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(54) ULTRASONIC PROBE FOR ARTHROSCOPIC SURGERY AND ULTRASONIC PROBE UNIT

(57) An ultrasonic probe for arthroscopic surgery in-
cludes: a narrowing portion which is continuous with a
distal side of a probe main body and whose sectional
area vertical to a longitudinal axis decreases from a prox-
imal side toward a distal side; a bend extending portion
provided on the distal side of the narrowing portion and
extending in a state of bending in an intersecting direction
to the longitudinal axis when the intersecting direction

intersecting the longitudinal axis is prescribed; and a
treatment portion provided on the distal side of the bend
extending portion, and including a cutting region config-
ured to cut a bone or a cartilage by use of the ultrasonic
vibration in the joint at a position more away from the
longitudinal axis than the bend extending portion in the
intersecting direction.



EP 3 243 468 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present invention relates to an ultrasonic
probe and an ultrasonic probe unit for arthroscopic sur-
gery which are used for an operation in a joint and trans-
mit ultrasonic vibration.

Background Art

[0002] In Patent Literature 1, there is disclosed an ul-
trasonic treatment instrument including an ultrasonic
probe (an ultrasonic horn). In this ultrasonic treatment
instrument, ultrasonic vibration generated in a vibration
generating section (an ultrasonic vibration mechanism)
is transmitted from a proximal side to a distal side in the
ultrasonic probe. In a distal portion of the ultrasonic
probe, a scalpel portion is formed as a cutting region. In
a state where the cutting region is in contact with a treat-
ment target, the ultrasonic vibration is transmitted to the
scalpel portion, whereby the treatment target (e.g., a
bone or the like) is cut.

Citation List

Patent Literature

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

Summary of Invention

Technical Problem

[0004] In a joint such as a knee joint, a shoulder joint
or an elbow joint, it is necessary to cut a treatment target
such as a bone or a cartilage in a very narrow space.
According to a constitution of Patent Literature 1 men-
tioned above, in a narrow space of the joint or the like,
for example, a region other than a scalpel portion in an
ultrasonic probe interferes with a tissue or the like other
than the treatment target, whereby there is the possibility
that the scalpel portion of a cutting region does not ap-
propriately come in contact with the treatment target.
[0005] The present invention has been developed to
solve the above problems, and an object thereof is to
provide an ultrasonic probe and an ultrasonic probe unit
for arthroscopic surgery in which a cutting region suitably
comes in contact with a treatment target even in a narrow
space of a joint or the like.

Solution to Problem

[0006] According to an aspect of the present invention
to solve the object, there is provide an ultrasonic probe
for arthroscopic surgery which is for use in an operation
of a joint and which is configured to transmit ultrasonic

vibration from a proximal side to a distal side thereof,
includes: a probe main body which extends from the prox-
imal side to the distal side along a linear longitudinal axis
and to which an ultrasonic transducer to generate the
ultrasonic vibration is connected to the proximal side; a
narrowing portion which is continuous with the distal side
of the probe main body and whose sectional area vertical
to the longitudinal axis decreases from the proximal side
toward the distal side; a bend extending portion which is
provided on the distal side of the narrowing portion and
which extends in a state of bending in an intersecting
direction to the longitudinal axis when the intersecting
direction intersecting the longitudinal axis is prescribed;
and a treatment portion which is provided on the distal
side of the bend extending portion, and which includes
a cutting region that is configured to cut a bone or a car-
tilage by use of the ultrasonic vibration in the joint at a
position more away from the longitudinal axis than the
bend extending portion in the intersecting direction,
wherein in projection seen from the distal side, the nar-
rowing portion, the bend extending portion and the treat-
ment portion are arranged in a range inner than a mini-
mum inner diameter of a sheath into which the ultrasonic
probe is inserted.

Advantageous Effect of the Invention

[0007] According to the present invention, it is possible
to provide an ultrasonic probe for arthroscopic surgery
in which a cutting region suitably comes in contact with
a treatment target even in a narrow space of a joint or
the like.

Brief Description of Drawings

[0008]

FIG. 1 is a schematic view showing an ultrasonic
treatment system according to a first embodiment;
FIG. 2 is a schematic view showing a constitution of
a vibrating body unit according to the first embodi-
ment;
FIG. 3 is a schematic view of a distal portion of an
ultrasonic probe according to the first embodiment
which is seen from one side in a width direction;
FIG. 4 is a schematic view of the distal portion of the
ultrasonic probe according to the first embodiment
which is seen from the side of a second intersecting
direction;
FIG. 5 is a cross-sectional view taken along the V-
V line of FIG. 3;
FIG. 6 is a schematic view of a cutting region of a
treatment portion according to the first embodiment
which is seen from the second intersecting direction
side;
FIG. 7 is a schematic view of the treatment portion
according to the first embodiment seen from a direc-
tion of an arrow VII of FIG. 6;
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FIG. 8 is a schematic view of a sheath and the ultra-
sonic probe according to the first embodiment seen
from a distal side thereof;
FIG. 9A is a schematic view showing one example
of a state where the treatment portion of the ultra-
sonic probe according to the first embodiment is
made to access a space of a joint cavity to cut a
treatment target with the cutting region of the treat-
ment portion;
FIG. 9B is a schematic view showing one example
of a state where a treatment portion of an ultrasonic
probe according to a reference example is made to
access a space of a joint cavity to cut a treatment
target with a cutting region of the treatment portion;
FIG. 10A is a schematic view showing one example
of a state where the treatment portion of the ultra-
sonic probe according to the first embodiment is
made to access a position inner than a position
shown in FIG. 9A in the space of the joint cavity to
cut the treatment target with the cutting region of the
treatment portion;
FIG. 10B is a schematic view showing one example
of a state where the treatment portion of the ultra-
sonic probe according to the reference example is
made to access a position inner than a position
shown in FIG. 9B in a space of a joint cavity to cut a
treatment target with a cutting region of the treatment
portion;
FIG. 11 is a schematic view showing a treatment
target cut with the cutting region according to the first
embodiment;
FIG. 12 is a schematic view of a sheath and an ul-
trasonic probe according to a modification of the first
embodiment which are seen from a distal side there-
of;
FIG. 13 is a schematic view of a distal portion of an
ultrasonic probe according to a second embodiment
which is seen from one side in a width direction;
FIG. 14 is a schematic view of the distal portion of
the ultrasonic probe according to the second embod-
iment which is seen from the side of a second inter-
secting direction;
FIG. 15 is a cross-sectional view taken along the XV-
XV line of FIG. 13;
FIG. 16 is a schematic view of a treatment portion
according to the second embodiment which is seen
from a direction of an arrow VII of FIG. 6;
FIG. 17 is a schematic view of a sheath and an ul-
trasonic probe according to a modification of the sec-
ond embodiment which are seen from a distal side
thereof;
FIG. 18 is a schematic view of a distal portion of an
ultrasonic probe according to a third embodiment
which is seen from one side in a width direction;
FIG. 19 is a schematic view of the distal portion of
the ultrasonic probe according to the third embodi-
ment which is seen from the side of a second inter-
secting direction;

FIG. 20 is a schematic view of a cutting region of a
treatment portion according to the third embodiment
which is seen from one side in a width direction;
FIG. 21 is a schematic view of a sheath and the ul-
trasonic probe according to the third embodiment
which are seen from a distal side thereof;
FIG. 22 is a schematic view of a sheath and an ul-
trasonic probe according to a modification of the third
embodiment which are seen from a distal side there-
of;
FIG. 23 is a schematic view of a distal portion of an
ultrasonic probe according to a fourth embodiment
which is seen from one side in a width direction;
FIG. 24 is a schematic view of the distal portion of
the ultrasonic probe according to the fourth embod-
iment which is seen from the side of a second inter-
secting direction;
FIG. 25 is a schematic view of a cutting region of a
treatment portion according to the fourth embodi-
ment which is seen from the one side in the width
direction;
FIG. 26 is a schematic view of a sheath and the ul-
trasonic probe according to the fourth embodiment
which are seen from a distal side thereof;
FIG. 27 is a schematic view of a distal portion of an
ultrasonic probe according to a fifth embodiment
which is seen from one side in a width direction;
FIG. 28 is a schematic view of the distal portion of
the ultrasonic probe according to the fifth embodi-
ment which is seen from the side of a second inter-
secting direction;
FIG. 29 is a cross-sectional view taken along the
XXIX-XXIX line of FIG. 27; and
FIG. 30 is a schematic view of the distal portion of
the ultrasonic probe according to the fifth embodi-
ment which is seen from the one side in the width
direction.

Brief Description of Embodiments

(First Embodiment)

[0009] A first embodiment will be described with refer-
ence to FIG. 1 to FIG. 12. FIG. 1 is a view showing an
ultrasonic treatment system 1 of the present embodi-
ment. FIG. 2 is a view showing a constitution of a vibrating
body unit 10 including an ultrasonic probe 8 and an ul-
trasonic transducer 12 which will be described later. As
shown in FIG. 1, the ultrasonic treatment system 1 in-
cludes an ultrasonic treatment instrument (a hand piece)
2, an energy controller 3, and a transducer unit 5. The
ultrasonic treatment instrument 2 has a substantially lin-
ear virtual longitudinal axis C. Here, one side of a direc-
tion along the longitudinal axis C (a longitudinal direction)
is a distal side (an arrow C1 side), and a side opposite
to the distal side is a proximal side (an arrow C2 side).
Furthermore, the ultrasonic treatment instrument 2 is for
use in an operation of arthroscopically cutting a bone or
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a cartilage in a joint such as a knee joint, a shoulder joint
or an elbow joint.
[0010] The ultrasonic treatment instrument 2 includes
a housing 6 which is able to be held, a sheath 7, and the
ultrasonic probe 8 which is used for arthroscopic surgery.
The sheath 7 and the ultrasonic probe 8 form an ultra-
sonic probe unit 4 for the arthroscopic surgery. The hous-
ing 6 extends along the longitudinal axis C and the sheath
7 is coupled with the housing 6 from the distal side. The
sheath 7 is a hollow member extending along the longi-
tudinal axis C and having the longitudinal axis C as a
substantially central axis. The ultrasonic probe (a vibra-
tion transmitting member) 8 is inserted through the
sheath 7. A distal portion of the ultrasonic probe 8 projects
from a distal end of the sheath 7 toward the distal side.
Furthermore, an operation button 9 that is an energy op-
eration input section to be operated by an operator is
attached to the housing 6.
[0011] The transducer unit 5 includes a transducer
case 11, and the ultrasonic transducer 12 (see FIG. 2)
provided in the transducer case 11. The transducer case
11 is coupled with the housing 6 from the proximal side.
Furthermore, in the housing 6, the ultrasonic transducer
12 is connected to the ultrasonic probe 8 from the prox-
imal side. The transducer unit 5 is connected to the en-
ergy controller 3 via a cable 13. The energy controller 3
includes an electric power source, a conversion circuit
that converts an electric power from the electric power
source into electric energy to be supplied to the ultrasonic
transducer 12, a processor or the like (a control section)
including a CPU (central processing unit), an ASIC (ap-
plication specific integrated circuit) or the like, and a stor-
age medium such as a memory. The energy controller 3
detects input of the operation in the operation button 9
to output the electric energy to the ultrasonic transducer
12.
[0012] When the electric energy is supplied to the ul-
trasonic transducer 12, ultrasonic vibration is generated
in the ultrasonic transducer 12. Then, the generated ul-
trasonic vibration is transmitted to the ultrasonic probe
8, and in the ultrasonic probe 8, the ultrasonic vibration
is transmitted from the proximal side to the distal side. In
this case, the vibrating body unit 10 constituted of the
ultrasonic transducer 12 and the ultrasonic probe 8 vi-
brates (longitudinally vibrates) at any frequency in a pre-
scribed frequency range. For example, the vibrating body
unit 10 is designed in a state of transmitting the ultrasonic
vibration therethrough, thereby performing the longitudi-
nal vibration at 47 kHz, and the vibrating body unit actu-
ally longitudinally vibrates at any frequency in the fre-
quency range of 46 kHz or more and 48 kHz or less.
Furthermore, in the state where the vibrating body unit
10 longitudinally vibrates at any frequency in the pre-
scribed frequency range as shown in FIG. 2, a vibration
antinode A1 of the longitudinal vibration is positioned in
the distal portion of the ultrasonic probe 8 and a vibration
antinode Ak of the longitudinal vibration is positioned at
a proximal end of the ultrasonic transducer 12. Here, the

