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(57) ABSTRACT

According to the invention, an ultrasonic apparatus for
therapeutical use suitable for remedy by the irradiation of an
ultrasonic wave low in the degree of convergence using
medicine that stays in a disease region, reduces the threshold
of cavitation caused by an ultrasonic wave and secondarily
generates active oxygen by the acoustic cavitation caused by
the ultrasonic wave is provided. The ultrasonic apparatus for
therapeutical use is provided with a belt wearable in a
position (on the abdomen of a patient) that surrounds a
diseased part and unit ultrasonic radiators can be mounted in
an arbitrary position of the belt.

15 Claims, 8 Drawing Sheets
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ULTRASONIC APPARATUS FOR
THERAPEUTICAL USE

FIELD OF THE INVENTION

The present invention relates to an apparatus for ultra-
sonic irradiation for therapeutical use operated by a patient
himself/herself even without the presence of a doctor such as
home remedy.

BACKGROUND OF THE INVENTION

The remedy of a malignant tumor by the radiation of
focused ultrasound from the outside of a living body is less
invasive, compared with surgery and is excellent in principle
in relation to the deterioration of the physical strength during
an operation of a patient, the recovery after the operation and
the enhancement of the quality of life. Therefore, in future,
the social value is considered to be enhanced.

One of remedies using focused ultrasound uses thermal
effect that ultrasonic energy by a radiated ultrasonic wave is
absorbed by a living tissue and hereby, the temperature of a
disease region rises. The other one uses chemical interaction
between a chemical substance existing in a disease region
and a radiated ultrasonic wave. Of the latter, a remedy using
a substance that generates active oxygen when an ultrasonic
wave is radiated is proposed by Umemura and others and is
named a sonodynamic therapy. Acoustic cavitation is con-
sidered to play an important role in a mechanism in which
therapeutical effect is obtained by the sonodynamic therapy.

For a method of efficiently causing and collapsing acous-
tic cavitation for this purpose, heretofore, only physical
means have been proposed. In a U.S. Pat. No. 2,741,907,
technique for switching a sound field at an interval of 0.01
to 10 milliseconds (ms) and radiating an ultrasonic wave is
reported. According to this technique, an ultrasonic wave is
radiated, switching sound fields different in a wave front at
an interval of the above time in consideration of a fact that
ultrasonic irradiation time required for causing acoustic
cavitation is 0.01 to 10 ms and a cycle that acoustic
cavitation caused by one sound field is collapsed by the other
sound field is repeated. Hereby, the efficiency of sonochemi-
cal reaction can be improved by an order of magnitude with
the same ultrasonic power, compared with a case that sound
fields are not switched.

Also, in the U.S. Pat. No. 5,523,058, technique in which
an ultrasonic wave having a waveform advantageous for
causing acoustic cavitation, which normally obtained only in
the presence a reflector, without an reflector is disclosed. In
the technique, a waveform advantageous for causing acous-
tic cavitation is acquired by superimposing its double fre-
quency on one frequency component. As the effect of a
reflector cannot be necessarily expected when an ultrasonic
wave is radiated on a living body, the technique is expected
to contribute to the increase of the effect and the enhance-
ment of safety in remedy by ultrasonic irradiation.

Also, in Japanese published examined patent application
No. Hei6-29196, for a method of chemically enhancing the
anti-tumor effect of an ultrasonic wave, a method of using a
substance that generates active oxygens by the chemical
effect of ultrasound exposure is reported. A substance such
as porphyrin used in the technique has a function of sec-
ondarily generating active oxygen by acoustic cavitation
caused by an ultrasonic wave, however, the substance could
not reduce the threshold of cavitation. In the meantime, in
WO98/01131, a method of reducing the threshold of cavi-
tation by an amphiphilic xanthene dye sensitizer and sec-
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ondarily generating active oxygen by acoustic cavitation
caused by an ultrasonic wave is proposed.

The social evaluation of minimally invasive remedy in
which therapeutical effect is acquired by causing acoustic
cavitation using focused ultrasound is considered to increase
in future. In case an ultrasonic wave is used, there is no
problem that a patient is exposed, compared with other less
invasive remedy such as a heavy ion particle radiotherapy
and radiation therapy and the miniaturization of an apparatus
is easy. Therefore, the use by a patient himself/herself except
a hospital under the suitable direction of a doctor such as
home remedy may be capable.

