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1
METHODS FOR FACE AND NECK LIFTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 13/494,856 filed Jun. 12, 2012, issued as U.S. Pat. No.
8,444,562, which is a continuation-in-part of U.S. application
Ser. No. 11/857,989 filed Sep. 19, 2007, now abandoned,
which claims the benefit of priority from U.S. Provisional No.
60/826,199 filed Sep. 19. 2006, each of which are incorpo-
rated in its entirety by reference, herein. U.S. application Ser.
No. 13/494,856, issued as U.S. Pat. No. 8,444,562, is also a
continuation-in-part of U.S. application Ser. No. 12/028,636
filed Feb. 8, 2008, issued as U.S. Pat. No. 8,535,228, which is
a continuation-in-part of U.S. application Ser. No. 11/163,
151 filed on Oct. 6, 2005, now abandoned, which in turn
claims priority to U.S. Provisional Application No. 60/616,
755filed on Oct. 6, 2004, each of which are incorporated in its
entirety by reference, herein. Further, U.S. application Ser.
No. 12/028,636, issued as U.S. Pat. No. 8,535,228, is a con-
tinuation-in-part of U.S. application Ser. No. 11/163,148 filed
on Oct. 6, 2005, now abandoned, which in turn claims priority
to U.S. Provisional Application No. 60/616,754 filed on Oct.
6, 2004, each of which are incorporated in its entirety by
reference, herein. Any and all priority claims identified in the
Application Data Sheet, or any correction thereto, are hereby
incorporated by reference under 37 CFR 1.57.

FIELD OF INVENTION

Several embodiments of the present invention generally
relate to ultrasound treatment and imaging devices for use on
any part of the body, and more specifically relate to ultrasound
devices having a transducer probe operable to emit and
receive ultrasound energy for cosmetic and/or medical treat-
ment and imaging,

BACKGROUND

Subcutaneous tissues such as muscles, tendons, ligaments
and cartilage are important connective tissues that provide
force and motion, non-voluntary motion, anchoring, stability,
and support among other functions. These tissues can cause
changes to cosmetic and/or aesthetic appearance, and are
prone to wear and injury because of the natural aging process,
sports and other activities which put stress on the tissues.

Muscle tissue is capable of contraction and expansion.
Skeletal muscle is a fibrous tissue used to generate stress and
strain. For example, skeletal muscles in the forehead region
can produce frowning and wrinkles. There are several
muscles within the forehead region including the epicranius
muscle, the corrugator supercilii muscle, and the procerus
muscle. These muscles are responsible for movement of the
forehead and various facial expressions. Besides muscles,
other tissues exist in the forehead region that also can lead to
wrinkles and other cosmetic/aesthetic effects on the forehead.

One popular procedure for reducing wrinkles on the fore-
head is a cosmetic procedure known as a brow lift. During a
brow lift, portions of muscle, fat, and other tissues in the
forehead region are invasively cut, removed, and/or paralyzed
to reduce or eliminate wrinkles from the forehead. For
example, traditional brow lifts require an incision beginning
at one ear and continuing around the forehead at the hair line
to the other ear. Once the incision is made, various tissues
(and portions of those tissues) such as muscles or fat are cut,
removed, manipulated, or paralyzed to reduce wrinkles. For
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example, portions of the muscle that causes vertical frown
lines between the brows can be removed during a brow lift to
reduce or eliminate wrinkles.

A less invasive brow lift procedure is known as an “endo-
scopic lift.” During an endoscopic brow lift, smaller incisions
are made along the forehead and an endoscope and surgical
cutting tools are inserted within the incisions to cut, remove,
manipulate, or paralyze tissue to reduce or eliminate wrinkles
from the brow.

Unfortunately, both traditional and endoscopic brow lifts
are invasive and require hospital stays.

There are certain treatments to remove or reduce the
appearance of wrinkles on the forehead that are less invasive.
Such treatments are designed purely to paralyze muscles
within the forehead. Paralyzing the muscle prevents it from
moving and therefore, prevents wrinkles. One such treatment
is the injection of Botulin toxin, a neurotoxin sold under the
trademark BOTOX®, into muscle tissue to paralyze the tis-
sue. However, such cosmetic therapy is temporary and
requires chronic usage to sustain the intended effects. Further,
BOTOX-type treatments may cause permanent paralysis and
disfigurement. Finally, these types of treatments are limited in
the scope of treatment they provide.

Another area where subcutaneous tissue can be problem-
atic is around the eyes. Specifically, excess fat embedded in
the support structure around the lower and upper eyelids can
cause eyes to be puffy and give the appearance of fatigue.
Moreover, “bags” of excess fat and skin caused by excess fat
and loose connective tissue typically form around a person’s
eyes as she ages. Generally, these problems associated with
various tissues around the eyes are cosmetic; however, in
certain cases the skin can droop so far down that a patient’s
peripheral vision is affected.

Besides droopy skin, puffy eyelids, and bags around the
eyes, wrinkles can appear that extend from the outer corner of
the eye around the side of a patient’s face. These wrinkles are
known as “crow’s feet.” Crow’s feet are caused in part by the
muscle around the eye known as the “orbicularis oculi
muscle.” Crow’s feet can be treated by paralyzing or other-
wise incapacitating the orbicularis oculi muscle.

Surgery to remove wrinkles, droopy skin, puffy eyelids,
and bags around the eyes is referred to as a “blepharoplasty.”
During a blepharoplasty procedure, a surgeon removes fat,
muscle, or other tissues responsible for the natural effects of
aging that appear near a patient’s eyes. A blepharoplasty can
be limited to the upper eyelids (an “upper lid blepharo-
plasty”), the lower eyelids (a “lower lid blepharoplasty”) or
both the upper and lower eyelids.

During a traditional blepharoplasty, an incision is made
along the natural lines of a patient’s eyelids. In an upper lid
blepharoplasty, a surgeon will make the incisions along the
creases of the patient’s upper eyelids and during a lower lid
blepharoplasty; incisions are made just below the patient’s
eyelashes. Once the incisions are made, the surgeon separates
skin from the underlying fatty tissue and muscle before
removing the excess fat and unneeded muscle.

Another type of blepharoplasty has developed which is
known as a “transconjunctival blepharoplasty.” A transcon-
junctival blepharoplasty typically is only used to remove
pockets of fat along the lower eyelids. During a transconjunc-
tival blepharoplasty, three incisions are made along the inte-
rior of the lower eyelid and fatty deposits are removed.

Blepharoplasty procedures can have many drawbacks.
Most notably, traditional blepharoplasty procedures are fairly
invasive and many patients must spend a week or more recov-
ering at home until the swelling and black and blue eyes
disappear. Further, most patients who have had a blepharo-
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plasty are irritated by wind for several months after the pro-
cedure. Therefore, it would be desirable to provide a less
invasive blepharoplasty procedure to improve the appearance
of the eye region.

A blepharoplasty procedure alone is typically not the best
way to treat crow’s feet. Removing crow’s feet after proce-
dures to remove excess fat, skin, muscle, and other tissues
around the eye is commonly requested by patients to remove
all the wrinkles around the eyes. Crow’s feet are typically
treated by paralyzing the orbicularis oculi muscle with an
injection of Botulin toxin, a neurotoxin sold under the trade-
mark BOTOX®. However, such cosmetic therapy is tempo-
rary and requires chronic usage to sustain the intended
effects. Further, BOTOX -type treatments may cause perma-
nent paralysis and disfigurement. In addition, the animal pro-
tein-based formulation for BOTOX-type treatments makes
patients more prone to immune reactions. Therefore, it would
also be desirable to provide a method of treating the eyes that
replaced not only a blepharoplasty, but also eliminated the
need for BOTOX-type treatments to remove crow’s feet.

Cartilage tissue is yet another subcutaneous tissue that can
be treated with ultrasound. Cartilage tissue is thin, rubbery,
elastic tissue that comprises numerous body parts and acts as
a cushion along the joints. For example, the ears and nose
contain cartilage tissue which gives the ears and nose their
elastic flexibility. Cartilage tissue also covers the ends of
bones in normal joints and acts as a natural shock absorber for
the joint and reduces friction between the two bones compris-
ing the joint.

Cartilage is also responsible for many of the complaints
that people have about their appearance, specifically their
ears and nose. For example, many people complain that their
ears stick outward from their head too much or that their ears
are simply too big and dislike the appearance of their ears for
these reasons. Patients can elect to correct this condition by
cutting, removing, or reshaping the cartilage of the ears to
re-shape the ears so they do not project as much from the
person’s head or are smaller.

During ear surgery, cartilage is removed, cut, or sculpted to
change the appearance of the ears. One type of ear surgery is
known as an “otoplasty” wherein the cartilage within the ears
is cut, removed, or otherwise sculpted to reduce the projec-
tions of the ears from the head and allow the ears to rest
against the patient’s head thereby reducing the angle of the
ear to the head. In a traditional otoplasty, a surgeon makes an
incision in the back of the ear to expose the ear cartilage. Once
the incision is made, the surgeon may sculpt or remove the
cartilage. In certain cases, large pieces of cartilage are
removed during surgery to change the shape and appearance
of the ears. Stitches are used to close the incision made during
surgery and to help maintain the new shape of the patient’s
ears.

While effective, traditional ear surgeries such as an oto-
plasty take several hours and require an overnight hospital
stay for the most aggressive procedures. Further, the cartilage
can become infected during the surgery and blood clots can
form within the ear that must be drawn out if not dissolved
naturally. Other problems associated with ear surgery include
arecovery period that lasts several days and requires patients
to wear bandages around their ears which are uncomfortable.

Further complicating matters is that many patients under-
going ear surgery such as an otoplasty are children between
the ages of four to fourteen. The complications noted above
that result from traditional surgeries are only magnified in
patients this young. It would therefore be desirable to have a
method of treating cartilage that is non-invasive to alleviate
the disadvantages of a traditional invasive ear surgeries.
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Coarse sagging of the skin and facial musculature occurs
gradually over time due to gravity and chronic changes in
connective tissue generally associated with aging. Invasive
surgical treatment to tighten such tissues is common, for
example by facelift procedures. In these treatments for con-
nective tissue sagging, a portion of the tissue is usually
removed, and sutures or other fasteners are used to suspend
the sagging tissue structures. On the face, the Superficial
Muscular Aponeurosis System (SMAS) forms a continuous
layer superficial to the muscles of facial expression and
beneath the skin and subcutaneous fat. Conventional face lift
operations involve suspension of the SMAS through such
suture and fastener procedures.

It is an object of some embodiments of the present inven-
tion to provide the combination of targeted, precise, local
heating to a specified temperature region capable of inducing
coagulation and/or ablation (thermal injury) to underlying
skin and subcutaneous fat. Attempts have included the use of
radio frequency (RF) devices that have been used to produce
heating and shrinkage of skin on the face with some limited
suiccess as a non-invasive alternative to surgical lifting proce-
dures. However, RF is a dispersive form of energy deposition.
RF energy is impossible to control precisely within the heated
tissue volume and depth, because resistive heating of tissues
by RF energy occurs along the entire path of electrical con-
duction through tissues. Another restriction of RF energy for
non-invasive tightening of the SMAS is unwanted destruction
of the overlying fat and skin layers. The electric impedance to
RF within fat, overlying the suspensory connective structures
intended for shrinking, leads to higher temperatures in the fat
than in the target suspensory structures. Similarly, mid-infra-
red lasers and other light sources have been used to non-
invasively heat and shrink connective tissues of the dermis,
again with limited success. However, light is not capable of
non-invasive treatment of SMAS because light does not pen-
etrate deeply enough to produce local heating there. Below a
depth of approximately 1 mm, light energy is multiply scat-
tered and cannot be focused to achieve precise local heating.

SUMMARY

Methods and systems for ultrasound treatment of tissue are
provided. In an embodiment, tissue such as muscle, tendon,
fat, ligaments and cartilage are treated with ultrasound
energy. The ultrasound energy can be focused, unfocused or
defocused and is applied to a region of interest containing at
least one of muscle, tendon, ligament or cartilage (MTLC)
tissue to achieve a therapeutic effect.

In certain embodiments, various procedures that are tradi-
tionally performed through invasive techniques are accom-
plished by targeting energy such as ultrasound energy at
specific subcutaneous tissues. Certain procedures include a
brow lift, a blepharoplasty, and treatment of cartilage tissue.

In one embodiment, a method and system for non-inva-
sively treating subcutaneous tissues to perform a brow lift is
provided. In an embodiment, a non-invasive brow lift is per-
formed by applying ultrasound energy at specific depths
along the brow to ablatively cut, cause tissue to be reabsorbed
into the body, coagulate, remove, manipulate, or paralyze
subcutaneous tissue such as the corrugator supercilii muscle,
the epicranius muscle, and the procerus muscle within the
brow to reduce wrinkles.

In one embodiment, ultrasound energy is applied at a
region of interest along the patient’s forehead. The ultrasound
energy is applied at specific depths and is capable of targeting
certain subcutaneous tissues within the brow such as muscles
and fat. The ultrasound energy targets these tissues and cuts,



US 8,915,853 B2

5

ablates, coagulates, micro-ablates, manipulates, or causes the
subcutaneous tissue to be reabsorbed into the patient’s body
which effectuates a brow lift non-invasively.

For example, in one embodiment, the corrugator supercilii
muscle on the patient’s forehead can be targeted and treated
by the application of ultrasound energy at specific depths.
This muscle or other subcutaneous muscles can be ablated,
coagulated, micro-ablated, shaped or otherwise manipulated
by the application of ultrasound energy in a non-invasive
manner. Specifically, instead of cutting a corrugator supercilii
muscle during a classic or endoscopic brow lift, the targeted
muscle such as the corrugator supercilii can be ablated,
micro-ablated, or coagulated by applying ultrasound energy
at the forehead without the need for traditional invasive tech-
niques.

Various embodiments of methods and systems are config-
ured for targeted treatment of subcutaneous tissue in the
forehead region in various manners such as through the use of
therapy only, therapy and monitoring, imaging and therapy,
or therapy, imaging and monitoring. Targeted therapy of tis-
sue can be provided through ultrasound energy delivered at
desired depths and locations via various spatial and temporal
energy settings. In one embodiment, the tissues of interest are
viewed in motion in real time by utilizing ultrasound imaging
to clearly view the moving tissue to aid in targeting and
treatment of a region of interest on the patient’s forehead.
Therefore, the physician performing the non-invasive brow
lift can visually observe the movement and changes occurring
to the subcutaneous tissue during treatment.

In another embodiment, a method and system for perform-
ing a non-invasive blepharoplasty by treating various tissues
with energy is provided. In an embodiment, a non-invasive
blepharoplasty that can effectively treat crow’s feet is per-
formed by applying ultrasound energy at specific depths
around the patient’s eyes to ablate, cut, manipulate, caused to
be reabsorbed into the body, and/or paralyze tissue around the
eyes to reduce wrinkles including crow’s feet, puffiness, and/
or sagging skin.

In one embodiment, ultrasound energy is applied at a
region of interest around the patient’s eyes. The ultrasound
energy is applied at specific depths and is capable of targeting
certain tissues including various subcutaneous tissues. For
example, pockets of fat near the patient’s eyelids can be
targeted and treated by the application of ultrasound energy at
specific depths. These pockets of fat can be ablated and reab-
sorbed into the body during the treatment. Muscles, skin, or
other supporting, connective tissues can be ablated, shaped,
or otherwise manipulated by the application of ultrasound
energy in a non-invasive manner. Specifically, instead of cut-
ting into the sensitive area around the patient’s eyes as is done
during a traditional blepharoplasty or transconjunctival ble-
pharoplasty, the targeted tissues can be treated by applying
ultrasound energy around the eyes without the need for tra-
ditional invasive techniques.

Further, by applying energy at a region of interest that is
partially comprised by the orbicularis oculi muscle, the
energy can be used to paralyze or otherwise selectively inca-
pacitate or modify this orbicularis oculi muscle tissue. There-
fore, the need for redundant BOTOX-type injections is elimi-
nated and the entire eye region can be treated in this non-
invasive manner.

In various embodiments, a method and system are config-
ured for targeted treatment of tissue around the eyes in various
manners such as through the use of therapy only, therapy and
monitoring, imaging and therapy, or therapy, imaging and
monitoring. Targeted therapy of tissue can be provided
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through ultrasound energy delivered at desired depths and
locations via various spatial and temporal energy settings.

In another embodiment, the tissues of interest are viewed in
motion in real time by utilizing ultrasound imaging to clearly
view the moving tissue to aid in targeting and treatment of a
region of interest near the patient’s eyes. Therefore, the phy-
sician performing the non-invasive blepharoplasty can visu-
ally observe the movement and changes occurring to the
tissue during treatment.

In yet another embodiment, a method and system for treat-
ing various cartilage tissues with energy is provided. In an
embodiment, a non-invasive otoplasty is performed by apply-
ing ultrasound energy at specific depths along the pinna of the
ear to ablatively cut, cause tissue to be reabsorbed into the
body, or manipulate cartilage tissue within the ear to reduce
the angle at which the ears protrude from the head.

In one embodiment, ultrasound energy is targeted to a
region of interest along the pinna of the patient’s ear. The
ultrasound energy is applied at specific depths and is capable
of targeting cartilage tissue within the ear such as scapha
cartilage and scaphoid fossa which in part, form the pinna of
the ear. The ablative cutting, shaping, and manipulating of
cartilage can be used to reduce the overall size of the patient’s
ear or be used to ablate the tissue and cause it to be reabsorbed
into the body to perform a non-invasive otoplasty thereby
allowing the ears to rest against the head.

In other embodiments, cartilage tissue at other locations of
the patient’s body can be treated according to the method and
system of the present invention. In one such embodiment,
nose surgery or a “rhinoplasty” can be performed using tar-
geted ultrasound energy. During a rhinoplasty procedure,
energy is applied at specific depths and is capable of targeting
cartilage within the nose. The cartilage can be ablatively cut,
shaped or otherwise manipulated by the application of ultra-
sound energy in a non-invasive manner. This cutting, shaping,
and manipulating of the cartilage of the nose can be used to
cause the cartilage to be reabsorbed into the body, ablate, or
coagulate the cartilage of the nose to perform a non-invasive
rhinoplasty according to the present invention.

In various embodiments, a method and system are config-
ured for targeted treatment of cartilage tissue in various man-
ners such as through the use of therapy only, therapy and
monitoring, imaging and therapy, or therapy, imaging and
monitoring. Targeted therapy of tissue can be provided
through ultrasound energy delivered at desired depths and
locations via various spatial and temporal energy settings. In
one embodiment, the cartilage is viewed in motion in real
time by utilizing ultrasound imaging to clearly view the car-
tilage to aid in targeting and treatment of a region of interest.
Therefore, the physician or other user can visually observe
the movement and changes occurring to the cartilage during
treatment.

In any of the embodiments disclosed herein, one or more of
the following effects is achieved: a face lift, a brow lift, a chin
lift, a wrinkle reduction, a scar reduction, a tattoo removal, a
vein removal, sun spot removal, and acne treatment. In vari-
ous embodiments, the treatment function is one of face lift, a
brow lift, a chin lift, an eye treatment, a wrinkle reduction, a
scar reduction, a burn treatment, a tattoo removal, a vein
removal, a vein reduction, a treatment on a sweat gland, a
treatment of hyperhidrosis, sun spot removal, an acne treat-
ment, and a pimple removal. In another embodiment, the
device may be used on adipose tissue (e.g., fat).

In any of the embodiments disclosed herein, imaging
oceurs prior to the therapy, simultaneously with the therapy,
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or after the therapy. In several of the embodiments described
herein, the procedure is entirely cosmetic and not a medical
act.

In one embodiment, a method of treating sagging brows
includes acoustically coupling an ultrasound probe system to
a skin surface on a brow. In one embodiment, the ultrasound
probe system includes an imaging element, a therapy ele-
ment, and a motion mechanism. The motion mechanism is
controlled by a control system in communication with the
ultrasound probe. The method can include using the ultra-
sound imaging element to image a region of interest under the
skin surface at a fixed depth, the region of interest comprising
a tissue comprising a portion of at least one of muscular
fascia, fat, and SMAS tissue. In one embodiment, the region
of interest at the fixed depth is displayed on a display system,
the display system being electronically connected to the ultra-
sound imaging element. The method includes using the ultra-
sound therapy element to treat the region of interest. The
therapy element is coupled to the motion mechanism within
the probe. The therapy element is configured for targeted
delivery of ablative ultrasound energy to form a thermal
lesion with at least a temperature sufficient to treat at least a
portion of the tissue at the fixed depth of up to about 9 mm
from the skin surface. The method can include activating the
motion mechanism within the probe to form a plurality of the
thermal lesions along a line at the fixed depth into the tissue to
cause any one of the group consisting of ablation, deactiva-
tion, and shrinkage of at least a portion of the tissue. In one
embodiment, the plurality of thermal lesions facilitates a
tightening of the tissue that leads to a brow lift.

In one embodiment, the imaging element is configured to
image with an imaging frequency of between 2 kHz to 75
MHz and the therapy element is configured to treat with a
treatment frequency of between 4 MHz and 15 MHz. In one
embodiment, the fixed depth of the lesion is within a range of
0to 5 mm from the skin surface. In one embodiment, the fixed
depth of the lesion is within a range of 1 mm to 6 mm from the
skin surface. In one embodiment, the activating of the motion
mechanism includes communication between and at least two
of the group consisting of a control system, an accelerometer,
encoder and a position/orientation device.

In one embodiment, a method of treating skin on a face
includes providing a probe that emits ultrasound energy, cou-
pling the probe to a skin surface on the face proximate a
region comprising subcutaneous fat, muscle, and connective
tissue. The method can include emitting and directing ultra-
sound energy from the probe to specific depths to target the
subcutaneous fat, muscle, and connective tissue. In one
embodiment, the method includes applying a sufficient
amount of ultrasound energy to coagulate at least one of
subcutaneous fat, muscle, and connective tissue. In one
embodiment, the method includes coagulating a sufficient
amount of the subcutaneous fat, muscle, and connective tis-
sue to reduce skin sagging on the face.

In one embodiment, a sufficient amount of ultrasound
energy is emitted to ablate the subcutaneous fat, muscle, and
connective tissue responsible for wrinkles. In one embodi-
ment, the subcutaneous fat tissue is disposed along the lower
eyelid and a lower Iid blepharoplasty is performed. In one
embodiment, the subcutaneous fat tissueis disposed along the
upper eyelid and an upper lid blepharoplasty is performed. In
one embodiment, the subcutaneous fat tissue is disposed
along both the upper and lower eyelids and both an upper and
lower blepharoplasty is performed. In one embodiment, the
region is located near an eye region further includes the
orbicularis oculi muscle. In one embodiment, the application
of ultrasound energy ablates the orbicularis oculi muscle. In

10

15

20

25

30

40

45

50

55

60

65

8

one embodiment, the ablation of the orbicularis oculi muscle
results in the removal of crow’s feet. In one embodiment, the
region includes a corrugator supercilii muscle. In one
embodiment, the corrugator supercilii muscle is ablated with
ultrasound energy at a frequency of 3-7 MHz.

In one embodiment, a method of reducing wrinkles on a
brow with a combined imaging and therapy ultrasound trans-
ducer includes identifying a treatment area comprising at
least one wrinkle in a skin surface and wrinkle causing sub-
cutaneous tissue. In one embodiment, the method includes
imaging at least a portion of the treatment area with an ultra-
sound transducer configured for both imaging and therapy. In
one embodiment, the method includes delivering ultrasound
energy with the ultrasound transducer through the skin sur-
face and into a portion of the treatment area comprising the
wrinkle-causing subcutaneous tissue to cause thermally
injury to a portion of the wrinkle-causing subcutaneous tis-
sue, thereby reducing the at least one wrinkle the skin surface.

