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(57) ABSTRACT 

(76) Inventor: Norihiro YAMADA, Hino-shi (JP) An ultrasonic treatment instrument is provided with an ultra 
Sonic transducer, a probe portion to which ultrasonic wave 

Correspondence Address: outputted from the ultrasonic transducer is transmitted, a 
OSTROLENKFABER GERB & SOFFEN sheathportion into which the probe portion is inserted detach 
118O AVENUE OF THE AMERICAS ably, the sheath portion including at a distal end portion 
NEW YORK, NY 100368403 thereof, a grasping member rotatably Supported so as to face 

9 the probe portion, and a handle portion coupled to a proximal 
end portion of the sheath portion detachably and operating the 

(21) Appl. No.: 12/035,716 grasping member Such that the grasping member is opened 
and closed to the probe portion, where the distal end portion 
of the probe portion includes a cavitation production portion 

(22) Filed: Feb. 22, 2008 where the distalend portion of the probe portion has, on a face 
thereof facing the grasping member, a flat face extending so as 
to intersect a vibration direction of the ultrasonic vibration, Publication Classification 
and cavitation is produced by the flat face in a state that abody 

(51) Int. Cl. tissue has been grasped between the grasping member and the 
A61N 7700 (2006.01) distal end portion of the probe portion. 
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ULTRASONIC OPERATINGAPPARATUS 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to an ultrasonic treat 
ment instrument which performs a procedure Such as incis 
ing, removing, or clotting of a body tissue using ultrasonic 
WaVS. 

0002. As one example of an ordinary ultrasonic treatment 
instrument which performs a procedure Such as incising, 
removing, or clotting of a body tissue by using ultrasonic 
waves, there is an ultrasonic clotting and incising apparatus 
disclosed in U.S. Pat. No. 5,980,510 (Patent Document 1). In 
the apparatus, a proximal end portion of an elongated inser 
tion unit is coupled with an operation unit on a near side of an 
operator. An ultrasonic transducer for producing ultrasonic 
vibration is disposed in the operation unit. A procedure unit 
for treating a body tissue is disposed at a distal end portion of 
the insertion unit. 
0003. The insertion unit includes an elongated circular 
tube sheath. A rod-like vibration transmission member 
(probe) is inserted into the sheath. A proximal end portion of 
the vibration transmission member is detachably connected 
to an ultrasonic transducer via a connection unit of a screwing 
type. Ultrasonic vibration produced by the ultrasonic trans 
ducer is transmitted to a cylindrical probe distal end portion at 
a distal end side of the vibration transmission member. 
0004. A clamp arm is disposed in the procedure unit so as 

to face the probe distal end portion. A pad with uneven is fixed 
to the clamp arm. Here, an arm holding member for holding 
the clamp arm is provided at a distal end portion of the sheath 
of the insertion unit. A proximal end portion of the clamp arm 
is rotatably Supported by the arm holding member via a Sup 
porting shaft. An operation member which drives the clamp 
arm is inserted into the sheath so as to be capable of advancing 
and retreating in an axial direction. An operation handle is 
disposed on the operation unit. The operation member is 
driven so as to advance and retreat in the axial direction 
according to operation of the operation handle. The clamp 
arm is operated to be opened or closed to the probe distal end 
portion in a linking manner with action of the operation 
member. 
0005. A body tissue is grasped between the cylindrical 
probe distal end portion and the pad of the clamp armata time 
of closing operation of the clamp arm. In this state, ultrasonic 
vibration from the ultrasonic transducer is transmitted to the 
probe distal end portion at the procedure unit side via the 
vibration transmission member so that a procedure Such as 
incising, removing, or clotting of a body tissue is performed 
using ultrasonic waves. 
0006 U.S. Pat. No. 6,280,407 (Patent Document 2) dis 
closes an ultrasonic clotting and incising apparatus where a 
procedure face of a distal end of an ultrasonic transmission 
member is inclined to an axial direction of a center axis of the 
ultrasonic transmission member by an angle of 15 to 70°. 

BRIEF SUMMARY OF THE INVENTION 

0007 According to a first aspect of the present invention, 
an ultrasonic treatment instrument comprising: an ultrasonic 
transducer which produces ultrasonic vibration; a probe por 
tion which has a distal end portion and a proximal end por 
tion, the proximal end portion being coupled to the ultrasonic 
transducer, and ultrasonic wave outputted from the ultrasonic 
transducer is transmitted; a sheath portion which is formed 
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from a cylinder body having a distal end portion and a proxi 
mal end portion and in which the probe portion is inserted 
detachably, the sheath portion having, at the distal end por 
tion, a grasping member rotatably supported so as to face the 
probe portion; and a handle portion which is detachably 
coupled to the proximal end portion of the sheath portion and 
operates the grasping member Such that the grasping member 
is opened and closed to the probe portion, wherein the distal 
end portion of the probe portion includes a cavitation produc 
tion portion where the distal end portion of the probe portion 
has, on a face thereof facing the grasping member, a flat 
portion extending so as to intersectavibration direction of the 
ultrasonic vibration, and cavitation is produced by the flat 
face in a state that a body tissue has been grasped between the 
grasping member and the distal end portion of the probe 
portion. 
0008 Preferably, the cavitation production portion 
includes a groove portion with an uneven shape on a face 
facing the grasping member at the distal end portion of the 
probe portion. 
0009 Preferably, the grasping member includes a fitting 
portion fitted to the groove portion at the distal end portion of 
the probe portion. 
0010 Preferably, the groove portion has a flat face pro 
vided so as to extend in a direction intersecting the vibration 
direction of the ultrasonic vibration at an angle of 70° to 90°. 
0011 Preferably, a plurality of the groove portions is 
formed on the face facing the grasping member at the distal 
end portion of the probe portion, and when one wavelength of 
the ultrasonic vibration is represented as W., all the groove 
portions fall within a range from a distal end of the probe 
portion to W8. 
0012 Preferably, a width (w) of the groove portion extend 
ing along an axial direction of the probe portion is set So as to 
fall within a range of W200swsw/16. 
0013 Preferably, the groove portion has a ratio (d/w) of a 
groove width (w) extending along an axial direction of the 
probe portion and a depth (d) is set to fall within a range of 
0.1sd/ws5. 
0014. According to another aspect of the present inven 
tion, an ultrasonic treatment instrument comprising: a flexible 
pipe portion having a distal end portion and a proximal end 
portion; a procedure tool main body disposed at the distal end 
portion of the flexible pipe portion; and a procedure tool 
operation unit disposed at the proximal end portion of the 
flexible pipe portion, wherein the procedure tool main body 
comprises: an ultrasonic transducer producing ultrasonic 
vibration, a cover member having a distal end portion and a 
proximal end portion and covering a periphery of the ultra 
Sonic transducer, the proximal end portion of the cover mem 
ber being fixed to the ultrasonic transducer, and a grasping 
member pivoted to the distal end portion of the cover member, 
and including a grasping face grasping a body tissue between 
the one and a distal end portion of the ultrasonic transducer at 
a position facing the distal end portion of the ultrasonic trans 
ducer, and the procedure tool operation unit comprises: a 
slide mechanism which has a distal end portion and a proxi 
mal end portion and whose distal end portion is coupled to the 
grasping member, and a handle portion which operates the 
grasping member Such that the grasping member is opened 
and closed to the distal end portion of the ultrasonic trans 
ducer according to operation of the slide mechanism in an 
axial direction thereof, wherein the distal end portion of the 
ultrasonic transducer includes a cavitation production portion 
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where the distal end portion of the ultrasonic transducer has, 
on a face thereof facing the grasping member, a flat portion 
extending so as to intersect a vibration direction of the ultra 
sonic vibration, and cavitation is produced by the flat face in 
a state that a body tissue has been grasped between the grasp 
ing member and the distal end portion of the ultrasonic trans 
ducer. 
00.15 Preferably, the slide mechanism includes a distal 
end cover coupled to the grasping member, and an outer 
diameter of the distal end cover is smaller than an inner 
diameter of a channel of an endoscope in which the procedure 
tool main body is inserted. 
0016 Preferably, the slide mechanism includes a distal 
end portion and a proximal end portion, the distal end portion 
of the slide mechanism including an operation wire coupled 
to the grasping member. 
0017 Preferably, the cavitation production portion 
includes a groove portion with an uneven shape formed on a 
face facing the grasping face of the grasping member at the 
distal end portion of the ultrasonic transducer. 
0018 Preferably, the ultrasonic transducer has an entire 
length which is half the wavelength of ultrasonic vibration, 
and the ultrasonic transducer is fixed to the cover member at 
a node position of ultrasonic vibration of a quarter wave 
length from a distal end portion of the ultrasonic transducer. 
0019 Preferably, the ultrasonic transducer comprises: a 
piezoelectric device stacked body comprising a plurality of 
piezoelectric devices, a horn expanding vibration amplitude 
of the piezoelectric device stacked body, plus and minus 
electrodes Supplying power to the piezoelectric devices, a 
backing plate sandwiching the piezoelectric devices and the 
electrodes between the one and the horn and positioned at a 
rear end of the piezoelectric device stacked body, and an inner 
cover disposed between the plus and minus electrodes and the 
backing plate, wherein the inner cover has an inner diameter 
larger than the backing plate and an entire length longer than 
the backing plate, and has an outer diameter Smaller than an 
inner diameter of the cover member. 
0020 Preferably, the flexible pipe portion includes a coil 
shaft having a diameter smaller than that of the cover member, 
and the backing plate has a taper with a smooth inclined face 
at a connecting portion with the coil shaft. 
0021 Preferably, the ultrasonic transducer produces ultra 
sonic vibration with a frequency of 100+25 kHz. 
0022 Preferably, the coil shaft is provided with an insu 
lating outer tube covering an outer periphery of the coil shaft, 
a wire Supplying power to the ultrasonic transducer is inserted 
into the coil shaft, and the coil shaft is electrically grounded. 
0023 Advantages of the invention will be set forth in the 
description which follows, and in part will be obvious from 
the description, or may be learned by practice of the inven 
tion. Advantages of the invention may be realized and 
obtained by means of the instrumentalities and combinations 
particularly pointed out hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0024. The accompanying drawings, which are incorpo 
rated in and constitute a part of the specification, illustrate 
embodiments of the invention, and together with the general 
description given above and the detailed description of the 
embodiments given below, serve to explain the principles of 
the invention. 

