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(54) ULTRASONIC PROBE

(567)  Anultrasonic probe includes a first bent extend-
ing portion provided on a distal side with respect to a
narrowed portion and extending in such a state as to
bend toward a first crossing direction side crossing a lon-
gitudinal axis, and a second bent extending portion con-
tinuous with the distal side of the first bent extending por-
tion and extending in such a state as to bend toward a
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second crossing direction side opposite to the first cross-

ing direction. The second bent extending portion includes
a blade portion, and in a projection seen from the distal
side, the first bent extending portion and the second bent
extending portion are located within a minimum inside

diameter of a sheath.
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Description
Technical Field

[0001] The present invention relates to an ultrasonic
probe which is used for surgery in ajoint and which trans-
mits ultrasonic vibration.

Background Art

[0002] PatentLiterature 1 discloses an ultrasonic treat-
ment instrumentincluding an ultrasonic probe (ultrasonic
horn). In this ultrasonic treatment instrument, ultrasonic
vibration generated in a vibration generating section (ul-
trasonic vibration mechanism) is transmitted from a prox-
imal side to a distal side in the ultrasonic probe. In a distal
portion of the ultrasonic probe, a scalpel portion is formed
as an abrading blade. In a state where the abrading blade
is in contact with a treated target, the ultrasonic vibration
is transmitted to the scalpel portion, and the treated target
(e.g. a bone or the like) is thereby abraded.

Citation List
Patent Literature

[0003] Patent Literature 1: Jpn. Pat. Appln. KOKAI
Publication No. 2003-116870

Summary of Invention
Technical Problem

[0004] In ajoint such as a knee joint, a shoulder joint,
and an elbow joint, a treated target such as a bone or a
cartilage needs to be abraded in an extremely narrow
space. In a configuration according to Patent Literature
1, there is a possibility that in a narrow space of a joint
or the like, for example, a portion of an ultrasonic probe
other than the scalpel portion may interfere with a tissue
other than the treated target, and hence a scalpel portion
which is an abrading blade may not properly come into
contact with the treated target.

[0005] The presentinvention has been made to solve
the problem described above, and an object thereof is to
provide an ultrasonic probe in which an abrading blade
properly contacts a treated target evenin a narrow space
of a joint or the like.

Solution to Problem

[0006] To solve the above mentioned problems, ac-
cording to one aspect ofthe invention, an ultrasonic probe
which is used for surgery in a joint and which transmits
ultrasonic vibration from a proximal side to a distal side,
the ultrasonic probe including: a probe main body which
extends along a linear longitudinal axis from the proximal
side toward the distal side and to which an ultrasonic
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transducer generating the ultrasonic vibration is connect-
ed on the proximal side; a narrowed portion which is con-
tinuous with the distal side of the probe main body and
whose sectional area perpendicular to the longitudinal
axis decreases from the proximal side toward the distal
side; a first bent extending portion which is provided on
the distal side with respect to the narrowed portion and
which extends in such a state as to bend toward a first
crossing direction side with respect to the longitudinal
axis when the first crossing direction crossing the longi-
tudinal axis is defined; a second bent extending portion
which is continuous with the distal side of the first bent
extending portion and which extends in such a state as
to bend toward a second crossing direction side with re-
spect to the longitudinal axis when the second crossing
direction opposite to the first crossing direction is defined;
and a blade portion which is provided in the second bent
extending portion and with which a bone or a cartilage is
abraded in the joint by use of the ultrasonic vibration,
wherein in a projection seen from the distal side, the nar-
rowed portion, the first bent extending portion, and the
second bent extending portion are located within a min-
imum inside diameter of a sheath through which the ul-
trasonic probe is inserted.

Advantageous Effects of Invention

[0007] According to the presentinvention, an ultrason-
ic probe, in which an abrading blade properly contacts a
treated target even in a narrow space of a joint or the
like, can be provided.

Brief Description of Drawings
[0008]

FIG. 1is a schematic diagram showing an ultrasonic
treatment system according to a first embodiment;
FIG. 2 is a schematic diagram showing a configura-
tion of a vibrating body unit according to the first em-
bodiment;

FIG. 3 is a schematic diagram in which a distal por-
tion of an ultrasonic probe according to the first em-
bodiment is seen from one side of a width direction;
FIG. 4 is a schematic diagram in which the distal
portion of the ultrasonic probe according to the first
embodiment is seen from a second crossing direc-
tion side;

FIG. 5is a sectional view taken along the line V-V in
FIG. 3;

FIG. 6 is a schematic diagram in which a second
bent extending portion according to the first embod-
iment is seen from the side of a first bent outer sur-
face in a thickness direction;

FIG. 7 is a sectional view schematically showing the
second bent extending portion according to the first
embodiment in a section perpendicular to the width
direction at a substantially middle position of the sec-
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ond bent extending portion in the width direction;
FIG. 8 is a schematic diagram in which a sheath and
the ultrasonic probe according to the first embodi-
ment are seen from a distal side;

FIG. 9is a schematic diagram showing one example
of a state where a treated target is being abraded
with an abrading blade according to the first embod-
iment;

FIG. 10 is a schematic diagram showing the treated
target abraded with the abrading blade according to
the first embodiment;

FIG. 11 is a schematic diagram showing a place of
the second bent extending portion in which stress
concentrates is seen from the side of the first bent
outer surface in a state where the treated target is
abraded with an abrading blade 71 according to the
first embodiment;

FIG. 12 is a sectional view schematically showing
the place of the second bent extending portion in
which stress concentrates, in the section perpendic-
ular to the width direction passing through a hole
central axis, in a state where the treated target is
abraded with the abrading blade 71 according to the
first embodiment;

FIG. 13 is a schematic diagram in which the distal
portion of the ultrasonic probe according to a second
embodiment is seen from one side of the width di-
rection;

FIG. 14 is a schematic diagram in which the distal
portion of the ultrasonic probe according to the sec-
ond embodiment is seen from the second crossing
direction side;

FIG. 15is a schematic diagram in which the second
bent extending portion according to the second em-
bodiment is seen from the side of the first bent outer
surface in the thickness direction;

FIG. 16 is a schematic diagram in which the second
bent extending portion according to the second em-
bodimentis seen fromthe side of asecond bent outer
surface in the thickness direction;

FIG. 17 is a sectional view schematically showing
the second bent extending portion according to the
second embodiment in the section perpendicular to
the width direction at the substantially middle posi-
tion of the second bent extending portion in the width
direction;

FIG. 18 is a schematic diagram in which the sheath
and the ultrasonic probe according to the second
embodiment are seen from the distal side; and
FIG. 19 is a schematic diagram showing one exam-
ple of a treatmentin which the treated target is abrad-
ed by use ofthe ultrasonic probe including two abrad-
ing blades according to the second embodiment.

10

15

20

25

30

35

40

45

50

55

Description of Embodiments
(First Embodiment)

[0009] 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 system 1 ac-
cording to the present embodiment. FIG. 2 is a diagram
showing a configuration of a vibrating body unit 10 formed
by an ultrasonic probe 8 and an ultrasonic transducer 12
which will be described later. As shown in FIG. 1, the
ultrasonic treatment system 1 includes an ultrasonic
treatment instrument (handpiece) 2, an energy controller
3, and a transducer unit 5. The ultrasonic treatment in-
strument 2 has a substantially linear longitudinal axis C.
Herein, one side of a direction (longitudinal direction)
along the longitudinal axis C is a distal side (an arrow C1
side), and a side opposite to the distal side is a proximal
side (an arrow C2 side). Further, the ultrasonic treatment
instrument 2 is used for surgery to abrade a bone or a
cartilage in a joint such as a knee joint, a shoulder joint,
and an elbow joint.

[0010] The ultrasonic treatment instrument 2 includes
aholdable housing 6, asheath 7, and the ultrasonic probe
8 for joints. The housing 6 extends along the longitudinal
axis C, and the sheath 7 is coupled to the housing 6 from
the distal side. The sheath 7 extends along the longitu-
dinal axis C, and is a hollow member having the longitu-
dinal axis C as a substantially central axis. The ultrasonic
probe (vibration transmitting member) 8 is inserted
through the sheath 7. A distal portion of the ultrasonic
probe 8 protrudes from a distal end of the sheath 7 toward
the distal side. Further, an operation button 9 which is an
energy operation input portion to be operated by a sur-
geon is attached to the housing 6.

