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Description

Technical Field

[0001] The present invention relates to an ultrasonic
probe used in an ultrasonic treatment device such as an
ultrasonic suction device.

Background Art

[0002] Patent Literature 1 has disclosed an ultrasonic
treatment device configured to conduct a treatment
known as ultrasonic suction and a treatment known as
ultrasonic coagulation-and-cutting. This ultrasonic treat-
ment device includes an ultrasonic probe which is con-
figured to transmit ultrasonic vibrations from a proximal
end to a distal end. The ultrasonic suction is performed
by using a distal face of the ultrasonically vibrating ultra-
sonic probe, and is performed by using a physical phe-
nomenon known as cavitation. More specifically, as the
ultrasonic probe repeats tens of thousands of high-ve-
locity vibrations per second by ultrasonic vibrations, pres-
sure periodically varies in a vicinity of the distal face of
the ultrasonic probe. When the pressure in the vicinity of
the distal face is lower than saturated vapor pressure for
only a short time because of a pressure variation, small
air bubbles (cavities) are generated in a liquid within a
body cavity or in a liquid supplied from the ultrasonic treat-
ment device to a vicinity of a treatment position of the
living tissue. The generated air bubbles disappear be-
cause of the force that acts when the pressure in the
vicinity of the distal face increases (compression). The
above-described physical phenomenon is called a cavi-
tation phenomenon. An inelastic living tissue such as a
hepatic cell is shattered and emulsified by impact energy
when the air bubbles disappear. A suction path passes
through an inside of the ultrasonic probe from the prox-
imal end to the distal end. The shattered and emulsified
living tissue is suctioned and collected from a suction
opening at the distal end of the ultrasonic probe through
the suction path. The above-described functions are con-
tinued to resect the living tissue. In this case, an elastic
living tissue such as a blood vessel absorbs the impact
and is therefore not easily shattered, and the living tissue
is selectively shattered. However, while the living tissue
is selectively shattered by the cavitation, elastic living
tissue such as a blood vessel may also be damaged when
the treatment by the cavitation is carried on with the distal
end of the ultrasonic probe remaining at the treatment
position (affected part) of the living tissue. Therefore, the
treatment by the cavitation is conducted with the ultra-
sonic probe moving along a surface of the treatment po-
sition (affected part). As the suction path passes through
the ultrasonic probe from the proximal end to the distal
end, the ultrasonic probe has a cylindrical shape.

Citation List

Patent Literature

[0003] Patent Literature 1: Jpn. Pat. Appln. KOKAI
Publication No. 2005-27809
[0004] US 4,750,488 relates to an endoscopic ultra-
sonic aspirator with an elongated hollow probe. The
probe includes sections which are not round, but which
rather include flats formed at a top end bottom. A central
bore is provided in a longitudinal direction of the sections
and is substantially circular. A groove is formed in the
top of one of the sections and is sized to accommodate
a telescope and to permit the telescope to be located
closely parallel to the section. According to an embodi-
ment, the operational end of an ultrasonic aspirator in-
cludes a resonator. The resonator is a tube which is cut
open from its working end at least to a node of the aspi-
rator. When the resonator is cut open, the telescope is
suspended partially within this opening, and an aspirator
of minimum size is achieved.

Summary of Invention

Technical Problem

[0005] The cylindrical ultrasonic probe used in the ul-
trasonic treatment device according to Patent Literature
1 is formed by a perforation of a columnar member. Here,
the columnar member serving as the material of the ul-
trasonic probe has a long dimension along a longitudinal
axis, and a small dimension in directions perpendicular
to the longitudinal axis. The perforation of this elongated
columnar member by using a special drill requires a long
time. This leads to deteriorated working efficiency at the
time of the manufacture of the ultrasonic probe, and high-
er manufacturing costs of the ultrasonic probe.
[0006] The present invention has been made in view
of the foregoing problems, and it is an object of the
present invention to provide an ultrasonic probe that can
be efficiently manufactured at low cost.

Solution to Problem

[0007] To solve above mentioned problems, according
to one aspect of the invention, an ultrasonic probe ac-
cording to appended claims is provided.
[0008] According to the present invention, an ultrason-
ic probe, which can be efficiently manufactured at low
cost, can be provided.

Brief description of Drawings

[0009]

FIG. 1 is a schematic diagram showing an ultrasonic
treatment device according to a first embodiment of
the present invention;

1 2 



EP 2 636 382 B1

3

5

10

15

20

25

30

35

40

45

50

55

FIG. 2 is a schematic sectional view showing the
configuration of a vibrator unit according to the first
embodiment;
FIG. 3 is a schematic perspective view showing an
ultrasonic probe according to the first embodiment;
FIG. 4 is a schematic perspective view showing the
ultrasonic probe according to the first embodiment
disassembled into members;
FIG. 5 is a sectional view showing a section of a
probe body of the ultrasonic probe according to the
first embodiment perpendicular to a longitudinal axis;
FIG. 6 is a schematic sectional view showing the
configuration of a part between the ultrasonic probe
and a horn according to the first embodiment;
FIG. 7 is a sectional view showing the configuration
of a part between the probe body of the ultrasonic
probe and a cylindrical portion according to the first
embodiment;
FIG. 8 is a schematic diagram showing a method of
manufacturing the probe body of the ultrasonic probe
according to the first embodiment;
FIG. 9A is a schematic diagram showing a method
of manufacturing the probe body of the ultrasonic
probe according to the first embodiment different
from FIG. 8;
FIG. 9B is a sectional view showing the section,
which is perpendicular to the longitudinal axis, of the
probe body formed by the method of manufacturing
the ultrasonic probe according to the first embodi-
ment in FIG. 9A;
FIG. 10 is a schematic perspective view showing an
ultrasonic probe according to a comparative exam-
ple of the first embodiment;
FIG. 11 is a schematic sectional view showing a state
in which the ultrasonic probe is inserted through a
sheath according to the first embodiment;
FIG. 12 is a schematic sectional view showing the
configuration of a coupling portion between the
sheath and a vibrator case according to the first em-
bodiment;
FIG. 13 is a schematic diagram showing the ultra-
sonic treatment device according to a first modifica-
tion of the first embodiment;
FIG. 14 is a schematic sectional view showing a state
in which the ultrasonic probe is inserted through a
sheath according to a second modification of the first
embodiment;
FIG. 15 is a schematic perspective view showing the
probe body of the ultrasonic probe according to a
third modification of the first embodiment;
FIG. 16 is a schematic perspective view showing the
probe body of the ultrasonic probe according to a
fourth modification of the first embodiment;
FIG. 17 is a sectional view showing the section,
which is perpendicular to the longitudinal axis, of the
probe body of the ultrasonic probe according to the
fourth modification of the first embodiment;
FIG. 18 is a schematic sectional view showing the

configuration of a distal portion of the ultrasonic
probe according to a fifth modification of the first em-
bodiment;
FIG. 19 is a sectional view showing an adhered state
of liquid on a distal face of the ultrasonic probe ac-
cording to the fifth modification of the first embodi-
ment;
FIG. 20 is a schematic perspective view showing an
ultrasonic probe according to a second embodiment
of the present invention;
FIG. 21 is a schematic perspective view showing a
probe body of the ultrasonic probe according to the
second embodiment;
FIG. 22 is a schematic perspective view showing the
probe body of the ultrasonic probe according to a
first modification of the second embodiment; and
FIG. 23 is a schematic perspective view showing the
probe body of the ultrasonic probe according to a
second modification of the second embodiment.

Description of Embodiments

(First Embodiment)

