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(57) Abstract

A method and apparatus of reducing human
skin wrinkles, including applying a focused ultra-
sound beam to a region of human skin to stimulate
or irritate a dermis layer in the region of the skin
without adversely damaging an epidermis layer in
the region of the skin so as to cause a change in the
dermis layer of the skin that results in a change in
a smoothness of the epidermis layer of the skin. In
particular, relatively low power, low frequency fo-
cused ultrasound is applied to the dermis layer for
a period of time sufficient to cause a biological re-
sponse in the body wherein the biological response
causes synthesis and/or production of new connec-
tive tissue that results in reduction or elimination of
human skin wrinkles.
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METHOD AND APPARATUS FOR THERAPEUTIC TREATMENT OF SKIN WITH
ULTRASOUND

Background Of The Invention

1. Field of the Invention
The present invention relates generally to ultrasonic therapy. More particularly, the
present invention relates to the use of such therapy for reducing rhytides of the skin (i.e., skin

wrinkles), especially facial rhytides.

2. Discussion of the Related Art

Human skin is basically composed of three layers. The outer, or visible layer is the
stratum corneum. The stratum corneum is essentially a thin layer of dead skin cells that serves,
among other things, as a protective layer. Below the stratum corneum is the epidermis layer. The
epidermis layer is a cellular structure that forms the outermost living tissue of the skin. Below
the epidermis layer is the dermis layer that contains a variety of tissues such as sweat glands,
nerves cells, hair follicles, living skin cells, and connective tissue. The connective tissue gives the
dermis layer body, shape, and support. Since the epidermis layer lies on top of the dermis layer,
the shape, smoothness, and appearance of the epidermis layer is in part determined by the shape
of the dermis layer (and largely the connective tissue). Thus, variations in the shape of the
connective tissue tend to appear as variations in the epidermis layer.

There are a number of methods currently being used to reduce or eliminate skin wrinkles,
particularly facial skin wrinkles. Some of these methods include the use of lasers, cryo-peeling,
chemical-peeling, and dermabrasion. These methods appear to stimulate or irritate the dermis
layer so that a biological response results that produces new connective tissue which in turn
reduces or eliminates skin wrinkles in the treated area.

However, the cryo-peeling, chemical-peeling, dermabrasion and laser ablation methods
generally result in significant damage to the epidermis and dermis layers. In these methods, the
epidermis layer may be peeled or burned away. This presents several problems: opportunistic
infections may invade the dermis layer and thus complicate or prolong recovery; the procedure
may cause a patient significant discomfort and pain; and the skin may appear raw and damaged

for a significant period of time (on the order of weeks or months) while the healing process takes
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place. All of these side effects are considered undesirable.

Therefore, one object of the present invention is to provide an improved method and
apparatus for reducing or eliminating skin wrinkles.

Another object of the present invention is to provide a method and apparatus for reducing

skin wrinkles that does not substantially damage the epidermis layer of the skin.

Summary Of The Invention

The overall concept of the present invention relates to methods and apparatus for
therapeutic treatment of skin using ultrasound. In particular, the present invention relates to
wrinkle reduction and skin rejuvenation by controlled application of ultrasound energy into the
dermis layer. The ultrasound energy triggers a biological response that causes synthesis of new
connective tissue in the dermis through activation of fibroblast cells in the dermis without causing
or requiring significant irritation or damage to the epidermis. One purpose of the present
invention is to provide a cosmetic improvement in the appearance of the skin meaning that the
treated skin surface will have a smoother, rejuvenated appearance. The present invention achieves
this without the need to induce significant damage to the epidermis layer of the skin.

These and other objects are achieved by the present invention which, in one embodiment,
provides a method of rejuvenating human skin, the method comprising applying a focused
ultrasound beam to a region of human skin to stimulate or irritate a dermis layer in the region of
the skin so as to cause a change in the dermis layer of the skin that results in a change in a
smoothness of the epidermis layer of the skin.

According to another embodiment of the invention, an apparatus for rejuvenating human
skin is provided, the apparatus comprising an ultrasound transducer, coupled to an ultrasound
driver, for propagating ultrasound waves into a region of human skir. in response to signals from
the ultrasound driver, and a control device constructed and arranged to focus the signals provided
by the ultrasound driver circuit to control the ultrasound waves provided by the ultrasound driver
so as to stimulate or irritate a dermis layer in the region of the skin to cause a cosmetic
improvement in an appearance of the skin.