vibration antinode A1 is positioned most distally among
vibration antinodes Ai (i = 1, 2, ..., k) of the longitudinal
vibration, and the vibration antinode Ak is positioned
most proximally among the vibration antinodes Ai.
[0013] The ultrasonic transducer 12 extends along the
substantially linear virtual longitudinal axis C that is the
substantially central axis. At a distal end of the ultrasonic
transducer 12, a transducer contact surface 16 is formed.
The ultrasonic probe 8 includes a probe main body 15
extending along the substantially linear longitudinal axis
C. The probe main body 15 extends along the longitudinal
axis C that is the substantially central axis. At a proximal
end of the probe main body 15, a probe contact surface
17 is formed. Furthermore, in the ultrasonic probe 8, there
is provided an engaging protrusion 18 projecting from
the probe contact surface 17 (the proximal end of the
probe main body 15) to the proximal side. The engaging
protrusion 18 engages with an engagement groove (not
shown) provided in the ultrasonic transducer 12 (e.g., an
external thread of the engaging protrusion 18 is screwed
into an internal thread of the engagement groove),
whereby the ultrasonic probe 8 is connected to the distal
side of the ultrasonic transducer 12. In other words, the
ultrasonic transducer 12 that generates the ultrasonic vi-
bration is connected to the proximal side of the probe
main body 15. In a state where the ultrasonic probe 8 is
connected to the ultrasonic transducer 12, the probe con-
tact surface 17 of the probe main body 15 contacts the
transducer contact surface 16 of the ultrasonic transduc-
er 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 contact
surface 16 and the probe contact surface 17.
[0014] The probe main body 15 includes a horn 21, a
sectional area uniform portion 22 provided on the distal
side of the horn 21 and having a uniform sectional area,
a sectional area increasing portion 23 provided on the
distal side of the sectional area uniform portion 22, and
a supported portion 25 provided on the distal side of the
sectional area increasing portion 23. A sectional area of
the horn 21 which is vertical to the longitudinal axis C
decreases from the proximal side toward the distal side.
In a longitudinally vibrating state of the vibrating body
unit 10 at any frequency in the prescribed frequency
range (e.g., a range of 46 kHz or more and 48 kHz or
less), each vibration antinode Ai of the longitudinal vibra-
tion is positioned away from the horn 21. Consequently,
in the horn 21, an amplitude of the longitudinal vibration
is enlarged. A sectional area of the sectional area in-
creasing portion 23 which is vertical to the longitudinal
axis C increases from the proximal side toward the distal
side. In the longitudinally vibrating state of the vibrating
body unit 10 at any frequency in the prescribed frequency
range, a vibration antinode A2 of the longitudinal vibration
is positioned in the sectional area increasing portion 23.
Consequently, in the sectional area increasing portion
23, the amplitude of the longitudinal vibration hardly de-
creases. In the longitudinally vibrating state of the vibrat-
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ing body unit 10 at any frequency in the prescribed fre-
quency range, for example, when the longitudinal vibra-
tion having an amplitude of 18 mm is transmitted to a
proximal end of the probe main body 15 (the probe con-
tact surface 17), the amplitude of the longitudinal vibra-
tion is 80 mm at the vibration antinode A1 positioned in
the sectional area increasing portion 23. It is to be noted
that the vibration antinode A2 is positioned secondly dis-
tally among the vibration antinodes Ai of the longitudinal
vibration.
[0015] The supported portion 25 is formed into a
groove shape dented on an inner peripheral side along
the whole periphery around the longitudinal axis C. An
elastic member (not shown) having electric insulating
properties and heat resisting properties is attached to an
outer peripheral surface of the supported portion 25. In
the supported portion 25, the ultrasonic probe 8 is sup-
ported by the sheath 7 via the elastic member. In the
longitudinally vibrating state of the vibrating body unit 10
at any frequency in the prescribed frequency range (the
range of 46 kHz or more and 48 kHz or less), a vibration
node N1 of the longitudinal vibration is positioned in the
supported portion 25. Here, the vibration node N1 is po-
sitioned most distally among vibration nodes Nj (j = 1, 2,
..., k-1) of the longitudinal vibration. The distal end of the
sheath 7 is positioned on the distal side of the supported
portion 25. Consequently, in the longitudinally vibrating
state of the vibrating body unit 10 at any frequency in the
prescribed frequency range, the most distal vibration
node N1 is positioned in the sheath 7.
[0016] FIG. 3 and FIG. 4 are views showing a consti-
tution of the distal portion of the ultrasonic probe 8. Here
are prescribed a first intersecting direction (a direction of
an arrow P1) that is a certain direction intersecting (being
substantially vertical to) the longitudinal axis C, and a
second intersecting direction (a direction of an arrow P2)
opposite to the first intersecting direction (a first vertical
direction). Furthermore, there are prescribed width direc-
tions (directions of an arrow W1 and an arrow W2) of the
ultrasonic probe 8 which are substantially vertical to (in-
tersect) the first intersecting direction (the first vertical
direction) and the second intersecting direction (a second
vertical direction). Each of FIG. 2 and FIG. 3 is a view of
the ultrasonic probe 8 seen from one side (e.g., an arrow
W1 side shown in FIG. 4) in the width direction, and FIG.
4 is a view of the ultrasonic probe 8 seen from a second
intersecting direction P2 side.
[0017] As shown in FIG. 2 to FIG. 4, the ultrasonic
probe 8 includes a narrowing portion 31 continuous with
the distal side of the probe main body 15, and a bend
extending portion 32 provided on the distal side of the
narrowing portion 31. The bend extending portion 32 ex-
tends in a state of bending to the second intersecting
direction P2 side of the longitudinal axis C. A treatment
portion 33 that treats a treatment target is provided on
the distal side of the bend extending portion 32. The treat-
ment portion 33 includes a distal outer surface 37 in the
form of a curved surface that forms a distal end Ed of the

ultrasonic probe 8. The treatment portion 33 has a cutting
region 34 that cuts a bone or a cartilage by use of the
ultrasonic vibration in a joint. The cutting region 34 is
provided at a position more away from the longitudinal
axis C than the bend extending portion 32 in the second
intersecting direction P2. It is to be noted that in this em-
bodiment, the cutting region 34 of the treatment portion
33 is formed into a file shape.
[0018] As show in FIG. 3 and FIG. 4, the narrowing
portion 31 includes a first narrowing outer surface 41 di-
rected to a first intersecting direction side (an arrow P1
side), a second narrowing outer surface 42 directed to
the second intersecting direction side (the arrow P2 side),
a third narrowing outer surface 43 directed to one side
(the arrow W1 side) in the width direction, and a fourth
narrowing outer surface 44 directed to the other side (an
arrow W2 side) in the width direction. Each of the nar-
rowing outer surfaces 41 to 44 approaches the longitu-
dinal axis C from the proximal side toward the distal side
along the longitudinal axis C. It is to be noted that a struc-
ture is also preferable where in the narrowing outer sur-
faces 41 to 44, at least one or two narrowing outer sur-
faces only approach the longitudinal axis C from the prox-
imal side toward the distal side along the longitudinal axis
C.
[0019] Here, when a cross section vertical to the lon-
gitudinal axis C is taken, portions of the first and second
narrowing outer surfaces 41 and 42 in the cross section
excluding portions around after-mentioned boundary po-
sitions E3 and E4 have a substantially equal distance to
the longitudinal axis C.
[0020] The narrowing portion 31 includes a first relay
surface 51 directed to the first intersecting direction side
(the arrow P1 side) on the distal side of the first narrowing
outer surface 41, and a second relay surface 52 directed
to the second intersecting direction side (the arrow P2
side) on the distal side of the second narrowing outer
surface 42. It is preferable that the first and second relay
surfaces 51 and 52 are parallel or substantially parallel
to each other. Furthermore, it is preferable that the first
and second relay surfaces 51 and 52 are parallel to the
longitudinal axis C. In particular, the first and second relay
surfaces 51 and 52 are parallel to the longitudinal axis C
between the boundary position E4 and a boundary posi-
tion E7.
[0021] A boundary position E1 (i.e., the distal end of
the probe main body 15 and a proximal end of the nar-
rowing portion 31) between the probe main body 15 and
the first and second narrowing outer surfaces 41 and 42
of the narrowing portion 31 is positioned on the distal
side from the supported portion 25 of the probe main
body 15. In a certain example, at the boundary position
E1 (i.e., the distal end of the probe main body 15), a
sectional shape of the ultrasonic probe 8 vertical to the
longitudinal axis C is a round shape having an outer di-
ameter φa of 2.9 mm to 3.8 mm. A boundary position E2
(i.e., the distal end of the probe main body 15 and the
proximal end of the narrowing portion 31) between the
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probe main body 15 and the third and fourth narrowing
outer surfaces 43 and 44 of the narrowing portion 31 is
positioned on the distal side from the supported portion
25 of the probe main body 15. Here, the boundary posi-
tion E1 is disposed closer to the proximal side along the
longitudinal axis C than the boundary position E2, but
may be closer to the distal side, and the position may be
at a position equal to a distance (the same dimension)
from the distal end Ed of the treatment portion 33 of the
ultrasonic probe 8 along the longitudinal axis C to the
boundary position E2.
[0022] The distal end of the sheath 7 shown in FIG. 1
is positioned on the distal side from the boundary posi-
tions E1 and E2 between the probe main body 15 and
the narrowing portion 31. Consequently, an outer periph-
eral side of a proximal portion of the narrowing portion
31 is covered with the sheath 7. However, an outer pe-
riphery of a region other than the proximal portion in the
narrowing portion 31 and an outer periphery of the bend
extending portion 32 are not covered with the sheath 7.
Consequently, in the ultrasonic probe 8, the region other
than the proximal portion in the narrowing portion 31 and
the bend extending portion 32 project from the distal end
of the sheath 7 to the distal side.
[0023] In a certain example, a dimension La from the
distal end Ed of the treatment portion 33 of the ultrasonic
probe 8 to the boundary position E1 between the probe
main body 15 and the narrowing portion 31 in a direction
along the longitudinal axis C (a longitudinal direction) is
from 30.3 mm to 32.5 mm. Furthermore, in the certain
example, a dimension Lb from the distal end Ed of the
treatment portion 33 of the ultrasonic probe 8 to the
boundary position E2 between the probe main body 15
and the narrowing portion 31 in the direction along the
longitudinal axis C (the longitudinal direction) is from 20
mm to 32 mm.
[0024] The boundary position E3 in FIG. 3 and FIG. 4
is determined by a distal end of the first narrowing outer
surface 41 and a proximal end of the first relay surface
51. The first narrowing outer surface 41 extends toward
the distal side in the direction along the longitudinal axis
C from the boundary position (a narrowing start position)
E1 between the probe main body 15 and the narrowing
portion 31 to the boundary position (a narrowing end po-
sition) E3. Consequently, in the first narrowing outer sur-
face 41 between the boundary position E1 and the bound-
ary position E3, a dimension of the narrowing portion 31
from the longitudinal axis C in the first intersecting direc-
tion P1 (i. e. , a thickness direction of the narrowing por-
tion 31) decreases from the proximal side toward the dis-
tal side. In the certain example, a dimension Lc from the
boundary position E1 to the boundary position E3 in the
direction along the longitudinal axis C is 18 mm.
[0025] The boundary position E4 in FIG. 3 and FIG. 4
is determined by a distal end of the second narrowing
outer surface 42 and a proximal end of the first relay
surface 52. The second narrowing outer surface 42 ex-
tends toward the distal side in the direction along the

