
WO 2004/000116 PCT/IL2002/000510  DEVICES AND METHODOLOGIES USEFUL IN BODY
AESTHETICS REFERENCE TO CO-PENDING APPLICATIONS 5 Reference is hereby made
to applicant's copending PCT Application  Serial No. PCT/IL01/01220 filed
December 31, 2001 and U.S. Patent Applications  09/752,530, filed January
3, 2001 and 10/021,238, filed October 29, 2001, the  disclosures of which
are hereby incorporated by reference. 10 FIELD OF THE INVENTION The present
invention relates to body aesthetics generally and also to  cellulite
treatment and to devices and methodologies finding application therein.
BACKGROUND OF THE INVENTION 15 The following Patents and published patent
applications are believed to  represent the current state of the art:
US4,986,275; US5,143,063; US5,143,073; US5,209,22 1; US5,301,660;
US5,431,621; US5,507,790; US5,526,815; US5,884,631; US6,039,048;
US6,071,239; US6,113,558; US6,206,873 ; G132303552; W002/24076  20
JP58181399; JP11187493; JP10277483; JP8089893; SUMMARY OF THE INVENTION The
present invention seeks to provide improved apparatus and  methodology for
ultrasonic cellulite treatment. 25 There is thus provided in accordance
with a preferred embodiment of the  present invention a method for lysing
cellulite including the steps of: directing focused ultrasonic energy at a
target volume in a region of a  body containing cellulite ; and modulating
the focused ultrasonic energy so as to selectively lyse the  30 cellulite
in the target volume and generally not lyse non-cellulite tissue in the
target  volume. Additionally in accordance with a preferred embodiment of
the present  invention, there is provided a method for lysing cellulite
including the steps of: WO 2004/000116 PCT/IL2002/000510  generating, at a
source outside a body, ultrasonic energy which selectively generally lyres
cellulite and generally does not lyse non-cellulite tissue; and  directing
the ultrasonic energy, from the source outside the body, at a  target
volume of a body containing cellulite . 5 Further in accordance with a
preferred embodiment of the present  invention there is provided a method
for lysing cellulite including the steps of. defining a region in a body at
least partially by detecting spatial  indications on the body; and
directing ultrasonic energy at a multiplicity of target volumes within the
10 region, which target volumes contain cellulite , thereby to selectively
lyse the cellulite  



in the target volumes and generally not lyse non-cellulite tissue in the
target volumes. Further in accordance with a preferred embodiment of the
present  invention there is provided a method for lysing cellulite
including the steps of. sending a low power ultrasonic signal to the body,
receiving the echo  15 signal and analyzing it to identify the dermis,
cellulite and fascia and computing the  overlap of the target volume and
cellulite area. Additionally in accordance with a preferred embodiment of
the present  invention, there is provided a method for lysing cellulite
including the steps of: directing ultrasonic energy at a multiplicity of
target volumes within the  20 region. which target volumes contain
cellulite , thereby to selectively lyse the cellulite  in the target
volumes and generally not lyse non-cellulite tissue in the target volumes;
and computerized tracking of the multiplicity of target volumes
notwithstanding movement of the body. 25 There is additionally provided in
accordance with a preferred  embodiment of the present invention apparatus
for lysing cellulite including: a focused ultrasonic energy director,
directing focused ultrasonic energy  at a target volume in a region of a
body containing cellulite ; and a modulator, cooperating with the energy
director to produce a focused  ,o ultrasonic energy so as to selectively
lyse the cellulite in-the target volume and generally not lyse
non-cellulite tissue in the target volume. There is further provided in
accordance with a preferred embodiment of  2 WO 2004/000116
PCT/IL2002/000510  the present invention apparatus for lysing cellulite
including: a source outside a body generating ultrasonic energy; an
ultrasonic energy director, which employs the ultrasonic energy to
selectively generally lyse cellulite and generally not lyse non-cellulite
tissue in a target  5 volume or a body containing cellulite. There is
additionally provided in accordance with a preferred  embodiment of the
present invention apparatus for lysing cellulite including the steps  or: a
region definer. defining a region in a body at least partially by detecting
10 spatial indications on the body; and a director, directing ultrasonic
energy at a multiplicity of target volumes  within the region, which target
volumes contain cellulite thereby to selectively lyse the  cellulite in the
target volumes and generally not lyse non-cellulite tissue in the target
volumes. 15 There is still further provided in accordance with a preferred
embodiment  of the present invention apparatus for lysing cellulite
including: 



a director, directing ultrasonic energy at a multiplicity of target volumes
within the region, which target volumes contain cellulite , thereby to
selectively lyse the  cellulite in the target volumes and generally not
lyse non-cellulite tissue in the target  20 volumes; and computerized
tracking functionality providing computerized tracking of  the multiplicity
of target volumes notwithstanding movement of the body. Preferably,
directing focused ultrasonic energy generally prevents lysis  of tissue
outside of the target volume. 25 In accordance with a preferred embodiment
of the present invention, the  method also includes ultrasonic imaging of
the region at least partially concurrently  with directing the focused
ultrasonic energy at the target volume. Preferably, directing includes
positioning at least one ultrasonic  transducer relative to the body in
order to direct the focused ultrasonic energy at the  30 target volume. The
directing may also include varying the focus of at least one  ultrasonic
transducer in order to direct the focused ultrasonic energy at the target
3 WO 2004/000116 PCT/IL2002/000510  volume. Varying the focus may change
the volume of the target volume, and/or the  distance of the target volume
from the at least one ultrasonic transducer. The directing may also include
positioning at least one ultrasonic  transducer relative to the body in
order to direct the focused ultrasonic energy at the  5 target volume. The
method preferably also includes sensing ultrasonic energy coupling  to an
external surface of the body adjacent the target volume. The method
preferably additionally includes sensing of cavitation at the  target
volume. Preferably, directing takes place from an ultrasonic transducer
located  outside of the body. In accordance with a preferred embodiment of
the present invention, the  ultrasonic energy target volume is distal to
the dermis and proximal to the fascia In accordance with a preferred
embodiment-of the present invention, the  15 ultrasonic energy has a
frequency in a range of 50 KHz - 1000 KHz, more preferably in  a range of
100 KHz - 500 KHz, and most preferably in a range of 150 KHz - 300 KHz.
Preferably, the modulating provides a duty cycle between 1:2 and 1:50,
more preferably between 1:5 and 1:30 and most preferably between 1:10 and
1:20. In accordance with a preferred embodiment of the present invention,
the  20 modulating provides between 2 and 1000 sequential cycles at an
amplitude above a  cavitation threshold, more preferably between 25 and 500
sequential cycles at an  amplitude above a cavitation threshold and most
preferably between 100 and 300  



sequential cycles at an amplitude above a cavitation threshold. Preferably,
the modulating includes modulating the amplitude of the  25 ultrasonic
energy over time. Preferably, directing includes directing focused
ultrasonic energy at a  multiplicity of target volumes in a time sequence.
In accordance with a preferred embodiment of the present invention,
directing includes directing focused ultrasonic energy at plural ones of
the multiplicity  30 of target volumes at times, which at least partially
overlap. Preferably, at least some of the multiplicity of target volumes at
least  partially overlap in space. 4 WO 2004/000116 PCT/IL2002/000510  In
accordance with a preferred embodiment of the present invention, the method
includes defining the region by marking at least one surface of the body.
The  method may also include defining the region by selecting at least one
depth in the body  and/or by detecting cellulite in the body and/or by
detecting non-lysed cellulite. 5 Preferably, directing also includes
defining the target volumes as unit  volumes of non-lysed cellulite within
the region. In accordance with a preferred embodiment of the present
invention,  modulating the ultrasonic energy so as to selectively lyse the
cellulite in the multiplicity  of target volumes proceeds sequentially in
time wherein selective lysis of cellulite in  10 each target volume takes
place only following detection of non-lysed cellulite therein. Preferably,
the method also includes computerized tracking of the  multiplicity of
target volumes notwithstanding movement of the body. Preferably, the
computerized tracking includes sensing changes in the  position of markings
on the body and employing sensed changes for tracking the  15 positions of
the target volumes in the body. Preferably, the modulation provides
decreasing amplitude over time,  which exceeds a cavitation threshold. In
accordance with a preferred embodiment of the present invention, the
destruction of the cells can be done, instead of by direct lysis of the
cells membrane, by  20 induction of apoptosis of the cells by ultrasonic
energy from a source outside the body. There is still further provided in
accordance with a preferred embodiment  of the present invention apparatus
for ultrasonic therapy comprising an ultrasonic  energy director assembly
comprising a plurality of Langevin ultrasonic transducers  coupled together
to provide focused ultrasonic energy on a target volume. 25 Preferably, the
Langevin ultrasonic transducers each comprises a pair of  piezoelectric
elements separated by a positive contact electrode, and negative contact
electrodes located on both sides of the pair of piezoelectric elements and
held tightly  against the pair of piezoelectric elements by a bolt and nut.



Preferably, the plurality of Langevin ultrasonic transducers are  30
embedded in a vibration damping material to avoid mechanical cross talk
therebetween.  Preferably, the apparatus for ultrasonic therapy includes a
cooling system. 5 WO 2004/000116 PCT/IL2002/000510  BRIEF DESCRIPTION OF
THE DRAWINGS AND APPENDIX The present invention will be understood and
appreciated more fully  from the following detailed description, taken in
conjunction with the drawings and  5 appendix in which: Fig. 1 is a
simplified pictorial illustration of the general structure and  operation
of ultrasonic cellulite treatment apparatus constructed and operative in
accordance with a preferred embodiment of the present invention; Fig. 2 is
a simplified block diagram illustration of a preferred power  10 source and
modulator showing a pattern of variation of ultrasonic pressure over time
in  accordance with a preferred embodiment of the present invention; Figs.
3A and 3B are simplified pictorial illustrations of the appearance of  an
operator interface display during normal operation and faulty operation
respectively;  Fig. 4 is a simplified block diagram illustration of an
ultrasonic cellulite 15 treatment system constructed and operative in
accordance with a preferred embodiment  of the present invention; Figs. 5A,
5B and 5C are together a simplified flowchart illustrating  operator steps
in carrying out cellulite treatment in accordance with a preferred
embodiment of the present invention; 20 Fig. 6 is a simplified pictorial
illustration of the general structure and  operation of ultrasonic
apoptosis induction apparatus constructed and operative in  accordance with
a preferred embodiment of the present invention; Fig. 7 is a simplified
block diagram illustration of a preferred power  source and modulator
showing a pattern of variation of ultrasonic pressure over time in  25
accordance with a preferred embodiment of the present invention; Figs. 8A
and 8B are simplified pictorial illustrations of the appearance of  an
operator interface display during normal operation and faulty operation
respectively;  Fig. 9 is a simplified block diagram illustration of
ultrasonic apoptosis induction apparatus constructed and operative in
accordance with a preferred  30 embodiment of the present invention; and
Figs. 10A, 10B and 10C are together a simplified flowchart illustrating
operator steps in carrying out apoptosis induction treatment in accordance
with a  6 WO 2004/000116 PCT/IL2002/000510  preferred embodiment of the
present invention; Figs. 11 A, and 11B which are together a simplified
flowchart illustrating  



steps in carrying out unit by unit tracking within a time variable three
dimensional  outline in accordance with a preferred embodiment of the
present invention; 5 BRIEF DESCRIPTION OF THE APPENDIX The Appendix
includes computer listings which, taken together, form a  computational
tracking functionality in accordance with a preferred software  embodiment
of the present invention. 10 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Cellulite is the appearance of an unattractive dimpled skin or "dimpled
fat" on the outer thighs, buttocks and other body areas where large areas
of fat are found  in close proximity to the skin. "Cellulite" is not a
medical term but commonly refers to 15 a "disease" that affects only women.
Most women over the age of 18 have some degree  of cellulite. The gender
specificity is an expression of the difference in the inner  structural
connection between the skin and subcutaneous tissues. Vertical fibrous
tissue  strands connect the skin to deeper tissue layers and create
separate compartments that  contain fat cells. When fat cells increase in
size, these compartments bulge and produce 2(1 a waffled appearance of the
skin since the vertical connective septa are inelastic  compared to the fat
tissue. The fat in the cellulite is the same like the fat tissue
elsewhere. A person does not have to be overweight to develop this dimpled
skin called  cellulite. Cellulite is not always reduced by weight loss.
Destruction of the fat content of  cellulite is known to improve the skin
appearance. The destruction can be achieved in 25 accordance with the
present invention by breaking cell membranes through the  application of
cavitational mechanical forces on the cells membranes or by induction of
apoptosis, e.g. programmed cell death. Reference is now made to Fig. 1,
which is a simplified pictorial  illustration of the general structure and
operation of ultrasonic cellulite treatment  30 apparatus constructed and
operative in accordance with a preferred embodiment of the present
invention. As seen in Fig. 1, an ultrasonic energy generator and director,
such as  an ultrasonic transducer subsystem 10, disposed outside a body,
generates ultrasonic  7 WO 2004/000116 PCT/IL2002/000510  energy which, by
suitable placement of the transducer subsystem 10 relative to the body. is
directed to a target volume 12 inside the body and is operative to
selectively  generally lyse cellulite and generally not lyse non-cellulite
tissue in the target volume. A preferred embodiment of ultrasonic energy
generator and director  5 useful in the present invention comprises an
ultrasonic therapeutic transducer assembly  13 including a curved phased
array 14 of transducers 15, typically defining a portion of  a sphere or of
a cylinder. The transducers 15 may be of any suitable configuration,  shape
and distribution. Preferably, transducer 15 is preferably a piezoelectric
transducer  



or a Langevin type transducer. A preferred Langevin type transducer is
shown and 10 includes a pair of piezoelectric elements 17 separated by
positive contact electrode 18.  A metal bolt 19 cooperates with a metal
disk 20 and a nut 21. Negative contact  electrodes 23 are located on both
sides of the pair of piezoelectric elements 17 and held  together tightly
against the pair of piezoelectric elements 17 and the disk 20 by the bolt
19 and the nut 21. Pair of piezoelectric elements 17 can be multiplied to
any even  15 number of elements. Preferably, transducers 15 are embedded in
a vibration damping material  24 to avoid mechanical cross talk between
transducers 15. An inner cooling system 25  may be associated with the
transducers 15. An intermediate element 26, formed of a  material such as
polyurethane, which has acoustic impedance similar to that of soft 20
mammalian tissue, generally fills the curvature defined by phased array 14
and defines a  contact surface 27 for engagement with the body, typically
via a suitable coupling gel  (not shown). Contact surface 27 may be planar,
but need not be. Suitably modulated AC electrical power is supplied by
conductors 28 to  negative contact electrodes 23 to cause the transducers
15 to provide a desired focused  25 acoustic energy output. In accordance
with a preferred embodiment of the present invention, a  cellulite imaging
ultrasonic transducer subassembly 29 is incorporated within transducer
assembly 13 and typically comprises a piezoelectric transducer 30 having
conductive  surfaces 31 associated with opposite surfaces thereof. Suitably
modulated AC electrical 30 power is supplied by conductors 32 to conductive
surfaces 31 in order to cause the  piezoelectric transducer 30 to provide
an acoustic energy output. Conductors 32,  coupled to conductive surfaces
31, also provide an imaging output from imaging  8 WO 2004/000116
PCT/IL2002/000510  ultrasonic transducer subassembly 29. It is appreciated
that high frequency commercially available ultrasonic  transducers may be
employed for imaging or alternatively high frequency A-mode  transducers
may be used for this purpose. As a further alternative, cellulite imaging
5 ultrasonic transducer subassembly 29 may be eliminated. It is further
appreciated that various types of ultrasonic transducer  assemblies 13 may
be employed. For example, such transducer assemblies may include  multiple
piezoelectric elements, multi-layered piezoelectric elements and
piezoelectric  elements of various shapes and sizes arranged in a phase
array, multiple Langevin type 10 elements. multi-layered Langevin type
elements and Langevin type elements of various  shapes and sizes arranged
in a phase array. In a preferred embodiment of the present invention shown
in Fig. 1, the  ultrasonic energy generator and director are combined in
transducer assembly 13.  Alternatively, the functions of generating
ultrasonic energy and focusing such energy  