In one embodiment, delivering ultrasound energy is in a
frequency range of about 2 MHz to about 25 MHz. In one
embodiment, delivering ultrasound energy is at an energy
level sufficient to cause the portion of the wrinkle-causing
subcutaneous tissue to reabsorb into the body. In one embodi-
ment, the portion of the wrinkle-causing subcutaneous tissue
includes a portion of an epicranius muscle. In one embodi-
ment, the portion of the wrinkle-causing subcutaneous tissue
includes a portion of a procerus muscle.

Further areas of applicability will become apparent from
the description provided herein. It should be understood that
the description and specific examples are intended for pur-
poses of illustration only and are not intended to limit the
scope of the embodiments disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter of various embodiments of the inven-
tion is particularly pointed out in the concluding portion of the
specification. Embodiments of the invention, however, both
as to organization and method of operation, may be better
understood by reference to the following description taken in
conjunction with the accompanying drawing figures, in
which like parts may be referred to by like numerals. The
drawings described herein are for illustration purposes only
and are not intended to limit the scope of the present disclo-
sure in any way. Embodiments of the present invention will
become more fully understood from the detailed description
and the accompanying drawings wherein:

FIG. 1 illustrates a flow chart of the treatment method for
performing a brow lift in accordance with an embodiment of
the present invention;

FIG. 2 illustrates a patient’s head and the location of the
muscles that can be treated during a brow lift in accordance
with embodiments of the present invention;

FIG. 3 illustrates a schematic diagram of an ultrasound
treatmert system configured to treat subcutaneous tissue dur-
ing a brow lift in accordance with an embodiment of the
present invention;

FIG. 4 illustrates various layers of subcutaneous tissue that
the can be treated or imaged during a brow lift in accordance
with an embodiment of the present invention;

FIG. 5 illustrates a layer of muscle tissue being treated
during a brow lift in accordance with an embodiment of the
present invention;

FIG. 6 illustrates a block diagram of a treatment system for
performing a brow lift in accordance with an embodiment of
the present invention;
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FIGS. 7A, 7B, 7C, 7D, and 7E illustrate cross-sectional
diagrams of an transducer used in a system used to effectuate
a brow lift in accordance with various embodiments of the
present invention;

FIGS. 8A, 8B, and 8C illustrate block diagrams of an
control system used in a system for effectuating a brow lift in
accordance with embodiments of the present invention;

FIG. 9 illustrates a flow chart of the treatment method for
performing a blepharoplasty in accordance with an embodi-
ment of the present invention;

FIGS. 10A and 10B illustrate a patient’s head and the
location of the tissues that can be treated during a blepharo-
plasty in accordance with embodiments of the present inven-
tion;

FIG. 11 illustrates a schematic diagram of an ultrasound
treatment system configured to treat tissue during a blepharo-
plasty in accordance with an embodiment of the present
invention;

FIG. 12 illustrates a schematic diagram of an ultrasound
treatment system configured to treat subcutaneous tissue dur-
ing a blepharoplasty in accordance with an embodiment of
the present invention;

FIG. 13 illustrates various layers of tissue that the can be
treated or imaged during a blepharoplasty in accordance with
embodiments of the present invention;

FIG. 14 illustrates a layer of muscle or other relevant tissue
being treated during a blepharoplasty in accordance with an
embodiment of the present invention;

FIGS. 15A, 15B, 15C, 15D, and 15E illustrate cross-sec-
tional diagrams of an transducer used in a system used to
effectuate a blepharoplasty in accordance with various
embodiments of the present invention; and

FIGS. 16A, 16B, and 16C illustrate block diagrams of an
control system used in a system used to effectuate a blepharo-
plasty in accordance with embodiments of the present inven-
tion;

FIG. 17 illustrates a flow chart of the treatment method for
treating cartilage in accordance with an embodiment of the
present invention;

FIG. 18 illustrates a patient’s head and the location of the
cartilage that can be treated in accordance with embodiments
of the present invention;

FIG. 19 illustrates a schematic diagram of a treatment
system configured to treat cartilage tissue in accordance with
an embodiment of the present invention;

FIG. 20 illustrates various layers of tissue and cartilage
tissue that the can be treated or imaged in accordance with an
embodiment of the present invention;

FIG. 21 illustrates a layer of cartilage tissue being treated in
accordance with an embodiment of the present invention;

FIG. 22 illustrates a block diagram of a treatment system
used to treat cartilage in accordance with an embodiment of
the present invention;

FIGS. 23A, 23B, 23C, 23D, and 23E illustrate cross-sec-
tional diagrams of an transducer used in a system used to treat
cartilage in accordance with various embodiments of the
present invention; and

FIGS. 24A, 24B and 24C illustrate block diagrams of an
control system used in a system used to treat cartilage in
accordance with embodiments of the present invention.

FIG. 25 illustrates a block diagram of a treatment system in
accordance with an embodiment of the present invention;

FIGS. 26A-26F illustrates schematic diagrams of an ultra-
sound imaging/therapy and monitoring system for treating
the SMAS layer in accordance with various embodiments of
the present invention;
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FIGS. 27A and 27B illustrate block diagrams of a control
system in accordance with embodiments of the present inven-
tion;

FIGS. 28A and 28B illustrate block diagrams of a probe
system in accordance with embodiments of the present inven-
tion;

FIG. 29 illustrates a cross-sectional diagram of a trans-
ducer in accordance with an embodiment of the present
invention;

FIGS. 30A and 30B illustrate cross-sectional diagrams of a
transducer in accordance with embodiments of the present
invention;

FIG. 31 illustrates transducer configurations forultrasound
treatment in accordance with various embodiments of the
present invention;

FIGS. 32A and 32B illustrate cross-sectional diagrams ofa
transducer in accordance with another embodiment of the
present invention;

FIG. 33 illustrates a transducer configured as a two-dimen-
sional array for ultrasound treatment in accordance with an
embodiment of the present invention;

FIGS. 34A-34F illustrate cross-sectional diagrams of
transducers in accordance with other embodiments of the
present invention;

FIG. 35 illustrates a schematic diagram of an acoustic
coupling and cooling system in accordance with an embodi-
ment of the present invention;

FIG. 36 illustrates a block diagram of a treatment system
comprising an ultrasound treatment subsystem combined
with additional subsystems and methods of treatment moni-
toring and/or treatment imaging as well as a secondary treat-
ment subsystem in accordance with an embodiment of the
present invention;

FIG. 37 illustrates a schematic diagram with imaging,
therapy, or monitoring being provided with one or more
active or passive oral inserts in accordance with an embodi-
ment of the present invention;

FIG. 38 illustrates a cross sectional diagram of a human
superficial tissue region of interest including a plurality of
lesions of controlled thermal injury in accordance with an
embodiment of the present invention;

FIG. 39 illustrates a diagram of simulation results for vari-
ous spatially controlled configurations in accordance with
embodiments of the present invention;

FIG. 40 illustrates an diagram of simulation results of a pair
of lesioning and simulation results in accordance with the
present invention; and

FIG. 41 illustrates another diagram of simulation results of
a pair of lesioning results in accordance with the present
invention.

DETAILED DESCRIPTION

The following description sets forth examples of embodi-
ments, and is not intended to limit the present invention(s) or
its teachings, applications, or uses thereof. It should be under-
stood that throughout the drawings, corresponding reference
numerals indicate like or corresponding parts and features.
The description of specific examples indicated in various
embodiments of the present invention are intended for pur-
poses of illustration only and are not intended to limit the
scope of the invention disclosed herein. Moreover, recitation
of multiple embodiments having stated features is not
intended to exclude other embodiments having additional
features or other embodiments incorporating different com-
binations of the stated features. Further, features in one
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embodiment (such as in one figure) may be combined with
descriptions (and figures) of other embodiments.

In one embodiment, methods and systems for ultrasound
treatment of tissue are configured to provide cosmetic treat-
ment. In various embodiments of the present invention, tissue
below or even at a skin surface such as epidermis, dermis,
fascia, and superficial muscular aponeurotic system
(“SMAS”), are treated non-invasively with ultrasound
energy. The ultrasound energy can be focused, unfocused or
defocused and applied to a region of interest containing at
least one of epidermis, dermis, hypodermis, fascia, and
SMAS to achieve a therapeutic effect. In one embodiment, the
present invention provides non-invasive dermatological treat-
ment to produce eyebrow lift through tissue coagulation and
tightening. In one embodiment, the present invention pro-
vides imaging of skin and sub-dermal tissue. Ultrasound
energy can be focused, unfocused or defocused, and applied
to any desired region of interest, including adipose tissue. In
one embodiment, adipose tissue is specifically targeted.

In various embodiments, certain cosmetic procedures that
are traditionally performed through invasive techniques are
accomplished by targeting energy, such as ultrasound energy,
at specific subcutaneous tissues. In several embodiments,
methods and systems for non-invasively treating subcutane-
ous tissues to perform a brow lift are provided; however,
various other cosmetic treatment applications, such as face
lifts, acne treatment and/or any other cosmetic treatment
application, can also be performed with the cosmetic treat-
ment system. In one embodiment, a system integrates the
capabilities of high resolution ultrasound imaging with that of
ultrasound therapy, providing an imaging feature that allows
the user to visualize the skin and sub-dermal regions of inter-
est before treatment. In one embodiment, the system allows
the user to place a transducer module at optimal locations on
the skin and provides feedback information to assure proper
skin contact. In one embodiment, the therapeutic system pro-
vides an ultrasonic transducer module that directs acoustic
waves to the treatment area. This acoustic energy heats tissue
as a result of frictional losses during energy absorption, pro-
ducing a discrete zone of coagulation.

The present disclosure may be described herein in terms of
various functional components and processing steps. For sim-
plicity, the next part of the present disclosure illustrates three
methods and systems: a method and system for performing a
brow lift, a method and system for performing a blepharo-
plasty, and a method and system for treating cartilage; how-
ever, such methods and systems can be suitably applied and/
or for other tissue applications. Further, while specific
hardware and software components are mentioned and
described throughout, other components configured to per-
form the same function can also be utilized.

Method and System for Performing a Brow Lift

With reference to FIGS. 1-8 and according to one embodi-
ment, a method and system is provided for treating tissue
along a patient’s forehead with focused, unfocused or defo-
cused energy to elevate the patient’s eyebrows and reduce
wrinkles to perform a brow lift. In an embodiment, the energy
used is ultrasound energy. In other embodiments, the energy
is laser energy or radio frequency energy. In certain embodi-
ments, the energy is ultrasound energy combined with other
forms of energy such as laser or radio frequency energy. The
method will be referred to as method 10 throughout. In an
embodiment, with particular reference to FIG. 3, the treated
tissue region 1 comprises subcutaneous tissue 2 and can com-
prise muscle, tendon, ligament or cartilage tissue (MTLC),
among other types of tissue. It should be noted that references
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throughout this specification to tissue 1 include subcutaneous
tissue 2 and references to subcutaneous tissue 2 include tissue
1.

Subcutaneous tissue 2 is wrinkle generating subcutaneous
tissue located within a Region of Interest (ROI) 12, e.g., as
illustrated in FIG. 2, which is on a patient’s forehead or
forehead region in an embodiment. ROT 12 may comprise an
inner treatment region, a superficial region, a subcutaneous
region of interest and/or any other region of interest in
between an inner treatment region, a superficial region, and/
or a subcutaneous region within a patient, and/or combina-
tions thereof.

As depicted in the embodiment shown in FIG. 1, method 10
broadly comprises the following steps A-D. First, in step A, a
system that emits energy such as ultrasound energy is pro-
vided. In one embodiment, this system is also configured to
obtain images. At step B, energy is applied to a region of
interest which comprises the patient’s forehead region. The
energy is applied until a certain bio-effect is achieved at step
C. Upon the completion of bio-effects at step C. a brow lift is
completed at step D.

The bio-effects may produce a clinical outcome such as a
brow lift which can comprise elevating the patient’s eyebrows
and reducing wrinkles on the patient’s brow or forehead
region. The clinical outcome may be the same as traditional
invasive surgery techniques, and may comprise the removal
of wrinkles through a brow lift or replacement of BOTOX-
type treatment. The term “BOTOX-type treatment” is meant
to include treating the muscles and other tissue 1 and subcu-
taneous tissue 2 within the forehead with muscle relaxant
drugs. One drug is sold under the trademark BOTOX®. and is
produced by the Allergan Corporation of Irvine, Calif. Other
drugs include the DYSPORT®. drug produced by Ipsen, Inc.
of Milford, Mass. or the VISTABEL®. drug also produced by
the Allergan Corporation.

FIG. 2 depicts an embodiment where method 10 is used to
perform a brow lift by targeting wrinkle generating subcuta-
neous tissue 2. Wrinkles can be partially or completely
removed by applying ultrasound energy at ROI 12 along the
patient’s forehead at levels causing the desired bio-effects. As
noted above, the bio-effects can comprise ablating, micro-
ablating, coagulating, severing, partially incapacitating,
shortening, removing, or otherwise manipulating tissue 1 or
subcutaneous tissue 2 to achieve the desired effect. As part of
removing the subcutaneous tissue 2, method 10 can be used to
ablate, micro-ablate, or coagulate a specific tissue. Further, in
one embodiment, muscle 3 (such as the corrugator supercilii
muscle) can be paralyzed and permanently disabled and
method 10 can be utilized to replace toxic BOTOX®. injec-
tions either completely or reduce the amount of BOTOX-type
injections.

When method 10 is used in this manner, certain subcuta-
neous tissues such as muscles are incapacitated and paralyzed
or rendered incapable of movement. In one embodiment, the
muscles within ROI 12 may be either cut, ablated, coagulated,
or micro-ablated in a manner such that the muscles may be no
longer able of movement and be permanently paralyzed due
to the bio-effects from the application of energy such as
ultrasound energy. The paralysis of the muscles may reduce
or eliminate wrinkles on the tissue. Unlike traditional
BOTOX-type injections, the paralysis may be permanent and
the wrinkles may not reappear after treatment. Therefore,
repeated treatments as with BOTOX-type treatments are not
necessary. Method 10 may be used on any area of the body of
a patient to replace traditional BOTOX-type injections.
Examples include the forehead or neck area, or around the
eyes to remove wrinkles referred to as “crow’s feet.”
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With continued reference to FIG. 2 and in an embodiment,
the use of ultrasound energy 21 may replace the need for any
invasive surgery to perform a brow lift. In this embodiment, a
transducer may be coupled to, or positioned near a brow 126
and ultrasound energy may be emitted and targeted to specific
depths within ROI 12, which may produce various bio-ef-
fects. These bio-effects may have the same effect as tradi-
tional invasive techniques without traditional or endoscopic
surgery. For example, instead of making an incision across
brow 126 to cut a particular muscle such as the corrugator
supercilii muscle or SMAS, the ultrasound energy can be
applied at ROI 12 to cut and/or remove a portion of the
corrugator supercilii muscle or permanently paralyze and
disable the corrugator supercilii muscle or SMAS 8 and
achieve the same results as traditional invasive brow lifts.

Method 10 may be used to perform any type of brow lift.
For example, an endobrow or open brow lift of just the brow
126 may be performed. In this procedure, ROI 12 may com-
prise the upper eyelids 128 and eyebrows 130. Alternatively,
the brow lift may limit the ROI 12 to just the forehead muscles
132. Inyet another embodiment, method 10 may be utilized in
a similar manner to replace traditional surgical techniques to
perform an entire face lift.

Turning now to the embodiment depicted in FIGS. 3-5,
energy such as ultrasound energy 21 is delivered at specific
depths below the skin of a patient to treat tissue 1 and subcu-
taneous tissue 2. Certain subcutaneous tissues 2 which may
be treated by method 10 may comprise muscles 3, fascia 7, the
Superficial Muscular Aponeurotic System (“SMAS™) 8, fat9,
as well as ligament and cartilage tissue.

The application of energy to ROI 12 may produce certain
desired bio-effects on tissue 1 and/or subcutaneous tissue 2 by
affecting these tissues that are responsible for wrinkles along
brow 126. The bio-effects may comprise, but are not limited
to, ablating, coagulating, microablating, severing, partially
incapacitating, rejuvenating, shortening, or removing tissue 1
and/or subcutaneous tissue 2 either instantly or over longer
time periods. Specific bio-effects may be used to treat differ-
ent subcutaneous tissues 2 to produce different treatments as
described in greater detail below.

In an embodiment, with reference to FIGS. 3-5, various
different tissues 1 or subcutaneous tissues 2 may be treated by
method 10 to produce different bio-effects. In order to treat a
specific subcutaneous tissue 2 to achieve a desired bio-effect,
ultrasound energy 21 may be directed to a specific depth
within ROI 12 to reach the targeted subcutaneous tissue 2. For
example, if it is desired to cut muscle 3 such as the corrugator
supercilii muscle (by applying ultrasound energy 21 at abla-
tive or coagulative levels), which is approximately 15 mm
below the surface of the skin, ultrasound energy 21 may be
provided at ROI 12 at a level to reach 15 mm below the skin
at an ablative or coagulative level which may be capable of
ablating or coagulating muscle 3.

In an embodiment, the energy level for ablating tissue such
as muscle 3 is in the range of approximately 0.1 joules to 10
joules to create an ablative lesion. Further, the amount of time
energy such as ultrasound energy 21 is applied at these power
levels to create a lesion varies in the range from approxi-
mately 1 millisecond to several minutes. The frequency of the
ultrasound energy is in the range between approximately 2-12
MHz and more specifically in the range of approximately 3-7
MHz. Certain times are in the range of approximately 1
millisecond to 200 milliseconds. In an embodiment where a
legion is being cut into the corrugator supercilii muscle,
approximately 1.5 joules of power is applied for about 40
milliseconds. Applying ultrasound energy 21 in this manner
can cause ablative lesions in the range of approximately 0.1

20

25

30

40

45

60

65

14

cubic millimeters to about 1000 cubic millimeters. A smaller
lesion can be in the range of about 0.1 cubic millimeters to
about 3 cubic millimeters. Cutting the corrugator supercilii
muscle in this manner may paralyze and permanently disable
the corrugator supercilii muscle.

An example of ablating muscle 3 is depicted in FIG. 5
which depicts a series of lesions 27 cut into muscle 3. Besides
ablating or coagulating muscle 3, other bio-effects may com-
prise incapacitating, partially incapacitating, severing, reju-
venating, removing, ablating, micro-ablating, coagulating,
shortening, cutting, manipulating, or removing tissue 1 either
instantly or over time and/or other effects, and/or combina-
tions thereof. In an embodiment, muscle 3 can comprise the
frontalis muscle, the corrugator supercilii muscle, the epicra-
nius muscle, or the procerus muscle.

Different tissues 1 and subcutaneous tissues 2 within the
ROI 12 may have different acoustic properties. For example,
the corrugator supercilii muscle might have different acoustic
properties than the frontalis muscle or fat disposed along the
brow. These different acoustic properties affect the amount of
energy applied to ROI 12 to cause certain bio-effects to the
corrugator supercilii muscle than may be required to achieve
the same or similar bio-effects for the frontalis muscle. These
acoustic properties may comprise the varied acoustic phase
velocity (speed of sound) and its potential anisotropy, varied
mass density, acoustic impedance, acoustic absorption and
attenuation, target size and shape versus wavelength, and
direction of incident energy, stiffness, and the reflectivity of
tissue 1 and subcutaneous tissues 2, among many others.
Depending on the acoustic properties of a particular tissue 1
or subcutaneous tissue 2 being treated, the application of
ultrasound energy 21 at ROI 12 may be adjusted to best
compliment the acoustic property of tissue 1 or subcutaneous
tissue 2 being targeted.

Depending at least in part upon the desired bio-effect and
the subcutaneous tissue 2 being treated, method 10 may be
used with an extracorporeal, non-invasive, partially invasive,
or invasive procedure. Also, depending at least in part upon
the specific bio-effect and subcutaneous tissue 2 targeted,
there may be temperature increases within ROI 12 which may
range from approximately 0-60° C. or heating, cavitation,
steaming, and/or vibro-acoustic stimulation, and/or combi-
nations thereof.

Besides producing various bio-effects to tissue 1, method
10 and the associated ultrasound system may also be used for
imaging. The imaging may be accomplished in combination
with the treatments described herein, or it may be accom-
plished as a separate function to locate tissue 1 or subcutane-
ous tissue 2 to be targeted. In an embodiment, the imaging of
ROI 12 may be accomplished in real time as the treatment is
being administered. This may assist visualization of certain
moving subcutaneous tissue 2 during treatment. In other
embodiments, the user may simply know where the specific
subcutaneous tissue 2 is based on experience and not require
imaging.

Throughout this application, reference has been made to
treating a single layer of tissue 1 at any given time. It should
be noted that two or more layers of tissue (both the skin and
subcutaneous tissue 2) may be treated at the same time and
fall within the scope of this disclosure. In this embodiment,
the skin may be treated along with subcutaneous tissues 2. In
other embodiments where two or more layers of tissue are
treated, muscle 3, ligaments 5, and SMAS 8 can be treated
simultaneously.

In another embodiment, method 10 can be used to assist in
delivery of various fillers and other medicines to ROI 12.
According to this embodiment, ultrasound energy 21 assists
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in forcing the fillers and medicants into tissue 1 and subcuta-
neous tissue 2 at ROI 12. Hyaluronic acid can be delivered to
ROI 12 in this manner. The application of ultrasound energy
21 to ROI 12 causes surrounding tissues to absorb the fillers
such as hyaluronic acid by increasing the temperature at ROI
12 and through the mechanical effects of ultrasound such as
cavitation and streaming. Utilizing ultrasound energy 21 to
effectuate the delivery of medicants and fillers is described in
U.S. patent application Ser. No. 11/163,177 entitled “Method
and System for Treating Acne and Sebaceous Glands” which
is been incorporated by reference in its entirety, herein.

Turning now to the embodiment depicted in FIGS. 6-8, an
system 14 for emitting energy to effectuate a brow lift is an
ultrasound system 16 that may be capable of emitting ultra-
sound energy 21 that is focused, unfocused or defocused to
treat tissue 1 and subcutaneous tissue 2 at ROI 12. System 14
may comprise a probe 18, a control system 20, and a display
22.System 14 may be used to delivery energy to, and monitor,
ROI12. Certain embodiments of systems may be disclosed in
U.S. patent application Ser. No. 11/163,177 entitled “Method
and System for Treating Acne and Sebaceous Glands,” U.S.
patent application Ser. No. 10/950,112 entitled “Method and
System for Combined Ultrasound Treatment”, and U.S.
Patent Application No. 60/826,039 entitled “Method and Sys-
tem for Non-Ablative Acne Treatment”, each of which are
hereby incorporated by reference in their entirety.

With reference to FIG. 7, an embodiment ofa probe 18 may
be a transducer 19 capable of emitting ultrasound energy 21
into ROI12. This may heat ROI 12 at a specific depth to target
a specific tissue 1 or subcutaneous tissue 2 causing that tissue
to be ablated, micro-ablated, coagulated, incapacitated, par-
tially incapacitated, rejuvenated, shortened, paralyzed, or
removed. Certain tissues that are targeted comprise the cor-
rugator supercilii muscle, the frontalis muscle, the procerus
muscle, and/or the epicranius muscle or other muscle dis-
posed along the patient’s forehead.

