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FITLE OF THE INVENTION
A METHOD AND APPARATUS FOR ULTRASOUND TISSUE TREATMENT

TECHNOLOGY FIELD

[0001] The present device is in the field of ultrasound tissue treatment and, in

particular, adipose tissue treatment for cosmetic and aesthetic purposes.

BACKGROUND

[0002] Reduction of subcutaneous fat layers, or adipose tissue, is an aesthetic
treatment for which there is a growing demand. Among the different physical therapies
available, the application of ultrasound is emerging as a leading adipose tissue removal
and body shaping technology. Methods associated with this technology are based on
the delivery of a dose of electromagnetic or ultrasound energy through the skin of a
recipient into the subcutaneous adipose tissue to a volume of tissue to be treated. It is
believed that US Patent Nos. 5,143,063, 5,507,790, 6,071,239, 6,113,558, United
States Patent Publication No. 2004/0106867, and US Patent Application 11/335,181 to
the assignee of the present application reflect the current state of this technology.
[0003] In order to deliver to the recipient the ultrasound dose, a caregiver attaches
an applicator, including ultrasound transducers, to the recipient’s skin and transmits
the desired dose of energy. The caregiver, however, has no indication of the quality of
coupling and transmission of the ultrasound through the tissue, and has no information
on the interaction of the ultrasound energy with the tissue. There is.no information on
how successful was the treatment in the change of the aggregation state (composition)
of the adipose tissue, or when the introduction of ultrasound into the target volume
may discontinue and treatment of the next volume may begin. Known technologies for
treatment control are based on the measurement of ultrasound reflections. From these
reflections they derive the information on the interaction of the ultrasound energy with
the tissue. However, the reflected energy does not include sufficient information on the
processes taking place in the target tissue volume.

[0004] In order to increase the ultrasound power concentrated in a target volume a

number of transducers are focused on the same volume and operated simultaneously
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and continuously. The interaction between the power of ultrasound waves emitted by
these transducers, emitting one in the direction of the others, is a phenomenon that sets
emitted power limit. Each transducer has an upper limit of the power density, and the
power density at the transducer is the sum of the power emitted by the transducer and
the power impinged upon it from the other transducers.

[0005] For faster development of the ulfrasound application technology there is a
need to resolve these and other problems and enable a better control over the

ultrasound treatment process.
BRIEF LIST OF DRAWINGS

[0006] The method and apparatus disclosed are herein presented, by way of non-
limiting examples only, with reference to the accompanying drawings, wherein like
numerals depict the same elements throughout the text of the specifications.

[0007] Figure 1 is a schematic illustration of an apparatus for tissue treatment in
accordance with one exemplary embodiment.

[0008] Figures 2A and 2B are schematic illustrations of some exemplary
embodiments of the applicator for tissue treatment.

[0009] Figure 3 is a schematic illustration of a typical transmitted and induced
signal monitored at a transducer operating according to an exemplary embodiment of
the method.

[0010] Figure 4 is a schematic illustration of an apparatus for tissue treatment in
accordance with an additional exemplary embodiment of the .method.

[0011] Figure 5 is a schematic illustration of an additional exemplary
embodiment of the applicator for tissue treatment.

[0012] Figure 6 is a schematic illustration of an applicator for tissue treatment in
accordance with a further exemplary embodiment of the method.

[06013] Figure 7 is a cross section of the applicator for tissue treatment of Figure 6.
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DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

j0014) Reference is now made to Figure 1, which is a schematic illustration of an
apparatus for tissue treatment in accordance with an exemplary embodiment.
Apparatus 100 applies to a recipient tissue 108 with the help of applicator 104
ultrasound energy. As used herein, the term "tissue treatment” includes skin, dermis,
adipose tissue treatment, and such procedures as fat tissue destruction, inducing fat
necrosis, inducing fat apoptosis, fat redistribution, adipocyte (fat cell) size reduction,
and cellulite treatment. Control unit 112 via a bamess 116 governs operation of
applicator 104. The control unit 112 inter alia includes an ultrasound driver 120 for
electrically driving the ultrasound transducers located in applicator 104, a processor
124 for monitoring and controlling various functions of apparatus 100. Control unit
112 may have an input device, such as a keypad 128 that allows the caregiver or
apparatus operator to input to the processor 124 different commands and desired
treatment parameters. Such parameters may be- frequency of the ultrasound, pulse
duration, pulse repetition rate, intensity of the ultrasound energy to be directed to the
treated tissue, RF intensity, vacuum time, and vacuum intensity.