15 may be provided by distinct devices. In accordance with a preferred
embodiment of the present invention, a  skin temperature sensor 34, such as
an infrared sensor, may be mounted in proximity to  the contact surface
27as shown in Fig. 1 Further in accordance with a preferred  embodiment of
the present invention a transducer temperature sensor 36, such as a 20
thermocouple. may also be mounted alongside imaging ultrasonic transducer
subassembly 29. Ultrasonic transducer subsystem 10 preferably receives
suitably  modulated electrical power from a power source and modulator
assembly 40, forming  part of a control subsystem 42. Control subsystem 42
also typically includes a cellulite 25 treatment control computer 44,
having associated therewith a camera 46, such as a video  camera, and a
display 48. A preferred embodiment of power source and modulator  assembly
40 is illustrated in Fig. 2 and described hereinbelow. Ultrasonic
transducer  subsystem 10 is preferably positioned automatically or
semi-automatically as by an X- Y-Z positioning assembly 49. Alternatively,
ultrasonic transducer subsystem 10 may be  30 positioned at desired
positions by an operator. In accordance with a preferred embodiment of the
present invention,  camera 46 is operative for imaging a portion of the
body on which cellulite treatment is  9 WO 2004/000116 PCT/IL2002/000510
to be performed. A picture of the portion of the patients body viewed by
the camera is  preferably displayed in real time on display 48. An operator
may designate the outline of a region containing cellulite. In  accordance
with one embodiment of the present invention, designation of this region is
5 effected by an operator marking the skin of a patient with an outline 50,
which outline is imaged by camera 46 and displayed on display 48 and is
also employed by the cellulite  treatment control computer 44 for
controlling the application of ultrasonic energy to  locations within the
region. A computer calculated representation of the outline may  also be
displayed on display 48, as designated by reference numeral 52.
Alternatively, 10 the operator may make a virtual marking on the skin, such
as by using a digitizer (not  shown), which also may provide computer
calculated outline representation 52 on  display 48. In addition to the
outline representation 52, the functionality of the  system of the present
invention preferably also employs a plurality of markers 54 which  15 are
typically located outside the region containing cellulite, but may be
located inside the region designated by outline 50. Markers 54 are visually
sensible markers, which are  clearly seen by camera 46, captured by camera
46 and displayed on display 48. Markers  54 may be natural anatomic
markers, such as distinct portions of the body or  alternatively artificial
markers such as colored stickers. These markers are preferably 20 employed
to assist the system in dealing with deformation of the region nominally  



defined by outline 50 due to movement and reorientation of the body.
Preferably, the  transducer subsystem 10 also bears a visible marker 56
which is also captured by  camera 46 and displayed on display 48. Markers
54 and 56 are typically processed by computer 44 and may be  25 displayed
on display 48 as respective computed marker representations 58 and 60 on
display 48. Fig. 1 illustrates the transducer subsystem 10 being positioned
on the  body over a location within the region containing cellulite. Blocks
designated by  reference numerals 62 and 64 show typical portions of a
region containing cellulite, 30 respectively before and after cellulite
treatment in accordance with a preferred  embodiment of the invention. It
is seen from a comparison of blocks 62 and 64 that, in  accordance with a
preferred embodiment of the present invention, within the region  10 WO
2004/000116 PCT/IL2002/000510  containing cellulite, the cellulite,
designated by reference numeral 66, is lysed, while  non-cellulite tissue,
such as connective tissue, designated by reference numeral 68,  dermis
designed by reference 69, fascia designated by reference 70 and deep fat
designated by reference 67 are not lysed. Reference is now Fig. 2, which is
a simplified block diagram illustration  of a preferred power source and
modulator assembly 40 (Fig. 1), showing a pattern of  variation of
ultrasonic pressure over time in accordance with a preferred embodiment of
the present invention. As seen in Fig. 2, the power source and modulator
assembly 40  preferably comprises a signal generator 100 which provides a
time varying signal which 10 is modulated so as to have a series of
relatively high amplitude portions 102 separated  in time by a series of
typically relatively low amplitude portions 104. Each relatively  high
amplitude portion 102 preferably corresponds to a cavitation period and
preferably  has decreasing amplitude over time. Preferably the relationship
between the time durations of portions 102  15 and portions 104 is such as
to provide a duty cycle between 1:2 and 1:50, more  preferably between 1:5
and 1:30 and most preferably between 1:10 and 1:20. Preferably, the output
of signal generator 100 has a frequency in a range  of 50 KHz - 1000 KHz,
more preferably between 100 KHz - 500 KHz and most  preferably between 150
KHz - 300 KHz. 20 The output of signal generator 100 is preferably provided
to a suitable  power amplifier 106, which outputs via impedance matching
circuitry 108 to an input of  ultrasonic transducer subsystem 10 (Fig. 1),
which converts the electrical signal  received thereby to a corresponding
ultrasonic energy output. As seen in Fig. 2, the  ultrasonic energy output
comprises a time varying signal which is modulated 25 correspondingly to
the output of signal generator 100 so as to having a series of  relatively
high amplitude portions 112, corresponding to portions 102, separated in
time  



by a series of typically relatively low amplitude portions 114,
corresponding to portions  104. Each relatively high amplitude portion 102
preferably corresponds to a  30 cavitation period and has amplitude at a
target volume 12 (Fig. 1) in the body, which  exceeds a
cavitation-maintaining threshold 120 and preferably has decreasing
amplitude  over time. At least an initial pulse of each relatively high
amplitude portion 112 has  11 WO 2004/000116 PCT/IL2002/000510  amplitude
at the target volume 12, which also exceeds a cavitation initiation
threshold 122. Relatively low amplitude portions 114 have amplitude that
lies below  both thresholds 120 and 122. 5 Preferably the relationship
between the time durations of portions 112  and portions 114 is such as to
provide a duty cycle between 1:2 and 1:50, more  preferably between 1:5 and
1:30 and most preferably between 1:10 and 1:20. Preferably, the ultrasonic
energy output of ultrasonic transducer it) has a  Frequency in a range of
50 KHz - 1000 KHz, more preferably between 100 kHz - 500  10 KHz and most
preferably between 150 KHz - 300 KHz. Preferably, each high amplitude
portion 112 is comprised of between 2  and 1000 sequential cycles at an
amplitude above the cavitation maintaining threshold  120, more preferably
between 25 and 500 sequential cycles at an amplitude above the  cavitation
maintaining threshold 120 and most preferably between 100 and 300  15
sequential cycles at an amplitude above the cavitation maintaining
threshold 120. Reference is now made to Figs. 3A and 3B, which are
simplified  pictorial illustrations of the appearance of an operator
interface display during normal  operation and faulty operation
respectively. As seen in Fig. 3A, during normal  operation, display 48
typically shows a plurality of target volumes 12 (Fig. 1) within a 20
calculated target region 200, typically delimited by outline representation
52 (Fig. 1).  Additionally, display 48 preferably provides one or more
pre-programmed performance  messages 202 and status messages 203. It is
seen the various target volumes 12 are shown with different shading  in
order to indicate their treatment status. For example, unshaded target
volumes, here  25 designated by reference numerals 204, have already
experienced cellulite treatment. A blackened target volume 12, designated
by reference numeral 205 is the target volume  next in line for cellulite
treatment. A partially shaded target volume 206 typically  represents a
target volume, which has been insufficiently treated to achieve complete
cellulite treatment, typically due to insufficient treatment duration. 30
Other types of target volumes, such as those not to be treated due to
insufficient presence of cellulite therein or for other reasons, may be
designated by  suitable colors or other designations, and are here
indicated by reference numerals 208  



12 WO 2004/000116 PCT/IL2002/000510  and 210. Typical performance messages
202 may include "CAVITATION IN  PROCESS" and "CELLULITE LYSED IN THIS
VOLUME". Typical status messages  203 may include an indication of the
power level, the operating frequency, the number 5 of target volumes 12
within the calculated target region 200 and the number of target  volumes
12 which remain to undergo cellulite treatment. Display 48 also preferably
includes a graphical cross sectional  presentation 212 derived from an
ultrasonic image preferably provided by imaging  ultrasonic transducer
subassembly 29 (Fig. 1). Presentation 212 preferably indicates 10 various
tissues in the body in cross section and shows the target volumes 12 in
relation  thereto. In accordance with a preferred embodiment of the present
invention,  presentation 212 may also provide a visually sensible
indication of cavitation within the  target volume 12. In accordance with a
preferred embodiment of the present invention,  presentation 212 may also
provide schematic representations 213, 214, 215 and 216 of  15 dermis 69,
cellulite 66, fascia 70 and deep fat 67, respectively. Turning to Fig. 3B,
it is seen that during abnormal operation, display 48  provides
pre-programmed warning messages 217. Typical warning messages may  include
"BAD ACOUSTIC CONTACT", "TEMPERATURE TOO HIGH". The  "TEMPERATURE TOO HIGH"
message typically relates to the skin tissue, although it 20 may
alternatively or additionally relate to other tissue inside or outside of
the target  volume of the transducer subsystem 10 (Fig. 1). Additionally,
display 48 may also provided a visual indication of both  lysed cellulite
and non-lysed cellulite following treatment. Reference is now made to Fig.
4, which illustrates an ultrasonic cellulite  25 treatment system
constructed and operative in accordance with a preferred embodiment  of the
present invention. As described hereinabove with reference to Fig. 1 and as
seen  in Fig. 4, the ultrasonic cellulite treatment system comprises a
cellulite treatment control  computer 44, which outputs to a display 48.
Cellulite treatment control computer 44  preferably receives inputs from
video camera 46 (Fig. 1) and from a temperature 30 measurement unit 300,
which receives temperature threshold settings as well as inputs  from skin
temperature sensor 34 (Fig. 1) and transducer temperature sensor 36 (Fig.
1).  Temperature measurement unit 300 preferably compares the outputs of
both sensors 34  13 WO 2004/000116 PCT/IL2002/000510  and 36 with
appropriate threshold settings and provides an indication to cellulite
treatment control computer 44 of temperature exceeding either temperature
threshold. Cellulite treatment control computer 44 also preferably receives
an input  from an acoustic contact-monitoring unit 302, which in turn
preferably receives an input  



5 from a transducer electrical properties measurement unit 304. Transducer
electrical properties measurement unit 304 preferably monitors the output
of power source and  modulator assembly 40 (Fig. 1) applies to ultrasonic
therapeutic transducer assembly  13. An output of transducer electrical
properties measurement unit 304 is  to preferably also supplied to a power
meter 306, which provides an output to the cellulite  treatment control
computer 44 and a feedback output to power source and modulator  assembly
40. Cellulite treatment control computer 44 also preferably receives inputs
from cavitation detection functionality 308, cellulite location
identification functionality  15 310 and lysed cellulite identification
functionality 312, all of which receive inputs from ultrasonic reflection
analysis functionality 314. Ultrasonic reflection analysis  functionality
314 receives ultrasonic imaging inputs from an ultrasonic imaging
subsystem 316, which operates ultrasonic imaging transducer 29 (Fig. 1).
Cellulite treatment control computer 44 provides outputs to power source
20 and modulator assembly 40, for operating ultrasonic therapeutic
transducer assembly  13. and to ultrasonic imaging subsystem 316, for
operating ultrasonic imaging  transducer 29. A positioning control unit 318
also receives an output from cellulite  treatment control computer 44 for
driving X-Y-Z positioning assembly 49 (Fig. 1) in  order to correctly
position transducer subsystem 10, which includes ultrasonic  25 therapeutic
transducer assembly 13 and ultrasonic imaging transducer 29. Reference is
now made to Figs. 5A, 5B and 5C, which are together a  simplified flowchart
illustrating operator steps in carrying out cellulite treatment in
accordance with a preferred embodiment of the present invention. As seen in
Fig. 5A,  initially an operator preferably draws an outline 50 (Fig. 1) on
a patient's body. 30 Preferably, the operator also adheres stereotactic
markers 54 (Fig. 1) to the patient's  body and places transducer subsystem
10, bearing transducer marker 56, at a desired  location within outline 50.
14 WO 2004/000116 PCT/IL2002/000510  Camera 46 (Fig. 1) captures outline 50
and markers 54 and 56. Preferably, outline 50 and markers 54 and 56 are
displayed on display 48 in real time.  The output of camera 46 is also
preferably supplied to a memory associated with  cellulite treatment
control computer 44 (Fig. 1). 5 A computerized tracking functionality
preferably embodied in cellulite  treatment control computer 44 preferably
employs the output of camera 46 for  computing outline representation 52,
which may be displayed for the operator on  display 48. The computerized
tracking functionality also preferably computes  coordinates of target
volumes for cellulite treatment, as well as adding up the total  10 volume
of tissue sought to undergo cellulite treatment. 