[0011] The transducer unit 5 includes a transducer
case 11, and the ultrasonic transducer 12 (see FIG. 12)
provided inside the transducer case 11. The transducer
case 11 is coupled to the housing 6 from the proximal
side. Further, inside the housing 6, the ultrasonic trans-
ducer 12 is connected to the ultrasonic probe 8 from the
proximal side. The transducer unit 5 is connected to the
energy controller 3 via a cable 13. The energy controller
3includes an electric power source, a conversion circuit
which converts electric power from the electric power
source into electric energy to be supplied to the ultrasonic
transducer 12, a processor or the like (controller) includ-
ing a central processing unit (CPU), an application spe-
cific integrated circuit (ASIC), or the like, and a storage
medium such as a memory. The energy controller 3 out-
puts the electric energy to the ultrasonic transducer 12
by detecting an input of an operation in the operation
button 9.

[0012] Ultrasonic vibration is generatedinthe ultrason-
ic transducer 12 by the supply of the electric energy to
the ultrasonic transducer 12. Further, the generated ul-
trasonic vibration is transmitted to the ultrasonic probe
8, and the ultrasonic vibration is transmitted from the
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proximal side toward the distal side in the ultrasonic probe
8. At this moment, the vibrating body unit 10 formed by
the ultrasonic transducer 12 and the ultrasonic probe 8
vibrates (longitudinally vibrates) at any frequency within
a specified frequency range. For example, the vibrating
body unit 10 is designed to longitudinally vibrate at 47
kHz by the transmission of the ultrasonic vibration, and,
actually, longitudinally vibrates at any frequency within a
frequency range of 46 kHz or more to 48 kHz or less.
Further, as shownin FIG. 2, in a state where the vibrating
body unit 10 longitudinally vibrates at any frequency with-
in the specified frequency range, a vibration antinode Al
of the longitudinal vibration is located at a distal end of
the ultrasonic probe 8, and a vibration antinode Ak of the
longitudinal vibration is located at a proximal end of the
ultrasonic transducer 12. Herein, the vibration antinode
Al is located most distally among vibration antinodes Ai
(i=1, 2, ..., and k) of the longitudinal vibration, and the
vibration antinode Ak is located most proximally among
the vibration antinodes Ai.

[0013] The ultrasonic transducer 12 extends to have
the substantially linear longitudinal axis C as a substan-
tially central axis. A transducer abutment surface 16 is
formed at a distal end of the ultrasonic transducer 12.
The ultrasonic probe 8 includes a probe main body 15
extending along the substantially linear longitudinal axis
C. The probe main body 15 extends to have the longitu-
dinal axis C as a substantially central axis. A probe abut-
ment surface 17 is formed at a proximal end of the probe
main body 15. Further, an engagement protrusion 18 pro-
truding from the probe abutment surface 17 (a proximal
end of the probe main body 15) toward the proximal side
is provided in the ultrasonic probe 8. The engagement
protrusion 18 engages with an engagement groove (not
shown) provided in the ultrasonic transducer 12 (e.g. an
external screw of the engagement protrusion 18 screws
into an internal screw of the engagement groove), where-
by the ultrasonic probe 8 is connected to the distal side
of the ultrasonic transducer 12. In a state where the ul-
trasonic probe 8 is connected to the ultrasonic transducer
12, the probe abutment surface 17 of the probe main
body 15 abuts on the transducer abutment surface 16 of
the ultrasonic transducer 12, and the ultrasonic vibration
is transmitted to the ultrasonic probe 8 (the probe main
body 15) from the ultrasonic transducer 12 through the
transducer abutment surface 16 and the probe abutment
surface 17.

[0014] The probe main body 15 includes a horn 21, a
horn 22 provided on the distal side with respect to the
horn 21, a sectional area increasing portion 23 provided
on the distal side with respect to the horn 22, and a sup-
ported portion 25 provided on the distal side with respect
to the sectional area increasing portion 23. In each of the
horns 21 and 22, a sectional area perpendicular to the
longitudinal axis C decreases from the proximal side to-
ward the distal side. In a state where the vibrating body
unit 10 longitudinally vibrates at any frequency within the
specified frequencyrange (e.g. arange of 46 kHz or more
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to 48 kHz or less), all of the vibration antinodes Ai of the
longitudinal vibration are located apart from the horns 21
and 22. Thus, the amplitude of the longitudinal vibration
is increased in the horns 21 and 22. In the sectional area
increasing portion 23, a sectional area perpendicular to
the longitudinal axis C increases from the proximal side
toward the distal side. In a state where the vibrating body
unit 10 longitudinally vibrates at any frequency within the
specified frequency range, a vibration antinode A2 of the
longitudinal vibration is located in the sectional area in-
creasing portion 23. Thus, the amplitude of the longitu-
dinal vibration hardly decreases in the sectional area in-
creasing portion 23. In a state where the vibrating body
unit 10 longitudinally vibrates at any frequency within the
specified frequency range, the amplitude of the longitu-
dinal vibration is 80 to 90 wm at the vibration antinode Al
located at the distal end of the ultrasonic probe 8, for
example, when the longitudinal vibration having an am-
plitude of 10 to 18 wm is transmitted to the proximal end
of the probe main body 15 (the probe abutment surface
17). Note that the vibration antinode A2 is located second
distally among the vibration antinodes Ai of the longitu-
dinal vibration.

[0015] Furthermore, the supported portion 25 is
formed into a groove shape depressed toward an inner
peripheral side all around the longitudinal axis C, and an
elastic member (not shown) is attached to an outer pe-
ripheral surface of the supported portion 25. In the sup-
ported portion 25, the ultrasonic probe 8 is supported,
via its elastic member, by the sheath 7. In a state where
the vibrating body unit 10 longitudinally vibrates at any
frequency within the specified frequency range (a range
of 46 kHz or more to 48 kHz or less), a vibration node NI
of the longitudinal vibration is located in the supported
portion 25. Herein, the vibration node Nl is located most
distally among vibration nodes Nj (j = 1, 2, ..., and k-1)
of the longitudinal vibration. Further, the distal end of the
sheath 7 is located on the distal side with respect to the
supported portion 25. Thus, in a state where the vibrating
body unit 10 longitudinally vibrates at any frequency with-
in the specified frequency range, the most distal vibration
node Nl is located within the sheath 7.

[0016] FIG. 3 and 4 are diagrams showing a configu-
ration of the distal portion of the ultrasonic probe 8. Here-
in, there are defined a first crossing direction (a direction
of an arrow P1) which is one direction crossing (substan-
tially perpendicular to) the longitudinal axis C, and a sec-
ond crossing direction (a direction of an arrow P2) oppo-
site to the first crossing direction (first perpendicular di-
rection). There is also defined a width direction (a direc-
tion of an arrow W1 and an arrow W2) of the ultrasonic
probe 8 crossing (substantially perpendicular to) the lon-
gitudinal axis C and substantially perpendicular to (cross-
ing) the first crossing direction (first perpendicular direc-
tion) and the second crossing direction (second perpen-
dicular direction). Each of FIGS. 2 and 3 is a diagram in
which the ultrasonic probe 8 is seen from one side (e.g.
an arrow W1 side shown in FIG. 4) of the width direction,
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and FIG. 4 is a diagram in which the ultrasonic probe 8
is seen from the second crossing direction side.

[0017] As shown in FIG. 2 to FIG. 4, the ultrasonic
probe 8 includes a narrowed portion 31 continuous with
the distal side of the probe main body 15, a first bent
extending portion 32 provided on the distal side with re-
spect to the narrowed portion 31, and a second bent ex-
tending portion 33 continuous with the distal side of the
first bent extending portion 32. In the present embodi-
ment, a treatment portion with which a treated target is
treated is formed by the bent extending portions 32 and
33. Further, in the ultrasonic probe 8, an intermediate
extending portion 35 is continuous between the narrowed
portion 31 and the first bent extending portion 32 in a
direction along the longitudinal axis C. A boundary posi-
tion E1 between the probe main body 15 and the nar-
rowed portion 31 (i.e. a distal end of the probe main body
15 and a proximal end of the narrowed portion 31) is
located on the distal side with respect to the supported
portion 25 of the probe main body 15.