A coupling gel may be used to couple probe 18 to ROI 12
at the patient’s forehead. Ultrasound energy 21 may be emit-
ted in various energy fields in this embodiment. With addi-
tional reference to FIG. 7A and FIG. 7B and in this embodi-
ment, the energy fields may be focused, defocused, and/or
made substantially planar by transducer 19, to provide many
different effects. Energy may be applied in a C-plane or
C-scan. For example, in one embodiment, a generally sub-
stantially planar energy field may provide a heating and/or
pretreatment effect, a focused energy field may provide a
more concentrated source of heat or hypothermal effect, and
a non-focused energy field may provide diffused heating
effects. It should be noted that the term “non-focused” as used
throughout encompasses energy that is unfocused or defo-
cused.

In another embodiment, a transducer 19 may be capable of
emitting ultrasound energy 21 for imaging or treatment or
combinations thereof. In an embodiment, transducer 19 may
be configured to emit ultrasound energy 21 at specific depths
in ROI 12 to target a specific tissue such as a corrugator
supercilii muscle as described below. In this embodiment of
FIG. 7, transducer 19 may be capable of emitting unfocused
or defocused ultrasound energy 21 over a wide area in ROI 12
for treatment purposes.

Transducer 19 may comprise one or more transducers for
facilitating treatment. Transducer 19 may further comprise
one or more transduction elements 26, e.g., elements 26A or
26B (see FIGS. 7A and 7B). The transduction elements 26
may comprise piezoelectrically active material, such as lead
zirconante titanate (PZT), or other piezoelectrically active
material such as, but not limited to, a piezoelectric ceramic,
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crystal, plastic, and/or composite materials, as well as lithium
niobate, lead titanate, barium titanate, and/or lead metanio-
bate. Tn addition to, or instead of, a piezoelectrically active
material, transducer 19 may comprise any other materials
configured for generating radiation and/or acoustical energy.
Transducer 19 may also comprise one or more matching
and/or backing layers configured along with the transduction
element 26, such as being coupled to the piezoelectrically
active material. Transducer 19 may also be configured with
single or multiple damping elements along the transduction
element 26.

In an embodiment, the thickness of the transduction ele-
ment 26 of transducer 19 may be configured to be uniform.
That is, the transduction element 26 may be configured to
have a thickness that is generally substantially the same
throughout.

In another embodiment, the transduction element 26 may
also be configured with a variable thickness. and/or as a
multiple damped device. For example, the transduction ele-
ment 26 of transducer 19 may be configured to have a first
thickness selected to provide a center operating frequency of
a lower range, for example from approximately 1 kHz to 3
MHz. The transduction element 26 may also be configured
with a second thickness selected to provide a center operating
frequency of a higher range, for example from approximately
3 to 100 MHz or more.

In yet another embodiment, transducer 19 may be config-
ured as a single broadband transducer excited with two or
more frequencies to provide an adequate output for raising the
temperature within ROI 12 to the desired level. Transducer 19
may also be configured as two or more individual transducers,
wherein each transducer 19 may comprise a transduction
element 26. The thickness of the transduction elements 26
may be configured to provide center-operating frequencies in
a desired treatment range. For example, in an embodiment,
transducer 19 may comprise a first transducer 19 configured
with a first transduction element 26A having a thickness
corresponding to a center frequency range of approximately 1
MHz to 3 MHz, and a second transducer 19 configured with
a second transduction element 26B having a thickness corre-
sponding to a center frequency of approximately 3 MHz to
100 MHz or more. Various other ranges of thickness for a first
and/or second transduction element 26 can also be realized.

Moreover, in an embodiment, any variety of mechanical
lenses or variable focus lenses, e.g. liquid-filled lenses, may
also be used to focus and or defocus the energy field. For
example, with reference to the embodiments depicted in
FIGS. 7A and 7B, transducer 19 may also be configured with
an electronic focusing array 24 in combination with one or
more transduction elements 26 to facilitate increased flexibil-
ity in treating ROI 12. Array 24 may be configured in a
manner similar to transducer 19. That is, array 24 may be
configured as an array of electronic apertures that may be
operated by a variety of phases via variable electronic time
delays, forexample, T1, T2, T3 ...Tj. By the term “operated,”
the electronic apertures of array 24 may be manipulated,
driven, used, and/or configured to produce and/or deliver
energy in a manner corresponding to the phase variation
caused by the electronic time delay. For example, these phase
variations may be used to deliver defocused beams, planar
beams, and/or focused beams, each of which may be used in
combination to achieve different physiological effects in ROI
12.

Transduction elements 26 may be configured to be con-
cave, convex, and/or planar. For example, in the embodiment
depicted in FIG. 7A, transduction elements 26 A and 26B are
configured to be concave in order to provide focused energy
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for treatment of ROI 12. Additional embodiments are dis-
closedin U.S. patent application Ser. No. 10/944,500, entitled
“System and Method for Variable Depth Ultrasound Treat-
ment,” incorporated herein by reference in its entirety.

In another embodiment, depicted in FIG. 7B, transduction
elements 26A and 26B may be configured to be substantially
flat in order to provide substantially uniform energy to ROI
12. While FIGS. 7A and 7B depict embodiments with trans-
duction elements 26 configured as concave and substantially
flat, respectively, transduction elements 26 may be configured
to be concave, convex, and/or substantially flat. In addition,
transduction elements 26 may be configured to be any com-
bination of concave, convex, and/or substantially flat struc-
tures. For example, a first transduction element 26 may be
configured to be concave, while a second transduction ele-
ment 26 may be configured to be substantially flat.

Moreover, transduction element 26 can be any distance
from the patient’s skin. In that regard, it can be far away from
the skin disposed within a long transducer or it can be just a
few millimeters from the surface of the patient’s skin. In
certain embodiments, positioning the transduction element
26 closer to the patient’s skin is better for emitting ultrasound
at high frequencies. Moreover, both three and two dimen-
sional arrays of elements can be used in the present invention.

With reference to FIGS. 7C and 7D, transducer 19 may also
be configured as an annular array to provide planar, focused
and/or defocused acoustical energy. For example, in an
embodiment, an annular array 28 may comprise a plurality of
rings 30, 32, 34 to N. Rings 30, 32, 34 to N may be mechani-
cally and electrically isolated into a set of individual ele-
ments, and may create planar, focused, or defocused waves.
For example, such waves can be centered on-axis, such as by
methods of adjusting corresponding transmit and/or receive
delays, T1,T2,T3...TN. Anelectronic focus may be suitably
moved along various depth positions, and may enable vari-
able strength or beam tightness, while an electronic defocus
may have varying amounts of defocusing. In an embodiment,
alens and/or convex or concave shaped annular array 28 may
also be provided to aid focusing or defocusing such that any
time differential delays can be reduced. Movement of annular
array 28 in one, two or three-dimensions, or along any path,
such as through use of probes and/or any conventional robotic
arm mechanisms, may be implemented to scan and/or treat a
volume or any corresponding space within ROI 12.

With reference to FIG. 7E, another transducer 19 can be
configured to comprise a spherically focused single element
36, annular/multi-element 38, annular with imaging region(s)
40, line-focused single element 42, 1-D linear array 44, 1-D
curved (convex/concave) linear array 46, and/or 2-D array 48,
with mechanical focus 50, convex lens focus 52, concave lens
focus 54, compound/multiple lens focused 56, and/or planar
array form 58 to achieve focused, unfocused, or defocused
sound fields for both imaging and/or therapy.

Transducer 19 may further comprise a reflective surface,
tip, or area at the end of the transducer 19 that emits ultra-
sound energy 21. This reflective surface may enhance, mag-
nify, or otherwise change ultrasound energy 21 emitted from
system 14.

In an embodiment, suction is used to attach probe 18 to the
patient’s body. In this embodiment, a negative pressure dif-
ferential is created and probe 18 attaches to the patient’s skin
by suction. A vacuum-type device is used to create the suction
and the vacuum device can be integral with, detachable, or
completely separate from probe 18. The suction attachment
of probe 18 to the skin and associated negative pressure
differential ensures that probe 18 is properly coupled to the
patient’s skin. Further, the suction-attachment also reduces
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the thickness of the tissue to make it easier to reach the
targeted tissue. In other embodiments, a coupling gel is used
to couple probe 18 to the patient’s skin. The coupling gel can
include medicines and other drugs and the application of
ultrasound energy 21 can facilitate transdermal drug delivery.

An probe 18 may be suitably controlled and operated in
various manners by control system 20 as depicted in FIGS.
8A-8C which also relays and processes images obtained by
transducer 19 to display 22. In the embodiment depicted in
FIGS. 8A-8C, control system 20 may be capable of coordi-
nation and control of the entire treatment process to achieve
the desired therapeutic effect on tissue 1 and subcutaneous
tissue 2 within ROI 12. For example, in an embodiment,
control system 20 may comptrise power source components
60, sensing and monitoring components 62, cooling and cou-
pling controls 64, and/or processing and control logic com-
ponents 66. Control system 20 may be configured and opti-
mized in a variety of ways with more or less subsystems and
components to implement the therapeutic system for con-
trolled targeting of the desired tissue 1 or subcutaneous tissue
2, and the embodiments in FIGS. 8 A-8C are merely for illus-
tration purposes.

For example, for power sourcing components 60, control
system 20 may comprise one or more direct current (DC)
power supplies 68 capable of providing electrical energy for
the entire control system 20, including power required by a
transducer electronic amplifier/driver 70. A DC current sense
device 72 may also be provided to confirm the level of power
entering amplifiers/drivers 70 for safety and monitoring pur-
poses, among others.

In an embodiment, amplifiers/drivers 70 may comprise
multi-channel or single channel power amplifiers and/or driv-
ers. In an embodiment for transducer array configurations,
amplifiers/drivers 70 may also be configured with a beam-
former to facilitate array focusing. An beamformer may be
electrically excited by an oscillator/digitally controlled wave-
form synthesizer 74 with related switching logic.

Power sourcing components 60 may also comprise various
filtering configurations 76. For example, switchable har-
monic filters and/or matching may be used at the output of
amplifier/driver 70 to increase the drive efficiency and effec-
tiveness. Power detection components 78 may also be
included to confirm appropriate operation and calibration.
For example, electric power and other energy detection com-
ponents 78 may be used to monitor the amount of power
entering probe 18.

Various sensing and monitoring components 62 may also
be suitably implemented within control system 20. For
example, in an embodiment, monitoring, sensing, and inter-
face control components 80 may be capable of operating with
various motion detection systems implemented within probe
18, to receive and process information such as acoustic or
other spatial and temporal information from ROI 12. Sensing
and monitoring components 62 may also comprise various
controls, interfacing, and switches 82 and/or power detectors
78. Such sensing and monitoring components 62 may facili-
tate open-loop and/or closed-loop feedback systems within
treatment system 14.

In an embodiment, sensing and monitoring components 62
may further comprise a sensor that may be connected to an
audio or visual alarm system to prevent overuse of system 14.
In this embodiment, the sensor may be capable of sensing the
amount of energy transferred to the skin, and/or the time that
system 14 has been actively emitting energy. When a certain
time or temperature threshold has been reached, the alarm
may sound an audible alarm, or cause a visual indicator to
activate to alert the user that a threshold has been reached.
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This may prevent overuse of the system 14. In an embodi-
ment, the sensor may be operatively connected to control
system 20 and force control system 20, to stop emitting ultra-
sound energy 21 from transducer 19.

In an embodiment, a cooling/coupling control system 84
may be provided, and may be capable of removing waste heat
from probe 18. Furthermore the cooling/coupling control sys-
tem 84 may be capable of providing a controlled temperature
at the superficial tissue interface and deeper into tissue, and/or
provide acoustic coupling from probe 18 to ROI 12. Such
cooling/coupling control systems 84 can also be capable of
operating in both open-loop and/or closed-loop feedback
arrangements with various coupling and feedback compo-
nents.

Additionally, an control system 20 may further comprise a
system processor and various digital control logic 86, such as
one or more of microcontrollers, microprocessors, field-pro-
grammable gate arrays, computer boards, and associated
components, including firmware and control software 88,
which may be capable of interfacing with user controls and
interfacing circuits as well as input/output circuits and sys-
tems for communications, displays, interfacing, storage,
documentation, and other useful functions. System software
88 may be capable of controlling all initialization, timing,
level setting, monitoring, safety monitoring, and all other
system functions required to accomplish user-defined treat-
ment objectives. Further, various control switches 90 may
also be suitably configured to control operation.

With reference to FIG. 8C, an transducer 19 may be con-
trolled and operated in various manners by a hand-held for-
mat control system 92. An external battery charger 94 can be
used with rechargeable-type batteries 96 or the batteries can
be single-use disposable types, such as M-sized cells. Power
converters 98 produce voltages suitable for powering a driver/
feedback circuit 100 with tuning network 102 driving trans-
ducer 19 which is coupled to the patient via one or more
acoustic coupling caps 104. Cap 104 can be composed of at
least one of a solid media, semi-solid e.g. gelatinous media,
and/or liquid media equivalent to an acoustic coupling agent
(contained within a housing). Cap 104 is coupled to the
patient with an acoustic coupling agent 106. In addition, a
microcontroller and timing circuits 108 with associated soft-
ware and algorithms provide control and user interfacing via
a display 110, oscillator 112, and other input/output controls
114 such as switches and audio devices. A storage element
116, such as an FElectrically Erasable Programmable Read-
Only Memory (“EEPROM”), secure EEPROM, tamper-
proof EEPROM, or similar device holds calibration and usage
data. A motion mechanism with feedback 118 can be suitably
controlled to scan the transducer 19, if desirable, in a line or
two-dimensional pattern and/or with variable depth. Other
feedback controls comprise a capacitive, acoustic, or other
coupling detection means and/or limiting controls 120 and
thermal sensor 122. A combination of the secure EEPROM
with at least one of coupling caps 104, transducer 19, thermal
sensor 122, coupling detectors, or tuning network. Finally, an
transducer can further comprise a disposable tip 124 that can
be disposed of after contacting a patient and replaced for
sanitary reasons.

With reference again to FIG. 3, an system 14 also may
comprise display 22 capable of providing images of ROI 12 in
certain embodiments where ultrasound energy 21 may be
emitted from transducer 19 in a manner suitable for imaging.
In an embodiment, display 22 is a computer monitor. Display
22 may be capable of enabling the user to facilitate localiza-
tion of the treatment area and surrounding structures, e.g.,
identification of subcutaneous tissue 2. In an alternative
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embodiment, the user may know the location of the specific
subcutaneous tissue 2 to be treated based at lest in part upon
prior experience or education.

After localization, ultrasound energy 21 is delivered at a
depth, distribution, timing, and energy level to achieve the
desired therapeutic effect at ROI 12 to treat tissue 1. Before,
during and/or after delivery of ultrasound energy 21, moni-
toring of the treatment area and surrounding structures may
be conducted to further plan and assess the results and/or
provide feedback to control system 20, and to a system opera-
tor via display 22. In an embodiment, localization may be
facilitated through ultrasound imaging that may be used to
define the positionofa desired tissue 1 or subcutaneous tissue
2in ROI 12.

For ultrasound energy 21 delivery, transducer 19 may be
mechanically and/or electronically scanned to place treat-
ment zones over an extended area in ROI 12. A treatment
depth may be adjusted between a range of approximately 1 to
30 millimeters, and/or the greatest depth of tissue 1 or sub-
cutaneous tissue 2. Such delivery of energy may occur
through imaging of the targeted tissue 1, and then applying
ultrasound energy 21 at known depths over an extended area
without initial or ongoing imaging.

The ultrasound beam from transducer 19 may be spatially
and/or temporally controlled at least in part by changing the
spatial parameters of transducer 19, such as the placement,
distance, treatment depth and transducer 19 structure, as well
as by changing the temporal parameters of transducer 19,
such as the frequency, drive amplitude, and timing, with such
control handled via control system 20. Such spatial and tem-
poral parameters may also be suitably monitored and/or uti-
lized in open-loop and/or closed-loop feedback systems
within ultrasound system 16.

Finally, it should be noted that while this disclosure is
directed primarily to using ultrasound energy 21 to conduct
procedures non-invasively, that the method and system for
performing a brow lift described above can also utilize energy
such as ultrasound energy 21 to assist in invasive procedures.
For example, ultrasound energy 21 can be used to ablate
subcutaneous tissues 2 and tissues 1 during an invasive pro-
cedure. In this regard, ultrasound energy 21 can be used for
invasive and minimally invasive procedures.

Method and System for Performing a Blepharoplasty

With reference to FIGS. 9-16 and in accordance with an
embodiment, a method and system are provided for treating
tissue around the eyes with focused, unfocused or defocused
energy to perform a non-invasive blepharoplasty. In an
embodiment, the energy used is ultrasound energy. In other
embodiments, the energy is laser energy or radio frequency
energy. In certain embodiments, the energy is ultrasound
energy combined with other forms of energy such as laser or
radio frequency energy. The method will be referred to as
method 110 throughout. In an embodiment, the treated tissue
region comprises skin and subcutaneous tissue 12 comprising
muscle, tendon, ligament or cartilage tissue (“MTLC”), other
fibrous tissue, fascial tissue, and/or connective tissue and any
other types of tissue. It should be noted that references
throughout this specification to tissue 11 include subcutane-
ous tissue 12.

As depicted in the embodiment shown in FIG. 9, method
110 broadly comprises the following steps 1A-1D. First, in
step 1A, a system that emits energy such as ultrasound energy
is provided. In one embodiment with reference to FIG. 12,
this system is also configured to obtain images. At step 1B,
energy is applied to a Region of Interest (“ROI”) which is part
of or near the patient’s eyes, or eye region which includes the
eye sockets, eyelids, cheeks, the area below the eyes, and the



US 8,915,853 B2

21

area around the side of the patient’s face adjacent to the eyes.
The energy is applied until a certain bio-effect is achieved at
step 1C. The bio-effects at step 1C reduce the laxity of the
tissue around the eyes and thus, reduce wrinkles Upon the
completion of bio-effects at step 1C, a blepharoplasty is
achieved at step 1D.

Turning now to FIGS. 10A and 10B, method 110 is used to
perform a non-invasive blepharoplasty by ablating portions of
fat, muscle, and other subcutaneous and/or connective tissues
at the ROI located around a patient’s eyes. As part of ablating
portions of subcutaneous tissues, method 110 ablates or
micro-ablates tissue and subcutaneous tissues comprising,
but not limited to. fat and muscle. By ablating and treating
these subcutaneous tissues, wrinkles on the skin and sagging
skin are removed because the subcutaneous foundation for
the skin is treated. Further, in one embodiment, the muscle
can be paralyzed and method 110 can be utilized to replace
toxic BOTOX®. injections to remove any crow’s feet 1129
located adjacent to the patient’s eyes. Method 110 can be used
to supplement or replace BOTOX-type treatments in this
manner. The term “BOTOX-type treatment” or “BOTOX-
type injections” are meant to include treating the muscles and
other tissue 1 and subcutaneous tissue 2 within the forehead
with muscle relaxant drugs. One drug is sold under the trade-
mark BOTOX®. and is produced by the Allergan Corporation
of Irvine, Calif. Other drugs include the DYSPORT®. drug
produced by Ipsen, Inc. of Milford, Mass. or the VISTA-
BEL®. drug also produced by the Allergan Corporation.

FIG. 10A shows one embodiment where method 110 is
used to perform a non-invasive upper lid blepharoplasty and
to remove crow’s feet 1129 around a patient’s eye region
1132. As used throughout, eye region 1132 is meant to
encompass the area around the eyes including the eye sockets,
the orbital septum, lower and upper eyelids, eyebrows, and
the area directly adjacent to the corners of the eye where
crow’s feet 1129 form. In this embodiment, pockets of fat
1126 around the upper eyelid 1128 can be removed or other-
wise ablated, coagulated, or treated as noted herein. Further,
muscle can also be caused to be reabsorbed into the body
(thus removed) as can other tissue or subcutaneous tissue.

Tissue such as fat pockets 1126 is caused to be reabsorbed
into the body by applying energy such as ultrasound energy at
specific depths below the surface of the skin at levels where
the targeted tissue is ablated, micro-ablated, or coagulated.
For example, if fat pockets 1126 are located fifteen millime-
ters from the surface of the skin, ultrasound energy 121 is
applied at a depth of fifteen millimeters at ablative levels to
destroy and cause fat pockets 1126 to be reabsorbed into the
body. Portions of muscle can also be ablated and subse-
quently reabsorbed into the ROI 112 as well (effectively
removing the reabsorbed tissue from the ROI).

Ultrasound energy 121 can be applied at various frequen-
cies, power levels, and times to target and effect subcutaneous
tissue 112. Certain frequencies include anywhere in the range
of approximately 2-12 MHz and more specifically in the
range of approximately 3-7 MHz. Certain time frames to
create ablative lesions within subcutaneous tissue 21 are in
the range of approximately a few milliseconds to several
minutes. Further, certain power ranges to create ablative
lesions in subcutaneous tissue 12 are in the range of approxi-
mately 0.1 joules to 10 joules. Applying ultrasound energy
121 in this manner produces ablative lesions in subcutaneous
tissue in the range of approximately 0.1 cubic millimeters to
a 1000 cubic millimeters. Certain smaller lesions are in the
range of approximately 0.1 cubic millimeters to 3 cubic mil-
limeters.
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In an embodiment, the application of ultrasound energy
121 to ROI 112 also causes the regeneration, remodeling, and
shrinkage of tissue 12. With respect to regeneration and
remodeling, the application of ultrasound energy 121 to ROI
112 causes thermal and mechanical affects which cause
injury to subcutaneous tissues 12 and tissues 11. These inju-
ries to tissues 11 and subcutaneous tissues 12 cause various
chemical processes that lead to certain protein’s repair and
regeneration. Certain proteins comprise, but are not neces-
sary limited to, collagen, myosin, elastin, and actin. In addi-
tion to proteins, fat calls are affected. As these proteins and fat
are being repaired and regenerated, the amount of tissue 11
and subcutaneous tissues 12 are increased. This overall
increase in tissue mass can cause voids or pockets in tissue 12
to be filled with the excess subcutaneous tissue 12 which also
reduces wrinkles at ROI 12.

FIG. 10B shows one embodiment for a lower lid blepharo-
plasty where pockets of fat 1126 around a lower eyelid 1131
are ablated, micro-ablated, or coagulated and caused to be
reabsorbed into the body by the application of ultrasound
energy as described above. Further, portions of muscle can
also be caused to be reabsorbed into the body as can other
subcutaneous tissue by similar methods. When fat and other
subcutaneous tissue is reabsorbed into the body, puffiness
around the eyes is reduced as on of the bio-effects achieved by
the application of ultrasound energy.

With continued reference to FIGS. 10A-10B, in an
embodiment, transducer 119 may be coupled to or positioned
near the eye region 1132 and ultrasound energy 121 may be
emitted from probe 118 at specific depths within ROI 112
which may produce various bio-effects. These bio-effects
may have the same effect as traditional invasive techniques
and can comprise ablating, micro-ablating, coagulating, sev-
ering, or cutting, partially incapacitating, shortening or
removing tissue 11 from ROI 112. These bio-effects have the
same effects as a traditional blepharoplasty procedure but
accomplish a blepharoplasty in a non-invasive manner.

For example, instead of making an incision across the
eyelids 1130 and 1131 to remove fat pockets 1126, ultrasound
energy 121 can be applied at ROI 12 to ablate, coagulate,
and/or cause fat to be reabsorbed into the body such as fat
pockets 1126 or muscle and achieve the same results as tra-
ditional invasive blepharoplasty procedures or a traditional
transconjunctival blepharoplasty. Method 110 may be used to
perform any type of blepharoplasty including an upper lid
blepharoplasty, a lower lid blepharoplasty, or a transconjunc-
tival blepharoplasty.