According to another embodiment of the invention, a transducer configuration, capable of
applying focused ultrasound energy to a dermis region of human skin is provided. The transducer

configuration comprises a transducer and an acoustical waveguide disposed adjacent to an
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ultrasound emitting surface of the transducer, wherein a thickness of the acoustical waveguide
determines a depth of focus of the ultrasound energy in the skin.

According to another embodiment of the invention, a method of rejuvenating human skin
is provided, the method comprising applying a focused ultrasound beam to a region of human skin
to generate a shock wave to mechanically disrupt a dermis layer in the region of the skin so as to
cause a change in the dermis layer of the skin that results in a change in a smoothness of an
epidermis layer of the skin.

The invention is particularly useful for reducing the appearance of human skin wrinkles.
Embodiments of the present invention can provide a smoother, rejuvenated appearance of the skin,

without adversely damaging the epidermis layer of the skin.

Brief Description Of The Drawings

In the drawings, which are incorporated herein by reference and in which like elements
have been given like reference characters,

FIG. 1 illustrates one embodiment of an ultrasound generating apparatus according to the
invention for reducing skin wrinkles;

FIG. 2 illustrates one embodiment of an ultrasound transducer that may be used in the
invention;

FIG. 3 illustrates another embodiment of a transducer that may be used in the invention;

FIG. 4 illustrates another embodiment of a transducer that may be used in the invention;

FIG. 5 illustrates another embodiment of a transducer that may be used in the invention;

FIG. 6 illustrates a control system that may be used to control the apparatus illustrated in
FIG. 1,

FIG. 7 illustrates another embodiment of a transducer that may be used in the invention;

FIG. 8 illustrates a pattern of ultrasound application over a region of skin in accordance
with one aspect of the invention; and

FIG. 9 illustrates a pattern of ultrasound application over a region of skin in accordance

with another aspect of the invention.

Detailed Description

FIG. 1 generally illustrates an ultrasound generating apparatus 10 that may be used to
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controlled, localized, focused ultrasound to a region of human skin. The apparatus includes a
control circuit 18 coupled to an ultrasound transducer 22 via electrical means 20 which may be
a cable or the like. In response to control signals from control circuit 18, transducer 22 generates
ultrasound waves 21. Transducer 22 may have one or more elements, such as piezoelectric or
thermoelastic elements, that actually produce the ultrasound waves. A focusing element 24, an
acoustically-transmitting waveguide 26, and an acoustical coupling medium 28 (either alone or
in combination) may also be provided to direct and focus the ultrasound waves produced by
transducer 22. Acoustical coupling medium 28 may be a biocompatible hydrogel.

Apparatus 10 is used to direct the ultrasound waves 21 into skin 12. The ultrasound waves
are focused using focusing element 24 so that the focused ultrasound waves create a region of
stimulation and/or irritation 30 in the dermis layer 16 of skin 12. Focusing ultrasound waves 21
within region 30 allows localized enhancement of the fluence of the ultrasound beam directed into
the skin in region 30. This allows a significant part of the energy in ultrasound waves 21 to be
substantially absorbed in region 30. This results in stimulation and/or irritation of region 30.
Since the region 30 is principally contained in dermis layer 16, there should be little, if any,
significant adverse damage to the epidermis layer 14.

The term “ultrasound” as used in this disclosure is intended to encompass both
conventional “ultrasound” as typically used to describe high-frequency acoustic waves up to about
100 megahertz and “hypersound” as typically used to describe very high frequency acoustic waves
greater than about 100 megahertz. In general, “ultrasound” is used within this disclosure to
describe acoustic waves capable of inducing controlled hyperthermia or cavitation in skin tissue,
or pulsed waves having an amplitude large enough to induce shock waves in the skin tissue.
Hyperthermia, as used in this disclosure, is a condition in whick an elevated temperature is
induced in a region of the body for therapeutic purposes.

As noted, a feature of the invention lies in providing a focused ultrasound beam that
irritates and/or stimulates the dermis layer of the skin without significant or detrimental irritation
of the epidermis layer. In FIG. 1, focusing of the ultrasound beam was provided by focusing
element 24 which may be a type of lens.

The apparatus illustrated in FIG. 1 is similar to the apparatus described in U.S. Patent No.