Aug. 27, 2009 

0025 FIG. 1 is a side view showing a schematic configu 
ration of a whole ultrasonic clotting and incising apparatus 
according to a first embodiment of the present invention; 
0026 FIG. 2 is a vertical sectional view of a peripheral 
potion of a distal end acting unit of the ultrasonic clotting and 
incising apparatus according to the first embodiment in an 
enlarged manner; 
0027 FIG. 3 is a perspective view showing a distal end 
portion of an ultrasonic transmission member of the ultra 
Sonic clotting and incising apparatus according to the first 
embodiment; 
0028 FIG. 4 is a front view showing a state that a distalend 
portion of the ultrasonic transmission member and a grasping 
member have meshed with each other in the ultrasonic clot 
ting and incising apparatus according to the first embodiment; 
0029 FIG. 5 is a sectional view showing a state that the 
grasping member has been separated from the distal end 
portion of the ultrasonic transmission member of the ultra 
Sonic clotting and incising apparatus according to the first 
embodiment, taken along line V-V in FIG. 2; 
0030 FIG. 6 is a side view showing a first modification 
example of the distal end portion of the ultrasonic transmis 
sion member of the ultrasonic clotting and incising apparatus 
according to the first embodiment; 
0031 FIG. 7 is a side view showing a second modification 
example of the distal end portion of the ultrasonic transmis 
sion member of the ultrasonic clotting and incising apparatus 
according to the first embodiment; 
0032 FIG. 8 is a side view showing a peripheral portion of 
a distal end acting unit of an ultrasonic clotting and incising 
apparatus according to a second embodiment of the present 
invention in an enlarged manner; 
0033 FIG. 9 is a perspective view showing a distal end 
portion of an ultrasonic transmission member of the ultra 
Sonic clotting and incising apparatus according to the second 
embodiment; 
0034 FIG. 10 is a perspective view showing a portion of a 
grasping face of a grasping member of the ultrasonic clotting 
and incising apparatus according to the second embodiment; 
0035 FIG. 11 is a side view showing a first modification 
example of the ultrasonic clotting and incising apparatus 
according to the second embodiment; 
0036 FIG. 12 is a side view showing a second modifica 
tion example of the ultrasonic clotting and incising apparatus 
according to the second embodiment; 
0037 FIG. 13 is a perspective view showing a peripheral 
portion of a distal end acting unit of an ultrasonic clotting and 
incising apparatus according to a third embodiment of the 
present invention in an enlarged manner; 
0038 FIG. 14 is a vertical sectional view of a main portion 
showing a state that the ultrasonic clotting and incising appa 
ratus according to the third embodiment has been inserted 
into a channel of an endoscope; 
0039 FIG. 14 is a vertical sectional view of a main portion 
showing a state that the ultrasonic clotting and incising appa 
ratus according to the third embodiment has been inserted 
into a channel of an endoscope; 
0040 FIG. 15 is a side view showing a peripheral portion 
of the distal end acting unit of the ultrasonic clotting and 
incising apparatus according to the third embodiment in a 
partially sectioned manner; 
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0041 FIG. 16 is a plan view showing a distal end portion 
of the distal end acting unit of the ultrasonic clotting and 
incising apparatus shown in FIG. 15 in a partially sectioned 
manner, 
0042 FIG. 17 is a side view showing a state that the distal 
end acting unit of the ultrasonic clotting and incising appara 
tus shown in FIG. 15 has been operated to be opened; 
0043 FIG. 18 is a vertical sectional view showing a por 
tion of an operation unit of the ultrasonic clotting and incising 
apparatus according to the third embodiment; 
0044 FIG. 19 is a vertical sectional view showing the 
peripheral portion of the distal end acting unit of the ultra 
Sonic clotting and incising apparatus according to the third 
embodiment; 
0045 FIG. 20 is a sectional view taken along line 20-20 in 
FIG. 19: 
0046 FIG. 21A is a perspective view showing a state that 
a grasping member of the ultrasonic clotting and incising 
apparatus according to the third embodiment has been oper 
ated to be opened; 
0047 FIG. 21B is a perspective view showing a state that 
the grasping member of the ultrasonic clotting and incising 
apparatus according to the third embodiment is put in the 
course of opening operation thereof; 
0048 FIG. 21C is a perspective view showing a state that 
a grasping member of the ultrasonic clotting and incising 
apparatus according to the third embodiment has been oper 
ated to be closed; 
0049 FIG.22 is a side view showing a state that a grasping 
member of a first modification example of the distal end 
acting unit of the ultrasonic clotting and incising apparatus 
according to the third embodiment has been operated to be 
closed; 
0050 FIG. 23 is a side view showing a state that the 
grasping member of the first modification example of the 
distal end acting unit of the ultrasonic clotting and incising 
apparatus according to the third embodiment has been oper 
ated to be opened; 
0051 FIG.24 is a side view showing a state that a grasping 
member of a second modification example of the distal end 
acting unit of the ultrasonic clotting and incising apparatus 
according to the third embodiment has been operated to be 
closed; 
0052 FIG. 23 is a side view showing a state that the 
grasping member of the second modification example of the 
distal end acting unit of the ultrasonic clotting and incising 
apparatus according to the third embodiment has been oper 
ated to be opened; 
0053 FIG. 26 is a perspective view showing a peripheral 
portion of a distal end acting unit of an ultrasonic clotting and 
incising apparatus according to a fourth embodiment of the 
present invention in an enlarged manner, and 
0054 FIG. 27 is a side view showing a use state of the 
ultrasonic clotting and incising apparatus according to the 
fourth embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 

