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METHOD AND APPARATUS FOR ALTERING ACTIVITY OF TISSUE LAYERS

FIELD OF THE INVENTION

The present invention generally concerns methods and devices for altering
biological activity using mechanical vibrations, and more particularly to ultrasonic
miethods and devices for aliering activily of tissue- or of organ layers, and for altering

activity of particular components within said tissue or organ layers, while minimizing
alterations in neighboring tissue or organ layers located deeper to- or outer to- treated

layer.

BACKGROUND OF THE INVENTION

The human body, as the body of other multi-cellular living creatures, is made
of numerous cell types, forming tissues and organs, or organ components. Each of the
tissues and each of the organs is mostly arranged as muiti layer tubular or flat
structure, For instance blood vessels, digestive tract, fragments of the respiratory
system, long bones or uterus are multi layered tubular structures, whereas the skin is
an example of a multi layer flat structure.

The term “layer” according to this invention refers to a morphologically or
histologically distiiiguished layer, which compose a layered par{ of a tissue or of an
organ. A layer might be composed also of several morphological layers having
different cell types, for instance the dermal zone of the skin, or being composed of
bulk of a single cell type, for instance the smooth muscle cells of the coronary
arteries. Essentiaily, there are differences in the density, elasticity and other

miechaitical properties of the different layers of & tissue-, or of an organ structure. For

a

instance, there is a clear mechanical difference between the blood lauid located at
the blood-vessel lumen, and between the more rigid vessel wall. In the uterus, the

endometrium which is a rather loose tissue loaded with angiogenetic processes and

O—!

lood, differs in its mechanical properties from the deeper compact musculature bulk

ch

the uterus. In the skim the dermal zome, composed largely of collagen fibers,
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significantly differ in its mechanical properties from. both. superficial epidermis and

from the deeper subcutaneous adipose zone, composed largely of fat cells.

At times it is desired to affect part of, or an entire layer of tissue or organ at
particular body zone, or to affect particular components of certain layer without
affecting the surrounding tissue- or orgai layers. This is a common need i botl
medical and cosmetic arenas.

In the cardiovascular system, for instance, the stenotic and the restenotic
narrowing and the subsequent obliteration or mal performance of the coronary
arteries cause significant morbidity and mortality. It requires bypass surgery or
niinimal invasive manipulations with angiopiasty and stemts for sienosis, and much

dl
he restenosis phase. It is then, or preferably even

.

less treatment options during

[4

earlier as preventative procedure, desired to selectively and precisely affect the entire
tubular layer of the smooth muscle cells of the tubular coronary blood vessels, so to
prevent or to cease the restenosis, without affecting the lumenal endothelial cells,

Ini the digestive tract it is occasionally essential to selectively affect berign
polyps, so to prevent cancerous transformations, witheut affecting the towards-lumen
cover of moist epithelial tissue. In the uterus it is occasionally needed to affect the
endometrium facing the uterus lumen, so to cease excessive menstrual bleeding in a
non-ablative manner and without affecting the deeper uterus tissues.

In the skin it might be needed to affect certain compoments loeated in
particular layers, for instance hair follicles, pigmént cells, or blood capillaries. It
might be further needed to affect entire layers of the skin, for instance affecting the
epidermal layer for juvenile look, or affecting the dermal zone for wrinkle removal.

In the respiratory system, it might be needed to affect obstacles of the

pulmonary bromnchi, without harmfully affecting the alveoli or preumocytes, and
without initiating hemorrhage due to harmful effect of cavitation on the air spaces.
Several methods and devices have been developed for affecting tissues, organs
and their components. Said methods largely emphasize on non- to minimal invasive
procedures using different energy sources, including Iaser, microwave, radio

e maldn
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create selective effect derived from the different mechanical properties of the
different layers, to create the create layer restricted desired effect.

When therapeutic ultrasound is used, the tissues in the beam path absorb
energy and suffer damage, which otherwise can be employed to affect the particular
desired location of effect. According to the teaching of US6206843 one way to solve
this excessive damage, for instance when treating blood vessels, is by applying
acoustic pressuré and subsequently ablative procedure at reduced time and intensity
and with less side effects.