[0018] Furthermore, the distal end of the sheath 7 is
located on the distal side with respect to the boundary
position E1 between the probe main body 15 and the
narrowed portion 31. Moreover, an outer peripheral side
of a proximal portion of the narrowed portion 31 is cov-
ered with the sheath 7. However, outer peripheries of
parts of the narrowed portion 31 other than the proximal
portion, the intermediate extending portion 35, the first
bentextending portion 32, and the second bent extending
portion 33 are not covered with the sheath 7. Therefore,
in the ultrasonic probe 8, the parts of the narrowed portion
31 other than the proximal portion, the intermediate ex-
tending portion 35, the first bent extending portion 32,
and the second bent extending portion 33 protrude from
the distal end of the sheath 7 toward the distal side. More-
over, the second bent extending portion 33 includes a
distal outer surface 37 forming a distal end Ed of the
ultrasonic probe 8. In a certain example, a dimension L1
in the direction (longitudinal direction) along the longitu-
dinal axis C from the distal end Ed of the ultrasonic probe
8 to the boundary position E1 between the probe main
body 15 and the narrowed portion 31 is 29 to 31 mm.
[0019] The narrowed portion 31 includes a first nar-
rowed outer surface 41 facing toward the second cross-
ing direction side (arrow P2 side), a second narrowed
outer surface 42 facing toward the first crossing direction
side (arrow P1 side), a third narrowed outer surface 43
facing toward one side (the arrow W1 side) of the width
direction, and a fourth narrowed outer surface 44 facing
toward the other side (the arrow W2 side) of the width
direction. Each of the narrowed outer surfaces 41 to 44
comes closer to the longitudinal axis C from the proximal
side toward the distal side. Each of the narrowed outer
surfaces 41 and 42 extends toward the distal side from
the boundary position (first narrowing start position) E1
between the probe main body 15 and the narrowed por-
tion 31 up to a narrowing end position (first narrowing
end position) E2 in the direction along the longitudinal
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axis C. Therefore, between the boundary position E1 and
the narrowing end position E2, the dimension of the nar-
rowed portion 31 in the first crossing direction and the
second crossing direction (i.e., a thickness direction of
the narrowed portion 31) decreases from the proximal
side toward the distal side. In a certain example, a di-
mension L2 in the direction along the longitudinal axis C
from the boundary position E1 to the narrowing end po-
sition E2 is 14 to 18 mm.

[0020] Each of the narrowed outer surfaces 43 and 44
extends toward the distal side from a narrowing start po-
sition (second narrowing start position) E3 up to a nar-
rowing end position (second narrowing end position) E4
in the direction along the longitudinal axis C. Therefore,
between the narrowing start position E3 and the narrow-
ing end position E4, the dimension of the narrowed por-
tion 31 in the width direction of the narrowed portion 31
decreases from the proximal side toward the distal side.
The narrowing start position E3 is located on the distal
side with respect to the boundary position E1, and located
on the proximal side with respect to the narrowing end
position E2. Further, the narrowing end position E4 is
located on the distal side with respect to the narrowing
end position E2. In a certain example, a dimension L3 in
the direction along the longitudinal axis C from the distal
end Ed of the ultrasonic probe 8 to the narrowing start
position E3 is 15 to 29.1 mm, and a dimension L4 in the
direction along the longitudinal axis C from the distal end
Ed of the ultrasonic probe 8 to the narrowing end position
E4is 10 to 11.1 mm.

[0021] Due to the configuration described above, the
sectional area perpendicular to the longitudinal axis C
decreases in the narrowed portion 31 from the proximal
side toward the distal side. That s, between the boundary
position E1 and the narrowing end position (second nar-
rowing end position) E4, the sectional area of the nar-
rowed portion 31 perpendicular to the longitudinal axis
C decreases fromthe proximal side toward the distal side.
In a certain example, at the boundary position E1 (i.e.,
the distal end of the probe main body 15), the sectional
shape of the ultrasonic probe 8 perpendicular to the lon-
gitudinal axis C is in a circular shape having an outside
diameter ¢1 of 2.9 to 3.8 mm. In this example, at the
narrowing end position (first narrowing end position) E2,
a dimension T1 of the narrowed portion 31 in the first
crossing direction and the second crossing direction (i.e.
the thickness direction) is 1.5 to 1.6 mm. Further, in the
present example, at the narrowing end position (second
narrowing end position) E4, a dimension B1 of the nar-
rowed portion 31 in the width direction is 2.7 to 3.2 mm.
Moreover, in the present example, at the narrowing end
position E2, a dimension 81 in the first crossing direction
from the longitudinal axis C up to the second narrowed
outer surface 42 is 0.75 mm. When the outside diameter
¢1, the dimensions T1 and B1, and the dimension 81 are
designed as described above, a center of gravity of the
narrowed portion 31 slightly deviates toward the second
crossing direction side from the longitudinal axis C. How-
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ever, in the width direction of the narrowed portion 31,
the center of gravity of the narrowed portion 31 does not
deviate from the longitudinal axis C.

[0022] A first intermediate outer surface 45 facing to-
ward the second crossing direction side is continuous
with the distal side of the first narrowed outer surface 41,
and a second intermediate outer surface 46 facing toward
the first crossing direction side is continuous with the dis-
tal side of the second narrowed outer surface 42. Further,
a third intermediate outer surface 47 facing toward one
side of the width direction is continuous with the distal
side of the third narrowed outer surface 43, and a fourth
intermediate outer surface 48 facing toward the other
side of the width direction is continuous with the distal
side of the fourth narrowed outer surface 44. Therefore,
the narrowing end position (first narrowing end position)
E2is aboundary position between the first narrowed out-
er surface 41 and the first intermediate outer surface 45,
and is also a boundary position between the second nar-
rowed outer surface 42 and the second intermediate out-
er surface 46. Further, the narrowing end position (sec-
ond narrowing end position) E4 is a boundary position
between the third narrowed outer surface 43 and the third
intermediate outer surface 47, and is also a boundary
position between the fourth narrowed outer surface 44
and the fourth intermediate outer surface 48. Herein, in
an outer peripheral surface of the intermediate extending
portion 35, a part facing toward the second crossing di-
rection side is formed by the first intermediate outer sur-
face 45, and a part facing toward the first crossing direc-
tion side is formed by the second intermediate outer sur-
face 46. Moreover, in an outer peripheral surface of the
intermediate extending portion 35, a part facing toward
one side of the width direction is formed by the third in-
termediate outer surface 47, and a part facing toward the
other side of the width direction is formed by the fourth
intermediate outer surface 48.

[0023] Each of the intermediate outer surfaces 45 to
48 extends substantially parallel to the longitudinal axis
C along the longitudinal axis C. Further, each of the in-
termediate outer surfaces 47 and 48 extends toward the
distal side from the narrowing end position E4 up to the
distal outer surface 37 of the ultrasonic probe 8 (the sec-
ond bent extending portion 33), and a distal end of each
of the intermediate outer surfaces 47 and 48 is continu-
ous with the distal outer surface 37.

[0024] Because the intermediate outer surfaces 45
and 46 are substantially parallel to the longitudinal axis
C, adimension (a dimension of the intermediate extend-
ing portion 35 in the thickness direction) T2 between the
intermediate outer surfaces 45 and 46 in the first crossing
direction and the second crossing direction is substan-
tially the same as the dimension T1 of the narrowed por-
tion 31 in the thickness direction at the narrowing end
position E2. Further, a dimension 82 in the first crossing
direction from the longitudinal axis C up to the second
intermediate outer surface 46 is substantially the same
as the dimension 81 in the first crossing direction from
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the longitudinal axis C up to the second narrowed outer
surface 42 at the narrowing end position E2. Moreover,
because the intermediate outer surfaces 47 and 48 are
substantially parallel to the longitudinal axis C, a dimen-
sion (a dimension of each of the intermediate extending
portion 35 and the bent extending portions 32 and 33 in
the width direction) B2 between the intermediate outer
surfaces 47 and 48 in the width direction of the ultrasonic
probe 8 is substantially the same as the dimension B1
of the narrowed portion 31 in the width direction at the
narrowing end position E4. Further, the intermediate ex-
tending portion 35 whose outer peripheral surface is
formed by the intermediate outer surfaces 45 to 48 ex-
tends substantially parallel to the longitudinal axis C, and
in the intermediate extending portion 35, the sectional
area perpendicular to the longitudinal axis C is substan-
tially uniform over the entire length in the direction along
the longitudinal axis C.