longitudinal axis C from the boundary position (the nar-
rowing start position) E1 between the probe main body
15 and the narrowing portion 31 to the boundary position
(the narrowing end position) E4. Consequently, in the
second narrowing outer surface 42 between the bound-
ary position E1 and the boundary position E4, a dimen-
sion of the narrowing portion 31 from the longitudinal axis
C in the second intersecting direction P2 (i.e., the thick-
ness direction of the narrowing portion 31) decreases
from the proximal side toward the distal side. In the cer-
tain example, a dimension Ld from the boundary position
E1 to the boundary position E4 in the direction along the
longitudinal axis C is from 17 mm to 19 mm.
[0026] Here, the boundary positions E3 and E4 are dif-
ferent positions along the longitudinal axis C. In other
words, the boundary positions E3 and E4 are not posi-
tions having the same dimension from the distal end Ed
of the treatment portion 33 of the ultrasonic probe 8 along
the longitudinal axis C. In particular, the boundary posi-
tion E3 is disposed closer to the proximal side than the
boundary position E4. A curved surface having a suitable
radius Ra is formed at the boundary position E3 between
the distal end of the first narrowing outer surface 41 and
the proximal end of the first relay surface 51. It is to be
noted that a curved surface having a suitable radius Rb
is formed at the boundary position E4 between the distal
end of the second narrowing outer surface 42 and the
proximal end of the second relay surface 52.
[0027] The third narrowing outer surface 43 extends
toward the distal side in the direction along the longitu-
dinal axis C from the boundary position (the narrowing
start position) E2 between the probe main body 15 and
the narrowing portion 31 to a boundary position (a nar-
rowing end position) E5. Consequently, in the third nar-
rowing outer surface 43 between the boundary position
E2 and the boundary position E5, a dimension of the
narrowing portion 31 from the longitudinal axis C in a first
width direction W1 (i.e., the width direction of the narrow-
ing portion 31) decreases from the proximal side toward
the distal side. In the certain example, a dimension Le
from the boundary position E2 to the boundary position
E5 along the longitudinal axis C is from 11 mm to 23 mm.
[0028] The fourth narrowing outer surface 44 extends
toward the distal side in the direction along the longitu-
dinal axis C from the boundary position (the narrowing
start position) E2 between the probe main body 15 and
the narrowing portion 31 to a boundary position (a nar-
rowing end position) E6. Consequently, in the fourth nar-
rowing outer surface 44 between the boundary position
E2 and the boundary position E6, a dimension of the
narrowing portion 31 from the longitudinal axis C in a
second width direction W2 (i.e., the width direction of the
narrowing portion 31) decreases from the proximal side
toward the distal side. Therefore, a sectional area of the
narrowing portion 31 which is vertical to the longitudinal
axis C decreases from the proximal side toward the distal
side. In the certain example, a dimension Lf from the
boundary position E2 to the boundary position E6 along
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the longitudinal axis C is from 11 mm to 23 mm.
[0029] Consequently, the boundary positions E5 and
E6 are positions having an equal distance (the same di-
mension) from the distal end Ed of the treatment portion
33 of the ultrasonic probe 8 along the longitudinal axis
C. Therefore, a center of gravity of the narrowing portion
31 does not shift from the longitudinal axis C in the width
direction of the narrowing portion 31. It is to be noted that
positions of the boundary positions E5 and E6 may be
at a position equal to a distance (the same dimension)
from the distal end Ed of the treatment portion 33 of the
ultrasonic probe 8 along the longitudinal axis C to the
boundary position E3, or may be at a position equal to a
distance (the same dimension) from the distal end Ed
along the longitudinal axis C to the boundary position E4.
[0030] Here, as described above, the boundary posi-
tions E3 and E4 shift forward and backward along the
longitudinal axis C. In particular, the boundary position
E3 of the first narrowing outer surface 41 is disposed
closer to the proximal side than the boundary position E4
of the second narrowing outer surface 42. Furthermore,
a dimension between the first relay surface 51 and the
longitudinal axis C is larger than a dimension between
the second relay surface 52 and the longitudinal axis C.
A distance between the first relay surface 51 and the
second relay surface 52, i.e., a thickness T of a distal
portion of the narrowing portion 31 is from 1.55 mm to
1.65 mm in the certain example. In this case, a distance
between the longitudinal axis C and the first relay surface
51 is from 0.95 mm to 1.1 mm, and the distance between
the longitudinal axis C and the second relay surface 52
is from 0.45 mm to 0.7 mm. Consequently, the center of
gravity of the distal portion of the narrowing portion 31
shifts to the first intersecting direction P1 side of the lon-
gitudinal axis C.
[0031] The sectional area of the narrowing portion 31
which is vertical to the longitudinal axis C decreases from
the proximal side toward the distal side. In other words,
in the treatment portion between the narrowing start po-
sition (the boundary position) E1 and the narrowing end
position (the boundary position) E3 or E4 and between
the narrowing start position (the boundary position) E2
and the narrowing end position (the boundary position)
E5 or E6, the sectional area of the narrowing portion 31
which is vertical to the longitudinal axis C decreases from
the proximal side toward the distal side.
[0032] FIG. 5 is a cross-sectional view along the V-V
line of FIG. 3, but drawing of the treatment portion 33 is
omitted. FIG. 5 shows a sectional area vertical to the
longitudinal axis C between the boundary position (the
narrowing end position) E4 and a boundary position (a
narrowing end position) E7 in the direction along the lon-
gitudinal axis C. As shown in FIG. 5, a curved surface (a
first curved surface) 55 having a radius Rc is formed be-
tween the first relay surface 51 of the narrowing portion
31 and the third narrowing outer surface 43, and a curved
surface (a second curved surface) 56 having a radius Rd
is formed between the first relay surface 51 and the fourth

narrowing outer surface 44. Furthermore, a curved sur-
face (a third curved surface) 57 having a radius Re is
formed between the second relay surface 52 of the nar-
rowing portion 31 and the third narrowing outer surface
43, and a curved surface (a fourth curved surface) 58
having a radius Rf is formed between the second relay
surface 52 and the fourth narrowing outer surface 44. In
the certain example, each of the radiuses Rc and Rd is
0.75 mm and each of the radiuses Re and Rf is 0.5 mm.
[0033] Each of the curved surfaces 55 to 58 is not only
formed between the boundary positions (the narrowing
end positions) E4 and E7, but also extends in a range
from the treatment portion 33 to the distal portion of the
narrowing portion 31 in the direction along the longitudi-
nal axis C. For example, each of the curved surfaces 55
and 56 extends in a range shown with a broken line B1
of FIG. 3 and each of the curved surfaces 57 and 58
extends in a range shown with a broken line B2 of FIG.
3. Therefore, in the distal portion of the narrowing portion
31, the bend extending portion 32 and the treatment por-
tion 33, the curved surface 55 is formed between a region
of an outer surface which is directed to the first intersect-
ing direction P1 side and a region of the outer surface
which is directed to one side (the arrow W1 side) in the
width direction, and the curved surface 56 is formed be-
tween a region of the outer surface which is directed to
the first intersecting direction side and a region of the
outer surface which is directed to the other side (the arrow
W2 side) in the width direction. Furthermore, in each of
the distal portion (a relay extending portion) of the nar-
rowing portion 31, the bend extending portion 32 and the
treatment portion 33, the curved surface 57 is formed
between a region of the outer surface which is directed
to the second intersecting direction P2 side and a region
of the outer surface which is directed to one side (the
arrow W1 side) in the width direction, and the curved
surface 58 is formed between a region of the outer sur-
face which is directed to the second intersecting direction
P2 side and a region of the outer surface which is directed
to the other side (the arrow W2 side) in the width direction.
[0034] As shown in FIG. 2 to FIG. 4, distal ends of the
first and second relay surfaces 51 and 52 and distal ends
of the third and fourth narrowing outer surfaces 43 and
44 are positioned in the bend extending portion 32. The
bend extending portion 32 includes a first extending sur-
face 61 directed to the first intersecting direction side, a
second extending surface 62 directed to the second in-
tersecting direction side, a third extending surface 63 di-
rected to the one side (the arrow W1 side) in the width
direction, and a fourth extending surface 64 directed to
the other side (the arrow W2 side) in the width direction.
The first extending surface 61 is continuous with the distal
side of the first relay surface 51 via the boundary position
E7. The second extending surface 62 is continuous with
the distal side of the second relay surface 52 via a bound-
ary position E8. It is preferable that the first and second
extending surfaces 61 and 62 are parallel to each other.
The first extending surface 61 approaches or intersects
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the longitudinal axis C from the proximal side toward the
distal side. The second extending surface 62 comes
away from the longitudinal axis C from the proximal side
toward the distal side. Furthermore, the cutting region 34
is provided on the side of the second extending surface
62.
[0035] The treatment portion 33 of the distal portion of
the bend extending portion 32 includes a first continuous
surface 71 continuous with the first extending surface 61,
a second continuous surface 72 continuous with the sec-
ond extending surface 62, the cutting region 34 directed
to the second intersecting direction side (the arrow P2
side), a first extending end face 73 continuous with the
third extending surface 63, and a second extending end
face 74 continuous with the fourth extending surface 64.
The first continuous surface 71 is directed to the first in-
tersecting direction side (the arrow P1 side). The second
continuous surface 72 is directed to the second intersect-
ing direction side (the arrow P2 side). The cutting region
34 is directed to the second intersecting direction side
(the arrow P2 side). Furthermore, the cutting region 34
is provided on the distal side of the second continuous
surface 72. The first extending end face 73 is directed to
the one side (the arrow W1 side shown in FIG. 4 and
FIG. 6) in the width direction. The second extending end
face 74 is directed to the other side (the arrow W2 side
shown in FIG. 4 and FIG. 6) in the width direction. The
continuous surface 71, the cutting region 34 and the first
and second extending end faces 73 and 74 are continu-
ous with the distal outer surface 37 on the distal side.
[0036] In addition, according to the present embodi-
ment, a dimension W between the first extending end
face 73 and the second extending end face 74 in the
width direction is from 2.6 mm to 2.8 mm. Furthermore,
in the present embodiment, the dimension W of the nar-
rowing portion 31 in the width direction is from 2.6 mm
to 2.8 mm at the narrowing end positions (the boundary
positions) E5 and E6. It is to be noted that in this embod-
iment, the dimension W in the width direction is the same
in regions on the distal side from the boundary positions
E5 and E6 of the distal portion of the narrowing portion
31, i.e., the bend extending portion 32 and the treatment
portion 33.
[0037] The boundary position E7 shown in FIG. 3 and
FIG. 4 is determined by the distal end of the first relay
surface 51 and a proximal end of the first extending sur-
face 61. The first extending surface 61 approaches the
longitudinal axis C from the boundary position E7 toward
the distal side. The first extending surface 61 tilts at an
angle α to the longitudinal axis C directed from the distal
side toward the proximal side. Furthermore, the first con-
tinuous surface 71 of the treatment portion 33 which is
continuous with the first extending surface 61 intersects
the longitudinal axis C. The boundary position E8 in FIG.
3 and FIG. 4 is determined by the distal end of the second
relay surface 52 and a proximal end of the second ex-
tending surface 62. The second extending surface 62
comes away from the longitudinal axis C from the bound-

