat by
conveying acoustic energy using acoustic waves through the skin into the hypodermis, see for
example US 2011/0213279. It 1s also known to deposit thermal energy into a volume of tissue
through dielectric heating with a unipolar RF field to treat subcutanecous fat, see for example
US 7,630,774. Such treatments take an excessively long time: as discussed above, a treatment
session of an area the size of two thighs and a belly typically takes about an hour.

Increasing the power of such treatments 1s potentially unsate, including the possibility
of causing excessive damage, including to tissue other than the hypodermus.

As noted above 1n the introduction, 1t has been found that serially combining the two
treatments, ¢.g., acoustic energy trecatment followed by thermal energy treatment yields
improved results but no significant savings in time: as discussed above, such a serial
treatment session of an arca the size of two thighs and a stomach typically takes about 90

minutes.

Method of treatment of subcutancous fat

According to an aspcct of somc cmbodiments of thce tcachings hcrcin, there 1s
provided a method of treatment of subcutancous fat in a subject, comprising: concurrently

a) conveying an effective amount of acoustic energy, for example, generated by an
ultrasound transducer, 1into a volume of hypodermis through a skin surface with which an

acoustic radiative surface of a sonotrode 1s coupled; and
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b) depositing an effective amount of thermal energy into the volume of hypodermis
with a unipolar RF field through a skin surface, so that the heating 1s primarily by dielectric
heating. In some embodiments, the subject 1s a human. In some embodiments, the subject 1s a
non-human animal.

In some embodiments, conveying of the effective amount of acoustic energy
concurrently with the depositing of the eftective amount of thermal energy initiates a process
leading to a reduction of the amount of fat in the volume of hypodermis.

In some embodiments, the depositing of the effective amount of thermal energy is
sufficient to substantially raise (and in some embodiments maintain) the temperature of the
volume of hypodermis to a temperature of between 42°C and 48°C, and 1n some embodiments
between 42°C and 46°C.

Typically, the method 1s non-invasive, that is to say the skin surface remains intact,
and 1s not punctured or otherwise penctrated. In some embodiments, the method 1S a non-
surgical method, performed without breaking the skin. Embodiments of the method are
pcrformcd by any suitablc person, including mcdical personncl but typically acsthcetic
technicians such as beauticians.

In some embodiments, the concurrent exposure of the same volume of hypodermis to
both acoustic energy and thermal energy leads to greater efficacy and/or (surprisingly) shorter
treatment times when compared to equivalent treatments by thermal energy alone, acoustic
energy alone or serial treatment as described above. For example, in some embodiments, the
concurrent exposure of the same volume of a subcutancous fat layer to both acoustic energy
and thermal energy leads to faster treatment for similar effect (e.g., each session of around 30
to 35 minutes instead of 60 minutes) without requiring an increase of power of either
modality.

In some embodiments, it has been found that it 1s possible to reduce the power of the
acoustic energy and/or of the RF field when compared to equivalent treatments by thermal
energy alone, acoustic energy alone or serial treatment as described above and still achieve
comparable or better effects.

Although not wishing to be held to any one theory, 1t 1s believed that in some
cmbodiments the walls of adipocytcs that arc at or maintaincd at highcr than body
temperatures (¢.g., 42°C - 48°C, more typically 42°C - 46°C) are more susceptible to damage
and disruption by acoustic energy (whether continuously or discontinuously applied acoustic

energy) than adipocytes at body temperature.

10
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Although not wishing to be held to any one theory, it 18 believed that in some
embodiments the walls of adipocytes that are subject to repeated variations of temperature
(c.g., within a range having a lower value at least of body temperature and an upper value of
up to 48°C, more typically up to 46°C) are more susceptible to damage and disruption by
acoustic energy (whether continuously or discontinuously applied acoustic energy) than
adipocytes maintained at a constant temperature, especially at a constant temperature near
body temperature.

In some embodiments, the concurrent exposure of the same volume of hypodermis to
both acoustic energy and thermal energy reduces unwanted side-cffects apparent, for
example, when treating hypodermis with acoustic energy alone. For example, in some
embodiments, the incidence of ovoid adipocytes or lipid lacunae, which appearance 18 known
subsequent to treatment with acoustic energy alone, 1s reduced.

Gengerally, conveying acoustic energy into a volume of hypodermis through a skin
surface occurs when an acoustic radiative surface of a sonotrode functionally associated with
an activatcd ultrasound transduccr 1s couplcd with a skin surface, ¢.g., the acoustic radiative
surface 1s 1n direct contact with the skin, or 1s 1n indirect contact with the skin, for example,
through an impedance-matching material such as an ultrasound gel (e.g., Graham-Field
Ultrasound Gel, GF Health Products Inc., Atlanta, Georgia, USA) or petroleum jelly.

In some embodiments, the depositing of the effective amount of thermal energy into
the volume of hypodermis with a unipolar RF field 1s effected through a skin surface with
which an RF radiative surface of an RF applicator 1s coupled (e.g., 1s 1n direct contact or 18 in
indirect contact with the skin), the RF applicator directing RF waves generated, for example,

by an activated RF energy source.

Volume of hypodermis

The volume of hypodermis to which concurrently an effective amount of acoustic
energy 18 conveyed and an effective amount of thermal energy 1s deposited 1s of any suitable
size. That said, in typical embodiments the volume is between 7 cm’ and 56 cm’, e.g., a 1 to 2
cm deep cylinder of tissue beneath a skin area of between 7 cm” (e.g., a circle having a radius
of 1.5 cm) and 28 cm” (c.g., a circlc having a radius of 3 cm).

In a manner analogous to that known 1n the art, during a treatment session of a subject
in accordance with the method according to the teachings herein, the location of the volume
of hypodermis to which an effective amount of acoustic energy 1s conveyed and concurrently

an effective amount of thermal energy 1s deposited at any one time 1s changed, for example,
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by moving an acoustic radiative surface and an RF radiative surface during a single session to
couple to different portions of the skin surface of a subject. Accordingly, in some
embodiments, a lubricant material 1s applied between the skin surface and the radiative
surfaces. Often, such a lubricant 1s selected to also function as an impedance-matching
material as noted above.

It 18 important to note that in some, but not all, embodiments of the method according
to the teachings herein, the volume of hypodermis to which both the effective amount of
acoustic energy 18 conveyed and the effective amount of thermal energy 1s deposited 1s
smaller than the volume of hypodermis to which only an effective amount of acoustic energy
1s conveyed. Similarly, i some, but not all, embodiments of the method according to the
teachings herein, the volume of hypodermis to which both the effective amount of acoustic
energy 1S conveyed and the effective amount of thermal energy 1s deposited 1s smaller than

the volume of hypodermis to which only an effective amount of thermal energy 1s deposited.

Sharcd radiative surfaces

In order to increase the intersection of the volume of hypodermis to which the
effective amount of acoustic energy 1s conveyed with the volume of hypodermis in which the
effective amount of thermal energy 1s deposited, in some embodiments, the ultrasound
radiative surface and the RF radiative surtface are at least partially shared, that 1s to say, at
least a portion of the ultrasound radiative surface constitutes at least a portion of the RF
radiative surface. In some such embodiments, at least a portion of the ultrasound radiative
surface constitutes the RF radiative surface. In some such embodiments, at least a portion of

the RF radiative surtace constitutes the ultrasound radiative surface.

Same radiative surfaces

In some embodiments, the ultrasound radiative surface and the RF radiative surface
are substantially the same radiative surface, that 1s to say, the ultrasound radiative surface
constitutes the RF radiative surface. In such embodiments, the intersection between the
volume of hypodermis to which an effective amount of acoustic energy 1s conveyed and the
volumc of hypodcrmis to which an cffcctive amount of thermal cncergy 18 deposited 1s
greatest. Further, the volume of hypodermis atfected by only one of the two modalities 1s
smallest, reducing the chance of undesired side eftects, providing a more homogenous

treatment and rendering the method more easily implementable.
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Concurrent conveying of acoustic energy and depositing of thermal energy

The method of treating subcutancous fat described herein comprises concurrently
conveying an effective amount of acoustic energy and depositing an effective amount of
thermal energy into a volume of hypodermis with a unipolar RF field.

Sitmultaneous

In some embodmments by concurrent 1s meant that the conveying of the effective
amount of acoustic energy and the depositing of the effective amount of thermal energy 1s
simultaneous.

In some such embodiments, during a period of time, the conveying of the effective
amount of acoustic energy 1s continuous and the depositing of the effective amount of
thermal energy 1s also continuous. It 1s believed that in such embodiments, the efficacy of the
acoustic energy 18 1increased because the volume of hypodermis 1s maintained at a
temperature higher than body temperature.