In one embodiment, method 110 can be used to replace
traditional BOTOX-type treatments and other medicants or
fillers as described below. In other embodiments, method 10
can be use to assist in transdermal drug delivery of BOTOX-
type drugs and other medicines, medicants and fillers. In
these embodiments, the application of ultrasound energy 121
to the ROI increases the temperature at ROI 112. This
increased temperature assists in the transdermal delivery of
BOTOX-type drugs. In other embodiments, the application of
ultrasound energy to the ROI causes mechanical effects such
as cavitation and streaming which essentially helps “push”
the medicines into the patient’s tissue.

In one embodiment, method 110 can also be effectively
used to remove crow’s feet 1129. Crow’s feet 1129 can be
removed by paralyzing the orbicularis oculi muscle which is
typically accomplished with BOTOX -type injections. Apply-
ing ultrasound energy 121 at specific depths to contact the
orbicularis oculi muscle can incapacitate or otherwise para-
lyze the orbicularis oculi muscle. The orbicularis oculi
muscle including the orbital part, the palpebral part, and the
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orbicularis oculi muscle can be treated in accordance with the
present invention. For example, in one embodiment, ultra-
sound energy can be applied at the ROI to make several
lesions in the orbicularis oculi muscle which incapacitates
and paralyzes the muscle. With the orbicularis oculi muscle
paralyzed, crow’s feet 1129 disappear just as they would with
traditional BOTOX-type injections that paralyze the orbicu-
laris oculi muscle.

When method 110 is utilized to replace traditional
BOTOX-type injections, the muscles are incapacitated to a
point where they are paralyzed or rendered incapable of
movement. In one embodiment, the muscles within the ROI
may be either ablated, micro-ablated, or coagulated in a man-
ner such that the muscles may be no longer be capable of
movement, and be permanently paralyzed due to the bio-
effects from the application of energy such as ultrasound
energy 121. The paralysis of the muscles may reduce or
eliminate wrinkles on the tissue such as crow’s feet 1129.
Unlike traditional BOTOX-type injections, the paralysis may
be permanent and the wrinkles may not reappear after treat-
ment. Therefore, repeated treatments as with BOTOX-type
treatments are not necessary. Method 110 may be used on any
area of the patient’s body to replace traditional BOTOX-type
injections.

In another embodiment, method 110 can be used to per-
form a combination blepharoplasty and midcheek lift. The
ability to utilize energy such as ultrasound energy to perform
face lifts such as a midcheek lift is described in patent appli-
cation Ser. No. 11/163,151 entitled “Method and System For
Noninvasive Face Lifts and Deep Tissue Tightening” which is
herein incorporated in its entirety by reference. In this proce-
dure, ultrasound energy is applied below the eyes to ablate or
coagulate subcutaneous tissue and move tissue and subcuta-
neous tissue upwards to perform a midcheek lift. In this
embodiment, both this procedure and a blepharoplasty can be
completed utilizing ultrasound energy to target and ablate or
coagulate subcutaneous tissue such as fibro-muscular tissue.

In an embodiment where a midcheek lift is being per-
formed in conjunction with a blepharoplasty, imaging can
take place as discussed above to monitor the effects on the
tissue. Therefore, the operator of the system can vary the
amount of ultrasound energy being emitted from the system if
necessary.

In another embodiment, method 110 canbe used to assistin
delivery of various fillers and other medicines to ROI 112.
According to this embodiment, ultrasound energy 121 assists
in forcing the fillers and medicants into tissue 11 and subcu-
taneous tissue 12 at ROI 112. Hyaluronic acid can be deliv-
ered to ROI 112 in this manner. The application of ultrasound
energy 121 to ROI 112 causes surrounding tissues to absorb
the fillers such as hyaluronic acid by increasing the tempera-
ture at ROI 112 thereby increasing absorption and through the
mechanical effects of ultrasound such as cavitation and
streaming. Utilizing ultrasound energy 21 to effectuate the
delivery of medicants and fillers is described in U.S. patent
application Ser. No. 11/163,177 entitled “Method and System
for Treating Acne and Sebaceous Glands” which has been
incorporated by reference in its entirety.

In an embodiment depicted in FIGS. 11-12, a system is an
ultrasound system 116 that may be capable of emitting ultra-
sound energy 121 that is focused, unfocused or defocused to
treat tissue 11 at RO1 112. System 114 may coniprise a probe
118, acontrol system 120, and a display 122. System 114 may
be used to deliver energy to, and monitor, ROI 112. Certain
embodiments of systems may be disclosed in U.S. patent
application Ser. No. 11/163,177 entitled “Method and System
for Treating Acne and Sebaceous Glands,” U.S. patent appli-
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cation Ser. No. 10/950,112 entitled “Method and System for
Combined Ultrasound Treatment”, and U.S. Patent Applica-
tion No. 60/826,039 entitled “Method and System for Non-
Ablative Acne Treatment”, all of which are hereby incorpo-
rated by reference in their entirety.

Moreover, with reference to FIGS. 12-14, various different
tissues 11 or subcutaneous tissues 12 may be treated by
method 110 to produce different bio-effects in an embodi-
ment of the present invention. In order to treat a specific
subcutaneous tissue 12 to achieve a desired bio-effect, ultra-
sound energy 121 from system 114 may be directed to a
specific depth within ROI 112 to reach the targeted subcuta-
neous tissue 12. For example, if it is desired to cut muscle 13
(by applying ultrasound energy 121 at ablative levels), which
is approximately 15 mm below the surface of the skin, ultra-
sound energy 121 from ultrasound system 116 may be pro-
vided at ROI 112 at a level to reach 15 mm below the skin at
an ablative level which may be capable of ablating muscle 13.
An example of ablating muscle 13 is depicted in FIG. 14
which depicts a series of lesions 127 ablated into muscle 13.
Besides ablating muscle 13, other bio-effects may comprise
incapacitating, partially incapacitating, severing, rejuvenat-
ing, removing, ablating, micro-ablating, shortening, manipu-
lating, or removing tissue 11 either instantly or over time,
and/or other effects, and/or combinations thereof.

Depending at least in part upon the desired bio-effect and
the subcutaneous tissue 12 being treated, method 110 may be
used with an extracorporeal, non-invasive, partially invasive,
or invasive procedure. Also, depending at least in part upon
the specific bio-effect and tissue 11 targeted, there may be
temperature increases within ROI 112 which may range from
approximately 0-60° C. or heating, cavitation, steaming, and/
or vibro-accoustic stimulation, and/or combinations thereof.

Besides producing various bio-effects to tissue 11, method
110 and ultrasound system 116 may also be used for imaging.
The imaging may be accomplished in combination with the
treatments described herein, or it may be accomplished as a
separate function to locate tissue 11 or subcutaneous tissue 12
to be targeted. In an embodiment, the imaging of ROI 112
may be accomplished in real time as the treatment is being
administered. This may assist visualization of certain moving
subcutaneous tissue 12 during treatment. In other embodi-
ments, the user may simply know where the specific subcu-
taneous tissue 12 is based on experience and not require
imaging.

In an embodiment depicted in FIGS. 12-14, ultrasound
energy 121 is delivered at specific depths at and below the
skin of a patient to treat subcutaneous tissue 12. Subcutane-
ous tissue 12 which may also be treated by method 110 may
comprise muscles 13, fat 15, and various connective tissue.
Other subcutaneous tissues 12 which may be treated may
comprise muscle fascia, ligament, dermis 17, and various
other tissues, such as the Superficial Muscular Aponeurotic
System (“SMAS”), and other fibro-muscular tissues. Subcu-
taneous tissue 12 may be located within ROI 112 on a
patient’s body that may be desired to be treated such as the
patient’s eye region. In one embodiment, the area around the
orbital septum is treated. ROI 112 may comprise an inner
treatment region, a superficial region, a subcutaneous region
of interest and/or any other region of interest in between an
inner treatment region, a superficial region, and/or a subcu-
taneous region within a patient, and/or combinations thereof.

The application of energy to ROI 112 may produce certain
desired bio-effects on tissue 11 and/or subcutaneous tissue
12. The bio-effects may comprise, but are not limited to,
ablating, micro-ablating, coagulating, severing or cutting,
partially incapacitating, rejuvenating, shortening, or remov-
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ing tissue 12 either instantly or over longer time periods by
causing the tissue to be reabsorbed into the body. Specific
bio-effects may beused to treat different tissues 11 to produce
different treatments as described in greater detail below.
These effects on subcutaneous tissue 12 also enable the skin
to be tighter and not sag as its support layer of subcutaneous
tissue 12 has been treated by method 110.

Different tissues 11 and subcutaneous tissues 12 within
ROI112 may have different acoustic properties. For example,
muscle 13 might have different acoustic properties than fascia
or dermis 17. These different acoustic properties affect the
amount of energy applied to ROI 112 to cause certain bio-
effects to muscle 13 than may be required to achieve the same
or similar bio-effects for fascia. These acoustic propetrties
may comprise the varied acoustic phase velocity (speed of
sound) and its potential anisotropy, varied mass density,
acoustic impedance, acoustic absorption and attenuation, tar-
get size and shape versus wavelength, and direction of inci-
dent energy, stiffness, and the reflectivity of subcutaneous
tissues 12, among many others. Depending on the acoustic
properties of a particular tissue 11 or subcutaneous tissue 12
being treated, the application of ultrasound energy 121 at ROI
112 may be adjusted to best compliment the acoustic property
of tissue 11 or subcutaneous tissue 12 being targeted and
treated.

In an embodiment, suction is used to attach probe 118 to
the patient’s body. In this embodiment, a negative pressure
differential is created and probe 118 attaches to the patient’s
skin by suction. A vacuum-type device is used to create the
suction and the vacuum device can be integral with, detach-
able, or completely separate from probe 118. The suction
attachment of probe 118 to the skin and associated negative
pressure differential ensures that probe 118 is properly
coupled to skin 185. Further, the suction-attachment also
reduces the thickness of the tissue to make it easier to reach
the targeted tissue. In other embodiments, a coupling gel is
used to couple probe 118 to the patient’s skin 185. The cou-
pling gel can include medicines and other drugs and the
application of ultrasound energy 121 can facilitate transder-
mal drug delivery.

With additional reference to FIG. 15, an embodiment of a
probe 118 may be a transducer 119 capable of emitting ultra-
sound energy 121 into ROI 112. This may heat ROI 112 at a
specific depth to target a specific tissue 11 or subcutaneous
tissue 12 and causing that tissue to be ablated, micro-ablated,
incapacitated, coagulated, partially incapacitated, rejuve-
nated, shortened, paralyzed, or caused to be reabsorbed into
the body. A coupling gel may be used to couple probe 118 to
ROI 112. Ultrasound energy 121 may be emitted in various
energy fields in this embodiment. With additional reference to
FIG. 15A and FIG. 15B, the energy fields may be focused,
defocused, and/or made substantially planar by transducer
119 to provide many different effects. For example, energy
may be applied in a C-plane or C-scan. In one embodiment, a
generally substantially planar energy field may provide a
heating and/or pretreatment effect, a focused energy field
may provide a more concentrated source of heat or hyperther-
mal effect, and a non-focused energy field may provide dif-
fused heating effects. It should be noted that the term “non-
focused” as used throughout encompasses energy that is
unfocused or defocused.

Moreover, transduction element 126 can be any distance
from the patient’s skin. In that regard, it can be far away from
the skin disposed within a long transducer or it can be just a
few millimeters from the surface of the patient’s skin. In
certain embodiments, positioning the transduction element
126 closer to the patient’s skin is better for emitting ultra-
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sound at high frequencies. Moreover, both three and two
dimensional arrays of elements can be used in the present
invention.

In another embodiment, a transducer 119 may be capable
of emitting ultrasound energy 121 for imaging or treatment or
combinations thereof. In an embodiment, transducer 119 may
be configured to emit ultrasound energy 121 at specific depths
in ROI 112 as described below. In this embodiment of FIG.
112, transducer 119 may be capable of emitting unfocused or
defocused ultrasound energy 121 over a wide area in RO1112
for treatment purposes.

With continued reference to FIGS. 15A and 15B, trans-
ducer 119 may comprise one or more transducers for facili-
tating treatment. Transducer 119 may further comprise one or
more transduction elements 126, e.g., elements 126A or
126B. The transduction elements 126 may comprise piezo-
electrically active material, such as lead zirconante titanate
(PZT), or other piezoelectrically active material such as, but
not limited to, a piezoelectric ceramic, crystal, plastic, and/or
composite materials, as well as lithium niobate, lead titanate,
barium titanate, and/or lead metaniobate. In addition to, or
instead of, a piezoelectrically active material, transducer 119
may comprise any other materials configured for generating
radiation and/or acoustical energy. Transducer 119 may also
comprise one or more matching and/or backing layers con-
figured along with the transduction element 126, such as
being coupled to the piezoelectrically active material. Trans-
ducer 119 may also be configured with single or multiple
damping elements along the transduction element 126.

In an embodiment, the thickness of the transduction ele-
ment 126 of transducer 119 may be configured to be uniform.
That is, the transduction element 126 may be configured to
have a thickness that is generally substantially the same
throughout.

In another embodiment, the transduction element 126 may
also be configured with a variable thickness, and/or as a
multiple damped device. For example, the transduction ele-
ment 126 of transducer 119 may be configured to have a first
thickness selected to provide a center operating frequency of
a lower range, for example from approximately 1 kHz to 3
MHz in one embodiment and between 15 kHz to 3 MHZ in
another embodiment. The transduction element 126 may also
be configured with a second thickness selected to provide a
center operating frequency of a higher range, for example
from approximately 3 to 100 MHz or more.

In yet another embodiment, transducer 119 may be config-
ured as a single broadband transducer excited with two or
more frequencies to provide an adequate output for raising the
temperature within ROI 112 to the desired level. Transducer
119 may also be configured as two or more individual trans-
ducers, wherein each transducer 119 may comprise a trans-
duction element 126. The thickness of the transduction ele-
ments 126 may be configured to provide center-operating
frequencies in a desired treatment range. For example, in an
embodiment, transducer 119 may comprise a first transducer
119 configured with a first transduction element 126 A having
a thickness corresponding to a center frequency range of
approximately 1 MHz to 3 MHz, and a second transducer 119
configured with a second transduction element 126B having
a thickness corresponding to a center frequency of approxi-
mately 3 MHz to 100 MHz or more. Various other ranges of
thickness for a first and/or second transduction element 126
can also be realized.

Moreover, in an embodiment, any variety of mechanical
lenses or variable focus lenses, e.g. liquid-filled lenses, may
also be used to focus and or defocus the energy field. For
example, with reference to the embodiments depicted in
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FIGS. 15A and 15B, transducer 119 may also be configured
with an electronic focusing array 124 in combination with
one or more transduction elements 126 to facilitate increased
flexibility in treating ROI 12. Array 124 may be configured in
amanner similar to transducer 119. That is, array 124 may be
configured as an array of electronic apertures that may be
operated by a variety of phases via variable electronic time
delays, forexample, T1,T2,T3 ... Tj. By the term “operated,”
the electronic apertures of array 124 may be manipulated,
driven, used, and/or configured to produce and/or deliver
energy in a manner corresponding to the phase variation
caused by the electronic time delay. For example, these phase
variations may be used to deliver defocused beams, planar
beams, and/or focused beams, each of which may be used in
combination to achieve different physiological effects in ROI
112.

Transduction elements 126 may be configured to be con-
cave, convex, and/or planar. For example, in the embodiment
depicted in FIG. 15A, transduction elements 126A and 126B
are configured to be concave in order to provide focused
energy for treatment of ROI 112. Additional embodiments are
disclosed in U.S. patent application Ser. No. 10/944,500,
entitled “System and Method for Variable Depth Ultrasound
Treatment”, incorporated herein by reference in its entirety.

In another embodiment depicted in FIG. 15B, transduction
elements 126A and 126B may be configured to be substan-
tially flat in order to provide substantially uniform energy to
ROI 112. While FIGS. 15A and 15B depict embodiments
with transduction elements 126 configured as concave and
substantially flat, respectively, transduction elements 126
may be configured to be concave, convex, and/or substan-
tially flat. In addition, transduction elements 126 may be
configured to be any combination of concave, convex, and/or
substantially flat structures. For example, a first transduction
element 126 may be configured to be concave, while a second
transduction element 126 may be configured to be substan-
tially flat.

With reference to FIGS. 15C and 15D, transducer 119 may
also be configured as an annular array to provide planar,
focused and/or defocused acoustical energy. For example, in
an embodiment, an annular array 128 may comprise a plural-
ity of rings 130, 132, 134 to N. Rings 130, 132, 134 to N may
be mechanically and electrically isolated into a set of indi-
vidual elements, and may create planar, focused, or defo-
cused waves. For example, such waves can be centered on-
axis, such as by methods of adjusting corresponding transmit
and/or receive delays, T1, T2, T3 ... TN. An electronic focus
may be suitably moved along various depth positions, and
may enable variable strength or beam tightness, while an
electronic defocus may have varying amounts of defocusing.
In an embodiment, a lens and/or convex or concave shaped
annular array 128 may also be provided to aid focusing or
defocusing such that any time differential delays can be
reduced. Movement of annular array 128 in one, two or three-
dimensions, or along any path, such as through use of probes
and/or any conventional robotic arm mechanisms, may be
implemented to scan and/or treat a volume or any correspond-
ing space within ROI 1 12.

With reference to FIG. 15E, another transducer 119 can be
configured to comprise a spherically focused single element
136, annular/multi-element 138, annular with imaging
region(s) 140, line-focused single element 142, 1-D linear
array 144, 1-D curved (convex/concave) linear array 146,
and/or 2-D array 148, with mechanical focus 150, convex lens
focus 152, concave lens focus 154, compound/multiple lens
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focused 156, and/or planar array form 158 to achieve focused,
unfocused, or defocused sound fields for both imaging and/or
therapy.

Transducer 119 may further comprise a reflective surface,
tip, or area at the end of the transducer 119 that emits ultra-
sound energy 121. This reflective surface may enhance, mag-
nify, or otherwise change ultrasound energy 121 emitted from
system 114.

An embodiment of a probe 118 may be suitably controlled
and operated in various manners by control system 120 as
depicted in FIGS. 16A-16C which also relays processes
images obtained by transducer 119 to display 122. In the
embodiment depicted in FIGS. 16A-16C, control system 120
may be capable of coordination and control of the entire
treatment process to achieve the desired therapeutic effect in
tissue 11 within ROI 112. In an embodiment, control system
120 may comprise power source components 160, sensing
and monitoring components 162, cooling and coupling con-
trols 164, and/or processing and control logic components
166. Control system 120 may be configured and optimized in
a variety of ways with more or less subsystems and compo-
nents to implement the therapeutic system for controlled tar-
geting of the desired tissue 11 or subcutaneous tissue 12, and
the embodiments in FIGS. 16A-16C are merely for illustra-
tion purposes.

For example, for power sourcing components 160, control
system 120 may comprise one or more direct current (DC)
power supplies 168 capable of providing electrical energy for
the entire control system 120, including power required by a
transducer electronic amplifier/driver 170. A DC current
sense device 172 may also be provided to confirm the level of
power entering amplifiers/drivers 170 for safety and monitor-
ing purposes, among others.

In an embodiment, amplifiers/drivers 170 may comprise
multi-channel or single channel power amplifiers and/or driv-
ers. In an embodiment for transducer array configurations,
amplifiers/drivers 170 may also be configured with a beam-
former to facilitate array focusing. An beamformer may be
electrically excited by an oscillator/digitally controlled wave-
form synthesizer 174 with related switching logic.

Power sourcing components 160 may also comprise vari-
ous filtering configurations 176. For example, switchable har-
monic filters and/or matching may be used at the output of
amplifier/driver 170 to increase the drive efficiency and effec-
tiveness. Power detection components 178 may also be
included to confirm appropriate operation and calibration.
For example, electric power and other energy detection com-
ponents 178 may be used to monitor the amount of power
entering probe 118.

Various sensing and monitoring compornents 162 may also
be suitably implemented within control system 120. For
example, in an embodiment, monitoring, sensing, and inter-
face control components 180 may be capable of operating
with various motion detection systems implemented within
probe 118, to receive and process information such as acous-
tic or other spatial and temporal information from ROI 112.
Sensing and monitoring components 162 may also comprise
various controls, interfacing, and switches 182 and/or power
detectors 178. Such sensing and monitoring components 162
may facilitate open-loop and/or closed-loop feedback sys-
tems within treatment system 114.

In an embodiment, sensing and monitoring components
162 may further comprise a sensor that may be connected to
an audio or visual alarm system to prevent overuse of system
114. In this embodiment, the sensor may be capable of sens-
ing the amount of energy transferred to the skin, and/or the
time that system 114 has been actively emitting energy. When
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a certain time or temperature threshold has been reached, the
alarm may sound an audible alarm, or cause a visual indicator
to activate to alert the user that a threshold has been reached.
This may prevent overuse of system 114. In an embodiment,
the sensor may be operatively connected to control system
120 and force control system 20, to stop emitting ultrasound
energy 121 from transducer 119.

In an embodiment, a cooling/coupling control system 184
may be provided, and may be capable of removing waste heat
from probe 118. Furthermore the cooling/coupling control
system 184 may be capable of providing a controlled tem-
perature at the superficial tissue interface and deeper into
tissue, and/or provide acoustic coupling from probe 118 to
ROI112. Such cooling/coupling control systems 184 can also
be capable of operating in both open-loop and/or closed-loop
feedback arrangements with various coupling and feedback
components.

Additionally, an embodiment of a control system 120 may
further comprise a system processor and various digital con-
trollogic 186, such as one ormore of microcontrollers, micro-
processors, field-programmable gate arrays, computer
boards, and associated components, including firmware and
control software 188, which may be capable of interfacing
with user controls and interfacing circuits as well as input/
output circuits and systems for communications, displays,
interfacing, storage, documentation, and other useful func-
tions. System software 188 may be capable of controlling all
initialization, timing, level setting, monitoring, safety moni-
toring, and all other system functions required to accomplish
user-defined treatment objectives. Further, various control
switches 190 may also be suitably configured to control
operation.

With reference to FIG. 16C, an embodiment of atransducer
119 may be controlled and operated in various manners by a
hand-held format control system 192. An external battery
charger 194 can be used with rechargeable-type batteries 196
or the batteries can be single-use disposable types, such as
AA-sized cells. Power converters 198 produce voltages suit-
able for powering a driver/feedback circuit 1100 with tuning
network 1102 driving transducer 119 which is coupled to the
patient via one or more acoustic coupling caps 1104. Cap
1104 can be composed of at least one of a solid media,
semi-solid e.g. gelatinous media, and/or liquid media equiva-
lent to an acoustic coupling agent (contained within a hous-
ing). Cap 1104 is coupled to the patient with an acoustic
coupling agent 1106. In addition, a microcontroller and tim-
ing circuits 1108 with associated software and algorithms
provide control and user interfacing via a display 1110, oscil-
lator 1112, and other input/output controls 1114 such as
switches and audio devices. A storage element 1116, such as
an Electrically Frasable Programmable Read-Only Memory
(“EEPROM”), secure EEPROM, tamper-proof EEPROM, or
similar device holds calibration and usage data. A motion
mechanism with feedback 1118 can be suitably controlled to
scan the transducer 119, if desirable, in a line or two-dimen-
sional pattern and/or with variable depth. Other feedback
controls comprise a capacitive, acoustic, or other coupling
detection means and/or limiting controls 1120 and thermal
sensor 1122. A combination of the secure EEPROM with at
least one of coupling caps 1104, transducer 119, thermal
sensor 1122, coupling detectors, or tuning network may also
be used. Finally, an transducer can further comprise a dispos-
able tip 1124 that can be disposed of after contacting a patient
and replaced for sanitary reasons.