[0010] A first embodiment of the present invention is
described with reference to FIG. 1 to FIG. 12. FIG. 1 is
a diagram showing an ultrasonic treatment device 1 ac-
cording to the present embodiment. The ultrasonic treat-
ment device 1 according to the present embodiment is
an ultrasonic suction device which is configured to se-
lectively shatter and resect living tissue by cavitation
caused by ultrasonic vibrations, and configured to suction
the resected living tissue.
[0011] As shown in FIG. 1, the ultrasonic treatment de-
vice 1 includes a vibrator unit 2, an ultrasonic probe
(probe unit) 3, a sheath (sheath unit) 4, and a handle unit
5.
[0012] The vibrator unit 2 includes a vibrator case 11.
One end of a cable 6 is connected to a proximal end of
the vibrator case 11. The other end of the cable 6 is con-
nected to a power supply unit 7. The power supply unit
7 includes an ultrasonic controller 8. An input unit 10 such
as a foot switch is connected to the power supply unit 7.
[0013] FIG. 2 is a diagram showing the configuration
of the vibrator unit 2. As shown in FIG. 2, an ultrasonic
vibrator 12 which includes piezoelectric elements config-
ured to convert a current to ultrasonic vibrations is pro-
vided inside the vibrator case 11. One end of each of
electric signal lines 13A and 13B is connected to the ul-
trasonic vibrator 12. The other end of each of the electric
signal lines 13A and 13B is connected to the ultrasonic
controller 8 of the power supply unit 7 through an inside
of the cable 6. Ultrasonic vibrations are generated in the
ultrasonic vibrator 12 by supplying a current to the ultra-
sonic vibrator 12 from the ultrasonic wave controller 8
via the electric signal lines 13A and 13B. A horn 15 which
is configured to increase an amplitude of the ultrasonic
vibrations is coupled to a distal direction side of the ul-
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trasonic vibrator 12. The horn 15 is attached to the vibra-
tor case 11. In the ultrasonic vibrator 12 and the horn 15,
a space portion 19 is formed about a longitudinal axis C.
An internal thread 16 is formed in a distal portion of an
inner peripheral surface of the horn 15.
[0014] FIG. 3 and FIG. 4 are diagrams showing the
configuration of the ultrasonic probe 3. As shown in FIG.
3 and FIG. 4, the ultrasonic probe 3 includes a probe
body 21, a cylindrical portion 31, and a tube 41.
[0015] The probe body 21 extends along the longitu-
dinal axis C. The probe body 21 includes an outer pe-
ripheral portion 30 provided along the longitudinal axis
C. A proximal connection portion 22 is provided integrally
with the probe body 21 in a part to a proximal direction
side of the probe body 21. A distal connection portion 23
is provided integrally with the probe body 21 in a part to
the distal direction side of the probe body 21.
[0016] FIG. 5 is a diagram showing a section of the
probe body 21 perpendicular to the longitudinal axis C.
As shown in FIG. 4 and FIG. 5, the probe body 21 includes
a groove defining surface 25 which defines a groove por-
tion 24 along the longitudinal axis C. The groove portion
24 extends from a proximal end to a distal end of the
probe body 21. The groove portion 24 is recessed from
a first perpendicular direction (direction indicated by ar-
row X1 in FIG. 5) perpendicular to the longitudinal axis
C toward a second perpendicular direction (direction in-
dicated by arrow X2 in FIG. 5) opposite to the first per-
pendicular direction. The groove portion 24 is recessed
toward the second perpendicular direction up to a part
to a second perpendicular direction side of the longitudi-
nal axis C.
[0017] That is, the groove portion 24 which is a void
extends from the first perpendicular direction toward the
second perpendicular direction. A first-perpendicular-di-
rection-side end of the groove defining surface 25, which
is a void defining surface, is continuous with the outer
peripheral portion 30 of the probe body 21. The groove
defining surface 25 is an arcuate curved surface in a sec-
tion perpendicular to the longitudinal axis C.
[0018] As shown in FIG. 4, an external thread 26 is
provided on the outer peripheral portion 30 of the proxi-
mal connection portion 22. When the external thread 26
is screwed to the internal thread 16 of the horn 15, the
probe body 21 of the ultrasonic probe 3 is attached to
the distal direction side of the horn 15. A proximal groove
27 communicating with a proximal end of the groove por-
tion 24 is provided in the proximal connection portion 22.
The proximal groove 27 is recessed from the first per-
pendicular direction toward the second perpendicular di-
rection in the same manner as the groove portion 24.
[0019] FIG. 6 is a diagram showing the configuration
of a part between the horn 15 and the ultrasonic probe
3. As shown in FIG. 3 and FIG. 6, the proximal connection
portion 22 is located to an inner peripheral side of the
horn 15 when the probe body 21 is attached to the horn
15. Thus, in directions parallel to the longitudinal axis C,
a position of a distal end of the horn 15 substantially co-

incides with a position of a proximal end of the groove
defining surface 25. Therefore, when the probe body 21
is attached to the horn 15, the groove portion 24 extends
along the longitudinal axis C from the distal end of the
horn 15 (the proximal end of the groove defining surface
25).
[0020] As shown in FIG. 4, a distal groove 28 commu-
nicating with a distal end of the groove portion 24 is pro-
vided in the distal connection portion 23. The distal
groove 28 is recessed from the first perpendicular direc-
tion toward the second perpendicular direction in the
same manner as the groove portion 24. An internal thread
29 is provided on an inner peripheral portion of the distal
connection portion 23.
[0021] As shown in FIG. 3 and FIG. 4, the cylindrical
portion 31 is coupled to the distal direction side of the
probe body 21. An external thread 32 is provided on a
proximal portion of an outer peripheral portion of the cy-
lindrical portion 31. When the external thread 32 is
screwed to the internal thread 29 of the distal connection
portion 23, the cylindrical portion 31 is coupled to the
probe body 21.
[0022] FIG. 7 is a diagram showing the configuration
of a part between the probe body 21 and the cylindrical
portion 31. As shown in FIG. 3 and FIG. 7, the distal
connection portion 23 is located to an outer peripheral
side of the cylindrical portion 31 when the cylindrical por-
tion 31 is coupled to the probe body 21. Thus, in the
directions parallel to the longitudinal axis C, a position of
a proximal end of the cylindrical portion 31 substantially
coincides with a position of a distal end of the groove
defining surface 25. Therefore, when the cylindrical por-
tion 31 is coupled to the probe body 21, the groove portion
24 extends along the longitudinal axis C up to the prox-
imal end of the cylindrical portion 31 (the distal end of
the groove defining surface 25). When the cylindrical por-
tion 31 is coupled to the probe body 21, an inside of the
cylindrical portion 31 is in communication with the groove
portion 24.
[0023] As described above, when the probe body 21
is attached to the horn 15 and the cylindrical portion 31
is coupled to the probe body 21, the ultrasonic vibrations
generated in the ultrasonic vibrator 12 are transmitted to
s distal end of the cylindrical portion 31 via the horn 15
and the probe body 21. That is, the ultrasonic vibrations
are transmitted from the proximal end to the distal end
of the ultrasonic probe 3. In this case, a vibration trans-
mitting portion 20 configured to transmit the ultrasonic
vibrations is formed by the horn 15, the probe body 21,
and the cylindrical portion 31. The ultrasonic vibrations
are longitudinal vibrations having a vibration transmis-
sion direction and a vibration direction coinciding with
each other.
[0024] When the probe body 21 is attached to the horn
15 and the cylindrical portion 31 is coupled to the probe
body 21, the distal end of the horn 15 (the proximal end
of the groove defining surface 25) is at a first anti-node
position A1 of the ultrasonic vibrations. The proximal end
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of the cylindrical portion 31 (the distal end of the groove
defining surface 25) is at a second anti-node position A2
of the ultrasonic vibrations different from the first anti-
node position A1. When the probe body 21 is attached
to the horn 15 and the cylindrical portion 31 is coupled
to the probe body 21, the groove portion 24 extends from
the distal end of the horn 15 to the proximal end of the
cylindrical portion 31. Therefore, when the probe body
21 is attached to the horn 15 and the cylindrical portion
31 is coupled to the probe body 21, the groove portion
24 is defined by the groove defining surface 25 from the
first anti-node position A1 to the second anti-node posi-
tion A2 along the longitudinal axis C.
[0025] Here, at the first anti-node position A1, a sec-
tional shape of the vibration transmitting portion 20 per-
pendicular to the transmission direction and vibration di-
rection (longitudinal axis C) of the ultrasonic vibrations
changes. That is, the sectional shape of the vibration
transmitting portion 20 perpendicular to the longitudinal
axis C changes at the first anti-node position A1 from a
cylindrical shape, which is point-symmetrical about the
longitudinal axis C, to a recessed shape, which is not
point-symmetrical about the longitudinal axis C. Similar-
ly, at the second anti-node position A2, the sectional
shape of the vibration transmitting portion 20 perpendic-
ular to the transmission direction and vibration direction
(longitudinal axis C) of the ultrasonic vibrations changes.
That is, the sectional shape of the vibration transmitting
portion 20 perpendicular to the longitudinal axis C chang-
es at the second anti-node position A2 from the recessed
shape, which is not point-symmetrical about the longitu-
dinal axis C, to the cylindrical shape, which is point-sym-
metrical about the longitudinal axis C.
[0026] When the probe body 21 is attached to the horn
15 and the cylindrical portion 31 is coupled to the probe
body 21, the distal end of the cylindrical portion 31 is at
a third anti-node position A3 of the ultrasonic vibrations
different from the first anti-node position A1 and the sec-
ond anti-node position A2. Cavitation is caused by a
transmission of the ultrasonic vibrations to the distal end
of the cylindrical portion 31 (ultrasonic probe 3). Living
tissue having low elasticity such as a hepatic cell is se-
lectively shattered and emulsified by the cavitation. In
this case, living tissue having high elasticity such as a
blood vessel is not shattered by the cavitation.
[0027] Steps are preferably provided in the outer pe-
ripheral portions of the probe body 21 and the cylindrical
portion 31. This allows the amplitude of the ultrasonic
vibrations to be increased.
[0028] As shown in FIG. 3 and FIG. 4, the tube 41 ex-
tends through the groove portion 24 along the longitudi-
nal axis C. The tube 41 is made of a heat-resistant resin.
As shown in FIG. 7, the cylindrical portion 31 includes a
path defining surface 35 which defines a suction path 33
communicating with the inside of the tube 41. A distal
end of the tube 41 is connected to a proximal end of the
path defining surface 35. The distal end of the tube 41 is
fixed to the cylindrical portion 31, for example, by an ad-