In some such embodiments, during a period of time (¢.g., a period of time having a
duration of at Icast 10 scconds), thc convceying of the cffcctive amount of acoustic cnergy 1s
continuous and the depositing of the effective amount of thermal energy 1s discontinuous
(c.g., at wrregular intervals, regular intervals, periodically). In some such embodiments, the
depositing of the effective amount of thermal energy 1s during not less than 30% of the period
of time and even not less than 45% of the period of time. In some such embodiments, the
effective amount of thermal energy 1s deposited periodically during the period of time at a
rate not slower than 0.2 Hz. In some such embodiments, discontinuous depositing of thermal
energy maintains the volume of hypodermis at an elevated (higher than body) temperature. In
this context 1t 18 1mportant to note that subcutancous fat 1s typically less effectively cooled
than other tissue such as skin, so that in some embodiments discontinuous depositing of
thermal energy allows maintenance of subcutancous fat at clevated temperatures while
reducing the chance that other tissue 1s adversely effected by the heating. That said, in some
such embodiments, discontinuous depositing of thermal energy Ieads to repeated variations of
temperature of the volume of hypodermis. It 1s believed that in some such embodiments, the
cfficacy of the conveyed acoustic energy 1s increased because the adipocytes in the volume of
tissuc arc subjcct to repcated variation of tempceraturec.

Alternating

In some embodmments by concurrent 1S meant that the conveying of the effective

amount of acoustic energy alternates with the depositing of the effective amount of thermal

encrgy. In some such embodiments, the alternating 1s at a rate of not slower than 0.2 Hz. In
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some embodiments, the alternating 18 at regular intervals, for example, periodic while 1n some
embodiments, the alternating 1s at irregular intervals. In some such embodiments, such
discontinuous depositing of thermal energy maintains the volume of hypodermis at an
clevated temperature. Although 1t 1s generally accepted 1n the art that acoustic energy must be
continuously conveyed to be effective, 1t 1s believed that in some such embodiments, the
clevated temperature of the volume of hypodermis renders discontinuous conveying of the
acoustic energy effective.

In some such embodiments, discontinuous depositing of thermal energy leads to
repeated variations of temperature of the volume of hypodermis. Although 1t 1s generally
accepted 1n the art that acoustic energy must be continuously conveyed to be etffective, it 1s
believed that in some such embodiments, the varying temperature of the volume of
hypodermis renders the discontinuous conveying of the acoustic energy particularly effective.

It 1s important to note, that 1n some embodiments, as noted above, that discontinuous
depositing of thermal energy reduces the incidence of unwanted side-effects such as burning

of th¢ skin without substantially reducing the ctficacy of the trcatment.

Effective amount of acoustic energy

By an effective amount of acoustic energy 18 meant tensity and duration of acoustic
energy having suitable characteristics (e.g., direction, dispersion, frequency) to lead to a
desired effect, such as damage to adipocytes in a hypodermis, e.g., for aesthetic modification.
A person having ordinary skill in the art 1s familiar with or 1s able to decide or i1s able to
determine without undue experimentation what constitutes an effective amount of acoustic
energy 1n analogy to known commercially-available such treatments. In this context it 1s
important to note that, in some embodiments of the method described herein, the intensity of
the acoustic encrgy conveyed to the volume of hypodermis 1s reduced compared to
comparable known treatments allowing a reduction of unwanted side effects such as
unwanted damage to non-adipocyte cells.

Acoustic energy 18 conveyed with the use of acoustic waves. Acoustic waves having
any suitable characteristics may be used i implementing embodiments of the method
according to thc tcachings hcrein, cspecially acoustic waves having characteristics known in
the art of the treatment of adipose tissue, especially subcutancous fat such as discussed in US
2011/0213279. Such waves typically have a frequency of between 20 kHz and 100 kHz.

In some embodiments, the effective amount of acoustic energy 18 conveyed by

longitudinal waves.
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In some embodiments, the effective amount of acoustic energy 18 conveyed by
transSverse waves.

In some embodiments, the eftective amount of acoustic energy 1s conveyed by both
longitudinal and transverse waves.

In some embodiments, during a period of time that the method is implemented, the the
effective amount of acoustic energy 1s alternately conveyed by longitudinal waves and by

fransverse waves.

Effective amount of thermal encrgy

By an effective amount of thermal energy 18 meant an amount of thermal energy that
provides sufficient heating of the volume of hypodermis for an intended purpose, ¢.g., for
acsthetic modification. A person having ordinary skill in the art 1s familiar with or 1s able to
decide or is able to determine without undue experimentation what constitutes an effective
amount of thermal energy, typically an amount of thermal energy sufficient to raise the
tecmpcraturc 1n the volumc of hypodcermis to between 42°C and 48°C.

In this context i1t 1s important to note that, in some embodiments of the method
described herein, an equivalent desired effect 1s achieved when the temperature to which the
volume of hypodermis 1s raised 1s lower than that of comparable known treatments, ¢.g., to
between 42°C and 46°C, in some embodiments between 42°C and 45°C. In some
embodiments, such lower temperature 1s achieved by reducing the amount of the thermal
energy deposited i the volume of hypodermis when compared to comparable known
treatments, allowing a reduction of unwanted side effects such as burning of the skin and
unwanted damage to non-adipocyte cells.

To deposit the effective amount of thermal energy, a unipolar RF ¢lectric field having
any suitable characteristics (¢.g., mtensity, duration, frequency) 1s used in implementing
embodiments of the method according to the teachings herein, especially a unipolar RF
clectric field having characteristics known in the art of the treatment of adipose tissue,
espectally subcutancous fat layers such as discussed in US 7,630,774.

A unipolar RF ficld having any suitable frequency may be used for depositing the
ctfcctive amount of thecrmal cnergy, typically a frcquency between 3 Hz and 300 GHz. That
said, since the preferred mode of depositing thermal energy, in some embodiments it 1s
preferred that the unipolar RF field have a frequency of not less than 2 MHz, not less than 4

MHz and 1 some embodiments not less than 10 MHz. In typical preferred embodiments, the

unipolar RF field has a frequency between 10 MHz and 100 MHz.
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That said, due to legal lmitations as well as proven efficacy in the field of treating
adipose tissue, in some embodiments the unipolar RF field has a frequency 1n an Industnal,
Scientific and Medical (ISM) frequency band. Accordingly, in some embodiments the
unipolar RF field has a frequency 1n a frequency band selected from the group consisting of
generally accepted ISM frequency bands (13.560 MHz = 7 kHz, 27.120 MHz + 163 kHz,
40.68 MHz + 20 kHz, 2.45 GHz + 50 MHz, 5.800 GHz + 75 MHz, 24.125 GHz = 125 MHz),
frequencies that are subject to local acceptance (6.780 MHz + 15kHz, 61.25 GHz + 250
MHz, 1225 GHz == 500 MHz, 245 GHZ £ 1 GHz), accepted 1n International

Telecommunication Union Region 1 only (Europe, Asia, Africa, excluding the Far-East,

Occania and Australia; 43392 MHz = 870 kHz) and accepted i1n International

Telecommunication Union Region 2 only ( the Americas, 915 MHz = 13 MHz). That said, in
some embodiments the unipolar RF field has a frequency 1n a frequency band selected from
the group of frequency typically used in the ficld of treatment of adipose tissue, 13.560 MHz
+ 7 kHz, 27.120 MHz = 163 kHz, 915 MHz + 13 MHz, but most especially 40.68 MHz + 20
kHz.

Cooling of a skin surface

As 1s known 1n the art, depositing an effective amount of thermal energy mto a
volume of hypodermis through a skin surface to lead to a desired effect such as heating of the
hypodermis can lead to undesirable effects such as burning or scorching the skin. Such
undesirable effects may be aggravated by the concurrent (especially simultaneous) conveying
of acoustic energy as disclosed herem.

In some embodiments, the characteristics of the unipolar RF field are selected to
avold undesirable effects, for example, in accordance with the teachings of US 7,630,774.

Alternatively or additionally, 1n some embodiments a portion of the skin surface of
the subject 1s actively cooled.

In som¢ embodiments, the method further comprises, during the depositing of an
cffective amount of thermal energy, cooling a portion of a skin surface proximal to the
acoustic radiative surface, in some embodiments, thereby effecting cooling of a portion of a
skin surfacc proximal to thc acoustic radiative surface. In somc such ¢cmbodiments, the
ultrasound radiative surface 1s cooled, for example by the passage of a cooling fluid 1n
proximity thereto (for example near or through the sonotrode), to etfect cooling of the portion

of the skin surface.
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In some embodiments, the method turther comprises, during the depositing of an
cffective amount of thermal energy, cooling a portion of a skin surface proximal to the RF
radiative surface, in some embodiments, thereby effecting cooling of a portion of a skin
surface proximal to the RF radiative surface. In some such embodiments, the RF radiative
surface 1s cooled, for example by the passage of a cooling fluid in proximity thereto (for
example near or through the RF applicator), to effect cooling of the portion of the skin

surface.