At times, it is desired to cause alterations in certain layer of muiti layered
tissues or orgams, without affecting layers located deeper or superficial to treated

zone.
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SUMMARY QF THE INVENTION
The present invention concerns a method and device for ultrasonically affecting

and causing alteration of a certain layer of a muliti layered tissue or organ, in a non

[~

- mivasive or muminally invasive procedures, and with minor effects i other layers of the

said treated tissue or organ. It is performed by using the different mechanical properties
of the different tissue or organ layers, and the subsequent difference in the relevant sound
velocity of the different layers, as selective element for guiding the ultrasonic waves. The
mechanical differences between layers, and between layers and the ambient media,
combined with leading element of irradiation angle, enable shifting of the waves towards
surface waves running in particular layers at least partially parallel or almost parallel to
the surface, and therefore affecting particular layers parallel to the tissue or organ surface
without affecting, e.g., deeper tissues. During irradiation surface is preferably being
cooled, enabling creating effects, including thermal effects, at layers deeper to the surface
leaving the surface intact.

When ultrasenie irradiation hits structure at an oblique angle, beam is split to
three major components, reflected longitudinal waves, transmitted longitudinal waves
and shear waves. Whereas the reflected angle of the waves is always equal to the
irradiation incident angle, the angle of the refracted waves is determined by the

properties of the two media, in particular by the sound speed in both media. The
direction of propagation of the transmitted waves in the structure therefore changes
and is different from the direction or angle of irradiation.

In general, when irradiating an object at a certain angle between a perpendicular

axis to the object and the irradiation force, and from a zone A having certain

&

characteristic of sound veloeity, into another zone B (the ovject) characierized by a

higher sound velocity, the refracted irradiated ultrasenic waves in the object will tend

to run in an angle higher than the irradiation angle, towards running at least partially

in parallel to the object surface.

For instance when irradiating from water (sound velocity of about 1500 m/sec)

CAPIY, USRI NEIN SRUUTIS. SNN, SURC P T e ) e o] e e
nito the skin (sound velocity of about 1,700 m/secy, at an angle greater than about 60

degrees with respect to perpendicular axis, then majer ity of the refracted waves will

4
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run parallel, or almost parallel to the skin surface, as surface waves. Typically this

said angle of 60 degrees is a critical angle for the skin, where most longitudinal
waves transferred into interface nature, a rather mixed mode of longitudinal and of
shear waves. This combined mode is aiso characterized by high attenuation and
therefore create demarcated effect at atienuation zome, and essentially do not
penetrate or affect other loeations. Said interface waves, at least partially run in
parallel to the surface, and therefore termed surface waves. When treating layered
tissues or organs it provides significant advantage to treat particular layers without

affecting the ambient layers, outer to or deeper to treatment zone.

A cominon way {0 create surface waves, i particular in the form of shear
waves, is te transmit longitudinal waves through water or gel. Water does net suppert
shear waves and therefore at the interface, between the water and the irradiated
object, there is a reflected longitudinal back into the water and two wave modes
refracted into the irradiated object - a longitudinal and is a shear wave. So the water
liquid serves as essential element in the creation of these shear waves. The other way
to create shear waves is by using a probe which directly excites shear waves. In order
to transmit these shear waves into the irradiated object, the coupling between the
probe and the said object must be a liquid of a very high viscosity, or a sticky solid.

It shail be noted, however, that waves running in parallel to the surface can be
also of other mode, including purely longitudinal waves. This can be done, for
instanee by irradiating the object in a certain direction essentially parallel to the
object surface. This irradiation is carried out while considering the natural
morphology of the object, or alternatively with artificially modified morphology of the
irradiated object.

When ultrasonic irradiation to a structure is originated from more than one

ke . a1
adiated structure is the

"
-
5
&
);—l
nd

ulirasonie souree, the total disturbance

1
1

t sach point o
vectorial sum of the different particular mechanical disturbances produced by each
ultrasonic wave source.

The static forces which are created when ultrasonic waves undergo changes in

their direction (or in amplitude) further induce radiation pressure. Surfice waves,
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however; as well. as the combined interface mode, can produce all effects that can. be

created by regular longitudinal waves, including thermal and non thermal effects,
heating and ablation, cavitation, microstreaming and shear stress, pressure, radiation
force, torque and streaming. .