hesive material 34, and is connected to the path defining
surface 35. The distal end of the tube 41 may be con-
nected to the path defining surface 35 by means other
than the adhesive material 34. For example, an elastic
member may be attached to an outer peripheral portion
of the tube 41 by a heat-resistant rubber lining, and the
distal end of the tube 41 may be fixed to the cylindrical
portion 31 by the elastic member and connected to the
path defining surface 35. An internal thread provided on
an inner peripheral portion of the cylindrical portion 31
may be screwed to an external thread provided on the
outer peripheral portion of the tube 41 to fix the distal end
of the tube 41 to the cylindrical portion 31 and connect
the distal end of the tube 41 to the path defining surface
35.
[0029] When the probe body 21 is attached to the horn
15 and the cylindrical portion 31 is coupled to the probe
body 21, a first node position (node position) B1 of the
ultrasonic vibrations is located at an intermediate position
between the proximal end of the cylindrical portion 31
and the distal end of the cylindrical portion 31. In this
case, the path defining surface 35 is provided from the
first node position B1 up to the third anti-node position
A3 along the longitudinal axis C. That is, a proximal end
of the path defining surface 35 is at the first node position
B1, and a distal end of the path defining surface 35 is at
the third anti-node position A3. As described above, the
distal end of the tube 41 is connected to the proximal end
of the path defining surface 35. Therefore, the distal end
of the tube 41 is connected to the path defining surface
35 at the first node position B1.
[0030] The cylindrical portion 31 includes a hole defin-
ing surface 37 defining an insertion hole 36 through which
the tube 41 is inserted. A diameter of the insertion hole
36 is formed to be much greater than an outside diameter
of the tube 41. When the probe body 21 is attached to
the horn 15 and the cylindrical portion 31 is coupled to
the probe body 21, the hole defining surface 37 is pro-
vided from the second anti-node position A2 up to the
first node position B1 along the longitudinal axis C. That
is, a proximal end of the hole defining surface 37 is at
the second anti-node position A2, and a distal end of the
hole defining surface 37 is at the first node position B1.
The path defining surface 35 is continuous to the distal
direction side of the hole defining surface 37.
[0031] A sectional area of the suction path 33 perpen-
dicular to the longitudinal axis C is defined to be less than
a sectional area of the insertion hole 36 perpendicular to
the longitudinal axis C. The sectional area of the suction
path 33 perpendicular to the longitudinal axis C is pref-
erably less than an area of a part surrounded by an inner
peripheral portion of the tube 41 in a section perpendic-
ular to the longitudinal axis C.
[0032] As shown in FIG. 6, a proximal end of the tube
41 is connected to the horn 15 at a position to the proximal
direction side of the distal end of the horn 15. When the
probe body 21 is attached to the horn 15 and the cylin-
drical portion 31 is coupled to the probe body 21, the
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position at which the proximal end of the tube 41 is con-
nected to the horn 15 is a second node position B2. The
distal end of the horn 15 is at the first anti-node position
A1 of the ultrasonic vibrations. Therefore, the second
node position B2 is located to the proximal direction side
of the first anti-node position A1. The proximal end of the
tube 41 is connected to the horn 15 in the same manner
as the connection of the distal end of the tube 41 to the
path defining surface 35.
[0033] When the proximal end of the tube 41 is con-
nected to the horn 15, the inside of the tube 41 commu-
nicates with the space portion 19 provided inside the ul-
trasonic vibrator 12 and the horn 15. As shown in FIG.
2, one end of a suction tube 42 is connected to the space
portion 19. As shown in FIG. 1, the suction tube 42 ex-
tends to an outside of the vibrator case 11, and the other
end of the suction tube 42 is connected to a suction unit
43. The suction unit 43 is connected to the input unit 10.
When the living tissue resected by the cavitation is suc-
tioned, the suction unit 43 is driven, for example, by an
input in the input unit 10. If the suction unit 43 is driven,
the resected living tissue is suctioned into the suction
path 33. The living tissue is then suctioned to the suction
unit 43 through the inside of the tube 41, the space portion
19, and an inside of the suction tube 42 in order.
[0034] The tube 41 has its distal end fixed to the cylin-
drical portion 31, and its proximal end fixed to the horn
15. Thus, the tube 41 may be fixed to the probe body 21,
or does not have to be fixed to the probe body 21. When
the tube 41 is fixed to the probe body 21, the tube 41 is
fixed to the probe body 21 at a node position different
from the first node position B1 and the second node po-
sition B2. The tube 41 is fixed to the probe body 21, for
example, by an adhesive material. An elastic member
may be attached to the outer peripheral portion of the
tube 41 by a heat-resistant rubber lining, and the tube 41
may be fixed to the probe body 21 by the elastic member.
Alternatively, an elastic member may be attached to the
groove defining surface 25 by a heat-resistant rubber lin-
ing, and the tube 41 may be fixed to the probe body 21
by the elastic member.
[0035] Here, a method of manufacturing the ultrasonic
probe 3 is described. In order to manufacture the ultra-
sonic probe 3, the probe body 21 is first formed. FIG. 8
is a diagram showing a method of manufacturing the
probe body 21. As shown in FIG. 8, a flat plate member
47 is bent in order to form the probe body 21, the proximal
connection portion 22, and the distal connection portion
23. Thus, the groove portion 24, the proximal groove 27,
and the distal groove 28 are formed. The shape of the
probe body 21 including the proximal connection portion
22 and the distal connection portion 23 is formed, for
example, by cutting.
[0036] FIG. 9A is a diagram showing another method
of manufacturing the probe body 21, the proximal con-
nection portion 22, and the distal connection portion 23.
As shown in FIG. 9A, in order to form the probe body 21,
a columnar member 45 is milled (fraise) (milled) to cut a

part indicated by a dotted line in FIG. 9A. In this way, the
groove portion 24, the proximal groove 27, and the distal
groove 28 are formed. The probe body 21, the proximal
connection portion 22, and the distal connection portion
23 may be formed by forging.
[0037] Here, when the probe body 21 is manufactured
by the method shown in FIG. 8, the groove defining sur-
face 25 is preferably an arcuate curved surface in the
section perpendicular to the longitudinal axis C. When
the probe body 21 is manufactured by the method shown
in FIG. 9A, the groove defining surface 25 preferably in-
cludes a plane 44, and a curved surface 46 provided to
the second perpendicular direction side of the plane 44,
as shown in FIG. 9B. In this case, the plane 44 extends
parallel to the longitudinal axis C and from the first per-
pendicular direction toward the second perpendicular di-
rection. The curved surface 46 is arcuate in the section
perpendicular to the longitudinal axis C. Milling can be
easily performed by forming the groove defining surface
25 in this way. Thus, the probe body 21 is more easily
manufactured at low cost.
[0038] After the probe body 21 including the proximal
connection portion 22 and the distal connection portion
23 has been formed as described above, the cylindrical
portion 31 is coupled to the distal direction side of the
probe body 21. The tube 41 is then disposed in the groove
portion 24 along the longitudinal axis C. The distal end
of the tube 41 is then connected to the cylindrical portion
31. As described above, the groove portion 24 is re-
cessed toward the second perpendicular direction up to
the part to the second perpendicular direction side of the
longitudinal axis C. That is, the groove portion 24, which
is a void, extends toward the second perpendicular di-
rection up to the part to the second perpendicular direc-
tion side of the longitudinal axis C. This allows the distal
end of the tube 41 disposed in the groove portion 24 to
be easily connected to the cylindrical portion 31. In this
way, the ultrasonic probe 3 is formed.
[0039] Here, as a comparative example, suppose an
ultrasonic probe 3A that is cylindrically shaped over an
entire dimension along the longitudinal axis C, as shown
in FIG. 10. The ultrasonic probe 3A is formed by the per-
foration of a columnar member (not shown). Here, the
columnar member to be the material of the ultrasonic
probe 3A has a long dimension along the longitudinal
axis C and a small dimension in direction perpendiculars
perpendicular to the longitudinal axis C. The perforation
of this elongated columnar member by using a special
drill requires a long time, and leads to an increased cost.
[0040] On the other hand, in the ultrasonic probe 3 ac-
cording to the present embodiment, the probe body 21,
having the groove portion 24 formed therein, accounts
for a large part of a dimension of the ultrasonic probe 3
along the longitudinal axis C. As described above, the
probe body 21 is formed in a shorter time and at a lower
cost than the perforation of the columnar member. The
cylindrical portion 31 that needs to be perforated has a
small dimension along the longitudinal axis C. Thus, the
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time required for the perforation is shorter than the time
required for the formation of the ultrasonic probe 3A. Con-
sequently, the ultrasonic probe 3 is efficiently manufac-
tured at low cost.
[0041] As shown in FIG. 1, the ultrasonic probe 3 is
inserted through the sheath 4. FIG. 11 is a diagram show-
ing a state in which the ultrasonic probe 3 is inserted
through the sheath 4. As shown in FIG. 11, when the
ultrasonic probe 3 is inserted through the sheath 4, a
water supply path 48 is formed between the outer pe-
ripheral portion of the ultrasonic probe 3 and the inner
peripheral portion of the sheath 4. That is, the water sup-
ply path 48 is defined by the outer peripheral portion of
the ultrasonic probe 3 and the inner peripheral portion of
the sheath 4.
[0042] FIG. 12 is a schematic diagram showing the
configuration of a coupling portion between the sheath 4
and the vibrator case 11. A distal portion of a cylindrical
intermediary member 49 is attached to a proximal portion
of the sheath 4. The sheath 4 is rotatable relative to the
intermediary member 49 around the longitudinal axis C.
A distal portion of the vibrator case 11 is attached to a
proximal portion of the intermediary member 49.
[0043] The water supply path 48 formed between the
ultrasonic probe 3 and the sheath 4 extends up to a distal
face of the vibrator case 11. One end of a water supply
tube 51 is connected to an inside of the intermediary
member 49. As shown in FIG. 1, the water supply tube
51 extends to an outside of the handle unit 5, and the
other end of the water supply tube 51 is connected to a
water supply unit 53. The water supply unit 53 is con-
nected to the input unit 10. If the water supply unit 53 is
driven, for example, by an input in the input unit 10, water
(liquid) passes through an inside of the water supply tube
51 and the water supply path 48 in order. The water is
then supplied to, for example, the living tissue from a
clearance located between the distal end of the sheath
4 and the ultrasonic probe 3. For example, a bleeding
part is checked and a body cavity is washed by the water
supply. In ultrasonic suction, a liquid such as a physio-
logical saline is supplied to a vicinity of a treatment po-
sition from the water supply unit 53.
[0044] As shown in FIG. 1, the handle unit 5 includes
a cylindrical case 61. The cylindrical case 61 is attached
to the vibrator case 11. A rotational operation knob 67 is
coupled to the distal direction side of the cylindrical case
61. The rotational operation knob 67 is rotatable relative
to the cylindrical case 61 around the longitudinal axis C.
The sheath 4 is attached to the inner peripheral side of
the rotational operation knob 67. If the rotational opera-
tion knob 67 is rotated, the ultrasonic probe 3 and the
sheath 4 rotate around the longitudinal axis C together
with the rotational operation knob 67.
[0045] Now, the functions of the ultrasonic treatment
device 1 according to the present embodiment are de-
scribed. To ultrasonically suction living tissue by using
the ultrasonic treatment device 1, ultrasonic vibrations
are generated in the ultrasonic vibrator 12 by supplying