However, home remedy using a conventional type appa-
ratus using a convergent ultrasonic wave has a problem
related to focusing. That is, as known from the above
well-known examples, a conventional type apparatus using
focused ultrasound premises that after a diseased part and its
state are specified by diagnosis based upon images and
biopsy, a convergent ultrasonic wave is focused on the
disease region and is precisely radiated. This reason is that
when the convergent ultrasonic wave is focused off the
disease region, a non-disease region of a human body is
damaged. To radiate a precisely focused ultrasonic wave, a
medical apparatus for imaging disease regions is required.
However, currently, no medical apparatus is available which
is small enough for home use and at the same time capable
of targeting disease regions. Further, to decide the location
and the state of a disease region based upon images by the
current medical image diagnostic apparatus, expert knowl-
edge is required and non-expert patients cannot target a
disease region.

SUMMARY OF THE INVENTION

Therefore, in the invention, an ultrasonic wave that irra-
diates a large range including a diseased part is used in place
of a conventional focused ultrasonic wave. Even if a part out
of disease region is irradiated by an ultrasonic wave, a
non-disease region of a human body is hardly damaged
because the, degree of convergence of the radiated ultrasonic
wave is low. In the meantime, this means that the effect of
the irradiation of an ultrasonic wave on a disease region is
small, however, this proposes that effect close to remedy by
the irradiation of focused ultrasound is acquired as a result
by supplementing the small effect of the irradiation of the
ultrasonic wave by the effect of medicine that remains in the
disease region. That is, it can be said that the invention
remarks that medicine that stays in a diseased part for long
time and enhances the effect of an ultrasonic wave exists and
proposes therapy without using an ultrasonic wave high in
the degree of convergence.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a typical focused acoustic field and a typical
unfocused acoustic field;

FIG. 2 is a conceptual drawing showing an ultrasonic
wave radiating apparatus which covers the abdomen of a
patient and in which multiple unit ultrasonic radiators are
flatly arranged and mounted as a first embodiment of the
invention;

FIG. 3 is an enlarged view showing a part of an ultrasonic
wave radiating apparatus 100 from which a part of compo-
nents is removed;

FIG. 4A is a top view showing a holder 21, FIG. 4B is a
sectional view viewed-along an arrow B—B in FIG. 4A and
FIG. 4C is a sectional view viewed along an arrow C—C in
FIG. 4A;
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FIG. 5A is a sectional view showing a state in which an
ultrasonic transducer element 10 is installed in an opening
22 of the holder 21 and viewed along the arrow B—B in
FIG. 4A, FIG. 5B is a sectional view showing a state in
which a dummy 40 is installed in place of the ultrasonic
transducer element 10 and viewed along the arrow B—DB in
FIG. 4A and FIG. 5C is a sectional view showing a state in
which the ultrasonic transducer element 10 is installed in the
opening 22 of the holder 21 and a holder 36 including
ultrasonic jelly (acoustic coupling media) inside is mounted
on a protrusion 24 in an opening 23 and viewed along the
arrow C—C in FIG. 4A;

FIG. 6 shows a control system of the ultrasonic wave
radiating apparatus 100;

FIG. 7A shows the configuration of a system equivalent to
a second embodiment and FIG. 7B is an explanatory draw-
ing for explaining a situation of the propagation of a radiated
ultrasonic wave and the result in the second embodiment;
and

FIG. 8 shows an embodiment in which the ultrasonic
transducer element 10 is singly used.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows a typical focused acoustic field and a typical
unfocused acoustic field. A reference number 1 denotes the
intensity of a sound field by the radiation of a focused
acoustic and 2 denotes the intensity of a sound field by the
radiation of an unfocused ultrasound with low degree of
convergence. In FIG. 1, each ultrasound source shall have
the same power. That is, it shows that in case an ultrasonic
wave having the same energy from a sound source having
the same area as the other is converged and radiated, it
irradiates a smaller range at stronger intensity and in case the
other ultrasonic wave is radiated without being converged, it
irradiates a larger range than the area of its sound source.
The intensity at a focal position of a radiated convergent
wave is also shown.