{0015] Control unit 112 mdy optionally include cooling means 132 for cooling
applicator 104 and the section of skin surface during treatment. Cooling means 132
may be a refrigeration unit that cools a ceoling fluid. The cooled fluid flows from
cooling means 132 to applicator 104 via tubing, which may be part of harness 116. A
vacuum pump 136 generates pressure below atmospheric pressure and causes a region
of the tissue to protrude above the surround surface into the inner section of applicator
104. A vacuum hose embedded in harness 116 connects pump 136 to applicator 104. A
display 142 for visual representation of the treatment process parameters may be
included in control unit 120. An optional Radio Frequency (RF) generator 144 may be
located in control unit 112, Generator 144 provides RF energy to applicator 104 if
needed. Included in control unit 112 is a signal processing and analyzing unit 140,
which may be implemented in hardware and/or software for receiving a feedback from

applicator 104, processing and analyzing the feedback and communicating updated
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instructions to applicator 104. Figure 2 is a schematic illustration of an exemplary
embodiment of the applicator for tissue treaiment. Applicator 104 contains at least one
ultrasound transducer 160 capable of emitting ultrasound power and at least one
ultrasound transducer 164, which can receive the emitted and transmitted through
protruding tissue ultrasound power. It is well known in the art that almost all types of
ultrasound transducers can be used for both transmitting and receiving ultrasound
energy. Accordingly, transducers 160 and 164 can be similar or identical and both of
them may operate in either emitting or receiving mode. Ultrasound driver 120 provides
electri'c power to ultrasound transducers 160 and 164. As used herein, the term
"transducer” includes ultrasound emitter and ultrasound receiver.

[0016] Applicator 104 is adapted for application to the tissue of recipient 108 in a
region of tissue to be treated. Applicator 104 may, in addition to transducers 160 and
164, optionally include one or more pairs of RF electrodes directing RF current
supplied by generator 144 into the treated tissue. (Some of the applicator elements are
omitted for clarity of the explanation.) When RF electrodes are included in applicator
104, processor 124 may monitor the electrical impedance between electrodes and
determine the RF coupling quality. Processor 124 may also monitor the effectiveness
of the treatment by monitoring variations of temperature in the tissue, since the
electrical conductivity of the tissue is temperature dependent.

[0017] Figures 2A and 2B illustrate ultrasound transducers 160 and 164 as a pair
of planar transducers, although it should be clear that they may be of curved and phase
array types. As illustrated in Figure 6, the curved transducers may have a shape or be
arranged such as to encircle the treated tissue. The number of transducers is not Jimited
to two, and additional ultrasound transducers (or receivers) being in contact with the
tissue protrusion 176 and emitting ultrasound waves such that they propagate from one
transducer to another through the protruded tissue may be added to the applicator.
[0018] The 11/335,181 application inter alia exploits the high flexibility of tissue,
" and generates a protrusion 176 out of the body surface. This increases the area of the
skin/tissue for delivering energy into the target tissue volume and improves the
efficiency of the treatment. Negative pressure (vacuum) provided by pump 136 (Figure

1) to applicator 104 creates in the inner section of applicator 104 tissue 172 protrusion



(21) JP 2013-173001 A 2013.9.5

5

176. Alternatively, mechanical manipulations of tissue 172 may create the protrusion.
A pair of ultrasound transducers 160 and 164 is attached to that protrusion and the
transducers radiate typically, in a direction parallel to the undisturbed skin surface, or
at least as close as possible to that optimal angle. This allows concentrating of larger
amounts of energy in the target volume 168, while much less radiation arrives at
deeper body tissue. Optionally, wedge shaped ultrasound coupling means 180 having
acoustical properties similar to those of soft tissues may be used to improve ultrasound
to soft tissue coupling efficiency. Numeral 184 indicates upper tissue layers such as
skin or dermis.