5,230,334, issued to the same inventor. The ‘334 patent describes a method and apparatus for
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generating localized hyperthermia in human tissue, particularly in the collagen fibers of the
cornea. This previous work has been improved upon by the present invention. One difference
lies in the biological mechanism by which the present invention is hypothesized to work. In the
‘334 patent, the application of relatively high power, controlled hyperthermia, causes the collagen
fibers in the cornea to mechanically shrink during the duration of, or immediately after,
application of the ultrasound energy to the cornea. This is to be contrasted with the hypothesized
mechanism of the present invention in which relatively low power ultrasound is used to gently
stimulate and/or irritate the dermis to induce a biological response that results in synthesis or
production of new connective tissue over a period of time that extends beyond the time of
application of the ultrasound energy. It is envisaged that treatment by the present invention may
require multiple treatments extending over a relatively long period of time, such as days, weeks,
or months, in order to stimulate the body to produce new connective tissue in the dermis layer and
would not cause significant damage to the epidermis. Use of the power levels contemplated in
the ‘334 patent in this manner would cause severe damage to the epidermis.

FIG. 2 illustrates another configuration of transducer 22 for providing a focused ultrasound
beam. In FIG. 2, transducer 22 has a concave or cylindrical surface 40 that extends along
dimension 42. A number of elongated transducer elements, such as piezoelectric or thermoelastic
elements 44 are disposed along a surface 46 of region 40. One skilled in the art will appreciate
that a single curved transducer or multiple transducer elements could be used in transducer 22.
Elements 44 extend longitudinally along the direction of dimension 42. Since elements 44 are
disposed along the concave surface, they will transmit the ultrasound beams that they respectively
generate towards a focal point 48 that lies at the intersection of the various radii 50 that extend
from transducer elements 44 to focal point 48. Thus, by adjusting the radius of curvature of
surface 46, the location of focal point 48 can be changed. One skiiled in the art will appreciate
that focal point 48 extends longitudinally along the direction of dimension 42 to create a scaniine
43.

FIG. 3 illustrates another transducer configuration that can be used in accordance with the
present invention. In FIG. 3, transducer 22 is fitted with an acoustical waveguide 54 that covers
a surface 56 of the transducer. Acoustical waveguide 54 is analogous to acoustical waveguide 26
illustrated in FIG. 1. An acoustical coupling medium, preferably of a material having the same

or similar transmissive properties as acoustical waveguide 54 fills the entire cavity 52.
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Alternatively, acoustical waveguide 54 can be a single piece that additionally fills cavity 52. The
transducer illustrated in FIG. 3 performs in the same manner as transducer 22 illustrated in FIG.
2 however, the addition of acoustical waveguide 54 can make the transducer easier to scan across
flat skin surfaces. In addition, acoustical waveguide 54, since it acts to direct the ultrasound
waves along the direction of radii 50, can reduce the size and bulk of transducer 22. That is, the
addition of acoustical waveguide 54 may allow the radius of curvature of surface 46 to be larger
than what would otherwise be required, without waveguide 54, for a given location of focal point
48. Thus, this particular configuration of ultrasound transducer 22 may be easier to manufacture
than one having its radius of curvature determined only by the location of focal point 48. This
configuration is also useful when higher ultrasound beam intensities are being used because it can
prevent overheating of the transducer since the transducer can be made physically larger to better
dissipate heat.

In the present invention, the depth of focus of scanline 43 is very close to the surface of
the skin, therefore, acoustical waveguide 54 can be used to determine the depth of focus.
Acoustical waveguide 54 can be of differing thickness where each different thickness provides a
different depth of focus. Use of acoustical waveguides of differing thickness provides a
convenient means for changing the depth of focus which can be advantageous in the case where
treatment is carried out in, for example, a doctor’s office.

FIG. 4 illustrates another transducer configuration that can be used in accordance with the
present invention. In FIG. 4, transducer 22 has a flat or planar configuration and transducer
elements 44 are disposed in an essentially planar fashion. A lens 24 having a focusing portion 25
is disposed along the lower surface 56 of the transducer. Focusing section 25, which is
cylindrical and extends along the direction 42, acts to focus the ultrasound wave generated by
transducer elements 44 along the direction of lines 50 so that the uitrasound waves produced by
transducer elements 44 are focused at focal point 48.

FIG. 5 illustrates another transducer configuration that can be used in accordance with the
present invention. In FIG. 5, transducer 22 is fitted with an acoustical waveguide 54 disposed
at the lower surface 58 of lens 24. Acoustical waveguide 54, in the same manner described in
connection with FIG. 3, allows the radius of curvature of focusing section 25 of lens 24 to have
a larger radius of curvature than would otherwise be required for a given location of focal point

48. Thus, this particular configuration of ultrasound transducer 22 may be easier to manufacture.
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The systems iliustrated in FIGS. 1, 2, 3, 4, and 5 should strongly focus the ultrasound
beam with a numerical aperture in the range of approximately 0.1 to approximately 0.95. As
illustrated in the figures, the lens preferably has a cylindrical geometry.