If a large range can be irradiated as described above, the
low precision of focusing is not hindrance. As an ultrasonic
wave having the similar intensity to intensity in a disease
region is also radiated near side and far side of the disease
region independent of the position of the diseased part as
shown as the intensity of the sound field 2 in case the degree
of convergence is low, a mechanism for discriminating the
diseased part and the other part without depending upon the
convergence of an ultrasonic wave and acquiring therapeu-
tical effect only in the diseased part is required.

For such a mechanism, the invention remarks an
amphiphilic xanthene dye sensitizer proposed in WO98/
01131 and proposes the effectiveness of remedy by the
synergistic effect of this medicine and ultrasonic irradiation.
As shown in WO98/01131, an alkylated derivative of Rose
Bengal which is xanthene dye has the following three
properties.

(1) Accumulating in tumor tissue

(2) Promoting the generation of acoustic cavitation by
ultrasonic irradiation

(3) Producing anti-tumor effect when the acoustic cavi-
tation occurs

In case the alkylated derivative of Rose Bengal is admin-
istrated even if an ultrasonic wave having the same intensity
is respectively radiated on tumor tissue and normal tissue,
acoustic cavitation more easily occurs than in the normal
tissue by the derivative existing at higher concentration in
the tumor tissue, and the anti-tumor effect can be acquired,
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reducing damage to the normal tissue. That is, even if the
degree of ultrasonic convergence is low and the intensity of
a radiated ultrasonic wave is low, the anti-tumor effect can
be acquired by the effect by the medicine.

First Embodiment

FIG. 2 is a conceptual drawing showing an ultrasonic
wave radiating apparatus which covers the abdomen of a
patient and on which multiple ultrasonic transducer elements
are arranged flatly and mounted as a first embodiment of the
invention. As shown in FIG. 2, a reference number 10
denotes a ultrasonic transducer element and in FIG. 2, the
ultrasonic wave radiating apparatus 100 is composed of
(3x13) pieces of ultrasonic transducer elements 10. Refer-
ence numbers 200 and 300 denote bands for fixing the
ultrasonic wave radiating apparatus 100 on the abdomen of
the patient and they are fixed to both sides of the ultrasonic
wave radiating apparatus 100. A doctor directs the patient
about the installation and the usage of the ultrasonic wave
radiating apparatus 100 and the injection of medicine in the
patient himself/herself.

FIG. 3 is an enlarged view in which a part of components
is removed showing an enlarged part of the ultrasonic wave
radiating apparatus 100. A reference number 11 denotes a
substrate of the ultrasonic wave radiating apparatus 100 and
the substrate is made of elastic material so that the ultrasonic
wave radiating apparatus 100 can adhere to the surface of the
abdomen of the patient as much as possible when the
apparatus is wound on the abdomen of the patient. For
example, the substrate is made of a silicone sheet 1 to 2 mm
thick. A reference number 12 denotes an opening provided
periodically inside the substrate. The opening is arranged
corresponding to the ultrasonic transducer element 10 and
for example, has the size of 30x30 mm. A reference number
21 denotes a holder and the holder has a circular opening 22
substantially including the opening 12. For example, the
holder 21 is approximately 15 mm thick and the inside of
each opening 22 is threaded. Each holder 21 is arranged so
that the respective central positions of the opening 12 and
the opening 22 are coincident and 1s stuck on one surface of
the substrate 11. Further, an opening 23 is provided to one
of the corners of the holder 21. The ultrasonic transducer
element 10 is mounted on the holder 21 as described later.

FIG. 4A is a top view showing the holder 21, FIG. 4B is
a sectional view viewed along an arrow B—B and FIG. 4C
is a sectional view viewed along an arrow C—C. The holder
21 is stuck to one surface of the substrate 11 so that the
opening 22 of the holder 21 substantially covers the opening
12 of the substrate 11 as described above and is overlapped
with the opening 12. The opening 23 is provided at one
corner of the holder 21 and a hollow protrusion 24 is
provided to the substrate 11 in the central position of the
opening 23. An extremely thin and elastic shielding film 25
is provided to the end near to the substrate 11 of the holder
21. A thin shielding film 26 is provided to the surface on the
reverse side of the surface on which the holder 21 is stuck
of the opening 12 of the substrate 11. For example, the film
is a cellulose filter of 50 pm and is approximately 0.5 mm
or less thick. An opening is provided to a part contact to the
substrate 11 of the hollow protrusion 24 provided to the
central position of the opening 23 and a communicating part
28 is formed between the inside of the protrusion 24 and
space under the shielding film 25 of the holder 21. A
reference number 27 denotes a partition for the communi-
cating part.