ary position E8 toward the distal side. The second ex-
tending surface 62 tilts at an angle β to the longitudinal
axis C from the proximal side toward the distal side. A
curved surface having a suitable radius Rg is formed at
the boundary position E7 between the distal end of the
first relay surface 51 and the proximal end of the first
extending surface 61. A curved surface having a suitable
radius Rh is formed at the boundary position E8 between
the distal end of the second relay surface 52 and the
proximal end of the second extending surface 62. In the
certain example, each of the angles α and β is 7.5°. It is
to be noted that a suitable distance Lg from the distal end
Ed of the treatment portion 33 to the boundary position
E7 is prescribed. A distance Lh from the distal end Ed of
the treatment portion 33 to the boundary position E8 is
from 7.5 mm to 8.5 mm in the certain example.
[0038] The boundary position E5 in FIG. 3 and FIG. 4
is determined by the distal end of the third narrowing
outer surface 43 and a proximal end of the third extending
surface 63. The boundary position E6 is determined by
the distal end of the fourth narrowing outer surface 44
and a proximal end of the fourth extending surface 64. A
curved surface having a suitable radius Ri is formed at
the boundary position E5 between the distal end of the
third narrowing outer surface 43 and the proximal end of
the third extending surface 63. A curved surface having
a suitable radius Rj is formed at the boundary position
E6 between the distal end of the fourth narrowing outer
surface 44 and the proximal end of the fourth extending
surface 64.
[0039] A curved surface having a radius Rk is formed
between the distal outer surface 37 of the treatment por-
tion 33 and the first continuous surface 71. A curved sur-
face having a radius Rl is formed between the distal outer
surface 37 and the cutting region 34. A curved surface
having a radius Rm is formed between the distal outer
surface 37 and the first extending end face 73. A curved
surface having a radius Rn is formed between the distal
outer surface 37 and the second extending end face 74.
Therefore, the distal outer surface 37 is continuous with
each of the continuous surface 71, the first extending end
face 73, the second extending end face 74 and the cutting
region 34 of the treatment portion 33.
[0040] In the certain example, the radius Rk is 0.75
mm, the radius Rl is 0.5 mm, and each of the radiuses
Rm and Rn is 1.25 mm. It is to be noted that in the present
embodiment, the cutting region 34 is formed as a part of
a spherical surface. A spherical surface radius SR of the
cutting region 34 is 15 mm in the certain example.
[0041] The distal end of the second extending surface
62 determines a boundary position E9 (see FIG. 6) with
the second continuous surface 72 of the treatment por-
tion 33. In other words, a proximal end of a region of the
treatment portion 33 on the second intersecting direction
(the arrow P2 direction) side is determined by the bound-
ary position E9. A curved surface 76 having a radius Ro
is formed at the boundary position E9 between the distal
end of the second extending surface 62 and a proximal
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end of the second continuous surface 72. The second
continuous surface 72 continuous with a distal end of the
second extending surface 62 via the curved surface 76
comes away toward the second intersecting direction
(the arrow P2 direction) side of the longitudinal axis C.
Consequently, due to the curved surface 76, a projecting
amount of the second continuous surface 72 extending
farther to the second intersecting direction side than the
second extending surface 62 increases toward the distal
side of the longitudinal axis C. The proximal end of the
treatment portion 33 on the second intersecting direction
(the arrow P2 direction) side is determined by the curved
surface 76. A curved surface 77 having a radius Rp is
formed on the distal side of the curved surface 76 along
the longitudinal axis C. A distal end of the second con-
tinuous surface 72 is determined by the curved surface
77. The radius Rp of the curved surface 77 is continuous
with the spherical surface radius SR of the cutting region
34. The curved surface 77 forms an edge of a proximal
portion of the cutting region 34. In the certain example,
the radius Ro is 0.75 mm and the radius Rp is 0.5 mm.
A length of an operating region of the cutting region 34
that contributes to the cutting of the bone, the cartilage
or the like is a distance Li from the distal end Ed of the
treatment portion 33 to the edge of the proximal portion
of the cutting region 34. The distance Li is 5 mm in the
certain example.
[0042] A thickness T1 between a distal end of the first
continuous surface 71 of the treatment portion 33 and
the cutting region 34 is from 1.25 mm to 1.5 mm in the
certain example. Here, when a cross section parallel to
the longitudinal axis C and vertical to the first and second
relay surfaces 51 and 52 is taken, the thickness T1 indi-
cates a thickness of the cross section at a position where
the cutting region 34 is farthest from the longitudinal axis
C in a plane of the cross section. A distance Lj between
the longitudinal axis C and the cutting region 34 is from
1.5 mm to 1.7 mm in the certain example. In the same
manner as described above, the distance Lj indicates a
distance at the position where the cutting region 34 is
farthest from the longitudinal axis C in the plane of the
cross section, when the cross section parallel to the lon-
gitudinal axis C and vertical to the first and second relay
surfaces 51 and 52 is taken. Furthermore, a distance Lk
between the distal end Ed of the treatment portion 33
and the position where the cutting region 34 is farthest
from the longitudinal axis C is from 3 mm to 3.2 mm in
the certain example.
[0043] FIG. 6 and FIG. 7 are views showing a consti-
tution of the treatment portion 33. FIG. 6 shows a state
where the cutting region 34 of the treatment portion 33
is seen from the second intersecting direction (the arrow
P2) side, and FIG. 7 shows a state where the treatment
portion 33 is seen from a direction of an arrow VII of FIG.
6.
[0044] As shown in FIG. 6, the cutting region 34 is
formed into a reticulated crosshatch pattern that is tilted
to the longitudinal axis C. Grooves 81 are crossed in the

cutting region 34. Each groove 81 is straightly formed in
the present embodiment. As shown in FIG. 7, a distance
L1 between edges of the grooves 81 is 0.4 mm in the
certain example. Furthermore, the edges of the respec-
tive grooves 81 contribute to the cutting of the bone, the
cartilage or the like. Each of tilt angles γ and δ of the
respective grooves 81 to the longitudinal axis C from the
distal side toward the proximal side shown in FIG. 6 is
60° in the certain example. A radius Rq of each groove
81 in a depth direction is 0.2 mm in the certain example.
[0045] A concave portion 82 having a radius Rr is
formed every suitable interval Da along the longitudinal
axis C in each of the first and second extending end faces
73 and 74 of the cutting region 34 in the width direction.
The concave portions 82 are continuous with the grooves
81. For example, two grooves 81 are continuous with a
certain concave portion 82 of the first extending end face
73. Similarly, two grooves 81 are continuous with a cer-
tain concave portion 82 of the second extending end face
74.
[0046] In the certain example, the radius Rr is, for ex-
ample, 0.25 mm. The interval Da between centers of the
respective concave portions 82 along the longitudinal ax-
is C is 0.9 mm in the certain example.
[0047] The concave portions 82 are also formed in the
distal outer surface 37 mentioned above. The distal end
Ed of the distal outer surface 37 of the treatment portion
33 is disposed away from the concave portion 82 of the
distal outer surface 37 as much as a width Wa in the
width direction to the longitudinal axis C and as much as
a distance Lm in an axial direction. In the certain example,
the width Wa is 1 mm and the distance Lm is 0.3 mm. A
distance Ln between the distal end Ed of the distal outer
surface 37 and the most distal concave portion 82 along
the longitudinal axis C in each of the first and second
extending end faces 73 and 74 which are continuous with
the distal outer surface 37 is 1.2 mm in the certain ex-
ample.
[0048] As shown in FIG. 7, a depth T2 of the groove
81 is about 0.5 mm at maximum. Furthermore, the re-
spective grooves 81 are disposed away from each other
at an interval Db of 0.8 mm in the certain example as
seen from a direction of the angles γ and δ to the longi-
tudinal axis C. A distance Lo between the distal end Ed
of the distal outer surface 37 and the groove 81 contin-
uous with the third concave portion 82 from the distal end
Ed on the proximal side is 2.85 mm in the certain example.
[0049] FIG. 8 is a view of the sheath 7 and the ultrasonic
probe 8 which are seen from the distal side. As shown
in FIG. 8, the sheath 7 has a minimum inner diameter φo.
The minimum inner diameter φo of the sheath 7 is larger
than the outer diameter φa of the ultrasonic probe 8 at
the boundary position E1 between the probe main body
15 and the narrowing portion 31. In an example where
the outer diameter φa is 3.8 mm, the minimum inner di-
ameter φo of the sheath 7 is 4 mm. In an example where
the outer diameter φa is 2.9 mm, the minimum inner di-
ameter φo of the sheath 7 is 3.4 mm. In projection seen

15 16 



EP 3 243 468 A1

10

5

10

15

20

25

30

35

40

45

50

55

from the distal side, the narrowing portion 31, the bend
extending portion 32 and the treatment portion 33 are
arranged in a range inner than the minimum inner diam-
eter φo of the sheath 7.
[0050] Next, operations and effects of the ultrasonic
probe 8 and the ultrasonic treatment instrument 2 of the
present embodiment will be described. The ultrasonic
treatment system 1 is for use in a treatment of cutting the
bone, the cartilage or the like in a joint such as the knee
joint, the shoulder joint, the elbow joint or the like under
a viewing field of an unshown arthroscope. The ultrasonic
probe 8 of the present embodiment is also usable in the
shoulder joint, but is preferably for use in a treatment of
a comparatively narrow joint such as the knee joint, the
elbow joint or the like.
[0051] In the treatment, the distal portion of the ultra-
sonic probe 8 and a distal portion of the sheath 7 shown
in FIG. 1 are inserted into a joint cavity of a joint J through
a port (not shown) formed by a cannula or the like. Then,
the cutting region 34 of the treatment portion 33 is brought
into contact with a treatment target (e.g., an affected part
formed in the bone, the cartilage or the like) Ap in the
joint cavity. Then, in a state where the cutting region 34
is in contact with the treatment target Ap, the operator
performs operation input with the operation button 9.
Consequently, the ultrasonic vibration is generated in the
ultrasonic transducer 12 shown in FIG. 2, and the ultra-
sonic vibration generated in the vibrating body unit 10 is
transmitted from the proximal side to the distal side. In a
state where the ultrasonic vibration is being transmitted,
the vibrating body unit 10 performs longitudinal vibration
in a vibrating direction substantially parallel to the longi-
tudinal axis C. Thus, the treatment portion 33 longitudi-
nally vibrates along the longitudinal axis C in the state
where the cutting region 34 is in contact with the treat-
ment target Ap, whereby the treatment target (the bone,
the cartilage or the like) is cut.
[0052] FIG. 9A and FIG. 10A are views showing one
example of a state of cutting the treatment target Ap in
the joint cavity of the joint J with the cutting region 34. As
shown in FIG. 9A and FIG. 10A, it is required to cut the
treatment target Ap in a narrow space of the joint cavity.
For example, there is a case of cutting the affected part
Ap that is the treatment target in the narrow space de-
noted with sign S between a bone Ba and a bone Bb. It
is necessary to bring the cutting region 34 into contact
with the treatment target Ap in the narrow space S, and
hence an angle range of an intruding angle (i.e., an ap-
proach angle of the cutting region 34 to the treatment
target Ap) of the cutting region 34 when the cutting region
34 approaches the treatment target Ap is limited to a
small range.
[0053] Here is described a shape of a range (a range
shown with the broken line B2 in FIG. 3) of the second
narrowing outer surface 42, the second relay surface 52
and the second extending surface 62 on the second in-
tersecting direction P2 side in the ultrasonic probe 8. In
the second narrowing outer surface 42 of the narrowing