[0025] In a certain example, the dimension T2 is 1.5
to 1.6 mm, the dimension B2 is 2.7 to 3.2 mm, and the
dimension 52 is 0.75 mm. In this example, a center of
gravity of the intermediate extending portion 35 slightly
deviates toward the second crossing direction from the
longitudinal axis C. However, in the width direction of the
intermediate extending portion 35 (the ultrasonic probe
8), the center of gravity of the intermediate extending
portion 35 does not deviate from the longitudinal axis C.
[0026] The first bent extending portion 32 extends in
such a state as to bend toward the first crossing direction
side with respect to the longitudinal axis C. The first bent
extending portion 32 has a bending angle a1 to the lon-
gitudinal axis C toward the first crossing direction side.
That s, a direction rotated from the distal side toward the
first crossing direction side by the bending angle a1 is
an extending direction of the first bent extending portion
32. In a certain example, the bending angle a1 is 5°.
[0027] The second bent extending portion 33 extends
in such a state as to bend toward the second crossing
direction side with respect to the longitudinal axis C. The
second bent extending portion 33 has a bending angle
a2 to the longitudinal axis C toward the second crossing
direction side. That is, a direction rotated from the distal
side toward the second crossing direction side by the
bending angle a2 is an extending direction of the second
bentextending portion 33. In a certain example, the bend-
ing angle 0.2 is 20°.

[0028] The second bent extending portion 33 includes
a first bent outer surface 51 facing toward the second
crossing direction side (arrow P2 side), and a second
bent outer surface 52 facing toward the first crossing di-
rection side (arrow P1 side). The bent outer surfaces 51
and 52 are substantially parallel to each other, and each
of the bent outer surfaces 51 and 52 extends in such a
state as to bend toward the second crossing direction
side at the bending angle a2 to the longitudinal axis C.
In a certain example, a dimension T3 of the second bent
extending portion 33 in the thickness direction between
the first bent outer surface 51 and the second bent outer
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surface 52 is 1.5 mm. The first bent outer surface 51
extends toward the distal side from a bending start posi-
tion (first bending start position) E5 up to the distal outer
surface 37 of the second bent extending portion 33 in the
direction along the longitudinal axis C, and a distal end
of the first bent outer surface 51 is continuous with the
distal outer surface 37. Further, the second bent outer
surface 52 extends toward the distal side from a bending
start position (second bending start position) E6 up to
the distal outer surface 37 of the second bent extending
portion 33 in the direction along the longitudinal axis C,
and a distal end of the second bent outer surface 52 is
continuous with the distal outer surface 37.

[0029] The first bent extending portion 32 includes a
third bent outer surface 53 facing toward the second
crossing direction side (arrow P2 side), and a fourth bent
outer surface 54 facing toward the first crossing direction
side (arrow P1 side). The bent outer surfaces 53 and 54
are substantially parallel to each other, and each of the
bent outer surfaces 53 and 54 extends in such a state
as to bend toward the first crossing direction side at the
bending angle a1 to the longitudinal axis C. In a certain
example, a dimension T4 of the first bent extending por-
tion 32 in the thickness direction between the third bent
outer surface 53 and the fourth bent outer surface 54 is
1.5 mm.

[0030] Atthe bending start position (first bending start
position) E5, the third bent outer surface 53 is continuous
with the proximal side of the first bent outer surface 51.
Therefore, the bending start position E5 is a boundary
position between the first bent outer surface 51 and the
third bent outer surface 53. Further, at the bending start
position (second bending start position) E6, the fourth
bentouter surface 54 is continuous with the proximal side
of the second bent outer surface 52. Therefore, the bend-
ing start position E6 is a boundary position between the
second bent outer surface 52 and the fourth bent outer
surface 54. The bending start position E6 of the second
bent outer surface 52 is located on the distal side with
respect to the bending start position E5 of the first bent
outer surface 51. Moreover, in a certain example, a di-
mension L5 in the direction along the longitudinal axis C
up to the distal end Ed of the second bent extending
portion 33 (the ultrasonic probe 8) from the bending start
position E6 which is the boundary position between the
second bent outer surface 52 and the fourth bent outer
surface 54 is 2.35 mm.

[0031] Atthe bending start position E5, a part between
the first bent outer surface 51 and the third bent outer
surface 53 is formed into a curved surface shape having
a bending radius (bending r) R1. Further, at the bending
start position E6, a part between the second bent outer
surface 52 and the fourth bent outer surface 54 is formed
into a curved surface shape having a bending radius
(bending r) R2. In a certain example, the bending radius
R1is 2 mm, and the bending radius R2 is 3.5 mm.
[0032] The third bent outer surface 53 extends toward
the distal side from a bending start position (third bending
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start position) E7. At the bending start position E7, the
first intermediate outer surface 45 is continuous with the
proximal side of the third bent outer surface 53. There-
fore, the bending start position E7 is a boundary position
between the third bent outer surface 53 and the first in-
termediate outer surface 45. Further, the fourth bent out-
er surface 54 extends toward the distal side from a bend-
ing start position (fourth bending start position) E8. At the
bending start position E8, the second intermediate outer
surface 46 is continuous with the proximal side of the
fourth bent outer surface 54. Therefore, the bending start
position E8 is a boundary position between the fourth
bent outer surface 54 and the second intermediate outer
surface 46. The bending start position E8 of the fourth
bent outer surface 54 is located on the distal side with
respect to the bending start position E7 of the third bent
outer surface 53. Further, the bending start position E8
of the fourth bent outer surface 54 is located on the prox-
imal side with respect to the bending start position E5 of
the first bent outer surface 51, and the bending start po-
sition E7 of the third bent outer surface 53 is located on
the distal side with respect to the narrowing end position
E4 of the narrowed outer surfaces 43 and 44. In a certain
example, a dimension L6 in the direction along the lon-
gitudinal axis C up to the distal end Ed of the second bent
extending portion 33 (the ultrasonic probe 8) from the
bending start position E8 which is the boundary position
between the fourth bent outer surface 54 and the second
intermediate outer surface 46 is 5 to 6.5 mm.

[0033] FIG. 5 is a sectional view taken along the line
V-V in FIG. 3. FIG. 5 shows a section perpendicular to
the longitudinal axis C between the narrowing end posi-
tion (second narrowing end position) E4 and the bending
start position (third bending start position) E7 in the di-
rection along the longitudinal axis C (i.e. in the interme-
diate extending portion 35). As shown in FIG. 5, in the
intermediate extending portion 35, a curved surface (first
curved surface) 55 having a bending radius R3 is formed
between the first intermediate outer surface 45 and the
third intermediate outer surface 47, and a curved surface
(second curved surface) 56 having a bending radius R4
is formed between the first intermediate outer surface 45
and the fourth intermediate outer surface 48. Moreover,
inthe intermediate extending portion 35, a curved surface
(third curved surface) 57 having a bending radius R5 is
formed between the second intermediate outer surface
46 and the third intermediate outer surface 47, and a
curved surface (fourth curved surface) 58 having a bend-
ing radius R6 is formed between the second intermediate
outer surface 46 and the fourth intermediate outer sur-
face 48. In a certain example, each of the bending radii
R3 and R4 is 0.3 mm, and each of the bending radii R5
and R6 is 0.3 to 0.5 mm.

[0034] Furthermore, each of the curved surfaces 55 to
58 is not formed in the intermediate extending portion 35
alone, and extends in a range between the second bent
extending portion 33 and a distal portion of the narrowed
portion 31 in the direction along the longitudinal axis C.
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For example, each of the curved surfaces 55 and 56 ex-
tends in a range indicated by a broken line J1 in FIG. 3,
and each of the curved surfaces 57 and 58 extends in a
range indicated by a broken line J2 in FIG. 3. Hence, in
the distal portion of the narrowed portion 31 and in each
of the intermediate extending portion 35 and the bent
extending portions 32 and 33, the curved surface 55 is
formed between a part of the outer surface facing toward
the first crossing direction side and a part facing toward
one side (the arrow W1 side) of the width direction, and
the curved surface 56 is formed between the part of the
outer surface facing toward the first crossing direction
side and a part facing toward the other side (the arrow
W2 side) of the width direction. Moreover, in the distal
portion of the narrowed portion 31 and in each of the
intermediate extending portion 35 and the bent extending
portions 32 and 33, the curved surface 57 is formed be-
tween a part of the outer surface facing toward the second
crossing direction side and a part facing toward one side
(the arrow W1 side) of the width direction, and the curved
surface 58 is formed between the part of the outer surface
facing toward the second crossing direction side and a
part facing toward the other side (the arrow W2 side) of
the width direction.

