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(54) ULTRASONIC PROBE

(57) In an ultrasonic probe a tapered section in which
a sectional area perpendicular to a longitudinal axis de-
creases from a proximal side toward a distal side is pro-
vided on the distal side with respect to a probe main body
section. When the probe main body section and the ta-
pered section vibrate in an established frequency range,

among vibration nodes is positioned on the proximal side
with respect to a proximal end of the tapered section, and
a 1/8 wavelength of the vibration is smaller than a taper
dimension from the proximal end the tapered section to
a distal end of the tapered section in a longitudinal axis
direction.

a most distal vibration node positioned most distally
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Description
Technical Field

[0001] The present invention relates to an ultrasonic
probe to perform cutting of, for example, a hard bone
tissue and a cartilage tissue by ultrasonic vibration.

Background Art

[0002] In Patent document 1, there is disclosed an ul-
trasonic treatment device including an ultrasonic probe
(an ultrasonic horn). In this ultrasonic treatment device,
an ultrasonic vibration generated in a vibration generat-
ing section (an ultrasonic vibration mechanism) is trans-
mitted from a proximal side toward a distal side in the
ultrasonic probe. In a distal portion of the ultrasonic
probe, a scalpel portion is formed as a treating surface.
In the scalpel portion, an outer surface of the ultrasonic
probe is formed in an uneven state. The ultrasonic vibra-
tion is transmitted to the scalpel portion in a state where
the scalpel portion is in contact with a treated target,
whereby the treated target (e.g., a bone or another hard
tissue) is cut.

Citation List
Patent Literature

[0003] Patent Literature 1: Jpn. Pat. Appin. KOKAI
Publication No. 2005-152098

Summary of Invention
Technical Problem

[0004] In a case where a hard tissue such as a bone
which is a treated target is cut by using an ultrasonic
vibration, it is necessary to increase an amplitude of the
ultrasonic vibration in a distal portion of an ultrasonic
probe in which a cutting surface to be broughtinto contact
with the treated target is provided. Here, when the am-
plitude of the ultrasonic vibration increases, stress due
to the ultrasonic vibration also increases. Consequently,
in the ultrasonic probe of Patent Literature 1 mentioned
above, there is the possibility that a position occurs at
which the stress due to the ultrasonic vibration locally
increases in the distal portion of the ultrasonic probe,
when the amplitude of the ultrasonic vibration is in-
creased in the distal portion of the ultrasonic probe. When
the stress locally increases in the distal portion of the
ultrasonic probe, there is the possibility that the ultrasonic
probe breaks.

[0005] The present invention has been developed to
solve the above problem, and an object thereof is to pro-
vide an ultrasonic probe in which, even when an ampli-
tude of an ultrasonic vibration is increased in a distal por-
tion, stress due to the ultrasonic vibration is prevented
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from locally increasing.
Solution to Problem

[0006] To solve above mentioned problems, according
to one aspect of the invention, an ultrasonic probe in-
cludes that: a probe main body section which is extended
along a longitudinal axis, and which is configured to vi-
brate in an established frequency range in a state where
an ultrasonic vibration is transmitted from a proximal side
toward a distal side; and a tapered section which is pro-
vided on the distal side with respect to the probe main
body section, and in which a sectional area perpendicular
to the longitudinal axis decreases from the proximal side
toward the distal side, the tapered section being config-
ured to vibrate together with the probe main body section
in the established frequency range in a state where the
ultrasonic vibration is transmitted from the probe main
body section, wherein in the state where the probe main
body section and the tapered section vibrate in the es-
tablished frequency range, a most distal vibration node
positioned most distally among vibration nodes is posi-
tioned on the proximal side with respect to a proximal
end of the tapered section, and a 1/8 wavelength of the
vibration is smaller than a taper dimension from the prox-
imal end of the tapered section to a distal end of the
tapered section in a longitudinal axis direction.

Advantageous Effects of Invention

[0007] According to the presentinvention, an ultrason-
ic probe in which, even when an amplitude of an ultra-
sonic vibration is increased in a distal portion, stress due
to the ultrasonic vibration is prevented from locally in-
creasing, can be provided.

Brief Description of Drawings
[0008]

FIG. 1is a view showing an ultrasonic treatment de-
vice according to a first embodiment of the present
invention;

FIG. 2 is a schematic view of a vibrating body unit
according to the first embodiment seen from a first
width direction side;

FIG. 3 is a schematic view of a distal portion of an
ultrasonic probe according to the first embodiment
seen from the first width direction side;

FIG. 4 is a schematic view of the distal portion of the
ultrasonic probe according to the first embodiment
seen from a second intersecting direction side;
FIG. 5Ais an enlarged schematic view of a sectional
areadecreasing portion andits periphery in a curving
section of the ultrasonic probe according to the first
embodiment;

FIG. 5B is a cross-sectional view along the 5B-5B
line of FIG. 5A;
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FIG. 6 is an enlarged schematic view of a treating
section and its periphery in the curving section of the
ultrasonic probe according to the first embodiment;
FIG. 7 is a schematic view showing an amplitude of
a longitudinal vibration and stress due to an ultra-
sonic vibration between a second distal vibration an-
tinode and a most distal vibration antinode in a state
where the vibrating body unit according to the first
embodimentlongitudinally vibrates in an established
frequency range;

FIG. 8A is a schematic view showing one example
of a treatment of the ultrasonic probe;

FIG. 8B is a schematic view showing another exam-
ple of the treatment of the ultrasonic probe which is
different from the example of FIG. 8A;

FIG. 9 is a schematic view of a distal portion of an
ultrasonic probe according to a second embodiment
seen from a first width direction side;

FIG. 10 is a schematic view of the distal portion of
the ultrasonic probe according to the second embod-
iment seen from a second intersecting direction side;
FIG. 11 shows an enlarged schematic view of a treat-
ing section and its periphery in a curving section of
the ultrasonic probe according to the second embod-
iment, and a cross-sectional view along the 11-11
line;

FIG. 12 is a schematic view of a distal portion of an
ultrasonic probe according to a third embodiment
seen from a first width direction side;

FIG. 13 is a schematic view of the distal portion of
the ultrasonic probe according to the third embodi-
ment seen from a second intersecting direction side;
FIG. 14 is a schematic view of a second curved ex-
tending section according to the third embodiment
seen from a direction of an arrow XIV of FIG. 12;
FIG. 15 is a schematic view of the second curved
extending section according to the third embodiment
seen from a first width direction side;

FIG. 16 is a cross-sectional view along the XVI-XVI
line of FIG. 12;

FIG. 17 is a schematic view of a state where a bone
is cut in a shoulder joint by use of an ultrasonic treat-
ment device according to the third embodiment,
which is seen from a front side of the shoulder joint;
FIG. 18 is a schematic view of a state where the bone
is cut in the shoulder joint by use of the ultrasonic
treatment device according to the third embodiment,
which is seen from a rear side of the shoulder joint;
FIG. 19 is a schematic view showing a state where
a first cutting surface of a curved extending section
of the ultrasonic probe according to the third embod-
iment is in contact with a lower surface of an acromi-
on;

FIG. 20 is a schematic view showing a state where
the first cutting surface of the curved extending sec-
tion of the ultrasonic probe according to the third em-
bodiment is in contact with a position different from
that of FIG. 19 in the lower surface of the acromion;
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FIG. 21 is a schematic view of a distal portion of an
ultrasonic probe according to a fourth embodiment
seen from a first width direction side;

FIG. 22 is a schematic view of the distal portion of
the ultrasonic probe according to the fourth embod-
iment seen from a second intersecting direction side;
FIG. 23 is a schematic view of a second curved ex-
tending section according to the fourth embodiment
seen from a first width direction side; and

FIG. 24 is a cross-sectional view along the XXIV-
XXIV line of FIG. 23.

Description of Embodiments
(First Embodiment)

[0009] A first embodiment of the present invention will
be described with reference to FIG. 1 to FIG. 10. FIG. 1
is a view showing an ultrasonic treatment system 1 of
the present embodiment. As shown in FIG. 1, the ultra-
sonic treatment system 1 includes an ultrasonic treat-
ment instrument (a hand piece) 2, an energy control de-
vice 3, and a transducer unit 5. The ultrasonic treatment
instrument 2 has a longitudinal axis C. Here, a direction
parallel to the longitudinal axis C is a longitudinal axis
direction. One side of the longitudinal axis direction is a
distal side (an arrow C1 side of FIG. 1), and a side op-
posite to the distal side is a proximal side (an arrow C2
side of FIG. 1).

[0010] The ultrasonic treatment tool 2 includes a hold-
ing unit 6, a sheath 7, and an ultrasonic probe 8. The
holding unit 6 includes a holding casing 11 to be held by
an operator, and an energy operating button 12 that is
an energy operation input section attached to the holding
casing 11 and configured to be operated by the operator.
The sheath 7 that is a hollow tubular member extending
along the longitudinal axis C is coupled with the distal
side of the holding unit6. The ultrasonic probe (a vibration
transmitting member) 8 is inserted through the sheath 7.
Itis to be noted that a distal portion of the ultrasonic probe
8 projects from a distal end of the sheath 7 toward the
distal side.

[0011] Furthermore, the transducer unit 5 having a
transducer case 13 is coupled with the proximal side of
the holding unit 6. The oscillator unit 5 is connected to
one end of a cable 15. The other end of the cable 15 is
connected to the energy control device 3. The energy
control device 3includes an electric power source, a con-
version circuit to convert an electric power from the elec-
tric power source into a vibration generating electric pow-
er, a processor (a control section) including a CPU (cen-
tral processing unit) or an ASIC (application specific in-
tegrated circuit), and a storage medium such as a mem-
ory. Inside the holding casing 11, there is disposed a
switch (not shown) in which an ON/OFF state is changed
by aninputof an energy operation in the energy operating
button 12. The switch is electrically connected to the proc-
essor of the energy control device 3 via a signal route
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extending through the vibrator unit 5 and an inside of the
cable 15. Furthermore, in the ultrasonic treatment system
1, a vibrating body unit 20 extends through an inside of
the holding casing 11 and an inside of the transducer
case 13.

[0012] FIG. 2 is a view showing a constitution of the
vibrating body unit 20. As shown in FIG. 2, the vibrating
body unit 20 includes the ultrasonic probe 8 mentioned
above, an ultrasonic transducer 21 that is a vibration gen-
erating section constituted of piezoelectric elements, and
a relay transmitting member 22. The ultrasonic oscillator
21 and the relay transmitting member 22 are arranged
in the oscillator case 13, and the relay transmitting mem-
ber 22 is supported by the transducer case 13. The ul-
trasonic transducer 21 is attached to the relay transmit-
ting member 22. Inside the holding casing 11, the ultra-
sonic probe 8 is connected to the distal side of the relay
transmitting member 22. Inthe relay transmitting member
22, a sectional area changing portion 23 is disposed in
which a sectional area perpendicular to the longitudinal
axis C decreases toward the distal side. The sectional
area changing portion (a horn portion) 23 is positioned
on the distal side with respect to the ultrasonic transducer
21. The ultrasonic transducer 21 is connected to one end
of each of electric wires 25A and 25B. The electric wires
25A and 25B extend through the inside of the cable 15,
and the other end of the wire is connected to the energy
control device 3.

[0013] The switch is switched to an ON state by the
input of the energy operation in the energy operating but-
ton 12, whereby in the energy control device 3, the control
section controls the conversion circuit, to supply the vi-
bration generating electric power (a vibration generating
current) to the ultrasonic vibrator 21 through the electric
wires 25A and 25B. Consequently, inthe ultrasonic trans-
ducer 21, an ultrasonic vibration occurs, and the gener-
ated ultrasonic vibration is transmitted to the ultrasonic
probe 8 viathe relay transmitting member 22. In this case,
an amplitude of the ultrasonic vibration is enlarged in the
sectional area changing portion 23 of the relay transmit-
ting member 22.

[0014] The ultrasonic probe 8 includes a probe main
body section 31 extending along the longitudinal axis C.
The probe main body section 31 substantially linearly
extends along the longitudinal axis C which is an axial
center. On the proximal side of the probe main body sec-
tion 31, an engagement connecting portion 32 is provid-
ed. The engagement connecting portion 32 is engaged
in an engagement groove (not shown) disposed in the
relay transmitting member 22 (e.g., by screwing an ex-
ternal thread into an internal thread), whereby the probe
main body section 31 is connected to the distal side of
the relay transmitting member 22. Thus, the relay trans-
mitting member 22 is connected to the probe main body
section 31, whereby an abutment surface 33 formed at
a proximal end of the probe main body section 31 abuts
on the relay transmitting member 22. The ultrasonic vi-
bration is transmitted from the relay transmitting member
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22 to the probe main body section 31 through the abut-
ment surface 33.

[0015] Thus, the ultrasonic vibration is transmitted to
the probe main body section 31, whereby in the probe
main body section 31 (the ultrasonic probe 8), the ultra-
sonic vibration is transmitted from the proximal side to-
ward the distal side. In a state where the ultrasonic vi-
bration is transmitted through the probe main body sec-
tion 31, the vibrating body unit 20 performs a longitudinal
vibration in a vibrating direction parallel to the longitudinal
axis direction in an established frequency range including
an established frequency. In this case, a vibration antin-
ode (the most proximal vibration antinode) A1 that is one
of vibration antinodes of the longitudinal vibration is po-
sitioned at a proximal end of the vibrating body unit 20
(a proximal end of the relay transmitting member 22),
and a vibration antinode (the most distal vibration antin-
ode) A2 that is one of the vibration antinodes of the lon-
gitudinal vibration is positioned at a distal end of the vi-
brating body unit 20 (a distal end of the ultrasonic probe
8). Here, the vibration antinode A1 is positioned most
proximally among the vibration antinodes of the longitu-
dinal vibration, and the vibration antinode A2 is posi-
tioned most distally among the vibration antinodes of the
longitudinal vibration. In a certain example, the vibrating
body unit 20 is designed in a state of transmitting the
ultrasonic vibration therethrough, thereby performing the
longitudinal vibration at 47 kHz (the established frequen-
c¢y), and the vibrating body unit actually longitudinally vi-
brates in the frequency range (the established frequency
range) of 46 kHz or more and 48 kHz or less.

[0016] The ultrasonic probe 8 has a totallength L1 from
its distal end to its proximal end (a proximal end of the
engagement connecting portion 32) in the longitudinal
axis direction. In the certain example, it is preferable that
the total length L1 is 183.1 mm. Furthermore, the ultra-
sonic probe 8 has a longitudinal dimension L2 from the
distal end to the abutment surface 33 (the proximal end
of the probe main body section 31) in the longitudinal
axis direction. In the certain example, it is preferable that
the longitudinal dimension L2 is 177.1 mm.

[0017] In the probe main body section 31, a horn por-
tion (afirsthorn portion) 35 is disposed. Inthe horn portion
35, the sectional area perpendicular to the longitudinal
axis C decreases toward the distal side. The horn portion
(a sectional area decreasing portion) 35 is positioned on
the distal side with respect to the abutment surface 33,
and the probe main body section 31 has a longitudinal
dimension L3 from the abutment surface 33 to a proximal
end (a vibration input end) E1 of the horn portion 35 in
the longitudinal axis direction. In the certain example, it
is preferable that the longitudinal dimension L3 is 29 mm.
Furthermore, the horn portion (the first horn portion) 35
has a horn longitudinal dimension (a first horn longitudi-
nal dimension) L4 from the proximal end (the vibration
input end) E1 to a distal end (a vibration output end) E2
in the longitudinal axis direction. In the certain example,
it is preferable that the horn longitudinal dimension L4 is
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20 mm.

[0018] An outer diameter of the probe main body sec-
tion 31 is kept to be substantially constant from the abut-
ment surface 33 to the proximal end E1 of the horn portion
35 in the longitudinal axis direction. Therefore, the probe
main body section 31 has an outer diameter D1 in the
abutment surface 33 and at the proximal end E1 of the
horn portion 35. In the certain example, it is preferable
that the outer diameter D1 is 7 mm. Furthermore, in the
horn portion 35, a sectional area decreases toward the
distal side, and hence at the distal end E2 of the horn
portion 35, the probe main body section 31 has an outer
diameter D2 smaller than the outer diameter D1. That is,
in the horn portion 35, the outer diameter of the probe
main body section 31 decreases from the outer diameter
D1 to the outer diameter D2 toward the distal side. In the
certain example, it is preferable that the outer diameter
D2 is 3.8 mm.