FIG. 5A is a sectional view showing a state in which the
ultrasonic transducer element 10 is installed in the opening
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22 of the holder 21 and viewed along the arrow B—B in
FIG. 4A, FIG. 5B is a sectional view showing a state in
which a dummy 40 is installed in place of the ultrasonic
transducer element 10 and viewed along the arrow B—B in
FIG. 4A and FIG. 5C is a sectional view showing a state in
which the ultrasonic transducer element 10 is installed in the
opening 22 of the holder 21 and a holder 36 including
ultrasonic jelly (acoustic coupling media) inside is mounted
on the protrusion 24 in the opening 23 and viewed along the
arrow C—C shown in FIG. 4A.

The ultrasonic transducer element 10 is composed of a
cylindrical cover 31, a piezoelectric transducer 32 provided
in the cylindrical cover and a cable 33 for supplying alter-
nating voltage having a predetermined frequency to the
piezoelectric transducer. The piezoelectric transducer 32 is
formed by a plane piezoelectric element. A screw is formed
on the circumference at the end of the cover 31 so that the
screw is engaged with a screw provided to the circumference
of the opening 22 of the holder 21. The cover 31 is turned
so that the screws are engaged and is inserted into the
opening 22 of the holder 21. In a state in which the unit
ultrasonic radiator 10 is fully press-fitted into the opening 22
of the holder 21 and the installation is completed, as shown
in FIG. 5A, the piezoelectric transducer 32 is in contact with
the shielding film 25.

In the meantime, the dummy 40 is installed in the opening
22 of the holder 21 in which no ultrasonic transducer
element is installed. The dummy 40 is formed by only a
cylindrical cover 35. The dummy 40 is provided only to
prevent dust and others from entering the inside of the
opening 22 of the holder 21 in which no ultrasonic trans-
ducer element 10 is installed. In FIG. 5B, the opening 23 is
not shown, however, to prevent dust and others from enter-
ing the inside of the opening 23 of the holder 21, it is
desirable that a cap is also provided to the opening 23.

The holder 36 is mounted by inserting the protrusion 24
in the opening 23 of the holder 21 in which the ultrasonic
transducer element 10 is installed into a guide 37 of the
holder 36 including the ultrasonic jelly (the acoustic cou-
pling media) inside. As a result, as shown in FIG. 5C, space
between the shielding film 25 and the shielding film 26
communicates with the inside of the holder 36 via the
communicating part 28. When the ultrasonic jelly (the
acoustic coupling media) in the holder 36 is pushed out into
the space between the shielding film 25 and the shielding
film 26 by pressing the holder 36 manually in this state, the
ultrasonic transducer element 10 can be touched to the skin
of the abdomen of the patient which is in contact with the
piezoelectric transducer 32 via the shielding film 26 without
via air.

FIG. 6 shows a control system of the ultrasonic wave
radiating apparatus 100. A reference number 51 denotes a
controller mainly formed by a personal computer in which
a required program is built, 52 denotes an ultrasonic signal
generating/amplifying circuit and the ultrasonic signal gen-
erating/amplifying circuit generates an ultrasonic signal
having a cycle and magnitude according to a signal from the
controller 51. The output of the ultrasonic signal generating/
amplifying circuit 52 is applied to the piezoelectric trans-
ducer 32 via the cable 33. The program of the controller 51
is set so that a control signal according to a state of the
patient is output. The controller 51 and the ultrasonic signal
generating/amplifying circuit 52 respectively shown in FIG.
6 may be also individually installed in the cover 31 of the
unit ultrasonic radiator 10 and only the ultrasonic signal
generating/amplifying circuit 52 may be also individually
installed. Needless to say, as shown in FIG. 5A, only the
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6

piezoelectric transducer 32 may be also installed in the cover
31. The units which are not installed in the cover 31 may be
also installed in one of the dummies and a signal required for
each ultrasonic transducer element 10 may be also supplied
from the dummy.