portion 31, a distance (a first distance) D1 on the second
intersecting direction P2 side which is perpendicular to
the straight longitudinal axis C increases from the distal
side toward the proximal side along the longitudinal axis
C. In a region between the distal end of the second relay
surface 52 of the narrowing portion 31 (the boundary po-
sition E8) and the proximal end thereof (the boundary
position E4), a distance (a second distance) D2 to the
longitudinal axis C is smaller than the distance D1 and
uniform. The distance D2 to the longitudinal axis C is also
uniform at the distal end of the second narrowing outer
surface 42 (the boundary position E4) and the proximal
end of the second extending surface 62 (the boundary
position E8). In the second extending surface 62 of the
bend extending portion 32, a distance D3 (> D2) to the
longitudinal axis C on the second intersecting direction
P2 side increases toward the distal side. Furthermore,
the distance Lj between the longitudinal axis C and the
cutting region 34 is larger than the distance (a third dis-
tance) D3 at any position. Consequently, as described
above, the cutting region 34 is provided at a position more
away from the longitudinal axis C than the bend extending
portion 32 in the second intersecting direction P2 from
the longitudinal axis C. Therefore, according to the ultra-
sonic probe 8 of this embodiment, in the state where the
cutting region 34 is in contact with the treatment target
Ap, it is easy to form a gap (space) G (see FIG. 9A and
FIG. 10A) between a tissue or the like adjacent to the
proximal side of the cutting region 34 and each of the
second relay surface 52 and the second extending sur-
face 62. The gap G can contribute to inhibition of inter-
ference with the tissue or the like adjacent to the proximal
side of the cutting region 34.
[0054] FIG. 9A and FIG. 10A show a state where the
treatment portion 33 of the ultrasonic probe 8 is brought
into contact with the affected part Ap in the narrow space
S of the joint cavity between the upper bone Ba and the
lower bone Bb. In the probe 8 of the present embodiment,
as described above, the distal side of the narrowing por-
tion 31 is bent in the bend extending portion 32 on the
second intersecting direction P2 side, and the probe 8
has the cutting region 34 in the bent portion on the second
intersecting direction P2 side. In other words, on the prox-
imal side of the cutting region 34, the gap (space) G is
formed by the second extending surface 62 of the bend
extending portion 32 and the second relay surface 52 of
the narrowing portion 31. Consequently, when the cutting
region 34 of the treatment portion 33 is brought into con-
tact with the affected part Ap from an opening So of the
narrow space S of the joint cavity on a left side of FIG.
9A, a position in the vicinity of the opening So of the
narrow space S of the joint cavity is hard to interfere with
the second extending surface 62. Furthermore, as shown
in FIG. 10A, also when the cutting region 34 of the treat-
ment portion 33 is brought into contact with the affected
part Ap at a position inner than the position shown in FIG.
9A from the opening So of the narrow space S of the joint
cavity on a left side of FIG. 10A, the position in the vicinity
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of the opening So of the narrow space S of the joint cavity
is hard to interfere with the narrowing portion 31 and the
bend extending portion 32.
[0055] FIG. 9B and FIG. 10B show, as a reference, an
example where a shape of a distal portion of a narrowing
portion 131 to a treatment portion 133 is different from
the present embodiment. A bend extending portion 132
is bent from the distal portion of the narrowing portion
131 of a probe 108 of this reference example to a first
intersecting direction P1 side opposite to the side of the
present embodiment. Consequently, when a cutting re-
gion 134 of the treatment portion 133 is brought into con-
tact with an affected part Ap from an opening So of a
narrow space S of a joint cavity on a left side of FIG. 9B,
the opening So of the narrow space S of the joint cavity
which is an interfering area I1 is likely to interfere with a
second extending surface 162 of the bend extending por-
tion 132. Furthermore, as shown in FIG. 10B, also when
the cutting region 134 of the treatment portion 133 is
brought into contact with the affected part Ap at a position
inner than the position shown in FIG. 9B from the opening
So of the narrow space S of the joint cavity on a left side
of FIG. 10B, the opening So of the narrow space S of the
joint cavity which is the interfering area I1 is likely to in-
terfere with the second extending surface 162 of the bend
extending portion 132, and a position denoted with sign
I2 as an interfering region in a proximal portion of the
cutting region 134 is likely to interfere with the affected
part Ap. In other words, in the example shown as the
reference in FIG. 9B and FIG. 10B, the gap G from the
treatment target shown in FIG. 9A and FIG. 10A is not
formed.
[0056] Thus, in the ultrasonic probe 8 according to the
present embodiment, the bend extending portion 32 is
provided on the distal side of the narrowing portion 31.
The bend extending portion 32 extends in the state of
bending to the second intersecting direction P2 side of
the longitudinal axis C. Furthermore, in the bend extend-
ing portion 32, the cutting region 34 is formed toward the
second intersecting direction P2 side. Due to the above-
mentioned constitution, the cutting region 34 can first
come in contact with the affected part Ap even in the
narrow space S of the joint cavity in which the angle range
of the approach angle to the treatment target Ap is limited
to a small range, and hence a region of the ultrasonic
probe 8 excluding the cutting region 34 is prevented from
interfering with the tissue or the like other than the treat-
ment target Ap (e.g., an area other than the affected part
Ap in the bone Ba) . Consequently, a position of the treat-
ment target Ap excluding an area in contact with the cut-
ting region 34 is hard to come in contact with the ultra-
sonic probe 8, and hence unintended cutting by the ul-
trasonic vibration can be inhibited. In consequence, also
in the narrow space S, the cutting region 34 that is a blade
region appropriately comes in contact with the treatment
target Ap, a treatment performance in the treatment of
cutting the treatment target Ap is acquired, and the treat-
ment can efficiently be performed.

[0057] Furthermore, in the present embodiment, as
shown in FIG. 8, the narrowing portion 31, the bend ex-
tending portion 32 and the treatment portion 33 are ar-
ranged in the range inner than the minimum inner diam-
eter φo of the sheath 7 in the projection seen from the
distal side. Consequently, in the narrow space S of the
joint cavity, the region other than the cutting region 34 in
the ultrasonic probe 8 is further effectively prevented from
interfering with the tissue or the like other than the treat-
ment target Ap. Consequently, in the narrow space S,
the cutting region 34 that is the blade region further ap-
propriately comes in contact with the treatment target Ap.
[0058] The present embodiment has a constitution
where the narrowing portion 31, the bend extending por-
tion 32 and the treatment portion 33 are arranged in the
range inner than the minimum inner diameter φo of the
sheath 7. Consequently, it is easy to insert the ultrasonic
probe 8 through the sheath 7. In consequence, time and
labor in assembling the ultrasonic treatment instrument
2 are decreased.
[0059] FIG. 11 is a view showing the treatment target
cut with the cutting region 34. As described above, the
cutting region 34 is formed as a part of the substantially
spherical surface having the radius SR. Consequently,
in the present embodiment, as shown in FIG. 11, edges
having acute angles are not formed between a cut plane
Cp obtained by removing the treatment target and each
of uncut planes U1 and U2 adjacent to the cut plane Cp
in the bone, the cartilage or the like. Furthermore, the
cutting region 34 is formed as a part of the spherical sur-
face, and hence the cut plane Cp from which the treat-
ment target is removed has a dented area having a sub-
stantially circular cross section.
[0060] Furthermore, in the present embodiment, the
vicinity of the distal portion of the narrowing portion 31
(a region where the first and second relay surfaces 51
and 52 and the third and fourth narrowing outer surfaces
43 and 44 form a ring-shaped outer peripheral surface)
shifts to the first intersecting direction P1 side of the lon-
gitudinal axis C. On the other hand, the bend extending
portion 32 extends in the state of bending to the second
intersecting direction P2 side of the longitudinal axis C.
Consequently, the vicinity of the distal portion of the nar-
rowing portion 31 and the center of gravity in the whole
bend extending portion 32 including the treatment portion
33 do not noticeably shift from the longitudinal axis C in
the first intersecting direction P1 and the second inter-
secting direction P2. Therefore, in the ultrasonic probe 8
according to the present embodiment, there is inhibited
transverse vibration (improper vibration) in a vibrating
direction substantially parallel to the first intersecting di-
rection P1 and the second intersecting direction P2.
[0061] In this embodiment, it has been described that
the second relay surface 52 is parallel to the longitudinal
axis C (the distance D2 is uniform) as shown in FIG. 3,
but the second relay surface does not have to be parallel.
Also in this case, it is preferable that a relation of the
distance D1 > the distance D2 is established. Further-
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more, at the boundary position E4, the distance D1
matches the distance D2. Furthermore, needless to say,
the distance D2 may be adjusted to change in accord-
ance with a position along the longitudinal axis C as in
the distances D1 and D3.
[0062] It is to be noted that in the ultrasonic probe 8
according to the present embodiment, the width direc-
tions W1 and W2 are set symmetrically to the longitudinal
axis C. Consequently, there is inhibited the transverse
vibration (the improper vibration) in the vibrating direction
substantially parallel to the width directions W1 and W2.
[0063] The treatment portion 33 of the ultrasonic probe
8 to the sheath 7 is not limited to the example shown in
FIG. 8, and it is also preferable that the treatment portion
is formed as in a modification shown in FIG. 12.
[0064] FIG. 12 shows a state where in projection seen
from the distal side of the longitudinal axis C, the narrow-
ing portion 31, the bend extending portion 32 and the
treatment portion 33 are arranged in a range inner than
the outer diameter φa of the ultrasonic probe 8 at the
boundary position E1. Furthermore, the narrowing por-
tion 31, the bend extending portion 32 and the treatment
portion 33 are capable of performing the treatment as
described in the first embodiment, even in the state where
the portions are arranged in the range inner than the outer
diameter φa of the ultrasonic probe 8 at the boundary
position E1 as shown in FIG. 12. Therefore, as long as
the portions are arranged in a range inner than the inner
diameter φo of the sheath 7, the treatment portion 33 may
be in contact with the outer diameter φa of the ultrasonic
probe 8.

(Second Embodiment)

[0065] Next, a second embodiment will be described
with reference to FIG. 13 to FIG. 17. This embodiment
is a modification of the first embodiment, the same mem-
bers or members having the same functions as in the
members described in the first embodiment are denoted
with the same signs to the utmost, and detailed descrip-
tion is omitted.
[0066] An ultrasonic probe 8 according to this embod-
iment has an outer diameter φa larger than that described
in the first embodiment, and is preferably for use mainly
in a treatment of a shoulder joint. The ultrasonic probe 8
according to this embodiment has the outer diameter φa
of, for example, 4.9 mm.
[0067] The ultrasonic probe 8 of the present embodi-
ment has about the same shape as in the ultrasonic probe
8 described in the first embodiment, and is suitably dif-
ferent in dimension. Consequently, different portions be-
tween both the embodiments will mainly be described.
[0068] As shown in FIG. 13, first and second extending
surfaces 61 and 62 are not parallel to each other in this
embodiment. In a certain example, an angle α is 5° and
an angle β is 7.5°.
[0069] As shown in FIG. 14, in a narrowing portion 31,
third and fourth narrowing outer surfaces 43 and 44 are

