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METHOD AND KIT FOR CAVITATION-INDUCED TISSUE
HEALING WITH LOW INTENSITY ULTRASOUND

PRIORITY
This application claims priority to a U.S. Provisional Application No.
60/139,124 filed on June 14, 1999 by Winder et al.; the contents of which are

incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method and kit for therapeutically
treating injuries by inducing acoustic intracellular microstreaming by using low
intensity ultrasound. More particularly, the present invention relates to a method and
kit which utilizes an ultrasound contrast agent and an ergonomically constructed
ultrasonic transducer for placement in proximity to an injury for therapeutically
treating the injury by producing acoustic cavitation at the trauma site. The ultrasound
contrast agent is introduced into the patient, preferably, the patient’s blood stream,
prior to emitting ultrasonic waves toward the trauma site to lower the cavitation
threshold, i.e., the energy required for cavitation, to a level attainable with low

intensity ultrasound.

2. Description of the Related Art
The use of ultrasound or acoustic energy to therapeutically treat and

evaluate bone and tissue injuries is known. Impinging ultrasonic pulses having
appropriate parameters, e.g., frequency, pulse repetition, and amplitude, for suitable
periods of time and at a proper external location adjacent to a bone or tissue injury
has been determined to accelerate the natural healing of, for example, bone breaks
and fractures.

U.S. Patent No. 4,530,360 to Duarte describes a basic non-invasive
therapeutic technique and apparatus for applying ultrasonic pulses from an operative

surface placed on the skin at a location adjacent a bone injury. The applicator
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described in the Duarte patent has a plastic tube which serves a grip for the operator,
an RF plug attached to the plastic tube for connection to an RF source, and internal
cabling connected to an ultrasonic transducer. To apply the ultrasound pulses during
treatment an operator must manually hold the applicator in place until the treatment
is complete. As a result, the patient is, in effect, immobilized during treatment. The
longer the treatment period, the more the patient is inconvenienced. The Duarte
patent as well as U.S. Patent No. 5,520,612 to Winder et al. describe ranges of RF
signal for creating the ultrasound, ultrasound power density levels, ranges of duration
for each ultrasonic pulse, and ranges of ultrasonic pulse frequencies.

U.S. Patent No. 5,003,965 to Talish et al. relates to an ultrasonic body
treatment system having a body-applicator unit connected to a remote control unit by
sheathed fiber optic lines. The signal controlling the duration of ultrasonic pulses and
the pulse repetition frequency are generated apart from the body-applicator unit.
Talish et al. also describes a mounting fixture for attaching the body-applicator unit to
a patient so that the operative surface is adjacent the skin location.

It has been demonstrated that the components of acoustic energy that
can effect chemical change can be thermal, mechanical (agitational) and cavitational
in nature. The largest non-thermal effects are those attributed to stable cavitation and
mass transfer. These, in turn, can induce acoustic microstreaming, producing shear
stresses on the cellular wall and boundary layer, and in the cytosol. The latter effect,
due to intracellular microstreaming, can produce an increase in the metabolic
function of the cell.

Since the early sixties, the specific physical and biological mechanisms
behind the therapeutic effectiveness of low intensity ultrasound have been extensively
investigated. For spatial average-temporal average (SATA) intensities from 0.1 - 0.5
Wicm?, it is possible to produce the non-thermal, high stress mechanisms of acoustic
streaming and cavitation. In vitro tests on isolated fibroblast cells have shown that
the effects of ultrasound on the cells are pressure sensitive, suggesting a (stable)
cavitation mechanism, caused by the rapid expansion and collapse of microbubbles.

The resulting bubble oscillations, possibly including acoustic microstreaming, can
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generate high shear stress on the cell membrane, which can affect the cell's
permeability to sodium and calcium ions. The increase in cell permeability may
result in an increase in calcium uptake, an increase in protein and DNA synthesis in
fibroblasts, and account for the observed activation of macrophages. The production
of fibroblasts and macrophages characterizes the normal fracture repair process.