As described above, in the first embodiment, the unit
ultrasonic radiator 10 and the holder 36 including the
ultrasonic jelly (the acoustic coupling media) inside are
installed in the holder 21 corresponding to a location to be
remedied of the patient and the dummy 40 is installed in the
other holder 21. Therefore, the doctor first directs the patient
about how to wear the ultrasonic wave radiating apparatus
100 and determines in which position the ultrasonic trans-
ducer element 10 is to be mounted in the stablest state of
installation. Next, the doctor directs the patient about how to
inject medicine mainly made of an alkylated derivative of
Rose Bengal which is xanthene dye into the patient himself/
herself and directs the patient about how to activate each
ultrasonic transducer element 10 of the ultrasonic wave
radiating apparatus 100 after injection. The activation means
both the activation of the controller 51 and operation for
pressing the holder 36 including the ultrasonic jelly (the
acoustic coupling media) inside. As the ultrasonic jelly (the
acoustic coupling media) supplied to the space between the
shielding films 25 and 26 is consumed, gradually flowing, it
1s also required to direct the patient to supplement ultrasonic
jelly by suitably pressing the holder 36 including the ultra-
sonic jelly inside.

Needless to say, it is natural that the doctor suitably
monitors a situation of the remedy of the patient as in other
general disease, supplies a new ultrasonic wave radiating
apparatus 100 if necessary and continues the remedy.

Second Embodiment

In case medicine having the properties described in above
(1) to (3), for example, medicine mainly made of an alky-
lated derivative of Rose Bengal which is xanthene dye and
an ultrasonic wave radiating apparatus low in the degree of
convergence are combined, it is important to pay attention
that biological reaction is easily caused on an interface on
which refraction and scattering are easily caused because
there is no difference in ultrasonic intensity between a
diseased part and the other part. That is, as the skin of a
patient acts as the interface on which refraction and scat-
tering are easily caused in case an ultrasonic wave is radiated
from the ultrasonic wave radiating apparatus via the skin, it
is important to inhibit the biological action of an ultrasonic
wave on the skin.

In the first embodiment, the piezoelectric transducer 32
formed by the plane piezoelectric element to which alter-
nating voltage having a predetermined frequency is supplied
is described as a thing for irradiating a patient, however, as
disclosed in the U.S. Pat. No. 5,523,058, a waveform
advantageous for causing acoustic cavitation can be
acquired by superimposing a double frequency on one
frequency component. In the invention, the thought can be
also utilized, however, from the viewpoint of inhibiting the
biological reaction of an ultrasonic wave on the skin, in a
second embodiment, ultrasonic waves having different
single frequencies shall be radiated toward a target from
different sound sources from two directions.

FIG. 7A shows the configuration of a system according to
the second embodiment and FIG. 7B is an explanatory
drawing for explaining a situation and the result of the
propagation of a radiated ultrasonic wave in the second
embodiment. Reference numbers 51, 52, 32 and 33 in FIG.
7A are equivalent to the controller mainly formed by the
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personal computer, the ultrasonic signal generating/ampli-
fying circuit, the piezoelectric transducer and the cable
respectively in the first embodiment, however, in the second
embodiment, they are different in that the reference numbers
having a subscript 1 correspond to a certain frequency and
the reference numbers having a subscript 2 correspond to its
double frequency. FIG. 7B shows a situation of the propa-
gation of the wave fronts of acoustic waves radiated from
wo piezoelectric transducers 32, and 32, and a situation in
which a part 60 to be remedied is located in a position in
which the wave fronts of the respective acoustic waves are
overlapped.

As known from FIG. 7B, as frequencies of the respective
piezoelectric transducers are merely radiated in positions in
which the piezoelectric transducers 32, and 32, are respec-
tively in contact with the skin, an ultrasonic wave in which
a double frequency component is superimposed on one
frequency component does not act on the skin. However, as
the wave fronts of the frequency components radiated by the
respective piezoelectric transducers 32, and 32, are over-
lapped and act at predetermined depth because of the
inclination of the piezoelectric transducers 32, and 32, the
ultrasonic wave in which the double frequency component is
superimposed on one frequency-component acts on the part
to be remedied 60, cavitation is effectively caused and
medicine mainly made of an alkylated derivative of Rose
Bengal which is xanthene dye can be effectively utilized.
From the viewpoint of intensity, difference in intensity is
made and acoustic intensity on the skin can be reduced such
as the skin is irradiated at the intensity of approximately 5
W/em? by independently irradiating from two directions,
however, a tumor part (the part to be remedied 60) is
irradiated at the intensity of approximately 10 W/cm?.