Preferably. the operator confirms the locations of markers 54 and 56 on
display 48 and the computerized tracking functionality calculates
corresponding marker  representations 58 and 60. In accordance with a
preferred embodiment of the present invention the  15 computerized tracking
functionality employs markers 54 and marker representations 58  for
continuously maintaining registration of outline 50 with respect to outline
representation 52, and thus of target volumes 12 with respect to the
patient's body,  notwithstanding movements of the patients body during
treatment, such as due to  breathing or any other movements, such as the
patient leaving and returning to the  20 treatment location. The
computerized tracking functionality selects an initial target volume  to be
treated and positioning control unit 318 (Fig. 4), computes the required
repositioning of transducer subsystem 10. X-Y-Z positioning assembly 49
repositions  transducer subsystem 10 to overlie the selected target volume.
25 Referring additionally to Fig. 5B, it is seen that following
repositioning  of transducer subsystem 10, the cellulite treatment control
computer 44 confirms  accurate positioning of transducer subsystem 10 with
respect to the selected target  volume. The ultrasonic imaging subsystem
316 (Fig. 4) operates ultrasonic imaging  transducer 29, causing it to
provide an output to ultrasonic reflection analysis  30 functionality 314
for analysis. Cellulite location identification functionality 310 (Fig. 4)
is operative to  identify dermis 69, cellulite 66, fascia 70 and deep fat
67. Upon the cellulite computer  15 WO 2004/000116 PCT/IL2002/000510  44
receiving and approving of an indication of cellulite location, an operator
may  approve the selected target volume and activate the power source and
modulator  assembly 40 (Fig. 1). Turning additionally to Fig. 5C, it is
seen that the following  5 functionalities take place: Transducer
electrical properties measurement unit 304 provides an  output to acoustic
contact monitoring unit 302, which determines whether sufficient  acoustic
contact with the patient is present, preferably by analyzing the current
and  voltage at therapeutic transducer assembly 13. 10 Transducer
electrical properties measurement unit 304 provides an  output to power
meter 306, which computes the average electrical power received by  the
therapeutic transducer assembly 13. If the average electrical power
received by the  therapeutic transducer assembly 13 exceeds a predetermined
threshold, operation of the  power source and modulator assembly 40 may be
automatically terminated. 15 Skin temperature sensor 34 measures the
current temperature of the skin  at transducer subsystem 10 and supplies it
to temperature measurement unit 300, which  



compares the skin temperature to the threshold temperature. Similarly,
transducer  temperature sensor 36 measures the current temperature at
transducer subsystem 10 and  supplies it to temperature measurement unit
300, which compares the transducer 20 subsystem temperature to the
threshold temperature. The outputs of temperature  measurement unit 300 are
supplied to cellulite treatment control computer 44. The ultrasonic imaging
subsystem 316 operates ultrasonic imaging  transducer 29 and supplies an
imaging output, which is analyzed by ultrasonic reflection  analysis
functionality 314. The result of this analysis is employed for cavitation
25 detection and a cavitation detection output is supplied to cellulite
treatment control  computer 44. Should any of the following four conditions
occur, the power source and  modulator assembly 40 automatically terminates
operation of therapeutic transducer  assembly 13. Should none of the
following conditions occur, the automatic operation of  30 power source and
modulator assembly 40 continues: 1. Acoustic contact is insufficient. 2.
Skin temperature exceeds skin threshold-temperature level.  16 WO
2004/000116 PCT/IL2002/000510  3. Transducer assembly 13 temperature
exceeds transducer threshold  temperature level. 4. Cavitation is not
detected. Returning to Fig. 5B, it is noted that during automatic operation
of power  5 source and modulator assembly 40, video camera 46 preferably
records the target region  and notes whether the transducer subsystem 10
remained stationary during the entire  treatment duration of the selected
target volume 12. If so, and if none of the aforesaid  four conditions took
place. cellulite treatment control computer 44 confirms that the  selected
target volume was treated. The computerized tracking functionality of
cellulite to treatment control computer 44 then proposes a further target
volume 12 to be treated. If, however, the transducer subsystem 10 did not
remain stationary for a  sufficient duration, the selected target volume is
designated by cellulite treatment  control computer 44 as having been
insufficiently treated. It is appreciated that by using multiple
transducers multiplicity of target  15 volumes can be treated at various
time patterns such as sequential time patterns or  partially overlapping
time patterns. It is also appreciated that the multiplicity of target
volumes may also  overlap in space or partially overlap in space. Reference
is now made to Fig. 6, which is a simplified pictorial illustration of  20
the general structure and operation of ultrasonic apoptosis induction
apparatus  constructed and operative in accordance with a preferred
embodiment of the present  invention and particularly useful for inducing
apoptosis of cellulite and fat. As seen in  



Fig. 6, an ultrasonic energy generator and director, such as an ultrasonic
transducer  subsystem 1010, disposed outside a body, generates ultrasonic
energy which, by 25 suitable placement of the transducer subsystem 1010
relative to the body, is directed to  a target volume 1012 inside the body
and is operative to selectively generally induce  apoptosis in cellulite
and fat and generally not induce apoptosis in non-cellulite and  non-fat
tissue in the target volume. A preferred embodiment of ultrasonic energy
generator and director  30 useful in the present invention comprises an
ultrasonic therapeutic transducer assembly  1013 including a curved phased
array 1014 of transducers 1015, typically defining a  portion of a sphere
or of a cylinder. The transducers 1015 may be of any suitable  17 WO
2004/000116 PCT/IL2002/000510  configuration, shape and distribution.
Preferably, transducer 1015 is preferably a  piezoelectric transducer or a
Langevin type transducer. A preferred Langevin type  transducer is shown
and includes a pair of piezoelectric elements 1017 separated by a  positive
contact electrode 1018. A metal bolt 1019 cooperates with a metal disk 1020
5 and a nut 1021. Negative contact electrodes 1023 are located on both
sides of the pair of  piezoelectric elements 1017 and are electrically
insulated from the bolt 1019 and the  disk 1020. Preferably, transducers
1015 are embedded in a vibration damping  material 1024 to avoid mechanical
cross talk between transducers 1015. An internal  10 cooling system 1025
may be associated with the transducers 1015. An intermediate element 1026.
formed of a material such as polyurethane; which has acoustic impedance
similar to that of soft mammalian tissue, generally fills the curvature
defined by phased  array 1014 and defines a contact surface 1027 for
engagement with the body, typically  via a suitable coupling gel (not
shown). Contact surface 1027 may be planar, but need  15 not be. Suitably
modulated AC electrical power is supplied by conductors 1028  to electrodes
1018 and 1023 of transducers 1015 to cause the array 1014 of transducers
10 15 to provide a desired focused acoustic energy output. In accordance
with a preferred embodiment of the present invention, a  20 cellulite
imaging ultrasonic transducer subassembly 1029 is incorporated within
transducer assembly 1013 and typically comprises a piezoelectric transducer
1030  having conductive surfaces 1031 associated with opposite surfaces
thereof Suitably  modulated AC electrical power is supplied by conductors
1032 to conductive surfaces  1031 in order to cause the piezoelectric
transducer 1030 to provide an acoustic energy 25 output. Conductors 1032,
coupled to conductive surfaces 1031, also provide an imaging  output from
imaging ultrasonic transducer subassembly 1029. It is appreciated that high
frequency commercially available ultrasonic  transducers may be employed
for imaging or alternatively high frequency A-mode  



transducers may be used for this purpose. As a further alternative, imaging
ultrasonic  30 transducer subassembly 1029 may be eliminated. It is further
appreciated that various types of ultrasonic transducer  assemblies 1013
may be employed. For example, such transducer assemblies may  18 WO
2004/000116 PCT/IL2002/000510  include multiple piezoelectric elements,
multi-layered piezoelectric elements and  piezoelectric elements of various
shapes and sizes arranged in a phase array, multiple  Langevin type
elements, multi-layered Langevin type elements and Langevin type  elements
of various shapes and sizes arranged in a phase array. 5 In a preferred
embodiment of the present invention shown in Fig. 6, the  ultrasonic energy
generator and director are combined in transducer assembly 1013.
Alternatively, the functions of generating ultrasonic energy and focusing
such energy  may be provided by distinct devices. In accordance with a
preferred embodiment of the present invention, a  10 skin temperature
sensor 1034, such as an infrared sensor, may be mounted in proximity  to
the contact surface 1027, as shown in Fig. 6. Further in accordance with a
preferred  embodiment of the present invention a transducer temperature
sensor 1036, such as a  thermocouple, may also be mounted alongside imaging
ultrasonic transducer  subassembly 1029. 15 Ultrasonic transducer subsystem
1010 preferably receives suitably  modulated electrical power from a power
source and modulator assembly 1040, forming  part of a control subsystem
1042. Control subsystem 1042 also typically includes a  apoptosis induction
control computer 1044, having associated therewith a camera 1046,  such as
a video camera, and a display 1048. A preferred embodiment of power source
20 and modulator assembly 1040 is illustrated in Fig. 7 and described
hereinbelow.  Ultrasonic transducer subsystem 1010 is preferably positioned
automatically or semi- automatically as by an X-Y-Z positioning assembly
1049. Alternatively, ultrasonic  transducer subsystem 1010 may be
positioned at desired positions by an operator. In accordance with a
preferred embodiment of the present invention,  25 camera 1046 is operative
for imaging a portion of the body on which apoptotic cellulite  and fat
treatment is to be performed. A picture of the portion of the patients body
viewed by the camera is preferably displayed in real time on display 1048.
An operator may designate the outline of a region containing cellulite or
fat. In accordance with one embodiment of the present invention,
designation of this  30 region is effected by an operator marking the skin
of a patient with an outline 1050, which outline is imaged by camera 1046
and displayed on display 1048 and is also  employed by the apoptosis
induction control computer 1044 for controlling the  19 WO 2004/000116
PCT/IL2002/000510  



application of ultrasonic energy to locations within the region. A computer
calculated  representation of the outline may also be displayed on display
1048, as designated by  reference numeral 1052. Alternatively, the operator
may make a virtual marking on the skin. such as by using a digitizer (not
shown), which also may provide computer  5 calculated outline
representation 1052 on display 1048. In addition to the outline
representation 1052, the functionality of the  system of the present
invention preferably also employs a plurality of markers 1054  which are
typically located outside the region containing cellulite and fat, but may
be  located inside the region designated by outline 1050. Markers 1054 are
visually sensible 10 markers, which are clearly seen by camera 1046,
captured by camera 1046 and  displayed on display 1048. Markers 1054 may be
natural anatomic markers, such as  distinct portions of the body or
alternatively artificial markers such as colored stickers.  These markers
are preferably employed to assist the system in dealing with deformation
of the region nominally defined by outline 1050 due to movement and
reorientation of 15 the body. Preferably, the transducer subsystem 1010
also bears a visible marker 1056  which is also captured by camera 1046 and
displayed on display 1048. Markers 1054 and 1056 are typically processed by
computer 1044 and  may be displayed on display 1048 as respective computed
marker representations 1058  and 1060 on display 1048. 20 Fig. 6
illustrates the transducer subsystem 1010 being positioned on the  body
over a location within a region containing cellulite and fat. Blocks
designated by  reference numerals 1062 and 1064 show typical portions of a
region containing cellulite  and fat, respectively before and after
apoptotic cellulite and fat treatment in accordance  with a preferred
embodiment of the invention. It is seen from a comparison of blocks 25 1062
and 1064 that, in accordance with a preferred embodiment of the present
invention, within the region containing cellulite and fat, the cellulite,
designated by  reference numeral 1066, and the fat designated by reference
numeral 1067 is removed,  while non-cellulite tissue, such as connective
tissue, designated by reference numeral  1068, dermis designated by
reference numeral 1069 and fascia designated by reference  .10 1070 are
generally not removed. Reference is now made to Fig. 7, which is a
simplified block diagram  illustration of a preferred power source and
modulator assembly 1040 (Fig. 6), showing  20 WO 2004/000116
PCT/IL2002/000510  a pattern of variation of ultrasonic pressure over time
in accordance with a preferred  embodiment of the present invention. As
seen in Fig. 7, the power source and modulator  assembly 1040 preferably
comprises a signal generator 1100 which provides a time  varying signal
which is modulated so as to have a series of relatively high amplitude 5
portions 1102 separated in time by a series of typically relatively low
amplitude  portions 1104. Each relatively high amplitude portion 1102
preferably corresponds to an  



apoptosis inducing period and preferably has decreasing amplitude over
time. I. I Preferably the relationship between the time durations of
portions '1102  and portions 1104 is such as to provide a duty cycle
between 1:2 and 1:50, irtore  10 preferably between 1:5 and 1:30 and most
preferably between 1:10 and 1:20. Preferably, the output of signal
generator 1100 has a frequency in a range  of 50 KHz - 1000 KHz, more
preferably between 100 KHz - 500 KHz and most  preferably between 150 KHz -
300 KHz. The output of signal generator 1100 is preferably provided to a
suitable  15 power amplifier 1106, which outputs via impedance matching
circuitry 1108 to an input  of ultrasonic transducer subsystem 1010 (Fig.
6), which converts the electrical signal  received thereby to a
corresponding ultrasonic energy output. As seen in Fig. 7, the  ultrasonic
energy output comprises a time varying signal which is modulated
correspondingly to the output of signal generator 1100 so as to have a
series of 20 relatively high amplitude portions 1112, corresponding to
portions 1102, separated in  time by a series of typically relatively low
amplitude portions 1114, corresponding to  portions 1104. Each relatively
high amplitude portion 1112 preferably corresponds to an  apoptosis period
and has amplitude at a target volume 1012 (Fig. 6) in the body, which  25
exceeds an apoptosis threshold 1120 and preferably has decreasing amplitude
over time. At least an initial pulse of each relatively high amplitude
portion 1112 has amplitude at  the target volume 1012, which also exceeds
an apoptosis initiation threshold 1122.  Relatively low amplitude portions
1114 have amplitudes that lie below  both thresholds 1120 and 1122. 30
Preferably the relationship between the time durations of portions 1112
and portions 1114 is such as to provide a duty cycle between 1:2 and 1:50,
more  preferably between 1:5 and 1:30 and most preferably between 1:10 and
1:20. 21 WO 2004/000116 _ PCT/IL2002/000510  Preferably, the ultrasonic
energy output of ultrasonic transducer 1010 has a frequency in a range of
50 KHz - 1000 KHz, more preferably between 100 KHz - 500  KHz and most
preferably between 150 KHz - 300 KHz. Preferably, each high amplitude
portion 1112 is comprised of between 2  5 and 1000 sequential cycles at an
amplitude above the apoptosis maintaining threshold  1120, more preferably
between 25 and 500 sequential cycles at an amplitude above the  apoptosis
threshold 1120 and most preferably between 100 and 300 sequential cycles at
an amplitude above the apoptosis threshold 1120. Reference is now made to
Figs. 8A and 8B, which are simplified  10 pictorial illustrations of the
appearance of an operator interface display during normal  operation and
faulty operation respectively. As seen in Fig. 8A, during normal
operation, display 1048 typically shows a plurality of target volumes 1012
(Fig. 6)  