With reference again to FIGS. 11-12, an embodiment of a
system 114 also may comprise display 122 capable of pro-
viding images of ROI 112 in certain embodiments where
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ultrasound energy 121 may be emitted from transducer 119 in
amanner suitable for imaging. Display 122 may be capable of
enabling the user to facilitate localization of the treatment
area and surrounding structures, e.g., identification of subcu-
taneous tissue 12. [n an alternative embodiment, the user may
know the location of the specific subcutaneous tissue 12 to be
treated based at least in part upon prior expetience or educa-
tion.

After localization, ultrasound energy 121 is delivered at a
depth, distribution, timing, and energy level to achieve the
desired therapeutic effect at ROI 112 to treat tissue 11.
Before, during, and/or after delivery of ultrasound energy
121, monitoring of the treatment area and surrounding struc-
tures may be conducted to further plan and assess the results
and/or provide feedback to control system 120, and to a
system operator via display 122. In an embodiment, localiza-
tion may be facilitated through ultrasound imaging that may
be used to define the position of a desired tissue 11 in ROI
112.

For ultrasound energy 121 delivery, transducer 119 may be
mechanically and/or electronically scanned to place treat-
ment zones over an extended area in ROI 112. A treatment
depth may be adjusted between a range of approximately 0 to
30 millimeters, and/or the greatest depth of tissue 1 and/or
subcutaneous tissue 12. Such delivery of energy may occur
through imaging of the targeted tissue 11, and then applying
ultrasound energy 121 at known depths over an extended area
without initial or ongoing imaging.

The ultrasound beam from transducer 119 may be spatially
and/or temporally controlled at least in part by changing the
spatial parameters of transducer 119, such as the placement,
distance, treatment depth, and transducer 119 structure, as
well as by changing the temporal parameters of transducer
119, such as the frequency, drive amplitude, and timing, with
such control handled via control system 120. Such spatial and
temporal parameters may also be suitably monitored and/or
utilized in open-loop and/or closed-loop feedback systems
within ultrasound system 116.

Throughout this application, reference has been made to
treating a single layer of tissue 11 or subcutaneous tissue 12 at
any given time. It should be noted that two or more layers of
tissue may be treated at the same time and fall within the
scopeofthis disclosure. In certain embodiments where two or
more layers of tissue are treated, muscle 13, ligaments 15, and
other fibro-muscular layers of tissue can be treated simulta-
neously.

Finally, it should be noted that while this disclosure is
directed primarily to using ultrasound energy 121 to conduct
procedures non-invasively, that the method and system for
performing a blepharoplasty described above can also utilize
energy such as ultrasound energy 121 to assist in invasive
procedures. For example, ultrasound energy 121 can be used
to ablate subcutaneous tissues 12 and tissues 11 during an
invasive procedure. In this regard, ultrasound energy 121 can
be used for invasive and minimally invasive procedures.
Method and System for Treating Cartilage Tissue

With reference to FIGS. 17-24, another method and system
are provided for treating tissue with focused, unfocused or
defocused energy. In an embodiment, the energy used is ultra-
sound energy. In other embodiments, the energy is laser
energy or radio frequency energy. In certain embodiments,
the energy is ultrasound energy combined with other forms of
energy such as laser or radio frequency energy. In an embodi-
ment, the energy used is ultrasound energy and the tissue
treated is cartilage tissue. The method will be referred to as
method 210 throughout. In an embodiment, the treated tissue
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region 21 comprises subcutaneous tissue 22 and can comprise
muscle, tendon, ligament or cartilage tissue (MTLC), among
other types of tissue.

As depicted in the embodiment shown in FIG. 17, method
10 broadly comprises the following steps 2A-2D. First, at step
2A, a system that emits energy such as ultrasound energy is
provided. At step 2B, energy is applied to a Region of Interest
(“ROTI”) which comprises any area of a body that comprises
cartilage. Certain ROIs include the nose, ears, soft palate,
joint sockets such as the knee, elbow, shoulders, hips, and any
other area of the body that comprises cartilage. The energy is
applied until a specific bio-effect is achieved at step 2C
through cutting, reabsorbing or manipulating the cartilage.
Certain bio-effects achieved by cutting, reabsorbing or
manipulating the cartilage at step 2C can comprise, but are not
limited to, incapacitating, partially incapacitating, rejuvenat-
ing, ablating, micro-ablating, modifying, shortening, coagu-
lating, paralyzing, or causing the cartilage to be reabsorbed
into the body. As used throughout, the term “ablate” means to
destroy or coagulate tissue at ROI 212. The term “micro-
ablate” means to ablate on a smaller scale. Upon the comple-
tion of bio-effects at step 2C, cartilage is treated and a clinical
outcome such as an otoplasty or rhinoplasty is achieved at
step 2D.

In an embodiment, depicting in FIGS. 19-21, energy such
as ultrasound energy 221 is delivered at specific depths below
apatient’s skin to treat tissue 21, subcutaneous tissue 22, and
cartilage 23. Certain depths are in the range of approximately
0.1-100 millimeters. The exact depth depends upon the loca-
tion of cartilage 23 and the general location of ROI 212. For
example, an ear with relatively shallow cartilage 23 may
require that ultrasound energy 221 reach a depth in the range
of approximately 50 microns to 3 millimeters.

Besides depth, ultrasound energy 221 is delivered at spe-
cific frequencies, powers, application times, temperatures,
and penetrate certain depths within ROI 212 to achieve vari-
ous effects on cartilage 23. Moreover, the lesion shape (when
ultrasound energy 221 is applied at ablative levels) also varies
depending on the type of procedure being conducted and the
time ultrasound energy 221 is applied.

For example, a broad time range for applying ultrasound
energy 221 is anytime time frame approximately between 1
millisecond and 10 minutes. Certain time frames include 50
milliseconds to 30 seconds to soften cartilage 23 in an ear.
Ablating cartilage in the ear may require ultrasound energy
221 to be applied for a longer time frame such as 100 milli-
seconds to 5 minutes depending on the depth of cartilage 23
and the power of ultrasound 221.

The frequency of ultrasound energy 221 can also very
greatly depending on the type and location of tissue 21 and
subcutaneous tissue 22. A broad frequency range is approxi-
mately between 1-25 MHz and ranges within this range can
For example, to penetrate deep into the knee joint to target
cartilage 23 in the knee joint may require a frequency in the
range of approximately 2-8 MHz. An ear on the other hand
may only require a frequency of 5-25 MHz.

In various embodiments, certain power levels to cause
ablation of cartilage 23 comprise, but are not limited to, 250
watts to S000 watts. The temperature range to cause ablative
lesions is approximately between 45°-100° C. in an embodi-
ment. However, longer time periods could be used with more
powerful ultrasound energy or vice-versa to create ablative
lesions at ROI 212.

In various embodiments, certain lesion sizes that can be
produced using method 210 are in the approximate range of
0.1 cubic millimeters to a 1000 cubic millimeters depending
on the desired result and the location of ROI 212. For
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example, a smaller lesion is in the approximate range of 0.1
cubic millimeters to 3 cubic millimeters. One lesion is on a
patient’s nose and may be in the approximate range of 5 cubic
millimeters to 1000 cubic millimeters. This type of lesion can
effectuate removing a portion of cartilage 23 from the nose.

Subcutaneous tissue 22, which may be treated by method
210, may comprise cartilage 23 and other ligament and
muscle tissue. Other subcutaneous tissues 22 which may be
treated may comprise various subcutaneous tissues 22, and
dermis 27, muscle fascia or tissue comprising Superficial
Muscular Aponeurotic System or “SMAS.” Subcutaneous
tissue 22 may be located within ROI 212 on a patient’s body
that may be desired to be treated such as areas that contain
cartilage 23. In various embodiments, certain ROI 212's are
the patient’s ears and nose. In other embodiments, other areas
with cartilage 23 can be ROI 212. These areas include loca-
tions between the joints that contain cartilage 23 such as the
elbows, knees, shoulders, and any other joint. ROI 212 may
further comprise an inner treatment region, a superficial
region, a subcutaneous region of interest and/or any other
region of interest in between an inner treatment region, a
superficial region, and/or any other areas.

FIG. 18 depicts certain embodiments of ROI 212's that can
be treated. Energy such as ultrasound energy may be applied
to the patient’s ear 213 and to specific regions of ear 213 such
as the pinna 215. In this embodiment, incisions 217 are cre-
ated by applying energy at ablative levels at pinna 215. Inci-
sions 217 enable cartilage 23 that comprises pinna 215 to
more easily rest backwards towards the patient’s head. In this
manner, an otoplasty procedure can be performed non-inva-
sively.

In another similar embodiment depicted in FIG. 18, carti-
lage 23 that defines the patient’s nose 223 can be treated by
method 210. In this embodiment, energy may be applied to
specific ROI 212 at nose 223 to ablate cartilage 23. As
depicted in this embodiment, incisions 217 are created by the
application of energy at ablative levels. The incisions cause
cartilage 23 within nose 223 to loose rigidity. This loss of
rigidity allows a surgeon or other operator to adjust nose 223.
The use of method 210 can be used alone or to assist more
traditional surgical techniques in sculpting nose 223. This
enables the adjustment of nose 223 and can be a substitute for
a traditional nose surgery such as a rhinoplasty.

In another embodiment, with reference to FIGS. 17-21,
various different subcutaneous tissues 22 or cartilage 23 may
be treated by method 210 to produce different bio-effects. In
order to treat a specific subcutaneous tissue 22 or cartilage 23
to achieve a desired bio-effect, ultrasound energy 221 from
system 214 may be directed to a specific depth within ROI
212 to reach the targeted subcutaneous tissue 22 or cartilage
23. For example, if itis desired to cut cartilage 23, which is 15
mm below the surface of the skin, ultrasound energy 221 from
ultrasound system 216 may be provided at ROI 212 at a level
to reach up to and approximately 15 mm below the skin (the
exact depth will vary though depending on the location of
ROI 212) at an ablative level which may be capable of cutting
cartilage 23. An example of cutting cartilage 23 is depicted in
FIG. 21 which depicts a series of lesions 227 cut into cartilage
23. Besides cutting cartilage 23, other bio-effects may com-
prise incapacitating, partially incapacitating, severing, reju-
venating, removing, ablating, micro-ablating, shortening,
manipulating, or removing cartilage 23 either instantly or
over time, and/or other effects, and/or combinations thereof.

Depending at least in part upon the desired bio-effect and
the subcutaneous tissue 22 or cartilage 23 being treated,
method 210 may be used with an extracorporeal, non-inva-
sive, partially invasive, or invasive procedure. Also, depend-
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ing at least in part upon the specific bio-effect and subcuta-
neous tissue 22 targeted, there may be temperature increases
within ROI 212 which may range approximately from 0-60°
C. or any suitable range for heating, cavitation, steaming,
and/or vibro-accoustic stimulation, and/or combinations
thereof.

All known types of cartilage 23 can be targeted and treated
according to method 210. Certain types of cartilage 23 com-
prise scaphoid cartilage and helix cartilage of an ear 213.
Other types of cartilage 23 are found in a patient’s nose 223
when method 210 is used to treat cartilage 23 within nose 223
as described below include, but are not necessarily limited to,
the major alar cartilage, the septal nasal cartilage, the acces-
sory nasal cartilage, and minor alar cartilage.

Numerous procedures to ears 213 that are typically done
surgically to remove cartilage 23 from ears 213 to reduce the
overall size of ears 13 can also be accomplished using method
210. Certain embodiments of procedures include, but are not
necessarily limited to, a conchal floor reduction, a conchal
post wall reduction, an antihelix reduction, a scapha reduc-
tion, and a helix reduction.

In certain embodiments where cartilage 23 within ear 213
is treated with ultrasound energy 221, cartilage 23 may be
ablated, coagulated, and completely reabsorbed into the body
or it can be ablated to form one or more incisions within ear
213. In one embodiment, ear surgery such as an otoplasty is
performed to adjust ears 213 which may protrude further
from the patient’s head than desired. The amount of protru-
sion of ears 213 from the patient’s head can be corrected by
cutting cartilage 23 that comprises pinna 215 of ears 213. In
this embodiment, pinna 215 of ears 213 is ROI 212 and
ultrasound energy 221 is used to ablate, coagulate, or cut
cartilage 23 that comprises pinna 215 of ears 213.

When cartilage 23 is disposed in ears 213 or nose 223,
method 210 can further comprise the step of utilizing a
mechanical device after treatment to shape and form cartilage
23. For example, during a Rhinoplasty, a clamp may be placed
on the patient’s nose 223 to help shape nose 223 following
method 210. Clamps, pins, and other mechanical devices can
be used to shape cartilage 23 in other areas of the body too
such as ears 213. Notably, following treatment of ears 213,
mechanical clamps or another similar device can be attached
to the ears and used to push the ears in a certain direction.
Once cartilage 23 has been softened, ablated, or otherwise
affected by method 210, it is more malleable and ears 213 are
easier to force backwards (or forwards) in a particular direc-
tion.

Different subcutaneous tissues 22 within ROI 212 may
have different acoustic properties. For example, cartilage 23
might have different acoustic properties than muscle or fas-
cia. These different acoustic properties affect the amount of
energy applied to ROI 212 to cause certain bio-effects to
cartilage 23 than may be required to achieve the same or
similar bio-effects for fascia. These acoustic properties may
comprise the varied acoustic phase velocity (speed of sound)
and its potential anisotropy, varied mass density, acoustic
impedance, acoustic absorption and attenuation, target size
and shape versus wavelength and direction of incident energy,
stiffness, and the reflectivity of subcutaneous tissues 22 such
as cartilage 23, among many others. Depending on the acous-
tic properties of a particular subcutaneous tissue 22 or carti-
lage 23 being treated, the application of ultrasound energy
221 at ROI 212 may be adjusted to best compliment the
acoustic property of the subcutaneous tissue 22 or cartilage
23 being targeted. Certain acoustic ranges comprise, but are
not limited to, approximately 1 and 2 Mrayls.
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In certain embodiments of procedures, method 210 can be
used for cartilage regeneration. Removing a portion of carti-
lage 23 from a patient will initiate cartilage regeneration in
that ROI212. In this regard, traditionally invasive procedures
that effectuate cartilage 23 regeneration can be performed
non-invasively using energy such as ultrasound energy 221.
In these embodiments, ultrasound energy 221 is applied at
ablative levels at the ROI 12 to remove a portion of cartilage
23. Removing a portion of cartilage 23 enables cartilage
regeneration to occur. One procedure that can be accom-
plished with cartilage regeneration is microfracture surgery.

During microfracture surgery, cartilage 23 is applied at
ablative levels to target cartilage 23 or other subcutaneous
tissues 22 near cartilage 23 in the knee joint. Applying ultra-
sound energy 221 at ablative levels near the knee joint causes
one or more fractures in cartilage 23 or other subcutaneous
tissue 22 such as bones. When bones or other subcutaneous
tissues 22 are targeted, sufficient ultrasound energy 221 is
applied to ablate those tissues. These fractures result in car-
tilage 23 re-growing in the place of the ablated subcutaneous
tissues 22 and a non-invasive microfracture surgery is per-
formed.

In another embodiment, cartilage 23 between the joints is
treated with method 210. In this regard, swollen or otherwise
injured cartilage 23 responsible for osteoarthritis, theumatoid
arthritis, and juvenile rheumatoid arthritis can be treated with
method 210. For example, ROI 212 may be along a patient’s
knees to treat cartilage 23 that serves as a cushion in a
patient’s knee socket. Alternatively, ROI 212 can be disposed
on a patient’s shoulder area to treat cartilage 23 disposed on
the shoulder joint. In these embodiments, ultrasound energy
221 may not be applied at ablative levels, e.g., between 250
watts to 5000 watts at temperatures between 45° C. to 100°
C., but atlevels that produce enough heat at RO1 212 to reduce
swelling and the size of cartilage 23 within these joints.

In yet another embodiment, cartilage, muscle, and other
tissue responsible for snoring and/or sleep apnea are treated
by method 210. These tissues are typically located in and
around the hard palate and the soft palate. In this embodiment,
cartilage 23, and other MTLC tissue are treated with ultra-
sound energy 221 at ablative levels to be destroyed or reab-
sorbed into the body and thus unblock restricted airways that
are responsible for snoring and/or sleep apnea. In one
embodiment, transducer 219 is placed on the exterior of
patient’s body to treat ROI 212 at the neck around the Adam’s
apple. In another embodiment, transducer 219 is configured
to be inserted within the oral cavity at the patient’s mouth and
to treat cartilage 23 and other MTLC tissue internally.

In another embodiment, method 210 can be used to assist in
delivery of various fillers and other medicines to ROI 212.
According to this embodiment, ultrasound energy 221 assists
in forcing the fillers and medicants into tissue 21 and subcu-
taneous tissue 22 at ROI 12. Hyaluronic acid can be delivered
to ROI 212 in this manner. The application of ultrasound
energy 221 to ROI 212 causes surrounding tissues to absorb
the fillers such as hyaluronic acid by increasing the tempera-
ture at ROI 212 and through the mechanical effects of ultra-
sound such as cavitation and streaming. Utilizing ultrasound
energy 221 to effectuate the delivery of medicants and fillers
is described in U.S. patent application Ser. No. 11/163,177
entitled “Method and System for Treating Acne and Seba-
ceous Glands” which is incorporated by reference in its
entirety.

As depicted in the embodiment of the system shown in
FIG. 22, a system 214 used for method 210 is an ultrasound
system 216 that may be capable of emitting ultrasound energy
221 that is focused, unfocused or defocused to treat cartilage
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23 at ROI 212. System 214 may comprise a probe 218, a
control system 220, and a display 222. System 214 may be
used to delivery energy to, and monitor ROI 212. Certain
embodiments of systems are disclosed in U.S. patent appli-
cation Ser. No. 11/163,177 entitled “Method and System for
Treating Acne and Sebaceous Glands,” U.S. patent applica-
tion Ser. No. 10/950,112 entitled “Method and System for
Combined Ultrasound Treatment”, and U.S. Patent Applica-
tion No. 60/826,039 entitled “Method and System for Non-
Ablative Acne Treatment”, each of which are hereby incor-
porated by reference in its entirety.

With additional reference to FIGS. 23A-23E, an embodi-
ment of a probe 218 may be a transducer 219 capable of
emitting ultrasound energy 221 into ROI 212. This may heat
ROI 212 at a specific depth to target a specific tissue 21 or
cartilage 23 causing that tissue 21 or cartilage 23 to be inca-
pacitated, partially incapacitated, rejuvenated, ablated, modi-
fied, micro-ablated, shortened, coagulated, paralyzed, or
reabsorbed into the body. A coupling gel may be used to
couple probe 218 to ROI 212. Ultrasound energy 221 may be
emitted in various energy fields in this embodiment. With
additional reference to FIG. 23A and FIG. 23B, the energy
fields may be focused, defocused, and/or made substantially
planar by transducer 219, to provide many different effects.
Energy may be applied in a C-plane or C-scan. For example,
in one embodiment, a generally substantially planar energy
field may provide a heating and/or pretreatment effect, a
focused energy field may provide a more concentrated source
of heat or hypothermal effect, and a non-focused energy field
may provide diffused heating effects. It should be noted that
the term “non-focused” as used throughout encompasses
energy that is unfocused or defocused. Further, in one
embodiment (as depicted in FIG. 19) the application of ultra-
sound energy may provide imaging or ROI 212.

With continued reference to FIGS. 23A and 23B, trans-
ducer 219 may comprise one or more transducers for facili-
tating treatment. Transducer 219 may further comprise one or
more transduction elements 226, e.g., elements 226A or
226B. The transduction elements 226 may comprise piezo-
electrically active material, such as lead zirconante titanate
(PZT), or other piezoelectrically active material such as, but
not limited to, a piezoelectric ceramic, crystal, plastic, and/or
composite materials, as well as lithium niobate, lead titanate,
barium titanate, and/or lead metaniobate. In addition to, or
instead of, a piezoelectrically active material, transducer 219
may comprise any other materials configured for generating
radiation and/or acoustical energy. Transducer 219 may also
comprise one or more matching and/or backing layers con-
figured along with the transduction element 226, such as
being coupled to the piezoelectrically active material. Trans-
ducer 219 may also be configured with single or multiple
damping elements along the transduction element 226.

In an embodiment, the thickness of the transduction ele-
ment 226 of transducer 219 may be configured to be uniform.
That is, the transduction element 226 may be configured to
have a thickness that is generally substantially the same
throughout.

As depicted in the embodiment shown in FIGS. 23A and
23B, transduction element 226 may also be configured with a
variable thickness, and/or as a multiple damped device. For
example, the transduction element 226 of transducer 219 may
be configured to have a first thickness selected to provide a
center operating frequency of a lower range, for example
from approximately 1 kHz to 3 MHz. The transduction ele-
ment 226 may also be configured with a second thickness
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selected to provide a center operating frequency of a higher
range, for example from approximately 3 to 100 MHz or
more.

In yet another embodiment, transducer 19 may be config-
ured as a single broadband transducer excited with two or
more frequencies to provide an adequate output for raising the
temperature within ROI 212 to the desired level. Transducer
219 may also be configured as two or more individual trans-
ducers, wherein each transducer 219 may comprise a trans-
duction element 226. The thickness of the transduction ele-
ments 226 may be configured to provide center-operating
frequencies in a desired treatment range. For example, in an
embodiment, transducer 219 may comprise a first transducer
219 configured with a first transduction element 226 A having
a thickness corresponding to a center frequency range of
approximately 1 MHz to 3 MHz, and a second transducer 19
configured with a second transduction element 226B having
a thickness corresponding to a center frequency of approxi-
mately 3 MHz to 100 MHz or more. Various other ranges of
thickness for a first and/or second transduction element 226
can also be realized.

Moreover, any variety of mechanical lenses or variable
focus lenses, e.g. liquid-filled lenses, may also be used to
focus and or defocus the energy field. For example, with
reference to FIGS. 23A and 23B, transducer 219 may also be
configured with an electronic focusing array 224 in combi-
nation with one or more transduction elements 226 to facili-
tate increased flexibility in treating ROI 212. Array 224 may
be configured in a manner similar to transducer 219. That is,
array 224 may be configured as an array of electronic aper-
tures that may be operated by a variety of phases via variable
electronic time delays, for example, T1, T2, T3 ... Tj. By the
term “operated,” the electronic apertures of array 224 may be
manipulated, driven, used, and/or configured to produce and/
or deliver energy in a manner corresponding to the phase
variation caused by the electronic time delay. For example,
these phase variations may be used to deliver defocused
beams, planar beams, and/or focused beams, each of which
may be used in combination to achieve different physiologi-
cal effects in ROI 212.

Transduction elements 226 may be configured to be con-
cave, convex, and/or planar. For example, as depicted in FIG.
23A, transduction elements 226 A and 226B are configured to
be concavein order to provide focused energy for treatment of
ROI 212. Additional embodiments are disclosed in U.S.
patent application Ser. No. 10/944,500, entitled “System and
Method for Variable Depth Ultrasound Treatment”, incorpo-
rated herein by reference in its entirety.