Anti-Tumor effect can be acquired, inhibiting the biologi-
cal reaction of the following ultrasonic waves on the skin by
radiating ultrasonic waves having a specific frequency and
its double frequency from plural sound sources and config-
uring so that each wave is substantially not overlapped on
the skin and is overlapped in a tumor region as described
above.

In the description referring to FIGS. 7 in the second
embodiment, the ultrasonic wave radiating apparatus 100
shown in FIG. 2 and the unit ultrasonic radiator 10 shown in
FIGS. 5 respectively in the first embodiment are not
described. However, it is evident that in the second embodi-
ment, an ultrasonic wave radiating apparatus 100 in which
unit ultrasonic radiators 10 can be suitably installed can be
also produced as in the first embodiment. In this case, as
described in relation to FIG. 1, when attention is paid to it
that in an irradiating apparatus low in the degree of conver-
gence, an ultrasonic wave from a sound source is propa-
gated, spreading, the wave front shown in FIG. 7B is
actually spread as a wave advances deep. As a result, an
ultrasonic wave in which its double frequency component is
superimposed on one frequency component acts on area
where the respective irradiation faces of the piezoelectric
transducers 32, and 32, are substantially summed in the
vicinity of the part to be remedied 60. Therefore, even if the
piezoelectric transducer 32 in the unit ultrasonic radiator 10
1s divided into the piezoelectric transducers 32, and 32,, the
similar range to the range covered by the single piezoelectric
transducer 32 in the first embodiment can be irradiated.

Needless to say, the system shown in FIGS. 7 may be also
composed of two adjacent ultrasonic transducer elements.

Further, it can be arbitrarily selected as in the first
embodiment whether the controller 51 mainly formed by a
personal computer and ultrasonic signal generating/ampli-
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fying circuits 52, and 52, are installed in the cover 31 of the
unit ultrasonic radiator 10 or are connected via wiring.

Third Embodiment

In the first and second embodiments, the ultrasonic wave
radiating apparatus 100 is configured by the belt in an
arbitrary position of which the ultrasonic transducer element
10 can be mounted, however, the ultrasonic transducer
element 10 described in relation to FIGS. 5 can be also
independently used. FIG. 8 shows an example of the con-
figuration in this case. FIG. 8 shows an embodiment in
which the ultrasonic transducer element 10 shown in FIGS.
5 is used as it is. In case a ultrasonic transducer element is
independently used as described above, it 1s more useful to
directly insert a holder 70 including ultrasonic jelly (acoustic
coupling media) inside between the skin of a patient and a
shielding film 25 of the ultrasonic transducer element 10
than to use the exterior type holder 36 including the ultra-
sonic jelly (the acoustic coupling media) inside. In this
embodiment, therefore, the opening 23, the protrusion 24
and the comniunicating part 28 (not shown) are not required.
The holder 70 is formed by the shielding film 26 made of the
cellulose filter of 50 pm and houses ultrasonic jelly inside it.

As air between a piezoelectric transducer 32 and the skin
of a patient is removed in case the holder is required to be
suitably fixed to a position corresponding to a part to be
remedied 60 of the patient, is fixed by a pressure sensitive
adhesive tape or both the pressure sensitive adhesive tape
and a bandage and is pressed, an ultrasonic wave generated
by the piezoelectric transducer can be efficiently transmitted
to a diseased part.

Other Embodiment

The representative three embodiments of the invention are
described above, however, these can be realized by various
embodiments as follows.

The piezoelectric transducer 32 directly transmits an
ultrasonic wave to the skin of a patient via the ultrasonic
jelly (the acoustic coupling media), however, it is similar to
the current various ultrasonic apparatuses that it is useful to
provide a suitable matching layer onto the surface on the
side of the skin of the piezoelectric transducer 32.