parallel to each other. Consequently, a boundary position
E2 prescribed in the first embodiment is not prescribed
in this embodiment. In this embodiment, a boundary po-
sition E5 is not present between the third narrowing outer
surface 43 and a third extending surface 63. Similarly, a
boundary position E6 is not present between the fourth
narrowing outer surface 44 and a fourth extending sur-
face 64. Consequently, the third narrowing outer surface
43 and the third extending surface 63 are parallel to the
fourth narrowing outer surface 44 and the fourth extend-
ing surface 64, respectively. Therefore, here, radiuses
Ri and Rj (see FIG. 4) are not prescribed.
[0070] In a region between a bend extending portion
32 and a treatment portion 33, the third extending surface
63 is continuous with a first extending end face 73 on a
distal side of the third extending surface via a curved
surface 78. The fourth extending surface 64 is continuous
with a second extending end face 74 on a distal side of
the fourth extending surface via a curved surface 79.
Consequently, a dimension W in a width direction is uni-
form in the treatment portion 33, but in this embodiment,
the dimension is not the same in a region on the distal
side from boundary positions E3 and E4 of a distal portion
of the narrowing portion 31, i.e., in the bend extending
portion 32 and the treatment portion 33.
[0071] In the curved surface 78 between a distal end
of the third extending surface 63 and a proximal end of
the first extending end face 73, suitable radiuses Ri1 and
Rj1 are continuous from a proximal side toward the distal
side. Due to the radius Ri1, a distance of the first extend-
ing end face 73 from a longitudinal axis C is larger than
that of the third extending surface 63. The proximal end
of the first extending end face 73 is determined with the
radius Rj1. Similarly, in the curved surface 79 between
a distal end of the fourth extending surface 64 and a
proximal end of the second extending end face 74, suit-
able radiuses Ri2 and Rj2 are continuous from the prox-
imal side toward the distal side. Due to the radius Ri2, a
distance of the second extending end face 74 from the
longitudinal axis C is larger than that of the fourth extend-
ing surface 64. The proximal end of the second extending
end face 74 is determined with the radius Rj2.
[0072] Here, the boundary position E1 described in the
first embodiment is not the same as in first and second
narrowing outer surfaces 41 and 42, and separate bound-
ary positions E11 and E12 are prescribed, respectively.
In the certain example, a dimension La1 from a distal end
Ed of the treatment portion 33 of the ultrasonic probe 8
to the boundary position E11 between a probe main body
15 and the narrowing portion 31 on the side of the first
narrowing outer surface 41 in a direction along the lon-
gitudinal axis C (a longitudinal direction) is 27.8 mm. A
dimension La2 from the distal end Ed of the treatment
portion 33 of the ultrasonic probe 8 to the boundary po-
sition E12 between the probe main body 15 and the nar-
rowing portion 31 on the side of the second narrowing
outer surface 42 in the direction along the longitudinal
axis C (the longitudinal direction) is 26.8 mm. In other
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words, the boundary positions E11 and E12 may shift
along the longitudinal axis C on the sides of the first and
second narrowing outer surfaces 41 and 42.
[0073] The dimension Lb prescribed in the first embod-
iment is not prescribed here. This is because in the
present embodiment, a distance from the longitudinal ax-
is C to an outer surface directed in the width direction is
uniform from a distal end of a supported portion 25 to the
bend extending portion 32. Furthermore, dimensions Le
and Lf are not prescribed similarly.
[0074] It is to be noted that a dimension Lc is 14 mm
and a dimension Ld is 12 mm. Each of distances Lg and
Lh is 10 mm, a distance Li is 6 mm, a distance Lj is 2.05
mm, a distance Lk is 3.5 mm, and a distance Ll is 0.5
mm. A distance Ln is 2 mm and a distance Lo is 3.7 mm.
[0075] Here, the distal end Ed of a distal outer surface
37 of the treatment portion 33 is disposed away from
concave portions 82 of the distal outer surface 37 as
much as widths Wa and Wb in the width direction to the
longitudinal axis C and as much as distances Lm1 and
Lm2 in an axial direction. The width Wa is 1.9 mm, the
width Wb is 2.55 mm, the distance Lm1 is 0.4 mm, and
the distance Lm2 is 1.1 mm.
[0076] FIG. 15 is a cross-sectional view along the XV-
XV line of FIG. 13. FIG. 15 shows a cross section vertical
to the longitudinal axis C between the boundary position
(a narrowing end position) E4 and a boundary position
E7 in a direction along the longitudinal axis C or between
the boundary position (the narrowing end position) E4
and a boundary position E8. In the certain example, each
of radiuses Rc, Rd, Re and Rf is 0.75 mm.
[0077] Furthermore, curved surfaces having radiuses
Rk1 and Rk2 are formed between the distal outer surface
37 of the treatment portion 33 and a first continuous sur-
face 71. The radius Rk1 is 0.75 mm and the radius Rk2
is 15 mm.
[0078] A radius R1 is 0.75 mm, each of radiuses Rm
and Rn is 2 mm, a radius Ro is 0.3 mm, a radius Rp is
0.75 mm, a radius Rq is 0.25 mm, a radius Rr is 0.25
mm, and a radius SR is 12.5 mm.
[0079] A thickness T1 between a distal end of the first
continuous surface 71 and a cutting region 34 is 2.2 mm
in the certain example.
[0080] A distance between a first relay surface 51 and
a second relay surface 52, i.e., a thickness T is 1.75 mm
in the certain example. In this case, a distance between
the longitudinal axis C and the first relay surface 51 is
0.9 mm and a distance D2 between the longitudinal axis
C and the second relay surface 52 is 0.85 mm. Conse-
quently, a center of gravity of the distal portion of the
narrowing portion 31 shifts to a first intersecting direction
P1 side of the longitudinal axis C in the same manner as
described in the first embodiment.
[0081] The dimension W in the width direction is 5.5
mm in the treatment portion 33. On the other hand, a
dimension of each of the narrowing portion 31 and the
bend extending portion 32 in the width direction is the
same as an outer diameter φa.

[0082] As shown in FIG. 16, it is preferable that each
groove 81 is straightly formed also in the present embod-
iment. In the certain example, the radius Rr of the con-
cave portion 82 is 0.25 mm, and an interval Da between
centers of the concave portions 82 along the longitudinal
axis C is 0.9 mm. The radius Rq of each groove 81 in a
depth direction is 0.25 mm in the certain example. In the
certain example, a depth T2 of the groove 81 is 0.6 mm.
Furthermore, the respective grooves 81 are disposed
away from each other at an interval Db of 1 mm in the
certain example seen from a direction of angles γ and δ
to the longitudinal axis C.
[0083] Here is described a shape of a range (a range
shown with a broken line B2 in FIG. 13) of the second
narrowing outer surface 42, the second relay surface 52
and the second extending surface 62 on a second inter-
secting direction P2 side in the ultrasonic probe 8. In the
second narrowing outer surface 42 of the narrowing por-
tion 31, a distance (a first distance) D1 on the second
intersecting direction P2 side which is perpendicular to
the straight longitudinal axis C increases from the distal
side toward the proximal side along the longitudinal axis
C. In a region between a distal end of the second relay
surface 52 of the narrowing portion 31 (the boundary po-
sition E8) and a proximal end thereof (the boundary po-
sition E4), the distance (a second distance) D2 to the
longitudinal axis C is smaller than the distance D1 and
uniform. The distance D2 to the longitudinal axis C is also
uniform at a distal end of the second narrowing outer
surface 42 (the boundary position E4) and a proximal
end of the second extending surface 62 (the boundary
position E8). In the second extending surface 62 of the
bend extending portion 32, a distance D3 (> D2) to the
longitudinal axis C on the second intersecting direction
P2 side increases toward the distal side. Furthermore,
the distance Lj between the longitudinal axis C and the
cutting region 34 is larger than the distance D3 at any
position. Consequently, as described above, the cutting
region 34 is provided at a position more away from the
longitudinal axis C than the bend extending portion 32 in
the second intersecting direction P2. Therefore, accord-
ing to the ultrasonic probe 8 of this embodiment, in the
state where the cutting region 34 is in contact with a treat-
ment target Ap, it is easy to form a gap (space) G (see
FIG. 9A and FIG. 10A) between a tissue or the like ad-
jacent to the proximal side of the cutting region 34 and
each of the second relay surface 52 and the second ex-
tending surface 62. The gap G can contribute to inhibition
of interference with the tissue or the like adjacent to the
proximal side of the cutting region 34.
[0084] FIG. 17 is a view of a sheath 7 and the ultrasonic
probe 8 from the distal side. A minimum inner diameter
φo of the sheath 7 is larger than the outer diameter φa of
the ultrasonic probe 8 at the boundary position E11 be-
tween the probe main body 15 and the narrowing portion
31. In projection seen from the distal side, the narrowing
portion 31 and the bend extending portion 32 are ar-
ranged in a range inner than the minimum inner diameter
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φo of the sheath 7.

(Third Embodiment)

[0085] Next, a third embodiment will be described with
reference to FIG. 18 to FIG. 21. This embodiment is a
modification of the first and second embodiments, the
same members or members having the same functions
as in the members described in the first and second em-
bodiments are denoted with the same signs to the utmost,
and detailed description is omitted.
[0086] As shown in FIG. 18 to FIG. 21, a treatment
portion 33 of a probe 8 according to this embodiment is
formed into a rake shape (a hook shape). Similarly to the
probe described in the first and second embodiments,
also in the probe 8 according to this embodiment, a bend
extending portion 32 is present on a distal side of a nar-
rowing portion 31 and the treatment portion 33 is present
on a distal side of the bend extending portion 32.
[0087] Here, a distance between a first relay surface
51 and a second relay surface 52, i.e., a thickness T of
a distal portion of the narrowing portion 31 is 1.7 mm in
a certain example. In this case, a distance between a
longitudinal axis C and the first relay surface 51 is 0.8
mm and a distance D2 between the longitudinal axis C
and the second relay surface 52 is 0.9 mm. Consequent-
ly, a center of gravity of the distal portion of the narrowing
portion 31 to a second intersecting direction P2 side of
the longitudinal axis C in this embodiment.
[0088] Here, on the distal side of the narrowing portion
31, due to the bend extending portion 32 bent to the sec-
ond intersecting direction P2 side, a first extending sur-
face 61 tilts at an angle α to the longitudinal axis C from
the distal side toward a proximal side, and a second ex-
tending surface 62 tilts at an angle β to the longitudinal
axis C from the proximal side toward the distal side. The
angles α and β are the same in the certain example.
Consequently, the first and second extending surfaces
61 and 62 are parallel to each other. It is to be noted that
in the certain example, each of the angles α and P is 7.5°.
[0089] A first continuous surface 71 of the treatment
portion 33 which is continuous with the first extending
surface 61 of this embodiment also intersects the longi-
tudinal axis C due to the bend extending portion 32 bent
to the second intersecting direction P2 side on the distal
side of the narrowing portion 31. Here is described an
example where the first continuous surface 71 intersects
the longitudinal axis C, but the first continuous surface
may only approach the longitudinal axis C from the prox-
imal side toward the distal side due to the bend extending
portion 32 on the distal side of the narrowing portion 31.
[0090] Furthermore, a cutting region 34 of the treat-
ment portion 33 is disposed on the second intersecting
direction P2 side of the longitudinal axis C due to the
bend extending portion 32 in the same manner as de-
scribed in the first and second embodiments.
[0091] A second continuous surface 72 is formed on
the distal side of the second extending surface 62. A

boundary position E9 is formed between a distal end of
the second extending surface 62 and the second contin-
uous surface 72. Here, in the second continuous surface
72, a first flat portion 72a, a curved portion 72b and a
second flat portion 72c are continuous from the proximal
side toward the distal side.
[0092] The first flat portion 72a forms an edge at the
boundary position E9 between the distal end of the sec-
ond extending surface 62 and the second continuous sur-
face. The distal side of the first flat portion 72a is disposed
closer to the longitudinal axis C than the boundary posi-
tion E9. In the curved portion 72b, the distal side of the
first flat portion 72a is disposed away from the longitudinal
axis C, from the proximal side toward the distal side. The
curved portion 72b is formed to have a radius Rp. On the
distal side of the curved portion 72b, the second flat por-
tion 72c is formed continuously with the curved portion
72b. In the certain example, the radius Rp is 0.5 mm.
[0093] On the distal side of the second flat portion 72c,
a flat portion 75 is formed to approach the longitudinal
axis C from the proximal side toward the distal side. The
cutting region 34 is formed into an edge between the
second flat portion 72c and the flat portion 75. In other
words, according to this embodiment, a spherical cutting
region 34 (see FIG. 3) described in the first and second
embodiments is not used.
[0094] It is preferable that an angle θ between the sec-
ond flat portion 72c and the flat portion 75 is smaller than
90°. It is preferable that the cutting region 34 extends in
a direction perpendicular to the longitudinal axis C and
extends in parallel with a width direction.
[0095] It is to be noted that here, the cutting region 34
is present at a position to come in contact with the second
extending surface 62, when the second extending sur-
face is a virtually extending plane. In other words, at least
a part of the cutting region 34 is present on the virtually
extending plane of the second extending surface 62.
[0096] A height H1 of the cutting region 34 to the first
flat portion 72a is, for example, 0.7 mm. A height H2 (a
dimension Lk) of the cutting region 34 to a distal end Ed
of the treatment portion 33 along the longitudinal axis C
is, for example, 1 mm. An angle ε formed between the
first flat portion 72a and the second flat portion 72c is 90°
in the certain example. An angle ζ formed between the
second flat portion 72c and the first continuous surface
71 is 72.5° in the certain example. An angle η formed
between the first continuous surface 71 and the flat por-
tion 75 is 30° in the certain example.
[0097] It is to be noted that in the certain example, a
dimension La from the distal end Ed of the treatment
portion 33 of the ultrasonic probe 8 to a boundary position
E1 between a probe main body 15 and the narrowing
portion 31 on a first narrowing outer surface 41 side and
a second narrowing outer surface 42 side in a direction
along the longitudinal axis C (a longitudinal direction) is
32 mm. A dimension Lb is 25 mm, a dimension Lc is 18.5
mm, and a dimension Ld is 17.5 mm. Each of dimensions
Le and Lf is 15 mm. Here, a distance Lh is 7 mm and
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smaller than a distance Lg. A distance Li from the distal
end Ed of the treatment portion 33 to an edge of a prox-
imal portion of the cutting region 34 is not prescribed. A
distance Lj is 1.7 mm.
[0098] Although not shown in the drawing, each of ra-
diuses Rc, Rd, Re and Rf of curved surfaces 55, 56, 57
and 58 of a transverse cross section in the bend extend-
ing portion 32 formed similarly to FIG. 5 is 0.5 mm. Each
of radiuses Rk and Rl is 0.5 mm.
[0099] Here is described a shape of a range (a range
shown with a broken line B2 in FIG. 18) of the second
narrowing outer surface 42, the second relay surface 52
and the second extending surface 62 on the second in-
tersecting direction P2 side in the ultrasonic probe 8. In
the second narrowing outer surface 42 of the narrowing
portion 31, a distance (a first distance) D1 on the second
intersecting direction P2 side which is perpendicular to
the straight longitudinal axis C increases from the distal
side toward the proximal side along the longitudinal axis
C. In a region between a distal end of the second relay
surface 52 of the narrowing portion 31 (a boundary po-
sition E8) and a proximal end thereof (a boundary position
E4), the distance (a second distance) D2 to the longitu-
dinal axis C is smaller than the distance D1 and uniform.
The distance D2 to the longitudinal axis C is also uniform
at a distal end of the second narrowing outer surface 42
(the boundary position E4) and a proximal end of the
second extending surface 62 (the boundary position E8).
In the second extending surface 62 of the bend extending
portion 32, a distance D3 (> D2) to the longitudinal axis
C on the second intersecting direction P2 side increases
toward the distal side. Furthermore, the distance Lj be-
tween the longitudinal axis C and the cutting region 34
is larger than the distance D3 at any position. Conse-
quently, as described above, the cutting region 34 is pro-
vided at a position more away from the longitudinal axis
C than the bend extending portion 32 in the second in-
tersecting direction P2. Therefore, according to the ultra-
sonic probe 8 of this embodiment, in the state where the
cutting region 34 is in contact with a treatment target Ap,
it is easy to form a gap (space) G (see FIG. 9A and FIG.
10A) between a tissue or the like adjacent to the proximal
side of the cutting region 34 and each of the second relay
surface 52 and the second extending surface 62. The
gap G can contribute to inhibition of interference with the
tissue or the like adjacent to the proximal side of the cut-
ting region 34.
[0100] The probe 8 of this embodiment is likely to form
the gap (space) G (see FIG. 9A and FIG. 10A) especially
between the second relay surface 52 and the tissue or
the like other than the treatment target during a treatment.
Consequently, in the same manner as described in the
first embodiment, the interference with the tissue or the
like other than the treatment target is inhibited by use of
the probe 8 of this embodiment. Consequently, the ultra-
sonic probe 8 is hard to come in contact with a position
of the treatment target Ap excluding an area in contact
with the cutting region 34, and hence unintended cutting