It has been determined that the cavitation threshold, i.e., the energy
required for cavitation, is approximately 0.1 W/cm? in an aqueous medium and
approximately 0.2 W/cm? in vivo. One in vivo study conducted utilizing a simulated
cell membrane attributed the measured ultrasound-induced changes in the properties
of cell membranes to changes in diffusion rates produced by fluid layer movement
near the membrane. It has also been demonstrated that the value of micromechanical
stimuli (0.5 Hz for 17 minutes, daily) significantly improves the healing of tibial
fractures. One study was able to correlate this accelerated healing process with the
promotion of fracture revascularization. However, for SATA intensities below 0.1
W/cm?, stable cavitation and acoustic micro-streaming seem quite unlikely. In
another study, exposure to low intensity ultrasound produced increased levels of
aggrecan mRNA in a rat femur model in the early stages of treatment.

In vivo test results indicate that a low SATA intensity from 30-50
mW/cm? is highly effective in stimulating bone fracture repair. These results support
the thesis that ultrasonically-induced mechanical vibrations tend to increase the
permeability of the cell membrane.

In other clinical studies, preliminary results indicate that angiogenesis,
the development of new blood vessels, is a key component in the initial phase in the
cascade of events involved in the bone fracture healing process. The increased
vascularity and the micromechanical fluid pressure appear to produce an increase in
cellular calcium uptake, resulting in increased protein synthesis, thereby accelerating
bone fracture healing and tissue repair.

Accordingly, there is a need for a method and kit for accelerating bone
and tissue healing utilizing the scientific and anatomical observations and studies

discussed above. That is, there is a need for a method and kit for accelerating bone
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and tissue healing by lowering the cavitation threshold to a level attainable with low
intensity ultrasound to produce acoustic intracellular microstreaming. Since
intracellular microstreaming can produce an increase in the metabolic functions, the

method and kit would accelerate the healing process.

SUMMARY OF THE INVENTION

The method and kit of the present invention is used for therapeutically
treating bone and tissue injuries using low intensity ultrasound. The method includes
the steps of introducing an ultrasound contrast agent into the patient, preferably, the
patient’s blood stream, and impinging ultrasonic waves in proximity to an injury,
wherein the ultrasound contrast agent facilitates in lowering the cavitation threshold,
i.e., the energy required for cavitation, to a level attainable by the low intensity
ultrasonic waves. It is preferred that the ultrasonic waves exhibit an intensity from
about 0.1 to 0.5 W/cm? to produce non-thermal, high-stress mechanisms of acoustic
intracellular microstreaming and cavitation.

The present invention also provides a kit for therapeutically treating
bone and tissue injuries using low intensity ultrasound. The kit includes an ultrasonic
transducer assembly having at least an ultrasonic transducer, a placement module
configured to be worn by a patient and to receive the ultrasonic transducer assembly,
an integrated ultrasonic signal generator located in the ultrasonic transducer
assembly, a main operating unit (MOU) or controller, a pouch constructed to receive
the MOU, and an ultrasound contrast agent provided in a syringe or a capsule in
sufficient quantity for the treatment time.

Preferably, the MOU has an internal power source for powering the
signal generator circuitry, a display coupled to the signal generator circuitry to display
treatment sequence data, and a keypad coupled to the signal generator circuitry to
permit user operation and/or entry of data. Further, the MOU is fitted within the
pouch which is reliably secured to a patient during treatment, thereby providing
patient mobility. Timing control circuitry, as well as monitoring circuitry for the

proper attachment and operation of the ultrasonic transducer assembly, are also
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housed within the MOU. A MOU envisioned for use with the present invention is
described in U.S. Patent No. 5,556,372 to Talish et al.; the contents of which are
hereby incorporated by reference.