Aceorditig to a first aspect, the present invertion concerns a miethod for
affecting superficial layers of tubular or flat tissues or ergans comprising: applying to
said tissues or organs ultrasonic irradiation at an angle which produces ultrasonic
waves at least a portion of which propagates in said superficial layers and at least
partiaily in parallel to the skin surface. The procedure can be carried out as stand
alonie, or be combined by anothier ultrasonic iradiation, perpendicular or i another
angle to the said tissue or ergan, se to have a construetive vectorial sum of effects.
The oblique irradiation, source of the affecting surface waves, might be combined
also with another source of energy irradiation.

The term "ultrasonic surface waves™ in the context of the present invention,
refers to ultrasound waves which direction of propagation is at least partially, and
preferably largely, parallel to that of the tissue- or of the organ
might be. The surface waves may be produced by a combination of different wave
modes, however at least one of the following wave modes should constitute the
surface waves: longitudinal waves, shear waves, bending waves or torsion waves.

> Ll

By one embodimerit of this asp

)

ct, the propagation of the ultrasomnic surface
t the interface between the uterus
endometrium and the inner uterus lumen. However, in accordance with a preferred
embodiment of the invention, the propagation of the ultrasonic surface waves is
carried inside the endometrium, a short distance deeper than its lumenal surface.
Such an embodiment ensures that the main effecis of the ultrasomic energy, are

by

: R . :
a specific depth of the uterus where appropriate

)
=y
od o
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D
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n o cerizin layer of
destructive effect is needed, while deeper layers are not penetrated by the energy and
therefore do not absorb it and are not affected. The depth of the treated layer is

typically between several mm to tens mm.
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By another embodiment of this aspect, the propagation of the surface. wave. is.

deeper to the organ surface, e.g., at the smooth muscle layer of a coronary artery. In
accordance with this embodiment of the invention, the irradiation is from the vessel
fumen and in direction of the length axis of the vessel. The propagation of the
ulirasonic waves in the target is carried out ai the muscle layer of the vessel, ieaving
the blood inside the vessel is
used as both ultrasonic coupling agent, and as cooling liquid, further provides heat
protection for the inner endothelial cells by conduction and convection. Irradiation is
in a minimally invasive procedure.

By another embodiment of this aspect, the propagation of the surface waves is
through the entire layers of the organ, e.g., at the wall of the urine bladder. In
accordance with this embodiment of the invention, the irradiation is along the three
major layers of the bladder to create there an effect, leaving the surrounding tissue
and the content of the biladder intact. Irradiation is in a minimaily invasive procedure.

By another embodiment of this aspect, the method is used as add-on to another
method to achieve synergic effect. According to the teaching of pending application
PCT IL99/00533, the ultrasound waves are transmitted at a rather high intensity,
along hair shafts by using the hair as wave guides, till dissipation at the follicle, for
hair removal. According to the present invention, uitrasonic waves are transmitted as
surface waves and reach the hair follicle at an angle which is essentially
perpendicular to the direction of the growth of the hair shaft. A combined method
suggests irradiation of surface waves together with irradiation via the hair shaft at
lower intensity. Ultrasonic characteristics for the two irradiations shall be those that
when combined together the total disturbance at the follicle area of the hair will be
constructive, Furthermore, the combined method will advantage the different
e T

. | . y 13 1 L ) ol 1 1
kin's components io heat. The follicle cells (which are of epidermal

sensitivity o (wh

LA

origin) are sensitive to heat and will receive vectorial combination of the two
irradiations. Concomitantly, the collagen fibers which covers the follicles
invaginations, are much less sensitive and will anyhow receive only the surface wave

irradiation. This will provide improved hair removal.
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Tt shall be noted that the perpendicular direction of the waves ensures that
energy irradiation has only a superficial effect, since the wave propagation which is
perpendicular to follicles is also parallel to skin surface, and therefore essentially
energy does not propagate to deeperAregions of the skin and aiso the skin surface

remains intact. The second irradiation source, inn addition to the surface waves, might

ol

RF, microwave and the like.