[0019] In a state where the vibrating body unit 20 lon-
gitudinally vibrates in the predetermined frequency range
(e.g., 46 kHz or more and 48 kHz or less), a vibration
node N1 that is one of vibration nodes of the longitudinal
vibration is positioned at the proximal end E1 of the horn
portion 35 or in the vicinity of the proximal end E1, and
each of the vibration antinodes of the longitudinal vibra-
tion is positioned away from the horn portion 35 in the
longitudinal axis direction. Consequently, in the horn por-
tion 35 in which the sectional area decreases toward the
distal side, the amplitude of the longitudinal vibration (the
ultrasonic vibration) is enlarged. In the certain example,
the longitudinal vibration in which the amplitude at the
vibration antinode is 18 um is transmitted to the proximal
end E1 of the horn portion 35, and the amplitude of the
longitudinal vibration in the horn portion 35 is enlarged.
It is to be noted that in a state where the vibrating body
unit 20 longitudinally vibrates at the predetermined fre-
quency (e.g., 47 kHz) included in the predetermined fre-
quency range, the vibration node N1 is positioned at the
proximal end E1 of the horn portion 35.

[0020] In the probe main body section 31, a horn por-
tion (a second horn portion) 36 is provided. In the horn
portion 36, the sectional area perpendicular to the longi-
tudinal axis C decreases toward the distal side. The horn
portion (a sectional area decreasing portion) 36 is posi-
tioned on the distal side from the horn portion (the first
horn portion) 35, and the probe main body section 31
has a longitudinal dimension L5 from the abutment sur-
face 33 to a proximal end (a vibration input end) E3 of
the horn portion 36 in the longitudinal axis direction. In
the certain example, it is preferable that the longitudinal
dimension L5 is 88.1 mm. Furthermore, the horn portion
(the second horn portion) 36 has a horn longitudinal di-
mension (a second horn longitudinal dimension) L6 from
the proximal end (the vibration input end) E3 to a distal
end (a vibration output end) E4 in the longitudinal axis
direction. In the certain example, it is preferable that the
horn longitudinal dimension L6 is 14 mm.

[0021] In the probe main body section 31, the outer
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diameter is kept to be substantially constant from the
distal end E2 of the horn portion (the first horn portion)
35 to the proximal end E3 of the horn portion (the second
horn portion) 36 in the longitudinal axis direction. There-
fore, the probe main body section 31 has the outer diam-
eter D2 at the proximal end E3 of the horn portion 36.
That is, at the distal end E2 of the horn portion 35 and
the proximal end E3 of the horn portion 36, the outer
diameter of the probe main body section 31 becomes the
outer diameter D2 and has about the same size. Further-
more, inthe horn portion 36, the sectional area decreases
toward the distal side, and hence at the distal end E4 of
the horn portion 36, the probe main body section 31 has
an outer diameter D3 that is smaller than the outer diam-
eter D2. Thatis, in the horn portion 36, the outer diameter
of the probe main body section 31 decreases from the
outer diameter D2 to the outer diameter D3 toward the
distal side. In the certain example, it is preferable that
the outer diameter D3 is 2.7 mm.

[0022] In the state where the vibrating body unit 20
longitudinally vibrates in the established frequency range
(e.g., 46 kHz or more and 48 kHz or less), a vibration
node N2 that is one of the vibration nodes of the longitu-
dinal vibration is positioned at the proximal end E3 of the
horn portion 36 or in the vicinity of the proximal end E3,
and each of the vibration antinodes of the longitudinal
vibration is positioned away from the horn portion 36 in
the longitudinal axis direction. Consequently, in the horn
portion 36 in which the sectional area decreases toward
the distal side, the amplitude of the longitudinal vibration
(the ultrasonic vibration) is enlarged. It is to be noted that
in the state where the vibrating body unit 20 longitudinally
vibrates at the established frequency (e.g., 47 kHz) in-
cluded in the established frequency range, the vibration
node N2 is positioned at the proximal end E3 of the horn
portion 36. Furthermore, in the state where the vibrating
body unit 20 longitudinally vibrates in the predetermined
frequency range, the vibration node N2 is positioned on
the distal side with respect to the vibration node N1.
[0023] In the probe main body section 31, a sectional
area increasing portion 37 is provided. In the sectional
area increasing portion 37, the sectional area perpendic-
ular to the longitudinal axis C increases toward the distal
side. The sectional area increasing portion 37 is posi-
tioned on the distal side with respect to the horn portion
(the second horn portion) 36, and the probe main body
section 31 has a longitudinal dimension L7 from the abut-
ment surface 33 to a distal end (a vibration output end)
E6 of the sectional area increasing portion 37 in the lon-
gitudinal axis direction. In the certain example, it is pref-
erable that the longitudinal dimension L7 is 116.7 mm.
Furthermore, the sectional areaincreasing portion 37 has
an extending dimension L8 from a proximal end (a vibra-
tion input end) E5 to the distal end (the vibration output
end) EG6 in the longitudinal axis direction. The extending
dimension L8 is small, and hence in the sectional area
increasing portion 37, a distance from the proximal end
E5 to the distal end E6 decreases.
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[0024] In the probe main body section 31, the outer
diameter is kept to be substantially constant from the
distal end E4 of the horn portion (the second horn portion)
36 to the proximal end E5 of the sectional area increasing
portion 37 in the longitudinal axis direction. Therefore,
the probe main body section 31 has the outer diameter
D3 atthe proximal end E5 of the sectional area increasing
portion 37. That s, at the distal end E4 of the horn portion
36 and the proximal end E5 of the sectional area increas-
ing portion 37, the outer diameter of the probe main body
section 31 becomes the outer diameter D3 and has about
the same size. Furthermore, in the sectional area in-
creasing portion 37, the sectional area increases toward
the distal side, and hence at the distal end E6 of the
sectional areaincreasing portion 37, the probe main body
section 31 has an outer diameter D4 that is larger than
the outer diameter D3. That is, in the sectional area in-
creasing portion 37, the outer diameter of the probe main
body section 31 increases from the outer diameter D3 to
the outer diameter D4 toward the distal side. In the certain
example, the outer diameter D4 is about the same as the
outer diameter D2 at the proximal end E3 of the horn
portion 36. In this case, it is preferable that the outer
diameter D4 is 3.8 mm.

[0025] In the state where the vibrating body unit 20
longitudinally vibrates in the established frequency
range, a vibration antinode A3 that is one of the vibration
antinodes of the longitudinal vibration is positioned in the
sectional area increasing portion 37. The vibration anti-
node A3 at which stress due to the ultrasonic vibration
becomes zero is positioned in the sectional area increas-
ing portion 37, and hence, also in the sectional area in-
creasing portion 37 in which the sectional area increases
toward the distal side, the amplitude of the longitudinal
vibration (the ultrasonic vibration) hardly decreases. Itis
to be noted that in the state where the vibrating body unit
20 longitudinally vibrates in the established frequency
range, the vibration antinode A3 is positioned on the distal
side with respect to the vibration node N2, and in the
present embodiment, the vibration antinode A3 is posi-
tioned second distally among the vibration antinodes of
the longitudinal vibration.

[0026] The probe main body section 31 includes a sup-
ported portion 38 to be supported by the sheath 7 via an
elastic member (not shown). The supported portion 38
is positioned on the distal side with respect to the sec-
tional area increasing portion 37. The probe main body
section 31 has a longitudinal dimension L9 from the distal
end E6 of the sectional area increasing portion 37 to a
proximal end E7 of the supported portion 38 in the lon-
gitudinal axis direction. In the certain example, it is pref-
erable that the longitudinal dimension L9 is 24.1 mm.
Furthermore, the supported portion 38 has an extending
dimension L10 from the proximal end E7 to a distal end
E8 in the longitudinal axis direction. The extending di-
mension L10 is small, and in the certain example, the
extending dimension L10 is 3 mm.

[0027] In the probe main body section 31, the outer
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diameter is kept to be substantially constant from the
distal end EG6 of the sectional area increasing portion 37
to the proximal end E7 of the supported portion 38 in the
longitudinal axis direction. Therefore, the probe main
body section 31 has the outer diameter D4 at the proximal
end E7 of the supported portion 38. That is, at the distal
end E6 of the sectional area increasing portion 37 and
the proximal end E7 of the supported portion 38, the outer
diameter of the probe main body section 31 becomes the
outer diameter D4 and has about the same size. In a
proximal portion of the supported portion 38, the outer
diameter of the probe main body section 31 decreases
from the outer diameter D4 to an outer diameter D5. In
the certain example, the outer diameter D5 is about 0.4
mm smaller than the outer diameter D4. In the supported
portion 38, the outer diameter of the probe main body
section 31 is kept to be substantially constant at the outer
diameter D5 along a large part in the longitudinal axis
direction. Further, in the distal portion of the supported
portion 38, the outer diameter of the probe main body
section 31 increases from the outer diameter D5 to an
outer diameter D6. In consequence, the probe main body
section 31 has the outer diameter D6 at the distal end
E8 of the supported portion 38. The outer diameter D6
at the distal end E8 of the supported portion 38 is about
the same as the outer diameter D4 at the proximal end
E7 of the supported portion 38. Consequently, at the
proximal end E7 and the distal end E8 of the supported
portion 38, the sectional area of the probe main body
section 31 which is perpendicular to the longitudinal axis
C becomes about the same. In the certain example, it is
preferable that the outer diameter D6 is 3.8 mm.

[0028] In the state where the vibrating body unit 20
longitudinally vibrates in the established frequency
range, a vibration node N3 that is one of the vibration
nodes of the longitudinal vibration is positioned in the
supported portion 38. Consequently, the probe main
body section 31 (the ultrasonic probe 8), which longitu-
dinally vibrates, is also attached to the sheath 7 via the
elastic member in the supported portion 38. Furthermore,
the probe main body section is supported by the sheath
7 at the vibration node N3 of the longitudinal vibration,
and hence in the state where the vibrating body unit 20
longitudinally vibrates in the predetermined frequency
range, transmission of the ultrasonic vibration from the
supported portion 38 to the sheath 7 is prevented. In the
state where the vibrating body unit 20 longitudinally vi-
brates in the established frequency range, the vibration
node (the most distal vibration node) N3 is positioned on
the distal side with respect to the vibration node N2, and
is positioned most distally among the vibration nodes of
the longitudinal vibration. Furthermore, at the proximal
end E7 and the distal end E8 of the supported portion
38, the sectional area of the probe main body section 31
which is perpendicular to the longitudinal axis C becomes
about the same, and hence in the supported portion 38,
the amplitude of the longitudinal vibration hardly chang-
es.
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[0029] Furthermore, the distal end of the sheath 7 is
positioned on the distal side from the distal end E8 of the
supported portion 38. Therefore, in the state where the
vibrating body unit 20 longitudinally vibrates in the estab-
lished frequency range, the vibration node N3 positioned
most distally among the vibration nodes is positioned in-
side the sheath 7.

[0030] FIG. 3 and FIG. 4 are views showing a consti-
tution of the distal portion of the ultrasonic probe 8. Here,
a certain direction that intersects (is substantially perpen-
dicular to) the longitudinal axis C is a first intersecting
direction (a direction of an arrow P1 in each of FIG. 2 and
FIG. 3), and an opposite direction to the first intersecting
direction (afirst vertical direction) is a second intersecting
direction (a direction of an arrow P2 in each of FIG. 2 and
FIG. 3). Furthermore, one of two directions which inter-
sect the longitudinal axis C (substantially perpendicular-
ly) and are perpendicular to (intersect) the first intersect-
ing direction (the first perpendicular direction) and the
second intersecting direction (a second perpendicular di-
rection) is a first width direction (a direction of an arrow
B1 in FIG. 4). Further, an opposite direction to the first
width direction is a second width direction (a direction of
anarrow B2in FIG. 4). Here, FIG. 2 and FIG. 3 are views
of the ultrasonic probe 8 seen from a first width direction
side, and FIG. 4 is a view of the ultrasonic probe 8 seen
from a second perpendicular direction side. It is to be
noted that in FIG. 3, a range shown by a broken line S1
and a broken line S2 projects from the distal end of the
sheath 7 toward the distal side.

[0031] As shownin FIG. 3 and FIG. 4, the probe main
body section 31 extends to a position located on the distal
side with respect to the supported portion 38. That is, a
distal end E9 of the probe main body section 31 is posi-
tioned on the distal side from the distal end E8 of the
supported portion 38. However, a distance between the
distal end E8 of the supported portion 38 and the distal
end E9 of the probe main body section 31 in the longitu-
dinal axis direction is small, and is about 0.6 mm in the
certain example.

[0032] As described above, in the probe main body
section 31, the amplitude of the longitudinal vibration is
enlarged in the horn portion (the first horn portion) 35 and
the horn portion (the second horn portion) 36, and the
amplitude of the longitudinal vibration hardly changes in
the sectional area increasing portion 37 and the support-
ed portion 38. Due to the above-mentioned constitution,
in the certain example, the longitudinal vibration of an
amplitude of 80 wm occurs at the distal end E9 of the
probe main body section 31, in a case where the longi-
tudinal vibration of an amplitude of 18 um at the vibration
antinode is transmitted to the proximal end (the abutment
surface 33) of the probe main body section 31.

[0033] In the ultrasonic probe 8, the distal side of the
probe main body section 31 is continuous with a distal
constituting section 31a. For example, a part located on
a forward side with respect to the distal end E9 of the
probe main body section 31 functions as the distal con-
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stituting section 31a.

[0034] As shown in FIG. 3, the distal constituting sec-
tion 31a has a reference surface 31b including an after-
mentioned blade tip portion 143, and an opposite surface
31c disposed on a side opposite to the reference surface
31b. The reference surface 31b is an upper surface of
the distal constituting section 31a and the opposite sur-
face 31c is a lower surface of the distal constituting sec-
tion 31a. Furthermore, the reference surface 31b faces
afirstintersecting direction side and the opposite surface
31c faces a second intersecting direction side. The ref-
erence surface 31b and the opposite surface 31c are
narrowed so that the distal constituting section 31atapers
off toward a distal end E50 of the distal constituting sec-
tion 31a. As shown in FIG. 3 and FIG. 4, on the reference
surface 31b and the opposite surface 31c, a narrowing
start position S3 is a position that is distant from the distal
end E50 as much as a longitudinal dimension L50 in a
longitudinal axis C direction. It is preferable that the lon-
gitudinal dimension L50 is 32 mm. The narrowing start
position S3 of the reference surface 31b and the opposite
surface 31cis a continuous position of a proximal end of
a tapered section 101 with the distal end E9 of the probe
main body section 31, and is also a boundary position
between the probe main body section 31 and the tapered
section 101.

[0035] As shown in FIG. 3 and FIG. 4, in a circumfer-
ential direction of the distal constituting section 31a, the
reference surface 31b and the opposite surface 31c are
continuous with both side surfaces 31d of the distal con-
stituting section 31a. One of the side surfaces 31d faces
the first width direction side and the other side surface
31d is directed on a second width direction side. As
shown in FIG. 4, parts of the side surfaces 31d are nar-
rowed to taper off toward the distal end E50. As shown
inFIG.3andFIG. 4, onthesside surfaces 31d, a narrowing
start position S4 of each side surface 31d is a position
that is distant as much as a longitudinal dimension L51
from the distal end E50 in the longitudinal axis C direction.
It is preferable that the longitudinal dimension L51 is 25
mm. It is to be noted that a part located on the distal side
with respect to a narrowing end position S5 on each side
surface 31d, each side surface 31d is not narrowed, and
as shown in FIG. 4, the narrowing end position S5 is a
position that is distant as much as a longitudinal dimen-
sion L53 from the distal end E50. It is preferable that the
longitudinal dimension L53 is 10 mm. Furthermore, be-
tween the constricting start position S3 and the constrict-
ing start position S4, the side surfaces 31d are not con-
stricted.