0055. A first embodiment of the present invention will be 
explained below with reference from FIGS. 1 to 5. FIG. 1 
shows a schematic configuration of a whole ultrasonic clot 
ting and incising apparatus 1 according to the first embodi 
ment. The ultrasonic clotting and incising apparatus 1 mainly 
comprises a handle unit 2, a transducer unit 3, and an ultra 
Sonic transmission member (probe) 4. 
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0056. The transducer unit 3 includes a cylindrical cover 5. 
An ultrasonic transducer 6 is provided inside the cover 5. One 
end of a cable 7 is connected to a proximal end of the trans 
ducer unit 3. The other end of the cable 7 is connected to an 
ultrasonic wave power source apparatus (not shown). The 
ultrasonic transducer 6 is driven by Supplying power from the 
ultrasonic wave power source to the ultrasonic transducer 6 
via the cable 7. 

0057 The ultrasonic transmission member 4 is a rod-like 
member which transmits/amplitudes ultrasonic vibration 
produced at the ultrasonic transducer 6. A proximal end por 
tion of the ultrasonic transmission member 4 includes a horn 
unit whose outer diametergradually decreases toward a distal 
end side of the hornunit. The ultrasonic transmission member 
4 is detachably connected to the ultrasonic transducer 6 by 
Such means as a screw. 

0.058 As shown in FIG. 1, the handle unit 2 is provided 
with an operation unit 9, an insertion sheath unit 11 compris 
ing an elongated mantle pipe 10, and a distal end acting unit 
12. A proximal end portion of the insertion sheath unit 11 is 
attached to the operation unit 9 rotatably in a spinning direc 
tion about an axis. The distal end acting unit 12 is provided at 
a distal end of the insertion sheath unit 11. 

0059. The operation unit 9 of the handle unit 2 includes an 
operation unit main body 13, a fixed handle 14, and a movable 
handle 16. The operation unit main body 13 is formed inte 
grally with the fixed handle 14. The movable handle 16 is 
rotatably attached to the operation unit main body 13 via a 
handle pivoting shaft 15. A proximal end of the operation unit 
main body 13 is detachably connected with the transducer 
unit 3. 

0060. The movable handle 16 has an engagement pin 17. 
The engagement pin 17 is disposed near the handle pivoting 
shaft 15, and it is protruded into the operation unit main body 
13. The engagement pin 17 is engaged with a slider mecha 
nism (not shown) disposed inside the operation unit main 
body 13. 
0061 FIG. 2 shows a peripheral portion of the distal end 
acting unit 12 of the handle unit 2. The distal end acting unit 
12 of the handle unit 2 includes a holding member 18 and a 
grasping member 20 of one-side opening type. The holding 
member 18 is attached to a distal end portion of the mantle 
pipe 10. The grasping member 20 is rotatably attached to the 
holding member 18 via a pivoting shaft 19. 
0062. The distal end acting unit 12 together with the distal 
end portion 21 of the ultrasonic transmission member 4 con 
figures a procedure unit 22 of the ultrasonic clopping and 
incising apparatus 1. The grasping member 20 of a one-side 
opening type can grasp a body tissue between the one and the 
distal end portion 21. 
0063. The holding member 18 is formed with a main chan 
nel 23 and a sub-channel 25. The ultrasonic transmission 
member 4 is inserted into the main channel 23. An operation 
rod 24 for operating the grasping member 20 in a rotating 
manner is inserted into the sub-channel 25. 