In order to minimize side effects to the irradiated tissue or organ, a cooling
agent might be applied to the said tissue or organ, so that the surface of the treated
zone is cooled while the effects, inciuding heat, are built in the appropriate deeper
layers of the treated zone. Examples of cooling agents are: water or cooling gels.
According to the treatment site, cooling agents might be alse body natural fluids suc
as blood, urine and the like. Under both circumstances the cooling agents in addition
to convection and conduction of heat, might serve also in the actual creation of the
surface waves, as explained above. Altering parameters, such as cooling temperature,
might affect depth and intensity of the created biological alterati

The angle of irradiation used to produce mainly surface waves should be
calculated and chosen empirically, while considering mainly the characteristics of the

media the waves travel in, and also the mechanical characteristics of the system, the

cooling medium and uitrasound irradiation parameters. The frequency or intensity of

the ultrasound do not affect the critical angle for the creation of surface waves.
Surface waves might be created also by modifying the morphology of irradiated tissue

or organ so waves will run initially in parallel to the surface.
The ultrasonic parameters used with the appropriate surface waves are
interconnected, so that when reducing intensity at certain frequency, the reduction of

al energy can be compensated by increasing duration of the energy application; or

both reach desired depth), the increase may be compensated by decrease in intensity
treatment duration etc. Focused beam, either regular or by phase array might be used
to increase irradiation intensity of a layer, whereas increased frequency might be used

to reduce the tr lenigth of the waves in a layer.
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The parameters required for creation alterations in layers of tissues or organs in

accordance with the surface wave aspect of the invention are as follows:

Frequency: 20 kHz — 50 MHz, preferably 200 kHz -3 MHz;

Intensity: 0.001 Watt — 1000 Waits, preferably 0.1-5 Watt or several
hundred

Duration: 0.00

Wait for regular and focused beam, respectively;

wr
“

fary

i

o

— 10 min., preferably split of second till seconds, an

d
tens of seconds till few minutes for focused beam and for regular beam, respectively..

Mode: pulsative or continuous.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the invention and further methods devices and
features thereof, reference is made to the attached non limiting drawings wherein:

Figure 1 shows angles of ultrasound irradiation required for production of
surface waves in accordance with the invention;

Figure 2 shows a schematic device and system for carrying out the method of
the invention; and

Figure 3 shows another embodiment of a system for carrying out the method

of the invention for minimally invasive procedure.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Therapeutic ulirasound partially affects via temperature elevation. The

temperature increase of a medium through which ultrasound wave propagate is a

O VR P % Y 1. % AP ampiemtonrd law s dlan P LT O e n e e n odes en b am oy
result of the absorbance accompanied by the acoustic beam attenuation. Absorbance
and attenuation are higher when frequency is higher, and accordingly the intensity of

the acoustic beam reduces exponentially along the beam path. Intensity is
significantly reduced also when using shear waves or interface waves. The former are
waves of shear stress along the plane of wave propagation which attenuates up to four

order faster than longitudinal waves, which are waves that propagate witl

=

compression and decompression along the direction of wave propagation. Th

Y PRy WLKs

(¢



by
<

WO 03/077833 PCT/IL03/00228

10
interface waves are combined mode of essentially longitudinal and stress waves,

having combined characteristics.

Ultrasonic irradiation being applied to biological object in a direction oblique
to the surface, can produce different wave types. It can produce non surface waves,
including longitudinal and shear waves which might penetrate deeper into the tissue.

Concomitantly, and occasionally alternatively, it can nixed mode of two first

wa

4
.
»
§
»

types that essentially run in parallel to the skin surface, termed surface waves.
The surface waves become a significant part of the total propagated energy,

when angle between perpendicular axis and the irradiation axis is higher than a

Mostly the range of critical angle between biological surface and wave front is in the
range of 10-30 degrees (equivalent to 60-80 degrees from perpendicular axis), but it
largely depends on the mechanical properties of the media.

There are two exireme cases. At one case and certain angle most of the energy

ot

s featured as surface waves. At this angle longitudinal waves essentially do not
penetrate the depth of the object, but partly reflected, and mostly creates together with
shear waves the surface waves. For instance, for the skin at the angles of 10-30 from
the skin, most of the waves will be surface waves, whereas above 30 most waves will
ate into deeper layers of the skin. The other exireme case is below about 5
degrees between irradiating force and object (e.g., the skin), where most of the energy
will be reflected from the skin object.

Shear forces are created by propagation of the shear waves. The method
consists of the transmission of longitudinal waves A; through liquid or gel. Liquid,
such as water, does not support shear waves, whereas solids does. Therefore at the
surface interface, between the water and skin, there is a reflected longitudinal wave r
into the water and two refracted waves into the skin. One wave is longitudinal Ay, and
the other one is a shear wave As, as shown in Figure 1.