One skilled in the art will also appreciat.c that & biocompatible hydrogel may be placed
between the skin surface and the lens 24 (in the case of FIG. 4) and acoustical wave guide 54 (in
the case of FIG. 5).

One skilled in the art will appreciate that although particular transducer configurations
have been illustrated in Figs. 1-5, a variety of other transducer configurations can be used in the
present invention, In addition, a phased array ultrasound transducer could be used. A phased
array may be advantageous in that it can be used to focus the ultrasound beam generated by each
respective transducer element at a desired focal point depth and location. In addition to focusing
the ultrasound beam, the phased array can be used to scan the ultrasound beam over the area of
skin to be treated.

FIG. 6 illustrates a control system that may be used in the present invention to control the
amount of energy provided to region 30 of dermis layer 16. The control system 100 includes a
controiler 102, Controller 102 may include a computer and associated peripherals such as
memory and mass storage devices. An operator interface 104, which may include at least a
keyboard and display device, allows the user to set various parameters such as the focal point
depth, rthe magnitude of the ultrasound beam to be applied, the duration that the ultrasound beam
will be applied, and so on. Control signals from controller 102 are sent to a driver 106. Driver
106 contains means, such as circuitry, such as needed o cause the transducer element or elements
of transducer 22 to generate ulirasonic waves.

Control system 100 thereafter includes five different feedback systems that may be used
10 control the dose of ultrasound energy applied to a patient's skin. One skilled in the art will
appreciate that the five feedback systems may be used individually or in any combination.

The first feedback system includes a receiver 110 and a signal analyzer 112. Receiver 110
and signal analyzer 112 may be used to measure the magnitude of the ultrasound energy being
applied to the patient’s skin and to provide a feedback signal to controlier 102 10 automatically,
or allow the operator to mamually adjust the magniwde of the ultrasound beam being delivered by
transducer 22,

The second feedback system includes a temperature sensor 114 that raay be used 10

RECTIFIED SHEET (RULE 91)
ISAEP
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measure the temperature of the skin in the region where the uitrasournd energy is being applied.
Using temperature sensing as a feedback mechanism can be effective because the surface of the
skin where temperature sensor 114 would be located is in close proximity to the region of the skin
being heated by ultrasound energy. The sensed temperature reading can then be used by
controller 102 to automatically, or manually, under control of the operator, control the magnitude
of ultrascund energy being delivered to the patient’s skin by transducer 22.

The third feedback system includes a second ultrasound transducer 116 and transceiver
118. Transceiver 118 and transducer 116 can be used to provide a low level ultrasound signal that
can be used for diagnostic and feedback purposes to controller 102. Transceiver 118 and
transducer 116 can also be used as an echolocating system for target location. That is, the low
power uhtrasound signals can be used to located microorgans, such as hair follicles, in the skin
to aid in treatment,

Furthermore, if driver 106 is replaced with a transceiver or if an additional receiver is
provided and connected to transducer 22 and controller 102 then the echolocating function can be
performed using one wansducer. That is the transducer 22 may be placed on the patient’s skin
and, under control of controller 102, low power ultrasound waves used for target location and
placement. Once a location for treatment has been established, controller 102 can be switched to
a treamment mode and & higher power ultrasound wave may then be applied using transducer 22
to treat the skin.

More generally, the low power ultrasound may be used to locate a condition below the
epidermis that canses an irregularity in the smoothness of the epidermis. Higher power ultrasound
can then be used to treat the area.

Furthermore, the low power ultrasound signal can also be used to automatically determine
the depth of focus for the ultrasound emergy. For example, the low power or diagnostic
ultrasound signal can be used to locate the depth of the interface between the dermis and the
epidermis in the area to be treated. The depth of focus for the high power or therapeutic
ultrasound can then be set based on this measurement to ensure that the uitrasound energy is
focused in the dermis layer,

The fourth feedback system includes an electrical conductivity sensor 120 that may be used
to measure the electrical conductivity of the patient’s skin in the region where the ultrasound
energy is being applied. The degree of electrical conductivity sensed by sensor 120 can then be

RULE 91)
\FIED SHEET (
RECT SATEP
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used by controller 102 to automatically, or manually, under contro! of the operator, control the
magnitude of ultrasound energy being delivered to the patient’s skin by transducer 22.