[0035] FIG. 6 and FIG. 7 are diagrams showing a con-
figuration of the second bent extending portion 33. FIG.
6 shows a state seen from the side of the first bent outer
surface 51 (the second crossing direction side) in the
thickness direction. FIG. 7 shows a section perpendicular
to the width direction at a substantially middle position of
the second bent extending portion 33 in the width direc-
tion. As shown in FIG. 6 and FIG. 7, the distal outer sur-
face 37 of the second bent extending portion 33 includes
a distal curved surface 61 formed into a curved surface
shape having a radius R7 seen from the side of the first
bent outer surface 51. The distal end Ed of the second
bent extending portion 33 (the ultrasonic probe 8) is
formed by the distal curved surface 61, and the distal end
of each of the intermediate outer surfaces 47 and 48 is
continuous with the distal curved surface 61. The distal
curved surface 61 extends along the thickness direction
of the second bent extending portion 33, and is substan-
tially perpendicular to the bent outer surfaces 51 and 52
(the extending direction of the second bent extending
portion 33). In a certain example, the radius R7 is 1.35
to 1.6 mm.

[0036] Furthermore, an inclined surface 62 is formed
between the distal curved surface 61 and the first bent
outer surface 51. The inclined surface 62 extends in such
a state as toincline with respect to the thickness direction
of the second bent extending portion 33 and incline with
respect to the first bent outer surface 51 (the extending
direction of the second bent extending portion 33). In a
certain example, an inclination angle a3 of the inclined
surface 62 with respect to the first bent outer surface 51
is 45°. Further, an intermediate curved surface 63 is
formed between the distal curved surface 61 and the sec-
ond bent outer surface 52. The intermediate curved sur-
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face 63 has a bending radius R8 in a section perpendic-
ular to the width direction of the second bent extending
portion 33. In a certain example, the bending radius R8
is 0.3 to 0.5 mm.

[0037] Moreover, a through-hole 65 pierced in the sec-
ond bent extending portion 33 in the thickness direction
from the first bent outer surface 51 up to the second bent
outer surface 52 is formed in the second bent extending
portion 33. The through-hole 65 extends along a hole
central axis M, and has a hole defining surface 66 as an
inner peripheral surface of the through-hole 65. An ex-
tending direction (a direction along the hole central axis
M) of the through-hole 65 is substantially perpendicular
to the extending direction of the second bent extending
portion 33 (the bent outer surfaces 51 and 52), and is
substantially parallel to the thickness direction of the sec-
ond bent extending portion 33. Further, the through-hole
65 has an opening (first opening) 67 which is open in the
first bentouter surface 51, and an opening (second open-
ing) 68 which is open in the second bent outer surface
52. In a certain example, a dimension L7 from the hole
central axis M of the through-hole 65 up to the distal end
Ed of the second bent extending portion 33 (the ultrasonic
probe 8) in the extending direction of the second bent
extending portion 33 is 1.35 to 1.6 mm.

[0038] In the first bent outer surface 51, a part of the
hole defining surface 66 is continuous with the inclined
surface 62 at an opening edge of the opening 67 of the
through-hole 65. Further, an abrading blade (first abrad-
ing blade) 71 is formed as a blade portion at a boundary
between the hole defining surface 66 and the inclined
surface 62. Therefore, in the first bent outer surface 51,
the abrading blade 71 is formed in a part of the opening
edge of the opening 67 of the through-hole 65. The abrad-
ing blade 71 is formed as described above, and is there-
fore formed into a substantially arc shape around the hole
central axis M. Further, the abrading blade 71 is formed
over a predetermined angularrange around the hole cen-
tral axis M in a part located on the distal side with respect
to the hole central axis M.

[0039] The through-hole 65 has a circular-column-
shaped portion 75 and a truncated-cone-shaped portion
76. The circular-column-shaped portion 75 extends to-
ward the side of the first bent outer surface 51 from the
second bent outer surface 52, and the truncated-cone-
shaped portion 76 is continuous with the first bent outer
surface 51 side of the circular-column-shaped portion 75.
In the circular-column-shaped portion 75, the sectional
area of the through-hole 65 perpendicular to the extend-
ing direction of the through-hole 65 is substantially uni-
form over the entire length in the extending direction (the
direction along the hole central axis M) of the through-
hole 65. In a certain example, a diameter ¢2 of the
through-hole 65 in the circular-column-shaped portion 75
is 1to 1.5 mm. Further, a boundary position Q1 between
the circular-column-shaped portion 75 and the truncated-
cone-shaped portion 76 is defined in the through-hole
65. The second bent outer surface 52 is closer from the
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boundary position Q1 than the first bent outer surface
51.In a certain example, a dimension 33 in the extending
direction of the through-hole 65 (the thickness direction
of the second bent extending portion 33) from the second
bent outer surface 52 up to the boundary position Q1 is
0.3 mm.

[0040] The truncated-cone-shaped portion 76 extends
from the boundary position Q1 up to the abrading blade
71 formed on the opening edge of the opening 67 in the
extending direction of the through-hole 65. In the trun-
cated-cone-shaped portion 76, the sectional area of the
through-hole 65 perpendicular to the extending direction
of the through-hole 65 increases toward the abrading
blade 71 (the first bent outer surface 51 side). For in-
stance, in an example in which the diameter ¢2 of the
through-hole 65 in the circular-column-shaped portion 75
(i.e. the boundary position Q1) is 1.5 mm, a diameter ¢3
of the through-hole 65 in the abrading blade 71 increases
to 2.6 mm, and in an example in which the diameter ¢2
of the through-hole 65 is 1 mm, the diameter ¢3 of the
through-hole 65 in the abrading blade 71 increases to
2.1 mm.

[0041] FIG. 8 is a schematic diagram in which the
sheath 7 and the ultrasonic probe 8 are seen from the
distal side. As shown in FIG. 8, the sheath 7 has a min-
imum inside diameter $0. The minimum inside diameter
00 is larger than the outside diameter ¢1 of the ultrasonic
probe 8 at the boundary position E1 between the probe
main body 15 and the narrowed portion 31.1n an example
in which the outside diameter ¢1 is 3.8 mm, the minimum
inside diameter ¢0 of the sheath 7 is 4 mm. Further, in
an example in which the outside diameter ¢1 is 2.9 mm,
the minimum inside diameter ¢0 of the sheath 7 is 3.4
mm. In a projection seen from the distal side, the nar-
rowed portion 31, the first bent extending portion 32, the
second bent extending portion 33, and the intermediate
extending portion 35 are located within the minimum in-
side diameter ¢0 of the sheath 7. Moreover, in the present
embodiment, in the projection seen from the distal side,
the narrowed portion 31, the first bent extending portion
32, the second bent extending portion 33, and the inter-
mediate extending portion 35 are located within the out-
side diameter ¢1 of the ultrasonic probe 8 at the boundary
position E1.

[0042] Next, functions and advantageous effects of the
ultrasonic probe 8 and the ultrasonic treatment instru-
ment 2 according to the present embodiment are de-
scribed. The ultrasonic treatment system 1 is used for a
treatment to abrade a bone or a cartilage in a joint such
as a knee joint, a shoulder joint, and an elbow joint. In
the treatment, a distal portion of the sheath 7 and the
distal portion of the ultrasonic probe 8 are inserted into
an articular cavity through a port (not shown) formed by
a cannula or the like. Further, in the articular cavity, the
abrading blade 71 of the second bent extending portion
33 is brought into contact with a treated target (e.g. an
affected part formed in a bone or a cartilage). Further, in
a state where the abrading blade 71 is in contact with the
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treated target, the surgeon performs an operational input
with the operation button 9. Accordingly, ultrasonic vibra-
tion is generated in the ultrasonic transducer 12, and gen-
erated ultrasonic vibration is transmitted from the proxi-
mal side toward the distal side in the vibrating body unit
10. In a state where the ultrasonic vibration is being trans-
mitted, the vibrating body unit 10 performs longitudinal
vibration whose vibration direction is substantially paral-
lel to the longitudinal axis C. The second bent extending
portion 33 longitudinally vibrates in a state where the
abrading blade 71 is in contact with the treated target,
whereby the treated target (the bone, the cartilage, or
the like) is abraded.