The intensity partition, between the said two refracted waves in the skin

depends on the angle between the irradiation source and the perpendicular axis,



W

10

-t
Lh

WO 03/077833 PCT/IL03/00228

11
incident angle 01 , and the physical properties of the liquid and the tissue. The

physical properties of the liquid, water for example, and of the tissue, skin for
example, are known (for instance at: Nyborg L.N. Biological effects of ultrasound:
mechanisms and clinical applications, NCRP pub., Bethesda, Maryland (1983)). The
longitudinal velocity for skin is given as ¢=1720+45 m/s, and the density p=924+24
ke/m’. An average of 60 ratios of e/e; of different materials gives e/c=0.51+0.8 and
accordingly we estimated ¢,~880m/s. For water following characteristics were taken:
c¢w=1487m/s and _p=999kg;/m3 , all at a temperature of 25°. Relation between
incident angle - 9; and angles of a reflected longitudinal 0, transmitted longitudinal

61, and transmitted shear §; wave were found from the next Snell equation relation:

C C C C

4 — a 4 M

sind, sinf, sinf, sinf,

Angles 01, Oy, Or, and 0 are all measured in perpendicular to the tissue, the skin

surface in this example. 0y 1s always equal to 0r. The incident angle is called “critical

12 J

angle” B¢ when cw/(er®sin (1) >1, because ai angles above this angxe the transmitied

longitudinal wave doss not penetrate the skin surface but reflected from it. At this
angle, however, the longitudinal waves essentially run in parallel to the skin surface.
For the above mentioned sound velocities in this non-limiting example, 9. is equal io
69 degrees. Directions of a reflected longitudinal and transmitted longitudinal and
shear waves at the critical angle are demonstrated in Fig. 1. At the critical angle an
angle beiween skin surface and transmilled longitudinal wave is 5.5 degrees , ie.,

almost parallel to the skin surface, and angle of transmitted shear waves is 54 degrees.

Figure 2 is a non limiting example of system 99 for altering activity of superficial
layer by application of ultrasonically created surface waves to the treated area. The
irradiating element, a focusing transducer 40 having concave irradiating surface 44, is
Jocated in the container 13, for instance a cylinder, which is filled with degassed water to
prevent non desired cavitation in the media ouiside of treaied object 35. The cylinder end

1 o l‘l‘\q‘l"\ 1 ul 1 /a Vol 5
ike sleeve 14, which can be changed in the general direction ¢

lexion of the sleeve 14 changes angle between schematic focused beam 12,

§
2
g
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with borders of wave propagation 16 and 16a, and between the target surface 34. Said

angle can be calibrated accordingly to reach the appropriate angle so to initiate desired
effect at desired layers.
After impinging surface 34 waves propagate in general direction of arrows 19 and

Y 1

19a, having focus zone 42 al irealed area. Affecied layer 18 is locaied ai superficial layer

nf -hﬂaqi-er] ne 28 and can ha disi‘-’mgu Su\au u_y sC 1.1\.:1.1.1(4\41\./ bt\rr]ar nf affont T8a

WL W W U \IQJ’ LI U AL UL VLW WL WU,

Degassed water in the container 13 circulates through tubes 20 and 21 to, and
from water container 39, by pump 23. Circulated water serve both as a cooling agent as
well as an ultrasonic coupling agent. Control unit 22 regulates water temperature and

flow rate of the circulated water, by affecting pump 23 and potential cooling unit (not

shown). Due to the possible cooling effect, and if and when the layer aiteration source is
thermal, surface of zone 34 can remains cooled and intact whereas profile of elevated

PPRAVLLIV VL R

temperature is built deeper in the treated zone. However, cooling is only a preferred
embodiment, and water might be served only as coupling agent.

Signal generator 25 and amplifier 26, are connected with each other and with
transducer 40 by appropriate cables 41 and 27 respectively. Optionally both signal
generator and ampiifier can be consiructed as an integral component enabling changing
frequency and intensity of nitrasonic irradiation.

To reach homogenous skin treatment without differences between ultrasonic areas
of maximas / minimas, the container 13 and the transducer 40 can be slightly moved by
driver 28 in the direction of arrow 29. Mechanical force-creating element 30, which
might be for instance a motor, electromagnet or uitrasonic probe, is mounted into device
body 31 and causes the motion of driver 28.

Control of the different controllable processes, such as ulirasonic signal
generation, water pump, movement of transducer, angle of irradiation and the like is
carried out by central control unit 32, which simultaneously may receive data from
different conﬁollers.