In another embodiment, depicted in FIG. 23B, transduc-
tion elements 226A and 226B may be configured to be sub-
stantially flat in order to provide substantially uniform energy
to ROI 212. While FIGS. 23A and 23B depict embodiments
with transduction elements 226 configured as concave and
substantially flat, respectively, transduction elements 226
may be configured to be concave, convex, and/or substan-
tially flat. In addition, transduction elements 226 may be
configured to be any combination of concave, convex, and/or
substantially flat structures. For example, a first transduction
element 226 may be configured to be concave, while a second
transduction element 226 may be configured to be substan-
tially flat.

Moreover, transduction element 226 can be any distance
from the patient’s skin. In that regard, it can be far away from
the skin disposed within a long transducer or it can be just a
few millimeters from the surface of the patient’s skin. In
certain embodiments, positioning the transduction element
26 closer to the patient’s skin is better for emitting ultrasound
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at high frequencies. Moreover, both three and two dimen-
sional arrays of elements can be used in the present invention.

With reference to FIGS. 23C and 23D, transducer 219 may
also be configured as an annular array to provide planar,
focused and/or defocused acoustical energy. For example, in
an embodiment, an annular array 228 may comprise a plural-
ity of rings 230, 232, 234 to N. Rings 230, 232, 234 to N may
be mechanically and electrically isolated into a set of indi-
vidual elements, and may create planar, focused, or defo-
cused waves. For example, such waves can be centered on-
axis, such as by methods of adjusting corresponding transmit
and/or receive delays, T1, T2, T3 ... TN. An electronic focus
may be suitably moved along various depth positions, and
may enable variable strength or beam tightness, while an
electronic defocus may have varying amounts of defocusing.
In an embodiment, a lens and/or convex or concave shaped
annular array 228 may also be provided to aid focusing or
defocusing such that any time differential delays can be
reduced. Movement of annular array 228 in one, two or three-
dimensions, or along any path, such as through use of probes
and/or any conventional robotic arm mechanisms, may be
implemented to scan and/or treat a volume or any correspond-
ing space within ROI 212.

With reference to FIG. 23E, another transducer 219 can be
configured to comprise a spherically focused single element
236, annular/multi-element 238, annular with imaging
region(s) 240, line-focused single element 242, 1-D linear
array 244, 1-D curved (convex/concave) linear array 246,
and/or 2-D array 248, with mechanical focus 250, convex lens
focus 252, concave lens focus 254, compound/multiple lens
focused 256, and/or planar array form 258 to achieve focused,
unfocused, or defocused sound fields for both imaging and/or
therapy.

Transducer 219 may further comprise a reflective surface,
tip, or area at the end of the transducer 219 that emits ultra-
sound energy 221. This reflective surface may enhance, mag-
nify, or otherwise change ultrasound energy 221 emitted from
system 214.

In an embodiment, suction is used to attach probe 218 to
the patient’s body. In this embodiment, a negative pressure
differential is created and probe 218 attaches to the patient’s
skin by suction. A vacuum-type device is used to create the
suction and the vacuum device can be integral with, detach-
able, or completely separate from probe 218. The suction
attachment of probe 18 to the skin and associated negative
pressure differential ensures that probe 18 is properly coupled
to the patient’s skin. Further, the suction-attachment also
reduces the thickness of the tissue to make it easier to reach
the targeted tissue. In other embodiments, a coupling gel is
used to couple probe 218 to the patient’s skin. The coupling
gel can include medicines and other drugs and the application
of ultrasound energy 221 can facilitate transdermal drug
delivery.

Turning now to FIGS. 24A-24C, an probe 218 may be
suitably controlled and operated in various manners by con-
trol system 220 which also relays processes images obtained
by transducer 219 to display 222. Control system 220 may be
capable of coordination and control of the entire treatment
process to achieve the desired therapeutic effect on tissue 21
within ROI 212. In an embodiment, control system 220 may
comprise power source components 260, sensing and moni-
toring components 262, cooling and coupling controls 264,
and/or processing and control logic components 266. Control
system 220 may be configured and optimized in a variety of
ways with more or less subsystems and components to imple-
ment the therapeutic system for controlled targeting of the
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desired tissue 21, and the embodiments in FIGS. 24 A-24C are
merely for illustration purposes.

For example, for power sourcing components 260, control
system 220 may comprise one or more direct current (DC)
power supplies 268 capable of providing electrical energy for
entire control system 220, including power required by a
transducer electronic amplifier/driver 270. A DC current
sense device 272 may also be provided to confirm the level of
power entering amplifiers/drivers 270 for safety and monitor-
ing purposes, among others.

In an embodiment, amplifiers/drivers 270 may comprise
multi-channel or single channel power amplifiers and/or driv-
ers. In an embodiment for transducer array configurations,
amplifiers/drivers 270 may also be configured with a beam-
former to facilitate array focusing. An beamformer may be
electrically excited by an oscillator/digitally controlled wave-
form synthesizer 274 with related switching logic.

Power sourcing components 260 may also comprise vari-
ous filtering configurations 276. For example, switchable har-
monic filters and/or matching may be used at the output of
amplifier/driver 270 to increase the drive efficiency and effec-
tiveness. Power detection components 278 may also be
included to confirm appropriate operation and calibration.
For example, electric power and other energy detection com-
ponents 278 may be used to monitor the amount of power
entering probe 218.

Various sensing and monitoring components 262 may also
be suitably implemented within control system 220. For
example, in an embodiment, monitoring, sensing, and inter-
face control components 280 may be capable of operating
with various motion detection systems implemented within
probe 218, to receive and process information such as acous-
tic or other spatial and temporal information from ROI 212.
Sensing and monitoring components 262 may also comprise
various controls, interfacing, and switches 282 and/or power
detectors 278. Such sensing and monitoring components 262
may facilitate open-loop and/or closed-loop feedback sys-
tems within treatment system 214.

In an embodiment, sensing and monitoring components
262 may further comprise a sensor that may be connected to
an audio or visual alarm system to prevent overuse of system
214. In this embodiment, the sensor may be capable of sens-
ing the amount of energy transferred to the skin, and/or the
time that system 214 has been actively emitting energy. When
a certain time or temperature threshold has been reached, the
alarm may sound an audible alarm, or cause a visual indicator
to activate to alert the user that a threshold has been reached.
This may prevent overuse of the system 214. In an embodi-
ment, the sensor may be operatively connected to control
system 220 and force control system 220, to stop emitting
ultrasound energy 221 from transducer 219.

In an embodiment, a cooling/coupling control system 284
may be provided, and may be capable of removing waste heat
from probe 218. Furthermore the cooling/coupling control
system 284 may be capable of providing a controlled tem-
perature at the superficial tissue interface and deeper into
tissue, and/or provide acoustic coupling from probe 218 to
ROI 212. Such cooling/coupling control systems 284 can also
be capable of operating in both open-loop and/or closed-loop
feedback arrangements with various coupling and feedback
components.

Additionally, an control system 220 may further comprise
asystem processor and various digital control logic 286, such
as one or more of microcontrollers, microprocessors, field-
programmable gate arrays, computer boards, and associated
components, including firmware and control software 288,
which may be capable of interfacing with user controls and
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interfacing circuits as well as input/output circuits and sys-
tems for communications, displays, interfacing, storage,
documentation, and other useful functions. System software
288 may be capable of controlling all initialization, timing,
level setting, monitoring, safety monitoring, and all other
system functions required to accomplish user-defined treat-
ment objectives. Further, various control switches 290 may
also be suitably configured to control operation.

With reference to FIG. 24C, an transducer 219 may be
controlled and operated in various manners by a hand-held
format control system 292. An external battery charger 294
can be used with rechargeable-type batteries 296 or the bat-
teries can be single-use disposable types, such as AA-sized
cells. Power converters 298 produce voltages suitable for
powering a driver/feedback circuit 2100 with tuning network
2102 driving transducer 219 coupled to the patient via one or
more acoustic coupling caps 2104. The cap 2104 can be
composed of at least one of a solid media, semi-solid e.g.
gelatinous media, and/or liquid media equivalent to an acous-
tic coupling agent (contained within a housing). The cap 2104
is coupled to the patient with an acoustic coupling agent 2106.
In addition, a microcontroller and timing circuits 2108 with
associated software and algorithms provide control and user
interfacing via a display 2110, oscillator 2112, and other
input/output controls 2114 such as switches and audio
devices. A storage element 2116, such as an Electrically
Erasable Programmable Read-Only Memory (“EEPROM”),
secure EEPROM, tamper-proof EEPROM, or similar device
holds calibration and usage data in an embodiment. A motion
mechanism with feedback 118 can be suitably controlled to
scan the transducer 219, if desirable, in a line or two-dimen-
sional pattern and/or with variable depth. Other feedback
controls comprises a capacitive, acoustic, or other coupling
detection means and/or limiting controls 2120 and thermal
sensor 2122. A combination of the secure EEPROM with at
least one of coupling caps 2104, transducer 219, thermal
sensor 2122, coupling detectors, or tuning network. Finally,
an transducer can further comprise a disposable tip 2124 that
can be disposed of after contacting a patient and replaced for
sanitary reasons.

With reference again to FIGS. 19 and 22, an system 214
also may comprise display 222 capable of providing images
of the ROI 212 in certain embodiments where ultrasound
energy 221 may be emitted from transducer 219 in a manner
suitable for imaging. Display 222 may be capable of enabling
the user to facilitate localization of the treatment area and
surrounding structures, e.g., identification of MLTC tissue. In
these embodiments, the user can observe the effects to carti-
lage 23 in real-time as they occur. Therefore, the user can see
the size of lesions within cartilage 23 created or the amount of
cartilage 23 ablated and ensure that the correct amount of
cartilage 23 is treated. In an alternative embodiment, the user
may know the location of the specific MLTC tissue to be
treated based at lest in part upon prior experience or educa-
tion.

After localization, ultrasound energy 221 is delivered at a
depth, distribution, timing, and energy level to achieve the
desired therapeutic effect at ROI 12 to treat cartilage 23.
Before, during and/or after delivery of ultrasound energy 221,
monitoring of the treatment area and surrounding structures
may be conducted to further plan and assess the results and/or
providing feedback to control system 220, and to a system
operator via display 222. In an embodiment, localization may
be facilitated through ultrasound imaging that may be used to
define the position of cartilage 23 in ROT 212.

For ultrasound energy 221 delivery, transducer 219 may be
mechanically and/or electromcally scanned to place treat-
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ment zones over an extended area in ROI 212. A treatment
depth may be adjusted between a range of approximately 1 to
30 millimeters, and/or the greatest depth of subcutaneous
tissue 22 or cartilage 23 being treated. Such delivery of
energy may occur through imaging of the targeted cartilage
23, and then applying ultrasound energy 221 at known depths
over an extended area without initial or ongoing imaging.

In certain embodiments, the delivery of ultrasound energy
221 to ROI 212 may be accomplished by utilizing specialized
tools that are designed for a specific ROI 212. For example, if
ROIT 212 comprises cartilage 23 within the ear, a specialized
tool that further comprises transducer 219 configured to fit
within the patient’s ear can be used. In this embodiment, the
transducer 219 is attached to a probe, package, or another
device configured to easily fit within a patient’s ear canal and
deliver ultrasound energy 221 to the ear. Similarly, other types
of probes 219 or equipment can be utilized to deliver ultra-
sound energy 221 to a patient’s nose of if cartilage 23 is
located within or comprises the nose. In these embodiments,
transducer 219 is configured to be inserted within the nasal
orifice or the ear canal.

The ultrasound beam from transducer 219 may be spatially
and/or temporally controlled at least in part by changing the
spatial parameters of transducer 219, such as the placement,
distance, treatment depth and transducer 219 structure, as
well as by changing the temporal parameters of transducer
219, such as the frequency, drive amplitude, and timing, with
such control handled via control system 220. Such spatial and
temporal parameters may also be suitably monitored and/or
utilized in open-loop and/or closed-loop feedback systems
within ultrasound system 216.

Finally, it should be noted that while this disclosure is
directed primarily to using ultrasound energy 221 to conduct
procedures non-invasively, that the method and system for
treating cartilage described above can also utilize energy such
as ultrasound energy 221 to assist in invasive procedures. For
example, ultrasound energy 221 can be used to ablate subcu-
taneous tissues 22 and tissues 21 during an invasive proce-
dure. In this regard, ultrasound energy 221 can be used for
invasive or minimally invasive procedures.

Present embodiments may be described herein in terms of
various functional components and processing steps. It
should be appreciated that such components and steps may be
realized by any number of hardware components configured
to perform the specified functions. For example, other
embodiments may employ various medical treatment
devices, visual imaging and display devices, input terminals
and the like, which may carry out a variety of functions under
the control of one or more control systems or other control
devices. In addition, embodiments may be practiced in any
number of medical contexts and that the embodiments relat-
ing to a system as described herein are merely indicative of
applications forthe disclosed subject matter. For example, the
principles, features and methods discussed may be applied to
any medical application. Further, various aspects of the
present disclosure may be suitably applied to other applica-
tions, such as other medical or industrial applications.

In various embodiments, the different numbers of remov-
able transducer modules can be configured for different or
variable ultrasonic parameters. For example, in various non-
limiting embodiments, the ultrasonic parameter can relate to
transducer geomeltry, size, timing, spatial configuration, fre-
quency, variations in spatial parameters, variations in tempo-
ral parameters, coagulation formation, controlled necrosis
areas or zones, depth, width, absorption coefficient, refrac-
tion coefficient, tissue depths, and/or other tissue character-
istics. In various embodiments, a variable ultrasonic param-
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eter may be altered, or varied, in order to effect the formation
of a lesion for the desired cosmetic approach. In various
embodiments, a variable ultrasonic parameter may be altered,
or varied, in order to effect the formation of a lesion for the
desired clinical approach. By way of example, one variable
ultrasonic parameter relates to aspects of configurations asso-
ciated with tissue depth. For example, some non-limiting
embodiments of removable transducer modules can be con-
figured for a tissue depth of 1 mm, 1.5 mm, 2 mm, 3 mm, 4.5
mm, 6 mm, less than 3 mm, between 3 mm and 4.5 mm, more
than more than 4.5 mm, more than 6 mm, and anywhere in the
ranges of 0-3 mm, 0-4.5 mm, 0-25 mm, 0-100 mm, and any
depths therein. In one embodiment, an ultrasonic system is
provided with two transducer modules, in which the first
module applies treatment at a depth of about 4.5 mm and the
second module applies treatment at a depth ofabout 3 mm. An
optional third module that applies treatment at a depth of
about 1.5-2 mm is also provided. In some embodiments, a
system and/or method comprises the use of removable trans-
ducers that treat at different depths is provided (e.g., a first
depthin the range of about 1-4 mm below the skin surface and
a second depth at about 4-7 mm below the skin surface). A
combination of two or more treatment modules is particularly
advantageous because it permits treatment of a patient at
varied tissue depths, thus providing synergistic results and
maximizing the clinical results of a single treatment session.
For example, treatment at multiple depths under a single
surface region permits a larger overall volume of tissue treat-
ment, which results in enhanced collagen formation and tight-
ening. Additionally, treatment at different depths affects dif-
ferent types of tissue, thereby producing different clinical
effects that together provide an enhanced overall cosmetic
result. For example, superficial treatment may reduce the
visibility of wrinkles and deeper treatment may induce for-
mation of more collagen growth. In some embodiments, treat-
ment of different depths is used to treat different layers of
tissue, e.g., epidermal tissue, the superficial dermal tissue, the
mid-dermal tissue, and the deep dermal tissue. In another
embodiment, treatment at different depths treats different cell
types (e.g.,dermal cells, fat cells). The combined treatment of
different cell types, tissue types or layers, in, for example, a
single therapeutic session, are advantageous in several
embodiments.

Although treatment of a subject at different depths in one
session may be advantageous in some embodiments, sequen-
tial treatment over time may be beneficial in other embodi-
ments. For example, a subject may be treated under the same
surface region at one depth in week 1, a second depth in week
2, etc. The new collagen produced by the first treatment may
be more sensitive to subsequent treatments, which may be
desired for some indications. Alternatively, multiple depth
treatment under the same surface region in a single session
may be advantageous because treatment at one depth may
synergistically enhance or supplement treatment at another
depth (due to, for example, enhanced blood flow, stimulation
of growth factors, hormonal stimulation, etc.).

In several embodiments, different transducer modules pro-
vide treatment at different depths. In several embodiments, a
system comprising different transducers, each having a dif-
ferent depth, is particularly advantageous because it reduces
the risk that a user will inadvertently select an incorrect depth.
In one embodiment, a single transducer module can be
adjusted or controlled for varied depths. Safety features to
minimize the risk that an incorrect depth will be selected can
be used in conjunction with the single module system.

In several embodiments, a method of treating the lower
face and neck area (e.g., the submental area) is provided. In
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several embodiments, a method of treating (e.g., softening)
mentolabial folds is provided. In other embodiments, a
method of blepharoplasty and/or treating the eye region is
provided. Upper lid laxity improvement and periorbital lines
and texture improvement will be achieved by several embodi-
ments by treating at variable depths. In one embodiment, a
subject is treated with about 40-50 lines at depths of 4.5 and
3 mm. The subject is optionally treated with about 40-50 lines
atadepth of about 1.5-2 mm. The subject is optionally treated
with about 40-50 lines at a depth of about 6 mm. By treating
at varied depths in a single treatment session, optimal clinical
effects (e.g., softening, tightening) can be achieved.

In several embodiments, the treatment methods described
herein are non-invasive cosmetic procedures. In some
embodiments, the methods can be used in conjunction with
invasive procedures, such as surgical facelifts or liposuction,
where skin tightening is desired. In several embodiments, the
systems and methods described herein do not cavitate or
produce shock waves. In one embodiment, treatment destroys
fat cells, while leaving other types of tissue intact. In some
embodiments, cooling is not necessary and not used. In some
embodiments, cell necrosis is promoted (rather than reduced)
via ablation. In some embodiments, treatment does not irri-
tate or scar a dermis layer, but instead affects tissue subder-
mally. In several embodiments, the transducer has a single
emitter. In other embodiments, a plurality of emitters is used.
In several embodiments, treatment is performed without
puncturing the skin (e.g., with needles) and without the need
to suction, pinch or vacuum tissue. In other embodiments,
suctioning, pinching or vacuuming is performed. In several
embodiments, the lesions that are formed do not overlap. In
several embodiments, the treatment employs a pulse duration
of 10-60 milliseconds (e.g., about 20 milliseconds) and emits
between about 1,000-5,000 W/em® (e.g., 2,500 W/em?). In
several embodiments, the energy flux is about 1.5-5.0 J/em?.
In several embodiments, efficacy is produced using 20-500
lines of treatment (e.g., 100-250 lines). In one embodiment,
each line takes about 0.5 to 2 seconds to deliver. In one
embodiment, each line contains multiple individual lesions
which may or may not overlap.

In one embodiment, an transducer module is configured
with a treatment frequency of approximately 4 MHz, a treat-
ment depth of approximately 4.5 mm and an imaging depth
range of roughly 0-8 mm. In various embodiments, the treat-
ment frequencies can be in the range of 4-5 MHz, 4.2-4.9
MHz,4.3-4.7MHz, 4.3 MHz, 4.7 MHz, or other frequencies.
In various embodiments, the treatment depth can be in the
range of approximately 4-5 mm, 4.3 mm-4.7 mm, and/or 4.4
mm-4.6 mm. In one embodiment, an emitter-receiver module
200 is configured with a treatment frequency of approxi-
mately 7 MHz, a treatment depth of approximately 3.0 mm
and an imaging depth range of roughly 0-8 mm. In various
embodiments, the treatment frequencies can be in the range of
7-8 MHz, 7.2-7.8 MHz, 7.3-7.7 MHz, 7.3 MHz, 477 MHz,
7.5 MHz, or other frequencies. In various embodiments, the
treatment depth can be in the range of approximately 4-5 mm,
4.3 mm-4.7 mm, and/or 4.4 mm-4.6 mm. In one embodiment,
transducer module is configured with a treatment frequency
of approximately 7 MHz, a treatment depth of approximately
4.5 mm and an imaging depth range of roughly 0-8 mm. In
various embodiments, the treatment frequencies can be in the
range of 7-8 MHz, 7.2-7.8 MHz, 7.3-7.7 MHz, 7.3 MHz, 477
MHz, 7.5 MHz, or other frequencies. In various embodi-
ments, the treatment depth can be in the range of approxi-
mately 4-5 mm, 4.3 mm-4.7 mm, and/or 4.4 mm-4.6 mm.

Various embodiments of the system can comprise a radio
frequency (hereinafter “RF”) driver circuit which can deliver
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and/or monitor power going to the transducer. In one embodi-
ment, a therapy subsystem can control an acoustic power of
the transducer. In one embodiment, the acoustic power can be
from a range of 1 watt (hereinafter “W”)to about 100 Wina
frequency range from about 1 MHz to about 10 MHz, or from
about 10 W to about 50 W at a frequency range from about 3
MHz to about 8 MHz. In one embodiment, the acoustic power
and frequencies are about 40 W at about 4.3 MHz and about
30 W at about 7.5 MHz. An acoustic energy produced by this
acoustic power can be between about 0.01 joule (hereinafter
“I”)toabout 10 T or about 2 J to about 5 J. In one embodiment,
the acoustic energy is in a range less than about 3 J. In various
embodiments, the acoustic energy is approximately 0.2 J-2.0
1,021,0.41,1.21, 2.0 or other values. In one embodiment,
the amount of energy deliverable is adjustable.

In various embodiments the system can control a time on
for the transducer. In one embodiment, the time on can be
from about 1 millisecond (hereinafter “ms”) to about 100 ms
or about 10 ms to about 50 ms. In one embodiment, time on
periods can be about 30 ms fora 4.3 MHz emission and about
30 ms for a 7.5 MHz emission.

Embodiments of the present invention may be described
herein in terms of various functional components and pro-
cessing steps. It should be appreciated that such components
and steps may be realized by any number of hardware com-
ponents configured to perform the specified functions. For
example, embodiments of the present invention may employ
various medical treatment devices, visual imaging and dis-
play devices, input terminals and the like, which may carry
out a variety of functions under the control of one or more
control systems or other control devices. In addition, embodi-
ments of the present invention may be practiced in any num-
ber of medical contexts and that some embodiments relating
to a method and system for noninvasive face lift and deep
tissue tightening as described herein are merely indicative of
some applications for the invention. For example, the prin-
ciples, features and methods discussed may be applied to any
tissue, such as in one embodiment, a SMAS-like muscular
fascia, such as platysma, temporal fascia, and/or occipital
fascia, or any other medical application.

Further, various aspects of embodiments of the present
invention may be suitably applied to other applications. Some
embodiments of the system and method of the present inven-
tion may also be used for controlled thermal injury of various
tissues and/or noninvasive facelifts and deep tissue tighten-
ing. Certain embodiments of systems and methods are dis-
closed in U.S. patent application Ser. No. 12/028,636 filed
Feb. 8, 2008 to which priority is claimed and which is incor-
porated herein by reference in its entirety, along with each of
applications to which it claims priority. Certain embodiments
of systems and methods for controlled thermal injury to vari-
ous tissues are disclosed in U.S. patent application Ser. No.
11/163,148 filed on Oct. 5, 2005 to which priority is claimed
and which is incorporated herein by reference in its entirety as
well as the provisional application to which that application
claims priority to (U.S. Provisional Application No. 60/616,
754 filed on Oct. 6, 2004). Certain embodiments of systems
and methods for non-invasive facelift and deep tissue tight-
ening are disclosed in U.S. patent application Ser. No. 11/163,
151 filed on Oct. 6, 2005, to which priority is claimed and
which is incorporated herein by reference in its entirety as
well as the provisional application to which that application
claims priority to (U.S. Provisional Application No. 60/616,
755 filed on Oct. 6, 2004).