by ultrasonic vibration can be inhibited. Thus, also in a
narrow space S, the cutting region 34 that is a blade
region appropriately comes in contact with the treatment
target Ap, and a treatment performance in the treatment
of cutting the treatment target Ap is acquired.
[0101] Also in this embodiment, similarly to the first and
second embodiments, the gap (space) G formed by the
second extending surface 62 of the bend extending por-
tion 32 and the second relay surface 52 of the narrowing
portion 31 is formed on the proximal side of the cutting
region 34. Consequently, when the cutting region 34 of
the treatment portion 33 is brought into contact with the
affected part Ap from an opening So of the narrow space
S of a joint cavity on the left side of FIG. 9A, a position
in the vicinity of the opening So of the narrow space S of
the joint cavity is hard to interfere with the second ex-
tending surface 62. Furthermore, as shown in FIG. 10A,
also when the cutting region 34 of the treatment portion
33 is brought into contact with the affected part Ap at a
position inner than the position shown in FIG. 9A from
the opening So of the narrow space S of the joint cavity
on the left side of FIG. 10A, the position in the vicinity of
the opening So of the narrow space S of the joint cavity
is hard to interfere with the narrowing portion 31.
[0102] Consequently, in the ultrasonic probe 8 accord-
ing to the present embodiment, the bend extending por-
tion 32 is provided on the distal side of the narrowing
portion 31. The bend extending portion 32 extends in a
state of bending to the second intersecting direction P2
side of the longitudinal axis C. Furthermore, in the bend
extending portion 32, the cutting region 34 is formed to-
ward the second intersecting direction P2 side. Due to
the above-mentioned constitution, a region of the ultra-
sonic probe 8 excluding the cutting region 34 is prevented
from interfering with the tissue or the like other than the
treatment target Ap (e.g., an area other than the affected
part Ap in a bone Ba) also in the narrow space S of the
joint cavity in which an angle range of an approach angle
to the treatment target Ap is limited to a small range.
Consequently, the position of the treatment target Ap ex-
cluding an area in contact with the cutting region 34 is
hard to come in contact with the ultrasonic probe 8, and
hence unintended cutting by the ultrasonic vibration can
be inhibited. In consequence, also in the narrow space
S, the cutting region 34 that is the blade region appropri-
ately comes in contact with the treatment target Ap, and
the treatment performance in the treatment of cutting the
treatment target Ap is acquired.
[0103] Furthermore, in the present embodiment, as
shown in FIG. 21, the narrowing portion 31, the bend
extending portion 32 and the treatment portion 33 are
arranged in a range inner than a minimum inner diameter
φo of a sheath 7 in projection from the distal side. Con-
sequently, in the narrow space S of the joint cavity, the
region other than the cutting region 34 in the ultrasonic
probe 8 is further effectively prevented from interfering
with the tissue or the like other than the treatment target
Ap. Consequently, in the narrow space S, the cutting re-
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gion 34 that is the blade region further appropriately
comes in contact with the treatment target Ap.
[0104] The present embodiment has a constitution
where the narrowing portion 31, the bend extending por-
tion 32 and the treatment portion 33 are arranged in the
range inner than the minimum inner diameter φo of the
sheath 7. Consequently, it is easy to insert the ultrasonic
probe 8 through the sheath 7. In consequence, time and
labor in assembling an ultrasonic treatment instrument 2
are decreased.
[0105] FIG. 21 is a view of the sheath 7 and the ultra-
sonic probe 8 which are seen from the distal side. The
minimum inner diameter φo of the sheath 7 shown in FIG.
21 is larger than an outer diameter φa of the ultrasonic
probe 8 at the boundary position E1 between the probe
main body 15 and the narrowing portion 31. In an exam-
ple where the outer diameter φa is 4. 9 mm, the minimum
inner diameter φo of the sheath 7 is, for example, 5 mm.
In the projection seen from the distal side, the treatment
portion 33, the bend extending portion 32 and the nar-
rowing portion 31 are arranged in the range inner than
the minimum inner diameter φo of the sheath 7.
[0106] The treatment portion 33 of the ultrasonic probe
8 is not limited to the example shown in FIG. 21, and it
is also preferable that the treatment portion is formed as
in a modification shown in FIG. 22.
[0107] FIG. 22 shows a state where in the projection
seen from the distal side of the longitudinal axis C, the
narrowing portion 31, the bend extending portion 32 and
the treatment portion 33 are arranged in a range inner
than the outer diameter φa of the ultrasonic probe 8 at
the boundary position E1. Furthermore, the narrowing
portion 31, the bend extending portion 32 and the treat-
ment portion 33 are capable of performing the treatment
as described in the first embodiment, even in the state
where the portions are arranged in the range inner than
the outer diameter φa of the ultrasonic probe 8 at the
boundary position E1 as shown in FIG. 22. Therefore, as
long as the portions are arranged in a range inner than
the inner diameter φo of the sheath 7, the treatment por-
tion 33 may have a size to be in contact with the outer
diameter φa of the ultrasonic probe 8.

(Fourth Embodiment)

[0108] Next, a fourth embodiment will be described
with reference to FIG. 23 to FIG. 26. This embodiment
is a modification of the first to third embodiments, the
same members or members having the same functions
as in the members described in the first to third embod-
iments are denoted with the same signs to the utmost,
and detailed description is omitted. This embodiment is
especially a modification of the third embodiment.
[0109] As shown in FIG. 25, the flat portion 75 de-
scribed in the third embodiment has a first flat portion
75a adjacent to a cutting region 34, and a second flat
portion 75b adjacent to the first flat portion 75a on a side
close to a distal end Ed of a treatment portion 33 due to

a curved surface 72b having a radius Rp.
[0110] As shown in FIG. 23 and FIG. 25, in this em-
bodiment, at least a part of the cutting region 34 is present
at a position far from a longitudinal axis C to a virtually
extending plane of a second extending surface 62. Con-
sequently, in the cutting region 34, when the first extend-
ing surface 62 virtually extends, the plane intersects a
second flat portion 72c adjacent to a proximal side of the
cutting region 34 and intersects at least one of the first
and second flat portions 75a and 75b which are adjacent
to a distal side of the cutting region 34. In other words,
the cutting region 34 projects from the virtually extending
plane of the first extending surface 62 to a second inter-
secting direction P2 side. Thus, differently from the ex-
ample of the third embodiment, a projecting length of the
cutting region 34 from the second extending surface 62
may be adjusted.
[0111] It is to be noted that a distance between a first
relay surface 51 and a second relay surface 52, i.e., a
thickness T of a distal portion of a narrowing portion 31
is 1.7 mm in a certain example. In this case, a distance
between the longitudinal axis C and the first relay surface
51 is 0.75 mm, and a distance D2 between the longitu-
dinal axis C and the second relay surface 52 is 0.95 mm.
Consequently, a center of gravity of the distal portion of
the narrowing portion 31 shifts to the second intersecting
direction P2 side of the longitudinal axis C in the same
manner as in the third embodiment.
[0112] It is to be noted that each of radiuses Rc, Rd,
Re and Rf is 0.5 mm, each of radiuses Rk, Rl1, Rl2, Rm
and Rn is 0.5 mm, and a radius Rp is 0.5 mm.
[0113] Furthermore, as one example, a dimension La
is 32 mm, a dimension Lb is 25 mm, a dimension Lc is
18 mm, a dimension Ld is 19 mm, and each of dimensions
Le and Lf is 15 mm. A distance Lh is 7 mm. A height H1
is 0.9 mm, a distance Lk (= a height H2) is 1 mm, and a
height H3 is 1.4 mm. Furthermore, a thickness T1 be-
tween a distal end of a first continuous surface 71 of the
treatment portion 33 and the cutting region 34 is 1.6 mm,
and a width W is 2.8 mm.
[0114] An angle η1 is determined by a first extending
surface 61 and the first continuous surface 71 which are
directed to a first intersecting direction P1 side and the
first flat portion 75a adjacent to the distal side of the cut-
ting region 34. An angle η2 is determined by the first
extending surface 61, the first continuous surface 71, and
the second flat portion 75b adjacent to the distal side of
the first flat portion 75a. In the certain example, the angle
η1 is 25° and the angle η2 is 45°. It is to be noted that in
the certain example, each of angles α and P is 5°, an
angle ε is 80°, and an angle ζ is 85°. Thus, differently
from the third embodiment, an angle of a bend extending
portion 32 may be adjusted. The above-mentioned pro-
truding length and angles α and β are adjusted, so that
the treatment portion 33 suitable for a joint of a treatment
target can be formed.
[0115] Here is described a shape of a range (a range
shown with a broken line B2 in FIG. 23) of a second nar-
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rowing outer surface 42, the second relay surface 52 and
the second extending surface 62 on the second inter-
secting direction P2 side in the ultrasonic probe 8. In the
second narrowing outer surface 42 of the narrowing por-
tion 31, a distance (a first distance) D1 on the second
intersecting direction P2 side which is perpendicular to
the straight longitudinal axis C increases from the distal
side toward the proximal side along the longitudinal axis
C. In a region between a distal end of the second relay
surface 52 of the narrowing portion 31 (a boundary po-
sition E8) and a proximal end thereof (a boundary position
E4), the distance (a second distance) D2 to the longitu-
dinal axis C is smaller than the distance D1 and uniform.
The distance D2 to the longitudinal axis C is also uniform
at a distal end of the second narrowing outer surface 42
(the boundary position E4) and a proximal end of the
second extending surface 62 (the boundary position E8).
In the second extending surface 62 of the bend extending
portion 32, a distance D3 (> D2) to the longitudinal axis
C on the second intersecting direction P2 side increases
toward the distal side. Furthermore, a distance Lj be-
tween the longitudinal axis C and the cutting region 34
is larger than the distance D3 at any position, though an
example of a specific numeric value is omitted. Conse-
quently, as described above, the cutting region 34 is pro-
vided at a position more away from the longitudinal axis
C than the bend extending portion 32 in the second in-
tersecting direction P2. Therefore, according to the ultra-
sonic probe 8 of this embodiment, in the state where the
cutting region 34 is in contact with a treatment target Ap,
it is easy to form a gap (space) G (see FIG. 9A and FIG.
10A) between a tissue or the like adjacent to the proximal
side of the cutting region 34 and each of the second relay
surface 52 and the second extending surface 62. The
gap G can contribute to inhibition of interference with the
tissue or the like adjacent to the proximal side of the cut-
ting region 34.
[0116] FIG. 26 is a view of a sheath 7 and the ultrasonic
probe 8 which are seen from the distal side. A minimum
inner diameter φo of the sheath 7 shown in FIG. 26 is
larger than an outer diameter φa of the ultrasonic probe
8 at a boundary position E1 between a probe main body
15 and the narrowing portion 31. In an example where
the outer diameter φa is 3.8 mm, the minimum inner di-
ameter φo of the sheath 7 is, for example, 4 mm. In pro-
jection seen from the distal side, the treatment portion
33, the bend extending portion 32 and the narrowing por-
tion 31 are arranged in a range inner than the minimum
inner diameter φo of the sheath 7.
[0117] Although not shown in the drawing, it is also
preferable that in the projection seen from the distal side,
the treatment portion 33, the bend extending portion 32
and the narrowing portion 31 are arranged in a range
inner than the outer diameter φa of the ultrasonic probe
8 at the boundary position E1.
[0118] Also when the ultrasonic probe 8 is formed in
this way, the ultrasonic probe is usable in the same man-
ner as described in the third embodiment.