the current to the ultrasonic vibrator 12 from the ultrasonic
controller 8 via the electric signal lines 13A and 13B. The
ultrasonic vibrations are transmitted from the proximal
end to the distal end of the vibration transmitting portion
20 (ultrasonic probe 3).
[0046] Here, at the first anti-node position A1 located
at the proximal end of the groove defining surface 25 (the
distal end of the horn 15), the sectional shape of the vi-
bration transmitting portion 20 perpendicular to the trans-
mission direction and vibration direction (longitudinal axis
C) of the ultrasonic vibrations changes. That is, the sec-
tional shape of the vibration transmitting portion 20 per-
pendicular to the longitudinal axis C changes at the first
anti-node position A1 from the cylindrical shape, which
is point-symmetrical about the longitudinal axis C, to the
recessed shape, which is not point-symmetrical about
the longitudinal axis C. At the position where the sectional
shape of the vibration transmitting portion 20 perpendic-
ular to the transmission direction and vibration direction
of the ultrasonic vibrations greatly changes, the ultrason-
ic vibrations are easily influenced by stress in directions
perpendicular to the longitudinal axis C. Because of the
influence of the stress, a vibration mode of the ultrasonic
vibrations changes, and the ultrasonic vibrations are not
properly transmitted to the distal end of the ultrasonic
probe 3.
[0047] Therefore, according to the present embodi-
ment, the sectional shape of the vibration transmitting
portion 20 perpendicular to the transmission direction
and vibration direction of the ultrasonic vibrations is set
to greatly change at the first anti-node position A1. At the
anti-node position of the ultrasonic vibrations including
the first anti-node position A1, displacement caused by
the vibrations is maximized, but the stress in the direc-
tions perpendicular to the longitudinal axis C is zero.
Therefore, the stress does not act on the ultrasonic vi-
brations at the first anti-node position A1 where the sec-
tional shape of the vibration transmitting portion 20 per-
pendicular to the transmission direction and the vibration
direction of the ultrasonic vibrations greatly changes. Ac-
cordingly, the vibration mode does not change.
[0048] Similarly, in the ultrasonic probe 3, the sectional
shape of the vibration transmitting portion 20 perpendic-
ular to the transmission direction and vibration direction
of the ultrasonic vibrations is set to greatly change at the
second anti-node position A2 located at the distal end of
the groove defining surface 25 (the proximal end of the
cylindrical portion 15). As described above, at the second
anti-node position A2, displacement caused by the vibra-
tions is maximized, but the stress in the directions per-
pendicular to the longitudinal axis C is zero. Therefore,
the stress does not act on the ultrasonic vibrations at the
second anti-node position A2 where the sectional shape
of the vibration transmitting portion 20 perpendicular to
the transmission direction and the vibration direction of
the ultrasonic vibrations greatly changes. Accordingly,
the vibration mode does not change.
[0049] When the position, where the sectional shape
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of the vibration transmitting portion 20 perpendicular to
the transmission direction and the vibration direction of
the ultrasonic vibrations greatly changes, is provided as
described above, the ultrasonic vibrations are set to be
free of the influence of the stress in the directions per-
pendicular to the longitudinal axis C. Therefore, the ul-
trasonic vibrations are properly transmitted to the distal
end of the ultrasonic probe 3.
[0050] In ultrasonic suction, a liquid such as a physio-
logical saline is supplied to the vicinity of the treatment
position from the water supply unit 53. Cavitation is
caused by the transmission of the ultrasonic vibrations
to the distal end of the cylindrical portion 31 (ultrasonic
probe 3) accompanied by the water supply. Living tissue
having low elasticity such as a hepatic cell is selectively
shattered and resected by the cavitation. Here, the cy-
lindrical portion 31 is coupled to the distal direction side
of the probe body 21, and the distal face of the ultrasonic
probe 3 is thereby formed into a cylindrical shape. For
example, when the distal end of the probe body 21 forms
the distal end of the ultrasonic probe, the distal face of
the ultrasonic probe 3 is formed into a recessed shape.
When the distal face is formed into a cylindrical shape,
the surface area of the distal face of the ultrasonic probe
3 is greater than when the distal face is formed into a
recessed shape. As the surface area of the distal face of
the ultrasonic probe 3 is greater, cavitation is efficiently
caused, and the living tissue is efficiently and safely shat-
tered and resected. As the distal end of the cylindrical
portion 31 (ultrasonic probe 3) is at the third anti-node
position A3 of the ultrasonic vibrations, cavitation is effi-
ciently caused by the transmission of the ultrasonic vi-
brations to the distal end of the cylindrical portion 31.
[0051] The distal end of the tube 41 is connected to
the path defining surface 35 of the cylindrical portion 31
at the first node position B1. The proximal end of the tube
41 is connected to the horn 15 at the second node position
B2. At the node position of the ultrasonic vibrations in-
cluding the first node position B1 and the second node
position B2, the stress in the directions perpendicular to
the longitudinal axis C is maximized, but displacement
caused by the vibrations is zero. Therefore, the tube 41
is firmly fixed to the cylindrical portion 31 and the horn
15 even if the vibration transmitting portion 20 (ultrasonic
probe 3) ultrasonically vibrates.
[0052] When the living tissue is resected by the cavi-
tation, the resected living tissue is suctioned. The suction
unit 43 is driven, and the resected living tissue is thereby
suctioned into the suction path 33. The living tissue is
then suctioned to the suction unit 43 through the inside
of the tube 41, the space portion 19, and the inside of
the suction tube 42 in order.
[0053] Here, the sectional area of the suction path 33
perpendicular to the longitudinal axis C is less than the
area of a part surrounded by the inner peripheral portion
of the tube 41 in the section perpendicular to the longi-
tudinal axis C. This prevents the living tissue suctioned
from the suction path 33 from remaining in the tube 41.