[0019] Applicator 104 is configured to deliver ultrasound energy to a region of
subcutaneous tissue to be treated such as to generate a sufficient energy concentration
for creating the desired treatment effects. A single transducer can, however, deliver a
limited amount of ultrasound energy termed herein as the rated amount of ultrasound
energy. There is also a limit to the degree of focusing and the size of the focusing
volume of the ultrasound energy. US Patent Application 11/335,181 to the assignee of
the present application teaches use of at least a pair of transducers, such as transducers
160 or 164, focused to the same target volume 168 of the treated tissue 172.

{0020] Transducers 160 and 164 can be operated simultaneously to deliver energy
at the same target tissue volume 168 to increase the amount of energy coupled to the
volume. In one embodiment both transducers are emitting ultrasound at the same
frequency and with fixed relative phases. In such case, ultrasound velocity fields
combine. Ultrasound power density is proportional to the square of absolute value of
the sound velocity. Therefore, for two transducers radiating equal power densities, one
can expect the power density at the target tissue to be up to four times the power
emitted by a single transducer. Practically, this theoretical limit cannot be reached
since each transducer has a limited power rating. When the ultrasound wave emitted
by the first transducer and transmitted through the tissue in protrusion 176 reaches the
second transducer, it interferes with the ultrasound wave emitted by the second
transducer. The second transducer cannot handle the power density which it emits and

the additional power density arriving from the first transducer. As noticed above, each
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transducer has a limited power rating. This rating reduces the ultrasound power, which
can be emitted by the second transducer and vice versa.
[0021} According to an exemplary embodiment of the apparatus and method,
operation of the transducers in a pulsed mode alleviates this problem. The duration of
the pulse should be such that when the ultrasound wave front emitted by the first
transducer atrives at the second transducer, the second transducer has already finished
emitting and transmitting ultrasound. Pulses and, in particular, short pulses are never
ideal square pulses. They always have a rise time and fall time and a further
optimization of the pulse length could be done to obtain maximum power as well as
maximum energy per pulse in the tissue. A textbook definition of pulse length or pulse
duration is the width between half power points, or what is called the -3dB points.
Accordingly, for the optimal situation it is possible to set the half power (-3dB) width
of the pulse to be equal to, or smaller than, the transition time of the ultrasound from
one transducer to another.
[0022] The author of the present method has experimentally proved that short
pulses are at least as good for tissue treatment as longer ones and produce the same
ultrasound energy-tissue interaction results and, in particular, fat tissue cell destruction.
In order to compare the influence of different pulse durations, the same average
ultrasound power ([peak power]x[duty cycle]) was maintained in all of the tests.
[0023] An important advantage of using short ultrasound pulse is that the power
density at the outer layers 184 is small compared with power density at the fat tissue.
According to one embodiment, two or more ultrasound transducers 160 emitting
radiation of the same frequency from opposite sides of the protrusion into the tissue
172, are focused at the same volume 168. If the pulse (half power width) is shorter
than the transition time between the transducers, the ulirasound waves can combine at
the focal volume to four times the power of a single transmitting transducer. Thus,
high power density exists only at the focal volume of the protrusion where the fat
tissue resides. The ultrasound power density at the outer layers 184 is substantially
lower than the power density in the focal volume, due to the differences in arrival