In the first embodiment, the ultrasonic jelly (the acoustic
coupling media) is supplied from the exterior type holder 36,
however, as in the third embodiment, the expendable holder
70 may be also used.

The extremely thin elastic shielding film 25 is provided to
the end near to the substrate 11 of the holder 21, however,
this may be also omitted. In this case, the piezoelectric
transducer 32 is required to be tightly fitted to the inner
surface of the cover 31 so that the ultrasonic jelly (the
acoustic coupling media) supplied from the holder 36 is
prevented from leaking on the side of the cover 31 through
between the piezoelectric transducer 32 and the cover 31.

An ultrasonic wave radiated from a sound source has only
to have a frequency and intensity that can be used for
causing acoustic cavitation, for the frequency, a basic fre-
quency has only to be in a range of 20 kHz to 1 MHz and
its double frequency has only to be in a range of 40 kHz to
2 MHz and for the intensity of the ultrasonic wave, arbitrary
values equal to or below 100 W/em® can be adopted.

Further, in the above embodiments, a power source is not
described, however, it need scarcely be said that a power
source is respectively necessary to the controller 51 and the
ultrasonic signal generating/amplifying circuit 52 and it is
naturally provided. In the embodiment in which the control-
ler 51 and the ultrasonic signal generating/amplifying circuit
52 are installed inside the cover 31, it is desirable that the
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power source can be also installed inside the cover 31 as a
small-sized battery. however, in the case of the shortage of
power, a battery is provided inside the cover 35 of the
dummy 40 as an exterior type, and the battery and the
controller/the ultrasonic signal generating/amplifying circuit
are connected via wiring. In case the controller 51, the
ultrasonic signal generating/amplifying circuit 52 and the
power source can be all installed inside the cover 31, only
a switch for activating the personal computer as the con-
troller 51 appears outside the cover 31 and a patient has only
1o turn on the switch at the timing of the start of remedy.

The above embodiments are described on the premise that
a patient is remedied at home, however, it is natural that the
invention can be also applied to remedy in a hospital.

As described above, as the ultrasonic apparatus for thera-
peutical use according to the invention enables remedy by
self-management by a patient himself’herself under the
direction of a doctor based upon a medical image without
depending upon the medical image, it is useful to the remedy
at home of the patient.

What is claimed is:

1. An ultrasonic apparatus for therapeutical use, compris-
ing:

a belt on which transducer-mounting openings of prede-

termined size are arranged at a predetermined cycle;

a holder independently fixed to ones of the transducer-
mounting openings on one surface of the belt and
having substantially the similar opening to each open-
ing of the belt; and

a cable to supply an electric signal required for an
ultrasonic piezoelectric transducer, wherein:

one holder is provided with a cover held by the holder,
and a unit ultrasonic radiator holding the ultrasonic
piezoelectric transducer substantially parallel to the
face of the opening is formed in the cover, and the
ultrasonic piezoelectric transducer is separated into a
first and second ultrasonic piezoelectric transducers
wherein wave fronts of ultrasonic waves generated by
the first and second ultrasonic piezoelectric transducers
are inclined in directions in which the wave fronts are
overlapped and the first ultrasonic piezoelectric trans-
ducer is excited by a first frequency and the second
ultrasonic piezoelectric transducer is excited by a sec-
ond frequency which is substantially double a fre-
quency of the first frequency.

2. An ultrasonic apparatus for therapeutical use according

to claim 1, wherein:

a thin film having minute holes and completely covering
the opening is stuck to respective openings on a body-
facing surface of the belt.

3. An ultrasonic apparatus for therapeutical use according
to claim 2, wherein: the holder is provided with lubricant-
access opening;

the holder is provided with a protrusion provided in the
lubricant-access opening and communicating with
space between the piezoelectric transducer and the thin
film; and

an acoustic-coupling-media reservoir communicating
with the protrusion to supply acoustic coupling media
to the space via the protrusion.

4. An ultrasonic apparatus for therapeutical use according

to claim 1, wherein:

a cover for covering the opening of the holder is provided
to a holder that has no ultrasonic transducer element.