The fifth feedback system includes a broadband microphone 122 conneeted to controiler
102. When cavitation is used as a mechanism to provide dermal irritation, microphone 122 can
be placed on or near the skin in the region being treated. The collapse of a bubble created by
application of ultrasound in the dermis creates a characteristic audible sound that is detected by
microphone 122. The signal provided by microphone 122 can then be used by controller 102 with
appropriate signal processing to control the ultrasound energy provided by transducer 22. The
user can also listen to the signal provided by microphone 122 and manually control] the ultrasound
energy.

Controller 102 should be programmed so that transducer 22 delivers a spatially uniform
ultrasound dosage in the area of the skin that is being treated to ensure uniform stimulation of the
dermis layer. The method of the invention appears to be most effective when there is, on average,
a homogeneous deposition of energy in the region of the skin that is being treated.

Referring to FIG. 7 transducer 22 is illustrated as being scanned along a direction defined
by double-headed arrow 45. While transducer 22 is being scanncd along the direction of arrow
45, it is delivering an ultrasound beam focused at a focal point or depth 48 in the dermis layer of
the skin. Focal point 48 extends longitudinally along the direction of dimension 42 to create a
scanline 43. Controller 102 therefore needs to be programmed to deliver a uniform level of
energy in two dimensions; one along the direction or dimension 42 and one in a direction of
scanming along line or dimension 43.

The energy delivered by mansducer 22 into the skin may be delivered in a contnuous
manner or in discrete increments. One skilled in the art will appreciate that the ultrasound energy
may be continuous in one dimension for example, dimension 42 and discrete in another
dimension, for example dimension 45 or vice versa. One skilled in the art will appreciate that the
ultrasound energy may be delivered continuously in both dimensions or discretely in both
dimensions.

If the ultrasound energy is delivered discretely in both dimensions 42 and 45, then &
pattern of wltrasound energy application such as illustrated in FIG. 8 results where each point 47
represents a location where ultrasound energy has been applied. If the ultrasound energy is

applied in a manner that is continuous in both dimensions 42 and 45, then the area in between
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points 47 would also have ultrasound energy applied thereto.

If the ultrasound energy is delivered discretely in dimension 45 and continuously in
dimension 42, then a pattern of ultrasound energy application such as illustrated in FIG. 9 results
where regions 49 represent regions where ultrasound energy has been applied.

In the case of continuous ultrasound application, both the speed of scanning along direction
45 and the power being applied must be controlled simultaneously. In the same manner, if
discrete application of ultrasound energy is being used, then the distance between points 47 along
the direction of arrow 45, the speed with which transducer 22 is moved along the direction of
arrow 45, and the timing of individual energy deposition must be controlled to provide
homogeneous exposure.

As illustrated in FIGS. 6 and 7 an encoder 124 may be provided. Encoder 124 may be,
for example, a wheel that rolls along the skin as the transducer is scanned across the skin. An
electrical signal which may be analog or digital in nature, is then provided to controller 102.
Controller 102 uses the signal from encoder 124 to determine the speed with which transducer 22
is being scanned across the skin surface and the distance being traveled. With this information,
controller 102 can be programmed to adjust the ultrasound pulse frequency and intensity of the
ultrasound energy in relation to the scanning speed and distance traveled to achieve, on average,
spatially uniform ultrasound dosage if discrete ultrasound pulses are being used. In the same
manner, if continuous power is being used, then controller 102 will adjust the ultrasound beam
energy in relation to scanning speed to achieve a homogeneous application of ultrasound energy
in the target area.

In another embodiment, an acoustically transparent plate may be placed on the skin over
the area to be treated and then transducer 22 and encoder 124 are then scanned across the
acoustically transparent plate. Scanning the transducer across the plate can also provide a way
of delimiting the area to be treated to avoid over-treating or under-treating the area of the skin.

To use the method and apparatus of the invention to reduce or eliminate human skin
wrinkles, a physician or technician (“the user”) sets a desired depth of the focal point for the
ultrasound beam so that the ultrasonic energy is substantially concentrated in the dermis layer of
the skin. This depth is typically in the range of five microns to five millimeters. The magnitude
of the ultrasound energy to be deposited in the dermis layer in also determined. The duration of

treatment and the volume of the dermis layer to be stimulated and/or irritated determine the power
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level necessary.

The frequency of the ultrasound beam is also chosen. The ultrasound wave frequency
should be within the range between approximately 1 megahertz and 500 megahertz. Preferably,
the ultrasound beam frequency is relatively low frequency ultrasound between the range of
approximately 10 and 80 megahertz. The ultrasound beam frequency chosen is based upon a
consideration of the depth of penetration of a given ultrasound frequency wave into the skin and
the power required to cause an appropriate stimulation and/or irritation of the dermis region of
interest.