times of the ultrasound pulse. The peak of the power of the pulse arrives at that layer
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from the nearest transducer before the peak of power arriving from the other
transducer. This avoids any potential damage to the outer layers 184.
[0024] If the duration of the transmitted pulse is shorter than the time required to
the ultrasound emitted by the first transducer to travel through the tissue to the second
transducer, then almost all of the pulses emitted and transmitted through the tissue
wave arrive at the second transducer after it had finished emitting ultrasound and may
serve as a receiver. If a pulse equals twice the transition time, half of the pulse is
received after the end of the transmission. The signal induced in the second transducer
may, for example, be voltage induced in one transducer by the ultrasound emitted by
the other transducer. The signal might be sampled and analyzed by means well known
in the art. Thus, the use of short pulses enables real time diagnostic of the ultrasound
transmission through the tissue and analysis of the ultrasound interaction with the
treated tissue, based on the same transducers used for the power transmission into the
tissue, without the need for additional specific receiver transducers.
[0025] A numerical example provides better feeling of the pulse durations
discussed. For example, the distance between the transducers may be 40 to 50 mm.
The average sound velocity in the tissue is about 1500m/sec. The pulse transition time
would be about 27 to 33 microseconds. Therefore, if pulse duration is shorter than this
time and the pulse is trapsmitted simultaneously by both transducers when the
beginning of the ultrasound wave transmitted by one transducer arrives at the second
one, this has already stopped transmitting and can function as a receiver. In practice
ultrasound pulses are not ideal rectangular, and have rise and fall time which have to
be considered when selecting the optimal pulse length. While the best way is to use a
pulse equal to or shorter than the transmission time, one can use a longer pulse and
sample only the trailing part of the pulse, which arrives after the end of the
transmission.
[0026] There is no need to use identical transducers. The receiving transducer
should be capable of receiving at least part of the frequency spectrum transmitted by
the transmitting transducer. Figure 3 shows an example of a typical image of signals at
each of the transducers 160 or 164. Numeral 190 marks the iransducer driving voltage.

It continues for a certain time marked by numeral 194. Upon completion of the
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transmission time 198 the ultrasound wave from the other transducer arrives, and
induces at the transducer signal 202, which is sampled and communicated to the signal
processing and analyzing module 140. Typically, the amplitude of the induced signal
202 will be lower than that of the transmitted signal due to ultrasound propagation
Josses and limited transducer efficiency. Processing of both signals gives valuable data
on the transmitted and the received ultrasound. The signal sampling on the transducer
can be done by any standard techniques, such as capacitive coupling, magnetic
coupling, or resistive coupling.

[0027] Ultrasound wave iransmitted through the protruding tissue carries with it
information on the interaction of the ultrasound with the tissue and, in particular, on
the quality of coupling of the ultrasound from the transducers to the tissue and the
transmission through the tissue. Analysis of the signals induced at the receiving
transducer by the ulirasound pulses emitted by the transmitting transducer may include
at least one of the following parameters: the signal transmission time, or what may be
termed as the time taken for the signal emitted by the first transducer to arrive at the
second transducer; the peak signal intensity at the front of the received pulse, and
intensity fluctuations following the front of the pulse.

[0028] The time of arrival is a direct measure of the average sound velocity inside
the tissue. The average sound velocity gives indications on the treated tissue aggregate
state. For example, since the sound velocity on the skin is higher than in the fat,
thicker skin will increase the average sound velocity and reduce the pulse arrival time.
Sound velocily in tissues is known to be temperature dependent. Therefore,
measurement of sound velocity can give data on the change of tissue temperature and
the efficiency of the treatment associated with it. Monitoring tissue temperature is
important for controlling the treatment and avoiding unwanted damage to tissue.
Heating of tissue is generated by the ultrasound energy and/or by optional introduction
of RF cnergy, which is applied to the treated tissue as disclosed in the US Patent
Application No. 11/335,181 to the same assignee. Very large variation of ultrasound
travel time from a nominal and known value will indicate an undesired path of