The signal generator circuitry includes a processor, means for
generating a pulsed control signal, and a switch coupled to the processor for
regulating the pulsed control signal. A communication interface may be connected
between a communication port and the processor to provide a communication link
between the ultrasonic signal generator and an external computer or modem.
Preferably, the communication interface is a serial communication interface,
however, a parallel interface is also contemplated. An alarm may be provided to
indicate to the user that the treatment time has expired. The alarm is coupled to the
processor such that when ultrasonic treatment is completed the processor activates
the alarm and terminates ultrasound generation.

In operation, the MOU is electrically coupled to the at least one
transducer of the ultrasonic transducer assembly for transmitting signals to the at least
one transducer for controlling the same. The ultrasound contrast agent is preferably
introduced into the blood stream to induce acoustic intracellular microstreaming to
lower the cavitation threshold to a level attainable with the ultrasonic waves to be
emitted by the at least one transducer. The at least one transducer is then excited to
impinge ultrasonic waves for a predetermined period of time against the trauma site.

It is contemplated that the ultrasonic waves may be emitted away from
the trauma site and reflected toward the trauma site by a bone or an implanted
inorganic material, such as a metallic plate. It has been demonstrated that the
acoustic intracellular microstreaming produces an increase in the metabolic functions

of the cell, thereby accelerating the healing process.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are described below with

reference to the drawings, which are described as follows:
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Fig. 1 is a perspective view with parts separated of a portable
ultrasonic treatment kit according to the present invention, illustrating a main
operating unit or controller, a placement module, an ultrasound contrast agent housed
within a syringe, and an ultrasound contrast agent encapsulated in a delivery/release
system,

Fig. 2 is a perspective view of a patient wearing the portable treatment
apparatus of Fig. 1,

Fig. 3 is a cross-sectional view along line 3-3 in Fig. 2 illustrating the
transducer assembly impinging ultrasonic waves after the ultrasound contrast agent
has been introduced into the patient;

Fig. 4A is a block diagram of one embodiment of the circuitry for the
ultrasonic transducer assembly; and

Fig. 4B is a block diagram of an alternative embodiment of the

circuitry for the ultrasonic transducer assembly.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The ultrasonic treatment method and kit of the present invention is
used for the surgically non-invasive utilization of low intensity acoustic energy to
accelerate the healing process for treating bone and tissue injuries. The present
invention uses the concept that the bone fracture and wound healing process can be
further enhanced and accelerated if the mechanisms of stable cavitation and
microstreaming are induced within the low intensity ultrasound regime. This will
have several important biological effects: (1) it will further increase the permeability
of the cellular wall membrane, enhancing the diffusion process for calcium uptake
and protein synthesis, (2) increase the amount of hemoglobin released, (3) effect the
gene expression within the insonated tissue, and (4) assist in the removal of debris
from the trauma site.

At the frequencies generally employed for therapeutic and diagnostic
ultrasound, from 0.1 MHz to 10 MHz, the cavitation threshold, 1.e., the energy

required for cavitation, occurs at pressure levels exceeding 5 MPa. However,
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ultrasound contrast agents having gas-filled microbubbles, with radii preferably from
0.4 to 1.0 um, have been observed to lower the cavitation threshold to less than 0.2
MPa, a factor of more than twenty-five, when targeted or impinged with acoustic
energy.

Ultrasound contrast agents are nontoxic, are usually injected
intravenously, can pass through the pulmonary, cardiac and capillary circulation
systems, increase the backscatter only with high tissue contrast, and recirculate
through the systems during a medical examination. Most of the agents consist of gas-
filled microbubbles with bubble resonance frequencies in the 0.5 to 10 MHz range
which is the frequency range for most therapeutic and diagnostic ultrasound medical
applications. Fortunately, these correspond to bubble sizes less than 7.0 microns,
small enough to pass through pulmonary, cardiac and capillary circulations. The
backscattered energy can be increased by either increasing the contrast concentrations
or by causing free air bubbles to resonate within the fluid, producing scattering cross-
sections several orders of magnitude larger than their geometric cross-sections.