0064. As shown in FIG. 2, a distal end portion of the 
operation rod 24 is coupled to a proximal end of the grasping 
member 20 via a pivoting pin 26. A proximal end side of the 
operation rod 24 is coupled to a slider mechanism (not shown) 
disposed inside the operation unit main body 13. The opera 
tion rod 24 is caused to advance or retreatin the axial direction 
via the slider mechanism by rotating the movable handle 16. 
The grasping member 20 of the distal end acting unit 12 is 
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opened or closed in a linking manner with advancing or 
retreating action of the operation rod 24 in the axial direction. 
0065. A lowerface (a face facing the distal end portion 21) 
of the grasping member 20 serves as a grasping face 27 
grasping a tissue between the one and the distal end portion 
21. As shown in FIG. 5, the grasping face 27 is formed with a 
recessed portion 27a with an arc shape in section. The arc 
shaped section of the recessed portion 27a of the grasping 
face 27 is formed to conform with a shape of an outer periph 
eral face 21a of the distal end portion 21. Thereby, when the 
grasping member 20 is operated to be closed, as shown in 
FIG.4, the distal end portion 21 of the ultrasonic transmission 
member 4 and the grasping member 20 is caused to mesh with 
each other in a state that the distal end portion 21 of the 
ultrasonic transmission member 4 is inserted into the recessed 
portion 27a of the grasping face 27. 
0066. A plurality of groove portions 28 is formed on a face 
of the distal end portion 21 of the ultrasonic transmission 
member 4 facing the grasping face 27. The sizes of the groove 
portions 28 in the present embodiment are as follows: 
0067 groove width (w)=1.2 mm 
0068 distance between grooves 28 (t)=1.2 mm depth 
(d)=0.5 mm length from distal end of the distal end portion 21 
to the last groove portion 28(L)=12 mm 
0069 the number of groove portions 28: 5 
0070. It is desirable that the length from the distal end of 
the distal end portion 21 to the last groove portion 28 (L) is 
within W/8. In general, vibration amplitude of the ultrasonic 
transmission member 4 lowers according to advancing 
thereof from a probe distal end to a node position at a proxi 
mal end side. When the vibration amplitude of the ultrasonic 
transmission member 4 advances from the distal end of the 
distal end portion 21 toward the proximal end side beyond 
W/8, it becomes about 70% or less of amplitude at the distal 
end position. Therefore, when vibration amplitude advances 
from the distal end of the distal end portion 21 toward the 
proximal end side beyond W8, it is difficult to obtain sufficient 
procedure ability. In the present embodiment, a vibration 
frequency of ultrasonic wave transmitted to the ultrasonic 
transmission member 4 is 47 kHz, and one wavelength (W) is 
104 mm. Therefore, a length (L) from the distal end of the 
distal end portion 21 to the last groove portion 28 is 12 
mm-W/8.7. Each groove portion 28 is formed by perpendicu 
lar faces 29 which are front and rear wall faces and a hori 
Zontal face 31 of a bottom portion. 
0071. It is desirable that a width (w) of the groove portion 
28 is in a range of /200swsW16. The present embodiment 
is directed to an ultrasonic clotting and incising apparatus 1 
using not only frictional heat but also cavitation produced by 
vibration. Impact pressure due to the cavitation tends to be 
proportion to an area of the perpendicular face 29 to the 
vibration direction of ultrasonic wave transmitted to the ultra 
Sonic transmission member 4. The total area of the perpen 
dicular faces 29 increases according to increase in the number 
of groove portions 28. It is necessary to provide at least two 
groove portions 28 in order to use the cavitation effect. It is 
necessary to set the width (w) of the groove portion 28 to w/16 
or less in order to provide two groove portions 28 within the 
length (L)–W/8 from the distal end of the distal end portion 21 
to the last groove portion 28. In the present embodiment, it is 
necessary to set the width (w) of the groove portion 28 to less 
than 6.5 mm. On the other hand, when the number of groove 
portions 28 on the distal end portion 21 is increased exces 
sively, the cavitation effect is raised but the width (w) of the 
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groove portion 28 is reduced. In the present embodiment, 
W200-0.52 mm. When the groove portion 28 is further thin, 
there is a possibility that sufficient procedure ability cannot be 
obtained due to adhesion of a body tissue to an inner face of 
the groove portion 28. 
0072. It is desirable that a ratio d/w of the depth (d) and the 
width (w) of groove portion 28 is in a range of 0.1sd/ws5. 
The area of the perpendicular face 29 increases according to 
increase of d/w. Thereby, the cavitation effect is elevated, but 
if the groove portion 28 becomes excessively deep relative to 
the width (w), a problem similar to the above-mentioned case 
that the groove portion 28 becomes thin, occurs. In the present 
embodiment, d/w is 0.42. In case of d/w=5, the width (w) 
becomes 0.4mm, for example, in the depth (d)=2 mm. When 
the groove portion 28 becomes further deep relative to the 
width, there is a possibility that sufficient procedure ability 
cannot be obtained due to adhesion of a body tissue to the 
inner wall of the groove portion 28. 
0073. Next, an operation of the present embodiment will 
be explained. The distal end of the insertion sheath unit 11 is 
first inserted to a position near a targeted body tissue which is 
a procedure object at a time of using the ultrasonic clotting 
and incising apparatus 1 according to the present embodi 
ment. Subsequently, the body tissue is positioned between the 
grasping member 20 and the distal end portion 21 of the 
ultrasonic transmission member 4. In this state, the movable 
handle 16 is operated in a closing direction in a rotating 
manner to grasp the body tissue between the grasping mem 
ber 20 and the distal end portion 21. 
0074. In such a state of grasping the body tissue, power is 
Supplied from the ultrasonic power source to the ultrasonic 
transducer 6 to vibrate the ultrasonic transducer 6. The ultra 
sonic vibration is transmitted to the distal end portion 21 of 
the ultrasonic transmission member 4. The body tissue con 
tacting with the groove portions 28 at the distal end portion 21 
is crushed by impact pressure of the cavitation produced from 
the groove portions 28. Simultaneously therewith, the body 
tissue is clotted by frictional heat produced by grasping the 
body tissue between the grasping member 20 and the distal 
end portion 21 of the ultrasonic transmission member 4. 
0075. The effect obtained by the present embodiment is as 
follows. That is, by providing the groove portions 28 at the 
distal end portion 21 of the ultrasonic transmission member 4, 
when a procedure Such as incising, removing, or clotting of a 
body tissue is performed by using ultrasonic waves on the 
body tissue grasped between the grasping member 20 and the 
distal end portion 21, the procedure can be performed by 
using both cavitation and frictional heat. Therefore, since 
clotting and incising of a body tissue can be performed at a 
lower vibration velocity, risk of thermal damage can be 
reduced, so that an ultrasonic clotting and incising apparatus 
with high safety can be provided. Further, a stronger still 
procedure even to a site where risk of thermal damage does 
not occur can be conducted at a vibration Velocity approxi 
mately equal to a conventional one. 
0076. The vertical wall face of the groove portion 28 is a 
perpendicular face 29 with an angle of 90° to the vibrating 
direction at the distal end portion 21 of the ultrasonic trans 
mission member 4 according to the present embodiment, but 
the vertical wall face is not limited to this face. Cavitation 
produced by the groove portion 28 at the distal end portion 21 
of the ultrasonic transmission member 4 is produced more 
easily according to the vertical wall face closer to a perpen 
dicular face to the vibration direction. When the angle 0 of the 
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vertical wall face of the groove portion 28 is less than 70° to 
the vibration direction, a drag coefficient becomes about half 
or less of a drag coefficient obtained when the vertical wall 
face is a perpendicular face (90). The drag coefficient shows 
magnitude of resistance occurring when the ultrasonic trans 
mission member 4 moves in medium (for example, water). 
Since the resistance from the medium increases according to 
increase in drag coefficient, the cavitation is produced more 
easily. Therefore, it is desirable that the angle 0 of the vertical 
wall face of the groove portion 28 is set from 70° to 90° to the 
vibration direction of ultrasonic wave to be transmitted to the 
ultrasonic transmission member 4. That is, the perpendicular 
face 29 of the groove portion 28 of the first embodiment can 
be changed to an inclined face put in a range of 70° to 90°, for 
example. By adopting the inclined face put in this range, a 
corresponding cavitation effect can be obtained. For example, 
there are modification examples shown in FIGS. 6 and 7. 
0077 FIG. 6 shows a first modification example of the 
distal end portion 21 of the ultrasonic transmission member 4 
of the ultrasonic clotting and incising apparatus 1 according 
to the first embodiment. In the present modification example, 
a front side vertical wall face 28a 1 of front and rear two 
vertical wall faces 28a 1 and 28b1 of the groove portion 28 at 
the distal end portion 21 is formed by a perpendicular face 29 
with an angle 0 of 90°. The angle 0 of the rear vertical wall 
face 28b1 is designed to be 75°. 
0078 FIG. 7 shows a second modification example of the 
distal end portion 21 of the ultrasonic transmission member 4 
of the ultrasonic clotting and incising apparatus 1 according 
to the first embodiment. In the present modification example, 
angles 0 of both of front and rear vertical wall faces 28a2. 
28b2 of the groove portion 28 at the distal end portion 21 is 
defined by inclined faces with an angle 0 of 75°. 
0079. In the shapes of the groove portions 28 like modifi 
cation examples shown in FIGS. 6 and 7, impact pressure due 
to cavitation at the vertical wall face (the vertical wall face 
28b1, 28a2.28b2 of the inclined face with an angle of 75°) of 
the groove portion 28 is slightly reduced. However, in the 
modification examples shown in FIGS. 6 and 7, since a hori 
Zontal face 31 to the vibration direction as shown by arrow in 
FIG. 2 is not present, an even cavitation effect over the whole 
grasping face 27 can be expected. 
0080 FIGS. 8 to 10 show a second embodiment of the 
present invention. In the present embodiment, the configura 
tion of the grasping member 20 according to the first embodi 
ment (FIGS. 1 to 5) has been change in the following manner. 
The remaining configuration of the second embodiment is 
similar to that of the first embodiment. 