As a result, the living tissue resected by the cavitation is
more stably suctioned.
[0054] Accordingly, the ultrasonic probe 3 having the
configuration described above provides the following ad-
vantageous effects. That is, in the ultrasonic probe 3, the
probe body 21 in which the groove portion 24 formed
accounts for the large part of the dimension of the ultra-
sonic probe 3 along the longitudinal axis C. The probe
body 21 provided with the groove portion 24 is formed in
a shorter time and at a lower cost than the perforation of
the columnar member. The cylindrical portion 31 that
needs to be perforated has the small dimension along
the longitudinal axis C in the ultrasonic probe 3. Thus,
the time required for the perforation is shorter. Conse-
quently, the ultrasonic probe 3 can be efficiently manu-
factured at low cost.
[0055] In the ultrasonic probe 3, the sectional shape
of the vibration transmitting portion 20 perpendicular to
the transmission direction and the vibration direction of
the ultrasonic vibrations is set to greatly change at the
first anti-node position A1. Similarly, in the ultrasonic
probe 3, the sectional shape of the vibration transmitting
portion 20 perpendicular to the transmission direction
and the vibration direction of the ultrasonic vibrations is
set to greatly change at the second anti-node position
A2 located at the distal end of the groove defining surface
25 (the proximal end of the cylindrical portion 31). At the
anti-node position of the ultrasonic vibrations including
the first anti-node position A1 and the second anti-node
position A2, displacement caused by the vibrations is
maximized, but the stress in the directions perpendicular
to the longitudinal axis C is zero. Therefore, the stress
does not act on the ultrasonic vibrations at the first anti-
node position A1 and the second anti-node position A2,
where the sectional shape of the vibration transmitting
portion 20 perpendicular to the transmission direction
and the vibration direction of the ultrasonic vibrations
greatly changes. Accordingly, the vibration mode does
not change. As described above, even when the position
where the sectional shape of the vibration transmitting
portion 20 perpendicular to the transmission direction
and the vibration direction of the ultrasonic vibrations
greatly changes is provided, the ultrasonic vibrations are
set to be free of the influence of the stress in the directions
perpendicular to the longitudinal axis C. Therefore, the
ultrasonic vibrations can be properly transmitted to the
distal end of the ultrasonic probe 3.
[0056] In the ultrasonic probe 3, the cylindrical portion
31 is coupled to the distal direction side of the probe body
21, so that the distal face of the ultrasonic probe 3 is
formed into a cylindrical shape. When the distal face is
formed into a cylindrical shape, the surface area of the
distal face of the ultrasonic probe 3 is greater than when
the distal face is formed into a recessed shape. As the
surface area of the distal face of the ultrasonic probe 3
is greater, cavitation is efficiently caused, and the living
tissue can be efficiently and safely shattered and resect-
ed. As the distal end of the cylindrical portion 31 (ultra-
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sonic probe 3) is at the third anti-node position A3 of the
ultrasonic vibrations, cavitation can be more efficiently
caused by the transmission of the ultrasonic vibrations
to the distal end of the cylindrical portion 31.
[0057] In the ultrasonic probe 3, the distal end of the
tube 41 is connected to the path defining surface 35 of
the cylindrical portion 31 at the first node position B1.
The proximal end of the tube 41 is connected to the horn
15 at the second node position B2. At the node position
of the ultrasonic vibrations including the first node posi-
tion B1 and the second node position B2, the stress in
the directions perpendicular to the longitudinal axis C is
maximized, but displacement caused by the vibrations
is zero. Therefore, the tube 41 can be firmly fixed to the
cylindrical portion 31 and the horn 15 even if the vibration
transmitting portion 20 (ultrasonic probe 3) ultrasonically
vibrates.
[0058] In the ultrasonic probe 3, the groove portion 24
extends toward the second perpendicular direction up to
the part to the second perpendicular direction side of the
longitudinal axis C. This allows the distal end of the tube
41 disposed in the groove portion 24 to be easily con-
nected to the cylindrical portion 31.

(Modifications of First Embodiment)

[0059] According to the first embodiment, the ultrason-
ic treatment device 1 only performs ultrasonic suction to
selectively shatter and resect the living tissue by the cav-
itation caused by the water supply and the ultrasonic vi-
brations and to suction the resected living tissue. How-
ever, the present invention is not limited thereto. For ex-
ample, as a first modification, an ultrasonic treatment de-
vice 71 may coagulate and cut living tissue such as a
blood vessel grasped between the ultrasonic probe 3 and
a jaw 72, as shown in FIG. 13. In the ultrasonic treatment
device 71, the handle unit 5 includes a fixed handle 62,
and a movable handle 63 configured to open/close rela-
tive to the fixed handle 62. The jaw 72 is attached to a
distal portion of the sheath 4. The movable handle 63 is
opened/closed relative to the fixed handle 62, and a mov-
able member (not shown) provided in the sheath 4 there-
by moves along the longitudinal axis C. Thus, the jaw 72
opens/closes relative to the distal portion of the ultrasonic
probe 3.
[0060] In the ultrasonic treatment device 71, the power
supply unit 7 includes a high-frequency current controller
9. In addition to the electric signal lines 13A and 13B, an
electric signal line (not shown) extending from the high-
frequency current controller 9 of the power supply unit 7
through the inside of the cable 6 is connected to the ul-
trasonic vibrator 12. Thus, a probe side current path of
the high-frequency current is formed from the high-fre-
quency current controller 9 to the distal portion of the
ultrasonic probe 3 through the ultrasonic vibrator 12 and
the horn 15. An electric signal line (not shown) extending
from the high-frequency current controller 9 of the power
supply unit 7 through the cable 6 is connected to the

vibrator case 11. The vibrator case 11 and the interme-
diary member 49 include electric conducting portions (not
shown) configured to electrically connect the electric sig-
nal line from the high-frequency current controller 9 to
the sheath 4. Accordingly, a jaw side current path of the
high-frequency current is formed from the high-frequency
current controller 9 to the jaw 72 through the electric con-
ducting portion of the vibrator case 11 and the sheath 4.
The ultrasonic vibrator 12 and the horn 15 are insulated
from the vibrator case 11. Similarly, the sheath 4 is insu-
lated from the ultrasonic probe 3.
[0061] Living tissue having high elasticity such as a
blood vessel, which is not shattered by the cavitation, is
treated between the jaw 72 and the distal portion of the
ultrasonic probe 3. Frictional heat is generated between
the ultrasonic probe 3 and the living tissue by the ultra-
sonic vibrations of the ultrasonic probe 3. The living tissue
is cut by the generated frictional heat. The living tissue
is also reformed by the passage of a high-frequency cur-
rent between the jaw 72 and the distal portion of the ul-
trasonic probe 3 through the living tissue. As a result, the
living tissue is coagulated.
[0062] As described above, the ultrasonic treatment
device (1, 71) may include a treatment function in addition
to the ultrasonic suction to selectively shatter and resect
the living tissue by the cavitation caused by the ultrasonic
vibrations and to suction the resected living tissue.
[0063] According to the first embodiment, the water
supply path 48 is defined by the outer peripheral portion
of the ultrasonic probe 3 and the inner peripheral portion
of the sheath 4. However, the present invention is not
limited thereto. For example, as a second modification,
a tube 73 extending along the longitudinal axis C between
the ultrasonic probe 3 and the sheath 4 may be provided,
as shown in FIG. 14. In this case, the water supply path
48 is formed inside the tube 73. A distal end of the tube
73 extends to substantially the same position as the distal
end of the sheath 4 in the directions parallel to the lon-
gitudinal axis C. A proximal end of the tube 73 is con-
nected to the water supply tube 51. Thus, water is sup-
plied to, for example, living tissue from the distal end of
the tube 73 (the clearance between the distal end of the
sheath 4 and the ultrasonic probe 3) through the inside
of the water supply tube 51 and the water supply path 48
in order.
[0064] According to the first embodiment, the proximal
groove 27 is provided in the proximal connection portion
22 of the probe body 21, and the distal groove 28 is pro-
vided in the distal connection portion 23. However, the
present invention is not limited thereto. For example, as
a third modification, the proximal connection portion 22
and the distal connection portion 23 of the probe body
21 may be cylindrically shaped, as shown in FIG. 15. In
this modification, the external thread 26 is formed in the
outer peripheral portion 30 of the proximal connection
portion 22. The internal thread 29 is formed in the inner
peripheral portion of the distal connection portion 23. In
the probe body 21, the groove portion 24 is defined by
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the groove defining surface 25. When the horn 15 and
the cylindrical portion 31 are coupled to the probe body
21, the groove portion 24 is defined by the groove defining
surface 25 along the longitudinal axis C from the first anti-
node position A1 of the ultrasonic vibrations to the second
anti-node position A2 of the ultrasonic vibrations different
from the first anti-node position A1.
[0065] As described above, according to the third mod-
ification, it is only necessary that the probe body 21 is
attached to the distal direction side of the horn 15, and
that the cylindrical portion 31 is coupled to the distal di-
rection side of the probe body 21. When the horn 15 and
the cylindrical portion 31 are coupled to the probe body
21, the groove portion 24 has only to be defined by the
groove defining surface 25 along the longitudinal axis C
from the first anti-node position A1 of the ultrasonic vi-
brations to the second anti-node position A2 of the ultra-
sonic vibrations different from the first anti-node position
A1.
[0066] According to the first embodiment, the groove
portion 24 which is recessed from the first perpendicular
direction, which is perpendicular to the longitudinal axis
C, toward the second perpendicular direction is formed
in the probe body 21. However, the present invention is
not limited thereto. For example, as a fourth modification,
a hole 74 passing through the probe body 21 from the
first perpendicular direction toward the second perpen-
dicular direction may be defined in the probe body 21 by
a hole defining surface 75, as shown in FIG. 16 and FIG.
17. When the horn 15 and the cylindrical portion 31 are
coupled to the probe body 21, the hole 74 is defined by
the hole defining surface 75 along the longitudinal axis
C from the first anti-node position A1 of the ultrasonic
vibrations to the second anti-node position A2 of the ul-
trasonic vibrations different from the first anti-node posi-
tion A1. A first-perpendicular-direction-side end and a
second-perpendicular-direction-side end of the hole de-
fining surface 75 are continuous with the outer peripheral
portion 30 of the probe body 21. In this configuration, the
sectional shape of the vibration transmitting portion 20
perpendicular to the longitudinal axis C changes at the
first anti-node position A1 from the cylindrical shape,
which is point-symmetrical about the longitudinal axis C,
to a shape which is not point-symmetrical about the lon-
gitudinal axis C. Similarly, the sectional shape of the vi-
bration transmitting portion 20 perpendicular to the lon-
gitudinal axis C changes at the second anti-node position
A2 from the shape, which is not point-symmetrical about
the longitudinal axis C, to the cylindrical shape, which is
point-symmetrical about the longitudinal axis C.
[0067] As described above, according to the fourth
modification, it is only necessary that the probe body 21
includes a void defining surface (25, 75) which defines,
in the probe body, a void (24, 74) extending from the first
perpendicular direction, which is perpendicular to the lon-
gitudinal axis C, toward the second perpendicular direc-
tion. The void (24, 74) has only to be defined by the void
defining surface (25, 75) along the longitudinal axis C