Clinically, it has been demonstrated that ultrasound contrast agents can
significantly enhance the detection of blood flow in small malignant breast tumors, in
small deep vessels in the abdomen, help differentiate tumor and normal tissue
vascularity, aid in the detection of ischemia or occlusion and improve the
visualization of vascular stenosis. Examples of ultrasound contrast agents are
Definity™ (Dupont Pharmaceuticals, Bellerica, Massachusetts), Sonazoid™
(Nycomed-Amersham, Oslo, Norway), Optison™ (Molecular Biosystems, Inc., San
Diego, California), Imagent™ (Alliance Pharmaceutical Corp., San Diego,
California), and SonoRx™ (Bracco Diagnostics, Princeton, New Jersey).

The pressure level at which the cavitation threshold is lowered, by the
use of ultrasound contrast agents having gas-filled microbubbles with radii from 0.4
to 1.0 um, is almost equal to that defined by the spatial peak temporal average
(SPTA) acoustic intensity for the Sonic Accelerated Fracture Healing (SAFHS™)
ultrasonic transducer manufactured by Exogen, Inc. of Piscataway, New Jersey.

From 1995 to 1999, a set of twenty-one measurements were made of SAFHS™
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transducers at a frequency of 1.5 MHz by Sonic Technologies, located in Hatboro,
Pennsylvania, resulting in a sample mean (far-field) SPTA of 110.34 mW/cm®, with
an unbiased sample standard deviation of 4.02 mW/cm?.

In any given plane in the acoustic field, the SPTA acoustic intensity, I,
can be expressed as:

I = [Integral of Waveform Squared] « PRF/K; W/ecm?,
where the term in the brackets is essentially the energy in the waveform, PRF is the
pulse repetition frequency and K¢ is often referred to in the literature as the intensity
response factor. If the transmitted signal is a pulsed sine wave of rectangular
envelope, given by V(t) = V,sin 27f t, with pulse length 2T and carrier frequency £,
then

[=P, T (PRF)/(10* pc) W/em?,
where P, is the peak pressure in Pascal. The relevant parameters for soft tissue and
the SAFHS® transducer are: p=1000 kg/m®, c=1496 m/s, PRF=1.0 kHz, T=100 psecs
and f,=1.50 MHz, resulting in the following relationship between the peak pressure
(in MPa) and SPTA intensity (in mW/cm?) in tissue:

P, = {0.00015 x I}'* MPa.

For a duty cycle of 20%, a SATA intensity of 30 mW/cm? results in a
SPTA intensity of approximately 97.2 mW/cm?, which in turn, results in a peak
pressure of 0.12 MPa. Therefore, by introducing microbubbles into the system, a
SATA intensity from 80 to 100 mW/cm? can produce peak pressure levels that exceed
the cavitation threshold.

In line with the above mathematical relationships, the principles of the
present invention entail administering an ultrasound contrast agent having gas-filled
microbubbles to a patient and subsequently inducing acoustic intracellular
microstreaming by transmitting acoustic energy using an ultrasonic transducer.
Accordingly, the kit of the present invention includes an ergonomically constructed
placement module having a strap or other fastening means for being secured to an

injured part of a patient's body. At least one ultrasonic transducer assembly partially
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fabricated with a conductive plastic material is attached or imbedded within the
placement module and properly positioned in proximity to the trauma site.

Different types of ultrasonic transducers and signals can be provided,
such as those described and schematically depicted in U.S. Patent No. 5,520,612 to
Winder et al.; the contents of which are hereby incorporated by reference.
Particularly, the transducers and arrangements schematically depicted by Figs. 7-11 of
the patent in which at least one transducer is used to provide acoustic energy to the
site of the injury. The kit also utilizes a portable, ergonomically constructed main
operating unit (MOU) which is constructed to fit within a pouch worn by the patient
using belt and shoulder strap and provides control signals to the ultrasonic
transducers. The MOU which is utilized is preferably the one described in U.S.
Patent No. 5,556,372 to Talish et al.; the contents of which are hereby incorporated
by reference.