Use of impedance matching material

As known 1n the art, conveying acoustic energy mnto a volume of tissuc such as
hypodermis through a skin surface 1s most effective when contact with the skin 1s made with
the help of an impedance matching material between the skin surface and the ultrasound
radiative surface, for example with a fluid material that also acts as a lubricant such as an
ultrasound gel (e.g., Graham-Field Ultrasound Gel, GF Health Products Inc., Atlanta,
Gceorgila, USA) or pctrolcum jclly. To assist in prcventing current passing from the RF
radiative surface to the subject being treated, 1t 1s generally preferred that such impedance

matching material be non-conductive, for example, petroleum jelly.

The method according to the teachings herein may be implemented using any suitable
device. That said, in some embodiments it 1s preferred to implement the method using a

device 1n accordance with the teachings herein.

Device suitable for the treatment of material through a surface

According to an aspect of some embodiments of the teachings herein there 1s provided
a device suitable for treatment of a volume of material, especially of biological tissue, with
energy through a surface, the device comprising:

an ultrasound transducer functionally associated with a sonotrode having an acoustic
radiative surface, the ultrasound transducer configured, when activated, to generate acoustic
waves that are directed by the acoustic radiative surface into the volume of material through a
first portion of a surfacc with which thc acoustic radiative surfacc 1s coupled to convey an
cttective amount of acoustic energy into the volume of material; and

an RF (radio-frequency) applicator having an REF radiative surface, which RF
applicator 1s functionally associable with an RF energy source, the RF applicator configured

to direct RF waves, generated by an activated RF energy source functionally-associated with
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the RE applicator, to the RF radiative surface to form a unipolar RF field, the unipolar RF
field passing through a second portion of the surface with which the RF radiative surface 1s
coupled to deposit an effective amount of thermal energy in the volume of material,,
primarily by dielectric heating,

wherein the device 1s configured for concurrent depositing of the effective amount of thermal
energy and conveying of the effective amount of acoustic energy mto the volume of material.

Activation of the ultrasound transducer to generate acoustic waves 18 as known 1n the
art, typically by providing an appropriately modulated electronic signal from an ultrasound
power source to the ultrasound transducer.

In some embodiments, the surface 1s a skin surface (especially mammalian skin
surface) and the material 1s hypodermis, especially subcutanecous fat. In such embodiments,
the conveying of acoustic energy and the depositing of the thermal energy 1s through the skin.
In such embodiments, the device 1s configured for the treatment of subcutancous fat. In some
such embodiments, the concurrent depositing of an effective amount of thermal energy (that
hcats the volumce of hypodcrmis) and conveying of the ctfcctive amount acoustic ecnergy (that
causes mechanical stress on adipocytes 1n the volume of hypodermis) 1s sufficient to initiate a
process leading to a reduction of the amount of subcutancous fat in the volume of
hypodermis, m some embodiments more effectively than either when applied alone, for
example 1n accordance with the method of treatment of subcutaneous fat according to the
teachings herein.

In some embodiments, the sonotrode and the RF applicator are configured so that the

volume of material (e.g., hypodermis) is of between 7 cm® and 56 cm’.

Shared radiative surface

As discussed with reference to the method of treatment in accordance with the
teachings herein, 1n some embodiments a radiative surface at least partially shared between
the sonotrode and the RF applicator increases the overlap of the volume of material to which
an effective amount of acoustic energy 18 conveyed and the volume of material in which an
ctfective amount of thermal energy 1s deposited. Accordingly, in some embodiments, at least
a portion of thc acoustic radiative surfacc constitutcs at Icast a portion of the RF radiative
surface. In some such embodiments, during use of the device the first portion of the (skin)
surface through which the acoustic energy 1s conveyed and the second portion of the (skin)

surface through which the thermal energy 1s deposited at least partially overlap.
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In some such embodiments, at least a portion of the acoustic radiative surface
constitutes the RF radiative surface. In some such embodiments, during use of the device the
second portion of the (skin) surface through which the thermal energy 18 deposited 1s a part of
the first portion of the (skin) surface through which the acoustic energy 1s conveyed.

In some such embodiments, at least a portion of the RF radiative surface constitutes
the acoustic radiative surface. In some such embodiments, during use of the device the first
portion of the (skin) surface through which the acoustic energy 1s conveyed 1s a part of the
second portion of the (skin) surface through which the thermal energy 1s deposited.

In some such embodiments, the acoustic radiative surface constitutes the RF radiative
surface. In some such embodiments, during use of the device the first portion of the (skin)
surface through which the acoustic energy 1s conveyed 1s substantially the same as the second
portion of the (skin) surface through which the thermal energy 1s deposited.

In some such embodiments, such a feature 18 implemented by using a component that
functions as both the sonotrode and as the RF applicator of the device, including parts,
subcomponcnts and asscmblics that arc bifunctional, scrving a function as a part of thc
sonotrode and a function as part of the RF applicator. Some such embodiments allow simple
and convenient use, for implementing embodiments of the teachings herein, but also for
trecatment exclusively by conveying acoustic energy or depositing thermal energy.
Accordingly, in some embodiments of the device as described herein, the sonotrode and the

RF applicator are the same component.

Rigid RF applicator

Some RF applicators known 1n the art are flexible components unsuitable for use as a
sonotrode (e.g., a printed circuit board such as described in US 7,452,358) due to the
inefficiency of flexible components for conveying acoustic energy. In contrast, in some
embodiments of a device herein, and particularly embodiments where at least a portion of the
acoustic radiative surface constitutes at least a portion of the RF radiative surface, the RF
applicator 1s sufficiently rigid for conveying the effective amount of acoustic energy. In some
such embodiments, the RF applicator 1s substantially a solid rigid mass of electrically-

conductivc matcrial.

Concurrent activation of ultrasound transducer and RF enerev source

In some embodiments, the configuration for concurrent depositing of an effective

amount of thermal energy and conveying of an etfective amount of acoustic energy includes
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configuration for concurrent activation of the ultrasound transducer and of a functionally-
associated RF energy source.

In some embodiments of a device as described herein, the device 1s configured so that
concurrent activation of the ultrasound transducer and of an RF energy source functionally-
assoclated with the RF applicator 1s mandatory. In such embodiments, activation of a
functionally-associated RF energy source 1s always concurrent with activation of the
ultrasound transducer.

In some embodiments of a device described herein, the device 1S configured so that
concurrent activation of the ultrasound transducer and of an RF energy source functionally-
associated with the RF applicator 1s optional. Typically, such embodiments allow a user to
select operation of the device 1n a “‘concurrent mode” where the ultrasound transducer and a
functionally-associated RF energy source are operated concurrently, and at least one other
mode. During operation in “‘concurrent mode™, the ultrasound transducer and a functionally-
associated RF energy source are concurrently activated, for example, allowing conveying of
acoustic cncrgy with concurrent dcpositing of thermals cnergy, for cxample m accordance
with the method of treatment according to the teachings herein.

In some such embodiments of a device where concurrent activation 18 optional, the
device 1s configured to allow at least two modes of operation: a mode of “acoustic only”
where the ultrasound transducer 1s activated alone (for example, allowing conveying of
acoustic energy without concurrent depositing of thermal energy, for example as described 1n
US 2011/0213279) and a “concurrent mode”.

In some such embodiments of a device where concurrent activation 1s optional, the
device 1s configured to allow at least two modes of operation: a mode of “RF only” where a
functionally-associated RF energy source 1s activated alone (for example, allowing depositing
of thermal encrgy alone without concurrent conveying of acoustic energy, for example as
described 1n US 7,630,774) and a “concurrent mode™

In some such embodiments of a device where concurrent activation 1s optional, the
device 1s configured to allow at least three modes of operation: an “ultrasonic only” mode, an
“RF only” mode and a “concurrent mode”.

In somc¢ cmbodiments, the device 1s configurcd so that the concurrent activation of the
ultrasound transducer and of an RF energy source functionally-associated with the RF
applicator 1s at least optionally simultancous activation, allowing simultaneous conveying of

acoustic energy and depositing of thermal energy. In some embodiments, such simultancous
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activation 18 mandatory. In some embodiments, such simultaneous activation 1s optional, ¢.g.,
selected by a user of the device.