0081. That is, in the second embodiment, as shown in FIG. 
8, a plurality of protrusions 32 is formed on a grasping face 27 
which is a lower face of the grasping member 20. The pro 
trusions 32 are formed at positions corresponding to the 
groove portions 28 at the distal end portion 21 so as to have 
shapes corresponding to the shapes of the groove portions 28. 
As shown in FIG. 10, vertical wall faces 32a and 32b are 
formed at front portion and a rear portion of each protrusion 
32. Further, a horizontal face 32c is formed on the bottom 
portions between adjacent protrusions 32. 
0082. The front and rear vertical wall faces 32a and 32b of 
respective protrusions 32 configure perpendicular faces with 
an angle 0 of 90° to the horizontal face 32c of the grasping 
face 27. When movement is conducted such that the grasping 
member 20 and the distal end portion 21 are closed, the 
grasping member 20 and the distal end portion 21 are caused 
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to mesh with each other without clearance in a state that the 
respective protrusions 32 of the grasping member 20 are 
inserted into the respective groove portions 28 at the distal 
end portion 21 of the ultrasonic transmission member 4. 
0083. Therefore, when movement is conducted such that 
the grasping member 20 and the distal end portion 21 are 
closed to grasp a small thin body tissue, for example, a blood 
vessel with a diameter Ø of 0.5 mm or less, incising/clotting 
can be conducted securely. The function/effect other than the 
above is similar to those in the first embodiment. 
I0084 FIG. 11 shows a first modification example of the 
ultrasonic clotting and incising apparatus 1 according to the 
second embodiment. In the present modification example, a 
plurality of protrusions 41 is formed on a grasping face 27 
which is a lowerface of the grasping member 20 at positions 
corresponding to the groove portions 28 at the distal end 
portion 21 of the ultrasonic transmission member 4 shown in 
FIG. 6 to have shapes corresponding to shapes of the respec 
tive groove portions 28. Each protrusion 41 is formed with a 
perpendicular face 41a with an angle 0 of 90° on a front 
vertical wall face. A rear vertical wall face is formed with an 
inclined face 41b with an angle 0 of 75°. 
I0085. In the present modification example, therefore, 
when movement is performed Such that the grasping member 
20 and the distal end portion 21 are closed, the grasping 
member 20 and the distal end portion 21 are caused to mesh 
with each other without clearance in a state that the respective 
protrusions 41 of the grasping member 20 are inserted into the 
respective groove portions 28 at the distal end portion 21 of 
the ultrasonic transmission member 4. 
I0086 FIG. 12 shows a second modification example of the 
ultrasonic clopping and incising apparatus 1 according to the 
second embodiment. In the present modification example, a 
plurality of protrusions 42 is formed on a grasping face 27 
which is a lowerface of the grasping member 20 at positions 
corresponding to the groove portions 28 at the distal end 
portion 21 of the ultrasonic transmission member 4 shown in 
FIG. 7 so as to have shapes corresponding to those of the 
respective grooves 28. Each protrusion 42 is formed with an 
inclined face 42a with an angle 0 of 75° on a front vertical 
wall face. A rear vertical wall face is also formed with an 
inclined face 42b with an angle 0 of 75°. 
I0087. In the present modification example, therefore, 
when movement is performed Such that the grasping member 
20 and the distal end portion 21 are closed, the grasping 
member 20 and the distal end portion 21 are caused to mesh 
with each other without clearance in a state that the respective 
protrusions 42 of the grasping member 20 are inserted into the 
respective groove portions 28 at the distal end portion 21 of 
the ultrasonic transmission member 4. 

0088 FIGS. 13 to 21C show a third embodiment of the 
present invention. An ultrasonic clotting and incising appa 
ratus 51 shown in FIG. 14 comprises an elongated endoscope 
52 and an ultrasonic procedure tool 53. 
I0089. The endoscope 52 includes an elongated insertion 
unit 54. A proximal end of the insertion unit 54 is coupled 
with an operation unit (not shown). The insertion unit 54 is 
provided with an elongated flexible pipe portion (not shown), 
a flexible bending portion (not shown), and a distal end con 
figuring portion 55. A plurality of bending pieces is provided 
on the bending portion in parallel. 
0090. As shown in FIG. 14, the distal end configuring 
portion 55 is provided with an observation window 56 of an 
observation optical system, an illumination window (not 
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shown) of the illumination optical system, an opening portion 
57 a communicating with a distal end portion of a procedure 
tool channel 57, and the like. An objective optical system is 
disposed on the observation window 56 of the observation 
optical system behind a cover glass. An imaging device Such 
as an image guide fiber or a CCD is disposed at an imaging 
position of the objective optical system. One end portion of a 
signal cable is connected to the imaging device. A distal end 
portion of a light guide fiber is disposed in the illumination 
window behind the cover glass. 
0091. The signal cable of the imaging device, the light 
guide fiber, the procedure tool channel 57, a bending opera 
tion wire, and the like are extended to the operation unit side 
through inner space of the insertion unit 54. The signal cable 
of the imaging device, the light guide fiber, the procedure tool 
channel 57, the bending operation wire, and the like are 
accommodated in the inner space of the insertion unit 54 as 
inner parts. Observation of an affected area is made possible 
by picking up an observation image taken in from the obser 
vation window 56 by the imaging device in a state that illu 
mination light has been emitted from the illumination win 
dow to light up a Surrounding area of the observation window 
56, converting the observation image to an electric signal and 
displaying the observation image on an external monitor or 
the like. 

0092 An operation knob (not shown) for operating the 
bending portionina bending manner is disposed on the opera 
tion unit. The operation wire for driving the bending pieces on 
the bending portion is coupled to a bending operation mecha 
nism (not shown). The distal end portion of the endoscope 52 
can be bent by operating the bending portion in a bending 
manner according to operation of the operation knob. 
0093 FIG. 13 shows a peripheral portion of the distal end 
portion of the ultrasonic procedure tool 53 in an enlarged 
manner. The ultrasonic procedure tool 53 of the present 
embodiment includes a procedure tool main body 59 dis 
posed at the distal end portion of the elongated flexible pipe 
portion 58. A procedure tool operation unit 60 shown in FIG. 
18 is disposed at a proximal end portion of the flexible pipe 
portion 58. 
0094. As shown in FIG. 15, the procedure tool main body 
59 includes an ultrasonic transducer 61. A periphery of the 
ultrasonic transducer 61 is covered with a cylindrical cylinder 
62. 