within a calculated target region 1200, typically delimited by outline
representation  1052 (Fig. 6). Additionally, display 1048 preferably
provides one or more pre- 15 programmed performance messages 1202 and
status messages 1203. It is seen the various target volumes 1012 are shown
with different  shading in order to indicate their treatment status. For
example, unshaded target  volumes, here designated by reference numerals
1204, have already experienced  apoptotic cellulite and fat treatment. A
blackened target volume 1012, designated by 20 reference numeral 1205 is
the target volume next in line for apoptotic cellulite and fat  treatment.
A partially shaded target volume 1206 typically represents a target volume,
which has been insufficiently treated to achieve complete apoptotic
cellulite and fat  treatment, typically due to insufficient treatment
duration. Other types of target volumes, such as those not to be treated
due to  25 insufficient presence of cellulite or fat therein or for other
reasons, may be designated  by suitable colors or other designations, and
are here indicated by reference numerals  1208 and 1210. Typical
performance messages 1202 may include "APOPTOSIS IN  PROCESS" and
"APOPTOSIS INDUCED IN THIS VOLUME". Typical status  30 messages 1203 may
include an indication of the power level, the operating frequency, the
number of target volumes 1012 within the calculated target region 1200 and
the  number of target volumes 1012 which remain to undergo apoptotic
cellulite and fat  22 WO 2004/000116 PCT/IL2002/000510  treatment. Display
1048 also preferably includes a graphical cross sectional  presentation
1212 derived from an ultrasonic image preferably provided by imaging
ultrasonic transducer subassembly 1029 (Fig. 6). Presentation 1212
preferably indicates 5 various tissues in the body in cross section and
shows the target volumes 1012 in  relation thereto. In accordance with a
preferred embodiment of the present invention,  presentation 1212 may also
provide a visually sensible indication of apoptosis  inducement within the
target volume 1012. In accordance with a preferred embodiment  of the
present invention, presentation 1212 may also provide schematic
representations 10 1213. 1214. 1215 and 1216 of dermis 1069, cellulite
1066, fascia 1070 and fat 1067,  respectively. Turning to Fig. 8B, it is
seen that during abnormal operation, display  1048 provides pre-programmed
warning messages 1217. Typical warning messages  may include "BAD ACOUSTIC
CONTACT". "TEMPERATURE TOO HIGH". The 15 "TEMPERATURE TOO HIGH" message
typically relates to the skin tissue, although it  may alternatively or
additionally relate to other tissue inside or outside of the target  volume
of the transducer subsystem 1010 (Fig. 6). Reference is now made to Fig. 9,
which illustrates an ultrasonic  



apoptosis induction apparatus constructed and operative in accordance with
a preferred  20 embodiment of the present invention. As described
hereinabove with reference to Fig. 6 and as seen in Fig. 9, the ultrasonic
apoptosis induction apparatus comprises an  apoptosis control computer
1044, which outputs to a display 1048. Apoptosis control  computer 1044
preferably receives inputs from video camera 1046 (Fig. 6) and from a
temperature measurement unit 1300, which receives temperature threshold
settings as 25 well as inputs from skin temperature sensor 1034 (Fig. 6)
and transducer temperature  sensor 1036 (Fig. 6). Temperature measurement
unit 1300 preferably compares the  outputs of both sensors 1034 and 1036
with appropriate threshold settings and provides  an indication to
apoptosis control computer 1044 of temperature exceeding either
temperature thresholds. 30 Apoptosis control computer 1044 also preferably
receives an input from  an acoustic contact-monitoring unit 1302, which in
turn preferably receives an input  from a transducer electrical properties
measurement unit 1304. Transducer electrical  23 WO 2004/000116
PCT/IL2002/000510  properties measurement unit 1304 preferably monitors the
output of power source and  modulator assembly 1040 (Fig. 6) applies to
ultrasonic therapeutic transducer assembly 1013. An output of transducer
electrical properties measurement unit 1304 is  5 preferably also supplied
to a power meter 1306, which provides an output to the  apoptosis control
computer 1044 and a feedback output to power source and modulator  assembly
1040. Apoptosis control computer 1044 also preferably receives inputs from
apoptosis detection functionality 1308, treatment location identification
functionality  10 1310 and apoptosis tissue identification functionality
1312, all of which receive inputs from ultrasonic reflection analysis
functionality 1314. Ultrasonic reflection analysis  functionality 1314
receives ultrasonic imaging inputs from an ultrasonic imaging  subsystem
1316_ which operates ultrasonic imaging transducer subassembly 1029 (Fig.
6). is Apoptosis control computer 1044 provides outputs to power source and
modulator assembly 1040, for operating ultrasonic therapeutic transducer
assembly  1013. and to ultrasonic imaging subsystem 1316, for operating
ultrasonic imaging  transducer subassembly 1029. A positioning control unit
1318 also receives an output  from apoptosis control computer 1044 for
driving X-Y-Z positioning assembly 1049 20 (Fig. 6) in order to correctly
position transducer subsystem 1010, which includes  ultrasonic therapeutic
transducer assembly 1014 and ultrasonic imaging transducer  subassembly
1029. Reference is now made to Figs. IOA, IOB and IOC, which are together a
simplified flowchart illustrating operator steps in carrying out apoptotic
cellulite and fat  



25 treatment in accordance with a preferred embodiment of the present
invention. As seen in Fig. I OA, initially an operator preferably draws an
outline 1050 (Fig. 6) on a patient's  body. Preferably, the operator also
adheres stereotactic markers 1054 (Fig. 6) to the  patient's body and
places transducer subsystem 1010, bearing transducer marker 1056,  at a
desired location within outline 1050. 30 Camera 1046 (Fig. 6) captures
outline 1050 and markers 1054 and 1056.  Preferably, outline 1050 and
markers 1054 and 1056 are displayed on display 1048 in  real time. The
output of camera 1046 is also preferably supplied to a memory associated
24 WO 2004/000116 PCT/IL2002/000510  with apoptosis control computer 1044
(Fig. 6). A computerized tracking functionality preferably embodied in
apoptosis  control computer 1044 preferably employs the output of camera
1046 for computing  outline representation 1052, which may be displayed for
the operator on display 1048. 5 The computerized tracking functionality
also preferably computes coordinates of target  volumes for apoptotic
cellulite and fat treatment, as well as summing the total volume  of tissue
sought to undergo apoptotic cellulite and fat treatment. Preferably, the
operator confirms the locations of markers 1054 and 1056  on display 1048
and the computerized tracking functionality calculates corresponding  10
marker representations 1058 and 1060. In accordance with a preferred
embodiment of the present invention the  computerized tracking
functionality employs markers 1054 and marker representations  1058 for
continuously maintaining registration of outline 1050 with respect to
outline  representation 1052. and thus of target volumes 1012 with respect
to the patient's body, 15 notwithstanding movements of the patients body
during treatment, such as due to  breathing or any other movements, such as
the patient leaving and returning to the  treatment location. The
computerized tracking functionality selects an initial target volume  to be
treated and positioning control unit 1318 (Fig. 9), computes the required
20 repositioning of transducer subsystem 1010. X-Y-Z positioning assembly
1049  repositions transducer subsystem 1010 to overlie the selected target
volume. Referring additionally to Fig. 10B, it is seen that following
repositioning  of transducer subsystem 1010, the apoptosis control computer
1044 confirms accurate  positioning of transducer subsystem 1010 with
respect to the selected target volume. 25 The ultrasonic imaging subsystem
1316 (Fig. 9) operates ultrasonic imaging transducer  subassembly 1029,
causing it to provide an output to ultrasonic reflection analysis
functionality 1314 for analysis. Treatment location identification
functionality 1310 (Fig. 9) is operative  to identify dermis 1069,
cellulite 1066, fascia 1070 and fat 1067. Upon the apoptosis  30 computer
1044 receiving and approving an indication of treatment location, an
operator 



may approve the selected target volume and activate the power source and
modulator  assembly 1040 (Fig. 6). 25 WO 2004/000116 PCT/IL2002/000510
Turning additionally to Fig, 10C, it is seen that the following
functionalities take place: Transducer electrical properties measurement
unit 1304 provides an  output to acoustic contact monitoring unit 1302,
which determines whether sufficient  5 acoustic contact with the patient is
present, preferably by analyzing the current and  voltage at therapeutic
transducer assembly 1013. Transducer electrical properties measurement unit
1304 provides an  output to power meter 1306, which computes the average
electrical power received by  the therapeutic transducer assembly 1013. If
the average electrical power received by 10 the therapeutic transducer
assembly 1013 exceeds a predetermined threshold, operation  of the power
source and modulator assembly 1040 may be automatically terminated. Skin
temperature sensor 1034 measures the current temperature of the  skin at
transducer subsystem 1010 and supplies it to temperature measurement unit
1300. which compares the skin temperature to the threshold temperature.
Similarly, 15 transducer temperature sensor 1036 measures the current
temperature at transducer  subsystem 1010 and supplies it to temperature
measurement unit 1300, which compares  the transducer subsystem temperature
to the threshold temperature. The outputs of  temperature measurement unit
1300 are supplied to apoptosis control computer 1044. The ultrasonic
imaging subsystem 1316 operates ultrasonic imaging  20 transducer
subassembly 1029 and receives an imaging output, which is analyzed by
ultrasonic reflection analysis functionality 1314. The result of this
analysis is employed  for apoptosis detection and an apoptosis detection
output is supplied to apoptosis  control computer 1044. Should any of the
following four conditions occur, the power source and  25 modulator
assembly 1040 automatically terminates operation of therapeutic transducer
assembly 1013. Should none of the following conditions occur, the automatic
operation  of power source and modulator assembly 1040 continues: 1.
Acoustic contact is insufficient. 2. Skin temperature exceeds skin
threshold temperature level. 30 3. Transducer assembly 1013 temperature
exceeds transducer threshold  temperature level. 4. Apoptosis is not
detected. 26 WO 2004/000116 PCT/IL2002/000510  Returning to Fig. IOB, it is
noted that during automatic operation of power source and modulator
assembly 1040, video camera 1046 preferably records the  



target region and notes whether the transducer subsystem 1010 remained
stationary  during the entire treatment duration of the selected target
volume 1012. If so, and if 5 none of the aforesaid four conditions took
place, apoptosis control computer 1044  confirms that the selected target
volume was treated. The computerized tracking  functionality of apoptosis
control computer 1044 then proposes a further target volume  10 12 to be
treated. If however, the transducer subsystem 1010 did not remain
stationary for  10 a sufficient duration, the selected target volume is
designated by apoptosis control  computer 1044 as having been
insufficiently treated. It is appreciated that by using multiple
transducers multiplicity of target  volumes can be treated at various time
patterns such as sequential time patterns or  partially overlapping time
patterns. 15 It is also appreciated that the multiplicity of target volumes
may also  overlap in space or partially overlap in space. Reference is now
made to Figs. 11A and 11B which are together a  simplified flowchart
illustrating steps in carrying out unit by unit tracking within a time
variable three dimensional outline in accordance with a preferred
embodiment of the  20 present invention. The functionality described
hereinbelow and shown in Figs 11A and 11B  is particularly useful as part
of the functionality described hereinabove with reference to  Figs. 1 and 6
wherein motion of markers 54, 56, 1054 and 1056 is tracked and  employed to
track the target volumes notwithstanding motion of the body. It is 25
appreciated that this functionality is also applicable for many other types
of  computerized medical treatment and diagnosis, hereinafter collectively
referred to as  treatment, employing machine vision and even to non medical
applications wherein  machine vision is used to track multiple relatively
moving elements. As seen in Fig. 1IA, an operator initiates a process of
outline detection  30 typically by drawing on a computer screen a he which
encompasses the entire outline  to be detected. The image so circumscribed
is captured. Various color filters are applied  to the captured image to
provide maximum contrast of the outline with respect to its  27 WO
2004/000116 PCT/IL2002/000510  background and to reduce noise. A threshold
is applied to the enhanced contrast and  noise-reduced result of the
filtering. The outline is then homogenized and any remaining  marker
indications are removed, thereby producing a clean, unambiguous outline
presentation. The clean unambiguous outline presentation is overlaid upon a
video 5 image of the outline and the image content interior thereof . If
the overlay is not  sufficiently congruent with the video image, manual
intervention may take place. Once the overlay is sufficiently congruent
with the clean outline  presentation, the operator designates the locations
of those markers, inside or outside of  



the outline, which are to be used in tracking. The marker which is attached
to the 10 ultrasonic transducer subsystem is specifically designated as
such and may contain  information as to the geometrical and other
operational characteristics thereof, such as  those relating to the size
and relative position of its characteristic target volume. For  each such
designated marker the geometrical center and the geometrical configuration
of the marker are noted. 15 A geometrical center of the outline is
calculated and the position of the  geometrical center of each marker
relative to the geometrical center of the outline is  noted. Referring now
to Fig. 11B, changes in the observed geometrical  configuration of each
marker indicate tilting of that marker from a nominal orientation  20
thereof. By collectively observing changes in plural markers distributed
over a three dimensional surface, variations in the three dimensional
configuration of that surface  may be monitored. A calculation is made to
define a virtual grid of target volumes  superimposed over the
three-dimensional surface, the grid units preferably being the  size of the
target volumes characteristic of the ultrasonic transducer subsystem. The
grid 25 units may or may not be selected to be partially mutually
overlapping. Any suitable grid  unit shape may be employed. The system then
displays a desired position in three dimensions for the  ultrasonic
transducer subsystem for treatment of a first target volume. When the
operator correctly positions the ultrasonic transducer subsystem, a visual
and/or other 30 confirmation of correct positioning is provided to the
operator and the operator is  enabled to commence treatment of that target
volume. After completion of treatment, the system designates the grid point
as  28 WO 2004/000116 PCT/IL2002/000510  "treated target volume" and checks
for more target volumes to be treated. The system, again, checks for
changes in the observed geometrical configuration of each marker  indicate
tilting of that marker from a nominal orientation thereof By collectively
observing changes in plural markers distributed over a three-dimensional
surface, 5 variations in the three dimensional configuration of that
surface may be monitored. A  calculation is made to define a new virtual
grid of target volumes superimposed over the  three-dimensional surface,
the grid units are in one to one correspondence with the  previous grid,
and all data on treated grid points is kept The system then displays a
desired position in three dimensions for a  10 subsequent target volume for
further operation in a similar manner. Alternatively, the  subsequent
target volume is selected by the operator. A further alternative, the
operator  scans the region within the outline and the system ensures that
treatment is not applied  to grid units which have already been treated or
do not require treatment. It is appreciated that the functionality
described hereinabove is operative  