Turning to the figures, in particular Fig. 1, a preferred embodiment of
the portable ultrasonic treatment kit 10 of the present invention is shown. The
ultrasonic treatment kit 10 includes a MOU 12, a placement module 14, an ultrasonic
transducer assembly 16, a pouch 18 for reliably securing the MOU 12 to the patient
during treatment for providing patient mobility, and a syringe 100 housing an
ultrasound contrast agent 102 having gas-filled microbubbles. The syringe 100 is
used for intravenously introducing the contrast agent 102 into the patient’s body,
preferably, the patient’s blood stream, prior to administering ultrasonic treatment as
further described below. The kit 10 further includes a delivery/release system 106 as
further described below.

It is contemplated that the microbubbles can be swallowed in capsule
form. The capsule can be designed to be timed-release, and the microbubbles
released internally at a controlled, designated time. The required capsule, timed-
release technology is well known to the pharmaceutical industry (e.g., Andryx
Corporation, Fort Lauderdale, Florida, manufactures such timed-release capsules).

The placement module 14 is comprised of placement bands 20 and

placement support 22. The placement support 22 includes a pocket 24 adapted for
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placement of the ultrasonic transducer assembly 16 therein. The placement support
22 further includes a body rest 26 having slots 30 for connecting the placement
support 22 to the placement bands 20. A sponge-like material 34 lines the inner
surface of the placement support 22 for providing comfort to the patient. The
placement support 22 may be construed of hard plastics which may be custom
molded for a particular patient.

The transducer assembly 16 includes circuitry, schematically
illustrated by Figs. 4A and 4B and described below, for exciting at least one
transducer therein and is coupled to the MOU by cable 36. The cable 36 is preferably
a multiconductor cable capable of transmitting relatively low frequency RF or optical
signals, as well as digital signals. The cable 36 may include coaxial cable or other
types of suitable shielded cable. Alternatively, the cable 36 may include fiber optic
cable for transmitting optical signals. The signals may be transmitted continuously or
as a series of pulses.

In operation, the placement module 14 is positioned and secured to the
patient's body as shown by Fig. 2, such that the transducer assembly 16 lies over or in
proximity to an injury. A locating ring such as the one disclosed in U.S. Patent
Application No. 08/389,148 may be used for determining the location of injured bone
in the case of a bone injury before the placement module 14 is secured to the patient.
Once the placement module 14 is properly positioned (or prior to being properly
positioned), the ultrasound contrast agent 102 having the gas-filled microbubbles is
introduced into the patient’s body intravenously using the syringe 100 (indicated by
step I in Fig. 2). The microbubbles are designed to stay in the system over a period of
time from as little as one to at least twenty minutes. The microbubbles act as
cavitation nuclei to increase cell membrane permeability and to enhance the
angiogenesis process that is part of the cascade of biological events in the tissue
healing process.

The transducer within the transducer assembly 16 is then excited for a
pre-determined amount of time (indicated by step II in Fig. 2). A gel-like substance

38 is positioned between the transducer assembly 16 and the injured part of the
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patient's body to increase the acoustic coupling of the ultrasonic waves emitted from
the transducer to the outer skin-soft tissue of the body, as shown by Fig. 3. With the
presence of ultrasonic waves, the microbubbles become acoustically active targets
with ultrasound insonification, thereby causing cavitation to occur at low pressure
levels to accelerate the healing process.

The kit 10 of the present invention permits the bubble resonance
frequency, the bubble radii, the SATA intensity and the transmitting frequency of the
ultrasonic waves to be controllable to significantly lower the cavitation threshold to
levels produced by low intensity ultrasound. For example, the transmit frequency of
the ultrasonic waves can be controlled to range from 10 kHz to 10 MHZ, the bubble
radii from 0.1 to 10.0 um, and SATA intensities from about 5 to 500 mW/cm®. It is
contemplated that the optimum values for these parameters for a particular patient are
predetermined and set accordingly during treatment to achieve optimum healing.