[0043] FIG. 9is a schematic diagram showing one ex-
ample of a state where the treated target is abraded with
the abrading blade 71. As shown in FIG. 9, in the articular
cavity, the treated target may be abraded in a small
space. For example, there is a case where an affected
part H1 which is a treated target may be abraded in a
small space 103 between a bone 101 and a bone 102.
Because the abrading blade 71 needs to be brought into
contact with the treated target (H1) in the small space
103, an angular range of an entry angle of the abrading
blade 71 for the abrading blade 71 to approach the treat-
ed target (H1) (i.e. an approach angle of the abrading
blade 71 to the treated target) is limited to a small range.
[0044] In the present embodiment, as described
above, the first bent extending portion 32 is provided on
the distal side with respect to the narrowed portion 31,
and the first bent extending portion 32 extends in such a
state as to bend toward the first crossing direction side
with respect to the longitudinal axis C. Further, the sec-
ond bentextending portion 33 is continuous with the distal
side of the first bent extending portion 32, and the second
bent extending portion 33 extends in such a state as to
bend toward the second crossing direction side opposite
to the first crossing direction side with respect to the lon-
gitudinal axis C. Further, the abrading blade 71 is formed
in the first bent outer surface 51 facing toward the second
crossing direction side in the second bent extending por-
tion 33. Moreover, in the projection seen from the distal
side, the narrowed portion 31, the first bent extending
portion 32, the second bent extending portion 33, and
the intermediate extending portion 35 are located within
the minimum inside diameter ¢0 of the sheath 7. The
configuration described above prevents parts of the ul-
trasonic probe 8 other than the abrading blade 71 from
interfering with tissues or the like other than the treated
target (H1) (e.g. parts of the bone 101 other than the
affected part H1) even in the small space (103) of the
articular cavity in which the angular range of the approach
angle to the treated target (H1) is limited to the small
range. Thus, even in the small space (103), the abrading
blade 71 which is the blade portion properly contacts the
treated target (H1), and treatment performance in the
treatment to abrade the treated target (H1) is ensured.
[0045] Furthermore, in the present embodiment, as
shown in FIG. 8, in the projection seen from the distal
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side, the narrowed portion 31, the first bent extending
portion 32, the second bent extending portion 33, and
the intermediate extending portion 35 are located within
the outside diameter ¢1 of the ultrasonic probe 8 at the
boundary position E1. This more effectively prevents
parts of the ultrasonic probe 8 other than the abrading
blade 71 from interfering with tissues or the like other
than the treated target (H1) in the small space (103) of
the articular cavity. Consequently, in the small space
(103), the abrading blade 71 which is the blade portion
more properly contacts the treated target (H1).

[0046] Moreover, in the present embodiment, the nar-
rowed portion 31, the first bent extending portion 32, the
second bent extending portion 33, and the intermediate
extending portion 35 are configured to be located within
the minimum inside diameter ¢0 of the sheath 7, so that
the ultrasonic probe 8 is easily inserted through the
sheath 7. This reduces labor in the assembly of the ul-
trasonic treatment instrument 2.

[0047] FIG. 10is a diagram showing the treated target
abraded with the abrading blade 71. As described above,
the abrading blade 71 is formed into the substantially arc
shape around the hole central axis M. Therefore, in the
present embodiment, as shown in FIG. 10, no edge hav-
ing an acute angle is formed between a removed surface
105 in which the treated target is removed in the bone,
the cartilage, or the like, and unremoved surfaces 106A
and 106B adjacent to the removed surface 105. Further,
because the abrading blade 71 is formed into the sub-
stantially arc shape, the removed surface 105 in which
the treated target is removed becomes a depression
whose section is substantially arc-shaped.

[0048] Furthermore, in the present embodiment, the
first bent extending portion 32 extends in such a state as
to bend toward the first crossing direction side with re-
spect to the longitudinal axis C, whereas the second bent
extending portion 33 extends in such a state as to bend
toward the second crossing direction side with respect
to the longitudinal axis C. Therefore, the whole center of
gravity of the first bent extending portion 32 and the sec-
ond bent extending portion 33 does not deviate greatly
from the longitudinal axis C in the first crossing direction
and the second crossing direction. Hence, in the present
embodiment, even if the bent extending portions 32 and
33 are provided, lateral vibration (abnormal vibration)
whose vibration direction is substantially parallel to the
first crossing direction and the second crossing direction
is reduced.

[0049] FIG. 11andFIG. 12 are diagrams showing plac-
es (zones Z1 to Z3) of the second bent extending portion
33inwhich stress concentrates in a state where the treat-
ed target is abraded with the abrading blade 71. FIG. 11
shows a state seen from the first bent outer surface 51
side, and FIG. 12 shows in a section perpendicular to the
width direction passing through the hole central axis M.
In the presentembodiment, the through-hole 65 is formed
in the second bent extending portion 33, so that the sec-
tional area perpendicular to the extending direction of the
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second bent extending portion 33 is smaller at substan-
tially the same position as the hole central axis M and in
its vicinity in the extending direction of the second bent
extending portion 33. That is, at substantially the same
position as the hole central axis M and in its vicinity in
the extending direction of the second bent extending por-
tion 33, a dimension (thickness) in the width directions
of the hole defining surface 66 between the through-hole
65 and the third intermediate outer surface 47, and a
dimension (thickness) in the width directions between
the hole defining surface 66 of the through-hole 65 and
the fourth intermediate outer surface 48 are smaller.
Therefore, at substantially the same position as the hole
central axis M and in its vicinity in the extending direction
of the second bent extending portion 33, stress resulting
from ultrasonic vibration (longitudinal vibration) concen-
trates in the zone Z1 between the hole defining surface
66 of the through-hole 65 and the third intermediate outer
surface 47, and in the zone Z2 between the hole defining
surface 66 of the through-hole 65 and the fourth interme-
diate outer surface 48.

[0050] Furthermore, in a state where the treated target
is abraded with the abrading blade 71, the second bent
extending portion 33 receives reaction force (tensile
force) from the treated target toward the second bent
outer surface 52 side (the first crossing direction side).
At this moment, in the hole defining surface 66 of the
through-hole 65 and its vicinity, stress caused by the re-
action force from the treated target concentrates in the
zones which are at smaller distances from the bending
start position (first bending start position) E5 of the first
bent outer surface 51. Therefore, the stress caused by
the reaction force from the treated target concentrates in
the zone Z3 which is located on a proximal portion of the
opening edge of the opening 67 of the through-hole 65
and its vicinity.

[0051] In the present embodiment, a section perpen-
dicular to the extending direction (the direction along the
hole central axis M) of the through-hole 65 is substantially
in a perfect circular shape. Thus, in a state where the
treated target is abraded with the abrading blade 71, the
zones Z1 and Z2 in which the stress resulting from ultra-
sonic vibration concentrates do not overlap the zone Z3
in which the stress caused by the reaction force from the
treated target concentrates. Consequently, in the second
bent extending portion 33, local generation of excessively
high stress is prevented, and breakage of the ultrasonic
probe 8 is effectively prevented.

[0052] Furthermore, in the through-hole 65, the trun-
cated-cone-shaped portion 76 is formed from the bound-
ary position Q1 to the abrading blade 71. Therefore, the
angle of the abrading blade 71 is formed into an acute
angle (sharply), and a dimension (thickness) from the
distal outer surface 37 to the hole defining surface 66 of
the through-hole 65 is larger in the extending direction
of the second bent extending portion 33 in a zone apart
from the abrading blade 71 in the thickness direction of
the second bent extending portion 33, such as a zone



19 EP 3 326 560 A1 20

between the boundary position Q1 and the second bent
outer surface 52. That is, even if the abrading blade 71
is sharply formed, strength of the abrading blade 71 is
ensured.

(Second Embodiment)

[0053] Next, a second embodiment of the present in-
vention is described with reference to FIG. 13 to FIG. 19.
The second embodiment concerns the following modifi-
cation of the configuration according to the first embod-
iment. Note that the same reference numbers are given
to the same parts as those in the first embodiment, and
the description thereof is omitted.

[0054] FIG. 13 and 14 are diagrams showing a config-
uration of the distal portion of the ultrasonic probe 8. FIG.
13 is a diagram in which the ultrasonic probe 8 is seen
from one side (e.g. an arrow W1 side) of the width direc-
tion, and FIG. 14 is a diagram in which the ultrasonic
probe 8 is seen from the second crossing direction side
(an arrow P2 side). In the present embodiment as well,
as shown in FIG. 13 and FIG. 14, the ultrasonic probe 8
includes the probe main body 15, the narrowed portion
31, the bent extending portions 32 and 33, and the inter-
mediate extending portion 35. Additionally, in the present
embodiment as well as in the first embodiment, the ul-
trasonic probe 8 includes the narrowed outer surfaces
41 to 44, the intermediate outer surfaces 45 to 48, the
bent outer surfaces 51 to 54, and the distal outer surface
37, and the distal end Ed and the positions E1 to E8 are
defined. Further, as in the first embodiment, the dimen-
sions L1 to L6, T1 to T4, B1, B2, the minimum inside
diameter ¢0 of the sheath 7, the outside diameter ¢1, the
bending angles a1 and a2, and the bending radii R1 and
R2 are defined, and in a certain example, each of these
dimensions has the value described above in the first
embodiment. Moreover, in the present embodiment as
well, the curved surfaces 55 to 58 are provided in the
ultrasonic probe 8, and in a certain example, each of the
bending radius R3 of the curved surface 55 and the bend-
ing radius R4 of the curved surface 56 has the value
described above in the first embodiment. In this example,
however, each of the bending radius R5 of the curved
surface 57 and the bending radius R6 of the curved sur-
face 58 is 0.3 mm, in contrast to that in the example de-
scribed above in the first embodiment. Further, in the
presentembodiment as well, each of the curved surfaces
55 and 56 extends in a range indicated by a broken line
J1in FIG. 13, and each of the curved surfaces 57 and
58 extends in a range indicated by a broken line J2 in
FIG. 13.