ultrasound propagation.
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[0029] The peak intensity at the front of the pulse is a direct indication that the
transmitting transducer is working properly and that the coupling of ultrasound to
tissue is correct and, accordingly, the transmission through tissue is good.
[0030] Experiments conducted by the author of the suggested method indicated
that when the ultrasound is applied in continuous mode and the threshold of fat
destruction is reached, the induced signal intensity begins to fluctuate. When
ultrasound is applied to the tissue in a pulse mode, the fluctuations start after the front
of the pulse. Therefore, measurement of intensity fluctuations following the received
pulse front is an indication of the effectiveness of the treatment. In addition, it was
observed that when the fat tissue destruction process was completed, the transmitted
signal fluctuations stopped, and transmission through tissue became high and stable.
This received pulse behavior provides good real time information at the start and the
end of the fat tissue destruction process.
[0031] This information, together with additional information extracted from the
processing of the induced signal is communicated to processor 124 (F igure 1) and may
provide data to be employed for real time, active monitoring of the ultrasound
radiation with tissue coupling process. Corrective actions may include change of
operational parameters of the transmitted ultrasound or of the vacuum suction which
creates the protrusion (this parameter has an effect on the coupling), or of the RF
energy if included in the applicator (RF energy change the tissue temperature, which
can affect the ultrasound propagation and interaction effects in the tissue.) The
operational parameters of the transrﬂitted ultrasound are at least: pulse peak power,
pulse length, pulse repetition rate, relative phase between transducers and focusing
scheme if phased arrays are used. The peak ultrasound intensity may be set to exceed
the threshold power for the desired tissue treatment effects, but should not to become
too high to reduce the risk of collateral damage.
[0032] Based on the monitored signal analyses communicated to processor 124
by processing unit 140, processor 124 (Figure 1) may undertake corrective action and
change automatically one or mofe of the above listed operational parameters. Such
apparatus will operate in a closed loop mode and intervention of the caregiver or

apparatus operator will be not required. Alterpatively, the information extracted from
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the processing of the induced signal may be displayed on display 142 (Figure 1)
providing the caregiver or apparatus operator with the possibility of manual operation
of the apparatus. Manual change of ultrasound operational parameters is performed by
entering them via keypad 128.
[0033] The real time ultrasound radiation with tissue coupling (or interaction)
monitoring process is applicable to long pulse or continuously radiating transducers. In
such case, one transducer emits ultrasound required for treatment and the other
transducer serves as a receiver only for at least part of the time. The control system
124 can be set for time division of tasks such that for most of the time both transducers
are transmitting, with no induced signal analysis of the transmitted energy. At the time
that one of the transducers is not driven to emit ultrasound it may function as a
receiver. The processing and analyses of the induced signal are executed in a similar
way. However, part time signal monitoring does not provide information on full power
density ai the target tissue volume, since one of the transducers is not transmitting at
the monitoring time. Application of phased array transducers can alleviate this
problem and offer additional advantages for the treatment of tissue.
[0034] Figure 4 is a schematic illustration of another embodiment of the apparatus
for tissue treatment in accordance with an exemplary embodiment of the method.
Apparatus 200 has a number of features distinct from apparatus 100. Applicator 204
includes phased array ultrasound transducers 210. An independent driver channe} 250
located in the drivers unit 220 of controller 212 drives each individual element 260-1
through 260-4 (Figure 5) of transducers 210, Phase generators 264 control the phase of
each element 260. Control unit 212 controls the phasing program of elements 260. The
phasing program is configured to obtain a focal volume 268 (Figure 5) at the desired
location inside tissue 272.
[0035] Figure 5 is a schematic illustration of an additional exemplary
embodiment of the applicator for tissue treatment. Applicator 204 includes phased
array ultrasound transducers 210 positioned face to face. Transducers 210 deliver
ultrasound waves into tissue 272. Optionally, coupling means 280 may be employed to
improve ultrasound to tissue coupling. Tissue protrusion 226 is generated by vacuum

suction or mechanical manipulation. Each transducer 210 is built from a plurality of
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elements 260. Although only four elements are shown in each transducer, their number
and size may be chosen according to a known practice of phased array design.
Independent driver channel 250 drives each element 260. Phase generators 264 control
the phase of each element 260. Control unit 212 controls the phasing program of
elements 260, such that they are focused in a target volume 268.

[0036] Two elements of each transducer, for example elements 2 and 3, are
sampled. Any number of elements can be chosen for sampling and induced signal
analysis. The more elements are selected, the more accurate is the transmission data.
Sampling can be done by any known coupling means. The signal produced by the
coupling means is fed to the processing and analyzing module 140 and processor 124.
As explained earlier, processor 124 can automatically change treatment parameters,
stop treatment in case of poor coupling, and/or display the information for a caregiver
or operator decision. All the induced signal analyses described above are mutatis
mutandis applicable to the phased array transducers.