The system might contain aiso on-fine monitoring unit to locate location of beam

and effect created at desired 1 iayer. M Ouu“i‘irg caii be pe riorined with the same ultrasonic

3..

vice, for instance when working alternately between affecting and monitoring phases,
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and data obtained is further analyzed and possibly stored and implanted by the control

unit 32.

The system might further contain means for continuous movement over the
desired location. Optionally the entire system, possibly with reduced cooling effect, might
be integrated into a hand held consuimer device.

Figure 3 is a non limiting example of device 100 for radial irradiation, distal part
of the entire system, for altering activity of a layer located in middle-depth of a tubular
organ, part of which is schematically given in cross section as target 82. Said target is
composed of lumen 84 with natural body fluids, and of organ wall 86. The device is
preferably inserted to desired location using conventional guiding means, for instance a
catheter.

Signal transmitted via cable 60 deliver signal to activate ulirasonic creating mean,
probe or transducer 64, via matching 62. Said ultrasonic creating mean irradiates
ultrasonic waves that propagate via horn 72, and from there into the tissue. Trradiation
can be performed also without the hom, providing that the irradiating source is in
appropriate angle towards the target wall 86. However, the horn is partially covered by
uitrasonic absorbing medium 79, preveniing irradiation from non appropriaie paris and
directions of the irradiation device 100,

Schematic ulirasonic wave a, irradiated from surface 68 of the ultrasonic creating
mean 64, propagates towards oblique device wall 76, being refracted into lumen 84 as
wave b, impinges inner side of organ wall 86, being further refracted and propagates as
surface, or close to surface wave ¢ in said organ wall 86. Another schematic wave e
impinges oblique device-wail 74. Space 79 locaied between cone margins 74 (radial, as
the entire device in this example) and distal wall 89 is composed of material of high
ultrasonic attenuation, such as air, and therefore surface 74 acts as reflector. Schematic
wave e is reflected from wall 74, and continues as schematic wave f The later
propagates, impinge wall 76, refracted and continues as wave g, which further
propagates, impinge and refracted at inner side of organ wall 86 in the general direction

of schematic wave h.
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The vectorial contribution of schematic waves ¢ and h, in organ wall 86, creates

demarcated layered effect, along the long axis of tubular organ 82. Affected zones 90,
and 90a, which actually refer to the same affected radial zone, are located in mid layer of

organ wall 86. The combined mode of both reflected waves, and waves diréctly refracted

[

inio the same localion, increases ocal effect. Assuming heal iniliaied effect, area 88,
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mtact due to the convection and conduction
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of heat by the natural body fluids of the lumen. Area 93 remains intact since waves
propagates in the organ wall 86 in particular in parallel to- or close to parallel to the

surface, and without essentially propagating into and affecting deeper layers.

While there have been shown preferred embodiments of ultrasonic methods and

aevices for altering activity of layers of tissues and of orgaus, it is to be understood that

many changes may be made therein without departing from the spirit of the invention.
The invention embraces any and all changes, modifications, alternatives or
rearrangements of the method and device as defined by the claims, including the use

of method and device for non-biological structures.
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CLAIMS:

1. A method for affecting at least part of a certain layer of a layered biological
structure composed of layers having different mechanical characteristics, comprising:
applying o said structure an ultrasound irradiation from at least one source, and
at a certain range of irradiation angle, which produces ulirasonic waves at least a portion
of said waves penetrate the biological structure and propagate in a certain layer at least
partially in parallel to the structure surface, thereby causing alteration of the bulk of the
layer they propagate in, without substantiaily propagating in- and altering neighboring

layers.

9

. A method according to Claim 1, wherein the biological structure is composed of
at least one layer.

3. A method according to Claim 2, wherein the layer is composed of at least one
cell type.

4. A method according to Claim 3, wherein the layer is a defined morphological
structure.

5. A method according to Claim 4, wherein said morphological structure is in a
non superficial location of the biological structure.

6. A method according to Claim 4, wherein said morphological structure is at the

periphery of the biological structure.

7. A method according to Claim 1, wherein the biological structure is a tissue or
parts thereof.
8. A method according to Claim 1 wherein the biological structure is an organ or
parts thereof.
9, A method according to Claim 1, wherein the alteration of the bulk of the layer is

via increased activity of at least portion of the components of the said layer.
10, A method according to Claim 9, wherein the increased activity is leading to

premature apoptosis.