[0055] FIG. 15toFIG. 17 are diagrams showing a con-
figuration of the second bent extending portion 33. FIG.
15 shows a state seen from the side of the first bent outer
surface 51 (the second crossing direction side) in the
thickness direction. FIG. 16 shows a state seen from the
side of the second bentouter surface 52 (the first crossing
direction side) in the thickness direction. FIG. 17 shows
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a section of the second bent extending portion 33 per-
pendicular to the width direction at the substantially mid-
dle position of the second bent extending portion in the
width direction. As shown in FIG. 15to FIG. 17, the distal
outer surface 37 of the second bent extending portion 33
includes the distal curved surface 61 having the bending
radius R7, and in a certain example, the bending radius
R7 has the value described above in the first embodi-
ment.

[0056] Furthermore, in the present embodiment as
well, the inclined surface 62 is formed between the distal
curved surface 61 and the first bent outer surface 51, and
the inclined surface (first inclined surface) 62 extends in
such a state as to incline with respect to the thickness
direction of the second bent extending portion 33 and
incline with respect to the first bent outer surface 51 (the
extending direction of the second bent extending portion
33). In a certain example, the inclination angle a3 of the
inclined surface 62 with respect to the first bent outer
surface 51 has the value (45°) described above in the
first embodiment. In the present embodiment, however,
aninclined surface (secondinclined surface) 64 is formed
instead of the intermediate curved surface 63 between
the distal curved surface 61 and the second bent outer
surface 52. The inclined surface 64 extends in such a
state as to incline with respect to the thickness direction
of the second bent extending portion 33 and incline with
respect to the second bent outer surface 52 (the extend-
ing direction of the second bent extending portion 33). In
a certain example, an inclination angle a4 of the inclined
surface 64 with respect to the second bent outer surface
52 is 45°.

[0057] Furthermore, in the present embodiment as
well, the through-hole 65 is formed in the second bent
extending portion 33, and the through-hole 65 has the
hole central axis M and the hole defining surface 66.
Moreover, the through-hole 65 has the opening (first
opening) 67 which is open in the first bent outer surface
51, and the opening (second opening) 68 which is open
in the second bent outer surface 52. In a certain example,
the dimension L7 from the hole central axis M of the
through-hole 65 up to the distal end Ed of the second
bent extending portion 33 (the ultrasonic probe 8) in the
extending direction of the second bent extending portion
33 has the value described above in the firstembodiment.
[0058] Inthe presentembodimentaswell, the abrading
blade (first abrading blade) 71 is formed as the blade
portion atthe boundary between the hole defining surface
66 and the inclined surface 62 in the first bent outer sur-
face 51. Therefore, as in the first embodiment, in the first
bent outer surface 51, the abrading blade 71 is formed
in a part of the opening edge of the opening (firstopening)
67 of the through-hole 65. In the present embodiment as
well, the abrading blade 71 is formed into a substantially
arc shape around the hole central axis M, and formed
over the predetermined angular range around the hole
central axis M in a part located on the distal side with
respect to the hole central axis M.
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[0059] Furthermore, in the second bent outer surface
52 according to the present embodiment, a part of the
hole defining surface 66 is continuous with the inclined
surface 64 at an opening edge of the opening (second
opening) 68 of the through-hole 65. Further, an abrading
blade (second abrading blade) 72 is formed as a blade
portion at a boundary between the hole defining surface
66 and the inclined surface 64. Therefore, in the second
bent outer surface 52, the abrading blade 72 is formed
in a part of the opening edge of the opening 68 of the
through-hole 65. The abrading blade 72 is formed as de-
scribed above, and is therefore formed into a substan-
tially arc shape around the hole central axis M. Further,
the abrading blade 72 is formed over a predetermined
angular range around the hole central axis M in a part
located on the distal side with respect to the hole central
axis M.

[0060] Moreover, in the present embodiment, the
through-hole 65 has a circular-column-shaped portion 81
and truncated-cone-shaped portions 82 and 83. Herein,
in the through-hole 65, there are defined a boundary po-
sition Q2 between the circular-column-shaped portion 81
and the truncated-cone-shaped portion (first truncated-
cone-shaped portion) 82, and a boundary position Q3
between the circular-column-shaped portion 81 and the
truncated-cone-shaped portion (second truncated-cone-
shaped portion) 83. The circular-column-shaped portion
81 extends along the thickness direction of the second
bentextending portion 33 between the boundary position
(first boundary position) Q2 and the boundary position
(second boundary position) Q3. The circular-column-
shaped portion 81 is located apart from the bent outer
surfaces 51 and 52 in the thickness direction of the sec-
ond bent extending portion 33. In the circular-column-
shaped portion 81, the sectional area of the through-hole
65 perpendicular to the extending direction of the
through-hole 65 is substantially uniform over the entire
length in the extending direction (the direction along the
hole central axis M) of the through-hole 65. In a certain
example, a diameter ¢4 of the through-hole 65 in the
circular-column-shaped portion 81 is 1.6 to 2 mm.
[0061] The truncated-cone-shaped portion (first trun-
cated-cone-shaped portion) 82 extends from the bound-
ary position Q2 up to the abrading blade (first abrading
blade) 71 formed on the opening edge of the opening
(firstopening) 67 in the extending direction of the through-
hole 65. In the truncated-cone-shaped portion 82, the
sectional area of the through-hole 65 perpendicular to
the extending direction of the through-hole 65 increases
toward the abrading blade 71 (the first bent outer surface
51 side). For instance, in an example in which the diam-
eter ¢4 of the through-hole 65 in the circular-column-
shaped portion 81 (i.e. the boundary position Q2) is 2
mm, a diameter ¢5 of the through-hole 65 in the abrading
blade 71increases to 2.5 mm, and in an example in which
the diameter ¢4 of the through-hole 65 is 1.6 mm, the
diameter ¢5 of the through-hole 65 in the abrading blade
71 increases to 2.1 mm. Moreover, in this example, an
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opening angle (first opening angle) a5 of the truncated-
cone-shaped portion 82 is 60°.

[0062] The truncated-cone-shaped portion (second
truncated-cone-shaped portion) 83 extends from the
boundary position Q3 up to the abrading blade (second
abrading blade) 72 formed on the opening edge of the
opening (second opening) 68 in the extending direction
of the through-hole 65. In the truncated-cone-shaped
portion 83, the sectional area of the through-hole 65 per-
pendicular to the extending direction of the through-hole
65 increases toward the abrading blade 72 (the second
bent outer surface 52 side). For instance, in an example
in which the diameter ¢4 of the through-hole 65 in the
circular-column-shaped portion 81 (i.e. the boundary po-
sition Q3) is 2 mm, a diameter ¢6 of the through-hole 65
in the abrading blade 72 increases to 2.5 mm, and in an
example in which the diameter ¢4 of the through-hole 65
is 1.6 mm, the diameter ¢6 of the through-hole 65 in the
abrading blade 72 increases to 2.1 mm. Moreover, in this
example, an opening angle (second opening angle) a6
of the truncated-cone-shaped portion 83 is 60°.

[0063] FIG. 18 is a diagram in which the sheath 7 and
the ultrasonic probe 8 are seen from the distal side. As
shown in FIG. 18, in the present embodiment as well, in
the projection seen from the distal side, the narrowed
portion 31, the first bent extending portion 32, the second
bent extending portion 33, and the intermediate extend-
ing portion 35 are located within the minimum inside di-
ameter ¢0 of the sheath 7. Further, in the present em-
bodiment as well, in the projection seen from the distal
side, the narrowed portion 31, the first bent extending
portion 32, the second bent extending portion 33, and
the intermediate extending portion 35 are located within
the outside diameter ¢1 of the ultrasonic probe 8 at the
boundary position E1.