[0037] Furthermore, the application of phased array transducers enables
sophisticated analysis of the data received and better treatment control. For example,
the operator may instruct the control system to perform a scanning of the focal volume.
The control system computes the phases to get the focal volume at the required
position. If the ultrasound transmission is sufficient for each focal volume, a specific
set of voltages is expected at the sampled clements of the arrays. Any deviation from
proper transmission will be noticed and can be analyzed to get data on the transmission.
For example, elements 2 and 3 generate equal voltages when the focal point is aimed
between them. Occasional shift of the focal volume could be detected by a difference
in the voltage generated by elements 2 and 3. Sbort pulses are used with phased array
transducers in a way similar to the uniform phase transducers. Phased arrays enable
easier monitoring of the transmission with long pulses or continuous transmission. The
contro] system 240 can select and sample a specific element for a desired time. During
that time, the selected element will not be driven for transmission and used as a
receiver. The loss of power at the focal tissue volume is smail if the number of
elements in the array is sufficiently large. For example, in a 32 elements array, one

element not emitting will reduce the emitted radiation by 1/32 only. A more
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sophisticated control scheme can sample elements according to a time and position
program.
[0038) The author of the present method has experimentaily found that when the
ultrasound pulses break the fat tissue cell an unarmed ear hears a sound. The signal is a
type of “knocking” noise accompanying each ultrasound pulse. Figure 6 is a schematic
illustration of an applicator for tissue treatment in accordance with a further exemplary
embodiment of the method. Applicator 300 includes an acoustical microphone 304.
The microphone collects audible sound from the treated tissue volume, and filters only
those sounds, which are accompanying an ultrasound pulse. Transducers 270, as
shown in Figure 7 could be curved, regular or phase array transducers that may have a
shape or be arranged such as to encircle the treated tissue 172. Different operating
sections of phase array transducers 270 shown in Figure 7, which is a cross section of
the applicator for tissue treatment of Figure 6, may be operated such as to concentrate
the ultrasonic field in a common target focal volume 168. Numerals 280 (solid lines)
and numeral 290 (phantom lines) show ultrasonic field produced by transducers 270
and directed from different directions to be concentrated in focal volume 168.
[0039] The method and apparatus disclosed give the caregiver a clear indication
of the quality of coupling and transmission of the ultrasound through the tissue,
provide information on the interaction of the ultrasound energy with the tissue, and
improve the quality of the treatment.
[0040] Induced signal powef fluctuations provide information on how successful
was the treatment in the change of the aggregation state of the adipose tissue, when the
introduction of ultrasound into the target volume may discontinue and the treatment of
the next volume may begin.
[0041] By using short pulses, high power density can be obtained in the tissue to
be treated without exceeding the power rating of the transducers.
[0042] Another benefit of the short pulse is that the ultrasound power density at
the outer tissue layers is substantially lower than the power density in the focal volume.
This avoids any potential damage to the outer tissue layers.
[0043] Short pulses enable transmitting and receiving of the same by a transducer,

and separating the transmitted from received signals by their propagation time delay.
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[0044] The application of phased arrays enables time-sharing between
transmission and receiving tasks with negligible loss of power.

[0045] Occasional shift of the focal volume or other disturbances of ultrasound
propagation could be detected by difference in the voltage generated by receiving
elements of a phased array transducer.

[0046] While the exemplary embodiment of the present method and apparatus has
been illustrated and described, it will be appreciated that various changes can be made
therein without affecting the spirit and scope of the apparatus and method. The scope

of the method, therefore, is defined by reference to the following claims:
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What is claimed is;

1 A method of treatment of soft tissue, said method comprising:

a) applying at least two ultrasound transducers to a tissue protrusion and operating
said transducers in a pulse or continuous operation mode;

b} receiving by at least one of said transducers at least a portion of the ultrasound
power emitted and transmitted through said protrusion by the other transducers;
and,

c) analyzing said received portion to provide data for real time monitoring of at
least one of the coupling of the ultrasound to the treated tissue, aggregate state of
said tissue volume, sound velocity in said tissue, and the beginning of fat tissue

destruction.