In some embodiments, the ultrasound transducer 1s configured for continuous
activation during a period of time (typically at least 10 seconds, more typically at least 5
minutes or for a length of time limited by the user) for continuous conveying of acoustic
energy during the period of time; and a functionally-associated RF energy source 1s
configured for discontinuous activation (including at regular or irregular intervals, periodic,
non-periodic) during the period of time, for discontinuous depositing of thermal energy. In
some such embodiments, discontinuous activation of a functionally-associated RF energy
source 18 periodic activation, in some embodiments at a rate not slower than 0.2 Hz.

In some embodiments, the device 1s configured so that concurrent activation of the
ultrasound transducer and of a functionally-associated RF energy source 1s at least optionally
alternating activation, allowing alternatingly conveying of acoustic energy and depositing of
thermal energy during a period of time, in some embodiments the alternating activation 1s at a

ratc not slowcer than 0.2 Hz.

Cooling assembly

As discussed with reference to the method of treatment in accordance with the
teachings herein, depositing thermal energy potentially leads to undesirable side-ettects, such
as excessive heating and even burning of a surface coupled with the RF radiative surface, for
example, burning of a skin surface when a functionally-associated RF energy source is
activated. To reduce or avoid the incidence of such undesirable side-effects when the device
1s used and the RF energy source 1s activated, in some embodiments the device 1s configured
to actively cool a portion of a surface during treatment of a volume of material with the
device.

To this end, 1n some embodiments, a device further comprises a cooling assembly
configured, when activated, to cool at least one of the acoustic radiative surface and the RF
radiative surface. Since undesirable side effects (such as skin-burning) typically occur 1n
proximity to the RF radiative surface, in some embodiments cooling of one or both of the
radiative surfaccs allows cooling of a potentially atfccted surfacce.

In some embodiments, a device further comprises cooling-fluid channels 1n thermal
communication with at least one of the acoustic radiative surface and the RF radiative
surface. In some such embodiments, the cooling-fluid channels are in thermal communication

with at least one of the sonotrode and the RF applicator.
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During use of the device, such cooling-fluid channels can be functionally associated
with an appropriately configured cooling device or cooling assembly that drives a cooling
fluid through the cooling-fluid channels, thereby cooling at least one of the acoustic radiative
surface and the RF radiative surface. In some embodiments, the device further comprises a
cooling assembly functionally associated with the cooling-tfluid channels configured, when
activated, to drive a cooling fluid through the cooling-fluid channels, thereby cooling at least
one of the acoustic radiative surface and the RF radiative surface.

In some¢ embodiments, a cooling assembly 1s activatable during at lecast one of
activation of the ultrasound transducer and of an RF energy source functionally-associated
with the RF applicator.

In some embodiments, in addition to including a cooling assembly to cool a radiative
surface or 1n addition to being configured for use with a cooling assembly to cool a radiative
surface, a device includes an RF energy source or 18 configured to be functionally-associated
with an RF energy source configured in accordance with the teachings of US 7,630,774.
When such an RF cencrgy source 1s activated to gencratc RF waves to implement the
teachings herein, such an RF energy source allows the surface to remain at a substantially
lower temperature than deeper layers of the volume of material, reducing the mcidence of
undesirable side-effects.

In some embodiments, a device as described herein 1s devoid of a cooling assembly
and/or 1s not configured to be functionally associated with a cooling assembly but includes an
RF energy source or 1s configured to be functionally-associated with an RF energy source
configured 1n accordance with the teachings of US 7,630,774 allowing a surface to remain at
a substantially lower temperature than deeper layers of the volume of tissue when the RF

energy source 18 activated.

Acoustic waves

The ultrasound transducer, the sonotrode and the acoustic radiative surface are
configured to generate and direct acoustic waves of any suitable characteristics (frequencies,
energy and modes of use) that are effective for an intended use, for example for treatment of
subcutancous fat, for cxamplc as discloscd in US 2011/0213279. The ultrasound transduccr 1S
any suitable ultrasound transducer, for example similar to that disclosed in US 2011/0213279.
The sonotrode 1s any suitable sonotrode, for example similar to that disclosed in US

2011/0213279. The acoustic radiative surface 1s any suitable acoustic radiative surtace, for

example similar to that disclosed in US 2011/0213279.
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In some embodiments, the ultrasound transducer, the sonotrode and the acoustic
radiative surface are together configured so that the acoustic energy 1s conveyed by
longitudinal acoustic waves, for example as disclosed 1n US 2011/0213279.

In some embodiments, the ultrasound transducer, the sonotrode and the acoustic
radiative surface are together configured so that acoustic energy i1s conveyed by transverse
ultrasonic mechanical waves, for example as disclosed i US 2011/0213279.

In some embodiments, the ultrasound transducer, the sonotrode and the acoustic
radiative surface are together configured so that acoustic energy 1s conveyed by both
transverse and longitudinal ultrasonic mechanical waves, for example as disclosed in US
2011/0213279.

In some embodiments, the ultrasound transducer, the sonotrode and the acoustic
radiative surface are together configured so that acoustic energy 1s alternatingly conveyed by

transverse and longitudinal ultrasonic mechanical waves, for example as disclosed in US

2011/0213279.

REF Waves

The RF applicator 1s configured to direct RF waves generated by a functionally-
associated RF energy source and the RF radiative surface 1s configured to form a unipolar RF
field therefrom, the RF waves having any suitable characteristics (frequency, energy, modes
of use) that are effective for the intended use 1n accordance with the teachings herein, for
example for treatment of subcutancous fat as disclosed m US 7,630,774. An RF energy
source that 1s a component of the device or that the device 1s configured to be functionally-
assoclated with 1s any suitable RF energy source, for example similar to that disclosed in US
7,630,774. The RF applicator 18 any suitable RF applicator, for example similar to that
disclosed in US 7,630,774. The RF radiative surface 1s any suitable RF radiative surface, for
example similar to that disclosed in US 7,630,774,

That said and as discussed with reference to the method according to the teachings
herein, since the preferred mode of depositing thermal energy 1s diclectric heating with a
unipolar RF field, in some embodiments the RF applicator 1s configured to direct RF waves
and th¢ RF radiative surfacce 1s configurcd to form a unipolar RF ficld thercfrom having a
frequency of not less than 2 MHz, not less than 4 MHz and 1n some embodiments not less
than 10 MHz, and 1n typical preferred embodiments, between 10 MHz and 100 MHz.

In some embodiments the configuration of the RF applicator and of the RF radiative

surface 1s for RF waves having a frequency m an Industrial, Scientific and Medical frequency
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band, e.g., selected from the group consisting of 13.560MHz + 7kHz, 27.120 MHz + 163
kHz, 40.68 MHz £ 20 kHz, 2.45 GHz + 50 MHz, 5.800 GHz £ 75 MHz, 24.125 GHz £ 125
MHz, 6.780 MHz + 15kHz, 61.25 GHz + 250 MHz, 122.5 GHz + 500 MHz, 245 GHZ + 1
GHz, 433.92 MHz + 870 and 915 MHz + 13 MHz.

In some embodiments the configuration of the RF applicator and of the RF radiative
surface 18 for RF waves having a frequency of 13.560 MHz + 7 kHz, 27.120 MHz + 163 kHz,
915 MHz = 13 MHz, but most especially 40.68 MHz + 20 kHz.

In some embodiments, the device further comprises an RF energy source functionally
associated with the RF applicator configured, when activated, to gencrate RF waves sufficient
so that the unipolar RF ficld formed at the RF radiative surface is sufficient to deposit an
ctfective amount of thermal energy into the volume of material. By "effective amount” 1s
meant an amount sufficient to cause or initiate a desired effect in the volume of material.
Such an RF energy source 1s configured to generate RF waves of any suitable RF frequency.
That said, as discussed with reference to the method according to the teachings herein, since
thc preferred modc of depositing thermal encrgy 1s diclectric hcating with a unipolar RF ficld,
in some embodiments 1t 1s preferred that the RF energy source 1s configured to generate RF
waves having a frequency of not less than 2 MHz, not less than 4 MHz and 1in some
embodiments not less than 10 MHz, and 1n typical preferred embodiments, between 10 MHz
and 100 MHz, especially 13.560 MHz = 7 kHz, 27.120 MHz £+ 163 kHz, 915 MHz + 13
MHz, but most especially 40.68 MHz + 20 kHz.

In some embodiments, the surface 1s a skin surface, the material 1s hypodermis and
the RF applicator and the RF radiative surface are together configured so that a formed
unipolar RF field deposits an effective amount of thermal energy sufficient to heat the
volume of hypodermis. In some such embodiments, the effective amount of thermal energy
deposited 1s sufficient to raise (and 1n some embodiments maintain) the temperature of a
volume of hypodermis to a temperature of between 42°C and 48°C, or even to a temperature
of between 42°C and 46°C.