from the first anti-node position A1 of the ultrasonic vi-
brations to the second anti-node position A2 of the ultra-
sonic vibrations different from the first anti-node position
A1 when the horn 15 and the cylindrical portion 31 are
coupled to the probe body 21. At least the first-perpen-
dicular-direction-side end of the void defining surface (25,
75) has only to be continuous with the outer peripheral
portion 30 of the probe body 21.
[0068] Moreover, for example, as a fifth modification,
a hydrophilic coating 76 may be provided on the distal
face that constitutes the distal end of the ultrasonic probe
3, as shown in FIG. 18. In this modification, the entire
distal face of the ultrasonic probe 3 is coated with the
hydrophilic coating 76.
[0069] When the living tissue is shattered by the cav-
itation, pressure periodically varies in the vicinity of the
distal face in response to the ultrasonic vibrations of the
ultrasonic probe 3, and small air bubbles (cavities) are
thereby generated in a liquid supplied to the vicinity of
the treatment position of the living tissue. The generated
air bubbles disappear because of force that acts when
the pressure in the vicinity of the distal face increases
(compression). An inelastic living tissue such as a hepatic
cell is shattered and emulsified by impact energy when
the air bubbles disappear.
[0070] Therefore, in order to more efficiently shatter
the living tissue by cavitation, it is necessary that a proper
amount of the liquid is present between the distal face of
the ultrasonic probe 3 and the living tissue, and that the
liquid supplied from the water supply unit 53 uniformly
adheres to the distal face. When no hydrophilic coating
76 is provided as in the first embodiment, the liquid may
locally adhere to the distal face because of, for example,
surface tension, and the liquid does not uniformly adhere
to the distal face. Thus, the treatment efficiency when
the living tissue is shattered by the cavitation decreases
in a part of the distal face to which no liquid adheres.
[0071] In contrast, according to the present embodi-
ment, the entire distal face of the ultrasonic probe 3 is
coated with the hydrophilic coating 76. Thus, as shown
in FIG. 19, a liquid L supplied from the water supply unit
53 uniformly adheres to the entire distal face, and a uni-
form layer is formed by the liquid L. Accordingly, the living
tissue can be more efficiently shattered by the cavitation
by using the entire distal face.

(Second Embodiment)

[0072] A second embodiment of the present invention
is described with reference to FIG. 20 and FIG. 21. In the
second embodiment, the configuration according to the
first embodiment is modified as described below. The
same parts as those according to the first embodiment
are provided with the same reference marks and are not
described.
[0073] FIG. 20 is a diagram showing the configuration
of an ultrasonic probe 3 according to the present embod-
iment. FIG. 21 is a diagram showing the configuration of
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a probe body 21 according to the present embodiment.
As shown in FIG. 20 and FIG. 21, the ultrasonic probe 3
includes the probe body 21 and a tube 41, as in the first
embodiment. However, the ultrasonic probe 3 does not
include a cylindrical portion 31. Therefore, the probe body
21 does not include a distal connection portion 23, and
a proximal connection portion 22 is only formed integrally
with the probe body 21.
[0074] As in the first embodiment, the probe body 21
is attached to a horn 15 via the proximal connection por-
tion 22. When the probe body 21 is attached to the horn
15, the distal end of the horn 15 (the proximal end of the
groove defining surface 25) is at the first anti-node posi-
tion A1 of the ultrasonic vibrations. The distal end of the
probe body 21 (the distal end of the groove defining sur-
face 25) is at the second anti-node position A2 of the
ultrasonic vibrations different from the first anti-node po-
sition A1. A groove portion 24 extends to the distal end
of the probe body 21. Therefore, when the probe body
21 is attached to the horn 15, the groove portion 24 is
defined by the groove defining surface 25 from the first
anti-node position A1 to the second anti-node position
A2 along the longitudinal axis C. In this configuration, the
sectional shape of the vibration transmitting portion 20
perpendicular to the longitudinal axis C changes at the
first anti-node position A1 from the cylindrical shape,
which is point-symmetrical about the longitudinal axis C,
to the recessed shape which is not point-symmetrical
about the longitudinal axis C.
[0075] In the ultrasonic probe 3, the distal end of the
probe body 21 is at the distal end of the ultrasonic probe
3. Cavitation is caused by the transmission of the ultra-
sonic vibrations to the distal end of the probe body 21
(ultrasonic probe 3) accompanied by the water supply
from a water supply unit 53. As the distal end of the probe
body 21 (ultrasonic probe 3) is at the second anti-node
position A2 of the ultrasonic vibrations, cavitation is more
efficiently caused by the transmission of the ultrasonic
vibrations to the distal end of the probe body 21.
[0076] As in the first embodiment, the proximal end of
the tube 41 is connected to the horn 15 at the node po-
sition (second node position) B2 located to the proximal
direction side of the first anti-node position A1. The distal
end of the tube 41 extends through the groove portion
24 up to the distal end of the probe body 21.
[0077] In the present embodiment, the tube 41 is fixed
to the probe body 21. The tube 41 is fixed to the probe
body 21 at a node position different from the node position
B2. The tube 41 is fixed to the probe body 21 in the same
manner as the first embodiment.
[0078] Accordingly, the ultrasonic probe 3 having the
configuration described above provides the following ad-
vantageous effects in addition to the advantageous ef-
fects similar to those according to the first embodiment.
That is, in the ultrasonic probe 3, the probe body 21, in
which the groove portion 24 formed, accounts for a whole
dimension of the ultrasonic probe 3 along the longitudinal
axis C. The probe body 21 provided with the groove por-

tion 24 is formed in a shorter time and at a lower cost
than the perforation of a columnar member. The cylindri-
cal portion 31 that needs to be perforated is not provided
in the ultrasonic probe 3. Thus, perforation is not needed.
Consequently, the ultrasonic probe 3 can be more effi-
ciently manufactured at low cost.

(Modifications of Second Embodiment)

[0079] According to the second embodiment, a proxi-
mal groove 27 is provided in the proximal connection
portion 22 of the probe body 21. However, the present
invention is not limited thereto. For example, as a first
modification, the proximal connection portion 22 of the
probe body 21 may be cylindrically shaped, as shown in
FIG. 22. In this modification, an external thread 26 is
formed in an outer peripheral portion 30 of the proximal
connection portion 22. In the probe body 21, the groove
portion 24 is defined by the groove defining surface 25.
When the horn 15 is coupled to the probe body 21, the
groove portion 24 is defined by the groove defining sur-
face 25 along the longitudinal axis C from the first anti-
node position A1 of the ultrasonic vibrations to the second
anti-node position A2 of the ultrasonic vibrations which
is located at the distal end of the probe body 21.
[0080] As described above, according to the first mod-
ification, it is only necessary that the probe body 21 is
attached to the distal direction side of the horn 15. When
the horn 15 is coupled to the probe body 21, the groove
portion 24 has only to be defined by the groove defining
surface 25 along the longitudinal axis C from the first anti-
node position A1 of the ultrasonic vibrations to the second
anti-node position A2 of the ultrasonic vibrations which
is located at the distal end of the probe body 21.
[0081] According to the second embodiment, the
groove portion 24 which is recessed from the first per-
pendicular direction, which is perpendicular to the longi-
tudinal axis C, toward the second perpendicular direction
is formed in the probe body 21. However, the present
invention is not limited thereto. For example, as a second
modification, a hole 74 passing through the probe body
21 from the first perpendicular direction to the second
perpendicular direction may be defined in the probe body
21 by a hole defining surface 75, as shown in FIG. 23.
When the horn 15 is coupled to the probe body 21, the
hole 74 is defined by the hole defining surface 75 along
the longitudinal axis C from the first anti-node position
A1 of the ultrasonic vibrations to the second anti-node
position A2 of the ultrasonic vibrations which is located
at the distal end of the probe body 21. The first-perpen-
dicular-direction-side end and the second-perpendicu-
lar-direction-side end of the hole defining surface 75 are
continuous with the outer peripheral portion 30 of the
probe body 21. In this configuration, the sectional shape
of the vibration transmitting portion 20 perpendicular to
the longitudinal axis C changes at the first anti-node po-
sition A1 from the cylindrical shape, which is point-sym-
metrical about the longitudinal axis C, to the shape which
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is not point-symmetrical about the longitudinal axis C.
[0082] As described above, according to the second
modification, it is only necessary that the probe body 21
includes a void defining surface (25, 75) which defines,
in the probe body, a void (24, 74) extending from the first
perpendicular direction, which is perpendicular to the lon-
gitudinal axis C, toward the second perpendicular direc-
tion. The void (24, 74) has only to be defined by the void
defining surface (25, 75) along the longitudinal axis C
from the first anti-node position A1 of the ultrasonic vi-
brations to the second anti-node position A2 of the ultra-
sonic vibrations which is located at the distal end of the
probe body 21 when the horn 15 is coupled to the probe
body 21. At least the first-perpendicular-direction-side
end of the void defining surface (25, 75) has only to be
continuous with the outer peripheral portion 30 of the
probe body 21.
[0083] In the second embodiment as well, a hydrophilic
coating 76 is preferably provided in the entire distal face
of the ultrasonic probe 3 as in the fifth modification of the
first embodiment. Thus, the liquid supplied from the water
supply unit 53 uniformly adheres to the entire distal face.
Accordingly, the living tissue can be more efficiently shat-
tered by the cavitation by using the entire distal face of
the ultrasonic probe 3.
[0084] Incidentally, the present invention is not limited
to the above embodiments and various modifications can
naturally be made within the scope of the claims.