2 The method according to claim 1 wherein said ultrasound pulse duration eliminates

crosstalk between said transducers.

3 The method according to claim 1 further comprising operating said transducer in
pulse mode and selecting the duration of said pulse, such that half power width of
said pulse is shorter than the time said ultrasound emitted by one of said transducers

reaches the second transducer;

4 The method according to claim 1, wherein each of said transducers emits into a

common target tissue volume located in said protrusion.

5 The method according to claim 1 wherein said protrusion increases the area of the

tissue through which ultrasound energy is delivered into the target tissue volume,

6 The method according to claim 1 wherein the transducers radiate ultrasound energy

in a direction parallel to the undisturbed skin surface.
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7 The method according to claim 1 wherein each of said transducers upon completion
of operation in said ultrasound radiation emitting mode operates in said ultrasound

radiation receiving mode,

8 The method according to claim 1 wherein parameters of said received ultrasound
pulse signal include at least one of the signal transition time, peak received intensity
at the front of the pulse, intensity fluctuation following the front of the pulse, and
phase shift.

9 The method according to claims 1 wherein said ultrasound radiation is emitted in
continuous mode and, wherein parameters of said ultrasound transmission data
include at least one of the peak signal intensity, intensity fluctuations, and phase
shift.

10 The method according to claim 1 wherein receiving and analyzing the transmitted
through said protrusion radiation is employed for setting the ultrasound operational
parameters and wherein said parameter setting is performed in either automatic or

manual mode.

11 The method according to claim 1 wherein the fluctuations of said received signal
intensity indicate destruction of said fat tissue and absence of received signal power

fluctuation indicates completion of the fat tissue destruction process.

12 The method according to claim 1 wherein the intensity of said received power

indicates the effectiveness of the treatment.

13 The method according to claim 1, wherein an audible sigpal indicates break up of

the fat tissue cells.

14 The method according to claim 1, further comprising applying an RF power

concurrently with said ultrasound energy.



(32) JP 2013-173001 A 2013.9.5

16

15 A method of treatment of soft tissue, said method comprising:

a) applying to a tissue protrusion at least two ultrasound transducers emitting intoa
common tissue volume in said protrusion and operating said transducers at least
part of the time to emit ultrasound radiation and at least part of the time to
receive the emitted ultrasound radiation;

b) receiving and processing the transmitted through said protrusion radiation and
employing it for actively monitoring said ultrasound radiation with tissue

coupling.

16 The method according to claim 15 wherein said ultrasound radiation is emitted in

either a continuous or a pulse mode.

17 The method according to claim 15 wherein said processing of the transmitted
through said protrusion radiation enables setting operational parameters of said
ultrasound signal and where the setting is performed in one of automatic or manual

mode.

18 The method according to claim 15 wherein intensity fluctuations of said received

signal indicate the threshold of said fat tissue destruction.

19 The method according to claims 15 and 18 wherein operational parameters of said
ultrasound signal are at least one of the-pulse peak power, pulse length, pulse

repetition rate, relative phase between transducers and focusing scheme,

20 The method according to claim 15 wherein an audible by unarmed ear signal

indicates said fat tissue cells break.

21 A method of operating an applicator used for treatment of soft tissue, said method

comprising:
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a) providing an applicator with at least two ultrasound emitting transducers, and
b) operating said transducers in a pulse mode, such that said pulse duration is
shorter than the time it takes for the ultrasound wave front emitted by one

transducer to artive at the second transducer.

22 The method according to claim 21 wherein said ultrasound is applied to a skin

protrusion formed by said applicator.

23 The method according to claim 21 further comprising applying RF energy to the

protrusion in at least periods overlapping with ultrasound.