15 notwithstanding motion of the body and resulting reconfiguration of the
three  dimensional surface thereof both during and between treatments of
various target  volumes therein. This is accomplished by continuously
monitoring the position and  orientation of the various markers and
extrapolating the monitored position and  orientation to each grid unit in
the virtual grid. 20 The Appendix includes a software object code for the
computational  tracking functionality and includes the following steps: 1).
Provide a PC computer, such as an Intel-based Pentium III 800 MHz computer
with Microsoft Windows 2000 operating system, a hard disk with a minimal
capacity of  I OGB. 1 available PCI slot and a 17" computer screen. 25 2).
Matrox Orion Frame Grabber Hardware installation / configuration:  a).
Remove/Disable the VGA board present in the PC computer. b). Place the
Matrox Orion Frame Grabber board available from Matrox  1055 boul.
St-Regis, Dorval, Quebec Canada H9P 2T4) into an available PCI slot in the
PC computer. 30 c). Under Microsoft Windows 2000, on booting the computer,
Microsoft  Windows Plug-and-Play system detects a new Multimedia Video
Device and requests  to assign it a driver. At this point, click Cancel. 29
WO 2004/000116 PCT/IL2002/000510  d). Install the JAI CV-S3200 DSP
Surveillance Color CCD Camera available from JAI America Inc., 23046
Avenida de la Carlota, Suite 450, Laguna Hills,  CA 92653 United States and
connect to the Matrox Orion Framer Grabber. e). Set the computer screen
impedance switches, red, green, and blue inputs  5 to 75 ohms. 0. Set the
computer screen synchronization inputs to high impedance and  external sync
mode. g). Connect the computer screen to Matrox Orion's 15-pin female VGA
output connector (DB-15). It) 3). Matrox MIL-Lite software (version 6. 1)
installation: a). Run the Matrox MIL-Lite setup.exe program and follow the
default  prompts . b). Run the Matrix Expansion Pack (version 1.0). c).
Choose "PAL-YC mode of grabbing" when prompted. 15 d), Establish the RS-232
serial communication between the PC and the JAI  camera by registering and
installing the "JAI Camera ActiveX object" 4). Track Software Installation:
a). Create the following respective directories: (1). <Track root> - a root
directory for Track project  20 (2). <Track root>\Src - contains source
code files 



(3). <Track root>\Debug - contains an executable file for Track  project
(4). <Track root>\Images - contains BMP files for debugging the  interior
region detection process. 25 (5). <Track root>\Log - contains log files and
BMP image of the  scene (6). <Track root>\Timing - contains timing data
files for  debugging 30 b). Create the file TRACKOBJ.HEX based on the
Appendix and place it  into a temporary directory. 30 WO 2004/000116
PCT/IL2002/000510  c). Unhex the computer listing TRACKOBJ.HEX using HEX IT
V1.8 or greater by John Augustine, 3129 Earl St., Laureldale, Pa 19605
creating file  TRACKOBJ.ZIP d). Decompress the file TRACKOBJ.ZIP using
WINZIP version 6.2 or  5 greater, extracting all files into a temporary
directory essentially extracting the  following file objects: 1).
CAMERADLG.OBJ  2). DISPLAYFUNCS.OBJ  3). IMAGEPROC.OBJ to 4).
INTERIORREGION.OBJ  5). MARKERS.OBJ 6). NODES.OBJ 7). PARAMETERSDLG.OBJ
8). STDAFX.OBJ 15 9). TRACK.OBJ  10). TRACK. RES 11). TRACKDLG.OBJ  12).
TRANSDUCER.OBJ  13). UTILS.OBJ 20 14). VIDEOMATROX.OBJ e). Compile the
Object code stored in the temporary directory created in step  4d using
Microsoft Visual C++ compiler version 6.0 The resulting application is
created: TRACK.EXE 1). To run the Track software, execute the program
TRACK.EXE and  25 follow the on-line help to operate the program. It is
appreciated that the software components of the present invention  may. if
desired, be implemented in ROM (read-only memory) form. The software
components may, generally, be implemented in hardware, if desired, using
conventional  



techniques. 30 It is appreciated that the particular embodiment implemented
by the  Appendix is intended only to provide an extremely detailed
disclosure of the present  invention and is not intended to be limiting. 31
WO 2004/000116 PCT/IL2002/000510  It will be appreciated by persons skilled
in the art that the present invention is not limited by what has been
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0000CFFO: 00 00 00 00 00 00 00 00 00 00 00 00 00 0000 00  102 WO
2004/000116 PCT/IL2002/000510  CLAIMS 1. A method for lysing cellulite
comprising the steps of, directing focused ultrasonic energy at a target
volume in a region of a  body containing cellulite ; and 5 modulating said
focused ultrasonic energy so as to selectively lyse said  cellulite in said
target volume and generally not lyse non-cellulite tissue in said target
volume. 2. A method for lysing cellulite according to claim 1 and wherein
said  10 directing focused ultrasonic energy generally prevents lysis of
tissue outside of said  target volume. 3. A method for lysing cellulite
according to claim 1 or claim 2 and also  comprising: -5 ultrasonic imaging
of said region at least partially concurrently with said  directing focused
ultrasonic energy at said target volume. 4. A method for lysing cellulite
according to any of the preceding claims  and wherein said directing
comprises positioning at least one ultrasonic transducer  20 relative to
said body in order to direct said focused ultrasonic energy at said target
volume. 5. A method for lysing cellulite according to any of claims 1 to 3
and  wherein said directing comprises varying the focus of at least one
ultrasonic transducer  25 in order to direct said focused ultrasonic energy
at said target volume. 6. A method for lysing cellulite according to claim
5 and wherein said  varying the focus comprises changing the volume of said
target volume. 30 7. A method for lysing cellulite according to claim 5 and
wherein said  varying the focus comprises changing the distance of said
target volume from said at  least one ultrasonic transducer. 103 WO
2004/000116 PCT/IL2002/000510  8. A method for lysing cellulite according
to any of the preceding claims  and also comprising sensing ultrasonic
energy coupled to an external surface of said  body adjacent said target
volume. 5 9. A method for lysing cellulite according to any of the
preceding claims  and also comprising sensing of cavitation at said target
volume. 10. A method according to any of the preceding claims and wherein
said  - o directing takes place from an ultrasonic transducer located
outside of the body.. 11. A method according to any of the preceding claims
and wherein said  



directing takes place to a target volume bounded by dermis and fascia. - 5
12. A method according to any of the preceding claims and wherein said
ultrasonic energy has a frequency in a range of 50 KHz - 1000 KHz. 13. A
method according to any of the preceding claims and wherein said
ultrasonic energy has a frequency in a range of 100 KHz - 500 KHz. 20 14. A
method according to any of the preceding claims and wherein said
ultrasonic energy has a frequency in a range of 150 KHz - 300 KHz. 15. A
method according to any of the preceding claims and wherein said  25
modulating provides a duty cycle between 1:2 and 1:50. 16. A method
according to any of the preceding claims and wherein said  modulating
provides a duty cycle between 1:5 and 1:30. 30 17. A method according to
any of the preceding claims and wherein said  modulating provides a duty
cycle between 1:10 and 1:20. 104 WO 2004/000116 PCT/IL2002/000510  18. A
method according to any of the preceding claims and wherein said
modulating provides between 2 and 1000 sequential cycles at amplitude above
a  cavitation threshold. 5 19. A method according to any of the preceding
claims and wherein said  modulating provides between 25 and 500 sequential
cycles at amplitude above a  cavitation threshold. 20. A method according
to any of the preceding claims and wherein said  10 modulating provides
between 100 and 300 sequential cycles at amplitude above a  cavitation
threshold. 21. A method according to any of the preceding claims and
wherein said  modulating comprises modulating the amplitude of said
ultrasonic energy over time. 15 22. A method for lysing cellulite
comprising the steps of. generating, at a source outside a body, ultrasonic
energy which  selectively generally lyses cellulite and generally does not
lyse non-cellulite tissue; and  directing. said ultrasonic energy, from
said source outside said body, at a  20 target volume in a region of said
body containing cellulite . 23. A method for lysing cellulite according to
claim 22 and wherein said  directing said ultrasonic energy generally
prevents lysis of tissue outside of said target  volume. 25 24. A method
for lysing cellulite according to claim 22 or claim 23 and also
comprising: ultrasonic imaging of said region at least partially
concurrently with said  



directing said ultrasonic energy at said target volume. 30 25. A method for
lysing cellulite according to any of claims 22 to 24 and  wherein said
directing comprises positioning at least one ultrasonic transducer relative
105 WO 2004/000116 PCT/IL2002/000510  to said body in order to direct said
ultrasonic energy at said target volume. 26. A method for lysing cellulite
according to any of claims 22 to 24 and  wherein said directing comprises
varying the focus of at least one ultrasonic transducer  5 in order to
direct said ultrasonic energy at said target volume. 27. A method for
lysing cellulite according to claim 26 and wherein said  varying the focus
comprises changing the volume of said target volume. 10 28. A method for
lysing cellulite according to claim 26 and wherein said  varying the focus
comprises changing the distance of said target volume from said at  least
one ultrasonic transducer. 29. A method for lysing cellulite according to
any of claims 22 to 28 and  15 also comprising sensing ultrasonic energy
coupled to an external surface of said body  adjacent said target volume.
30. A method for lysing cellulite according to any of claims 22 to 28 and
also comprising sensing of cavitation at said target volume. 20 31. A
method according to any of claims 22 to 30 and wherein said  ultrasonic
energy has a frequency in a range of 50 KHz - 1000 KHz. 32. A method
according to any of claims 22 to 30 and wherein said  25 ultrasonic energy
has a frequency in a range of 100 KHz - 500 KHz. 33. A method according to
any of claims 22 to 30 and wherein said  ultrasonic energy has a frequency
in a range of 150 KHz - 300 KHz. 30 34. A method according to any of claims
22 to 33 and also comprising  modulating said ultrasonic energy wherein
said modulating provides a duty cycle  between 1:2 and 1:50. 106 WO
2004/000116 PCT/IL2002/000510  35. A method according to any of claims 22
to 33 and also comprising  modulating said ultrasonic energy wherein said
modulating provides a duty cycle  between 1:5 and 1:30. 5 36. A method
according to any of claims 22 to 33 and also comprising  modulating said
ultrasonic energy wherein said modulating provides a duty cycle  between
1:10 and 1:20, io 37. A method according to any of claims 34 to 36 and
wherein said  



modulating provides between 2 and 1000 sequential cycles at an amplitude
above a  cavitation threshold. 38. A method according to any of claims 34
to 36 and wherein said  15 modulating provides between 25 and 500
sequential cycles at an amplitude above a  cavitation threshold. 39. A
method according to any of claims 34 to 36 and wherein said  modulating
provides between 100 and 300 sequential cycles at an amplitude above a  20
cavitation threshold. 40. A method according to any of claims 34 to 39 and
wherein said  modulating comprises modulating the amplitude of said
ultrasonic energy over time. 25 41. A method for lysing cellulite
comprising the steps of: defining a region in a body at least partially by
detecting spatial  indications on said body; directing ultrasonic energy at
a multiplicity of target volumes containing  cellulite within said region,
thereby to selectively lyse said cellulite in said target  30 volumes and
generally not lyse non-cellulite tissue in said target volumes. 42. A
method for lysing cellulite according to claim 41 and wherein said  107 WO
2004/000116 PCT/IL2002/000510  directing includes directing focused
ultrasonic energy at said multiplicity of target  volumes in a time
sequence. 43. A method for lysing cellulite according to claim 41 and
wherein said  5 directing includes directing focused ultrasonic energy at
plural ones of said multiplicity  of target volumes for varying independent
time periods. 44. A method for lysing cellulite according to claim 41 or
claim 42 and  wherein at least some of said multiplicity of target volumes
at least partially overlap in  10 space. 45. A method for lysing cellulite
according to any of claims 41 to 44 and  also comprising defining said
region by marking at least one surface of said body. 15 46. A method for
lysing cellulite according to claim 45 and also comprising  defining said
region by selecting at least one depth in said body. 47. A method for
lysing cellulite according to claim 45 and also comprising  defining said
region by detecting cellulite in said body. 20 48. A method for lysing
cellulite according to claim 47 and also comprising  defining said region
by detecting non-lysed cellulite. 49. A method for lysing cellulite
according to claim 48 and wherein said  25 directing also comprises
defining said target volumes as unit volumes of non-lysed  cellulite within
said region. 50. A method for lysing cellulite according to claim 49 and
also comprising  



modulating said ultrasonic energy so as to selectively lyse said cellulite
in said  30 multiplicity of target volumes, said modulating proceeding
sequentially in time wherein selective lysis of cellulite in each of said
target volumes takes place only following  detection of non-lysed cellulite
therein. 108 WO 2004/000116 PCT/IL2002/000510  51. A method for lysing
cellulite according to claim 47 and wherein said  directing also comprises
defining said target volumes as unit volumes of cellulite within  said
region. 5 52. A method for lysing cellulite according to claim 51 and also
comprising  modulating said ultrasonic energy so as to selectively lyse
said cellulite in said  multiplicity of target volumes, said modulating
proceeding sequentially in time wherein  selective lysis of cellulite in
each of said target volumes takes place only following  10 detection of
cellulite therein. 53. A method for lysing cellulite according to any of
claims 41 to 52 and  also comprising computerized tracking of said
multiplicity of target volumes  notwithstanding movement of said body. 15
54. A method for lysing cellulite according to claim 53 and wherein said
computerized tracking includes sensing changes in the position of markings
on said  body and employing sensed changes for tracking the positions of
said target volumes in  said body. 20 55. A method for lysing cellulite
comprising the steps of directing ultrasonic energy at a multiplicity of
target volumes containing  cellulite within a region of a body, thereby to
selectively lyse said cellulite in said  multiplicity of target volumes and
generally not lyse non-cellulite tissue in said  25 multiplicity of target
volumes; and computerized tracking of said multiplicity of target volumes
notwithstanding movement of said body. 56. A method for lysing cellulite
according to claim 55 and wherein said  30 computerized tracking includes
sensing changes in the position of markings on said  body and employing
sensed changes for tracking the positions of said multiplicity of  target
volumes in said body. 109 WO 2004/000116 PCT/IL2002/000510  57. Apparatus
for lysing cellulite comprising: a focused ultrasonic energy director,
directing focused ultrasonic energy  at a target volume in a region of a
body containing cellulite ; and 



5 a modulator, cooperating with said energy director to produce focused
ultrasonic energy so as to selectively lyse said cellulite in said target
volume and  generally not lyse non-cellulite tissue in said target volume.
58. Apparatus for lysing cellulite according to claim 57 and wherein said
10 director is operative to generally prevent lysis of tissue outside of
said target volume. 59. Apparatus for lysing cellulite according to claim
57 or claim 58 and also  comprising: an ultrasonic imager providing
ultrasonic imaging of said region at least  15 partially concurrently with
said director directing said focused ultrasonic energy at said  target
volume. 60. Apparatus for lysing cellulite according to any of claims 57 to
59 and  wherein said director comprises: 20 at least one ultrasonic
transducer; and a positioner, positioning said at least one ultrasonic
transducer relative to  said body. 61. Apparatus for lysing cellulite
according to any of claims 57 to 59 and  25 wherein said director
comprises: at least one ultrasonic transducer; and a focuser, varying the
focus of said at least one ultrasonic transducer. 62. Apparatus for lysing
cellulite according to claim 61 and wherein said  30 focuser is operative
to change the volume of said target volume. 6;. Apparatus for lysing
cellulite according to claim 61 and wherein said  110 WO 2004/000116
PCT/IL2002/000510  focuser is operative to change the distance of said
target volume from said at least one  ultrasonic transducer. 5 64.
Apparatus for lysing cellulite according to any of claims 57 to 63 and
also comprising a sensor, sensing ultrasonic energy coupled to an external
surface of  said body adjacent said target volume. 65. Apparatus for lysing
cellulite according to any of claims 57 to 63 and  to also comprising a
sensor, sensing cavitation at said target volume. 66. Apparatus according
to any of claims 57 to 65 and wherein said director  comprises an
ultrasonic transducer located outside of the body. 15 67. Apparatus
according to any of claims 57 to 65 and wherein said target  volume
comprises a target volume bounded by dermis and facia. 68. Apparatus
according to any of claims 57 to 67 and wherein said  ultrasonic energy has
a frequency in a range of 50 KHz - 1000 KHz. 20 69. Apparatus according to
any of claims 57 to - 67 and wherein said  ultrasonic energy has a
frequency in a range of 100 KHz - 500 KHz. 