5. An ultrasonic apparatus for therapeutical use according
to claim 1, wherein:
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a controller for controlling the ultrasonic piezoelectric
transducer and an amplifier for a signal for exciting the
ultrasonic piezoelectric transducer are built in the

cover; and
a starting switch is provided to the outside face of the
cover.

6. An ultrasonic apparatus for therapeutical use, compris-

ing:

a belt on which transducer-mounting openings of prede-
termined size are arranged at a predetermined cycle;

a holder independently fixed to ones of the transducer-
mounting openings; and

a cable to supply an electric signal required for an
ultrasonic piezoelectric transducer, wherein:

one holder is provided with a cover held by the holder,
and a unit vltrasonic radiator holding the ultrasonic
piezoelectric transducer, and the ultrasonic piezoelec-
tric transducer is separated into a first and second
ultrasonic piezoelectric transducers wherein wave
fronts of ultrasonic waves generated by the first and
second ultrasonic piezoelectric transducers are inclined
in directions in which the wave fronts are overlapped
and the first ultrasonic piezoelectric transducer is
excited by a first frequency and the second ultrasonic
piezoelectric transducer is excited by a second fre-
quency which is substantially double a frequency of the
first frequency to induce cavitation.

7. An ultrasonic apparatus for therapeutical use according

to claim 6, wherein:

a thin film having minute holes and covering the opening
is stuck to respective openings on a body-facing surface
of the belt.

8. An ultrasonic apparatus for therapeutical use according

to claim 7, wherein:

the holder is provided with lubricant-access opening; the
holder is provided with a protrusion provided in the
lubricant-access opening and communicating with
space between the piezoelectric transducer and the thin
film; and

an acoustic-coupling-media reservoir communicating
with the protrusion to supply acoustic coupling media
to the space via the protrusion.

9. An ultrasonic apparatus for therapeutical use according

to claim 6, wherein:

a cover for covering the opening of the holder is provided
to a holder that has no ultrasonic transducer element.

10. An ultrasonic apparatus for therapeutical use accord-

ing to claim 6, wherein:

a controller for controlling the ultrasonic piezoelectric
transducer and an amplifier for a signal for exciting the
ultrasonic piezoelectric transducer are built in the

cover; and
a starting switch is provided to the outside face of the
cover.

11. An ultrasonic apparatus for therapeutical use, com-
prising:

a belt on which transducer-mounting openings of prede-
termined size are arranged at a predetermined cycle;

a holder independently fixed to ones of the transducer-
mounting openings; and

a cable to supply an electric signal required for an
ultrasonic piezoelectric transducer, wherein:

a first holder is provided with a cover held by the holder,
and a first unit ultrasonic radiator holding a first ultra-
sonic piezoelectric transducer,
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a second holder is provided with a cover held by the
holder, and a second unit ultrasonic radiator holding a
second ultrasonic piezoelectric transducer,

wherein wave fronts of ultrasonic waves generated by the
first and second ultrasonic piezoelectric transducers are
inclined in directions in which the wave fronts are
overlapped and the first ultrasonic piezoelectric trans-
ducer is excited by a first frequency and the second
ultrasonic piezoelectric transducer is excited by a sec-
ond frequency which is substantially double a fre-
quency of the first frequency to induce cavitation.

12. An ultrasonic apparatus for therapeutical use accord-

ing to claim 11, wherein:

a thin film having minute holes and covering the opening
1s stuck to respective openings on a body-facing surface
of the belt.

13. An ultrasonic apparatus for therapeutical use accord-

ing to claim 12, wherein:

the holder is provided with lubricant-access opening; the
holder is provided with a protrusion provided in the
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lubricant-access opening and communicating with
space between the piezoelectric transducer and the thin
film; and
an acoustic-coupling-media reservoir communicating
with the protrusion to supply acoustic coupling media
to the space via the protrusion.
14. An ultrasonic apparatus for therapeutical use accord-
ing to claim 11, wherein:
a cover for covering the opening of the holder is provided
to a holder that has no ultrasonic transducer element.
15. An ultrasonic apparatus for therapeutical use accord-
ing to claim 11, wherein:
a controller for controlling the ultrasonic piezoelectric
transducer and an amplifier for a signal for exciting the
ultrasonic piezoelectric transducer are built in the

cover; and
a starting switch is provided to the outside face of the
cover.
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