[0036] As shown in FIG. 3 and FIG. 4, the distal con-
stituting section 31a has the tapered section 101 (a sec-
tional area decreasing portion), arelay extending section
103, and a curving section (a curved extending section)
105. A distal portion of the tapered section 101 is contin-
uous with a proximal portion of the relay extending sec-
tion 103, and a distal portion of the relay extending sec-
tion 103 is continuous with a proximal portion of the curv-
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ing section 105.

[0037] As shown in FIG. 3 and FIG. 4, in the tapered
section 101, the sectional area perpendicular to the lon-
gitudinal axis C decreases toward the distal side. It is
preferable that a maximum outer diameter D7 of the ta-
pered section 101 (at the narrowing start position S3) is
3.8 mm. It is preferable that a minimum thickness (a min-
imum outer diameter) D8 of the tapered section 101 (at
the narrowing end position S5 or a narrowing end position
S6) is 1.7 mm.

[0038] As shown in FIG. 3, a part 101a of the tapered
section 101 is included in the reference surface 31b and
is, for example, an upper surface of the tapered section
101. A part 101b of the tapered section 101 is included
in the opposite surface 31c and is, for example, a lower
surface of the tapered section 101. The part 101b forms
a first narrowed outer surface faces the first intersecting
direction side in the tapered section 101, and the part
101a forms a second narrowed outer surface directed on
the second intersecting direction side in the tapered sec-
tion 101. The parts 101a and 101b are narrowed from
the narrowing start position S3 to the narrowing end po-
sition S6. Consequently, in the part (the first narrowed
outer surface) 101b, a first distance from the longitudinal
axis C in the first intersecting direction decreases toward
the distal side from the proximal side. Further, in the part
(the second narrowed outer surface) 101a, a second dis-
tance from the longitudinal axis C in the second inter-
secting direction decreases toward the distal side from
the proximal side. The constricting end position S6 is
positioned forwardly from (on the distal side from) the
narrowing start position S3. It is preferable that a longi-
tudinal dimension L54 from the narrowing start position
S3 to the narrowing end position S6 is 18 mm. The parts
101aand 101b function as an after-mentioned narrowing
region.

[0039] As shown in FIG. 3 and FIG. 4, in the tapered
section 101, the side surfaces 31d are narrowed from
the narrowing start position S4 to the narrowing end po-
sition S5. In the tapered section 101, the side surfaces
31d are not narrowed in a part located on the proximal
side with respect to the narrowing start position S4, and
this length is a length from the narrowing start position
S3 to the narrowing start position S4.

[0040] In the tapered section 101, the sectional area
perpendicular to the longitudinal axis C decreases toward
the distal side. In the state where the vibrating body unit
20 longitudinally vibrates in the established frequency
range (e.g., 46 kHz or more and 48 kHz or less), the
vibration node (the most distal vibration node) N3 that is
one of the vibration nodes of the longitudinal vibration is
positioned in the supported portion 38 and positioned in
the vicinity of a proximal end (E9) of the tapered section
101. Further, in the state where the vibrating body unit
20 longitudinally vibrates in the predetermined frequency
range, each of the vibration antinodes of the longitudinal
vibration is positioned away from the tapered section 101
in the longitudinal axis direction. Consequently, in the
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tapered section 101 in which the sectional area decreas-
es toward the distal side, the amplitude of the longitudinal
vibration (the ultrasonic vibration) is enlarged. In the cer-
tain example, the distal end E50 longitudinally vibrates
at 140 um to 150 wm, in a case where the longitudinal
vibration of an amplitude of 80 wm at the vibration anti-
node is transmitted to the proximal end (E9) of the ta-
pered section 101.

[0041] Furthermore, in the present embodiment, a di-
mension of the tapered section 101 from the proximal
end (E9) to a distal end (S5) in the longitudinal axis di-
rection is larger than a 1/8 wavelength (A/8) in the state
where the vibrating body unit 20 longitudinally vibrates
in the established frequency range. In the certain exam-
ple, in the state where the vibrating body unit 20 longitu-
dinally vibrates at 46 kHz or more and 48 kHz or less (the
established frequency range), a 1/4 wavelength (A/4)
from the vibration node (the most distal vibration node)
N3 to the distal end E50 that is the vibration antinode
(the mostdistal vibration antinode) A2 is 34.4 mm or more
and 35.2 mm or less. On the other hand, in this example,
a dimension from the proximal end (E9) of the tapered
section 101 to the narrowing end position S5 in the lon-
gitudinal axis direction is about 22 mm, and is larger than
the 1/8 wavelength in the state where the vibrating body
unit 20 longitudinally vibrates at 46 kHz or more and 48
kHz or less (the predetermined frequency range). Fur-
thermore, in the tapered section 101, it is preferable that
the longitudinal dimension L54 between the proximal end
(E9) and the constricting end position S6 in the longitu-
dinal axis direction is also 18.1 mm. Therefore, the lon-
gitudinal dimension L54 is also larger than the 1/8 wave-
length in the state where the vibrating body unit 20 lon-
gitudinally vibrates at 46 kHz or more and 48 kHz or less
(the established frequency range).

[0042] As shown in FIG. 3, the reference surface 31b
and the opposite surface 31c¢ in the relay extending sec-
tion 103 are not narrowed but are arranged in parallel
along the longitudinal axis C. As shown in FIG. 4, the
side surfaces 31d are narrowed up to the narrowing end
position S5 in the relay extending section 103. A length
of the relay extending section 103 is a length from the
narrowing end position S6 to the narrowing end position
S5. This region functions as an after-mentioned parallel
region.

[0043] As shown in FIG. 5A, the curving section 105
has a central axis CO that bends relative to the longitu-
dinal axis C that is the central axis of the probe main body
section 31. The central axis CO of the curving section 105
bends away from the longitudinal axis C (toward the
downside) from the proximal portion of the curving sec-
tion 105 toward a distal portion of the curving section
105. The central axis CO linearly extends. Further, as
shown in FIG. 3 and FIG. 5A, the curving section (the
curved extending section) 105is bentrelative to the probe
main body section 31 (the longitudinal axis direction) in
a part located on the distal side with respect to the probe
main body section 31. The curving section 105 linearly
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bends away from the longitudinal axis C toward the first
intersecting direction side. The bent curving section 105
is always disposed in a projection plane of the probe main
body section 31, when the ultrasonic probe 8 is seen
along the longitudinal axis C from the proximal end to-
ward the distal end (i.e., in projection from the proximal
side). As shown in FIG. 4, in the curving section 105, the
side surfaces 31d are not constricted and the curving
section corresponds to a portion having the longitudinal
dimension L53.

[0044] As shown in FIG. 3, FIG. 5A and FIG. 6, the
curving section (the curved extending section) 105 in-
cludes a first curved outer surface 105a facing the first
intersecting direction side, and a second curved outer
surface 105b facing the second intersecting direction
side. The first curved outer surface 105a is a part of the
opposite surface 31c, and the second curved outer sur-
face 105b is a part of the reference surface 31b. Further-
more, the curving section 105 includes a third curved
outer surface 105c¢ facing the first width direction side,
and a fourth curved outer surface 105d directed on the
second width direction side. The curving section 105 has
a sectional area decreasing portion 110, a sectional area
uniform portion 120, and a treating section 130. A prox-
imal portion of the sectional area decreasing portion 110
is continuous with the distal portion of the relay extending
section 103. A proximal portion of the sectional area uni-
form portion 120 is continuous with a distal portion of the
sectional area decreasing portion 110. A proximal portion
of the treating section 130 is continuous with a distal por-
tion of the sectional area uniform portion 120. The sec-
tional area decreasing portion 110 is provided in the prox-
imal portion of the curving section 105, the treating sec-
tion 130 is disposed in the distal portion of the curving
section 105, and the sectional area uniform portion 120
is interposed between the sectional area decreasing por-
tion 110 and the treating section 130. For example, a
femur that is an affected area 200 in a knee joint is treated
(cut) with the treating section 130.

[0045] As shownin FIG. 3 and FIG. 5A, a part 110a of
the sectional area decreasing portion 110 is included in
the reference surface 31b and the second curved outer
surface 105b, and is, for example, an upper surface of
the sectional area decreasing portion 110. The part 110a
is narrowed into a tapered state. Specifically, the part
110aiis linearly bent relative to the reference surface 31b
(a part 103a) in the relay extending section 103 in a di-
rection to approach the longitudinal axis C (downwardly
toward the longitudinal axis C). Abending angle (an acute
angle) 650 is 5 degrees or more and 20 degrees or less.
[0046] As shown in FIG. 3 and FIG. 5A, a part 110b of
the sectional area decreasing portion 110 is included in
the opposite surface 31c and the first curved outer sur-
face 105a, and is, for example, a lower surface of the
sectional area decreasing portion 110. The part 110b is
disposed in parallel with the longitudinal axis C. It is pref-
erable that a dimension L56 between the part 110b and
the longitudinal axis C is 0.95 mm.
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[0047] As shown in FIG. 5A, due to the part 110a and
the part 110b, the central axis C1 of the sectional area
decreasing portion 110 which is included in the central
axis CO of the curving section 105 is linearly bent relative
to the longitudinal axis C toward a direction away from
the longitudinal axis C (downwardly from the longitudinal
axis C). That is, the sectional area decreasing portion
110 bends in the first intersecting direction side relative
to the longitudinal axis C.

[0048] As shownin FIG. 3 and FIG. 5A, the sectional
area uniform portion 120 has a uniform thickness. As
shown in FIG. 5A and FIG. 5B, it is preferable that a
height (a thickness dimension) H51 of the sectional area
uniform portion 120 is 1.4 mm. ltis preferable that a width
(a width dimension) W51 of the sectional area uniform
portion 120 is 2.8 mm. In a periphery of the sectional area
uniform portion 120, each corner radius R51 is 0.5 mm.
[0049] AsshowninFIG.5A, apart120a ofthe sectional
area uniform portion 120 is included in the reference sur-
face 31b and the second curved outer surface 105b, and
is, for example, an upper surface of the sectional area
uniform portion 120. The part 120a is continuous with the
part 110a of the sectional area decreasing portion 110,
and is disposed on the same straight line as in the part
110a. Consequently, the part 120a is, similarly to the part
110a, linearly bent relative to the reference surface 31b
(the part 103a) in the relay extending section 103 toward
a direction to approach the longitudinal axis C (down-
wardly toward the longitudinal axis C). A bending angle
(anacute angle) 650is 5 degrees or more and 20 degrees
or less. As shown in FIG. 3 and FIG. 6, the part 120a
extends up to the longitudinal axis C so that a distal por-
tion of the part 120a intersects the longitudinal axis C.
As shown in FIG. 3 and FIG. 5A, the part 120a is contin-
uous with the treating section 130, and functions as a
first bending surface that bends relative to a peripheral
surface of the relay extending section 103 to approach
the longitudinal axis C, thereby intersecting the longitu-
dinal axis C. Therefore, the parts 110a and 120a become
extending surfaces which extend in a state of bending
relative to the probe main body section 31 and the ta-
pered section 101 toward the first intersecting direction
side.

[0050] AsshowninFIG. 3 and FIG. 5A, a part 120b of
the sectional area uniform portion 120 is included in the
opposite surface 31c and the first curved outer surface
105a, and s, for example, a lower surface of the sectional
area uniform portion 120. The part 120b is continuous
with the part 110b of the sectional area decreasing por-
tion 110 included in the opposite surface 31c. The part
120b is linearly bent relative to the part 110b in the di-
rection away from the longitudinal axis C (downwardly
from the longitudinal axis C). A bending angle (an acute
angle) 650 is 5 degrees or more and 20 degrees or less
in the same manner as in the above-mentioned bending
angles 650. Consequently, the bending angles 650 cor-
respond to the bending angles of the part 110a and the
circumferential surface of the sectional area uniform por-
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tion 120. In consequence, the part 120a is disposed in
parallel with the part 120b. As shown in FIG. 3 and FIG.
6, a distal portion of the part 120b is positioned below
the longitudinal axis C.

[0051] As shown in FIG. 5A, due to the part 120a and
the part 120b, a central axis C2 of the sectional area
uniform portion 120 which is included in the central axis
CO0 of the curving section 105 is linearly bent relative to
the central axis C1 of the sectional area decreasing por-
tion 110 toward the direction away from the longitudinal
axis C (downwardly from the longitudinal axis C). That
is, the central axis C2 bends toward the first intersecting
direction side relative to the central axis C1. A bending
angle 650 is 5 degrees or more and 20 degrees or less
in the same manner as in the above-mentioned bending
angles 050. It is to be noted that the central axis CO of
the curving section 105 preferably bends at an angle of
5 degrees or more and 8 degrees or less relative to the
longitudinal axis C of the probe main body section 31
(the longitudinal axis direction). That is, it is preferable
that the bending angle (the acute angle) 650 is 5 degrees
or more and 8 degrees or less.

[0052] AsshowninFIG. 3 and FIG. 5A, itis preferable
that a longitudinal dimension L55 from the distal end E50
to a bending start position (a first curving start position)
E14 of the opposite surface 31c (the first curved outer
surface 105a) is 8.5 mm. The bending start position E14
is a continuous region of the part 110b with the part 120b.
Consequently, the curving section 105 is formed on the
basis of the bending start position E14. The longitudinal
dimension L55 indicates a sum of a length of the sectional
area uniform portion 120 and a length of the treating sec-
tion 130.

[0053] Inthe bending ofthe curving section (the curved
extending section) 105, the second curved outer surface
105b that is an upper surface of the curving section 105
includes the blade tip portion 143 of a treating region and
a circumferential surface of an after-mentioned project-
ing portion 137, and the second curved outer surface is
bent relative to an upper surface of the relay extending
section 103. Furthermore, the first curved outer surface
105a that is a lower surface of the curving section 105 is
disposed on a side opposite to the upper surface of the
curving section 105 with respect to the central axis CO
of the curving section 105, and the first curved outer sur-
face is bent relative to a lower surface of the relay ex-
tending section 103. The upper surface of the curving
section 105 includes, for example, the part 110a, the part
120a, and a part 130a on the reference surface 31b. The
lower surface of the curving section 105 includes, for ex-
ample, the part 110b, the part 120b, and a part 130b on
the opposite surface 31c. The part 103a is included in
the reference surface 31b, and is, for example, the upper
surface of the relay extending section 103. A part 103b
is included in the opposite surface 31c in the same man-
ner as in the part 110b. The part 103b is a lower surface
of the relay extending section 103. A bending start posi-
tion (a second curving start position) E15 of the upper
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surface of the curving section 105 relative to the upper
surface (the longitudinal axis direction) of the relay ex-
tending section 103 is a continuous region of the part
103a with the part 110a. The bending start position (the
first curving start position) E14 of the lower surface of the
curving section 105 relative to the lower surface (the lon-
gitudinal axis direction) of the relay extending section 103
is a continuous region of the part 110b with the part 120b.
The bending start position E14 is positioned on the distal
side with respect to the bending start position E15. The
probe main body section 31 and the curving section 105
vibrate in the established frequency range in a state
where the ultrasonic vibration is transmitted from the
probe main body section 31 to the curving section 105.
In the state where the probe main body section 31 and
the curving section 105 are vibrated in the established
frequencyrange, the bending start positionsE14and E15
are positioned forwardly from the most distal vibration
node N3 of the vibration nodes, i.e., positioned on the
distal side of the curving section 105 with respect to the
most distal vibration node.

[0054] As shownin FIG. 4, itis preferable that a width
W52 of the treating section 130 (a width dimension be-
tween the third curved outer surface 105¢ and the fourth
curved outer surface 105d in the treating section 130 in
the first width direction and the second width direction)
is 2.8 mm in the same manner as in the width W51 of the
sectional area uniform portion 120.

[0055] As shown in FIG. 3 and FIG. 6, the part 130a
of the treating section 130 is included in the reference
surface 31b and the second curved outer surface 105b,
and is, for example, an upper surface of the treating sec-
tion 130. The part 130a is linearly bent relative to the part
(the extending surface) 120a of the sectional area uni-
form portion 120 included in the reference surface 31b,
in the direction away from the longitudinal axis C (down-
wardly from the longitudinal axis C). The part 130a is
disposed in the treating section 130, and functions as a
second bending surface that bends relative to the first
bending surface (the extending surface), in a bending
direction of the part 120a as the first bending surface and
a direction away from the longitudinal axis C (i.e., toward
the first intersecting direction side).