With reference to Fig. 1 and as indicated above, the kit 10 further
includes another ultrasound contrast agent 104 in a delivery/release system 106.that ~
facilitates the “targeting” of the agent(s) 104 to a specific location in the body.
Delivery/release systems are known in the art. The system 106 has the advantage of
delivering the agent(s) 104 precisely to the trauma site for cellular metabolic action to
occur.

In 1ts simplest form, the capsule 108 exists without a sensor and
associated circuitry, and is configured as a chemically-controlled timed-release
system, with contrast agent(s) 104. In a more complex configuration, the
delivery/release system 106 is contemplated to have the capsule 108 containing a
non-lead piezoelectric sensor 110, such as polyvinylidene fluoride (PVDF), for
receiving and responding to an acoustic signal, and a compartment 112 for the
contrast agent(s) 104.

During operation, the ultrasonic transducer assembly 16 is applied to
the skin of the body at or near the site of the bone fracture or tissue wound and
activated to administer the normal therapeutic dosage. The transmitted acoustic

signal is detected by the sensor 110 in the capsule 108, thereby releasing a
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predetermined amount of the contrast agent(s) 104 within the compartment 112 of the
capsule 108. It is contemplated that the capsule 108 includes a processor which is
programmed by chemical and/or electromagnetic means for releasing the agent(s) 104
at different locations of the body, in preset amounts, at multiple, predetermined time
intervals. After total agent release, the remaining part of the capsule 108 is discarded
naturally as a waste product.

With reference to Fig. 4A, a block diagram of one embodiment of the
ultrasonic transducer assembly circuitry is shown. The transducer assembly circuitry
17 includes an RF oscillator 50 which receives the signals transferred by a signal
generator within MOU 12 via cable 36. RF oscillator 50 is connected to transducer
driver 52 which excites transducer 54.

An alternative embodiment of the transducer assembly circuitry 17 is
shown in Fig. 4B. In this embodiment, the ultrasonic transducer assembly 16 includes
an internal battery 60 which supplies power to the components within the transducer
assembly 16. For example, battery 60 supplies power to signal monitoring circuit 62
and signal driver 66. The signal monitoring circuit 62 provides, preferably, a digital
output signal 68 which represents the waveform characteristics of the output of
transducer driver 70. These characteristics can be displayed on a digital display and
may include, for example, the frequency, pulse repetition frequency, the pulse width
and the average output power of the transducer 54. The output signal 68 of signal
monitoring circuit 62 is transferred to the signal generator within MOU 12 via driver
66 and cable 36. The signal generator may include a processor and a switch for
regulating the signal characteristics. Control signals from the MOU 12 are received
by receiver 72 via cable 36. Safety or fixture interlock 74, which may include
switches on the outer surface of the placement module 14 or transducer assembly 16,
ensures that the placement module 14 is properly positioned before providing power
to the internal components of the transducer assembly 16. That is, fixture interlock
74 prevents inadvertent activation of the transducer assembly 16.

It will be understood that various modifications can be made to the

various embodiments of the present invention herein disclosed without departing
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from its spirit and scope. For example, various methods of introducing the ultrasound
contrast agent(s) into the patient’s body are foreseen other than intravenously or in
capsule form. Also, various modifications may be made in the structural
configuration of the placement module and the configuration of the components used
to excite the ultrasonic transducer. Therefore, the above description should not be
construed as limiting the invention but merely as presenting preferred embodiments
of the invention. Those skilled in the art will envision other modifications within the

scope and spirit of the present invention as defined by the claims presented below.
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WHATIS CIAIMED IS:

1. A method for therapeutically treating an injury using ultrasound, the
method comprising the steps of:

introducing an ultrasound contrast agent into a patient; and

impinging ultrasonic waves in proximity to the injury, wherein the ultrasound
contrast agent facilitates in lowering the cavitation threshold to a level attainable by

the ultrasonic waves.