Obviously, the above-described steps may be performed in any order.

Once these parameters have been set, the ultrasound transducer is then scanned over the
wrinkle area of the skin. Typically, an area much larger than or extending significantly beyond
the area occupied by the wrinkle is subjected to the ultrasound beam. Preferably, to be effective,
the area of the skin that is subjected to treatment is on the order of ten times larger than the area
of the wrinkle itself.

Although the biological mechanism is not completely understood, it appears that
hyperthermia and/or cavitation, either alone or in combination, appear to cause a biological
response. It appears that denaturation by hyperthermia of at least some of the intracellular
proteins, intercellular proteins, and/or enzymes induces a biological or healing response in the
body. The biological response results in the synthesis of new connective tissue by fibroblast cells
in the dermis in addition to the preexisting connective tissue. The new connective tissue fills out
the skin. It is the process of adding new connective tissue to the dermis layer that causes
reduction in the appearance of skin wrinkles and improved shape, smoothness, and appearance
of the skin.

One mechanism by which the biological response may be stimulated is through
hyperthermia. The amount of energy deposited using hyperthermia is typically that required to
raise the temperature of the dermis layer to somewhere is the range of 47°C to 75°C. Preferably,
the temperature of the dermis layer that is being treated is increased to between approximately
55°C and approximately 65°C.

These ranges are selected so as to denature a relatively small fraction of the proteins in the
dermis. At a temperature of approximately 47°C, it takes several tens of seconds to denature a

small fraction of the proteins in the dermis. By contrast, at a temperature of 73°C, the same small
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fraction of the proteins in the dermis are denatured in several tens of microseconds. One skilled
in the art will appreciate that there is a trade off between exposure time and the amount of energy
being applied. The higher the level of energy to be applied, the lower the required exposure time
and vice verse. Elevating the dermis layér to a temperature in approximately the range from 55°C
to 65°C appears to provide a workable compromise between the length of time for the treatrent
and the amount of energy to be imparted to the skin.

Another mechanism by which a biological response may be induced is cavitation,
Preferably, when using cavitation alone or in combination with hyperthermia, enough energy
needs to be applied to the dermis to generate, in the dermis in the proximity of the focal poiat of
the ultrasound waves, a cavitational bubble. When the bubble collapses, a shock wave results that
mecharnically, in a localized area, tears apart tissue in the dermis causing dermal inflammation or
dermal irritation and a resultant biological response. The biological response results in the
synthesis of new connective tissue.

Another mechanism by which a biological response may be induced is through the use of
pulsed acoustic waves. Pulsed acoustic waves having sufficient amplitude may be used to create
a negative pressure wave at the focal point so as to induce a shock wave type response in the
dermis in the proximity of the focal point of the ultrasound waves. As with the collapse of the
cavitational bubble, the shock wave mechanically, in a localized area, tears apart tissue in the
dermis causing a dermal irritation and a resultant biological response. The biological response
results in the synthesis of new connective tissue.

It will be appreciated that the magnitude of energy deposited in the skin as a function of
the frequency of the ultrasound wave, the time the ultrasound wave is applied, the area of the skin
that is treated, thermal diffusion of the heat in the skin, and the impedance of the skin to
ultrasound energy may be varied to provide the desired biological respomse. The present
invention typically uses dosages that are significantly lower than conventional hyperthermia
therapies. For example, at the surface of the epidermis, the intensity of the ultrasonic waves may
be in the range of approximately 100 to 500 watts/cm?. At the focal point in the dermis layer,
under some conditions, the intensity of the ultrasonic waves may be in the range of approximately
500 to 1500 watts/cm?. It should be understood that these power levels may have a temporal
component. This is, under these circumstances, the power levels discussed above are the average
power applied over the time of each application of the ultrasound waves.

RULE 91)
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It should be noted that the method of the present invention does not, following application
of ultrasound energy, immediately cause skin wrinkles to be reduced or to disappear. The
treatments typically need to be repeated over a long period of time (such as days or months) so
that the dermis layer is gently stimulated or irritated to produce the biological response while at
the same time avoiding catastrophic damage to the epidermis layer. This has a number of
advantages over conventional methods. First, the epidermis is not damaged or is only minimally
damaged or effected. Second, the dermis layer is not exposed so the chance of opportunistic
infection is reduced. Third, due to the relatively low power levels used and the fact that the
epidermis is not catastrophically damaged, the discomfort and pain to the patient compared to
conventional methods is considerably reduced.