0095. As shown in FIGS. 15 and 16, the ultrasonic trans 
ducer 61 includes an ultrasonic transducer main body 64 
comprising a plurality of piezoelectric devices 63. A horn 65 
with a narrowed shape for increasing vibration amplitude of 
the ultrasonic transducer 61 and a flange 66 are disposed at a 
distal end portion of the ultrasonic transducer main body 64. 
Further, a distal end portion of the horn 65 is extended for 
ward so that a transducer distal end portion 67 is formed. 
0096. As shown in FIG. 19, a plus electrode 68 and a 
minus electrode 69 for supplying power to the piezoelectric 
devices 63 and a backing plate 70 are disposed at a rear end 
portion of the ultrasonic transducer main body 64. The piezo 
electric devices 63 and the electrodes 68, 69 are sandwiched 
between the horn 65 and the backing plate 70. 
0097. A cylindrical inner cover 71 is disposed between the 
plus electrode 68 and the minus electrode 69, and the backing 
plate 70. The inner cover 71 is disposed between the plus 
electrode 68 and the minus electrode 69, and the backing plate 
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70. Thereby, the plus electrode 68 and the minus electrode 69 
are prevented from being electrically short-circuited via the 
backing plate 70. 
(0098. As shown in FIG. 19, the cylindrical inner cover 71 
disposed inside the cylinder 62 has an inner diameter larger 
than the backing plate 70 of the transducer 61 and an entire 
length longer than the backing plate 70, and has an outer 
diameter smaller than an inner diameter of the cylinder 62. 
(0099. As shown in FIG. 18, the procedure tool operation 
unit 60 comprises an operation unit main body 72, a movable 
handle 73, an ultrasonic wave connector 74, and a plug 75 for 
a radio knife. The ultrasonic wave connector 74 includes three 
terminals of an earth terminal 74a, a minus terminal 74b, and 
a plus terminal 74c, and it is connected to an external ultra 
Sonic power source via a cable (not shown). 
0100. The flexible pipe portion 58 includes a flexible coil 
shaft 76 and an insulating outer tube 77. An outer periphery of 
the coil shaft 76 is covered with the outer tube 77. A plus 
wiring 78 and a minus wiring 79 are inserted into an inner 
space portion 76a of the coil shaft 76. A proximal end portion 
of the plus wiring 78 is connected to the plus terminal 74c of 
the ultrasonic wave connector 74 and a proximal end portion 
of the minus wiring 79 is connected to the minus terminal 74b 
of the ultrasonic wave connector 74. The earth terminal 74a of 
the ultrasonic wave connector 74 is electrically grounded. 
Therefore, the plus wiring 78 and the minus wiring 79 
inserted into the inner space portion 76a of the coil shaft 76 
can shield electrical noise from the outside of the coil shaft 76. 
01.01 A proximal endportion of the coil shaft 76 is fixed to 
the operation unit main body 72. A distal end portion of the 
coil shaft 76 is fixed to a proximal end portion of a partition 
wall 91. A distal end portion of the partition wall 91 is 
attached to a rear end portion of the cylinder 62 in a fitting 
manner. Two wiring holes 92 and 93 are formed in the parti 
tion wall 91. The plus wiring 78 is inserted into one wiring 
hole 92 while the minus wiring 79 is inserted into the other 
wiring hole 93. 
0102) A distal end portion of the plus wiring 78 and a distal 
end portion of the minus wiring 79 are connected to the plus 
electrode 68 and the minus electrode 69 of the ultrasonic 
transducer main body 64, respectively. Power supplied from 
the ultrasonic power source is applied to the plus electrode 68 
and the minus electrode 69 from the ultrasonic connector 74 
of the operation unit 60 via the plus wiring 78 and the minus 
wiring 79. Thereby, the ultrasonic transducer 61 produces 
ultrasonic vibration. The ultrasonic vibration whose ampli 
tude has been expanded by passing through the narrowed type 
horn 65 is transmitted to the transducer distal end portion 67. 
The flange 66 corresponds to a node position of vibration and 
it is fixed to the cylinder 62 via an O-ring 66a. 
0103) In the present embodiment, a distance from a distal 
end of the transducer distal end portion 67 to flange 66 is a 
quarter wavelength. A portion corresponding to the quarter 
wavelength is covered with a horn cover 80 fixed to the 
cylinder 62 except for the transducer distal end portion 67. 
0104. The entire length of the ultrasonic transducer 61 is 
half a wavelength. In the present embodiment, the ultrasonic 
transducer 61 produces ultrasonic vibration with 100 kHz. 
When ultrasonic vibration is produced by using resonance, 
one wavelength in high frequency is short, so that the entire 
length of the ultrasonic transducer 61 becomes short. When 
the endoscope 52 is used, if the entire length of the ultrasonic 
transducer 61 is long, the hard portion becomes long, so that 
it becomes difficult to bend the endoscope 52, which results in 
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deterioration of operability of the endoscope 52. Therefore, it 
is required to set the entire length of the ultrasonic transducer 
61 to 50 mm or less. In order to satisfy this requirement, the 
frequency of the ultrasonic vibration must be 75 kHz or more. 
0105. On the other hand, when the frequency of the ultra 
sonic vibration is 150 kHz, vibration velocity required for 
producing cavitation is about 2.5 times the vibration velocity 
at 100 kHz or it is about 5 times the vibration velocity at 20 
kHz. It is difficult to obtain sufficient cavitationata frequency 
exceeding 150 kHz. 
0106 Therefore, in order to achieve both high operability 
and procedure ability, it is ideal that the frequency of the 
ultrasonic vibration is set in a range of 75 to 150 kHz. 
0107. A grasping member 81 grasping a body tissue 
between the one and the transducer distal end portion 61 is 
provided at a distal end portion of the procedure tool main 
body 59. As shown in FIG. 16, the grasping member 81 
comprises two supporting arms 81a, 81b and a grasping por 
tion 82. Two supporting arm 81a, 81b are disposed on both 
sides of a distal end portion of the horn cover 80. Each of 
supporting arms 81a, 81b is provided with one rotating shaft 
83 and two supporting pins 84. The supporting arms 81a, 81b 
of the grasping member 81 are rotatably pivoted to the horn 
cover 80 via the rotating shaft 83. 
0108. One of two supporting pins 84 is provided such that 
an inner end portion thereof is fixed to the Supporting arm 81a 
while an outer end portion thereof projects outside the Sup 
porting arm 81a. Similarly, the other Supporting pin 84 is 
provided such that an inner end portion thereof is fixed to the 
supporting arm 81b while an outer end portion thereof 
projects outside the Supporting arm 81b. 
0109. A cylindrical distal end cover 85 is provided outside 
the cylinder 62 so as to cover the cylinder 62. The distal end 
cover 85 is supported so as to be movable relative to the 
cylinder 62 in an axial direction. As shown in FIG. 15, 
engagement holes 86 which are elongated long hole are pro 
vided on both side of the distal end portion of the distal end 
cover 85, respectively. Each engagement hole 86 is larger 
than the Supporting pin 84 of the grasping member 81. Outer 
end portions of the Supporting pins 84 are inserted into two 
engagement holes 86 of the distal end cover 85 in an engaging 
a. 

0110. A proximal end portion of the distal end cover 85 is 
fixed to the distal end portion of the outer tube 77. A proximal 
end portion of the outer tube 77 is fixed to the movable handle 
73. Thereby, the distal end cover 85 is moved in the axial 
direction via the outer tube 77 according to moving operation 
of the movable handle 73 in the axial direction to the opera 
tion unit main body 72. At this time, when the distal end cover 
85 is moved backward and forward, the grasping member 81 
is operated in an opening or closing manner about the rotating 
shaft 83 rotatably supported by the horn cover 80 (shown in 
FIGS. 21A, 21B, and 21C). 
0111. An outer diameter of the distal end cover 85 is 
smaller than an inner diameter of the channel 57 of the endo 
scope 52. Thereby, the ultrasonic procedure tool 53 is capable 
of advancing/retreating in the channel 57 and can be inserted 
into/removed from the channel 57. 
0112 A plurality of groove portions 87 is provided on a 
face of the transducer distal endportion 67 of the embodiment 
facing the grasping portion 82 of the grasping member 81. A 
desirable shape of the groove portion 87 is similar to that in 
the first embodiment. A plurality of protrusions 88 is formed 
on a grasping face 82a which is a lower face of the grasping 

Aug. 27, 2009 

portion 82 of the grasping member 81. The protrusions 88 of 
the grasping member 81 conform with the groove portions 87 
of the transducer distal end portion 67 of the ultrasonic trans 
ducer 61. Incidentally, such a configuration can be adopted 
that the protrusions 88 are not provided on the grasping por 
tion 82 when a targeted body tissue is material except for 
narrowed and thin material like the first embodiment. 
0113. In the present embodiment, excellent procedure 
ability can be obtained in the following two kinds of groove 
shapes (Example 1 and Example 2). 