70. Apparatus according to any of claims 57 to 67 and wherein said  25
ultrasonic energy has a frequency in a range of 150 KHz - 300 KHz. 71.
Apparatus according to any of claims 57 to 70 and wherein said  modulator
provides a duty cycle between 1:2 and 1:50. 30 72. Apparatus according to
any of claims 57 to 70 and wherein said  modulator provides a duty cycle
between 1:5 and 1:30. 111 WO 2004/000116 PCT/IL2002/000510  73. Apparatus
according to any of claims 57 to 70 and wherein said  modulator provides a
duty cycle between 1:10 and 1:20. 74. Apparatus according to any of claims
57 to 73 and wherein said  5 modulator provides between 2 and 1000
sequential cycles at an amplitude above a  cavitation threshold. 75.
Apparatus according to any of claims 57 to 73 and wherein said  modulator
provides between 25 and 500 sequential cycles at an amplitude above a  10
cavitation threshold. 76. Apparatus according to any of claims 57 to 73 and
wherein said  modulator provides between 100 and 300 sequential cycles at
an amplitude above a  cavitation threshold. 15 77. Apparatus according to
any of claims 57 to 76 and wherein said  modulator is operative to modulate
the amplitude of said ultrasonic energy over time. 78. Apparatus for lysing
cellulite comprising: 20 a generator of ultrasonic energy located outside a
body; and an ultrasonic energy director, which employs said ultrasonic
energy to  selectively generally lyse cellulite and generally not lyse
non-cellulite tissue in a target  volume in a region of a body containing
cellulite. 25 79. Apparatus for lysing cellulite according to claim 78 and
wherein said  director is operative to generally prevent lysis of tissue
outside of said target volume. 80. Apparatus for lysing cellulite according
to claim 78 or claim 79 and also  comprising: 30 an ultrasonic imager,
providing ultrasonic imaging of said region at least  partially
concurrently with the operation of said director. 112 WO 2004/000116
PCT/IL2002/000510  81. Apparatus for lysing cellulite according to any of
claims 78 to 80 and  wherein said director comprises: at least one
ultrasonic transducer; and a positioner, operative to position said at
least one ultrasonic transducer  5 relative to said body in order to direct
said ultrasonic energy at said target volume. 



82. Apparatus for lysing cellulite according to any of claims 78 to 80 and
wherein said director comprises: at least one ultrasonic transducer; and o
a focuser, operative to vary the focus of said at least one ultrasonic
transducer in order to direct said ultrasonic energy at said target volume.
83. Apparatus for lysing cellulite according to claim 82 and wherein said
focuser is operative to change the volume of said target volume. 15 84.
Apparatus for lysing cellulite according to claim 82 and wherein said
focuser is operative to change the distance of said target volume from said
at least one  ultrasonic transducer. 20 85. Apparatus for lysing cellulite
according to any of claims 78 to 84 and  also comprising a sensor, sensing
ultrasonic energy coupled to an external surface of  said body adjacent
said target volume. 86. Apparatus for lysing cellulite according to any of
claims 78 to 84 and  25 also comprising a sensor, sensing cavitation at
said target volume. 87. Apparatus according to any of claims 78 to 86 and
wherein said target volume  comprises a target volume bounded by dermis and
facia. 30 88. Apparatus according to any of claims 78 to 86 and wherein
said  ultrasonic energy has a frequency in a range of 50 KHz - 1000 KHz.
113 WO 2004/000116 PCT/IL2002/000510  89. Apparatus according to any of
claims 78 to 86 and wherein said  ultrasonic energy has a frequency in a
range of 100 KHz - 500 KHz. 90. Apparatus according to any of claims 78 to
86 and wherein said  5 ultrasonic energy has a frequency in a range of 150
KHz - 300 KHz. 91. Apparatus according to any of claims 78 to 90 and also
comprising a  modulator wherein said modulator provides a duty cycle
between 1:2 and 1:50. 0 92. Apparatus according to any of claims 78 to 90
and also comprising a  modulator wherein said modulator provides a duty
cycle between 1:5 and 1:30. 93. Apparatus according to any of claims 78 to
90 and also comprising a  modulator wherein said modulator provides a duty
cycle between 1:10 and 1:20. 15 94. Apparatus according to any of claims 91
to 93 and wherein said  modulator provides between 2 and 1000 sequential
cycles at an amplitude above a  cavitation threshold. 20 95. Apparatus
according to any of claims 91 to 93 and wherein said  modulator provides
between 25 and 500 sequential cycles at an amplitude above a  cavitation
threshold. 96. Apparatus according to any of claims 91 to 93 and wherein
said  



25 modulator provides between 100 and 300 sequential cycles at an amplitude
above a  cavitation threshold. 97. Apparatus according to any of claims 91
to 96 and wherein said  modulator is operative to modulate the amplitude of
said ultrasonic energy over time. 30 98. Apparatus for lysing cellulite
comprising: a region definer, defining a region in a body at least
partially by detecting  114 WO 2004/000116 PCT/IL2002/000510  spatial
indications on said body; and an ultrasonic energy director, directing
ultrasonic energy at a multiplicity  of target volumes containing cellulite
within said region, thereby to selectively lyse said  cellulite in said
multiplicity of target volumes and generally not lyse non-cellulite tissue
5 in said multiplicity of target volumes. 99. Apparatus for lysing
cellulite according to claim 98 and wherein said  director directs focused
ultrasonic energy at said multiplicity of target volumes in a time
sequence. 10 100. Apparatus for lysing cellulite according to claim 98 and
wherein said  director directs focused ultrasonic energy at plural ones of
said multiplicity of target  volumes for varying independent time periods.
15 101. Apparatus for lysing cellulite according to any of claims 98 to 100
and  wherein at least some of said multiplicity of target volumes at least
partially overlaps in  space. 102. Apparatus for lysing cellulite according
to any of claims 98 to 101 and  20 wherein said definer is operative to
place at least one mark on at least one surface of  said body. 103.
Apparatus for lysing cellulite according to claim 102 and wherein said
definer is operative to select at least one depth in said body. 25 104.
Apparatus for lysing cellulite according to claim 102 and wherein said
definer detects cellulite in said body. 105. Apparatus for lysing cellulite
according to claim 104 and wherein said  3o definer defines said region at
least partially by detecting non-lysed cellulite. 106. Apparatus for lysing
cellulite according to claim 105 and wherein said  115 WO 2004/000116
PCT/IL2002/000510  director also defines said multiplicity of target
volumes as unit volumes of non-lysed  cellulite within said region. 107.
Apparatus for lysing cellulite according to claim 106 and wherein said  



5 director proceeds sequentially in time wherein selective lysis of
cellulite in each of said  multiplicity of target volumes takes place only
following detection of non-lysed cellulite  therein. 108. Apparatus for
lysing cellulite according to claim 107 and wherein said  10 director also
defines said mulitplicty of target volumes as unit volumes of cellulite
within said region. 109. Apparatus for lysing cellulite according to claim
108 and wherein said  director proceeds sequentially in time wherein
selective lysis of cellulite in each of said  15 multiplicity of target
volumes takes place only following detection of cellulite therein. 110.
Apparatus for lysing cellulite according to any of claims 98 to 109 and
also comprising a computerized tracking functionality providing
computerized tracking  of said multiplicity of target volumes
notwithstanding movement of said body. 20 M. Apparatus for lysing cellulite
according to claim 110 and wherein said  computerized tracking
functionality is operative to sense changes in the position of  markings on
said body and to employ sensed changes for tracking the positions of said
target volumes in said body. 25 112. Apparatus for lysing cellulite
comprising: an ultrasonic energy director, directing ultrasonic energy at a
multiplicity  of target volumes containing cellulite within a region of a
body, thereby to selectively  lyse said cellulite in said multiplicity of
target volumes and generally not lyse  30 non-cellulite tissue in said
multiplicity of target volumes; and a computerized tracking functionality
providing computerized tracking  of said multiplicity of target volumes
notwithstanding movement of said body. 116 WO 2004/000116 PCT/IL2002/000510
113. Apparatus for lysing cellulite according to claim 112 and wherein said
computerized tracking functionality is operative to sense changes in the
position of  markings on said body and to employ sensed changes for
tracking the positions of said  5 target volumes in said body. 114. A
method for inducing apoptosis in cellulite and fat comprising the steps
of: directing focused ultrasonic energy at a target volume in a region of a
10 body containing cellulite and fat ; and modulating said focused
ultrasonic energy so as to selectively induce  apoptosis in said cellulite
and fat in said target volume and generally not induce  apoptosis in
non-cellulite and non-fat tissue in said target volume. 15 115. A method
for inducing apoptosis in cellulite and fat according to claim  114 and
wherein said directing focused ultrasonic energy generally prevents
apoptosis  



of tissue outside of said target volume. 116. A method for inducing
apoptosis in cellulite and fat according to claim  20 114 or claim 115 and
also comprising: ultrasonic imaging of said region at least partially
concurrently with said  directing focused ultrasonic energy at said target
volume. 117. A method for inducing apoptosis in cellulite and fat according
to any of  25 claims 114 to 116 and wherein said directing comprises
positioning at least one  ultrasonic transducer relative to said body in
order to direct said focused ultrasonic  energy at said target volume. 118.
A method for inducing apoptosis in cellulite and fat according to any of
30 claims 114 to 116 and wherein said directing comprises varying the focus
of at least one  ultrasonic transducer in order to direct said focused
ultrasonic energy at said target  volume. 117 WO 2004/000116
PCT/IL2002/000510  119. A method for inducing apoptosis in cellulite and
fat according to claim  118 and wherein varying the focus changes the
volume of said target volume. 5 120. A method for inducing apoptosis in
cellulite and fat according to claim  118 and wherein varying the focus
changes the distance of said target volume from said  at least one
ultrasonic transducer. 121. A method for inducing apoptosis in cellulite
and fat according to any of  10 claims 114 to 120 and also comprising
sensing ultrasonic energy coupled to an external  surface of said body
adjacent said target volume. 122. A method for inducing apoptosis in
cellulite and fat according to any of  claims 114 to 121 and also
comprising sensing of cavitation at said target volume. 15 123. A method
according to any of claims 114 to 121 and wherein said  directing takes
place from an ultrasonic transducer located outside of the body. 124. A
method according to any of claims 114 to 121 and wherein said  20 directing
takes place to a target volume bounded by dermis and fascia. 125. A method
according to any of claims 114 to 124 and wherein said  ultrasonic energy
has a frequency in a range of 50 KHz - 1000 KHz. 25 126. A method according
to any of claims 114 to 124 and wherein said  ultrasonic energy has a
frequency in a range of 100 KHz - 500 KHz. 127. A method according to any
of claims 114 to 124 and wherein said  ultrasonic energy has a frequency in
a range of 150 KHz - 300 KHz. 30 128. A method according to any of claims
114 to 127 and wherein said  modulating provides a duty cycle between 1:2
and 1:50. 118 



WO 2004/000116 PCT/IL2002/000510  129. A method according to any of claims
114 to 128 and wherein said  modulating provides a duty cycle between 1:5
and 1:30. 5 130. A method according to any of claims 114 to 129 and wherein
said  modulating provides a duty cycle between 1:10 and 1:20. 131. A method
according to any of claims 114 to 130 and wherein said  modulating provides
between 2 and 1000 sequential cycles at amplitude above a  10 cavitation
threshold. 132. A method according to any of claims 114 to 131 and wherein
said  modulating provides between 25 and 500 sequential cycles at amplitude
above a  cavitation threshold. 15 133. A method according to any of claims
114 to 132 and wherein said  modulating provides between 100 and 300
sequential cycles at amplitude above a  cavitation threshold. 20 134. A
method according to any of claims 114 to 133 and wherein said  modulating
comprises modulating the amplitude of said ultrasonic energy over time.
135. A method for inducing apoptosis in cellulite and fat comprising the
steps  of: 25 generating, at a source outside a body, ultrasonic energy
which  selectively generally induces apoptosis in cellulite and fat and
generally does not induce  apoptosis in non-cellulite and non-fat tissue;
and directing said ultrasonic energy, from said source outside said body,
at a  target volume in a region of a body containing cellulite and fat. 30
136. A method for inducing apoptosis in cellulite and fat according to
claim  135 and wherein said directing said ultrasonic energy generally
prevents induction of  119 WO 2004/000116 PCT/IL2002/000510  apoptosis of
tissue outside of said target volume. 137. A method for inducing apoptosis
in cellulite and fat according to claim  135 or claim 136 and also
comprising: 5 ultrasonic imaging of said region at least partially
concurrently with said  directing said ultrasonic energy at said target
volume. 138. A method for inducing apoptosis in cellulite and fat according
to any of  claims 135 to 137 and wherein said directing comprises
positioning at least one  10 ultrasonic transducer relative to said body in
order to direct said ultrasonic energy at  said target volume. 139. A
method for inducing apoptosis in cellulite and fat according to any of
claims 135 to 137 and wherein said directing comprises varying the focus of
at least one  