As noted, the method of the invention using hyperthermia aims to denature a relatively
small fraction of the proteins in the dermis, typically less than twenty percent of the proteins.
These proteins may be intracellular, extracellular, or also enzymes. Preferably less than ten
percent of the proteins in the dermis are denatured and, to be certain that there is much less
damage to the cells of the epidermis, no more than approximately five percent of the proteins in
the dermis should be denatured.

To further prevent elevation of the temperature or irritation of the epidermis layer of the
skin, a cooling device or method may be used. A sapphire tip may be disposed on the ultrasound
transducer. Alternatively, water cooling may be used before, during, or after treatment. One
skilled in the art will appreciate that there are numerous cooling devices or methods that could be
used in conjunction with the invention.

Heating or cooling of the skin can also be used to bring the temperature of the skin to a
known state prior to treatment so as to control the dosage of applied ultrasound. This can be
significant since denaturation of proteins is dependent on the absolute temperature of the skin and
not the relative temperature increase with respect to the starting skin temperature. Heating or
cooling of the skin can also be used to take into account patient-to-patient variability such as
differing body temperatures to bring all patients to the same state before treatment.

A marker may also be used to delimit treatment areas. The marker may be any kind of
suitable marker. For example, a fluorescent gel may be deposited on the skin as the transducer
is scanned across the skin. Ink, paint, or disinfectant may also be used. The marker may be

visible or may be invisible except when exposed with a suitable light source. A marker allows
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the user to guide the transducer 1o produce a spatially uniform ultrasound dosage to ensure
uniform stimulation of the dermis and avoid over-treating areas of the skin while under-treating
others.

The invention may also reduce other types of defects in skin appearance, such as acne scars
and burns, and rejuvenate or refresh skin appearance. This is, as the new connective tissue
synthesized in response to the stimulatioh or irritation of the dermis begins to fill out the dermis,
these types of skin defects may become less- visible and the skin takes on smoother, refreshed or
rejuvenated look.

Having thus described at least one illustrative embodiment of the invention, various
alterations, modifications, and improvements will readily occur to those skilled in the art. Such
alterations, modifications, and improvements are intended to be within the spirit and scope of the
invention. Accordingly, the foregoing description is by way of example only and is not intended
as limiting. The invention is limited only as defined in the following claims and the equivalents
thereto.

What is claimed is:

RULE 91)
ECTIFIED SHEET R
R ISA/EP



10

15

20

25

30

WO 99/33520 PCT/US98/27430
15

CLAIMS
1. A method of rejuvenating human skin, the method comprising applying a focused
ultrasound beam to a region of human skin to stimulate or irritate a dermis layer in the region of
the skin so as to cause a change in the dermis layer of the skin that results in a change in a

smoothness of the epidermis layer of the skin.

2. The method of claim 1, wherein a step of stimulating or irritating the dermis layer

comprises elevating the temperature of the dermis layer.

3. The method of claim 2, wherein the step of stimulating or irritating the dermis layer
further includes applying the focused ultrasound beam for a time sufficient to cause proteins in

the dermis layer to denature.

4. The method of claim 3, wherein a step of applying a focused ultrasound beam

comprises repeatedly applying the focused ultrasound beam over a period of days or months.

5. The method of claim 3, wherein the step of stimulating or irritating the dermis layer
includes using a power level in the range of approximately 500 W/cm? to 1500 W/cm? at the focal

point of the ultrasound beam.

6. The method of claim 4, wherein the ultrasound beam is repeatedly applied until the

wrinkles are visibly reduced.
7. The method of claim 2, wherein the step of stimulating or irritating the dermis layer
further includes focusing the ultrasound beam at a depth below the epidermis in a range between

approximately 5 microns and 5 millimeters.

8. The method of claim 1, wherein a step of stimulating or irritating the dermis layer

comprises inducing cavitation in the dermis layer.

9. The method of claim 8, wherein a step of applying a focused ultrasound beam
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comprises repeatedly applying the focused ultrasound beam in over a period of days or months.

10.  The method of claim 9, wherein the ultrasound beam is repeatedly applied until the

wrinkles are visibly reduced.

11.  The method of claim 8, wherein the step of stimulating or irritating the dermis layer
further includes focusing the ultrasound beam at a depth below the epidermis in a range between

approximately 5 microns and 5 millimeters.