As noted above any suitable ultrasound transducer, sonotrode and acoustic radiative
surface may be used in implementing a device as disclosed herein. Further, as also noted
abovc any suitablc RF cncrgy source, RF applicator and RF radiative surfacc may bc uscd 1n
implementing a device as disclosed herein.

That said and also as noted above, 1n some embodiments, at least a portion of the
acoustic radiative surface constitutes at least a portion and even all of the RF radiative

surface, and in some embodiments, the ultrasound radiative surface constitutes the RF
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radiative surface. In some such embodiments, the sonotrode and the RF applicator are the
same component.

In the art (for example, in US 2011/0213279), it is known that to effectively convey
acoustic energy into a material, a sonotrode is preferably a solid rigid component, having an
acoustic impedance as close as possible to that of the material. For example to treat biological
tissue having an acoustic impedance of 1.3 - 2.0 MRayls (kg / (sm?x 10%)), a sonotrode is
typically glass or porcelain (~13 MRayls) or a metal having a low acoustic impedance like
aluminum and aluminum alloys (~17 MRayls). It is also known to coat the acoustic radiative
surface of a sonotrode with an acoustic matching layer, a layer of a sufficient thickness of a

material having an acoustic impedance between that of the sonotrode and the maternal 1nto
which the acoustic energy is conveyed. When the material is biological tissue, suitable acoustic
matching layers are layers of PVDF (polyvinylidene fluoride, 4.2 MRayl) or PTFE
(polytetrafluoroethylene, 3 MRayl), typically I to 50 micrometers thick, preferably 5 to 20
micrometers thick.

The Inventors have recognized that although RF applicators known in the art are typically
flexible components unsuitable for use as a sonotrode (€.g., a printed circuit board such as
described in US 7,452,358), it is possible to use a component that 1s substantially a solid rigid
(that is sufficiently rigid for conveying acoustic energy) mass of electrically conductive material
as both an RF applicator and as a sonotrode: the electrical conductivity of
the material renders such a combined component suitable for use as a waveguide to guide RF
waves and the rigidity of the material renders such a combined component suitable for conveying
acoustic energy.

Thus, in some embodiments of a device in accordance with the teachings herein, an
RF applicator is substantially a solid rigid mass of electrically-conductive material. In some

such embodiments, the RF applicator is a single integrally-formed component. Typical such

materials include aluminum (17.3 MRayls), titanium (27 MRayls), silver (38 MRayls), copper

(44.6 MRayls), gold (63.8 MRayls) and alloys thereof.
Particularly, in US 2011/0213279 is disclosed a sonotrode which description, details, and

modes of use as if fully set-forth herein. The Inventors have recognized that in some
embodiments, a similar such sonotrode can be appropriately modified for use also as an RF
applicator in accordance with the teachings herein. In some such embodiments, the sonotrode 1s

configured (inter alia, in terms of shape and dimensions) to be suitable for conveying both

longitudinal and transverse acoustic energy, as described in US 2011/0213279.
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As noted above, 1n some embodiments a device as described herein comprises or 18
functionally associated with a cooling assembly configured to cool, when activated, at least
one of the acoustic radiative surface and the RF radiative surface, for example to reduce the
incidence of undesired side-etfects such as burning of a surface such as of skin. In some such
embodiments, the cooling assembly comprises cooling-fluid channels 1n thermal
communication with at least one of the sonotrode and the RF applicator. For example,
some embodiments, especially when the RF applicator 1s a sohid rigid mass of conductive
material, the cooling-fluid channels are 1in thermal communication with a portion of the RF
applicator. Since the RF applicator 1s of a solid ¢lectrically-conductive material, thermal
conduction through the RF applicator 1s efficient. In such embodiments, when the cooling
assembly 1s activated, cooling fluid (e.g., a gas or liquid, typically a liquid such as water or an
aqueous solution) flows through the cooling-fluid channels, cooling the portion of the RF
applicator, and by conduction through the solid mass, also the RF radiative surface.

In some embodiments, the cooling-fluid channels pass through a component separate
from th¢ RF applicator that contacts a portion of thc RF applicator and arc therecby 1n thermal
communication with the RF applicator and the RF radiative surface.

In some embodiments, the cooling-fluid channels pass through bulk of the RFE
applicator and are thereby in thermal communication with the RF applicator and the RF
radiative surface. In some such embodiments, it 1s important that the dimensions and location
of the cooling-fluid channels be such as to not interfere with the functioning of the RF
applicator as a sonotrode, e¢.g., by causing internal reflection of acoustic waves or by
substantially reducing the structural integrity of the RF applicator.

It 1s known that an RF radiative surface of an RF applicator may optionally comprise
a layer of a diclectric material as an electrical msulator to prevent conduction of current
therethrough, into biological tissue being treated, as taught in US 7,630,774. As noted above,
it 1s also known that an acoustic radiative surface of a sonotrode comprises an acoustic
matching layer to increase the efficiency of conveying of acoustic energy from the sonotrode
into the biological tissue. The Inventors have recognized that some acoustic matching layers
are dielectric and can therefore also serve as an electrical mnsulator to prevent conduction of
currcnt therethrough. Accordingly, in some ecmbodiments (¢spccially where at Icast a portion
of the acoustic radiative surface constitutes at least a portion of the RF radiative surface) a
portion of the acoustic radiative surface constituting at least a portion of the RF radiative
surface comprises a layer ot a dielectric material, the layer having a thickness sufficient to

substantially prevent conduction of current therethrough when a functionally-associated RF
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energy source 18 activated and the layer also suitable for functioning as an acoustic matching
layer when the ultrasound transducer 1s activated. Suitable materials from which such a layer
1s fashioned 1nclude PVDF (polyvinylidene fluoride, 4.2 MRayl) and PTFE
(polytetratluorethylene, 3 MRayl), typically 1 to 50 micrometers thick, preterably 5 to 20
micrometers thick.

In some embodiments, the sonotrode and the RF applicator are the same component
fashioned of a solid rigid mass of aluminum or aluminum alloy, similar to the solid aluminum
sonotrode disclosed in US 2011/0213279. The electrical conductivity of aluminum and alloys
thercof 1s relatively low (compared to silver, gold and copper), but despite this has been
surprisingly found to be sufficient for acting as a waveguide to implement the teachings
herein. The acoustic impedance of aluminum and alloys thereof (~17.3 MRayls) 1s relatively
high compared to that of biological tissue, but 1s significantly lower than that of other
materials having a high electrical conductivity (e.g., silver, gold and copper). An additional
advantage of aluminum and alloys thercof 1s the layer of aluminum oxide (alumina, Al,Os)
that naturally forms on a surfacc thcrcof. The alumimmum oxidc forms a natural diclcctric laycr
that functions as an electrical msulator to prevent conduction of current therethrough, into
biological tissue being treated and burning of the biological tissue. Aluminum oxide has an
exceptionally high acoustic impedance (40.6 MRayls) but 1t has been found that the
aluminum oxide layer naturally forming on a solid rigid mass of aluminum such as a
sonotrode as described herein is typically thin enough (about 4 nm) to not substantially
interfere with the conveying of acoustic energy from an ultrasound transducer to a volume of
hypodermis. That said, in some embodiments a thicker aluminum oxide layer 1s applied (e.g.,
by anodization or by sputtering) to reduce the chance of burning of tissue and/or conduction
of current therethrough. Typically, such a thicker aluminum oxide layer 1s not more than 75
micrometers thick, not more than 50 micrometers thick and even not more than 40
micrometers thick. In some such embodiments, such a thicker aluminum oxide layer is
between 5 micrometers and 15 micrometers (e.g., 10 micrometers) thick. It has been
surprisingly been found that such a thick layer of aluminum oxide does not substantially
adversely affect the ability of a radiative surface to direct acoustic waves through a skin
surfacc when the RF applicator functions as a sonotrodc in accordance with the tcachings
herem.

In some such embodiments, the radiative surface 1s coated with an acoustic matching
layer (e.g., PVDF or PTFE) on the alummum oxide layer. Such double layer coating

improves the acoustic coupling of the acoustic radiative surface and tissue and also assists m
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preventing conduction of electrical current therethrough and/or burning of tissue, especially 1f
the alummum oxide layer 1s cracked or otherwise damaged. In such embodiments, the
aluminum oxide layer 18 not more than 75 micrometers thick, not more than 50 micrometers
thick, not more than 40 micrometers thick, and even between 5 micrometers and 15
micrometers (e.g., 10 micrometers) while the acoustic matching layer applied to the surface
of the aluminum oxide layer (e.g., of PVDF or PTFE) 1s typically 1 to 50 micrometers thick,
preferably 5 to 20 micrometers thick.