(Fifth Embodiment)

[0119] Next, a fifth embodiment will be described with
reference to FIG. 27 to FIG. 30. This embodiment is a
modification of the first to fourth embodiments, the same
members or members having the same functions as in
the members described in the first to fourth embodiments
are denoted with the same signs to the utmost, and de-
tailed description is omitted. This embodiment is espe-
cially a modification of the third embodiment.
[0120] Here, a position in the vicinity of a distal portion
of a narrowing portion 31 shifts. In other words, a dimen-
sion Ld is longer than a dimension Lc. In a certain exam-
ple, the dimension Lc is 13 mm and the dimension Ld is
14.5 mm. Consequently, boundary positions E3 and E4
shift forward and backward along a longitudinal axis C.
In particular, the boundary position E3 of a first narrowing
outer surface 41 is disposed closer to a proximal side
than the boundary position E4 of a second narrowing
outer surface 42. Furthermore, a dimension between a
first relay surface 51 and the longitudinal axis C is larger
than a dimension D2 between a second relay surface 52
and the longitudinal axis C. A distance between the first
relay surface 51 and the second relay surface 52, i.e., a
thickness T of the distal portion of the narrowing portion
31 is 1.75 mm in the certain example. In this case, a
distance between the longitudinal axis C and the first
relay surface 51 is 1.25 mm and the distance D2 between
the longitudinal axis C and the second relay surface 52
is 0.5 mm. Consequently, a center of gravity of the distal
portion of the narrowing portion 31 shifts to a first inter-
secting direction P1 side of the longitudinal axis C.
[0121] As shown in FIG. 29, a treatment portion 33
shifts to a second intersecting direction P2 side. Thus,
the distal portion of the narrowing portion 31 shifts to the
first intersecting direction P1 side, whereby balance be-
tween the first intersecting direction P1 and the second
intersecting direction P2 of a bend extending portion 32
and the treatment portion 33 is taken. Therefore, in an
ultrasonic probe 8 according to the present embodiment,
there is inhibited transverse vibration (improper vibration)
in a vibrating direction substantially parallel to the first
intersecting direction P1 and the second intersecting di-
rection P2.
[0122] Here is described a shape of a range (a range
shown with a broken line B2 in FIG. 27) of the second
narrowing outer surface 42, the second relay surface 52
and a second extending surface 62 on the second inter-
secting direction P2 side in the ultrasonic probe 8. In the
second narrowing outer surface 42 of the narrowing por-
tion 31, a distance (a first distance) D1 on the second
intersecting direction P2 side which is perpendicular to
the straight longitudinal axis C increases from the distal
side toward the proximal side along the longitudinal axis
C. In a region between a distal end of the second relay
surface 52 of the narrowing portion 31 (a boundary po-
sition E8) and a proximal end thereof (the boundary po-
sition E4), the distance (a second distance) D2 to the
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longitudinal axis C is smaller than a distance D1 and uni-
form. The distance D2 to the longitudinal axis C is also
uniform at a distal end of the second narrowing outer
surface 42 (the boundary position E4) and a proximal
end of the second extending surface 62 (the boundary
position E8). In the second extending surface 62 of the
bend extending portion 32, a distance D3 (> D2) to the
longitudinal axis C on the second intersecting direction
P2 side increases toward the distal side. Furthermore, a
distance Lj between the longitudinal axis C and a cutting
region 34 is larger than the distance D3 at any position,
though an example of a specific numeric value is omitted.
Consequently, as described above, the cutting region 34
is provided at a position more away from the longitudinal
axis C than the bend extending portion 32 in the second
intersecting direction P2. Therefore, according to the ul-
trasonic probe 8 of this embodiment, in the state where
the cutting region 34 is in contact with a treatment target
Ap, it is easy to form a gap (space) G (see FIG. 9A and
FIG. 10A) between a tissue or the like adjacent to the
proximal side of the cutting region 34 and each of the
second relay surface 52 and the second extending sur-
face 62. The gap G can contribute to inhibition of inter-
ference with the tissue or the like adjacent to the proximal
side of the cutting region 34.
[0123] It is to be noted that as one example, each of
radiuses Rc, Rd, Re and Rf is 0.5 mm. Here, in the same
manner as described in the second embodiment, suitable
radiuses Ri1, Ri2, Rj1 and Rj2 are prescribed. Further-
more, a radius Rk is 0.5 mm, a radius Rl1 is 1 mm, a
radius R12 is 0.4 mm, each of radiuses Rm and Rn is 1
mm, and a radius Rp is 0.5 mm.
[0124] The dimension Lb prescribed in the third and
fourth embodiments is not prescribed here. This is be-
cause in the present embodiment, a distance from the
longitudinal axis C to an outer surface directed in a width
direction W is uniform from a distal end of a supported
portion 25 to the bend extending portion 32. Furthermore,
dimensions Le and Lf are not prescribed similarly. As one
example, a dimension La is 29.2 mm, the dimension Lc
is 13 mm, and the dimension Ld is 14.5 mm. Each of
distances Lg and Lh is 8.5 mm. A distance Li is 5.5 mm.
A height H1 is 0.7 7 mm, and a distance Lk (= a height
H2) is 1 mm. A thickness T1 between a distal end of a
first continuous surface 71 of the treatment portion 33
and the cutting region 34 is 1.7 mm, and a width W of
the treatment portion 33 is 5.5 mm.
[0125] In the certain example, each of angles α and β
is 10°, an angle ε is 90°, an angle η1 is 30°, and an angle
η2 is 50°.
[0126] Hitherto, the embodiments and the like of the
present invention have been described, but the present
invention is not limited to the above-mentioned embodi-
ments and the like, and needless to say, various modifi-
cations can be achieved without departing from the gist
of the invention.

Claims

1. An ultrasonic probe for arthroscopic surgery which
is for use in an operation of a joint and which is con-
figured to transmit ultrasonic vibration from a proxi-
mal side to a distal side thereof, the ultrasonic probe
comprising:

a probe main body which extends from the prox-
imal side to the distal side along a linear longi-
tudinal axis and to which an ultrasonic transduc-
er to generate the ultrasonic vibration is con-
nected to the proximal side;
a narrowing portion which is continuous with the
distal side of the probe main body and whose
sectional area vertical to the longitudinal axis
decreases from the proximal side toward the dis-
tal side;
a bend extending portion which is provided on
the distal side of the narrowing portion and which
extends in a state of bending in an intersecting
direction to the longitudinal axis when the inter-
secting direction intersecting the longitudinal ax-
is is prescribed; and
a treatment portion which is provided on the dis-
tal side of the bend extending portion, and which
includes a cutting region that is configured to cut
a bone or a cartilage by use of the ultrasonic
vibration in the joint at a position more away from
the longitudinal axis than the bend extending
portion in the intersecting direction,
wherein in projection seen from the distal side,
the narrowing portion, the bend extending por-
tion and the treatment portion are arranged in a
range inner than a minimum inner diameter of a
sheath into which the ultrasonic probe is insert-
ed.

2. The ultrasonic probe of claim 1, wherein:

the bend extending portion includes a first ex-
tending surface approaching or intersecting the
longitudinal axis from the proximal side toward
the distal side, and a second extending surface
disposed away from the longitudinal axis, from
the proximal side toward the distal side, and
the cutting region of the treatment portion is pro-
vided on a side of the second extending surface.

3. The ultrasonic probe of claim 2, wherein at least a
part of the cutting region of the treatment portion is
present on a virtually extending plane of the second
extending surface.

4. The ultrasonic probe of claim 3,
wherein the cutting region of the treatment portion
is in the form of a hook.

33 34 



EP 3 243 468 A1

19

5

10

15

20

25

30

35

40

45

50

55

5. The ultrasonic probe of claim 2, wherein at least a
part of the cutting region of the treatment portion is
present at a position far from the longitudinal axis on
a virtually extending plane of the second extending
surface.

6. The ultrasonic probe of claim 1, wherein the cutting
region of the treatment portion is in the form of a file.

7. The ultrasonic probe of claim 6, wherein the file-
shaped cutting region is formed as a part of a spher-
ical surface.

8. The ultrasonic probe of claim 1, wherein:

the narrowing portion includes a narrowing outer
surface on a side of the intersecting direction,
and
the bend extending portion includes an extend-
ing surface disposed away from the longitudinal
axis, from the proximal side toward the distal
side along the longitudinal axis on the side of
the intersecting direction,
the ultrasonic probe comprising a relay surface
continuous with the distal side of the narrowing
outer surface and continuous with the proximal
side of the extending surface,
wherein:

in the narrowing outer surface, a first dis-
tance to the longitudinal axis on the side of
the intersecting direction increases from the
distal side toward the proximal side along
the longitudinal axis,
in a region between a distal end of the relay
surface and a proximal end thereof, a sec-
ond distance to the longitudinal axis on the
side of the intersecting direction is equal to
or smaller than the first distance of the nar-
rowing outer surface, and
in the extending surface of the bend extend-
ing portion, a third distance to longitudinal
axis on the side of the intersecting direction
increases from the proximal side toward the
distal side, and the third distance to the lon-
gitudinal axis is equal to or larger than the
second distance.

9. The ultrasonic probe of claim 8, wherein the second
distance is uniform between the distal end of the re-
lay surface and the proximal end thereof.

10. The ultrasonic probe of claim 1, wherein in the pro-
jection seen from the distal side, the narrowing por-
tion, the bend extending portion and the treatment
portion are arranged in a range inner than an outer
diameter of the ultrasonic probe at a boundary posi-
tion between the probe main body and the narrowing

portion.

11. An ultrasonic probe unit for arthroscopic surgery
comprising:

the ultrasonic probe for the arthroscopic surgery
according to claim 1; and
a sheath into which the probe main body of the
ultrasonic probe is inserted,
wherein in the projection seen from the distal
side, the narrowing portion, the bend extending
portion and the treatment portion are arranged
in a range inner than a minimum inner diameter
of the sheath.
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