In accordance with some embodiments of the present
invention, a method and system for noninvasive face lifts and
deep tissue tightening are provided. For example, in accor-
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dance with an embodiment, with reference to FIG. 25, a
treatment system 2100 (or otherwise referred to as a cosmetic
treatment system or CTS) configured to treat a region of
interest 2106 (or otherwise referred to as a treatment zone)
comprises a control system 2102 (or otherwise referred to as
a control module or control unit), an imaging/therapy probe
with acoustic coupling 2104 (or otherwise referred to as a
probe, probe system, hand wand, emitter/receiver module,
removable transducer module), and a display system 2108 (or
otherwise referred to as display or interactive graphical dis-
play). Control system 2102 and display system 2108 can
comprise various configurations for controlling probe 2102
and overall system 2100 functionality, such as, for example, a
microprocessor with software and a plurality of input/output
devices, system and devices for controlling electronic and/or
mechanical scanning and/or multiplexing of transducers, a
system for power delivery, systems for monitoring, systems
for sensing the spatial position of the probe and/or transduc-
ers, and/or systems for handling user input and recording
treatment results, among others. Imaging/therapy probe 2104
can comprise various probe and/or transducer configurations.
For example, probe 2104 can be configured for a combined
dual-mode  imaging/therapy transducer, coupled or
co-housed imaging/therapy transducers, or simply a separate
therapy probe and an imaging probe.

In accordance with an embodiment, treatment system 2100
is configured for treating tissue above, below and/or in the
SMAS region by first, imaging of region of interest 2106 for
localization of the treatment area and surrounding structures,
second, delivery of ultrasound energy at a depth, distribution,
timing, and energy level to achieve the desired therapeutic
effect. and third to monitor the treatment area before, during,
and after therapy to plan and assess the results and/or provide
feedback. According to another embodiment of the present
invention, treatment system 2100 is configured for controlled
thermal injury of human superficial tissue based on treatment
system 2100’s ability to controllably create thermal lesions of
conformally variable shape, size, and depth through precise
spatial and temporal control of acoustic energy deposition.

As to the treatment of the SMAS region (or SMAS 507),
connective tissue can be permanently tightened by thermal
treatmertt to temperatures about 60 degrees Celsius or higher.
Upon ablating, collagen fibers shrink immediately by
approximately 30% of their length. The shrunken fibers can
produce tightening of the tissue, wherein the shrinkage
should occur along the dominant direction of the collagen
fibers. Throughout the body, collagen fibers are laid down in
connective tissues along the lines of chronic stress (tension).
On the aged face, neck and/or body, the collagen fibers of the
SMAS region are predominantly oriented along the lines of
gravitational tension. Shrinkage of these fibers results in
tightening of the SMAS in the direction desired for correction
of laxity and sagging due to aging. The treatment comprises
the ablation of specific regions of the SMAS region and
similar suspensory connective tissues.

In addition, the SMAS region varies in depth and thickness
at different locations, e.g., between 0.5 mm to 5 mm or more.
On the face and other parts of the body, important structures
such as nerves, parotid gland, arteries and veins are present
over, under or near the SMAS region. Tightening of the
SMAS in certain locations, such as the preauricular region
associated with sagging of the cheek to create jowls, the
frontal region associated with sagging brows, mandibular
region associated with sagging neck, can be conducted. Treat-
ing through localized heating of regions ofthe SMAS or other
suspensory subcutaneous connective tissue structures to tem-
peratures of about 60-90° C., without significant damage to
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overlying or distal/underlying tissue, i.e., proximal tissue, as
well as the precise delivery of therapeutic energy to SMAS
regions, and obtaining feedback from the region of interest
before, during, and after treatment can be suitably accom-
plished through treatment system 2100.

To further illustrate an embodiments of a method and sys-
tem 2200, with reference to FIGS. 26A-26F, imaging of a
region of interest 2206, such as by imaging a region 2222 and
displaying images 2224 of the region of interest 2206 on a
display 2208, to facilitate localization of the treatment area
and surrounding structures can initially be conducted. Next,
delivery of ultrasound energy 2220 at a suitably depth, distri-
bution, timing, and energy level to achieve the desired thera-
peutic effect of thermal injury or ablation to treat SMAS
region 2216 (or otherwise referred to as SMAS) can be suit-
ably provided by probe 2204 (or otherwise referred to as
module, or emitter-receiver module) through control by con-
trol system 2202. Monitoring of the treatment area and sur-
rounding structures before, during, and after therapy, i.e.,
before, during, and after the delivery of ultrasound energy to
SMAS region 2216, can be provided to plan and assess the
results and/or provide feedback to control system 2202 and a
system user.

Ultrasound imaging and providing of images 2224 can
facilitate safe targeting of the SMAS layer 2216. For
example, with reference to FIG. 26B, specific targeting for the
delivery of energy can be better facilitated to avoid heating
vital structures such as the facial nerve (motor nerve) 2234,
parotid gland (which makes saliva) 2236, facial artery 2238,
and trigeminal nerve (for sensory functions) 2232 among
other regions. Further, use of imaging with targeted energy
delivery to provide a limited and controlled depth of treat-
ment can minimize the chance of damaging deep structures,
such as for example, the facial nerve that lies below the
parotid, which is typically 10 mm thick.

In accordance with an embodiment, with reference to FIG.
26C, ultrasound imaging of region 2222 of the region of
interest 2206 can also be used to delineate SMAS layer 2216
as the superficial, echo-dense layer overlying facial muscles
2218. Such muscles can be seen via imaging region 2222 by
moving muscles 2218, for example by extensional flexing of
muscle layer 2218 generally towards directions 2250 and
2252. Such imaging of region 2222 may be further enhanced
via signal and image processing. Once SMAS layer 2216 is
localized and/or identified, SMAS layer 2216 is ready for
treatment.

The delivery of ultrasound energy 2220 at a suitably depth,
distribution, timing, and energy level is provided by probe
2204 through controlled operation by control system 2202 to
achieve the desired therapeutic effect of thermal injury to treat
SMAS region 2216. During operation, probe 2204 can also be
mechanically and/or electronically scanned within tissue sur-
face region 2226 to treat an extended area. In addition, spatial
control of a treatment depth 2220 (or otherwise referred to as
depth) can be suitably adjusted in various ranges, such as
between a wide range of approximately 0 to 15 mm, suitably
fixed to a few discrete depths, with an adjustment limited to a
fine range, e.g. approximately between 3 mm to 9 mm, and/or
dynamically adjusted during treatment, to treat SMAS layer
2216 that typically lies at a depth between approximately 5
mm to 7 mm. Before, during, and after the delivery of ultra-
sound energy to SMAS region 2216, monitoring of the treat-
ment area and surrounding structures can be provided to plan
and assess the results and/or provide feedback to control
system 2202 and a system user.

For example, in accordance with an embodiment, with
additional reference to FIG. 26D, ultrasound imaging of
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region 2222 can be used to monitor treatment by watching the
amount of shrinkage of SMAS layer 2216 in direction of areas
2260 and 2262, such as in real time or quasi-real time, during
and after energy delivery to region 2220. The onset of sub-
stantially immediate shrinkage of SMAS layer 2216 is detect-
able by ultrasound imaging of region 2222 and may be further
enhanced via image and signal processing. In one embodi-
ment, the monitoring of such shrinkage can be advantageous
because it can confirm the intended therapeutic goal of non-
invasive lifting and tissue tightening; in addition, such moni-
toring may be used for system feedback. In addition to image
monitoring, additional treatment parameters that can be suit-
ably monitored in accordance with various other embodi-
ments may include temperature, video, profilometry, strain
imaging and/or gauges or any other suitable spatial, temporal
and/or other tissue parameters, or combinations thereof.

For example, in accordance with an embodiment of the
present invention, with additional reference to FIG. 26E, an
embodiment of a monitoring method and system 2200 may
suitably monitor the temperature profile or other tissue
parameters of the region of interest 2206, such as attenuation
or speed of sound of treatment region 2222 and suitably adjust
the spatial and/or temporal characteristics and energy levels
of ultrasound therapy transducer probe 2204. The results of
such monitoring techniques may be indicated on display 2208
in various manners, such as, for example, by way of one-,
two-, or three-dimensional images of monitoring results
2270, or may comprise an indicator 2272, such as a success,
fail and/or completed/done type of indication, or combina-
tions thereof.

In accordance with another embodiment, with reference to
FIG. 26F, the targeting of particular region 2220 within
SMAS layer 2216 can be suitably be expanded within region
of interest 2206 to include a combination of tissues, such as
skin 2210, dermis 2212 2210, fat/adipose tissue 2214 2210,
SMAS/muscular fascia/and/or other suspensory tissue 2216
2210, and muscle 2218 2210. Treatment of a combination of
such tissues and/or fascia may be treated including at least
one of SMAS layer 2216 or other layers of muscular fascia in
combination with at least one of muscle tissue, adipose tissue,
SMAS and/or other muscular fascia, skin, and dermis, can be
suitably achieved by treatment system 2200. For example,
treatment of SMAS layer 2216 may be performed in combi-
nation with treatment of dermis 2280 by suitable adjustment
of the spatial and temporal parameters of probe 2204 within
treatment system 2200.

In accordance with various aspects of the present inven-
tion, a therapeutic treatment method and system for con-
trolled thermal injury of human superficial tissue to effectuate
face lifts, deep tissue tightening, and other procedures is
based on the ability to controllably create thermal lesions of
conformally variable shape, size, and depth through precise
spatial and temporal control of acoustic energy deposition.
With reference to FIG. 25, in accordance with an embodi-
ment, a therapeutic treatment system 2200 includes a control
system 2102 and a probe system 2104 that can facilitate
treatment planning, controlling and/or delivering of acoustic
energy, and/or monitoring of treatment conditions to a region
of interest 2106. Region-of-interest 2106 is configured within
the human superficial tissue comprising from just below the
tissue outer surface to approximately 30 mm or more in depth.

Therapeutic treatment system 2100 is configured with the
ability to controllably produce conformal lesions of thermal
injury in superficial human tissue within region of interest
2106 through precise spatial and temporal control of acoustic
energy deposition, i.e., control of probe 2104 is confined
within selected time and space parameters, with such control
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being independent of the tissue. In accordance with an
embodiment, control system 2102 and probe system 2104 can
be suitably configured for spatial control of the acoustic
energy by controlling the manner of distribution of the acous-
tical energy. For example, spatial control may be realized
through selection of the type of one or more transducer con-
figurations insonifying region of interest 2106, selection of
the placement and location of probe system 2104 for delivery
of acoustical energy relative to region-of-interest 2106, e.g.,
probe system 2104 being configured for scanning over part or
whole of region-of-interest 2106 to produce contiguous ther-
malinjury having a particular orientation or otherwise change
in distance from region-of-interest 2106, and/or control of
other environment parameters, e.g., the temperature at the
acoustic coupling interface can be controlled, and/or the cou-
pling of probe 2104 to human tissue. In addition to the spatial
control parameters, control system 2102 and probe system
2104 can also be configured for temporal control, such as
through adjustment and optimization of drive amplitude lev-
els, frequency/waveform selections, e.g., the types of pulses,
bursts or continuous waveforms, and timing sequences and
other energy drive characteristics to control thermal ablation
of tissue. The spatial and/or temporal control can also be
facilitated through open-loop and closed-loop feedback
arrangements, such as through the monitoring of various spa-
tial and temporal characteristics. As a result, control of acous-
tical energy within six degrees of freedom, e.g., spatially
within the X, Y and Z domain, as well as the axis of rotation
within the XY, YZ and X7 domains, can be suitably achieved
to generate conformal lesions of variable shape, size and
orientation.

For example, through such spatial and/or temporal control,
an embodiment of a treatment system 2100 can enable the
regions of thermal injury to possess arbitrary shape and size
and allow the tissue to be destroyed (ablated) in a controlled
manner. With reference to FIG. 38, one or more thermal
lesions may be created within a tissue region of interest 3400,
with such thermal lesions having a narrow or wide lateral
extent, long or short axial length, and/or deep or shallow
placement, including up to a tissue outer surface 3403. For
example, cigar shaped lesions may be produced in a vertical
disposition 3404 and/or horizontal disposition 3406. In addi-
tion, raindrop-shaped lesions 3408, flat planar lesions 3410,
round lesions 3412 and/or other v-shaped/ellipsoidal lesions
3414 may be formed, among others. For example, mush-
room-shaped lesion 3420 may be provided, such as through
initial generation of a an initial round or cigar-shaped lesion
3422, with continued application of ablative ultrasound
resulting in thermal expansion to further generate a growing
lesion 3424, such thermal expansion being continued until
raindrop-shaped lesion 3420 is achieved. The plurality of
shapes can also be configured in various sizes and orienta-
tions, e.g., lesions 3408 could be rotationally oriented clock-
wise or counterclockwise at any desired angle, or made larger
or smaller as selected, all depending on spatial and/or tem-
poral control. Moreover, separate islands of destruction, i.e.,
multiple lesions separated throughout the tissue region, may
also be created over part of or the whole portion within tissue
region-of-interest 3400. In addition, contiguous structures
and/or overlapping structures 3416 may be provided from the
controlled configuration of discrete lesions. For example, a
series of one or more crossed-lesions 3418 can be generated
along a tissue region to facilitate various types of treatment
methods.

The specific configurations of controlled thermal injury are
selected to achieve the desired tissue and therapeutic
effect(s). For example, any tissue effect can be realized,
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including but not limited to thermal and non-thermal stream-
ing, cavitational, hydrodynamic, ablative, hemostatic,
diathermic, and/or resonance-induced tissue effects. Such
effects can be suitably realized at treatment depths over a
range of approximately 0-30000 pm within region of interest
2200 to provide a high degree of utility.

An embodiment of a control system 2202 and display
system 2208 may be configured in various manners for con-
trolling probe and system functionality. With reference again
to FIGS. 27A and 27B, in accordance with embodiments, a
control system 2300 can be configured for coordination and
control of the entire therapeutic treatment process for nonin-
vasive face lifts and deep tissue tightening. For example,
control system 2300 can suitably comprise power source
components 2302, sensing and monitoring components 2304,
cooling and coupling controls 2306, and/or processing and
control logic components 2308. Control system 2300 can be
configured and optimized in a variety of ways with more or
less subsystems and components to implement the therapeu-
tic system for controlled thermal injury, and the embodiments
in FIGS. 27A and 27B are merely for illustration purposes.

For example, for power sourcing components 2302, con-
trol system 2300 can comprise one or more direct current
(DC) power supplies 2303 configured to provide electrical
energy for entire control system 2300, including power
required by a transducer electronic amplifier/driver 2312. A
DC current sense device 2305 can also be provided to confirm
the level of power going into amplifiers/drivers 2312 for
safety and monitoring purposes.

Amplifiers/drivers 2312 can comprise multi-channel or
single channel power amplifiers and/or drivers. In accordance
with an embodiment for transducer array configurations,
amplifiers/drivers 2312 can also be configured with a beam-
former to facilitate array focusing. An embodiment of a
beamformer can be electrically excited by an oscillator/digi-
tally controlled waveform synthesizer 2310 with related
switching logic.

The power sourcing components can also include various
filtering configurations 2314. For example, switchable har-
monic filters and/or matching may be used at the output of
amplifier/driver 2312 to increase the drive efficiency and
effectiveness. Power detection components 2316 may also be
included to confirm appropriate operation and calibration.
For example, electric power and other energy detection com-
ponents 2316 may be used to monitor the amount of power
going to an embodiment of a probe system.

Various sensing and monitoring components 2304 may
also be suitably implemented within control system 2300. For
example, in accordance with an embodiment, monitoring,
sensing and interface control components 2324 may be con-
figured to operate with various motion detection systems
implemented within transducer probe 2204 to receive and
process information such as acoustic or other spatial and
temporal information from a region of interest. Sensing and
monitoring components can also include various controls,
interfacing and switches 2309 and/or power detectors 2316.
Such sensing and monitoring components 2304 can facilitate
open-loop and/or closed-loop feedback systems within treat-
ment system 2200.

Still further, monitoring, sensing and interface control
components 2324 may comprise imaging systems configured
for one-dimensional, two-dimensional and/or three dimen-
sional imaging functions. Such imaging systems can com-
prise any imaging modality based on at least one of photog-
raphy and other visual optical methods, magnetic resonance
imaging (MRI), computed tomography (CT), optical coher-
ence tomography (OCT), electromagnetic, microwave, or
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radio frequency (RF) methods, positron emission tomogra-
phy (PET), infrared, ultrasound, acoustic, or any other suit-
able method of visualization, localization, or monitoring of a
region-of-interest 2106. Still further, various other tissue
parameter monitoring components, such as temperature mea-
suring devices and components, can be configured within
monitoring, sensing and interface control components 2324,
such monitoring devices comprising any modality now
known or hereinafter devised.

Cooling/coupling control systems 2306 may be provided
to remove waste heat from an embodiment of a probe 2204,
provide a controlled temperature at the superficial tissue
interface and deeper into tissue, and/or provide acoustic cou-
pling from transducer probe 2204 to region-of-interest 2206.
Such cooling/coupling control systems 2306 can also be con-
figured to operate in both open-loop and/or closed-loop feed-
back arrangements with various coupling and feedback com-
ponents.

Processing and control logic components 2308 can com-
prise various system processors and digital control logic
2307, such as one or more of microcontrollers, microproces-
sors, field-programmable gate arrays (FPGAs), computer
boards, and associated components, including firmware and
control software 2326, which interfaces to user controls and
interfacing circuits as well as input/output circuits and sys-
tems for communications, displays, interfacing, storage,
documentation, and other useful functions. System software
and firmware 2326 controls all initialization, timing, level
setting, monitoring, safety monitoring, and all other system
functions required to accomplish user-defined treatment
objectives. Further, various control switches 2308 can also be
suitably configured to control operation.

An embodiment of a transducer probe 2204 can also be
configured in various manners and comprise a number of
reusable and/or disposable components and parts in various
embodiments to facilitate its operation. For example, trans-
ducer probe 2204 can be configured within any type of trans-
ducer probe housing or arrangement for facilitating the cou-
pling of transducer to a tissue interface, with such housing
comprising various shapes, contours and configurations.
Transducer probe 2204 can comprise any type of matching,
such as for example, electric matching, which may be elec-
trically switchable; multiplexer circuits and/or aperture/ele-
ment selection circuits; and/or probe identification devices, to
certify probe handle, electric matching, transducer usage his-
tory and calibration, such as one or more serial EEPROM
(memories). Transducer probe 2204 may also comprise
cables and connectors; motion mechanisms, motion sensors
and encoders; thermal monitoring sensors; and/or user con-
trol and status related switches, and indicators such as LEDs.
For example, a motion mechanism in probe 2204 may be used
to controllably create multiple lesions, or sensing of probe
motion itself may be used to controllably create multiple
lesions and/or stop creation of lesions, e.g. for safety reasons
if probe 2204 is suddenly jerked or is dropped. In addition, an
external motion encoder arm may be used to hold the probe
during use, whereby the spatial position and attitude of probe
2104 is sent to the control system to help controllably create
lesions. Furthermore, other sensing functionality such as pro-
filometers or other imaging modalities may be integrated into
the probe in accordance with various embodiments. More-
over, the therapy contemplated herein can also be produced,
for example, by transducers disclosed in U.S. application Ser.
No. 10/944,499, filed on Sep. 16, 2004, entitled Method And
System For Ultrasound Treatment With A Multi-Directional
Transducer and U.S. application Ser. No. 10/944,500, filed on
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Sep. 16, 2004, and entitled System And Method For Variable
Depth Ultrasound Treatment, both hereby incorporated by
reference.

With reference to FIGS. 28A and 28B, in accordance with
an embodiment, a transducer probe 2400 can comprise a
control interface 2402, a transducer 2404, coupling compo-
nents 2406, and monitoring/sensing components 2408, and/
or motion mechanism 2410. However, transducer probe 2400
can be configured and optimized in a variety of ways with
more or less parts and components to provide ultrasound
energy for controlled thermal injury, and the embodiment in
FIGS. 28A and 28B are merely for illustration purposes.
Transducer 2404 can be any transducer configured to produce
conformal lesions of thermal injury in superficial human tis-
sue within a region of interest through precise spatial and
temporal control of acoustic energy deposition.

Control interface 2402 is configured for interfacing with
control system 2300 to facilitate control of transducer probe
2400. Control interface components 2402 can comprise mul-
tiplexer/aperture select 2424, switchable electric matching
networks 2426, serial EEPROMs and/or other processing
components and matching and probe usage information 2430
and interface connectors 2432.

Coupling components 2406 can comprise various devices
to facilitate coupling of transducer probe 2400 to a region of
interest. For example, coupling components 2406 can com-
prise cooling and acoustic coupling system 2420 configured
for acoustic coupling of ultrasound energy and signals.
Acoustic cooling/coupling system 2420 with possible con-
nections such as manifolds may be utilized to couple sound
into the region-of-interest, control temperature at the inter-
face and deeper into tissue, provide liquid-filled lens focus-
ing, and/or to remove transducer waste heat. Coupling system
2420 may facilitate such coupling through use of various
coupling mediums, including air and other gases, water and
other fluids, gels, solids, and/or any combination thereof, or
any other medium that allows for signals to be transmitted
between transducer active elements 2412 and a region of
interest. In addition to providing a coupling function, in
accordance with an embodiment, coupling system 2420 can
also be configured for providing temperature control during
the treatment application. For example, coupling system
2420 can be configured for controlled cooling of an interface
surface or region between transducer probe 2400 and a region
ofinterest and beyond by suitably controlling the temperature
of the coupling medium. The suitable temperature for such
coupling medium can be achieved in various manners, and
utilize various feedback systems, such as thermocouples,
thermistors or any other device or system configured for
temperature measurement of a coupling medium. Such con-
trolled cooling can be configured to further facilitate spatial
and/or thermal energy control of transducer probe 2400.

In accordance with an embodiment, with additional refer-
ence to FIG. 35, acoustic coupling and cooling 3140 can be
provided to acoustically couple energy and imaging signals
from transducer probe 3104 to and from the region of interest
3106, to provide thermal control at the probe to region-of-
interest interface 3110 and deeper into tissue, and to remove
potential waste heat from the transducer probe at region 3144.
Temperature monitoring can be provided at the coupling
interface via a thermal sensor 3146 to provide a mechanism of
temperature measurement 3148 and control via control sys-
tem 3102 and a thermal control system 3142. Thermal control
may consist of passive cooling such as via heat sinks or
natural conduction and convection or via active cooling such
as with peltier thermoelectric coolers, refrigerants, or fluid-
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based systems comprised of pump, fluid reservoir, bubble
detection, flow sensor, flow channels/tubing 3144 and ther-
mal control 3142.

With continued reference to FIGS. 28A-28B, monitoring
and sensing components 2408 can comprise various motion
and/or position sensors 2416, temperature monitoring sen-
sors 2418, user control and feedback switches 2414 and other
like components for facilitating control by control system
2300, e.g., to facilitate spatial and/or temporal control
through open-loop and closed-loop feedback arrangements
that monitor various spatial and temporal characteristics.

Motion mechanism 2410 (or otherwise referred to as a
movement mechanism) can comprise manual operation,
mechanical arrangements, or some combination thereof. For
example, a motion mechanism 2422 can be suitably con-
trolled by control system 2300, such as through the use of
accelerometers, encoders or other position/orientation
devices 2416 to determine and enable movement and posi-
tions of transducer probe 2400. Linear, rotational or variable
movement can be facilitated, e.g., those depending on the
treatment application and tissue contour surface.