First embodiment of a device according to the teachings herein

An embodiment of a device for the treatment of a volume of material with energy
through a surface, specifically for treatment of subcutancous fat as described herein, device
10, 1s schematically depicted in Figures 1A-1F. In Figure 1A, device 10 1s depicted fully
assembled, viewed 1n perspective from a distal end 12. In Figure 1B, device 10 1s depicted
fully assembled, viewed 1n perspective from a proximal end 14. In Figure 1C, device 10 1s
dcpicted with some componcents removed to show dctails of construction, vicwed from the
side. In Figures 1D, 1E and 1F, device 10 1s depicted with some components removed to
show details of construction, viewed 1n perspective.

Device 10 1s a probe configured for concurrently depositing an effective amount of
thermal energy into a volume of hypodermis with a unipolar RF field through a skin surface
and for conveying an effective amount of acoustic energy into the volume of hypodermis
through a skin surface i accordance with embodiments of the method according to the
teachings herein. Specifically, the concurrent depositing of the effective amount of thermal
energy and of the effective amount of acoustic energy 1s sufficient to initiate a process
leading to a reduction of the amount of fat in the volume of hypodermis.

Device 10 comprises a rigid stacked ultrasound transducer 16 with a distally-located
sonotrode 18 having an acoustic radiative surface 20 and a cooling assembly made up of two
independently-operable portions, distal cooling assembly 22a and proximal cooling assembly
22b. A cooling-fluid channel of distal cooling assembly 22a 1s in thermal communication
with sonotrode 18 and, through the bulk of sonotrode 18, acoustic radiative surface 20.

Sonotrodc 18 also functions as an RF applicator so that in dcvice 10 the sonotrodc and
the RF applicator are the same component and so that at least a portion of acoustic radiative
surface 20 constitutes at least a portion of the RF radiative surface, specifically, acoustic

radiative surface 20 constitutes the RF radiative surface of the RF applicator of device 10.
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Sonotrode / RFF applicator

Sonotrode / RF applicator 18 1s fashioned from a single solid homogenous rigid block
of aluminum alloy (Al 7075), substantially as described in US 2011/0213279, allowing
functioning both as an RF applicator and to direct acoustic waves through radiative surface
20.

Substantially all exposed surfaces of sonotrode/RF applicator 18, and particularly
radiative surface 20 are coated with a native layer of alumina formed by exposure of
aluminum metal to atmospheric oxygen. The alumina layer 1s dielectric and of sufficient
thickness to substantially prevent conduction of current through radiative surface 20 when an
RF energy source functionally-associated with sonotrode / RF applicator 18 1s activated. The
alumina layer 18 sufficiently thin so as not to substantially impede passage of acoustic waves
through radiative surface 20.

Radiative surface 20 includes a plurality of concentric circular ridges, similar to that
described in US 2011/0213279. The diameter of radiative surface 20 1s 4 cm, allowing device
10 to concurrcntly convey an ctfcctive amount of acoustic ecnergy and/or deposit an cffcctive
amount of thermal energy to a cylinder of tissue having a diameter of up to about 4 ¢cm and to
a depth of up to about 2 cm deep, that 1s to say a volume of hypodermis of up to about 25

cm’.

Stacked ultrasound transducer

The components and assembly of stacked ultrasound transducer 16 are clearly
depicted 1in Figures 1, especially Figure 1C and Figure 1D.

In Figure 1D, sonotrode / RF applicator 18 1s depicted as transparent, showing central
shaft 24 which a distal end 26 thercof 1s screwed 1nto and thereby secured into a hole 1n the
proximal end of sonotrode / RF applicator 20. For clarity, not depicted are the threads on
distal end 26 or the counter-threads in the hole in sonotrode / RF applicator 20.

Intimately contacting and surrounding most of the length of central shaft 24 1s
clectrically insulating sleeve 30 of PTFE (a tube having a wall thickness of 1-2 mm) which
distal end contacts a proximal face 32 of sonotrode / RF applicator 20.

At a proximal cnd 28 of ccntral shaft 24 1s a sapphirc insulating washer 34 having a
larger diameter than msulating sleeve 30. Insulating washer 34 1s partially surrounded by a

rubber washer 36.
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A brass nut 38 15 screwed over threads (not depicted) on proximal end 28 of central
shaft 24 to the extent that brass nut 38 presses msulating washer 34 and insulating sleeve 30
tightly together and against proximal face 32 of sonotrode / RF applicator 20.

In Figure 1C, the components of device 10 that are stacked along central shaft 24
between sonotrode / RF applicator 18 and insulating washer 34, and electrically insulated
from central shaft 24 are depicted. From proximal to sonotrode / RF applicator 18 in a
proximal direction, the components are: a brass sleeve 40 (which distal end cups and 1s 1n
Intimate contact with a proximal end 42 of sonotrode / RF applicator 18), a sapphire insulator
ring 44, a distal transducer plate 46, a distal piczoclectric ceramic ring 48, a central
transducer plate 50, a proximal piezoelectric ceramic ring S2, a proximal transducer plate 54,
negative contact 36 and a proximal cooling assembly 22b. The stacked components all have a
central hole dimensioned to intimately fit over insulating sleeve 30, preventing any
substantial movement of the components perpendicularly to the axis of central shaft 24, The
thicknesses of the stacked components are such that when device 10 1s fully assembled, brass
nut 38 prcsscs against insulating washcr 34 that presscs against a proximal facc S8 of
proximal cooling assembly 22b so that the stacked components arc all tightly pressed
together and against proximal face 32 of sonotrode / RF applicator 18, preventing any

substantial movement of the components.

Cooling Assembly
As noted above, device 10 comprises a cooling assembly made up of two
independently-operable portions, distal cooling assembly 22a and proximal cooling assembly

22b.

Distal cooling assembly

Surrounding a proximal portion 60 of brass sleeve 40 and held in place against a
flange 62 of brass sleeve 40 with screws 64 1s distal cooling assembly 22a including a brass
distal cooling envelope 66a. A distal cooling channel 1s defined by a portion 68 of an outer
surface of proximal portion 60 of brass sleeve 40 between two O-rings (not depicted) placed
in grooves 70, the two O-rings, and an mncr surfacc of distal cooling cnvclope 66a. The
distal cooling channel 1s 1n fluild communication with a distal cooling fluid inlet 72a and a
distal cooling fluid outlet 74a. Cooling fluid entering through cooling fluid inlet 72a 1s forced

through the distal cooling channel to contact portion 68 of the outer surface of proximal
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portion 60 of brass sleecve 40 to cool brass sleeve 40 and, by thermal conduction, sonotrode /

RF applicator 18 and radiative surface 20.

Proximal cooling assembly

Proximal cooling assembly 22b 1s stacked along central shaft 24 surrounding
insulating sleeve 30. Proximal cooling assembly 22b includes a hollow proximal cooling
envelope 66b that defines a proximal cooling channel in fluild communication with a
proximal cooling fluid inlet 72b and a proximal cooling fluid outlet 74b. Cooling fluid
entering through cooling fluid inlet 72b 1s forced through the proximal cooling channel to
cool the walls of proximal cooling envelope 66b, and by thermal conduction, negative
contact 56, proximal transducer plate 54, proximal piczoelectric ceramic ring 52, central

transducer plate 50, distal piezoelectric ceramic ring 48 and distal transducer plate 54.

Coaxial cable and coil

A coaxial cablc 76 and a coppcr coil 78 provide functional association of dcvice 10
with an RF energy source. Coaxial cable 76 1s any (commercially-available) coaxial cable
able to direct RF waves for operating device 10 as described above. Copper coil 78 1s a coil
selected to function as a high-impedance inductor for RF electrical currents (e.g., 40 MHz)
but as a conductor for lower frequency electrical currents (e.g., less than 200 kHz)

The outer conductive shield of coaxial cable 76 1s in direct electrical contact with
negative contact 56 so that negative contact 56 and proximal transducer plate 54 are ground
for an RF current from coaxial cable 76. The outer conductive shield of coaxial cable 76 1s n
clectrical contact with distal cooling envelope 66a, brass sleeve 40 and sonotrode / RF
applicator 18 through coil 78.

The mner conductive core of coaxial cable 76 1s 1n direct electrical contact with distal
cooling envelope 66a, brass sleecve 40 and sonotrode / RF applicator 18 to direct RF waves
from an RF energy source to sonotrode / RF applicator 18.

As 15 clear to one skilled 1n the art, the stacked construction of ultrasound transducer
16 constitutes a capacitor, most significantly across sapphire insulator ring 44 between distal
transduccr platc 46 and thc proximal facc of brass slccve 40. Such a capacitor absorbs powcr
from RF waves, potentially preventing conduction of a sufficiently powertul RF waves to
sonotrode / REF applicator 18. To avoid such an etfect, copper coil 78 acts as an inductor at
radiofrequencies (e.g., 40 MHz) located 1n parallel to the capacitor, lowering the impedance

of the circuit and thus preventing the capacitor from absorbing energy from RF waves. For
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lower frequencies, e¢.g., less than 200 kHz such as ultrasound, coil 78 acts as a short circuit

between sonotrode / RF applicator 18 and negative contact 56.