[0056] As shown in FIG. 3 and FIG. 6, the part 130a
smoothly curves into a circular shape, and is continuous
with a part 131a included in the reference surface 31b
and the second curved outer surface 105b. The part 131a
is disposed in the treating section 130, and functions as
a third bending surface that bends relative to the part
130a as the second bending surface in a direction to ap-
proach the longitudinal axis C on a side reverse to the
bending direction of the part 120a as the first bending
surface (i.e., toward the second intersecting direction
side), and extends toward an extension line 125 of the
part 120a as the first bending surface. The part 131a
extends up to a position that is on the extension line 125
of the part (the extending surface) 120a or a position
below the extension line 125, toward the longitudinal axis
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Crelative to the part 130a. The part 131aiis, for example,
the upper surface of the treating section 130.

[0057] AsshowninFIG. 6, when seen from the respec-
tive sides of the side surfaces 31d, a curved surface por-
tion 132a between the part 130a and the part 131a has
a corner radius R52, and the corner radius R52 is 0.5
mm. In the curved surface portion 132a, the part 131a
has an angle 651 relative to the part 130a, and the angle
0651 is 90 degrees. It is preferable that a height H52 of
the part 131arelative to the part 130ais 0.6 mm. An angle
(the acute angle) 652 formed between the longitudinal
axis C direction and the part 131ais 55 degrees or more
and 85 degrees or less.

[0058] As shown in FIG. 6, due to the parts 130a and
131a, a concave portion (a concave surface) 127 is
formed in a distal portion of the reference surface 31b
(the second curved outer surface 105b). The concave
surface 127 is concaved relative to the part (the extending
surface) 120a toward the first intersecting direction side.
[0059] As shown in FIG. 3 and FIG. 6, the part 130b
of the treating section 130 is included in the opposite
surface 31c and the first curved outer surface 105a, and
is, for example, a lower surface of the treating section
130. The part 130b is continuous with the part 120b of
the sectional area uniform portion 120 included in the
opposite surface 31c, and is disposed on the same
straight line as in the part 120b. The part 130b extends
up to a region located forwardly (on the distal side) from
the curved surface portion 132a. The part 130b smoothly
curves into a circular shape toward the longitudinal axis
C and a rear side, and is continuous with a part 134a
included in the reference surface 31b and the second
curve outer surface 105b. The part 134a is, for example,
the upper surface of the treating section 130.

[0060] AsshowninFIG. 6, when seen from the respec-
tive sides of the side surfaces 31d, a curved surface por-
tion 132b between the part 130b and the part 134a has
a corner radius R53, and the corner radius R53 is 0.5
mm. The part 134a tilts at an angle 053 relative to the
part 130b. The angle 653 is 55 degrees. As shown in
FIG. 4, when seen from a reference surface 31b side,
the curved surface portion 132b has a corner radius R54,
and the corner radius R54 is 0.5 mm.

[0061] As shown in FIG. 6, a boundary point 133 be-
tween the part 130b and the curved surface portion 132b
is aregion which is most distant from the longitudinal axis
C in the treating section 130, in a thickness direction (a
radius direction) of the distal constituting section 31a.
The boundary point 133 is positioned between the lon-
gitudinal axis C and the opposite surface 31c in one re-
gion (e.g., E9) of the tapered section 101 having the max-
imum outer diameter D7, in the thickness direction of the
distal constituting section 31a. Thatis, the boundary point
133 is positioned on the second intersecting direction
side with respect to a region of an outer surface which is
directed on the firstintersecting direction side at the prox-
imal end of the tapered section 101. That is, when the
distal end is seen from the proximal end along the longi-
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tudinal axis C (in the projection from the proximal side in
the longitudinal axis direction), the curving section 105
including the treating section 130 having the boundary
point 133 is always disposed in the projection plane of
the tapered section 101 (the probe main body section 31).
[0062] As showninFIG. 3and FIG. 6, the part 134ais
bent rearward, and is continuous with a part 135a includ-
ed in the reference surface 31b (the second curved outer
surface 105b). This continuous region (a bent portion)
becomes a boundary portion 141. The boundary portion
141 is linearly formed along the width directions (the ar-
rows B1 and B2 directions) of the treating section 130,
andis an end portion (a boundary) between the part 134a
and the part 135a. The part 135a is, for example, the
upper surface of the treating section 130.

[0063] As shown in FIG. 6, the part 135a is bent at an
angle 654 relative to the extension line 125. The angle
(an acute angle) 654 is 25 degrees. In other words, the
part 135a tilts at the angle 854 relative to the central axis
C2 of the sectional area uniform portion 120.

[0064] As shownin FIG. 3 and FIG. 6, the part 135a is
continuous with the part 131a. The part 135a tilts at an
angle 655 around a continuous region between the part
135a and the part 131a toward the part 134a (away from
the longitudinal axis C (downward)). The angle 855 is 30
degrees or more and 45 degrees or less. The part 135a
functions as a cutting surface that bends relative to the
part 131a that is a third bending surface in the bending
direction of the part 120a that is a first bending surface.
Itis to be noted that in the present embodiment, the part
134a is disposed forwardly with respect to (on the distal
side from) the part 135a, and functions as an extending
surface that bendsrelative to the part 135ain the direction
away from the longitudinal axis C. Therefore, the part
135a as the cutting surface tilts relative to a longitudinal
axis direction in a state where the part extends toward
the first intersecting direction side as it extends toward
the distal side. Furthermore, the part 134a as the extend-
ing surface is continuous with the distal side of the part
135a. Further, the part 135a bends relative to the part
134a toward the first intersecting direction side in a state
where the acute angle relative to the longitudinal axis
direction is larger than that of the part 134a.

[0065] As shown in FIG. 3 and FIG. 6, the continuous
region between the part 135a and the part 131afunctions
as the blade tip portion 143. Consequently, the part 135a
has the blade tip portion 143. Further, the part 135a
bends relative to the blade tip portion 143 in the bending
direction of the part 120a and a direction away from the
extension line 125 of the part 120a, with the blade tip
portion 143 being a center. Furthermore, the parts 134a
and 135atilt relative to the longitudinal axis C. Therefore,
the part 135a that is the cutting surface extends from the
blade tip portion 143 toward the distal side.

[0066] As shown inFIG. 6, it is preferable that a longi-
tudinal dimension L57 in a longitudinal direction between
the distal end E50 formed in the curved surface portion
132b (a distal end of the part 134a) and the blade tip
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portion 143 is 0.6 mm. As shown in FIG. 3, FIG. 4 and
FIG. 6, the blade tip portion 143 is formed linearly along
the width direction of the treating section 130, and is an
end portion (a boundary) of the part 131a and the part
135a. It is preferable that a height H53 (a thickness di-
mension in the thickness direction) between the blade
tip portion 143 and the boundary point 133 (the first
curved outer surface 105a) is 1.4 mm. The height H53
is a height of a distal portion of the treating section 130
including the projecting portion 137 that will be described
later, and is shorter than the width W52 of the treating
section 130. Thatis, ata position of a projecting end (143)
of the projecting portion 137 in the longitudinal axis di-
rection, the thickness dimension (H53) of the curved ex-
tending section 105 between the projecting end (143)
and the first curved outer surface 105a in the thickness
direction is smaller than the width dimension (W52) be-
tween the third curved outer surface 105c and the fourth
curved outer surface 105d in the first width direction and
the second width direction. Itis to be noted that the width
W52 is preferably 2.8 mm as described above. The blade
tip portion 143 is disposed at the highest position in the
treating section 130, the part 131a and the part 135a. As
shown in FIG. 6, the part 135a including the blade tip
portion 143 is positioned on the extension line 125 of the
part 120a or below the extension line 125 (on the first
intersecting direction side). The blade tip portion 143 is
disposed in a continuous region of the part 131a as the
third bending surface with the part 135a as the cutting
surface (atreating surface). As shownin FIG. 6, the blade
tip portion 143 functions as a treating region positioned
on the extension line 125 of the part 120a as the first
bending surface or positioned on a side opposite to the
longitudinal axis C with respect a boundary that is the
extension line 125 of the part 120a as the first bending
surface. That is, the blade tip portion 143 is disposed at
a position that is on the extension line 125 or a position
below the extension line 125. Furthermore, the blade tip
portion 143 is positioned on the firstintersecting direction
side with respect to the longitudinal axis of the probe
main body section 31.

[0067] As shown in FIG. 6, in the above-mentioned
shape of the treating section 130, the treating section
130 has the projecting portion 137 projecting toward a
side reverse to a bending direction of the central axis CO
of the curving section 105 relative to the longitudinal axis
C (i.e., toward the second intersecting direction side),
and the blade tip portion 143 of the treating region dis-
posed at the end of the projecting portion 137 and there-
fore disposed at the position reverse to the bending di-
rection of the central axis CO relative to the longitudinal
axis C to treat the knee joint. That is, the blade tip portion
143 is a projecting end of the projecting portion 137, and
the projecting end of the projecting portion 137 is formed
by the part 131a and the part 135a that is the cutting
surface. The projecting portion 137 becomes a part of
the second curved outer surface 105b. Furthermore, the
concave portion (the concave surface) 127 formed by
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the parts 130a and 131a is continuous between the part
120a that is the extending surface and the part 135a that
is the cutting surface in the second curved outer surface
105b, and is concaved relative to the part 135a toward
the first intersecting direction side.

[0068] The projecting portion 137 is, for example, a
regional portion surrounded with the curved surface por-
tion 132a and the parts 131a, 135a and 134a. The curved
surface portion 132a and the parts 131a, 135a and 134a
constitute a circumferential surface of the projecting por-
tion 137. The end (the projecting end) of the projecting
portion 137 is a continuous region of the part 131a with
the part 135a. A maximum height of the projecting portion
137 is the height H52 of the part 131a relative to the part
130a.

[0069] The distal constituting section 31a has the ta-
pered section 101, the relay extending section 103 and
the curving section (the curved extending section) 105
as described above. When a viewpoint is changed, the
ultrasonic probe 8 has a narrowed region, a parallel re-
gion and an intersecting region.

[0070] AsshowninFIG. 3, the narrowed region is dis-
posed in the distal constituting section 31a, and is tapered
and narrowed toward the longitudinal axis C. The con-
stricted region has the parts 101a and 101b. The parts
101a and 101b are vertically symmetrically arranged
about the longitudinal axis C, and have the same length,
shape and tilt as each other. Consequently, a narrowing
angle (a second narrowing angle) on an upper surface
(a second narrowed outer surface) is the same as a nar-
rowing angle (a first narrowing angle) on a lower surface
(a first narrowed outer surface). The narrowed region vi-
brates together with the probe main body section 31 and
the curving section 105 in the established frequency
range in a state where the ultrasonic vibration is trans-
mitted from the probe main body section 31 to the curving
section 105 through the narrowed region. In the state
where the narrowed region is vibrated together with the
probe main body section 31 and the curving section 105
in the predetermined frequency range, each of the lon-
gitudinal dimension L54 of the narrowed region and a
dimension from the proximal end (E9) of the narrowed
region to the narrowing end position S5 is larger than a
1/8 wavelength of the vibration. The constricted region
and the treating section 130 disposed on the distal side
with respect to the narrowed region are arranged in a 1/4
wavelength of the vibration.

[0071] AsshowninFIG.3andFIG.5A, aparallelregion
is disposed forwardly with respect to (on the distal side
from) the distal portion of the probe main body section
31 and the narrowed region, and is continuous with the
narrowed region, and the parts 103a, 103b and 110b are
parallel to the longitudinal axis C. The parallel region has,
for example, the reference surface 31b and the opposite
surface 31c in the relay extending section 103, and the
opposite surface 31c in the sectional area decreasing
portion 110. In other words, the parallel region has, for
example, the parts 103a and 103b of the relay extending
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section 103 and the part 110b of the sectional area de-
creasing portion 110. The part 103a is an upper surface
(a second axis parallel outer surface) that is continuous
between the part (the second narrowed outer surface)
101a and the second curved outer surface 105b and is
parallel to the longitudinal axis C. The parts 103b and
110b are lower surfaces (first axis parallel outer surfaces)
which are continuous between the part (the first narrowed
outer surface) 101b and the first curved outer surface
105a and are arranged on a side opposite to the upper
surface with respect to the longitudinal axis C. The parts
103b and 110b are parallel to the longitudinal axis C, and
are longer than the part 103a that forms the upper surface
(the second axis parallel outer surface). The part 103a
and the part 103b are vertically symmetrically arranged
about the longitudinal axis C, and have the same length
and shape each other. The part 110b is provided, and
hence the lower surface in the parallel region is longer
than the upper surface in the parallel region, and extends
to the distal side more than the upper surface in the par-
allel region.

[0072] AsshowninFIG.5A andFIG.6, theintersecting
region is disposed in the curving section 105, is contin-
uous with the parallel region, and intersects the longitu-
dinal axis C. The intersecting region has, for example,
the reference surface 31b in the curving section 105. In
other words, the intersecting region has the part 120a of
the sectional area uniform portion 120.

[0073] As described above, the bent curving section
105 is always disposed in the projection plane of the
probe main body section 31, when the ultrasonic probe
8 is seen along the longitudinal axis C from its proximal
end toward its distal end. Further, the part 101b is nar-
rowed toward the longitudinal axis C. The continuous part
103b is continuous with the distal end of the part 101b
and parallel to the longitudinal axis C, and the part 110b
is continuous with the distal end of the part 103b and
parallel to the longitudinal axis C. The parts 103b and
110b are always arranged in the projection plane of the
probe main body section 31. The parts 120b and 130b
are linearly bent in the direction away from the longitudi-
nal axis C, butare always arranged in the projection plane
of the probe main body section 31 in the same manner
as in the parts 103b and 110b. Consequently, as shown
in FIG. 3, a space 145 is formed on an opposite surface
31c side and in the projection plane of the probe main
body section 31. The space 145 is positioned between
the proximal end E9 (the proximal end of the part 101a)
and the distal end of the part 130b in the longitudinal axis
C direction, and positioned on the lateral side of the distal
constituting section 31a. The space 145 is disposed on
a side reverse to the blade tip portion 143 with respect
to the distal constituting section 31a.

[0074] Next, a function and an effect of the ultrasonic
probe 8 of the present embodiment will be described.
[0075] For example, in a surgical operation under en-
doscope observation of, for example, the knee joint, an
unshown port (opening) disposed to approach the affect-
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ed area 200 is usually set at a predetermined position.
[0076] Inthe shape of the ultrasonic probe 8, when the
ultrasonic probe 8 is seen from a proximal portion toward
the distal portion of the ultrasonic probe 8 along the lon-
gitudinal axis of the ultrasonic probe 8, differently from
the present embodiment, it is defined that the distal por-
tion of the ultrasonic probe is bent relative to the proximal
portion so that the distal portion of the ultrasonic probe
8 is always disposed outside the projection plane of the
proximal portion of the ultrasonic probe. Further, it is de-
fined that the treating section 130 is disposed in the distal
portion. In this case, the port is usually narrow, a tubular
member is thin, a cavity in the knee joint is narrow, and
a circumferential surface of the femur is formed into a
curved surface. Consequently, in the above-mentioned
shape of the ultrasonic probe 8, inserting properties of
the ultrasonic probe 8 to the tubular member and ap-
proaching properties of the treating region in the ultra-
sonic probe 8 to the affected area 200 would deteriorate.
In the ultrasonic probe 8, a direction in which the affected
area can be treated is determined in accordance with the
vibrating direction. When the ultrasonic probe 8 does not
come in contact with the affected area 200 in an appro-
priate state, an efficiency of the treatment deteriorates.
Furthermore, the cavity is narrow, and the affected area
is formed into the curved surface. Consequently, the
above-mentioned shape of the ultrasonic probe 8 is not
suitable to treat the affected area 200 in the narrow cavity.
Furthermore, in the above-mentioned shape of the ultra-
sonic probe 8, the probe would come in contact with an
area other than the affected area to damage the area
other than the affected area, before coming in contact
with the affected area. Consequently, the ultrasonic
probe is not suitable to treat the affected area in the nar-
row cavity.