EXAMPLE 1. 

0114 groove width (w)=1 mm 
0115 distance between groove portions 87 (t)=0.2 mm 
0116 depth (d)=0.5 mm 
0117 length from a distal end of the transducer distal end 
portion 67 to the last groove portion 87 (L)–3.9 mm 
0118 the number of groove portions 87: 3 
0119) w (one wavelength) of ultrasonic vibration of the 
ultrasonic transducer 61 is 49 mm. Therefore, the length (L) 
from the distal end of the transducer distal end portion 67 to 
the last groove portion 87(L)–3.9 mm is W12.6, which falls 
within W8. 
0.120. The width of the groove portion 87 (w)=1 mm is 
W49, which falls within a range of w/200swsW16. 
I0121 Ratio d/w of the depth (d) and the width (w) of the 
groove portion 87 is 0.5. This value falls within 0.1sd/ws5. 

EXAMPLE 2 

0.122 groove width (w)=0.4 mm 
I0123 distance between groove portions 87 (t)=0.2 mm 
I0124 depth (d)=0.5 mm 
0.125 length from a distal end of the distal end portion 67 
to the last groove portion 87 (L)–3.55 mm the number of 
groove portions 87: 3 
0.126 W (one wavelength) of ultrasonic vibration of the 
ultrasonic transducer 61 is 49 mm. Therefore, the length from 
the distal end of the transducer distal end portion 67 to the last 
groove portion 87–3.55 mm is W13.8, which falls within W/8. 
I0127. The width of the groove portion 87 (w)=1 mm is 
W122.5, which falls within a range of W200sws /16. Ratio 
d/w of the depth (d) and the width (s) of the groove portion 87 
is 1.25. This value falls within 0.1sd/ws5. 
I0128. Next, an operation of the present embodiment will 
be explained. The endoscope 52 shown in FIG. 14 is first 
inserted into a body cavity at a time of using the ultrasonic 
clotting and incising apparatus 51 of the present embodiment. 
At this time, an affected area is confirmed through the obser 
vation window 56 of the observation optical system. 
I0129. Thereafter, the ultrasonic procedure tool 53 is 
inserted into the channel 57 of the endoscope 52. The distal 
end portion of the ultrasonic procedure tool 53 is caused to 
project outside the channel 57. Further, a body tissue is posi 
tioned between the grasping portion 82 of the grasping mem 
ber 81 and the transducer distal end portion 67 of the trans 
ducer 61 while observation is being continued. In this state, 
the movable handle 73 is pulled so that the body tissue is 
grasped between the grasping portion 82 of the grasping 
member 81 and the transducer distal end portion 67. 
0.130. In the state that the body tissue has been grasped in 
this manner, power is Supplied to the ultrasonic transducer 61 
from the ultrasonic power source so that ultrasonic transducer 
61 is vibrated. The body tissue contacting with the groove 
portions 87 of the transducer distal end portion 67 is crushed 
by impact pressure of cavitation produced from the groove 
portions 87. Simultaneously therewith, the body tissue is 
clotted by frictional heat produced by grasping the body 
tissue. The operation other than the above is the same as that 
of the first embodiment. 
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0131. In the present embodiment, sufficient incising/clot 
ting of a body tissue Such as a body organ and a digestive 
organ can beachieved even when the vibration velocity of the 
transducer distal end portion 67 is a low output such as 10 to 
20 m/s. 
0132) The effect of the present embodiment is as follows. 
That is, by providing the groove portions 87 on the transducer 
distal end portion 67 of the ultrasonic transducer 61, an ultra 
Sonic clotting and incising apparatus which can clot and 
incise tissue at a lower vibration velocity by using both cavi 
tation and frictional heat can be provided. 
0.133 FIGS. 22 and 23 show a first modification example 
of the ultrasonic clotting and incising apparatus according to 
the third embodiment. FIG.22 shows a state that the grasping 
member 81 has been closed. FIG. 23 shows a state that the 
grasping member 81 has been opened. 
0134. As shown in FIG. 22, even if one wall faces of the 
protrusions 88 of the grasping member 81 are faces inclined 
at an angle of less than 70°, when the other wall faces thereof 
have an inclined angle of 70° or more, some cavitation effect 
can be obtained. 
0135 FIGS. 24 and 25 show a second modification 
example of the ultrasonic clotting and incising apparatus 
according to the third embodiment. A shape of the groove 
portions 87 at the transducer distal end portion 67 shown in 
FIG. 25 is as follows: 
0.136 groove width (w)=1 mm 
0.137 distance between groove portions 87 (t)=nothing 
0138 depth (d)=0.5 mm 
0139 length from a distal end of the transducer distal end 
portion 67 to the last groove portion 87 (L)–3.75 mm 
0140 the number of groove portions 87: 3 
0141 w (one wavelength) of ultrasonic vibration of the 
ultrasonic transducer 61 is 49 mm. Therefore, the length (L) 
from the distal end of the transducer distal end portion 67 to 
the last groove portion 87–3.75 mm is w/13.1. This value falls 
within W/8. 
0142. The width of the groove portion 87 (w)=1 mm is 
w/49, which falls within a range of w/200swsw16. 
0143 Ratio d/w of the depth (d) and the width (w) of the 
groove portion 87 is 0.5. This value falls within 0.1sd/ws5. 
0144. Incidentally, such a configuration that only one Sup 
porting arm 81a, 81b of the grasping member 81 and only one 
engagement hole 86 of the distal end cover 85 are provided 
may be adopted. A groove portion 87 having a non-perpen 
dicular face may be provided like the modification examples 
of the first embodiment shown in FIGS. 6 and 7. 
(0145 FIGS. 26 and 27 show a fourth embodiment of the 
present invention. In the present embodiment, an operation 
wire 101 is provided instead of the distal end cover 85 in the 
third embodiment (FIGS. 13 to 21C). As shown in FIG. 26, a 
distal end portion of the operation wire 101 is connected to a 
Supporting pin 84 of a grasping member 81. A proximal end 
portion of the operation wire 101 is connected to the movable 
handle 73 of the operation unit 60 shown in FIG. 18. 
0146 Acoil shaft 76 has a diameter smaller than that of the 
cylinder 62. A partition wall 91 is disposed between a proxi 
mal end portion of the cylinder 62 and a distal end portion of 
the coil shaft 76. A taper 102 is provided on the partition wall 
91 between the coil shaft 76 and the cylinder 62. The con 
figuration other than the above is the same as that in the third 
embodiment. 
0147 An operation/an effect of the present embodiment 
are as follows. That is, the endoscope shown in FIG. 27 is 
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connected with a Suction pump (not shown). A portion of the 
ultrasonic procedure tool 53 which is from the distal end 
thereof to the partition wall 91 is caused to project outside the 
channel 57 so that a clearance of the channel 57 is secured. 
Thereby, foreign material X can be sucked/drained from the 
channel 57 of the endoscope 52. 
0.148. Here, when the foreign material X is clot of clotted 
blood, feces or the like, it can be Sucked more easily by using 
the coil shaft 76 having a smaller diameter. When sucking/ 
draining of the foreign material X are completed and the 
procedure tool 53 is pulled into the channel 57, a rear end 
portion of the partition wall 91 gets lodged on the distal end 
portion of the endoscope 52 unless the taper 102 is provided 
on the partition wall 91. Smooth taking-in and putting-out of 
the procedure tool 53 is made possible by providing the taper 
102 on the partition wall 91. 
0149 Incidentally, the present invention is not limited to 
the embodiments and it can be implemented in variously 
modified manner without departing from the gist of the inven 
tion. 
0150. Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, the inven 
tion in its broader aspects is not limited to the specific details 
and representative embodiments shown and described herein. 
Accordingly, various modifications may be made without 
departing from the spirit or scope of the general inventive 
concept as defined by the appended claims and their equiva 
lents. 