Operation of device 10

As device 10 1s substantially a probe, for use device 10 must be functionally
assoclated with other devices to function: an RF energy source to generate and provide RF
waves through coaxial cable 24, an ultrasound power source to generate and provide an
appropriately-modulated alternating current to plates 46, S0 and S4 of ultrasound transducer
16 and a cooling fluid pump to generate, drive and recycle cooling fluid through cooling-fluid
channels of cooling assembly 22a and 22b.

To generate and convey acoustic energy through radiative surface 20, an ultrasound
power source 1S functionally associated with ultrasound transducer 16, by clectrically
connecting a positive lead of the ultrasound power source to central transducer plate 50 and
clectrically connecting a ground lead of the ultrasound power source to distal transducer plate
48 and to proximal transduccr platc 52. As known 1n thc art of "sandwich typc" ultrasound
transducers, ultrasound transducer 16 1s activated when the ultrasound power source
generates an appropriately-modulated current alternating at a desired frequency, typically of
between 1 kV and 1.5 kV alternating at between 100 kHz and 160 kHz, generating an
alternating electrical field between the pairs of transducer plates 46 / 50 and 50/ 54.
Piezoelectric ceramic rings 48 and 52 located in the alternating electrical field between the
pairs of transducer plates axially expand and relax at the frequency of the electric field,
producing ultrasonic vibrations that are transmitted through the rigid structure of ultrasound
transducer 16, including radiative surface 20 of sonotrode / RF applicator 18 as acoustic
waves. If radiative surface 20 1s acoustically coupled with a surface of a material such as a
skin surface, radiative surtace 20 directs the acoustic waves mto the volume of material
through the surface to convey acoustic energy into the volume of the material. Depending on
the frequency of the current from the ultrasound power source, sonotrode / RF applicator 18
directs longitudinal (~100 kHz) or transverse (~160 kHz) acoustic waves through radiative
surface 20, as described in US 2011/0213279. .

To dcposit thermal cnergy i the volume of matcrial through radiative surface 20, an

RF energy source 1s functionally associated with sonotrode / RF applicator 18 through

coaxial cable 76. The RF energy source 18 activated to generate REF waves (e.g., 40.68 MHz &
20 kHz) that are directed by coaxial cable 76 through distal cooling envelope 66a, brass
sleeve 40 to sonotrode / RF applicator 18. Sonotrode / RF applicator 18 directs the RF waves
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to radiative surface 20 where a unipolar RF field having a frequency of the RF current 1s
formed. The unipolar RF field deposits an effective amount of thermal energy 1n the volume
of material by dielectric heating.

The ultrasound power source and the RF energy source can activated separately or
concurrently (including simultaneously), allowing both separate and concurrent (including
simultaneous) conveying of acoustic energy and depositing of thermal energy in a volume of

material through radiative surface 20.

Second embodiment of a device according to the teachings herein

An additional embodiment of a device for the treatment of a volume of material with
energy through a surface, specifically for the treatment of subcutancous fat as described
herein, device 80, 1s schematically depicted in Figure 2 during use for treatment of a volume
82 of tissue including subcutancous fat 84 through a skin surface 86. It 1s important to note,
particularly with regard to Figure 2, that some objects are not depicted to scale for clarity.

Dcvice 80 compriscs a probc 88, substantially identical to device 10 dcscribed with
reterence to Figures 1, and additionally comprises a controller 90, an RF energy source 92
(c¢.g., such as described in US 7,630,774) functionally associated with a sonotrode/RF
applicator 18 of probe 88 through controller 90 and coaxial cable 76 and an ultrasound power
source 94 (e.g., such as described in US 2011/0213279) functionally associated with an
ultrasound transducer 16 through controller 90 and leads 96.

Device 80 also comprises cooling fluid pump 98, that 1s functionally associated with
the cooling fluid channels of the cooling assemblies of probe 88 through the cooling fluid and
outlets, cooling fluid pump 98 configured to produce and drive water chilled to between 0°
and 20°C as a cooling fluid through the cooling-fluid channels via conduits 100a and 100b,
standard flexible cooling-fluid conduits known 1n the art.

In Figure 2, device 80 1s depicted where a radiative surface 20 of a sonotrode/RF
applicator 18 of probe 88 is coupled (by direct contact after application of petroleum jelly) to
a skin surface 86 of a human subject.

For use 1n treating subcutancous fat, a user activates controller 90 and selects a mode
of opcration.

The user can select a first "ultrasonic only" mode of use where only the ultrasound
transducer of device 80 1s activated (and not RF energy source 92) for treatment of volume of
tissue 82 with acoustic energy alone, as known 1n the art, for example as described in US

2011/0213279. As known 1n the art, the user selects the various acoustic energy parameters
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(intensity, frequency, transverse and/or longitudinal waves) through controller 90. Controller
90 activates ultrasound power source 94 to provide an appropriately-modulated electronic
signal (in accordance to the user-selected parameters) to the ultrasound transducer, thereby
activating the ultrasound transducer to convey an effective amount of acoustic energy into
volume 82 of tissue through skin surface 86, leading to a desired etftect.

Alternatively, the user can select a second "RF only" mode of use where only RF
energy source 92 1s activated (and not the ultrasound transducer) for treatment of with
thermal energy alone, as known 1n the art, for example as described 1n US 7,630,774, As
known 1n the art, the user sclects the various RF parameters (¢.g., intensity, frequency)
through controller 90. Controller 90 activates RF energy source 92 to provide appropriately-
modulated RF waves (in accordance to the user-selected parameters) that are directed by
sonotrode / RF applicator 18 to radiative surface 20 to form a unipolar RF ficld at radiative
surface 20 that deposits an effective amount of thermal energy through skin surface 86 to
volume of tissue 82. Consequently and as known in the art, the temperature of the
subcutancous fat 1n volumc 82 of tissuc riscs (c.g., tcmpcraturc of between 42°C and 48°C),
leading to a desired ettfect.

Alternatively, the user can select a third "concurrent” mode of use where RF energy
source 92 1s activated (substantially as described above) concurrently with activation of the
ultrasound transducer (substantially as described above). By concurrent activation 1s meant 1n
accordance with any of the embodiments of the method of treatment as described above
(including simultaneous and alternating activation). Due to the fact that ultrasound radiative
surface 20 constitutes the RF radiative surface, the intersection of the volume of tissue 1n
which the thermal energy 1s deposited and the volume of tissue 1into which acoustic energy 1s
conveyed, and consequently the volume 82 to which an effective amount of thermal energy 1s
deposited concurrently with conveying of an effective amount of acoustic energy 18 maximal,
depending in the user-defined settings, up to 25 cm’.

As 18 known 1n the art, the user can move radiative surface 20 to portions of skin
surface of the treated subject different from surface 86 to treat volumes of hypodermis
different from volume 82.

Indcpendently of controller 90, at any timce and during opcration of device 80 1n any
mode, a user optionally also activates cooling fluid pump 98 and selects a cooling fluid
temperature (typically between 15° and 20°C). Cooling fluid pump 98 operates, chilling a
cool fluid (water) and driving the chilled cooling fluid through conduits 100a and 100b.
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Cooling tluid pump 98 drives the chilled cooling fluid through conduit 100a into the
distal cooling channel of probe 88. As the distal cooling fluid channel 1s 1n thermal
communication therewith, the cooling fluid cools sonotrode/RF applicator 18, radiative
surface 20 and thereby skin surface 86, numbing the skin and reducing the chance of

undesirable side-etfects such as burning of the skin surface.

In the embodiments described above with reference to the figures, radiative surface 20
of sonotrode / RF applicator 18 includes a plurality of concentric circular ridges as described
in US 2011/0213279. In some, non-depicted, related embodiments, the radiative surface
includes other features, for example as described i US 2011/0213279, such as multiple
discontinuous surfaces, plurality of protrusions, plurality of vertical ridges.

In the embodiments described above with reference to the figures, sonotrode / RF
applicator 18 has a shape and dimensions allowing delivery of longitudinal ultrasonic waves
at ~100 kHz and delivery of transverse ultrasonic waves at ~160 kHz through radiative
surfacc 20, as dcscribed m US 2011/0213279. In somc cmbodiments, a sonotrodc / RF
applicator has a different shape and/or dimensions for delivering difterent frequencies of
longitudinal and/or transverse ultrasonic waves.