5 ultrasonic transducer in order to direct said focused ultrasonic energy
at said target  volume. 140. A method for inducing apoptosis in cellulite
and fat according to claim  139 and wherein varying the focus comprises
changing the volume of said target  20 volume. 141. A method for inducing
apoptosis in cellulite and fat according to claim  139 and wherein varying
the focus comprises changing the distance of said target  volume from said
at least one ultrasonic transducer. 25 142. A method for inducing apoptosis
in cellulite and fat according to any of  claims 135 to 141 and also
comprising sensing ultrasonic energy coupled to an external  surface of
said body adjacent said target volume. 30 143. A method for inducing
apoptosis in cellulite and fat according to any of  claims 135 to 141 and
also comprising sensing of cavitation at said target volume. 120 WO
2004/000116 PCT/IL2002/000510  144. A method according to any of claims 135
to 143 and wherein said  ultrasonic energy has a frequency in a range of 50
KHz - 1000 KHz. 145. A method according to any of claims 135 to 143 and
wherein said  5 ultrasonic energy has a frequency in a range of 100 KHz -
500 KHz. 146. A method according to any of claims 135 to 143 and wherein
said  ultrasonic energy has a frequency in a range of 150 KHz - 300 KHz. io
147. A method according to any of claims 135 to 146 and also comprising
modulating said ultrasonic energy wherein said modulating provides a duty
cycle  between 1:2 and 1:50. 148. A method according to any of claims 135
to 147 and also comprising  15 modulating said ultrasonic energy wherein
said modulating provides a duty cycle  between 1:5 and 1:30. 149. A method
according to any of claims 135 to 148 and also comprising  modulating said
ultrasonic energy wherein said modulating provides a duty cycle  20 between
1:10 and 1:20. 150. A method according to any of claims 147 to 149 and
wherein said  modulating provides between 2 and 1000 sequential cycles at
an amplitude above a  cavitation threshold. 25 151. A method according to
any of claims 147 to 149 and wherein said  modulating provides between 25
and 500 sequential cycles at an amplitude above a  cavitation threshold. 30
152. A method according to any of claims 147 to 149 and wherein said
modulating provides between 100 and 300 sequential cycles at an amplitude
above a  



cavitation threshold. 121 WO 2004/000116 PCT/IL2002/000510  153. A method
according to any of claims 147 to 152 and wherein said  modulating
comprises modulating the amplitude of said ultrasonic energy over time. 5
154. A method for inducing apoptosis in cellulite and fat comprising the
steps  of. defining a region in a body at least partially by detecting
spatial  indications on said body; and directing ultrasonic energy at a
multiplicity of target volumes containing  1 o cellulite and fat within
said region, thereby to selectively induce apoptosis in said  cellulite and
fat in said target volumes and generally not induce apoptosis in
non-cellulite and non-fat tissue in said target volumes. 155. A method for
inducing apoptosis in cellulite and fat according to claim  15 154 and
wherein said directing includes directing focused ultrasonic energy at said
multiplicity of target volumes in a time sequence. 156. A method for
inducing apoptosis in cellulite and fat according to claim  154 and wherein
said directing includes directing focused ultrasonic energy at plural  20
ones of said multiplicity of target volumes for varying independent time
periods. 157. A method for inducing apoptosis in cellulite and fat
according to claim  154 or claim 155 and wherein at least some of said
multiplicity of target volumes at  least partially overlap in space. 25
158. A method for inducing apoptosis in cellulite and fat according to any
of  claims 154 to 157 and also comprising defining said region by marking
at least one  surface of said body. 30 159. A method for inducing apoptosis
in cellulite and fat according to any of  claims 154 to 158 and also
comprising defining said region by selecting at least one  depth in said
body. 122 WO 2004/000116 PCT/IL2002/000510  160. A method for inducing
apoptosis in cellulite and fat according to any of  claims 154 to 158 and
also comprising defining said region by detecting cellulite and fat  in
said body. 5 161. A method for inducing apoptosis in cellulite and fat
according to any of  claims 154 to 160 and also comprising defining said.
region by detecting non-apoptotic  induced cellulite and fat. 10 162. A
method for inducing apoptosis in cellulite and fat according to any of
claims 154 to 161 and wherein said directing also comprises defining said
target  



volumes as unit volumes of non-apoptotic induced cellulite and fat within
said region.  163. A method for inducing apoptosis in cellulite and fat
according to any of 15 claims 154 to 162 and also comprising modulating
said ultrasonic energy so as to  selectively induce apoptosis in said
cellulite and fat in said multiplicity of target  volumes, said modulating
proceeding sequentially in time wherein selective induction  of apoptosis
of cellulite and fat in each target volume takes place only following
detection of non-apoptotic induced cellulite and fat therein. 20 164. A
method for inducing apoptosis in cellulite and fat according to any of
claims 154 to 163 and wherein said directing also comprises defining said
target  volumes as unit volumes of cellulite and fat within said region. 25
165. A method for inducing apoptosis in cellulite and fat according to any
of  claims 154 to 164 and also comprising modulating said ultrasonic energy
so as to  selectively induce apoptosis in said cellulite and fat in said
multiplicity of target  volumes, said modulating proceeding sequentially in
time wherein selective induction  of apoptosis of cellulite and fat in each
target volume takes place only following  30 detection of cellulite and fat
therein. 166. A method for inducing apoptosis in cellulite and fat
according to any of  123 WO 2004/000116 PCT/IL2002/000510  claims 154 to
165 and also comprising computerized tracking of said multiplicity of
target volumes notwithstanding movement of said body. 167. A method for
inducing apoptosis in cellulite and fat according to any of  5 claims 154
to 166 and wherein said computerized tracking includes sensing changes in
the position of markings on said body and employing sensed changes for
tracking the  positions of said target volumes in said body. 168. A method
for inducing apoptosis in cellulite and fat comprising the steps  10 of.
directing ultrasonic energy at a multiplicity of target volumes containing
cellulite and fat within a region of a body, thereby to selectively induce
apoptosis in said  cellulite and fat in said multiplicity of target volumes
and generally not induce apoptosis  in non-cellulite and non-fat tissue in
said multiplicity of target volumes; and 15 computerized tracking of said
multiplicity of target volumes  notwithstanding movement of said body. 169.
A method for inducing apoptosis in cellulite and fat according to claim
168 and wherein said computerized tracking includes sensing changes in the
position of  20 markings on said body and employing sensed changes for
tracking the positions of said  target volumes in said body. 170. Apparatus
for inducing apoptosis in cellulite and fat comprising: a focused
ultrasonic energy director, directing focused ultrasonic energy  



25 at a target volume in a region of a body containing cellulite and fat;
and a modulator, cooperating with said energy director to produce focused
ultrasonic energy so as to selectively induce apoptosis in said cellulite
and fat in said  target volume and generally not induce apoptosis in
non-cellulite and non-fat tissue in  said target volume. 30 171. Apparatus
for inducing apoptosis in cellulite and fat according to claim  170 and
wherein said director is operative to generally prevent induction of
apoptosis of  124 WO 2004/000116 PCT/IL2002/000510  tissue outside of said
target volume. 172. Apparatus for inducing apoptosis in cellulite and fat
according to claim  170 or claim 171 and also comprising: 5 an ultrasonic
imager providing ultrasonic imaging of said region at least  partially
concurrently with said director directing said focused ultrasonic energy at
said  target volume. 173. Apparatus for inducing apoptosis in cellulite and
fat according to any of  10 claims 170 to 172 and wherein said director
comprises: at least one ultrasonic transducer; and a positioner,
positioning said at least one ultrasonic transducer relative to  said body.
15 174. Apparatus for inducing apoptosis in cellulite and fat according to
any of  claims 170 to 172 and wherein said director comprises: at least one
ultrasonic transducer; and a focuser, varying the focus of said at least
one ultrasonic transducer. 20 175. Apparatus for inducing apoptosis in
cellulite and fat according to claim  174 and wherein said focuser is
operative to change the volume of said target volume.  176. Apparatus for
inducing apoptosis in cellulite and fat according to claim  174 and wherein
said focuser is operative to change the distance of said target volume 25
from said at least one ultrasonic transducer. 177. Apparatus for inducing
apoptosis in cellulite and fat according to any of  claims 170 to 176 and
also comprising a sensor, sensing ultrasonic energy, coupled to  an
external surface of said body adjacent said target volume. 30 178.
Apparatus for inducing apoptosis in cellulite and fat according to any of
claims 170 to 176 and also comprising a sensor, sensing cavitation at said
target  125 WO 2004/000116 PCT/IL2002/000510  volume. 179. Apparatus
according to any of claims 170 to 178 and wherein said  



director comprises an ultrasonic transducer located outside of the body. 5
180. Apparatus according to any of claims 170 to 178 and wherein said
target  volume comprises a target volume bounded by dermis and facia. 181.
Apparatus according to any of claims 170 to 180 and wherein said  10
ultrasonic energy has a frequency in a range of 50 KHz - 1000 KHz. 182.
Apparatus according to any of claims 170 to 180 and wherein said
ultrasonic energy has a frequency in a range of 100 KHz - 500 KHz. 15 183.
Apparatus according to any of claims 170 to 180 and wherein said
ultrasonic energy has a frequency in a range of 150 KHz - 300 KHz. 184.
Apparatus according to any of claims 170 to 183 and wherein said  modulator
provides a duty cycle between 1:2 and 1:50. 20 185. Apparatus according to
any of claims 170 to 183 and wherein said  modulator provides a duty cycle
between 1:5 and 1:30. 186. Apparatus according to any of claims 170 to 183
and wherein said  25 modulator provides a duty cycle between 1:10 and 1:20.
187. Apparatus according to any of claims 170 to 186 and wherein said
modulator provides between 2 and 1000 sequential cycles at an amplitude
above a  cavitation threshold. 30 188. Apparatus according to any of claims
170 to 186 and wherein said  modulator provides between 25 and 500
sequential cycles at an amplitude above a  126 WO 2004/000116
PCT/IL2002/000510  cavitation threshold. 189. Apparatus according to any of
claims 170 to 188 and wherein said  modulator provides between 100 and 300
sequential cycles at an amplitude above a  5 cavitation threshold. 190.
Apparatus according to any of claims 170 to 189 and comprising a  modulator
operative to modulate the amplitude of said ultrasonic energy over time. 10
191. Apparatus for inducing apoptosis in cellulite and fat comprising:  a
generator of ultrasonic energy located outside a body; and an ultrasonic
energy director, which employs said ultrasonic energy to  selectively
generally induce apoptosis in cellulite and fat and generally not induce
apoptosis in non-cellulite and non-fat tissue in a target volume in a
region of a body  15 containing cellulite and fat. 192. Apparatus for
inducing apoptosis in cellulite and fat according to claim  191 and wherein
said director is operative to generally prevent induction of apoptosis of
tissue outside of said target volume. 



20 193. Apparatus for inducing apoptosis in cellulite and fat according to
claim  191 or claim 192 and also comprising: an ultrasonic imager,
providing ultrasonic imaging of said region at least  partially
concurrently with the operation of said director. 25 194. Apparatus for
inducing apoptosis in cellulite and fat according to any of  claims 191 to
193 and wherein said director comprises: at least one ultrasonic
transducer; and a positioner, operative to position said at least one
ultrasonic transducer  30 relative to said body in order to direct said
ultrasonic energy at said target volume. 195. Apparatus for inducing
apoptosis in cellulite and fat according to any of  127 WO 2004/000116
PCT/IL2002/000510  claims 191 to 193 and wherein said director comprises:
at least one ultrasonic transducer; and a focuser, operative to vary the
focus of said at least one ultrasonic  transducer in order to direct said
ultrasonic energy at said target volume. 5 196. Apparatus for inducing
apoptosis in cellulite and fat according to claim  193 and wherein said
focuser is operative to change the volume of said target volume.  197.
Apparatus for inducing apoptosis in cellulite and fat according to claim 10
191 and wherein said focuser is operative to change the distance of said
target volume  from said at least one ultrasonic transducer. 198. Apparatus
for inducing apoptosis in cellulite and fat according to any of  claims 191
to 197 and also comprising a sensor, sensing ultrasonic energy coupled to
an  5 external surface of said body adjacent said target volume. 199.
Apparatus for inducing apoptosis in cellulite and fat according to any of
claims  191 to 197 and also comprising a sensor, sensing cavitation at said
target volume. 20 200. Apparatus according to any of claims 191 to 199 and
wherein said target volume  comprises a target volume bounded by dermis and
facia. 201. Apparatus according to any of claims 191 to 199 and wherein
said ultrasonic  energy has a frequency in a range of 50 KHz - 1000 KHz. 25
202. Apparatus according to any of claims 191 to 199 and wherein said
ultrasonic energy has a frequency in a range of 100 KHz - 500 KHz. 203.
Apparatus according to any of claims 191 to 199 and wherein said  30
ultrasonic energy has a frequency in a range of 150 KHz - 300 KHz. 204.
Apparatus according to any of claims 191 to 203 and also comprising a  128 



WO 2004/000116 PCT/IL2002/000510  modulator wherein said modulator provides
a duty cycle between 1:2 and 1:50. 205. Apparatus according to any of
claims 191 to 203 and also comprising a  modulator wherein said modulator
provides a duty cycle between 1:5 and 1:30. 5 206. Apparatus according to
any of claims 191 to 203 and also comprising a  modulator wherein said
modulator provides a duty cycle between 1:10 and 1:20. 207. Apparatus
according to any of claims 204 to 206 and wherein said  I a= modulator
provides between 2 and 1000 sequential cycles at an amplitude above a
cavitation threshold. 208. Apparatus according to any of claims 204 to 206
and wherein said  modulator provides between 25 and 500 sequential cycles
at an amplitude above a  15 cavitation threshold. 209. Apparatus according
to any of claims 204 to 206 and wherein said  modulator provides between
100 and 300 sequential cycles at an amplitude above a  cavitation
threshold. 20 210. Apparatus according to any of claims 204 to 209 and
wherein said  modulator is operative to modulate the amplitude of said
ultrasonic energy over time.  211. Apparatus for inducing apoptosis in
cellulite and fat comprising: 25 a region definer, defining a region in a
body at least partially by detecting  spatial indications on said body; and
a director, directing ultrasonic energy at a multiplicity of target volumes
containing cellulite and fat within said region, thereby to selectively
induce apoptosis in  said cellulite and fat in said multiplicity of target
volumes and generally not induce  3o apoptosis in non-cellulite and non-fat
tissue in said multiplicity of target volumes. 212. Apparatus for inducing
apoptosis in cellulite and fat according to claim  129 WO 2004/000116
PCT/IL2002/000510  211 and wherein said director directs focused ultrasonic
energy at said multiplicity of  target volumes in a time sequence. 213.
Apparatus for inducing apoptosis in cellulite and fat according to claim  5
211 and wherein said director directs focused ultrasonic energy at plural
ones of said  multiplicity of target volumes for varying independent time
periods. 214. Apparatus for inducing apoptosis in cellulite and fat
according to any of  claims 211 to 213 and wherein at least some of said
multiplicity of target volumes at  10 least partially overlaps in space.
215. Apparatus for inducing apoptosis in cellulite and fat according to any
of  claims 211 to 213 and wherein said definer is operative to place at
least one mark on at  least one surface of said body. 