What is claimed is: 
1. An ultrasonic treatment instrument comprising: 
an ultrasonic transducer which produces ultrasonic vibra 

tion; 
a probe portion which has a distal end portion and a proxi 

mal end portion, the proximal end portion being coupled 
to the ultrasonic transducer, and ultrasonic wave output 
ted from the ultrasonic transducer is transmitted; 

a sheath portion which is formed from a cylinder body 
having a distal end portion and a proximal end portion 
and in which the probe portion is inserted detachably, the 
sheath portion having, at the distal end portion, a grasp 
ing member rotatably Supported so as to face the probe 
portion; and 

a handle portion which is detachably coupled to the proxi 
mal end portion of the sheath portion and operates the 
grasping member Such that the grasping member is 
opened and closed to the probe portion, wherein 

the distal end portion of the probe portion includes a cavi 
tation production portion where the distal end portion of 
the probe portion has, on a face thereof facing the grasp 
ing member, a flat portion extending so as to intersect a 
vibration direction of the ultrasonic vibration, and cavi 
tation is produced by the flat face in a state that a body 
tissue has been grasped between the grasping member 
and the distal end portion of the probe portion. 

2. The ultrasonic treatment instrument according to claim 
1, wherein 

the cavitation production portion includes a groove portion 
with an uneven shape on a face facing the grasping 
member at the distal end portion of the probe portion. 

3. The ultrasonic treatment instrument according to claim 
2, wherein 

the grasping member includes a fitting portion fitted to the 
groove portion at the distal end portion of the probe 
portion. 
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4. The ultrasonic treatment instrument according to claim 
2, wherein 

the groove portion has a flat face provided so as to extend 
in a direction intersecting the vibration direction of the 
ultrasonic vibration at an angle of 70° to 90°. 

5. The ultrasonic treatment instrument according to claim 
2, wherein 

a plurality of the groove portions is formed on the face 
facing the grasping member at the distal end portion of 
the probe portion, and 

when one wavelength of the ultrasonic vibration is repre 
sented as W., all the groove portions fall within a range 
from a distal end of the probe portion to W8. 

6. The ultrasonic treatment instrument according to claim 
2, wherein 

a width (w) of the groove portion extending along an axial 
direction of the probe portion is set so as to fall within a 
range of W200sws /16. 

7. The ultrasonic treatment instrument according to claim 
2, wherein 

the groove portion has a ratio (d/w) of a groove width (W) 
extending along an axial direction of the probe portion 
and a depth (d) is set to fall within a range of 0.1sd/ 
wis5. 

8. An ultrasonic treatment instrument comprising: 
a flexible pipe portion having a distal end portion and a 

proximal end portion; 
a procedure tool main body disposed at the distal end 

portion of the flexible pipe portion; and 
a procedure tool operation unit disposed at the proximal 

end portion of the flexible pipe portion, wherein 
the procedure tool main body comprises: 
an ultrasonic transducer producing ultrasonic vibration, 
a cover member having a distal end portion and a proximal 

end portion and covering a periphery of the ultrasonic 
transducer, the proximal end portion of the cover mem 
ber being fixed to the ultrasonic transducer, and 

a grasping member pivoted to the distal end portion of the 
cover member, and including a grasping face grasping a 
body tissue between the one and a distal end portion of 
the ultrasonic transducer at a position facing the distal 
end portion of the ultrasonic transducer, and 

the procedure tool operation unit comprises: 
a slide mechanism which has a distal end portion and a 

proximal end portion and whose distal end portion is 
coupled to the grasping member, and 

a handleportion which operates the grasping member Such 
that the grasping member is opened and closed to the 
distal end portion of the ultrasonic transducer according 
to operation of the slide mechanism in an axial direction 
thereof, wherein 

the distal end portion of the ultrasonic transducer includes 
a cavitation production portion where the distal end 
portion of the ultrasonic transducer has, on a face thereof 
facing the grasping member, a flat portion extending so 
as to intersect a vibration direction of the ultrasonic 
vibration, and cavitation is produced by the flat face in a 
state that a body tissue has been grasped between the 
grasping member and the distal end portion of the ultra 
Sonic transducer. 

9. The ultrasonic treatment instrument according to claim 
8, wherein 
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the slide mechanism includes a distal end cover coupled to 
the grasping member, and 

an outer diameter of the distal end cover is smaller than an 
inner diameter of a channel of an endoscope in which the 
procedure tool main body is inserted. 

10. The ultrasonic treatment instrument according to claim 
8, wherein 

the slide mechanism includes a distal end portion and a 
proximal end portion, the distal end portion of the slide 
mechanism including an operation wire coupled to the 
grasping member. 

11. The ultrasonic treatment instrument according to claim 
8, wherein 

the cavitation production portion includes a groove portion 
with an uneven shape formed on a face facing the grasp 
ing face of the grasping member at the distal end portion 
of the ultrasonic transducer. 

12. The ultrasonic treatment instrument according to claim 
8, wherein 

the ultrasonic transducer has an entire length which is half 
the wavelength of ultrasonic vibration, and 

the ultrasonic transducer is fixed to the cover member at a 
node position of ultrasonic vibration of a quarter wave 
length from a distal end portion of the ultrasonic trans 
ducer. 

13. The ultrasonic treatment instrument according to claim 
8, wherein 

the ultrasonic transducer comprises: 
a piezoelectric device stacked body comprising a plurality 

of piezoelectric devices, 
a horn expanding vibration amplitude of the piezoelectric 

device stacked body, 
plus and minus electrodes Supplying power to the piezo 

electric devices, 
a backing plate Sandwiching the piezoelectric devices and 

the electrodes between the one and the horn and posi 
tioned at a rear end of the piezoelectric device stacked 
body, and 

an inner cover disposed between the plus and minus elec 
trodes and the backing plate, wherein 

the inner cover has an inner diameter larger than the back 
ing plate and an entire length longer than the backing 
plate, and has an outer diameter Smaller than an inner 
diameter of the cover member. 

14. The ultrasonic treatment instrument according to claim 
13, wherein 

the flexible pipe portion includes a coil shaft having a 
diameter smaller than that of the cover member, and 

the backing plate has a taper with a smooth inclined face at 
a connecting portion with the coil shaft. 

15. The ultrasonic treatment instrument according to claim 
8, wherein 

the ultrasonic transducer produces ultrasonic vibration 
with a frequency of 100+25 kHz. 

16. The ultrasonic treatment instrument according to claim 
14, wherein 

the coil shaft is provided with an insulating outer tube 
covering an outer periphery of the coil shaft, 

a wire Supplying power to the ultrasonic transducer is 
inserted into the coil shaft, and 

the coil shaft is electrically grounded. 
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