Claims

1. An ultrasonic probe (3) configured to transmit ultra-
sonic vibrations, generated by an ultrasonic vibrator
(12), from a proximal end to a distal end of the ultra-
sonic probe (3), the ultrasonic probe (3) comprising:

a probe body (21) having an outer peripheral
portion (30) provided along a longitudinal axis
(C); and
a void defining surface (25, 75) which defines a
void (24, 74) in the probe body (21) along the
longitudinal axis (C),
wherein the void (24, 74) extends in a first per-
pendicular direction (X1), which is perpendicular
to the longitudinal axis (C), and a second per-
pendicular direction (X2), which is opposite to
the first perpendicular direction,
wherein at least a first-perpendicular-direction-
side end of the void defining surface (25, 75) is
continuous with the outer peripheral portion (30)
of the probe body (21), and
wherein the probe body (21) is configured to be
attachable to a distal end of a horn (15), the distal
end of the horn (15) being at a first anti-node
position (A1) of the ultrasonic vibrations, when
the horn (15) is coupled to the ultrasonic vibrator
(12),

characterized in that
the void (24, 74) continuously extends from a
proximal end of the void defining surface (25,
75) at the first anti-node position (A1) to a distal
end of the void defining surface (25, 75) at a
second anti-node position (A2) of the ultrasonic
vibrations different from the first anti-node posi-
tion (A1), the ultrasonic probe (3) further com-
prises a proximal connection portion (22) inte-
grally formed with and extending proximally from
the probe body (21),
a proximal end of the void (24, 74) communi-
cates with an inside of the proximal connection
portion (22), and
the proximal connection portion (22) is located
on an inner peripheral side of the horn (15) when
the probe body (21) is attached to the horn (15).

2. The ultrasonic probe (3) according to claim 1, where-
in the void (24, 74) extends in the second perpen-
dicular direction (X2) up to a part of a second-per-
pendicular-direction-side of the longitudinal axis (C).

3. The ultrasonic probe (3) according to claim 2, where-
in the longitudinal axis of the probe (3) passes in the
void (24, 74) between the first anti-node position (A1)
and the second anti-node position (A2).

4. The ultrasonic probe (3) according to claim 1, further
comprising:

a cylindrical portion (31) coupled to a distal di-
rection side of the probe body (21), wherein an
inside of the cylindrical portion (31) is in com-
munication with the void (24, 74), and wherein
the cylindrical portion (31) is configured to trans-
mit the ultrasonic vibrations to a distal end of the
cylindrical portion (31) when the ultrasonic vi-
brations generated in the ultrasonic vibrator (12)
are transmitted from the proximal direction side
through the probe body (21).

5. The ultrasonic probe (3) according to claim 4, further
comprising:

a tube (41) extending through the void (24, 74)
along the longitudinal axis (C),
wherein the cylindrical portion (31) includes a
path defining surface (35) which defines a suc-
tion path (33) communicating with an inside of
the tube (41); a distal end of the tube being con-
nected to the path defining surface (35).

6. The ultrasonic probe (3) according to claim 5, where-
in at least a node position (B1) of the ultrasonic vi-
brations is located in the cylindrical portion (31) in
the distal direction side from the second anti-node
position (A2) when the probe body (21) and the cy-
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lindrical portion (31) are coupled, and
wherein the distal end of the tube (41) is connected
to the path defining surface (35) at the node position
(B1) of the ultrasonic vibrations.

7. The ultrasonic probe (3) according to claim 6, where-
in the second anti-node position (A2) is located at a
proximal end of the cylindrical portion (31) corre-
sponding to the distal end of the probe body (21) and
the node position (B1) is located at an intermediate
position between the proximal end of the cylindrical
portion (31) and a distal end of the cylindrical portion
(31),
wherein the cylindrical portion (31) includes a hole
defining surface (37) which defines an insertion hole
(36) through which the tube (41) is inserted, the hole
defining surface (37) being provided along the lon-
gitudinal axis (C) from the second anti-node position
(A2) to the node position (B1),
wherein a third anti-node position (A3) is at the distal
end of the cylindrical portion (31) when the probe
body (21) and the cylindrical portion (31) are cou-
pled, wherein the path defining surface (35) is pro-
vided along the longitudinal axis (C) from the node
position (B1) to the third anti-node position (A3) and
wherein a sectional area of the suction path (33) per-
pendicular to the longitudinal axis (C) is less than
that of the insertion hole (36).

8. The ultrasonic probe (3) according to claim 1, further
comprising a hydrophilic coating (76) configured to
coat a distal face of the ultrasonic probe (3).

Patentansprüche

1. Ultraschallsonde (3), die dazu eingerichtet ist, Ultra-
schallschwingungen, die durch einen Ultraschall-
schwingungserzeuger (12) erzeugt werden, von ei-
nem proximalen Ende zu einem distalen Ende der
Ultraschallsonde (3) zu übertragen, wobei die Ultra-
schallsonde (3) umfasst:

einen Sondenkörper (21), der einen äußeren
Peripherieteil (30), der entlang einer Längsach-
se (C) liegt, aufweist; und
eine einen Hohlraum definierende Oberfläche
(25, 75), welche einen Hohlraum (24, 74) in dem
Sondenkörper (21) entlang der Längsachse (10)
definiert,
wobei sich der Hohlraum (24, 74) in einer ersten
senkrechten Richtung (X1), die zu der Längs-
achse (C) senkrecht ist, und einer zweiten senk-
rechten Richtung (X2), die der ersten senkrech-
ten Richtung entgegengesetzt ist, erstreckt,
wobei mindestens ein Ende einer in der ersten
senkrechten Richtung liegenden Seite der einen
Hohlraum definierenden Oberfläche (25, 75) mit

dem äußeren Peripherieteil (30) des Probenkör-
pers (21) durchgängig ist, und
wobei der Probenkörper (21) dazu eingerichtet
ist, an einem distalen Ende eines Horns (15) an-
steckbar zu sein, wobei das distale Ende des
Horns (15) an einer ersten Antinodenposition
(A1) der Ultraschallschwingungen liegt, wenn
das Horn (15) mit dem Ultraschallschwingungs-
erzeuger (12) gekoppelt ist,
dadurch gekennzeichnet, dass
der Hohlraum (24, 74) sich von einem proxima-
len Ende der den Hohlraum definierenden Ober-
fläche (25, 75) an der ersten Antinodenposition
(A1) zu einem distalen Ende der den Hohlraum
definierenden Oberfläche (25, 75) an einer zwei-
ten Antinodenposition (A2) der Ultraschall-
schwingungen, die sich von der ersten Antino-
denposition (A1) unterscheidet, erstreckt, wobei
die Ultraschallsonde (3) des weiteren einen pro-
ximalen Verbindungsteil (22), der einstückig mit
dem Sondenkörper (21) gebildet ist und sich in
proximaler Richtung davon erstreckt, umfasst,
ein proximales Ende des Hohlraums (24, 74) mit
einer Innenseite des proximalen Verbindungs-
teils (22) in Verbindung steht, und
der proximalen Verbindungsteil (22) sich an ei-
ner inneren Peripherieseite des Horns (15) be-
findet, wenn der Sondenkörper (21) an dem
Horn (15) angesteckt ist.

2. Die Ultraschallsonde (3) gemäß Anspruch 1, wobei
sich der Hohlraum (24, 74) in der zweiten senkrech-
ten Richtung (X2) bis zu einem Teil einer in der zwei-
ten senkrechten Richtung liegenden Seite der
Längsachse (C) erstreckt.

3. Die Ultraschallsonde (3) gemäß Anspruch 2, wobei
die Längsachse der Sonde (3) durch den Hohlraum
(24, 74) zwischen der ersten Antinodenposition (A1)
und der zweiten Antinodenposition (A2) geht.