15 216. Apparatus for inducing apoptosis in cellulite and fat according to
any of  claims 211 to 215 and wherein said definer is operative to select
at least one depth in  said body. 20 217. Apparatus for inducing apoptosis
in cellulite and fat according to any of  claims 211 to 215 and wherein
said definer detects cellulite and fat in said body. 218. Apparatus for
inducing apoptosis in cellulite and fat according to any of  claims 211 to
217 and wherein said definer defines said region at least partially by  25
detecting non-apoptotic induced cellulite and fat. 219. Apparatus for
inducing apoptosis in cellulite and fat according to any of  claims 211 to
218 and wherein said director also defines said multiplicity of target
volumes as unit volumes of non-apoptotic induced cellulite and fat within
said region. 30 220. Apparatus for inducing apoptosis in cellulite and fat
according to any of  claims 211 to 219 and wherein said director proceeds
sequentially in time wherein  130 WO 2004/000116 PCT/IL2002/000510
selective induction of apoptosis of cellulite and fat in each of said
multiplicity of target  volumes takes place only following detection of
non-apoptotic induced cellulite and fat  therein. 5 221. Apparatus for
inducing apoptosis in cellulite and fat according to any of  claims 211 to
219 and wherein said director also defines said multiplicity of target
volumes as unit volumes of cellulite and fat within said region. 222.
Apparatus for inducing apoptosis in cellulite and fat according to any of
10 claims 211 to 221 and wherein said director proceeds sequentially in
time wherein  selective induction of apoptosis of cellulite and fat in each
of said multiplicity of target  volumes takes place only following
detection of cellulite and fat therein. 223. Apparatus for inducing
apoptosis in cellulite and fat according to any of  15 claims 211 to 222
and also comprising a computerized tracking functionality providing
computerized tracking of said multiplicity of target volumes
notwithstanding movement  of said body. 224. Apparatus for inducing
apoptosis in cellulite and fat according to claim  20 223 and wherein said
computerized tracking functionality is operative to sense changes  in the
position of markings on said body and to employ sensed changes for tracking
the  positions of said multiplicity of target volumes in said body. 225.
Apparatus for inducing apoptosis in cellulite and fat comprising: 25 a
director, directing ultrasonic energy at a multiplicity of target volumes
containing cellulite and fat within a region of a body, thereby to
selectively induce  apoptosis in said cellulite and fat in said
multiplicity of target volumes and generally not  induce apoptosis in
non-cellulite and non-fat tissue in said multiplicity of target  



volumes; and 30 a computerized tracking functionality providing
computerized tracking  of said multiplicity of target volumes
notwithstanding movement of said body. 131 WO 2004/000116 PCT/IL2002/000510
226. Apparatus for inducing apoptosis in cellulite and fat according to
claim  225 and wherein said computerized tracking functionality is
operative to sense changes  in the position of markings on said body and to
employ sensed changes for tracking the  positions of said target volumes in
said body. 5 227. A method for medical treatment comprising the steps of:
defining in real-time a region of a body and at least one target volume
therein, the three-dimensional configuration of said region and the
location of said at  least one target volume being variable over time
during said medical treatment, at least  1 o partially by detecting at
least one spatial indication on said region; detecting in real-time the
location and orientation of a selectably positionable  energy director
relative to said region and relative to said at least one target volume, at
least partially by detecting at least one spatial indicator on said energy
director; and directing energy from said energy director to said at least
one target  15 volume only when the location and orientation of said energy
director relative to said at  least one target volume are within
predetermined limits. 228. A method for medical treatment according to
claim 227 and also  including: 20 imaging of said body region at least
partially concurrently with said directing  energy at said at least one
target volume. 229. A method for medical treatment according to claims 227
or 228 and also  comprising: 25 defining said at least one spatial
indication at least partly by drawing on  the body with a visible marker.
230. A method for medical treatment according to claims 227 or 228 and also
comprising: 30 defining said at least one spatial indication at least
partly by using a  virtual marker. 132 WO 2004/000116 PCT/IL2002/000510
231. A method for medical treatment according to claims 227 or 228 wherein
said detecting at least one spatial indication comprises detecting at least
one physical  marker on said region. 5 232. A method for medical treatment
according to claims 227 or 228 wherein  said detecting at least one spatial
indication comprises detecting at least one partly  



anatomical marker. 233. A method for medical treatment according to claims
227 or 228 wherein  10 said detecting at least one spatial indication
comprises detecting at least one marker at  least partly adhered to the
body. 234. A method for medical treatment according to claim 231 wherein
said  detecting at least one spatial indication comprises detecting at
least one virtual marker.  15 235. A method for medical treatment according
to any of claims 227 to 234  wherein said detecting comprises optical
detecting. 236. A method for medical treatment according to any of claims
227 to 234  20 wherein said detecting comprises ultrasonic detecting. 237.
A method for medical treatment according to any of claims 227 to 236  and
also comprising at least partly manually moving said energy director on
said body.  25 238. A method for medical treatment according to any of
claims 227 to 236  and also comprising mechanically moving said energy
director on said body. 239. A method for medical treatment according to any
of claims 227 to 238  and also comprising directing ultrasonic energy at
said at least one target volume. 30 240. A method for medical treatment
according to any of claims 227 to 238  and also comprising directing
electromagnetic energy at said at least one target volume.  133 WO
2004/000116 PCT/IL2002/000510  241. A system for medical treatment
comprising: a selectably positionable energy director; a real-time tracking
subsystem comprising: 5 a real-time body region definer, defining in real
time a region of a  body and at least one target volume therein, the
three-dimensional configuration of said  region and the location of said at
least one target volume being variable over time  during said medical
treatment, at least partially by detecting at least one spatial  indication
on said region; and 10 a real-time energy director detector, detecting in
real time the  location and orientation of said energy director relative to
said region and relative to  said at least one target volume, at least
partially by detecting at least one spatial  indicator on said energy
director; and a treatment subsystem, directing energy from said energy
director to said  15 at least one target volume only when the location and
orientation of said energy director  relative to said at least one target
volume are within predetermined limits. 242. A system for medical treatment
according to claim 241 and also  including: 20 an imaging subsystem,
imaging said region at least partially concurrent  



with the operation of said treatment subsystem. 243. A system for medical
treatment according to claims 241 or 242 wherein  said at least one spatial
indication comprises at least one visible mark drawn on said  25 body. 244.
A system for medical treatment according to claims 241 or 242 wherein  said
at least one spatial indication comprises at least one virtual mark. 30
245. A system for medical treatment according to any of claims 241 to 244
wherein body region definer detects physical markers on said body. 134 WO
2004/000116 PCT/IL2002/000510  246. A system for medical treatment
according to claim 245 wherein said  markers comprise anatomical markers at
least partly anatomical markers. 247. A system for medical treatment
according to claim 245 wherein said  5 markers comprise markers at least
partly adhered to the body. 248. A system for medical treatment according
to claim 245 wherein said  markers comprise virtual markers. 1 0 249. A
system for medical treatment according to any of claims 241 to 248  wherein
said detector comprises an optical detector. 250. A system for medical
treatment according to any of claims 241 to 248  wherein said detector
comprises an ultrasonic detector. 15 251. A system for medical treatment
according to any of claims 241 to 250  wherein said energy director is at
least partly moved manually on said body. 252. A system for medical
treatment according to any of claims 241 to 250  20 wherein said energy
director is moved mechanically on said body 253. A system for medical
treatment according to any of claims 241 to 252  wherein said energy
director directs ultrasonic energy at said at least one target volume.  25
254. A system for medical treatment according to any of claims 241 to 252
wherein said energy director directs electromagnetic energy at said at
least one target  volume. 255. A method for medical diagnosis comprising
the steps of: 30 defining in real-time a region of a body and at least one
target volume  therein, the three-dimensional configuration of said region
and the location of said at  least one target volume being variable over
time during said medical diagnosis, at least  135 WO 2004/000116
PCT/IL2002/000510  partially by detecting at least one spatial indication
on said region; detecting in real-time the location and orientation of a
selectably  positionable diagnosis detector relative to said body region
and relative to said at least  one target volume, at least partially by
detecting at least one spatial indicator on said  



5 diagnosis detector; and directing energy from said diagnosis detector to
said at least one target  volume and from said at least one target volume
to said diagnosis detector only when  the location and orientation of said
diagnosis detector relative to said at least one target  volume are within
predetermined limits. 10 256. A method for medical diagnosis according to
claim 255 and also  including: imaging of said body region at least
partially concurrently with said  directing energy at said at least one
target volume. 15 257. A method for medical diagnosis according to claims
255 or 256 also  comprising: defining said at least one spatial indication
at least partly by drawing on  the body with a visible marker. 20 258. A
method for medical diagnosis according to claims 255 to 256 and also
comprising: defining said at least one spatial indication at least partly
by using a  virtual marker. 25 259. A method for medical diagnosis
according to claims 255 or 256 wherein  said detecting at least one spatial
indication comprises detecting at least one physical  marker on said body
region. 30 260. A method for medical diagnosis according to claims 255 or
256 wherein  detecting at least one spatial indication comprises detecting
at least one partly  anatomical marker. 136 WO 2004/000116
PCT/IL2002/000510  261. A method for medical diagnosis according to claims
255 or 256 wherein  said detecting at least one spatial indication
comprises detecting at least one marker  partly adhered to the body. 5 262.
A method for medical diagnosis according to claims 255 or 256 wherein  said
detecting at least one spatial indication comprises detecting at least one'
virtual  marker. 10 263. A method for medical diagnosis according to any of
claims 255 to 262  wherein said detecting comprises optical detecting. 264.
A method for medical diagnosis according to any of claims 255 to 262
wherein said detecting comprises ultrasonic detecting. 



15 265. A method for medical diagnosis according to any of claims 255 to
264  and also comprising at least partly manually moving said diagnosis
detector on said  body. 20 266. A method for medical diagnosis according to
any of claims 255 to 264  and also comprising mechanically moving said
diagnosis detector on said body. 267. A method for medical diagnosis
according to any of claims 255 to 262  wherein said directing energy
comprises directing ultrasonic energy. 25 268. A method for medical
diagnosis according to any of claims 255 to 262  wherein said directing
energy comprises directing electromagnetic energy. 269. A system for
medical diagnosis comprising:  30 a selectably positionable diagnosis
detector;  a real-time tracking subsystem comprising: a real-time body
region definer, defining in real time a region of a  137 WO 2004/000116
PCT/IL2002/000510  body and at least one target volume therein, the
three-dimensional configuration of said  region and the location of said at
least one target volume being variable over time  during said medical
diagnosis, at least partially by detecting at least one spatial  indication
on said region; and 5 a real-time diagnosis detector tracker, detecting in
real time the  location and orientation of said diagnosis detector relative
to said region and relative to  said at least one target volume, at least
partially by detecting at least one spatial  indicator on said diagnosis
detector; and a diagnosis subsystem, directing energy from said diagnostic
detector to  10 said at least one target volume and from said at least one
target volume to said  diagnostic detector only when the location and
orientation of said diagnostic detector to  said at least one target volume
are within predetermined limits. 270. A system for medical diagnosis
according to claim 269 and also  15 including: an imaging subsystem,
imaging said region at least partially concurrent  with the operation of
said diagnosis subsystem. 271. A system for medical diagnosis according to
claims 269 or 270 wherein  20 said at least one spatial indication
comprises at least one visible mark drawn on said  body. 272. A system for
medical diagnosis according to claims 269 or 270 wherein  said at least one
spatial indication comprises at least one virtual mark. 25 273. A system
for medical diagnosis according to any of claims 269 to 272  



wherein said body region definer detects physical markers on said body.
274. A system for medical diagnosis according to claim 273 wherein said  30
markers comprise at least partly anatomical markers. 275. A system for
medical diagnosis according to claim 273 wherein said  138 WO 2004/000116
PCT/IL2002/000510  markers comprise markers are at least partly adhered to
the body. 276. A system for medical diagnosis according to claim 273
wherein said  markers comprise virtual markers. 5 277. A system for medical
diagnosis according to any of claims 269 to 276  wherein said diagnostic
detector employs an optic detector. 278. ' A system for medical diagnosis
according to any of claims 269 to 276  10 wherein said diagnostic detector
comprises an ultrasonic detector. 279. A system for medical diagnosis
according to any of claims 269 to 278  wherein said diagnostic detector is
at least partly moved manually on said body. 15 280. A system for medical
diagnosis according to claims 269 to 279 wherein  said diagnostic detector
is moved mechanically on said body. 281. A system for medical diagnosis
according to claims 269 to 279 wherein  said diagnostic detector employs
ultrasonic energy. 20 282. A system for medical diagnosis according to
claim 269 to 279 wherein  said diagnostic detector employs electromagnetic
energy. 283. Apparatus for ultrasonic therapy comprising: 25 an ultrasonic
energy director assembly comprising a plurality of  Langevin ultrasonic
transducers coupled together to provide focused ultrasonic energy  on a
target volume. 284. Apparatus for ultrasonic therapy according to claim 283
and wherein  30 each of said plurality of Langevin ultrasonic transducers
comprises: a pair of piezoelectric elements separated by a positive contact
electrode;  and 139 WO 2004/000116 PCT/IL2002/000510  negative contact
electrodes located on both sides of the pair of piezoelectric elements and
held tightly against the pair of piezoelectric elements by a  bolt and nut.
5 285. Apparatus for ultrasonic therapy according to claims 283 or 284 and
wherein said plurality of Langevin ultrasonic transducers are embedded in a
vibration  damping material to avoid mechanical cross talk therebetween,
286. Apparatus according to any of claims 283 to 285 and also comprising: 



10 a cooling system associated with the plurality of Langevin ultarsonic
transducers for cooling thereof. 287. Apparatus according to any of claims
283 to 286 and also comprising an  intermediate element, having acoustic
impedance similar to that of soft mammalian  15 tissue disposed between
said plurality of Langevin ultrasonic transducers a contact  surface for
engagement with a body. 140 