[0064] In the present embodiment as well, functions
and advantageous effects similar to those in the first em-
bodiment are provided.

[0065] Furthermore, FIG. 19is a diagram showing one
example of a treatment in which the treated target is
abraded by use of the ultrasonic probe 8 including the
two abrading blades 71 and 72. In FIG. 19, an affected
part H2 of a bone 110 is abraded as a treated target by
use of the ultrasonic probe 8. Herein, the abrading blade
(first abrading blade) 71 provided in the first bent outer
surface 51 is easily brought into contact with a zone Z4
ofthe treated target (H2), and the abrading blade (second
abrading blade) 72 provided in the second bent outer
surface 52 is easily brought into contact with a zone Z5
of the treated target (H2). Therefore, the surgeon
abrades the zone Z4 of the treated target (H2) by use of
the abrading blade 71, and abrades the zone Z5 of the
treated target (H2) by use of the abrading blade 72. In
the present embodiment, the abrading blade (corre-
sponding one of 71 and 72) is provided in each of the
first bent outer surface 51 and the second bent outer
surface 52, so that both of the zones Z4 and Z5 can be
abraded with one ultrasonic probe 8 (ultrasonic treatment
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instrument 2) alone. That is, it is possible to abrade both
of the zones Z4 and Z5 without replacing the ultrasonic
treatmentinstrument 2 (i.e., without pulling the ultrasonic
probe 8 inserted in the articular cavity out of the body).
This improves treatability in the treatment in which the
treated target (H2) is abraded.

(Modification)

[0066] Inthe embodimentand others described above,
the ultrasonic probe (8) used for surgery in a jointincludes
the probe main body (15) which extends from the proxi-
mal side toward the distal side along the linear longitu-
dinal axis (C) and with which the ultrasonic transducer
(12) generating ultrasonic vibration is connected on the
proximal side, and the narrowed portion (31) which is
continuous with the distal side of the probe main body
(15) and whose sectional area perpendicular to the lon-
gitudinal axis (C) decreases from the proximal side to-
ward the distal side. The ultrasonic probe (8) includes
the first bent extending portion (32) which is provided on
the distal side with respect to the narrowed portion (31)
and which extends in such a state as to bend toward the
first crossing direction (P1) side with respect to the lon-
gitudinal axis (C) when the first crossing direction (P1)
crossing the longitudinal axis (C) is defined, and the sec-
ond bent extending portion (33) which is continuous with
the distal side of the first bent extending portion (32) and
which extends in such a state as to bend toward the sec-
ond crossing direction (P2) side with respect to the lon-
gitudinal axis (C) when the second crossing direction (P2)
opposite to the first crossing direction (P1) is defined.
The second bent extending portion (33) includes the
blade portion (71; 71, 72) with which a bone or a cartilage
is abraded in the joint by use of the ultrasonic vibration.
In a projection seen from the distal side, the narrowed
portion (31), the first bent extending portion (32), and the
second bent extending portion (33) are located within the
minimum inside diameter (¢0) of the sheath (7) through
which the ultrasonic probe (8) is inserted.

[0067] Although the embodiments, etc. of the present
invention have been described above, the presentinven-
tion is not limited to the above-described embodiments,
etc., and, needless to say, various modifications can be
made without departing from the spirit of the invention.

Claims

1. An ultrasonic probe which is used for surgery in a
joint and which transmits ultrasonic vibration from a
proximal side to a distal side, the ultrasonic probe
comprising:

a probe main body which extends along a linear
longitudinal axis from the proximal side toward
the distal side and to which an ultrasonic trans-
ducer generating the ultrasonic vibration is con-
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nected on the proximal side;

a narrowed portion which is continuous with the
distal side of the probe main body and whose
sectional area perpendicular to the longitudinal
axis decreases from the proximal side toward
the distal side;

a first bent extending portion which is provided
on the distal side with respect to the narrowed
portion and which extends in such a state as to
bend toward a first crossing direction side with
respect to the longitudinal axis when the first
crossing direction crossing the longitudinal axis
is defined;

a second bent extending portion which is con-
tinuous with the distal side of the first bent ex-
tending portion and which extends in such a
state as to bend toward a second crossing di-
rection side with respect to the longitudinal axis
when the second crossing direction opposite to
the first crossing direction is defined; and

a blade portion which is provided in the second
bent extending portion and with which a bone or
a cartilage is abraded in the joint by use of the
ultrasonic vibration,

wherein in a projection seen from the distal side,
the narrowed portion, the first bent extending
portion, and the second bent extending portion
are located within a minimum inside diameter of
a sheath through which the ultrasonic probe is
inserted.

The ultrasonic probe according to claim 1, wherein
the second bent extending portion includes a first
bentouter surface facing toward the second crossing
direction side, and a second bent outer surface fac-
ing toward the first crossing direction side, and

the blade portion includes a first abrading blade pro-
vided in the first bent outer surface.

The ultrasonic probe according to claim 2, wherein
the blade portion includes a second abrading blade
provided in the second bent outer surface.

The ultrasonic probe according to claim 2, wherein
the second bent extending portion has a through-
hole pierced in the second bent extending portion
from the first bent outer surface up to the second
bent outer surface, and

the blade portion includes a first abrading blade
formed on an opening edge of the through-hole in
the first bent outer surface.

The ultrasonic probe according to claim 4, wherein
the through-hole has a truncated-cone shape ex-
tending up to the first abrading blade in a state where
a sectional area of the through-hole perpendicular
to an extending direction of the through-hole increas-
es toward the first abrading blade.
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The ultrasonic probe according to claim 4, wherein
the blade portion includes a second abrading blade
formed on an opening edge of the through-hole in
the second bent outer surface.

The ultrasonic probe according to claim 6, wherein
the through-hole has a first truncated-cone-shaped
portion which extends up to the first abrading blade
in a state where a sectional area of the through-hole
perpendicular to an extending direction of the
through-hole increases toward the first abrading
blade, and a second truncated-cone-shaped portion
which extends up to the second abrading blade in a
state where the sectional area of the through-hole
perpendicular to the extending direction of the
through-hole increases toward the second abrading
blade.

The ultrasonic probe according to claim 2, wherein
a dimension of the second bent extending portion in
a thickness direction thereof from the first bent outer
surface up to the second bent extending portion is
1.5 mm.

The ultrasonic probe according to claim 2, wherein
the first bent extending portion includes

a third bent outer surface which faces toward the
second crossing direction side and which is contin-
uous with the proximal side of the first bent extending
portion, and

a fourth bent outer surface which faces toward the
first crossing direction side and which is continuous
with the proximal side of the second bent extending
portion.

The ultrasonic probe according to claim 9, wherein
a dimension of the first bent extending portion in a
thickness direction thereof from the third bent outer
surface up to the fourth bent outer surface is 1.5 mm.

The ultrasonic probe according to claim 9, wherein
adimension in a direction along the longitudinal axis
up to a distal end of the second bent extending por-
tion from a boundary position between the second
bent outer surface and the fourth bent outer surface
is 2.35 mm.

The ultrasonic probe according to claim 9, further
comprising an intermediate outer surface which is
continuous with the proximal side of the fourth bent
outer surface and which extends along the longitu-
dinal axis in such a state as to face toward the first
crossing direction side,

wherein a dimension in a direction along the longi-
tudinal axis up to a distal end of the second bent
extending portion from a boundary position between
the fourth bent outer surface and the intermediate
outer surface is 5 to 6.5 mm.
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The ultrasonic probe according to claim 1, wherein
a bending angle of the first bent extending portion to
the first crossing direction side with respect to the
longitudinal axis is 5°, and

a bending angle of the second bent extending portion
to the second crossing direction side with respect to
the longitudinal axis is 20°.

The ultrasonic probe according to claim 1, wherein
inaprojection seenfromthe distal side, the narrowed
portion, the first bent extending portion, and the sec-
ond bent extending portion are located within an out-
side diameter of the ultrasonic probe at a boundary
position between the probe main body and the nar-
rowed portion.

The ultrasonic probe according to claim 14, wherein
the minimum inside diameter of the sheath through
which the ultrasonic probe is inserted is 4 mm, and
the outside diameter of the ultrasonic probe at the
boundary position between the probe main body and
the narrowed portion is 3.8 mm.

The ultrasonic probe according to claim 14, wherein
the minimum inside diameter of the sheath through
which the ultrasonic probe is inserted is 3.4 mm, and
the outside diameter of the ultrasonic probe at the
boundary position between the probe main body and
the narrowed portion is 2.9 mm.
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