[0077] Inthe present embodiment, the curving section
105 is bent relative to the probe main body section 31.
When a distal end of the curving section 105 is seen from
its proximal end along the longitudinal axis C direction,
the curving section 105 including the treating section 130
having the boundary point 133 is always disposed in the
projection plane of the tapered section 101. The central
axis of the curving section 105 bends at an angle of five
degrees or more and eight degrees or less relative to the
longitudinal axis C of the probe main body section 31.
[0078] Consequently, even when the port is narrow
and the tubular member is thin, the inserting properties
of the ultrasonic probe 8 into the tubular member can
improve in the ultrasonic probe 8 having the curving sec-
tion 105, as long as the probe main body section 31 is
inserted into the tubular member. Furthermore, the ultra-
sonic probe 8 having the curving section 105 can be in-
serted through the tubular member in accordance with a
degree of the curve ofthe curving section 105, and during
the insertion, the curving section 105 does not have to
abut on an inner peripheral surface of the tubular mem-
ber. Further, as shown in FIG. 8A and FIG. 8B, it is pos-
sible to improve the approaching properties of the blade
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tip portion 143 as the treating region in the ultrasonic
probe 8 to the femur that is the affected area 200, and it
is possible to improve the treatment efficiency to the af-
fected area 200. In the present embodiment, as shown
in FIG. 8A and FIG. 8B, by rotating the ultrasonic probe
8 around the axis of the probe main body section 31 and
changing an orientation of the blade tip portion 143, it is
possible to easily treat any regions of the femur and to
improve the treatment efficiency and a treatment quality.
In a case where the affected area 200 is present in a
innermost area of a cruciate ligament, the blade tip por-
tion 143 can easily approach the affected area 200.
[0079] In the present embodiment, the part 120a as
the first bending surface (the extending surface) is bent
relative to the circumferential surface of the probe main
body section 31 to approach the longitudinal axis C,
thereby intersecting with the longitudinal axis C. Further,
the blade tip portion 143 that is the treating region (the
projecting end of the projecting portion 137) is positioned
on the extension line 125 of the part 120a as the first
bending surface. Alternatively, the extension line 125 of
the part 120a that is the first bending surface is the bound-
ary, and the blade tip portion is positioned on the side
opposite to the longitudinal axis C with respect to the
boundary (i.e., positioned on the first intersecting direc-
tion side from the extension line 125). The blade tip por-
tion 143 is linearly formed along the width direction of the
treating section 130.

[0080] Consequently, even when a cavity between the
femur and a tibia is narrow and a lower surface of the
femur is formed into a curved surface, the affected area
200 can appropriately be treated with the ultrasonic probe
8 in accordance with the shape of the ultrasonic probe
8. Furthermore, the affected area is not limited to the
knee joint, and in a narrow cavity of a joint (e.g., a shoul-
der joint) other than the knee joint, the affected area 200
can appropriately be treated with the ultrasonic probe 8
in accordance with the shape of the ultrasonic probe 8.
Furthermore, as shown in FIG. 8A and FIG. 8B, itis pos-
sible to improve the approaching properties of the blade
tip portion 143 as the treating region in the ultrasonic
probe 8 to the femur that is the affected area 200, and it
is possible to improve the treatment efficiency to the af-
fected area 200. Especially, even when the ultrasonic
probe 8 (the probe main body section 31) is obliquely
approached to the affected area 200, the blade tip portion
143 ilts, and hence the treatment efficiency can improve.
Furthermore, in the present embodiment, as shown in
FIG. 8A and FIG. 8B, by rotating the probe main body
section 31 around the axis of the probe main body section
31 and changing the orientation of the blade tip portion
143, itis possible to easily treat any regions of the femur
and to improve the treatment efficiency and the treatment
quality. Inthe case where the affected area 200 is present
in the innermost area of the cruciate ligament, the blade
tip portion 143 can easily approach the affected area 200.
[0081] The blade tip portion 143 that is the treating re-
gion is disposed at a position on a side reverse to the
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bending direction of the central axis CO of the curving
section 105. Consequently, the blade tip portion 143 can
always be disposed within a projection area of the probe
main body section 31. When the probe main body section
31 is inserted into the thin tubular member, the blade tip
portion 143 can be prevented from abutting on the inner
peripheral surface of the tubular member. Furthermore,
it is possible to improve the approaching properties of
the blade tip portion 143 even to any regions of the femur.
[0082] The treating section 130 is a thin distal portion
of the curving section 105. A height of the distal portion
of the treating section 130 (the projecting end of the pro-
jecting portion 137) is shorter than a width of the treating
section 130, and hence strength of the treating section
130 can be acquired in a state where the treating section
130 is thin. The strength is acquired, and hence even
when an amplitude V of the longitudinal vibration is en-
larged in the tapered section 101, the treating section
130 can be prevented from breaking. Furthermore, in the
state where the breakage is prevented, the hard affected
area 200, e.g., a bone or the like can be treated by use
of the enlarged amplitude V of the longitudinal vibration.
Furthermore, the treating section 130 is thin, and hence
the treating section 130 can easily approach the affected
area 200.

[0083] The bending start position (the second curve
start position) E15 is positioned on the proximal side with
respect to the bending start position (the first curve start
position) E14. Consequently, the space 145 can be
formed as an escaping portion, and hence the approach-
ing properties to the affected area 200 can improve in
the narrow cavity. Specifically, for example, the lower
surface of the femur as the affected area 200 is treated.
When the space 145 is formed, for example, the opposite
surface 31c can be prevented from abutting on an upper
surface of the tibia which faces the lower surface of the
femur. That is, the area other than the affected area 200
can be prevented from being unintentionally treated, and
prevented from being damaged. Further, the ultrasonic
probe 8 can easily access the affected area 200 even in
the narrow space. Furthermore, the distal portion of the
curving section 105 can be thinned and lightened, and
the treatment efficiency in the narrow cavity canimprove.
[0084] The bending start positions E14 and E15 are
positioned on a distal portion side of the curving section
105 with respect to the most distal vibration node N3.
Consequently, the amplitude V of the longitudinal vibra-
tion which is enlarged in the tapered section 101 can be
transmitted to the blade tip portion 143, and the treatment
efficiency can improve.

[0085] The distal portion of the probe main body sec-
tion 31 can be tapered by the constricted region, the par-
allel region and the intersecting region, and the ap-
proaching properties can improve. Furthermore, the
space 145 as the escaping portion can be formed, and
hence the treatment efficiency in the narrow cavity can
improve. Specifically, it is defined that, for example, the
lower surface of the femur of the affected area 200 is
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treated. Thus, the space 145 is formed, so that, for ex-
ample, the opposite surface 31c can be prevented from
abutting on the upper surface of the tibia which faces the
lower surface of the femur. That is, the area other than
the affected area 200 can be prevented from being un-
intentionally treated, and can be prevented from being
damaged. Further, the ultrasonic probe 8 can easily ac-
cess the affected area 200 even in the narrow space.
Furthermore, the distal portion of the curving section 105
can be thinned and lightened, and the treatment efficien-
cy in the narrow cavity can improve.

[0086] In a case where the affected area 200 is hard
as in, for example, the bone, it is necessary to enlarge
the amplitude V of the longitudinal vibration. In the
present embodiment, the amplitude V of the longitudinal
vibration can securely be enlarged by the tapered section
101 including the narrowed region.

[0087] The part 135a including the blade tip portion
143 tilts at the angle 655 relative to the longitudinal axis
C toward the part 134a with the blade tip portion 143
being a center. Consequently, when the probe main body
section 31 advances and retreats along the longitudinal
axis C direction, for example, a side surface of the affect-
ed area 200 which is in the form of a curved surface can
be treated by the part 135a including the blade tip portion
143. Furthermore, the affected area 200 is cut by the part
1354, so that a region abraded by the blade tip portion
143 is prevented from being only concaved and a stepped
area is prevented from being formed in the circumferen-
tial surface of the affected area 200.

[0088] The part 131a, the part 135a and the part 134a
form the projecting portion 137, i.e., the distal side of the
blade tip portion (the projecting end) 143 in the projecting
portion 137 is formed in two steps. Consequently, in the
present embodiment, it is possible to acquire thickness
and strength of the treating section 130 as compared with
a case where the tilt does not change in a region located
on the distal side from the blade tip portion 143. Further-
more, a length of the cutting surface (the treating surface)
is 25% or more of the longitudinal dimension L57 from
the blade tip portion 143 to the distal end E50 of the curv-
ing section 105 (the distal end of the part 134a). Conse-
quently, it is possible to acquire thickness and strength
of the projecting portion 137 (the treating section 130).
Thus, the strength is acquired, and hence even when the
amplitude V of the longitudinal vibration is enlarged in
the tapered section 101, itis possible to prevent breakage
of the projecting portion 137. Further, in the state where
the breakage is prevented, it is possible to treat the hard
affected area 200, e.g., the bone or the like by use of the
enlarged amplitude V of the longitudinal vibration.
[0089] Inthe presentembodiment, the tapered section
101 and the relay extending section 103 are arranged,
and a predetermined length is acquired. Consequently,
even when the amplitude is enlarged, it is possible to
prevent stress from being concentrated on a predeter-
mined region of the distal end constituting section 31a,
and itis possible to disperse the stress in the whole distal
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constituting section 31a.

[0090] FIG. 7 shows the amplitude V of the longitudinal
vibration and stress o due to the ultrasonic vibration, be-
tween the second distal vibration antinode A3 and the
most distal vibration antinode A2 in a state where the
vibrating body unit 20 longitudinally vibrates in the estab-
lished frequency range. In FIG. 7, an abscissa shows a
position in a longitudinal axis direction and an ordinate
shows the amplitude V and the stress . Furthermore, in
FIG. 7, a solid line shows change of the amplitude V of
the longitudinal vibration and a one-dot chain line shows
change of the stress .

[0091] AsshowninFIG.7,inastate wherethe vibrating
body unit 20 longitudinal vibrates in the established fre-
quency range, the tapered section 101 is positioned on
the distal side with respect to the most distal vibration
node N3, and the amplitude V of the longitudinal vibration
is enlarged in the tapered section 101. For example, the
longitudinal vibration in which the amplitude at the vibra-
tion antinode is 80 um is enlarged into the longitudinal
vibration in which the amplitude at the vibration antinode
is 140 um or more and 150 pm or less by the tapered
section 101. Furthermore, the stress ¢ due to the ultra-
sonic vibration increases at the vibration node and in a
portion in which a sectional area perpendicular to a trans-
mitting direction of the ultrasonic vibration decreases,
and the stress becomes zero at the vibration antinode.
Therefore, as shown in FIG. 7, the stress o increases
between the vibration node N3 and the narrowing end
position S5 that is a distal end of the tapered section 101.
[0092] Here, in the present embodiment, a dimension
from the proximal end (E9) of the tapered section 101 to
the narrowing end position S5 in the longitudinal axis
direction is larger than a 1/8 wavelength (A/8) in the state
where the vibrating body unit 20 longitudinally vibrates
in the established frequency range. Further, in the ta-
pered section 101, the longitudinal dimension L54 be-
tween the proximal end (E9) and the constricting end
position S6 in the longitudinal axis direction is also larger
than the 1/8 wavelength in the state where the vibrating
body unit 20 longitudinally vibrates in the established fre-
quency range. The dimension from the proximal end (E9)
of the tapered section 101 to the narrowing end position
S5 (the narrowing end position S6) in the longitudinal
axis direction increases, so that the stress ¢ due to the
ultrasonic vibration is kept to be substantially uniform
along the total length between the vibration node N3 and
the narrowing end position S5 of the tapered section 101.
Thatis, between the vibration node N3 and the narrowing
end position S5 of the tapered section 101, the stress is
effectively prevented from locally increasing (i.e., gener-
ation of a peak is effectively prevented). For example, in
a certain example, even when the longitudinal vibration
(of, e.g., 80 um) in which the amplitude at the vibration
antinode increases is transmitted to the proximal end
(E9) of the tapered section 101, the stress o is kept to
be substantially uniform at about 300 Mpa between the
vibration node N3 and the narrowing end position S5 of
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the tapered section 101 in the state where the vibrating
body unit 20 longitudinally vibrates in the established fre-
quency range (e.g., 46 kHz or more and 48 kHz or less).
Thatis, in the present embodiment, the stress is prevent-
ed from locally increasing up to about 700 Mpa between
the vibration node N3 and the narrowing end position S5
of the tapered section 101 (e.g., at the narrowing end
position S5 that is the distal end of the tapered section
101). The stress o is prevented from locally increasing,
and hence it is possible to effectively prevent the ultra-
sonic probe 8 from breaking due to the ultrasonic vibra-
tion.

[0093] In the present embodiment, in the case where
the hard affected area 200, e.g., the bone or the like is
treated with the ultrasonic probe 8 by use of the ultrasonic
vibration, it is necessary to enlarge the amplitude V of
the longitudinal vibration in the tapered section 101, and
it is necessary to press the blade tip portion 143 onto the
affected area 200. During the treatment, the tapered sec-
tion 101 including the narrowed region and the curving
section 105 would break due to the enlarged amplitude
V and pressing. In the present embodiment, the longitu-
dinal dimension L54 is larger than the 1/8 wavelength in
the state where the vibrating body unit 20 of the ultrasonic
probe 8 longitudinally vibrates. The constricted region
and the treating section 130 are arranged in a 1/4 wave-
length in the state where the vibrating body unit 20 lon-
gitudinally vibrates. Consequently, the stress is dis-
persed in the longitudinal dimension L54, that is, the
stress is prevented from locally increasing as described
above. Furthermore, the stress decreases in the relay
extending section 103 and the curving section 105.
Therefore, it is possible to effectively prevent the ultra-
sonic probe 8 from breaking due to the ultrasonic vibra-
tion, and the enlargement of the amplitude V is compat-
ible with the prevention of the breakage.

[0094] In the present embodiment, the probe main
body section 31 and the distal constituting section 31a
are formed so that any stepped areas are not formed,
and the distal constituting section 31a is only narrowed.
Consequently, it is possible to inhibit generation of cav-
itation, and it is possible to prevent the cavitation from
disturbing an observation view field when the affected
area 200 is treated. In other words, an operator’s visibility
can improve. Further, itis possible to prevent the cavita-
tion from damaging the affected area 200, and it is pos-
sible to prevent the cavitation from damaging the probe
main body section 31 and the distal constituting section
31a.

[0095] The corners R51 are formed in the periphery of
the sectional area uniform portion 120, the corner R52
is formed in the curved surface portion 132a, and the
corner R53 and the corner R54 are formed in the curved
surface portion 132b of the part 130b. Consequently, in
the sectional area uniform portion 120 and the curved
surface portion 132b, it is possible to inhibit the genera-
tion of the cavitation and it is possible to prevent the cav-
itation from damaging the affected area 200. Further-

10

15

20

25

30

35

40

45

50

55

16

more, in the above description, even when the sectional
area uniform portion 120, the curved surface portion 132a
and the curved surface portion 132b come in contact with
the affected area 200, the corners R51, R52, R53 and
R54 can prevent damages on the affected area 200.

(Second Embodiment)

[0096] In the present embodiment, differences from
the first embodiment will only be described with reference
to FIG. 9, FIG. 10 and FIG. 11.

[0097] It is preferable that a total length L1 is 183.2
mm. It is preferable that a longitudinal dimension L2 is
177.2 mm. It is preferable that a longitudinal dimension
L53 is 10 mm.

[0098] As shown in FIG. 9 and FIG. 11, in a curved
surface portion 132a, for example, a corner radius R52
is 0.4 mm. Itis preferable that a height H52 of a part 131a
relative to a part 130a is 0.7 mm.

[0099] As shown in FIG. 11, when seen from a refer-
ence surface 31b side, a corner radius R54 of each
curved surface portion 132b is 1 mm.

[0100] As shown in FIG. 11, an angle 656 formed be-
tween a part 135a and a perpendicular direction perpen-
diculartoa planardirection of the part 130ais 70 degrees.
It is preferable that a longitudinal dimension L60 of the
part 135a is 0.2 mm.