2. The method according to Claim 1, further comprising the step of
maintaining the acoustic spatial average-temporal average (SATA) intensity of the

ultrasonic waves from 5 to 500 mW/cm?.

3. The method according to Claim 1, wherein the ultrasound contrast

agent 1s comprised of microbubbles having a radius from 0.1 to 10.0 um.

4. The method according to Claim 3, further comprising the step of
maintaining the resonance bubble frequency of the microbubbles from 0.5 MHz to 10

MHz.
5. The method according to Claim 1, further comprising the step of
maintaining the acoustic transmit frequency of the ultrasonic waves from 10 kHz to

10 MHz.

6. The method according to Claim 1, further comprising the step of

terminating the impinging step after approximately thirty minutes.

7. The method according to Claim 1, wherein the step of introducing

comprises the step of time-releasing the ultrasound contrast agent into the patient.
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8. The method according to Claim 1, wherein the step of introducing
comprises the step of using a syringe to intravenously introduce the ultrasound

contrast agent into the patient.

9. The method according to Claim 1, wherein the step of introducing
comprises the steps of:
placing the ultrasound contrast agent within a timed-release capsule; and

placing the timed-released capsule within the patient.

10.  The method according to Claim 1, wherein the step of introducing
comprises the steps of:

placing a capsule housing a sensor and the ultrasound contrast agent inside the
patient; and

transmitting a signal to the sensor instructing the capsule to release the

ultrasound contrast agent.

11. A kit for therapeutically treating an injury using ultrasound, the kit

comprising:

an ultrasonic transducer assembly having at least one ultrasonic
transducer;

an ultrasonic signal generator positioned in the ultrasonic transducer
assembly;

a main operating unit electrically coupled to the ultrasonic signal
generator for transmitting at least one signal thereto for activating the at least one
ultrasonic transducer for emitting ultrasonic waves; and

an ultrasound contrast agent.

12.  The kit according to Claim 11, wherein the ultrasound contrast agent 1s

housed within a syringe.

- 15 -



WO 00/76406 PCT/US00/16471

13.  The kit according to Claim 11, wherein the ultrasound contrast agent is

housed within a timed-release capsule.

14.  The kit according to Claim 11, wherein the ultrasound contrast agent is
housed within a delivery/release system having means for responding to the ultrasonic

5 waves.

15.  The kit according to Claim 11, wherein the ultrasound contrast agent is

comprised of microbubbles having radii from 0.1 to 10.0 um.

16.  The kit according to Claim 11, further comprising a placement module
configured to be worn by a patient, the placement module being configured to receive
10 the transducer assembly such that when the placement module is worn the at least one

ultrasonic transducer is positioned in proximity to the injury.

17.  The kit according to claim 11, wherein the ultrasonic signal generator
includes signal generator circuitry and an internal power source connected to the
signal generator circuitry, and the signal generator circuitry including a processor and

15 means for generating a pulsed RF signal.

18.  The kit according to claim 11, wherein the main operating unit is

positioned within a pouch worn by the patient to permit portable operation thereof.

19.  The kit according to claim 11, further comprising a gel-like substance
for acoustically coupling the ultrasonic waves, emitted by the at least one ultrasonic

20 transducer, to the body of the patient.

- 16 -
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20. A method for therapeutically treating an injury using ultrasound, the

method comprising the steps of:

providing a main operating unit having an internal power source
coupled to an ultrasonic transducer assembly, the ultrasonic transducer assembly
includes at least one ultrasonic transducer, an ultrasonic signal generator and signal
generator circuitry therein,

providing a placement module configured for receiving the ultrasonic
transducer assembly and for placing the at least one ultrasonic transducer in
proximity to the injury;

introducing an ultrasound contrast agent into the patient; and

exciting the at least one ultrasonic transducer to impinge ultrasonic
waves at or near the injury, wherein the ultrasound contrast agent facilitates in

lowering the cavitation threshold to a level attainable by the ultrasonic waves.
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