4. Die Ultraschallsonde (3) gemäß Anspruch 1, des
weiteren umfassend:

einen zylindrischen Teil (31), der mit einer in ei-
ner distalen Richtung liegenden Seite des Son-
denkörpers (21) gekoppelt ist, wobei eine Innen-
seite des zylindrischen Teils (31) mit dem Hohl-
raum (24, 74) in Verbindung steht, und wobei
der zylindrische Teil (31) dazu eingerichtet ist,
die Ultraschallschwingungen zu einem distalen
Ende des zylindrischen Teils (31) zu übertragen,
wenn die in dem Ultraschallschwingungserzeu-
ger (12) erzeugten Ultraschallschwingungen
von der in einer proximalen Richtung liegenden
Seite durch den Sondenkörper (21) übertragen
werden.
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5. Die Ultraschallsonde (3) gemäß Anspruch 4, des
weiteren umfassend:

eine Röhre (41), die sich durch den Hohlraum
(24, 74) entlang der Längsachse (C) erstreckt,
wobei der zylindrische Teil (31) eine einen Pfad
definierende Oberfläche (35) umfasst, die einen
Saugpfad (33), der mit einer Innenseite der Röh-
re (41) in Verbindung steht, definiert, wobei ein
distales Ende der Röhre mit der den Pfad defi-
nierenden Oberfläche (35) verbunden ist.

6. Die Ultraschallsonde (3) gemäß Anspruch 5, wobei
mindestens eine Nodenposition (B1) der Ultraschall-
schwingungen in dem zylindrischen Teil (31) auf der
in der distalen Richtung liegenden Seite von der
zweiten Antinodenposition (A2) liegt, wenn der Son-
denkörper (21) und der zylindrische Teil (31) gekop-
pelt sind, und
wobei das distale Ende der Röhre (41) mit der den
Pfad definierenden Oberfläche (35) an der Noden-
position (B1) der Ultraschallschwingungen verbun-
den ist.

7. Die Ultraschallsonde (3) gemäß Anspruch 6, wobei
die zweite Antinodenposition (A2) an einem proxi-
malen Ende des zylindrischen Teils (31), das dem
distalen Ende des Sondenkörpers (21) entspricht,
liegt und die Nodenposition (B1) an einer Zwischen-
position zwischen dem proximalen Ende des zylin-
drischen Teils (31) und einem distalen Ende des zy-
lindrischen Teils (31) liegt,
wobei der zylindrische Teil (31) eine ein Loch defi-
nierende Oberfläche (37) einschließt, welche ein
Einführungsloch (36), durch welches die Röhre (41)
eingeführt wird, definiert, wobei die das Loch defi-
nierende Oberfläche (37) entlang der Längsachse
(C) von der zweiten Antinodenposition (A2) zu der
Nodenposition (B1) vorgesehen ist,
wobei eine dritte Antinodenposition (A3) an einem
distalen Ende des zylindrischen Teils (31) ist, wenn
der Sondenkörper (21) und der zylindrische Teil (31)
gekoppelt sind,
wobei die den Pfad definierende Oberfläche (35) ent-
lang der Längsachse (C) von der Nodenposition (B1)
zu der dritten Antinodenposition (A3) vorgesehen ist
und wobei eine Querschnittsfläche des Saugpfads
(33) senkrecht zu der Längsachse (C) kleiner ist als
die des Einführungslochs (36).

8. Die Ultraschallsonde (3) gemäß Anspruch 1, des
weiteren eine hydrophile Beschichtung (76) umfas-
send, die dazu eingerichtet ist, eine distale Seite der
Ultraschallsonde (3) zu beschichten.

Revendications

1. Sonde ultrasonique (3) configurée pour transmettre
des vibrations ultrasoniques, générées par un vibra-
teur ultrasonique (12), depuis une extrémité proxi-
male vers une extrémité distale de la sonde ultraso-
nique (3), la sonde ultrasonique (3) comprenant :

un corps de sonde (21) présentant une partie
périphérique extérieure (30) prévue le long d’un
axe longitudinal (C) ; et
une surface (25, 75) définissant un vide qui dé-
finit un vide (24, 74) dans le corps de sonde (21)
le long de l’axe longitudinal (C),
dans laquelle le vide (24, 74) s’étend dans une
première direction perpendiculaire (X1) qui est
perpendiculaire à l’axe longitudinal (C), et une
seconde direction perpendiculaire (X2) qui est
opposée à la première direction perpendiculai-
re,
dans laquelle au moins une extrémité côté pre-
mière direction perpendiculaire de la surface
(25, 75) définissant un vide est continue avec la
partie périphérique extérieure (30) du corps de
sonde (21), et
dans laquelle le corps de sonde (21) est confi-
guré pour pouvoir être fixé à une extrémité dis-
tale d’un cornet (15), l’extrémité distale du cornet
(15) étant à une première position anti-nodale
(A1) des vibrations ultrasoniques lorsque le cor-
net (15) est couplé au vibrateur ultrasonique
(12),
caractérisé en ce que
le vide (24, 74) s’étend de façon continue depuis
une extrémité proximale de la surface (25, 75)
définissant un vide à la première position anti-
nodale (A1) vers une extrémité distale de la sur-
face (25, 75) définissant un vide à une deuxième
position anti-nodale (A2) des vibrations ultraso-
niques différente de la première position anti-
nodale (A1), la sonde ultrasonique (3) comprend
en outre une partie de connexion proximale (22)
formée intégralement avec, et s’étendant de fa-
çon proximale à partir du, corps de sonde (21),
une extrémité proximale du vide (24, 74) com-
munique avec un intérieur de la partie de con-
nexion proximale (22), et
la partie de connexion proximale (22) est située
sur un côté périphérique intérieur du cornet (15)
lorsque le corps de sonde (21) est fixé sur le
cornet (15).

2. Sonde ultrasonique (3) selon la revendication 1,
dans laquelle le vide (24, 74) s’étend dans la secon-
de direction perpendiculaire (X2) vers le haut jusqu’à
une partie d’un côté seconde direction perpendicu-
laire de l’axe longitudinal (C).
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3. Sonde ultrasonique (3) selon la revendication 2,
dans laquelle l’axe longitudinal de la sonde (3) passe
dans le vide (24, 74) entre la première position anti-
nodale (A1) et la deuxième position anti-nodale (A2).

4. Sonde ultrasonique (3) selon la revendication 1,
comprenant en outre :

une partie cylindrique (31) couplée à un côté
direction distale du corps de sonde (21), dans
laquelle un intérieur de la partie cylindrique (31)
est en communication avec le vide (24, 74), et
dans laquelle la partie cylindrique (31) est con-
figurée pour transmettre les vibrations ultraso-
niques vers une extrémité distale de la partie
cylindrique (31) lorsque les vibrations ultrasoni-
ques générées dans le vibrateur ultrasonique
(12) sont transmises du côté direction proximale
à travers le corps de sonde (21).

5. Sonde ultrasonique (3) selon la revendication 4,
comprenant en outre :

un tube (41) s’étendant à travers le vide (24, 74)
le long de l’axe longitudinal (C),
dans laquelle la partie cylindrique (31) com-
prend une surface (35) définissant un trajet qui
définit un trajet d’aspiration (33) communiquant
avec un intérieur du tube (41) ; une extrémité
distale du tube étant connectée à la surface (35)
définissant un trajet.

6. Sonde ultrasonique (3) selon la revendication 5,
dans laquelle au moins une position nodale (B1) des
vibrations ultrasoniques est située dans la partie cy-
lindrique (31) dans le côté direction distale depuis la
deuxième position anti-nodale (A2) lorsque le corps
de sonde (21) et la partie cylindrique (31) sont cou-
plés, et
dans laquelle l’extrémité distale du tube (41) est con-
nectée à la surface (35) définissant un trajet à la
position nodale (B1) des vibrations ultrasoniques.

7. Sonde ultrasonique (3) selon la revendication 6,
dans laquelle la deuxième position anti-nodale (A2)
est située à une extrémité proximale de la partie cy-
lindrique (31) correspondant à l’extrémité distale du
corps de sonde (21) et la position nodale (B1) est
située à une position intermédiaire entre l’extrémité
proximale de la partie cylindrique (31) et une extré-
mité distale de la partie cylindrique (31),
dans laquelle la partie cylindrique (31) comprend une
surface (37) définissant un trou qui définit un trou
d’insertion (36) à travers lequel le tube (41) est in-
séré, la surface (37) définissant un trou étant prévue
le long de l’axe longitudinal (C) depuis la deuxième
position anti-nodale (A2) vers la position nodale (B1),
dans lequel une troisième position anti-nodale (A3)

est à l’extrémité distale de la partie cylindrique (31)
lorsque le corps de sonde (21) et la partie cylindrique
(31) sont couplés,
dans laquelle la surface (35) définissant un trajet est
prévue le long de l’axe longitudinal (C) depuis la po-
sition nodale (B1) vers la troisième position anti-no-
dale (A3) et
dans laquelle une zone sectionnelle du trajet d’as-
piration (33) perpendiculaire à l’axe longitudinal (C)
est inférieure à celle du trou d’insertion (36).

8. Sonde ultrasonique (3) selon la revendication 1,
comprenant en outre un revêtement hydrophile (76)
configuré pour revêtir une face distale de la sonde
ultrasonique (3).
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