[0101] AsshowninFIG. 11, the curved surface portion
132b is curved smoothly in a circular shape along a lon-
gitudinal axis C and toward the rear, and is continuous
with a part 134a included in the reference surface 31b (a
second curved outer surface 105b). In a cross section
perpendicular to width directions (a first width direction
and a second width direction), a curved portion 132c be-
tween the curved surface portion 132b and the part 134a
has a corner radius R55 and the corner radius R55 is 0.4
mm. The part 134a is bent at an angle 657 relative to the
longitudinal axis C. The angle 657 is 55 degrees.
[0102] As shown in FIG. 11, the part 134a is curved
smoothly in a circular shape along the longitudinal axis
C and toward the rear, and is continuous with the part
135a. In the cross section perpendicular to the width di-
rection, a curved portion 132d between the part 134a and
the part 135a has a corner radius R56, and the corner
radius R56 is 0.4 mm. The part 135a is bent at an angle
058 relative to the longitudinal axis C. The angle 658 is
25 degrees.

[0103] As showninFIG. 11, it is preferable that a lon-
gitudinal dimension L61 in a longitudinal direction be-
tween a distal end E50 formed in the curved surface por-
tion 132b (a distal end of the part 134a) and a blade tip
portion 143 is 0.6 mm.

[0104] As shown in FIG. 11, the part 135a is bent rel-
ative to the blade tip portion 143 in a bending direction
of a part 120a about the blade tip portion 143 so that the
whole surface of the part 135a including the blade tip
portion 143 is disposed on an extension line 125 of the
part 120a. Alternatively, the part 135a is bent relative to
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the blade tip portion 143 in the bending direction of the
part 120a about the blade tip portion 143 so that the whole
surface of the part 135a including the blade tip portion
143 is positioned on a side opposite to the longitudinal
axis C with respect to a boundary that is the extension
line 125 of the part 120a. That is, the whole surface of
the part 135a including the blade tip portion 143 is dis-
posed on the same plane as the extension line 125 or on
a plane below the extension line 125.

[0105] AsshowninFIG. 11, each of the part 131a and
the part 135a including the blade tip portion 143 is formed
into a circular shape. In this case, it is preferable that a
longitudinal dimension L62 between a central position to
form a circle of the blade tip portion 143 and the blade
tip portion 143 is 2 mm. The central position is formed
on a part 130a side (a proximal side).

[0106] In the present embodiment, it is possible to ob-
tain effects similar to those of the first embodiment. In
the present embodiment, in place of a boundary portion
141, the curved portion 132d that does not have any edg-
es is formed between the part 135a and the part 134a,
and the curved portions 132c and 132d can further inhibit
generation of cavitation. Each of the part 131a and the
part 135a including the blade tip portion 143 is formed
into the circular shape. Consequently, treating properties
to an affected area 200 can improve.

(Third Embodiment)

[0107] Next, a third embodiment of the present inven-
tion will be described with reference to FIG. 12 to FIG.
20. In the third embodiment, the constitution of the first
embodiment is modified as follows. It is to be noted that
the same components as in the first embodiment are de-
noted with the same reference signs to omit their descrip-
tions.

[0108] Also in the present embodiment, a probe main
body section 31 includes a horn portion 35, a horn portion
36, a sectional area increasing portion 37 and a support-
ed portion 38 in the same manner as in the first embod-
iment. In a certain example, it is preferable that a total
length L1 of an ultrasonic probe 8 is 182.9 mm. Further-
more, in the certain example, it is preferable that a lon-
gitudinal dimension L2 from a distal end of the ultrasonic
probe 8 to an abutment surface 33 (a proximal end of the
probe main body section 31) is 177.5 mm.

[0109] Furthermore, in the certain example of the
present embodiment, it is preferable that a longitudinal
dimension L3 from the abutment surface 33 to a proximal
end (a vibration input end) E1 of the horn portion 35 in a
longitudinal axis direction is 29 mm. Furthermore, it is
preferable that a horn longitudinal dimension (a first horn
longitudinal dimension) L4 of the horn portion (a firsthorn
portion) 35 from the proximal end (the vibration input end)
E1 to a distal end (a vibration output end) E2 in the lon-
gitudinal axis direction is 20 mm. Also in the present em-
bodiment, in the horn portion 35, an outer diameter of
the probe main body section 31 decreases from an outer
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diameter D1 to an outer diameter D2 toward a distal side.
In the certain example, it is preferable that the outer di-
ameter D1is 7 mm. Further, it is preferable that the outer
diameter D2 is 3.8 mm.

[0110] Furthermore, in the certain example of the
present embodiment, it is preferable that a longitudinal
dimension L5 from the abutment surface 33 to a proximal
end (a vibration input end) E3 of the horn portion 36 in
the longitudinal axis direction is 88.1 mm. Further, it is
preferable that a horn longitudinal dimension (a second
horn longitudinal dimension) L6 of the horn portion (a
second horn portion) 36 from the proximal end (the vi-
bration input end) E3 to a distal end (a vibration output
end) E4 in the longitudinal axis direction is 14 mm. Also
in the present embodiment, in the horn portion 36, the
outer diameter of the probe main body section 31 de-
creases from the outer diameter D2 to an outer diameter
D3 toward the distal side. In the certain example, it is
preferable that the outer diameter D3 is 2.7 mm.

[0111] In the certain example of the present embodi-
ment, it is preferable that a longitudinal dimension L7
from the abutment surface 33 to a distal end (a vibration
output end) E6 of the sectional area increasing portion
37 in the longitudinal axis direction is 116.7 mm. An ex-
tending dimension L8 of the sectional area increasing
portion 37 from a proximal end (a vibration input end) E5
to the distal end (the vibration output end) E6 in the lon-
gitudinal axis direction is small. Also in the present em-
bodiment, in the sectional area increasing portion 37, the
outer diameter of the probe main body section 31 increas-
es from the outer diameter D3 to an outer diameter D4
toward the distal side. In the certain example, the outer
diameter D4 is about the same as the outer diameter D2
at the proximal end E3 of the horn portion 36, and it is
preferable that the outer diameter D4 is 3.8 mm.

[0112] In the certain example of the present embodi-
ment, it is preferable that a longitudinal dimension L9
from the distal end E6 of the sectional area increasing
portion 37 to a proximal end E7 of the supported portion
38 in the longitudinal axis direction is 24.1 mm. Further-
more, in the supported portion 38, an extending dimen-
sion L10 from the proximal end E7 to a distal end E8 in
the longitudinal axis direction is 3 mm. Further, in the
supported portion 38, an outer diameter of a proximal
portion decreases from the outer diameter D4 to an outer
diameter D5 and an outer diameter of a distal portion
increases from the outer diameter D5 to an outer diam-
eter D6. In the certain example, the outer diameter D5 is
slightly (about 0.4 mm) smaller than the outer diameter
D4. Further, the outer diameter D6 is about the same as
the outer diameter D4, and it is preferable that the diam-
eter D6 is 3.8 mm.

[0113] Furthermore, in a state where a vibrating body
unit 20 longitudinally vibrates in an established frequency
range (46 kHz or more and 48 kHz or less), a vibration
node N1 is positioned at the proximal end E1 of the horn
portion 35 or in the vicinity of the proximal end E1, and
a vibration node N2 is positioned at the proximal end E3
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of the horn portion 36 or in the vicinity of the proximal
end E3. Furthermore, in the state where the vibrating
body unit 20 longitudinally vibrates in the established fre-
quency range, a vibration antinode A3 is positioned in
the sectional area increasing portion 37, and a vibration
antinode (the most distal vibration antinode) A2 is posi-
tioned at the distal end of the ultrasonic probe 8. Further,
in the state where the vibrating body unit 20 longitudinally
vibrates in the predetermined frequency range, a vibra-
tion node (the most distal vibration node) N3 that is one
of the vibration nodes of the longitudinal vibration is po-
sitioned in the supported portion 38. According to the
above-mentioned constitution, also in the certain exam-
ple of the present embodiment, the longitudinal vibration
in which an amplitude at the vibration antinode is 80 um
occurs at a distal end E9 of the probe main body section
31, in a state where the longitudinal vibration in which
the amplitude at the vibration antinode is 18 pm is trans-
mitted to the proximal end (the abutment surface 33) of
the probe main body section 31.

[0114] FIG. 12 and FIG. 13 are views showing a con-
stitution of a distal portion of the ultrasonic probe 8. FIG.
12 is a view of the ultrasonic probe 8 seen from a first
width direction side (an arrow B1 side of FIG. 13), and
FIG. 13 is a view of the ultrasonic probe 8 seen from a
second intersecting direction side (an arrow P2 side of
FIG. 12). Itis to be noted that in FIG. 12, a range shown
by a broken line S1 and a broken line S2 projects from
a distal end of a sheath 7 toward the distal side.

[0115] As shown in FIG. 12 and FIG. 13, also in the
presentembodiment, the distal end E9 of the probe main
body section 31 is positioned on the distal side with re-
spect to the distal end E8 of the supported portion 38.
Additionally, a distance between the distal end E8 of the
supported portion 38 and the distal end E9 of the probe
main body section 31 in the longitudinal axis direction is
small and is about 0.6 mm in the certain example.
[0116] In the present embodiment, a tapered section
(a sectional area decreasing portion) 41 is continuous on
the distal side of the probe main body section 31. In the
tapered section (a third horn portion) 41, a sectional area
perpendicular to a longitudinal axis C decreases toward
the distal side. A proximal end of the tapered section 41
is continuous with the distal end E9 of the probe main
body section 31. Therefore, the distal end E9 of the probe
main body section 31 becomes a boundary position be-
tween the probe main body section 31 and the tapered
section 41. The ultrasonic probe 8 has a longitudinal di-
mension L11 from the distal end to the proximal end (E9)
ofthe tapered section 41 in the longitudinal axis direction.
In the certainexample, itis preferable thatthe longitudinal
dimension L11 is 32.5 mm.

[0117] Thetapered section41includes afirstnarrowed
outer surface 51 facing a first intersecting direction side
(an arrow P1 side of FIG. 12). In the tapered section 41,
a distance (a first distance) 6 from the longitudinal axis
C to the first narrowed outer surface 51 in a first inter-
secting direction decreases from a proximal side toward
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the distal side, between the proximal end (E9) and a first
narrowing end position (a first distance decreasing end
position) E10 in the longitudinal axis direction. The first
narrowing end position E10 is positioned on the distal
side with respect to the proximal end (E9) of the tapered
section 41. Consequently, the tapered section 41 has a
first narrowing dimension (a first distance decreasing di-
mension) L12 between the proximal end (E9) and the
first constricting end position E10 in the longitudinal axis
direction. In the certain example, it is preferable that the
first narrowing dimension L12 is 18 mm. In the present
embodiment, the proximal end (E9) of the tapered section
41 becomes a proximal end of the first narrowed outer
surface 51, and the first narrowing end position E10 be-
comes a distal end of the first narrowed outer surface 51.
[0118] Furthermore, the tapered section 41 includes a
second narrowed outer surface 52 facing the second in-
tersecting direction side. On the tapered section 41, a
distance (a second distance) &’ from the longitudinal axis
C to the second narrowed outer surface 52 in a second
intersecting direction decreases from the proximal side
toward the distal side, between the proximal end (E9)
and a second narrowing end position (a second distance
decreasing end position) E11 in the longitudinal axis di-
rection. The second narrowing end position E11 is posi-
tioned on the distal side with respect to the first narrowing
end position E10. Consequently, the tapered section 41
has a second narrowing dimension (a second distancing
decrease dimension) L13 that is larger than the first nar-
rowing dimension L12, between the proximal end (E9)
and the second narrowing end position E11 in the longi-
tudinal axis direction. In the certain example, it is prefer-
able that the second constricting dimension L13 is 23
mm. In the present embodiment, the proximal end (E9)
of the tapered section 41 becomes a proximal end of the
second narrowed outer surface 52, and the second nar-
rowing end position E11 becomes a distal end of the sec-
ond constricted outer surface 52. Consequently, in the
tapered section 41, the distal end of the first constricted
outer surface 51 (the first constricting end position E10)
is positioned on a proximal side as compared with the
distal end of the second narrowed outer surface 52 (the
second narrowing end position E11), and the distal end
of the first narrowed outer surface 51 is disposed away
from the distal end of the second narrowed outer surface
52 in the longitudinal axis direction.

[0119] Due tothe above-mentioned constitution, in the
tapered section 41, a thickness (a dimension) T of the
ultrasonic probe 8 in the first intersecting direction and
the second intersecting direction decreases toward the
distal side, between the proximal end (E9) and the sec-
ond narrowing end position E11 in the longitudinal axis
direction. Therefore, the proximal end (E9) of the tapered
section 41 becomes a thickness decreasing start posi-
tion, and the second narrowing end position E11 be-
comes a thickness decreasing end position. Further-
more, in projection from a first width direction (one side
of a width direction), a first narrowing angle a1 that is a
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narrowing angle (an acute angle) of the first narrowed
outer surface 51 relative to the longitudinal axis direction
is larger than a second narrowing angle o2 that is a nar-
rowing angle (an acute angle) of the second narrowed
outer surface 52 relative to the longitudinal axis direction,
and the first narrowing angle is different from the second
narrowing angle a.2.

[0120] Furthermore, the tapered section 41 includes a
third narrowed outer surface 53 directed in the first width
direction, and a fourth narrowed outer surface 54 facing
a second width direction (an arrow B2 side of FIG. 13).
In the tapered section 41, between a width decreasing
start position E12 and a width decreasing end position
E13in the longitudinal axis direction, a distance from the
longitudinal axis C to the third narrowed outer surface 53
in the first width direction and a distance from the longi-
tudinal axis C to the fourth narrowed outer surface 54 in
the second width direction decrease from the proximal
side toward the distal side. Consequently, in the tapered
section 41, a width (a dimension) W of the ultrasonic
probe 8 in the first width direction and the second width
direction decreases toward the distal side, between the
width decreasing start position E12 and the width de-
creasing end position E13 in the longitudinal axis direc-
tion. The ultrasonic probe 8 has a longitudinal dimension
L14 from the distal end to the width decreasing start po-
sition E12 in the longitudinal axis direction. The longitu-
dinal dimension L14 is smaller than the longitudinal di-
mension L11 from the distal end of the ultrasonic probe
8 to the proximal end (E9) of the tapered section 41 in
the longitudinal axis direction. Therefore, the width de-
creasing start position E12 is positioned on the distal side
with respect to the proximal end (E9) of the tapered sec-
tion41. However, the distance between the proximal end
(E9) of the tapered section 41 and the width decreasing
start position E12 in the longitudinal axis direction is
small. In the certain example, itis preferable that the lon-
gitudinal dimension L14 is 32 mm. Further, in this exam-
ple, the distance between the proximal end (E9) of the
tapered section 41 and the width decreasing start posi-
tion E12in the longitudinal axis direction is about 0.5 mm.
In the present embodiment, the width decreasing start
position E12 becomes a proximal end of each of the third
constricted outer surface 53 and the fourth constricted
outer surface 54, and the width decreasing end position
E13 becomes a distal end of each of the third narrowed
outer surface 53 and the fourth narrowed outer surface
54.

[0121] Theultrasonic probe 8 has alongitudinal dimen-
sion L15 from the distal end to the width decreasing end
position E13 in the longitudinal axis direction. In the
present embodiment, the width decreasing end position
E13 is positioned on the distal side with respect to the
second narrowing end position E11. Further, the width
decreasing end position E13 becomes a distal end of the
tapered section 41. However, a distance between the
second narrowing end position (the distal end of the sec-
ond narrowed outer surface 52) E11 and the width de-
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creasing end position E13 in the longitudinal axis direc-
tion is small. In the certain example, it is preferable that
the longitudinal dimension L15 is 9 mm. Further, in this
example, the distance between the second narrowing
end position E11 and the width decreasing end position
E13 in the longitudinal axis direction is about 0.5 mm.
[0122] The distance (the first distance) & from the lon-
gitudinal axis C to the first narrowed outer surface 51 (an
outer peripheral surface of the ultrasonic probe 8) in the
first intersecting direction (a first perpendicular direction)
decreases down to a distance 61, between the proximal
end (E9) of the tapered section 41 and the first narrowing
end position E10 in the longitudinal axis direction. There-
fore, at the first narrowing end position (the distal end of
the first narrowed outer surface 51) E10, the ultrasonic
probe 8 has the distance (the first distance) 61 from the
longitudinal axis C to the first narrowed outer surface 51
toward the first intersecting direction. The distance 81 is
smaller than a value of 1/2 of the outer diameter D6 at
the distal end E9 of the probe main body section 31. In
the certain example, the distance 81 is 0.45 mm or more
and 0.5 mm or less.