In the embodiments described above with reference to the figures, radiative surface 20
of sonotrode / RF applicator 18 1s coated with a native (about 4 nm thick) electrically-
insulating layer of dielectric alumina. In some embodiments, a radiative surface of an RF
applicator 1s coated with a thicker electrically-insulating layer, for example, not more than 50
micrometers, not more than 40 micrometers, more typically between 5 micrometers and 135
micrometers (€.g., 10 micrometers) thick layer of alumina (e.g. apphied by anodization or
sputtering). It has been surprisingly been found that such thick layers of alumina do not
substantially adversely affect the ability of a radiative surface 20 to direct acoustic waves
through a skin surface when the RF applicator functions as a sonotrode 1n accordance with
the teachings herein.

In some embodiments, a radiative surface 20 1s coated (additionally to an alumina
layer) with a second layer (¢.g., of PTFE or PVDA) that functions as an acoustic matching
laycr when an ultrasound transduccr 16 1s activated, and in somc cmbodiments the sccond
layer functions also as an additional layer to prevent conduction of current through radiative
surface 20 when a functionally-associated RF energy source such as 92 1s activated.

In some embodiments, a radiative surface 20 1s coated (instead of the alumma layer)

with a layer (e.g., of PTFE or PVDA) that functions both as as an acoustic matching layer
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when an ultrasound transducer 16 1s activated and as a dielectric layer to prevent conduction
of current through radiative surface 20 when a functionally-associated RF energy source such
as 92 1s activated.

In the embodiments described above with reference to the figures, coil 78 functions as
an 1nductor to prevent loss of energy from RF waves generated by an RF energy source. In
some embodiments, other types of mductors are used nstead.

In the embodiments described above with reference to the figures, the outer
conductive shield of coaxial cable 76 1s 1n direct electrical contact with negative contact 56 so
that negative contact 56 and proximal transducer plate 54 are ground for an RF current from
coaxial cable 76. In some embodiments, the outer conductive shield of coaxial cable 76 1s in
direct electrical contact (alternately or additionally) with other components of a transducer,
¢.g., a central transducer plate such as 50 or a distal transducer plate such as 46.

In the embodiments described above with reference to the figures, devices 10 and 80,
and especially the respective radiative surfaces 20 of sonotrodes / RF applicators 18 are
configurcd to concurrcntly convey an cffcctive amount of acoustic ¢nergy and deposit an
effective amount of thermal energy to a cylinder of tissue having a volume of up to 25 cm’. In
some embodiments, the maximal size of such a volume of tissue 1s greater or lesser, 1n some
embodiment up to 56 cm”.

In the embodiment described above with reference to Figure 2, controller 90 of device
80 1s configured to allow a user to use device 80 in three modes: activation of the ultrasound
transponder for acoustic energy treatment alone, activation of RF energy source 92 for
thermal energy treatment alone, and concurrent activation for concurrent treatment.

In some embodiments, a device 1s configured for mandatory concurrent activation of
an ultrasound transponder and of an RF energy source.

In some embodiments, such a device 18 configured to allow a user to use the device 1n
two modes: activation of the ultrasound transponder for conveying acoustic energy only or
concurrent activation of the RF energy source for thermal energy deposition with activation
of the ultrasound transponder for conveying acoustic energy.

In some embodiments, such a device 18 configured to allow a user to use the device in
two modcs: activation of thc RF c¢ncrgy source for RF cncrgy trcatment only or concurrent
activation of the RF encrgy source for thermal energy deposition with activation of the
ultrasound transponder for conveying acoustic energy.

In the embodiment described above with reference to the Figures, devices 10 and 80

comprise a cooling assembly including two independently-operable portions 22a and 22b,

56



10

15

20

25

30

CA 02836706 2013-11-19
WO 2012/156944 PCT/1B2012/052497

22a being 1n thermal communication with sonotrode / RF applicator 18. In some (non-
depicted) embodiments, such devices comprise a cooling assembly mncluding more than two
imdependently-operable portions or only one portion. In some (non-depicted) embodiments,
such devices are devoid of a cooling assembly.

In the embodiment described above with reference to the Figures, devices 10 and 80
comprise a cooling assembly including a cooling-fluid channel in thermal communication
with sonotrode / RF applicator 18. In some (non-depicted) embodiments, such devices
comprise a cooling assembly including at least one cooling-channel that passes through the
sonotrode / RF applicator 18. In some (non-depicted) embodiments, such a device comprises
a cooling assembly devoid of cooling-channels.

In the embodiment described above with reference to the Figures, devices 10 and 80
and the components thercof are together configured for the generation and directing
longitudinal ultrasonic mechanical waves and of transverse ultrasonic mechanical waves. In
some (non-depicted) embodiments, such devices are configured for generation and directing
only longitudinal ultrasonic mcchanical waves. In somc (non-depicted) cmbodiments, such
devices are configured for generation and directing only transverse ultrasonic mechanical
waves.

The teachings herein have been described 1n the context of the treatment of
subcutancous fat in the hypodermis through the skin. In some embodiments, the teachings
herein are applied to the treatment of a volume of a material through a surface other than a

skin surface and/or a material other than biological tissue.

It 1s appreciated that certain features of the invention, which are, for clarity, described
in the context of separate embodiments, may also be provided in combination in a single
embodiment. Conversely, various features of the invention, which are, for brevity, described
in the context of a simngle embodiment, may also be provided separately or in any suitable
subcombination or as suitable 1n any other described embodiment of the invention. Certain
features described in the context of various embodiments are not to be considered essential
features of those embodiments, unless the embodiment 1s moperative without those elements.

Although thc mvention has been described 1n conjunction with specific ecmbodiments
thereof, 1t 15 evident that many alternatives, modifications and variations will be apparent to
those skilled in the art. Accordingly, 1t 1s intended to embrace all such alternatives,

modifications and variations that fall within the scope of the appended claims.
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Citation or 1dentification of any reference in this application shall not be construed as
an admission that such reference 1s available as prior art to the invention.
Section headings are used herein to ease understanding of the specification and should

not be construed as necessarily lmiting.
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CLAIMS
1. A device suitable for treatment of a volume of hypodermis with energy through a skin

surface, the device comprising:

a sonotrode having an acoustic radiative surface and an ultrasound transducer
functionally associated with the sonotrode and configured, when activated, to generate
acoustic waves that are directed by said acoustic radiative surface into the volume of
hypodermis for conveying an effective amount of acoustic energy 1nto the volume of
hypodermis for aesthetic modification thereof; and an RF energy source and an RF
applicator having an RF radiative surface functionally associable with the RF energy
source, said RF applicator being configured to direct RF waves generated by an
activated RF energy source to said RF radiative surface to form a unipolar RF field for
depositing an effective amount of thermal energy in the volume of hypodefmis for
aesthetic modification thereof, wherein the device is configured for activation of said
ultrasound transducer and said RF energy source independently or concurrently; said
sonotrode and said RF applicator are the same component whereby the acoustic
radiative surface and the RF radiative surface are coupled to the same portion of the
skin surface; and the radiative surface common to the sonotrode and the RF applicator
comprises a layer of dielectric material, configured to serve as an insulator to prevent
conduction of current through the RF radiative surface when coupled to an active RF
energy source and as an acoustic matching layer when coupled to an active ultrasound

transducer.
2. The device of claim 1, wherein said RF applicator 1s configured to direct RF waves

having a frequency of not less than 2 MHz and said RF radiative surface 1s configured to torm

a unipolar RF field having a frequency of not less than 2 MHz.

3. The device of claim 1 or 2, wherein said sonotrode and said RF applicator are

configured so that said volume of hypodermis treated at any one time is between 7 cm’ and
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56 cm’.

4. The device of any one of claims 1 to 3, wherein said RF applicator is substantially a

solid rigid mass of electrically-conductive material.

S. The device of any one of claims 1 to 4, wherein the device has multiple operating
modes and wherein the acoustic energy source and the RF energy source are each activated

either continuously or intermittently.

6. The device of claim 5, wherein the RF energy source is activated periodically at a rate

of not less than 0.2 Hz.

7. The device of any one of claims 1 to 6, further comprising a cooling assembly
configured, when activated, to cool at least one of said acoustic radiative surface and said RF

radiative surface.

3. The device of any of claims 1 to 7, wherein said ultrasound transducer, said sonotrode
and said acoustic radiative surface are together configured so that said acoustic energy is

conveyed by at least one of longitudinal waves and transverse waves coupled into the

hypodermis.

9. The device of claim 8, wherein both longitudinal and transverse waves are coupled

into the hypodermis alternately.

10. A non-therapeutic method of using the device of any of claims 1 to 10 for cosmetic
treatment of human skin, wherein the device is controlied to raise the temperature of the
volume ot hypodermis to above 42°C and to maintain it between 42°C and 48°C for a period

of time.
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