Transducer 2404 can comprise one or more transducers
configured for treating of SMAS layers and targeted regions.
Transducer 2404 can also comprise one or more transduction
elements and/or lenses 2412. The transduction elements can
comprise a piezoelectrically active material, such as lead
zirconante titanate (PZT), or any other piezoelectrically
active material, such as a piezoelectric ceramic, crystal, plas-
tic, and/or composite materials, as well as lithium niobate,
lead titanate, barium titanate, and/or lead metaniobate. In
addition to, or instead of, a piezoelectrically active material,
transducer 2404 can comprise any other materials configured
for generating radiation and/or acoustical energy. Transducer
2404 can also comprise one or more matching layers config-
ured along with the transduction element such as coupled to
the piezoelectrically active material. Acoustic matching lay-
ers and/or damping may be employed as necessary to achieve
the desired electroacoustic response.

In accordance with an embodiment, the thickness of the
transduction element of transducer 2404 can be configured to
be uniform. That is, a transduction element 2412 can be
configured to have a thickness that is substantially the same
throughout. In accordance with another embodiment, the
thickness of a transduction element 2412 can also be config-
ured to be variable. For example, transduction element(s)
2412 of transducer 2404 can be configured to have a first
thickness selected to provide a center operating frequency of
approximately 2 kHz to 75 MHz, such as for imaging appli-
cations. Transduction element 2412 can also be configured
with a second thickness selected to provide a center operating
frequency of approximately 2 to 400 MHz, and typically
between 4 MHz and 15 MHz for therapy application. Trans-
ducer 2404 can be configured as a single broadband trans-
ducer excited with at least two or more frequencies to provide
an adequate output for generating a desired response. Trans-
ducer 2404 can also be configured as two or more individual
transducers, wherein each transducer comprises one or more
transduction element. The thickness of the transduction ele-
ments can be configured to provide center-operating frequen-
cies in a desired treatment range. For example, transducer
2404 can comprise a first transducer configured with a first
transduction element having a thickness corresponding to a
center frequency range of approximately 1 kHz to 3 MHz, and
a second transducer configured with a second transduction
element having a thickness corresponding to a center fre-
quency of approximately 3 MHz to 100 MHz or more.
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Transducer 2404 may be composed of one or more indi-
vidual transducers in any combination of focused, planar, or
unfocused single-element, multi-element, or array transduc-
ers, including 1-D, 2-D, and annular arrays; linear, curvilin-
ear, sector, or spherical arrays; spherically, cylindrically, and/
or electronically focused. defocused, and/or lensed sources.
For example, with reference to an embodiment depicted in
FIG. 29, transducer 2500 can be configured as an acoustic
array to facilitate phase focusing. That s, transducer 2500 can
be configured as an array of electronic apertures that may be
operated by a variety of phases via variable electronic time
delays. By the term “operated,” the electronic apertures of
transducer 2500 may be manipulated, driven, used, and/or
configured to produce and/or deliver an energy beam corre-
sponding to the phase variation caused by the electronic time
delay. For example, these phase variations can be used to
deliver defocused beams, planar beams, and/or focused
beams, each of which may be used in combination to achieve
different physiological effects in a region of interest 2510.
Transducer 2500 may additionally comprise any software
and/or other hardware for generating, producing and or driv-
ing a phased aperture array with one or more electronic time
delays.

Transducer 2500 can also be configured to provide focused
treatment to one or more regions of interest using various
frequencies. In orderto provide focused treatment, transducer
2500 can be configured with one or more variable depth
devices to facilitate treatment. For example, transducer 2500
may be configured with variable depth devices disclosed in
U.S. patent application Ser. No. 10/944,500, entitled “System
and Method for Variable Depth Ultrasound”, filed on Sep. 16,
2004, having at least one common inventor and a common
Assignee as the present application, and incorporated herein
by reference. In addition, transducer 2500 can also be con-
figured to treat one or more additional ROI 2510 through the
enabling of sub-harmonics or pulse-echo imaging, as dis-
closedin U.S. patent application Ser. No. 10/944,499, entitled
“Method and System for Ultrasound Treatment with a Multi-
directional Transducer”, filed on Sep. 16, 2004, having at
least one common inventor and a common Assignee as the
present application, and also incorporated herein by refer-
ence.

Moreover, any variety of mechanical lenses or variable
focus lenses, e.g. liquid-filled lenses, may also be used to
focus and or defocus the sound field. For example, with
reference to embodiments depicted in FIGS. 30A and 30B,
transducer 2600 may also be configured with an electronic
focusing array 2604 in combination with one or more trans-
duction elements 2606 to facilitate increased flexibility in
treating ROI 2610 (or 65 as shown in FIGS. 12-14). Array
2604 may be configured in a manner similar to transducer
2502. That is, array 2604 can be configured as an array of
electronic apertures that may be operated by a variety of
phases via variable electronic time delays, for example, T,
T, ... T, By the term “operated,” the electronic apertures of
array 2604 may be manipulated, driven, used, and/or config-
ured to produce and/or deliver energy in a manner corre-
sponding to the phase variation caused by the electronic time
delay. For example, these phase variations can be used to
deliver defocused beams, planar beams, and/or focused
beams, each of which may be used in combination to achieve
different physiological effects in ROI 2610.

Transduction elements 2606 may be configured to be con-
cave, convex, and/or planar. For example, in an embodiment
depicted in FIG. 30A, transduction elements 2606 are con-
figured to be concave in order to provide focused energy for
treatment of ROI 2610. Additional embodiments are dis-
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closedinU.S. patent application Ser. No. 10/944,500, entitled
“Variable Depth Transducer System and Method”, and again
incorporated herein by reference.

In another embodiment, depicted in FIG. 30B, transduc-
tion elements 2606 can be configured to be substantially flat
in order to provide substantially uniform energy to ROI2610.
While FIGS. 30A and 30B depict embodiments with trans-
duction elements 2604 configured as concave and substan-
tially flat, respectively, transduction elements 2604 can be
configured to be concave, convex, and/or substantially flat. In
addition, transduction elements 2604 can be configured to be
any combination of concave, convex, and/or substantially flat
structures. For example, a first transduction element can be
configured to be concave, while a second transduction ele-
ment can be configured to be substantially flat.

With reference to FIGS. 32A and 32B, transducer 2404 can
be configured as single-element arrays, wherein a single-
element 2802, e.g., a transduction element of various struc-
tures and materials, can be configured with a plurality of
masks 2804, such masks comprising ceramic, metal or any
other material or structure for masking or altering energy
distribution from element 2802, creating an array of energy
distributions 2808. Masks 2804 can be coupled directly to
element 2802 or separated by a standoff 2806, such as any
suitably solid or liquid material.

An embodiment of a transducer 2404 can also be config-
ured as an annular array to provide planar, focused and/or
defocused acoustical energy. For example, with reference to
FIGS. 34A and 34B, in accordance with an embodiment, an
annular array 3000 can comprise a plurality of rings 3012,
3014, 3016 to N. Rings 3012, 3014, 3016 to N can be
mechanically and electrically isolated into a set of individual
elements, and can create planar, focused, or defocused waves.
For example, such waves can be centered on-axis, such as by
methods of adjusting corresponding transmit and/or receive
delays, ©1,72,73 . . . TN. An electronic focus can be suitably
moved along various depth positions, and can enable variable
strength or beam tightness, while an electronic defocus can
have varying amounts of defocusing. In accordance with an
embodiment, a lens and/or convex or concave shaped annular
array 3000 can also be provided to aid focusing or defocusing
such that any time differential delays can be reduced. Move-
ment of annular array 2800 in one, two or three-dimensions,
or along any path, such as through use of probes and/or any
conventional robotic arm mechanisms, may be implemented
to scan and/or treat a volume or any corresponding space
within a region of interest.

Transducer 2404 can also be configured in other annular or
non-array configurations for imaging/therapy functions. For
example, with reference to FIGS. 34C-34F, a transducer can
comprise an imaging element 3012 configured with therapy
element(s) 3014. Elements 3012 and 3014 can comprise a
single-transduction element, e.g., a combined imaging/trans-
ducer element, or separate elements, can be electrically iso-
lated 3022 within the same transduction element or between
separate imaging and therapy elements, and/or can comprise
standoff 3024 or other matching layers, or any combination
thereof. For example, with particular reference to F1G. 34F, a
transducer can comprise an imaging element 3012 having a
surface 3028 configured for focusing, defocusing or planar
energy distribution, with therapy elements 3014 including a
stepped-configuration lens configured for focusing, defocus-
ing, or planar energy distribution.

With a better understanding of the various transducer struc-
tures, and with reference againto FIG. 38, how the geometric
configuration of the transducer or transducers that contributes
to the wide range of lesioning effects can be better under-
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stood. For example, cigar-shaped lesions 3404 and 3406 may
be produced from a spherically focused source, and/or planar
lesions 3410 from a flat source. Concave planar sources and
arrays can produce a “V-shaped” or ellipsoidal lesion 3414.
Electronic arrays, such as a linear array, can produce defo-
cused, planar, or focused acoustic beams that may be
employed to form a wide variety of additional lesion shapes at
various depths. An array may be employed alone or in con-
junction with one or more planar or focused transducers. Such
transducers and arrays in combination produce a very wide
range of acoustic fields and their associated benefits. A fixed
focus and/or variable focus lens or lenses may be used to
further increase treatment flexibility. A convex-shaped lens,
with acoustic velocity less than that of superficial tissue, may
be utilized, such as a liquid-filled lens, gel-filled or solid gel
lens, rubber or composite lens, with adequate power handling
capacity; or a concave-shaped, low profile, lens may be uti-
lized and composed of any material or composite with veloc-
ity greater than that of tissue. While the structure of trans-
ducer source and configuration can facilitate a particular
shaped lesion as suggested above, such structures are not
limited to those particular shapes as the other spatial param-
eters, as well as the temporal parameters, can facilitate addi-
tional shapes within any transducer structure and source.

In accordance with various embodiments of the present
invention, transducer 2404 may be configured to provide one,
two and/or three-dimensional treatment applications for
focusing acoustic energy to one or more regions of interest.
For example, as discussed above, transducer 2404 can be
suitably diced to form a one-dimensional array, e.g., trans-
ducer 2602 comprising a single array of sub-transduction
elements.

In accordance with another embodiment, transducer 2404
may be suitably diced in two-dimensions to form a two-
dimensional array. For example, with reference to FIG. 33, an
embodiment with two-dimensional array 2900 can be suit-
ably diced into a plurality of two-dimensional portions 2902.
Two-dimensional portions 2902 can be suitably configured to
focus on the treatment region at a certain depth, and thus
provide respective slices 2904, 2907 of the treatment region.
As a result, the two-dimensional array 2900 can provide a
two-dimensional slicing of the image place of a treatment
region, thus providing two-dimensional treatment.

In accordance with another embodiment, transducer 2404
may be suitably configured to provide three-dimensional
treatment. For example, to provide-three dimensional treat-
ment of a region of interest, with reference again to FIG. 23,
a three-dimensional system can comprise a transducer within
probe 104 configured with an adaptive algorithm, such as, for
example, one utilizing three-dimensional graphic software,
contained in a control system, such as control system 102.
The adaptive algorithm is suitably configured to receive two-
dimensional imaging, temperature and/or treatment or other
tissue parameter information relating to the region of interest,
process the received information, and then provide corre-
sponding three-dimensional imaging, temperature and/or
treatment information.

Inaccordance with an embodiment, with reference again to
FIG. 33, a three-dimensional system can comprise a two-
dimensional array 2900 configured with an adaptive algo-
rithm to suitably receive 2904 slices from different image
planes of the treatment region, process the received informa-
tion, and then provide volumetric information 2906, e.g,,
three-dimensional imaging, temperature and/or treatment
information. Moreover, after processing the received infor-
mation with the adaptive algorithm, the two-dimensional
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array 2900 may suitably provide therapeutic heating to the
volumetric region 2906 as desired.

In accordance with other embodiments, rather than utiliz-
ing an adaptive algorithm, such as three-dimensional soft-
ware, to provide three-dimensional imaging and/or tempera-
ture information, a three-dimensional system can comprise a
single transducer 2404 configured within a probe arrange-
ment to operate from various rotational and/or translational
positions relative to a target region.

To further illustrate the various structures for transducer
2404, with reference to FIG. 31, ultrasound therapy trans-
ducer 2700 can be configured for a single focus, an array of
foci, a locus of foci, a line focus, and/or diffraction patterns.
Transducer 2700 can also comprise single elements, multiple
elements, annular arrays, one-, two-, or three-dimensional
arrays, broadband transducers, and/or combinations thereof,
with or without lenses, acoustic components, and mechanical
and/or electronic focusing. Transducers configured as spheri-
cally focused single elements 2702, annular arrays 2704,
annular arrays with damped regions 2706, line focused single
elements 2708, 1-D linear arrays 2710, 1-D curvilinear arrays
in concave or convex form, with or without elevation focus-
ing, 2-D arrays, and 3-D spatial arrangements of transducers
may be used to perform therapy and/or imaging and acoustic
monitoring functions. For any transducer configuration,
focusing and/or defocusing may be in one plane or two planes
via mechanical focus 2720, convex lens 2722, concave lens
2724, compound or multiple lenses 2726, planar form 2728,
or stepped form, such as illustrated in FIG. 34F. Any trans-
ducer or combination of transducers may be utilized for treat-
ment. For example, an annular transducer may be used with
an outer portion dedicated to therapy and the inner disk dedi-
cated to broadband imaging wherein such imaging transducer
and therapy transducer have different acoustic lenses and
design, such as illustrated in FIGS. 34C-34F.

Moreover, such transduction elements 2700 may comprise
a piezoelectrically active material, such as lead zirconante
titanate (PZT), or any other piezoelectrically active material,
such as a piezoelectric ceramic, crystal, plastic, and/or com-
posite materials, as well as lithium niobate, lead titanate,
barium titanate, and/or lead metaniobate. Transduction ele-
ments 2700 may also comprise one or more matching layers
configured along with the piezoelectrically active material. In
addition to or instead of piezoelectrically active material,
transduction elements 2700 can comprise any other materials
configured for generating radiation and/or acoustical energy.
A means of transferring energy to and from the transducer to
the region of interest is provided.

In accordance with another embodiment, with reference to
FIG. 36, a treatment system 2200 can be configured with
and/or combined with various auxiliary systems to provide
additional functions. For example, an embodiment of a treat-
ment system 3200 for treating a region of interest 3206 can
comprise a control system 3202, a probe 3204, and a display
3208. Treatment system 3200 further comprises an auxiliary
imaging modality 3274 and/or auxiliary monitoring modality
3272 may be based upon at least one of photography and other
visual optical methods, magnetic resonance imaging (MRI),
computed tomography (CT), optical coherence tomography
(OCT), electromagnetic, microwave, or radio frequency (RF)
methods, positron emission tomography (PET), infrared,
ultrasound, acoustic, or any other suitable method of visual-
ization, localization, or monitoring of SMAS layers within
region-of-interest 3206, including imaging/monitoring
enhancements. Such imaging/monitoring enhancement for
ultrasound imaging via probe 3204 and control system 3202
could comprise M-mode, persistence, filtering, color, Dop-
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pler, and harmonic imaging among others. Further, in several
embodiments an ultrasound treatment system 3270, as a pri-
mary source of treatment, may be combined or substituted
with another source of treatment 3276, including radio fre-
quency (RF), intense pulsed light (TPL), laser, infrared laser,
microwave, or any other suitable energy source.

In accordance with another embodiment, with reference to
FIG. 37, treatment composed of imaging, monitoring, and/or
therapy to a region of interest may be further aided, aug-
mented, and/or delivered with passive or active devices 3304
within the oral cavity. For example, if passive or active device
3304 is a second transducer or acoustic reflector acoustically
coupled to the cheek lining it is possible to obtain through
transmission, tomographic, or round-trip acoustic waves
which are useful for treatment monitoring, such as in mea-
suring acoustic speed of sound and attenuation, which are
temperature dependent; furthermore such a transducer could
be used to treat and/or image. In addition an active, passive, or
active/passive object 3304 may be used to flatten the skin,
and/or may be used as an imaging grid, marker, or beacon, to
aid determination of position. A passive or active device 3304
may also be used to aid cooling or temperature control. Natu-
ral air in the oral cavity may also be used as passive device
3304 whereby it may be utilized to as an acoustic reflector to
aid thickness measurement and monitoring function.

During operation of an embodiment of a treatment system,
a lesion configuration of a selected size, shape, orientation is
determined. Based on that lesion configuration, one or more
spatial parameters are selected, along with suitable temporal
parameters, the combination of which yields the desired con-
formal lesion. Operation of the transducer can then be initi-
ated to provide the conformal lesion or lesions. Open and/or
closed-loop feedback systems can also be implemented to
monitor the spatial and/or temporal characteristics, and/or
other tissue parameter monitoring, to further control the con-
formal lesions.

With reference to FIG. 39, a collection of simulation
results, illustrating thermal lesion growth over time are illus-
trated. Such lesion growth was generated with a spherically
focused, cylindrically focused, and planar (unfocused) source
at a nominal source acoustic power level, W, and twice that
level, 2 W, but any configurations of transducer can be uti-
lized as disclosed herein. The thermal contours indicate
where the tissue reached 65° C. for different times. The con-
tour for the cylindrically focused source is along the short
axis, or so-called elevation plane. The figure highlights the
different shapes of lesions possible with different power lev-
els and source geometries. In addition, with reference to FIG.
40, a pair of lesioning and simulation results is illustrated,
showing chemically stained porcine tissue photomicrographs
adjacent to their simulation results. In addition, with refer-
ence to FIG. 41, another pair of lesioning results is illustrated,
showing chemically stained porcine tissue photomicro-
graphs, highlighting a tadpole shaped lesion and a wedge
shaped lesion.

In summary, adjustment of the acoustic field spatial distri-
bution via transducer type and distribution, such as size, ele-
ment configuration, electronic or mechanical lenses, acoustic
coupling and/or cooling, combined with adjustment of the
temporal acoustic field, such as through control of transmit
power level and timing, transmit frequency and/or drive
waveform can facilitate the achieving of controlled thermal
lesions of variable size, shape, and depths. Moreover, the
restorative biological responses of the human body can fur-
ther cause the desired effects to the superficial human tissue.

The citation of references herein does not constitute admis-
sion that those references are prior art or have relevance to the
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patentability of the teachings disclosed herein. All references
cited in the Description section of the specification are hereby
incorporated by reference in their entirety for all purposes. In
the event that one or more of the incorporated references,
literature, and similar materials differs from or contradicts
this application, including, but not limited to, defined terms,
term usage, described techniques, or the like, this application
controls.

Some embodiments and the examples described herein are
examples and not intended to be limiting in describing the full
scope of compositions and methods of these invention.
Equivalent changes, modifications and variations of some
embodiments, materials, compositions and methods can be
made within the scope of the present invention, with substan-
tially similar results.

What is claimed is:

1. A method of lifting facial tissue, the method comprising:

positioning a portion of an ultrasound probe system on a

facial skin surface, the ultrasound probe system com-
prising a movement mechanism, a therapy element, and
an imaging element,

wherein the movement mechanism is controlled by a con-

trol system in communication with the ultrasound probe
system;

imaging, with the imaging element, a region of interest

under the facial skin surface, the region of'interest com-
prising a tissue comprising at least one of muscle, mus-
cular fascia, fat, and superficial muscular aponeurosis
system (SMAS) tissue;

wherein the region of interest is displayed on a display

system, the display system being electronically con-
nected to the imaging element;
using the therapy element to treat the region of interest;
wherein the therapy element is coupled to the movement
mechanism within the ultrasound probe system;

wherein the therapy element is configured for targeted
delivery of ultrasound energy to form a thermal lesion
with at least a temperature sufficient to treat at least a
portion of the tissue at a fixed depth under the facial skin
surface; and

activating the movement mechanism within the ultrasound

probe system to move the therapy element to form a
plurality of the thermal lesions at the fixed depth to treat
the tissue in the region of interest,

wherein the plurality of thermal lesions results in a face lift.

2. The method of claim 1, wherein positioning a portion of
the ultrasound probe system on the facial skin surface com-
prises positioning the portion of the ultrasound probe system
on a preauricular region of the face.

3. The method of claim 1, wherein positioning a portion of
the ultrasound probe system on the facial skin surface com-
prises positioning the portion of the ultrasound probe system
on a frontal region of the face.

4. The method of claim 1, wherein positioning a portion of
the ultrasound probe system on the facial skin surface com-
prises positioning the portion of the ultrasound probe system
on a mandibular region of the face.

5. The method of claim 1, wherein the imaging element is
configured to image with an imaging frequency of between 2
kHz to 75 MHz and the therapy element is configured to treat
with a treatment frequency of between 4 MHz and 15 MHz.

6. The method of claim 1, wherein the fixed depth of the
lesion is within a range of 3 mm to 9 mm from the facial skin
surface.
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7. The method of claim 1, wherein the activating the move-
ment mechanism comprises communication between and at
least two of the group consisting of a control system, an
accelerometer, an encoder and a position/orientation device.

8. The method of claim 1, wherein the temperature of the
thermal lesion is in the range of 60-90 degrees Celsius.

9. The method of claim 1, wherein the imaging element and
the therapy element are combined in a dual-mode imaging/
therapy transducer.

10. A method of treating sagging skin on a face or neck,
comprising:

providing a probe that emits ultrasound energy;

coupling the probe to a skin surface over a region compris-

ing subcutaneous fat, muscle, and connective tissue; and
delivering therapeutic ultrasound energy to the region at a
treatment frequency of between 4 MHz and 15 MHz,

wherein the therapeutic ultrasound energy thermally treats
at least one of the group consisting of subcutaneous fat,
muscle, and connective tissue at a specific depth under
the skin surface to reduce skin sagging on the face or
neck.

11. The method of claim 10, wherein delivering therapeutic
ultrasound energy comprises delivering ultrasound energy
from a single therapy element in the probe.

12. The method of claim 11, further comprising activating
a motion mechanism to move the single therapy element to
form a plurality of thermal lesions along a line in the region to
reduce skin sagging.

13. The method of claim 10, further comprising treating a
superficial muscular aponeurosis system (SMAS).

14. The method of claim 10, further comprising imaging
the tissue under the skin surface.

15. The method of claim 10, wherein the specific depth is
up to 9 mm under the skin surface.

16. A method of lifting sagging skin on a face or neck,
comprising:

identifying a region of sagging skin on a face or neck;

providing an ultrasonic probe that emits ultrasound energy;

coupling the ultrasonic probe to a skin surface in a region
selected from the group consisting of one or more of the
following regions: a preauricular region, a frontal
region, and a mandibular region;

delivering therapeutic ultrasound energy at a treatment

frequency of between 4 MHz and 15 MHz,

wherein the therapeutic ultrasound energy treats at least

one of the group consisting of subcutaneous fat, muscle,
and connective tissue at a specific depth under the skin
surface to lift the sagging skin.

17. The method of claim 16, wherein delivering therapeutic
ultrasound energy comprises delivering ultrasound energy at
a fixed depth up to 9 mm from the skin surface at a tempera-
ture in the range of 60-90 degrees Celsius.

18. The method of claim 16,

wherein delivering therapeutic ultrasound energy com-

prises delivering ultrasound energy from a single
therapy element in the probe, and

further comprising activating a motion mechanism to move

the single therapy element to form a plurality of thermal
lesions along a line in the region to reduce skin sagging.

19. The method of claim 16, further comprising treating a
superficial muscular aponeurosis system (SMAS).

20. The method of claim 16, further comprising imaging
the tissue under the skin surface.
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