[0123] Between the proximal end (E9) of the tapered
section 41 and the second narrowing end position E11
in the longitudinal axis direction, the thickness (the di-
mension) T of the ultrasonic probe 8 in the first intersect-
ing direction and the second intersecting direction de-
creases down to a thickness T1. Therefore, at the second
narrowing end position (the distal end of the second nar-
rowed outer surface 52) E11, the ultrasonic probe 8 has
the thickness T1 in the first intersecting direction (the first
perpendicular direction) and the second intersecting di-
rection (a second perpendicular direction). The thickness
T1 is smaller than the outer diameter D6 at the distal end
E9 of the probe main body section 31. In the certain ex-
ample, it is preferable that the thickness T1 is 1.65 mm.
[0124] Between the width decreasing start position
E12 and the width decreasing end position E13 in the
longitudinal axis direction, the width (the dimension) W
of the ultrasonic probe 8 in the first width direction and
the second width direction decreases down to a width
dimension W1. Therefore, at the width decreasing end
position (the distal end of each of the third constricted
outer surface 53 and the fourth constricted outer surface
54) E13, the ultrasonic probe 8 has the width dimension
W1 in the first width direction and the second width di-
rection. The width dimension W1 is smaller than the outer
diameter D6 at the distal end E9 of the probe main body
section 31. In the certain example, it is preferable that
the width dimension W1 is 2.8 mm.

[0125] The tapered section 41 is constituted as de-
scribed above, and hence in the tapered section 41, the
sectional area perpendicular to the longitudinal axis C
decreases toward the distal side. In the state where the
vibrating body unit 20 longitudinally vibrates in the estab-
lished frequency range (e.g., 46 kHz or more and 48 kHz
or less), the vibration node (the most distal vibration
node) N3 that is one of the vibration nodes of the longi-
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tudinal vibration is positioned in the supported portion
38, and is positioned in the vicinity of the proximal end
(E9) of the tapered section 41. Further, in the state where
the vibrating body unit 20 longitudinally vibrates in the
predetermined frequency range, each of the vibration an-
tinodes of the longitudinal vibration is positioned away
from the tapered section 41 in the longitudinal axis direc-
tion. Consequently, in the tapered section 41 in which
the sectional area decreases toward the distal side, the
amplitude of the longitudinal vibration (ultrasonic vibra-
tion) is enlarged. In the certain example, in a case where
the longitudinal vibration in which the amplitude in the
tapered section 41 is 80 um is transmitted, the amplitude
of the longitudinal vibration at the distal end of the ultra-
sonic probe 8 is 140 um or more and 150 pm or less.
[0126] Furthermore, in the present embodiment, a ta-
pering dimension of the tapered section 41 from the prox-
imal end (E9) to the distal end (E13) in the longitudinal
axis direction is larger than a 1/8 wavelength (A/8) in the
state where the vibrating body unit 20 longitudinally vi-
brates in the established frequency range. That is, the
1/8 wavelength (A/8) in the state where the vibrating body
unit 20 longitudinally vibrates in the established frequen-
cy range is smaller than the tapering dimension of the
tapered section 41 from the proximal end (E9) to the distal
end (E13) in the longitudinal axis direction. In the certain
example, in the state where the vibrating body unit 20
longitudinally vibrates at 46 kHz or more and 48 kHz or
less (in the established frequency range), a 1/4 wave-
length (A/4) from the vibration node (the most distal vi-
bration node) N3 to the vibration antinode (the most distal
vibration antinode) A2 is 34 mm or more and 35 mm or
less. On the other hand, in this example, the tapering
dimension of the tapered section 41 from the proximal
end (E9) to the distal end (E13) in the longitudinal axis
direction is about 23.5 mm, and is larger than the 1/8
wavelength in the state where the vibrating body unit 20
longitudinally vibrates at 46 kHz or more and 48 kHz or
less (in the predetermined frequency range). Further-
more, in the tapered section 41, the first narrowing di-
mension L12 between the proximal end (E9) and the first
narrowing end position E10 in the longitudinal axis direc-
tion is also 17.9 mm or more and 18 mm or less. There-
fore, the first narrowing dimension L12 (i.e., the dimen-
sion of the first constricted outer surface 51 in the longi-
tudinal axis direction) is also larger than the 1/8 wave-
length in the state where the vibrating body unit 20 lon-
gitudinally vibrates at 46 kHz or more and 48 kHz or less
(inthe established frequency range). Itis to be noted that
the first narrowing end position E10 is positioned most
proximally among the positions (e.g., E10, E11 and E13)
at which the narrowing ends on an outer peripheral sur-
face of the tapered section 41 (the narrowed outer sur-
faces 51 to 54).

[0127] In the ultrasonic probe 8, a curved extending
section 40 is disposed on the distal side with respect to
the tapered section 41 (and the probe main body section
31). The curved extending section 40 extends in a state
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of curving relative to the probe main body section 31 and
the tapered section 41 (i.e., the longitudinal axis C) to-
ward the first intersecting direction side. The curved ex-
tending section 40 includes a first curved outer surface
55 facing the first intersecting direction side (a side on
which the curved extending section 40 curves), and a
second curved outer surface 56 directed on the second
intersecting direction side (a side opposite to the side on
which the curve extending section 40 curves). Further-
more, the curved extending section 40 includes a third
curved outer surface 57 facing the first width direction
side, and a fourth curved outer surface 58 facing on a
second width direction side. Itis to be noted that by trans-
mitting the ultrasonic vibration to the curved extending
section 40 from the probe main body section 31 through
the tapered section 41, the curved extending section 40
longitudinally vibrates together with the probe main body
section 31 and the tapered section 41 in the established
frequency range.

[0128] In projection from the first width direction (one
side of the width direction), in the first curved outer sur-
face 55 of the curved extending section 40, a region lo-
cated on the distal side with respect to a first curve start
position E14 curves relative to the longitudinal axis di-
rection (the probe main body section 31) toward the first
intersecting direction side. Furthermore, in the projection
from the first width direction, in the second curved outer
surface 56 of the curved extending section 40, a region
located on the distal side with respect to a second curve
start position E15 curves relative to the longitudinal axis
direction toward the first intersecting direction side. That
is, the first curved outer surface 55 starts curving relative
to the longitudinal axis C in the first intersecting direction
side at the first curve start position E14, and the second
curved outer surface 56 starts curving relative to the lon-
gitudinal axis C toward the firstintersecting direction side
at the second curve start position E15. In the present
embodiment, the second curve start position (a proximal
end of the second curved outer surface 56) E15 is posi-
tioned on the distal side with respect to the first curve
start position (a proximal end of the first curved outer
surface 55) E14, and is positioned away from the first
curve start position E14 in the longitudinal axis direction.
Additionally, in the present embodiment, a distance be-
tween the first curve start position E14 and the second
curve start position E15 in the longitudinal axis direction
is small, and is about 0.3 mm in the certain example.
Furthermore, in a certain modification different from the
present embodiment, the first curve start position (the
proximal end of the first curved outer surface 55) E14
may be positioned on the distal side with respect to the
second curve start position (the proximal end of the sec-
ond curved outer surface 56) E15 in the curved extending
section 40.

[0129] The curved extending section 40 extends to-
ward the distal side from the first curve start position E14
which is the proximal end (a curve proximal end). The
ultrasonic probe 8 has a longitudinal dimension L16 from
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the distal end to the proximal end (E14) of the curved
extending section 40 in the longitudinal axis direction.
The longitudinal dimension L16 is smaller than the lon-
gitudinal dimension L15 from the distal end of the ultra-
sonic probe 8 to the width decreasing end position E13
in the longitudinal axis direction. Consequently, the prox-
imal end (E14) of the curved extending section 40 is po-
sitioned on the distal side with respect to the width de-
creasing end position E13. In the certain example, the
longitudinal dimension L16 is 8.4 mm or more and 8.5
mm or less.

[0130] Furthermore, in the ultrasonic probe 8, a relay
extending section 43 is continuous between the tapered
section 41 and the curved extending section 40 in the
longitudinal axis direction. The relay extending section
43 extends from the width decreasing end position E13
(the distal end of the tapered section 41) to the first curve
start position E14 (a proximal end of the curved extending
section 40). Here, a distance between the width decreas-
ing end position E13 and the proximal end (E14) of the
curved extending section 40 in the longitudinal axis di-
rection is small. Consequently, a dimension of the relay
extending section 43 in the longitudinal axis direction is
small. In the certain example, the dimension of the relay
extending section 43 in the longitudinal axis direction is
about 0.5 mm.

[0131] A first axis parallel outer surface 61 directed in
the first intersecting direction is continuous between the
first narrowed outer surface 51 and the first curved outer
surface 55 in the longitudinal axis direction. The first axis
parallel outer surface 61 extends in parallel (substantially
parallel) with the longitudinal axis C between the first nar-
rowing end position E10 and the first curve start position
E14. Therefore, the first constricting end position E10
becomes a proximal end of the first axis parallel outer
surface 61 and the first curve start position E14 becomes
a distal end of the first axis parallel outer surface 61.
Further, the first axis parallel outer surface 61 has an
extending dimension (a first extending dimension) L19
in the longitudinal axis direction. On the first axis parallel
outer surface 61, the distance & from the longitudinal axis
C toward the first intersecting direction is kept to be sub-
stantially constant at the distance 61, from the first nar-
rowing end position E10 to the first curve start position
E14.

[0132] Furthermore, a second axis parallel outer sur-
face 62 facing the second intersecting direction is con-
tinuous between the second narrowed outer surface 52
andthe second curved outer surface 56 in the longitudinal
axis direction. The second axis parallel outer surface 62
extends in parallel (substantially parallel) with the longi-
tudinal axis C, between the second narrowing end posi-
tion E11 and the second curve start position E15. There-
fore, the second constricting end position E11 becomes
a proximal end of the second axis parallel outer surface
62, and the second curve start position E15 becomes a
distal end of the second axis parallel outer surface 62.
Further, the second axis parallel outer surface 62 has an
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extending dimension (a second extending dimension)
L20 in the longitudinal axis direction. The extending di-
mension L19 of the first axis parallel outer surface 61 is
larger than the extending dimension L20 of the second
axis parallel outer surface 62. On the second axis parallel
outer surface 62, the distance & from the longitudinal
axis C toward the second intersecting direction is kept to
be substantially constant from the second narrowing end
position E11 to the second curve start position E15.
[0133] Due to such a constitution as described above,
between the second narrowing end position E11 and the
first curve start position (the proximal end of the curved
extending section 40) E14 in the longitudinal axis direc-
tion, the thickness T of the ultrasonic probe 8 in the first
intersecting direction and the second intersecting direc-
tion is kept to be substantially constant at the thickness
T1. Furthermore, between the width decreasing end po-
sition E13 and the distal end of the ultrasonic probe 8 in
the longitudinal axis direction, the width W of the ultra-
sonic probe 8 in the first width direction and the second
width direction is kept to be substantially constant at the
width dimension W1. Therefore, in the relay extending
section 43 extending from the width decreasing end po-
sition E13 to the first curve start position (the proximal
end of the curved extending section 40) E14, the dimen-
sion becomes substantially constant at the width dimen-
sion W1 and substantially constant at the thickness T1
along the total length in the longitudinal axis direction.
Further, in the relay extending section 43, the sectional
area perpendicular to the longitudinal axis C becomes
substantially constant along the total length in the longi-
tudinal axis direction.

[0134] Here, there is stipulated a reference plane (a
first reference plane) Y1 passing along the longitudinal
axis C and perpendicularly (substantially perpendicular-
ly) to the first intersecting direction and the second inter-
secting direction. In the relay extending section 43, the
distance (the first distance) 81 from the longitudinal axis
C to the first axis parallel outer surface 61 (the outer pe-
ripheral surface of the ultrasonic probe 8) toward the first
intersecting direction is smaller than a value of 1/2 of the
thickness T1 of the ultrasonic probe 8 in the first inter-
secting direction and the second intersecting direction.
Consequently, in the tapered section 41 and the relay
extending section 43, the ultrasonic probe 8 is nonsym-
metrical about the reference plane Y1 which is a central
plane. Further, in the tapered section 41 and the relay
extending section 43, a cross section gravity center in
the cross section perpendicular to the longitudinal axis
C shifts from the longitudinal axis C toward the second
intersecting direction side. Especially, between the first
narrowing end position E10 and the first curve start po-
sition E14, there increases the shift of the cross section
gravity center relative to the longitudinal axis C in the
second intersecting direction side. Furthermore, there is
stipulated a reference plane (a second reference plane)
Y2 passing along the longitudinal axis C and perpendic-
ularly (substantially perpendicularly) to the first width di-
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rection and the second width direction. In the tapered
section 41 and the relay extending section 43, the ultra-
sonic probe 8 is substantially symmetric about the refer-
ence plane Y2 which is a central plane.

[0135] The curved extending section 40 includes a first
curved extending section 42 that extends from the first
curve start position E14 at the proximal end of the curved
extending section 40 toward the distal side and curving
relative to the probe main body section 31 and the ta-
pered section 41 toward the first intersecting direction
side. In the projection from the first width direction (one
side of the width direction), in a region of an outer pe-
ripheral surface of the first curved extending section 42
which faces the first intersecting direction side, a tangent
line at the first curve start position E14 has an acute angle
01 relative to the longitudinal axis direction. Furthermore,
in the projection from the first width direction, in a region
of the outer peripheral surface of the first curved extend-
ing section 42 which is directed on the second intersect-
ing direction side, a tangent line at the second curve start
position E15 has an acute angle 62 relative to the longi-
tudinal axis direction. The acute angle 61 and the acute
angle 62 are larger than 0° and 10° or less. In the certain
example, the acute angle 61 is 5°, whereas the acute
angle 62 is 7.5°. Consequently, the acute angle 62 is
larger than the acute angle 61.

[0136] In the curved extending section 40, a second
curved extending section 45 is continuous with the distal
side of the first curved extending section 42. The second
curved extending section 45 extends in a state of curving
relative to the first curved extending section 42 toward
the first intersecting direction side. In the projection from
the first width direction (one side of the width direction),
a region of an outer peripheral surface of the second
curved extending section 45 which faces the first inter-
secting direction side extends in a circular shape of a
curbing radius R1. Furthermore, in the projection from
the first width direction, a region of the outer peripheral
surface of the second curve extending section 45 which
is directed on the second intersecting direction side ex-
tends in a circular shape of a curving radius R2.

[0137] A center O1 of each of the circle of the curving
radius R1 and the circle of the curving radius R2 is posi-
tioned on the first intersecting direction side with respect
to the curved extending section 40 (the ultrasonic probe
8). Consequently, in the projection from the first width
direction (the second width direction), in a region of the
outer peripheral surface of the second curved extending
section 45 which faces the firstintersecting direction side,
an acute angle relative to the longitudinal axis direction
increases toward the distal side. Similarly, in the projec-
tion from the first width direction (the second width direc-
tion), in a region of the outer peripheral surface of the
second curved extending section 45 which is directed on
the second intersecting direction side, an acute angle
relative to the longitudinal axis direction increases toward
the distal side. Therefore, in the second curved extending
section 45, the acute angle relative to the longitudinal
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axis direction increases toward the distal side.