Y

11 A mathnad accerd;ﬂﬂ' o Claim 10, where
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instantly.
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12. A method according to Claim 1, wherein the alteration of the bulk of the laver is

via reduction of the activity of at least portion of the components of the said layer.
13. A method according to Claim 12, wherein the reduction of activity is

accompanied by necrosis.

i4. A method according to Claim 13, wherein the necrosis occurs instantly.
18. A method according to Claim 1, wherein the alteration of the bulk of the layer is

via mechanical destruction or degeneration, of at least portion of the components of the
said layer.
16. A method according to Claim 15, wherein the mechanical destruction or

degeneration is leading to necrosis.

17. A method according to Claim 16, wherein the necrosis occurs instantly.
18. A method according to Claim 1, wherein non focused ultrasonic beam is used to
create layer alteration.

19. A method according to Claim 18, wherein near zone part of the beam is used to
create layer alteration.

20. A method according to Claim 19, wherein at least one energy maxima is located
in the treated layer.

21, A method according to Claim 18, wherein far zone part of the beam is used to
create layer alteration.

22, A method according to Claim 1, wherein focused ultrasonic beam is used to
create layer alteration.

23. A method according to Claim 22, wherein layer alteration is created by

cavitation
24, A methed according to Claim 22, wherein layer alteration is created by thermal
effects

25. A method according to Claim 24, wherein thermal effect is ablation.

26. A method according to Claim 22, wherein layer alteration is created by pressure

effects
27. A method according to Claim 22, wherein layer alteration is created by shear
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28. A method according to Claim 22, wherein layer alteration is created by shock

Waves.

29. A method according to Claim 22, wherein focused beam is created by phase

30. A method according to Claim 1, wherein the angle of bulk of the ulirasonic
waves is not perpendicular to the treated biological structure,

31. A method according to claim 30, wherein the irradiation angle is pretreatment
determined to at least partially create surface waves.

32. A method according to Claim 31, wherein determination of the angle is based on
the sound velocity in the different irradiated layers, and also on combination of the
morphomeirical parameters of ireated biological structure, mechanical properties of the
different components within treated biological structure, and of the properties of the
ultrasonic irradiation used.

33. A method according to Claim 32, wherein the duration of the ultrasonic
irradiation is split of a second to [0 minutes

34. A method according to claim 33, wherein the preferred duration of the
ultrasenic irradiation is split of a second when focused beam is used.

35. A method according to claim 33, wherein the preferred duration of the
ultrasonic irradiation is several seconds to tens of seconds when non focused beam is
used.

36. A method according to claim 32, wherein the intensity of the radiation is
between 0.001 Wait and 1000 Watt.

37. A method according to claim 36, wherein the preferred intensity is of severa
hundreds Watts when focused beam is used.

38. A method according to claim 36, wherein the preferred intensity is of Wait parts
tiii several Watts when non focused beam is used.

38. A method according to Claim 32, wherein the frequency of the ultrasonic
irradiation is between 20 kHz and 50 MHz_

40. A method according to Claim 39, wherein the preferred frequency of the
ultrasonic irradiation is several hundreds kHZ till several MHz.



10

wy

15

20

25

[
[

WO 03/077833 PCT/IL03/00228

18
41. A method according to claim 32, wherein the duration of the irradiation is

between 0.001 second and 10 minutes

42, A method according to claim 41, wherein the preferred duration is tens of
seconds till several minutes when non focused beam is used.

43. A method according to claim 32, wherein the preferred duration of irradiation is
second split, till several seconds when focused beam is used.

44. A method according to Claim 1, wherein during the ultrasonic irradiation the
surface of the biological structure is cooled.

45. A method according to Claim 44, wherein the cooling is obtained by the

application of a cooling agent.

406. A method according to claim 44 wherein the cooling is obtained by conduction
and convection of the body fluids,

47. A method according to claim 1, wherein more than one energy source is used to
irradiate the biological structure, providing that at least one energy source emit
ultrasound at appropriate angle to create at least partially surface waves, and having
cumulative effects with another energy source.

48. A method according to claim 47, wherein another energy source is ultrasound
source

49. A method according to claim 47, wherein another energy source is laser.

50. A method according to claim 47, wherein another energy source is microwave.
51. A method according to claim 47, wherein another energy source is radio
frequency.

52, A method according to claim 1, wherein irradiation is in a certain direction.