24 A method of avoiding damage to soft tissue during ultrasound tissue treatment, said

method comprising:

a) forming a soft tissue protrusion;

b) applying at least two transducers and emitting ultrasound by said transducers
into a common target volume in said protrusion,

c) operating said transducers to deliver ultrasound pulses to said volume, such that
high ultrasound radiation density is generated in said volume; and

d) arranging the operational periods of said transducers such that ultrasound
emitted by one transducer only passes one at a time through a section of outer

tissue.

25 An apparatus for ultrasound treatment of soft tissue, said apparatus comprising:

a) an applicator for generating a protrusion of said soft tissue, said applicator
having at least one transmitting transducer and at least one ultrasound energy
receiving transducer;

b) a controller for driving said applicator and having a signal processing and
analyzing unit for processing the signal received by said receiver of ultrasound

energy.
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26 The apparatus according o claim 25, wherein the applicator generates the tissue

protrusion by vacuum or mechanical means.

27 The apparatus according to claim 25, wherein said signal processing and analyzing
unit js at least one of a software or hardware and wherein parameters of said
received ultrasound pulse signal include at least one of the signal transition time,
peak received intensity at the front of the pulse, intensity fluctuation following the
front of the pulse, and phase shift.

28 The apparatus according to claim 25, wherein said transducer is one of a uniform
phase transducer, curved transducer, or phased array transducer and wherein at least

a section of said phased array transducer operates as a receiver.

29 The apparatus according to claims 25 and 28, wherein the receiving section of said
transducer provides a feedback on said treatment process to said controller and
where based on said feedback the controller sets at least one of the ultrasound signal

operating parameters.

30 The apparatus according to claims 25 and 29, wherein said operational parameters
of said ultrasound signal are at least one of the-pulse peak power, pulse length, pulse

repetition rate, relative phase between transducers and focusing scheme.

31 The apparatus according to claim 25, wherein said applicator inciudes a microphone
for sensing ultrasound to tissue coupling effects producing an audible signal and

where said microphene communicates with said control unit.

32 The apparatus according to claims 25 and 31, wherein the controller based on the

microphone signal sets operational parameters of said ultrasound.

33 The apparatus according to claim 25, wherein said applicator further comprises at

least a pair of RF electrodes.
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34 An apparatus for ultrasound treatment of soft tissue, said apparatus comprising:
a) an applicator for forming said soft tissue protrusion, said applicator comprising:
i} at least one ultrasound transducer applying ultrasound radiation to said
protrusion, and at least one ultrasound radiation receiver for receiving the
ultrasound radiation transmitted through said protrusion; and
b) acontroller for controlling operation of said applicator, said controller
comprising:
1} an ultrasound driver for driving said transducer; and
ii)a processing and analyzing unit for processing the signal received by said

receiver and setting operation parameters of said ultrasound driver.

35 The apparatus according to claim 34 wherein said applicator further comprises a

pair of RF electrodes and a microphone.

36 The apparatus according to claim 34 wherein said controller further comprises an

_ RF generator communicating with said RF electrodes.

37 An apparatus for ultrasound treatment of soft tissue, said apparatus comprising:
a} an applicator for forming said soft tissue protrusion, said applicator comprising:

i} at least two ultrasound transducers applying ultrasound radiation to said
protrusion, wherein at least a section of each of said transducers operates as a
receiver;

ii)a pair of RF electrodes, and

iii) amicrophone for monitoring audible effects of ultrasound to tissue
coupling, and

b) a controller for controlling operation of said applicator.

38 The applicator according to claim 37 further comprising:

a) connection to a source of vacuum for forming said soft tissue protrusion; and
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b) a connection to a signal processing and analyzing unit for processing said

received by the receiver ultrasound signal.
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(57) Abstract: Disclosed is a method of treatment of soft tissue where at least two ultrasound transducers are applied to a tis-
sue protrusion and operated to emit the protrusion ultrasound radiation in pulse or continuous operation mode. At least one of the
transducers receives a portion of the ultrasound power emitted by the other transducer and transmitted through the protrusion. A
controller analyzes the received portion of the ulirasound and employs the data for actively monitoring the ultrascund radiation with
tissuc coupling. Discloscd is also an apparatus cnabling implementation of the method.
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