12.  The method of claim 1, wherein a step of stimulating or irritating the dermis layer

comprises irritating the dermis layer without adversely damaging the epidermis layer.

13.  The method of claim 1, wherein the region of human skin includes a wrinkle and
the method further comprises the step of scanning the focused ultrasound beam over an area

occupied by the wrinkle.

14.  The method of claim 13, wherein the step of scanning further comprises scanning

the focused ultrasound beam over an area of the skin that is larger than the wrinkle.

15.  The method of claim 14, wherein the step of scanning further comprises scanning
the focused ultrasound beam over an area of the skin that is approximately ten times larger than

an area of the wrinkle.

16.  The method of claim 12, further comprising a step of cooling the region of human

skin at least one of before, during, or after the stimulating or irritating step.

17.  The method of claim 1, wherein a step of stimulating or irritating the dermis layer

includes a step of tearing apart tissue in the dermis layer to cause a dermal irritation.

18.  The method of claim 17, wherein the step of tearing apart tissue includes a step of

generating a shock wave to mechanically disrupt the tissue in the dermis layer.
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19.  An apparatus for rejuvenating human skin, the apparatus comprising:

an ultrasound driver;

an ultrasound transducer, coupled to the ultrasound driver, for propagating
ultrasound waves into a region of human skin in response to signals from the ultrasound driver;
and

a control device constructed and arranged to control the signals provided by the
ultrasound driver to focus the ultrasound waves provided by the ultrasound transducer so as to
stimulate or irritate a dermis layer in the region of the skin to cause a cosmetic improvement in

an appearance of the skin.

20. The apparatus of claim 19, wherein the control device controls the ultrasound

waves to elevate a temperature of the dermis layer.

21.  The apparatus of claim 20, wherein the control device controls the ultrasound

waves to elevate the temperature to a range between approximately 55° C and 65° C.

22.  The apparatus of claim 19, wherein the control device applies the ultrasound waves

for a time sufficient to cause proteins in the dermis layer to denature.

23.  The apparatus of claim 19, wherein the control device controls the ultrasound
waves to focus the ultrasound waves at a depth below the epidermis in a range between

approximately 5 microns and 5 millimeters.

24.  The apparatus of claim 19, wherein the control device controls the ultrasound
waves to have at least one frequency between approximately ten megahertz and one hundred

megahertz.

25.  The apparatus of claim 19, wherein the control device controls the ultrasound

waves to induce cavitation in the dermis layer.

26.  The apparatus of claim 25, wherein the control device controls the ultrasound
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waves to induce cavitation in the dermis layer in the proximity of the focal point.

27.  The apparatus of claim 19, wherein the region of human skin includes a wrinkle

and the control device scans the focused ultrasound waves over an area occupied by a wrinkle.

28.  The apparatus of claim 19, wherein the control device scans the focused ultrasound

waves over an area of the skin that is larger than the wrinkle.

29.  The apparatus of claim 19, further comprising a temperature sensor coupled to and

providing a temperature signal to the control device.

30.  The apparatus of claim 19, further comprising an ultrasound receiver, coupled to
the ultrasound transducer, and a signal analyzer that processes a signal received by the ultrasound

receiver to provide a feedback signal to the control device.

31.  The apparatus of claim 19, further comprising another ultrasound transducer and

an ultrasound transceiver coupled to the control device.

32.  The apparatus of claim 19, further comprising a cooling device that prevents

elevation of the temperature of the epidermis layer.

33.  The apparatus of claim 19, wherein the control device controls the ultrasound
waves to apply a power level in the range of approximately 500 W/cm? to 1500 W/cm? at the focal

point of the ultrasound beam.

34.  The apparatus of claim 33, wherein the power level in the range of approximately
500 W/cm? to 1500 W/cm? is applied on average over the time of each application of the

ultrasound waves.

35. A transducer configuration, capable of applying focused ultrasound energy to a

dermis region of human skin, comprising:
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a transducer; and
an acoustical waveguide disposed adjacent to an ultrasound emitting surface of the
transducer, wherein a thickness of the acoustical waveguide determines a depth focus of the

ultrasound energy in the skin.

36.  The apparatus of claim 35, wherein the acoustical waveguide is disposed adjacent

to an ultrasound emitting surface of the transducer.

37. A method of rejuvenating human skin, the method comprising applying a focused
ultrasound beam to a region of human skin to generate a shock wave to mechanically disrupt a
dermis layer in the region of the skin so as to cause a change in the dermis layer of the skin that

results in a change in a smoothness of an epidermis layer of the skin.
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