53, A method according to claim 52, having irradiation at plain direction.

54. A method according to claim 52, having radial irradiation.

55. A method according to claim 1, where irradiation is performed from a lower
sound velocity zone, to higher sound velocity zone.

56. A method according to claim 55, wherein the lower sound velocity zone is
liquid.
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58. A method according to claim 56, wherein the liquid is body fluids.

59, A method according to claim 58, wherein the body fluid is blood.

60. A method according to claim 58, wherein the body fluid is urine.

61. A method acéording to claim 56, wherein the liquid is same liquid used to cool
suface.

62, A methed according to claim 1, wherein a transducer capable of emitting shear
waves is used to create irradiation at certain angle.

63. A method according to claim 1, wherein waves are irradiated into biological
structure, and propagate in parallel to the surface of the structure.

04. A method according to claim 63, wherein waves are longitudinal waves.

65. A method according o claim 1, and composed also of monitoring of location

67. A method according to claim 66, wherein the ultrasonic mean for monitoring is

the same ultrasonic mean for creating the desired alteration.

&N

3. A method for affecting at least portion of a certain component of a certain layer

f a biological structure comprising applying to said structure an ulirasonic irradiation

¢

from at least one ultrasonic source which produces ultrasonic waves, at least a portion of
said waves penetrate the structure and propagate essentially in parallel to the structure
surface, thereby causing alteration of certain component of the layer they propagate in,
without substantially aitering other components of the layer, nor superficial or deeper
layers.

£9, A device for use in the method of any one of the preceding claims.

70. A device and a system according to claim 69, substantially as hereinbefore
described with reference to the drawings.

71. A device according to claim 70 for affecting layer of biological layered structure,
comprising at least one uitrasonic emitting element capable of emitting ultrasonic waves

for altering activity at desired layer of biological structure, essentially at least a portion of
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said waves penetrate the structure and propagate in a certain layer at least partially in

parallel to the structure surface.

72. A system according to claim 71, comprised of an element capable of emitting
uitrasound waves, and the system generaily cornprises power source, control unit, a
signal generaior, a signal amplifier, a matching unit, at least one transducer capable of
producing at lest partially surface waves.

73. A device according to claim 71, wherein the ultrasonic emitting element is

pivotally mounted on a holder, so that the angle between the said ultrasonic emitting

_ element and the surface towards which the ultrasound is emitted can be adjusted.

74. A device according to Claim 71, wherein the ultrasonic emitting element is
mounted on the holder though pivotally movable ring.

78. A device according to Claim 71, wherein the ulirasonic emitting element is
mounted on the holder through a flexible sleeve.

76. A device according to any of Claim 71, containing also liquid coupling medium.
77. A device according to Claim 76, and containing cooling medium.

78. A device according to Claim 77, wherein the cooling liquid serves also in
coupling.

79. A device according to claim 71, composed of at least one mean for irradiating
biological structure so to initiate layer affective waves in said biological structure.

80. A device according to claim 79, composed of ultrasonic emitting element having
certain shape enabling irradiation at desired angle without further adjustments.

1. A device according to Claim 79, composed of at least one ultrasonic emitting
element capable of emitting shear waves.

82. A device according to claim 81, containing also coupling medium of high
viscosity.

83. A system according to claim 71, and composed also of guiding means for
minimal invasive procedure with device of the invention.

84. A system according to claim 83, wherein the guiding means is catheter.

35. A sysiem according io claim 83, wherein ihe guiding means 1s laparoscope.
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86. A system according 1o claim 71, composed also of monitoring element to detect

location of ultrasonic emitted waves, and of the effect created.

87. A system according to claim 86, wherein the monitoring element is based on
ultrasonic waves.

88. A system according to claim 87, wherein the ulirasonic monitoring aspect is
performed using the same ultrasonic emiiting element used as affecting element.

89. A device according to claim 71, wherein device is add on to another device.

90. A device according to claim 89, wherein the device subject of this invention is
add on to a monitoring device.

91. A device according to claim 89, wherein the device subject of this invention is

add on to a therapeutic device, including cosmetic device.

92, A device according te claim 71, and containing also other irradiatin 1g source.
93. A device according to claim 90, wherein the other irradiation source is
ultrasound.

94, A method and system, as hereinabove described for treating non biological
objects.
5. A method according to claiml, wherein the in layer propagating waves are

SUriace waves.
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