[0138] In the region of the outer peripheral surface of
the second curved extending section 45 which faces the
first intersecting direction side, a tangent line at a distal
end has an acute angle 63 relative to the longitudinal axis
direction. Furthermore, in the region of the outer periph-
eral surface of the second curved extending section 45
which faces the second intersecting direction side, a tan-
gent line at a distal end has an acute angle 64 relative to
the longitudinal axis direction. That is, at a distal end of
the first curved outer surface 55, the curved extending
section 40 has the acute angle 63 relative to the longitu-
dinal axis direction. Further, at a distal end of the second
curved outer surface 56, the curved extending section
40 has the acute angle 64 relative to the longitudinal axis
direction. In the certain example, the curving radius R1
is 15 mm and the acute angle 63 is 15°. Furthermore, the
acute angle 64 is stipulated in accordance with the curv-
ing radius R2. For example, in a case where the curving
radius R2 is 12.5 mm, the acute angle 64 is 25°, and in
acase where the curving radius R2is 16.5 mm, the acute
angle 64 is 20°. Further, in a case where the curving
radius R2 is 30 mm, the acute angle 64 is 15°. In the
certain example, on the second curved outer surface 56
(the region of the outer peripheral surface of the second
curved extending section 45 which faces the second in-
tersecting direction side), the acute angle 64 of the tan-
gent line at the distal end relative to the longitudinal axis
direction is 10° or more and 30° or less, and more pref-
erably 20° or more and 25° or less.

[0139] Furthermore, a direction that is perpendicular
(substantially perpendicular) to an extending direction
and that is perpendicular (substantially perpendicular) to
the width direction in the ultrasonic probe 8 is a thickness
direction. In the curved extending section 40, the extend-
ing direction of the ultrasonic probe 8 is not parallel to
the longitudinal axis, and hence in the curved extending
section 40, the thickness direction is not parallel to the
first intersecting direction and the second intersecting di-
rection. The ultrasonic probe 8 is kept to be substantially
constant at a thickness dimension T2 in the thickness
direction from the second curve start position E15 to the
distal end in the longitudinal axis direction. That is, be-
tween the second curve start position E15 and the distal
end of the ultrasonic probe 8, the thickness dimension
T2 that is a distance between the first curved outer sur-
face 55 and the second curved outer surface 56 is kept
to be substantially constant. In the certain example, the
thickness dimension T2 is 1.5 mm. Therefore, the acute
angles 01 to 64 and the curving radiuses R1 and R2 are
determined in a state where the thickness dimension T2
of the ultrasonic probe 8 is substantially constant from
the second curve start position E15 to the distal end.
[0140] Furthermore, the region of the outer peripheral
surface of the second curved extending section 45 which
faces the firstintersecting direction side has a separation
distance T3 from the longitudinal axis C toward the first
intersecting direction at the distal end. In the certain ex-
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ample, it is preferable that the separation distance T3 is
1.9 mm.

[0141] The second curved extending section 45 in-
cludes a distal surface 46 that forms the distal end of the
ultrasonic probe 8. In the projection from the first width
direction (one side of the width direction), a portion be-
tween the first curved outer surface 55 (the region of the
outer peripheral surface of the second curved extending
section 45 which is directed on the first intersecting di-
rection side) and the distal surface 46 is formed into a
curved surface of a corner radius R3. Furthermore, in the
projection from the first width direction, a portion between
the second curved outer surface 56 (the region of the
outer peripheral surface of the second curved extending
section 45 which faces the second intersecting direction
side) and the distal surface 46 is formed into a curved
surface of a corner radius R4. In the certain example, the
corner radius R3 is 0.5 mm and the corner radius R4 is
0.9 mm. Furthermore, in projection from the second in-
tersecting direction (one side of the intersecting direc-
tion), there is formed into a curved surface of a corner
radius R5 each of a portion between a third curved outer
surface 57 (the region of the outer peripheral surface of
the second curved extending section 45 which faces the
first width direction side) and the distal surface 46 and a
portion between a fourth curved outer surface 58 (the
region of the outer peripheral surface of the second
curved extending section 45 which is directed on the sec-
ond width direction side) and the distal surface 46. In the
certain example, the corner radius R5 is 1.25 mm.
[0142] FIG. 14isaview of the second curved extending
section 45 (a distal portion of the curved extending sec-
tion 40) seen from a direction of an arrow XIV of FIG. 12,
and is a view of the second curved extending section 45
seen from one side of the thickness direction. Further-
more, FIG. 15 is a view of the second curved extending
section 45 seen from the first width direction side. Further,
FIG. 16 is a cross-sectional view along the XVI-XVI line
of FIG. 12, and shows a cross section perpendicular to
an extending direction of the second curved extending
section 45. Here, the direction of the arrow XIV matches
a direction of rotating as much as an acute angle 65 from
the distal side toward the second intersecting direction
side in the projection from the first width direction. The
acute angle 65 is, for example, 75°.

[0143] AsshowninFIG. 12to FIG. 16, cutting surfaces
(treating surfaces) 47 to 49 are disposed in the second
curved extending section 45. A first cutting surface 47 is
disposed on the second curved outer surface 56 (aregion
of an outer surface of the curved extending section 40
which faces the second intersecting direction side). Fur-
ther, a second cutting surface 48 is provided on the third
curved outer surface 57 (a region of the outer surface of
the curved extending section 40 which is directed on the
first width direction side), and a third cutting surface 49
is disposed on the fourth curved outer surface 58 (a re-
gion of the outer surface of the curved extending section
40 which faces the second width direction side). After-
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mentioned grooves are formed in each of the abrading
surfaces 47 to 49. Furthermore, each of the cutting sur-
faces 47 to 49 extends from a distal end (the distal surface
46) of the curved extending section 40 toward the prox-
imal side. The first cutting surface 47 is provided in the
second curved extending section 45 and on the second
curved outer surface 56. Consequently, in the projection
from each of the first width direction and the second width
direction, the first abrading surface 47 is formed into a
circular shape in which the center (O1) is positioned on
the first intersecting direction side with respect to the
curved extending section 40.

[0144] The second curved extending section 45 has a
thickness dimension T6 between the first cutting surface
47 and the first curved outer surface 55 in the thickness
direction of the curved extending section 40. The thick-
ness dimension T6 between the first abrading surface 47
and the first curved outer surface 55 is about the same
size as the thickness dimension T2. Furthermore, the
second curved extending section 45 has a width dimen-
sion W5 between the second cutting surface 48 (the third
curved outer surface 57) and the third cutting surface 49
(the fourth curved outer surface 58) in the first width di-
rection and the second width direction. The width dimen-
sion W5 between the second abrading surface 48 and
the third abrading surface 49 is about the same size as
the width dimension W1. Consequently, in a range in
which the first cutting surface 47 extends (the second
curved extending section 45), the thickness dimension
T6 (T2) between the first cutting surface 47 and the first
curved outer surface 55 in the thickness direction of the
curved extending section 40 is smaller than the width
dimension W5 (W1) between the third curved outer sur-
face 57 and the fourth curved outer surface 58 in the first
width direction and the second width direction.

[0145] In the second cutting surface 48, a plurality of
(five in the present embodiment) extending grooves (first
extending grooves) 63A to 63E are formed. Each of the
extending grooves 63A to 63E extends substantially per-
pendicularly to the extending direction of the curved ex-
tending section 40, and extends along the thickness di-
rection of the curved extending section 40 in the present
embodiment. Furthermore, the extending grooves 63A
to 63E are lined in parallel in the extending direction of
the curved extending section 40, and each of the extend-
ing grooves 63A to 63E has a space q1 between the
extending groove and the adjacent extending groove
(corresponding one or two of the grooves 63A to 63E) in
the extending direction of the curved extending section
40. Furthermore, the most distal extending groove 63A
positioned most distally among the extending grooves
63A to 63E is stipulated. The second curved extending
section 45 has an extending dimension L17 from the dis-
tal end of the ultrasonic probe 8 to the most distal ex-
tending groove 63A in the extending direction of the
curved extending section 40. In the certain example, the
space q1is 0.9 mm and the extending dimension L17 is
0.45 mm.
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[0146] Furthermore, when there is stipulated the ref-
erence plane (the second reference plane) Y2 passing
along the longitudinal axis C and perpendicularly to the
first width direction and the second width direction, a bot-
tom position of each of the extending grooves 63A to 63E
is disposed as much as a width direction distance W2
away from the reference plane Y2 in the first width direc-
tion. In the certain example, the width direction distance
W2 is 1.1 mm. Furthermore, when seen from one side
of the thickness direction (a first cutting surface 47 side),
each of the extending grooves (the first extending
grooves) 63A to 63E has a semicircular shape formed
by a semicircular portion of a circle having a diameter ¢1.
In the certain example, the diameter ¢1 is 0.5 mm.
[0147] Inthe third cutting surface 49, a plurality of (five
in the present embodiment) extending grooves (second
extending grooves) 65A to 65E are formed. Each of the
extending grooves 65A to 65E is substantially symmetric
with the corresponding extending groove (corresponding
one of the grooves 63A to 63E) about the reference plane
Y2 which is the central plane. Consequently, similarly to
the extending grooves (the first extending grooves) 63A
to 63E, each of the extending grooves 65A to 65E ex-
tends along the thickness direction of the curved extend-
ing section 40, and the space q1, the extending dimen-
sion L17, the width direction distance W2 and the diam-
eter ¢1 are stipulated in connection with the extending
grooves (the second extending grooves) 65A to 65E.
[0148] Furthermore, the first cutting surface 47 is dif-
ferentin extending pattern ofthe grooves fromthe second
cutting surface 48 and the third cutting surface 49. In the
first cutting surface 47, there are formed a plurality of
(five in the present embodiment) inclined grooves (first
inclined grooves) 66A to 66E and a plurality of (five in
the present embodiment) inclined grooves (second in-
clined grooves) 67A to 67E. Each of the inclined grooves
66A to 66E extends in a state of inclining as much as an
acute angle (a first acute angle) 66 relative to the extend-
ing direction of the curved extending section 40. That is,
each of the inclined grooves (the first inclined grooves)
66A to 66E inclines relative to the longitudinal axis direc-
tion in projection from the first cutting surface 47 side.
Here, in the projection from the first abrading surface 47
side, one side of an extending direction of each of the
inclined grooves 66A to 66E matches a direction of ro-
tating as much as the acute angle 66 from the proximal
side toward the second width direction side. Furthermore,
each of the inclined grooves 67A to 67E extends in a
state of inclining as much as an acute angle (a second
acute angle) 07 relative to the extending direction of the
curved extending section 40. That is, each of the inclined
grooves (the second inclined grooves) 67A to 67E in-
clines relative to the longitudinal axis direction toward a
side opposite to the inclined grooves (the first inclined
grooves) 66A to 66E in the projection from the first cutting
surface 47 side. Here, in the projection from the first cut-
ting surface 47 side, one side of the extending direction
of each of the inclined grooves 67A to 67E matches a
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direction of rotating as much as the acute angle 67 from
the proximal side toward the first width direction side. On
the first abrading surface 47, each of the inclined grooves
66A to 66E intersects the corresponding inclined groove
(corresponding one of the grooves 67A to 67E), and
forms a meshed structure (crosshatch structure). In the
certain example, the acute angle (the first acute angle)
66 and the acute angle (the second acute angle) 67 are
45° or more and 65° or less, and are preferably about 60°.
[0149] Each of the inclined grooves (the first inclined
grooves) 66A to 66E has a space g2 between the inclined
groove and the inclined groove (corresponding two or
one of the grooves 66A to 66E) that is adjacent (in a
direction perpendicular to the extending direction of the
inclined grooves 66A to 66E). Furthermore, there is stip-
ulated the reference inclined groove (a first reference in-
clined groove) 66C positioned third distally in the inclined
grooves 66A to 66E. The second curved extending sec-
tion 45 has an extending dimension L18 from the distal
end of the ultrasonic probe 8 to a distal position of the
reference inclined groove 66C in the extending direction
of the curved extending section 40. In the certain exam-
ple, the space g2 is 0.8 mm and the extending dimension
L18 is 2.25 mm. Furthermore, each of the inclined
grooves 66A to 66E has a depth T4 and a width ¢2. Fur-
thermore, a bottom surface of each of the inclined
grooves 66A to 66E seen from a second cutting surface
48 side (one side of the width direction) is formed into a
circular shape of a radius ¢$2/2. In the certain example,
the depth T4 of each of the inclined grooves 66A to 66E
is 0.35 mm and the width ¢2 is 0.35 mm.

[0150] Each of the inclined grooves (the second in-
clined grooves) 67A to 67E is substantially symmetric
with the corresponding first inclined groove (correspond-
ing one of the grooves 66A to 66E) about the reference
plane Y2 which is the central plane. Consequently, sim-
ilarly to the inclined grooves 66A to 66E, the space g2,
the extending dimension L18, the depth T4 and the width
¢2 are stipulated in connection with the inclined grooves
67A to 67E.

[0151] Furthermore, each of the extending grooves
(the first extending grooves) 63A to 63E and each of the
extending grooves (the second extending grooves) 65A
to 65E match a position of an intersecting portion of the
corresponding inclined groove (corresponding one of the
grooves 66A to 66E) and the corresponding inclined
groove (corresponding one of the grooves 67A to 67E)
in the longitudinal axis direction. For example, the re-
spective extending grooves 63C and 65C match a posi-
tion of an intersecting portion of the inclined groove (the
first inclined groove) 66C and the inclined groove (the
second inclined groove) 67C in the longitudinal axis di-
rection.

[0152] In the cross section of the second curved ex-
tending section 45 which is perpendicular to the extend-
ing direction, there is formed into a curved surface of a
corner radius R6 each of a portion between the first
curved outer surface 55 (a region of an outer surface
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which faces the first intersecting direction side) and the
second cutting surface 48 and a portion between the first
curved outer surface 55 and the third cutting surface 49.
Furthermore, in the cross section of the second curved
extending section 45 which is perpendicular to the ex-
tending direction, there is formed into a curved surface
of a corner radius R7 each of a portion between the first
cutting surface 47 and the second cutting surface 48 and
aportion between the first cutting surface 47 and the third
cutting surface 49. In the certain example, the corner
radius R6 is 0.5 mm and the corner radius R7 is 0.9 mm.
[0153] The curved surface portion of the corner radius
R6 is formed along the range S1 of FIG. 3 in the longitu-
dinal axis direction, and the curved surface portion of the
corner radius R7 is formed along the range S2 of FIG. 3
in the longitudinal axis direction. That is, the curved sur-
face portion of the corner radius R6 and the curved sur-
face portion of the corner radius R7 extend from the distal
end of the ultrasonic probe 8 to the tapered section 41
in the longitudinal axis direction, and the curved surface
portion of the corner radius R6 and the curved surface
portion of the corner radius R7 are formed in a projecting
portion (an exposed portion) of the ultrasonic probe 8
from the distal end of the sheath 7. Consequently, in a
part of the tapered section 41 and the curved extending
section 40, in the cross section perpendicular to the ex-
tending direction, there is formed into the curved surface
of the corner radius R6 in each of a portion between a
region of an outer surface which faces the first intersect-
ing direction side and a region of an outer surface which
faces the first width direction side and a portion between
the region of the outer surface which faces the first inter-
secting direction side and a region of the outer surface
which faces the second width direction side. Further, in
the part of the tapered section 41 and the curved extend-
ing section 40, in the cross section perpendicular to the
extending direction, there is formed into the curved sur-
face of the corner radius R7 in each of a portion between
a region of the outer surface which is directed on the
second intersecting direction side and the region of the
outer surface which is directed on the first width direction
side and a portion between the region of the outer surface
whichis directed on the second intersecting direction side
and the region of the outer surface which is directed on
the second width direction side.

[0154] Next, a function and an effect of the ultrasonic
probe 8 of the present embodiment will be described.
FIG. 17 and FIG. 18 are views showing a state where a
bone is cut in a shoulder joint 300 by use of an ultrasonic
treatment system 1. FIG. 17 is a view of the shoulder
joint 300 seen from a front side (a chest side), and FIG.
18 is a view of the shoulder joint 300 seen from a rear
side (a back side). As shown in FIG. 17 and FIG. 18, the
shoulder joint 300 is a joint between a humerus 301 and
a scapula 302. The scapula 302 includes an acromion
303. The acromion 303 is coupled with a clavicle 305.
From the scapula 302, there origin a subscapularis mus-
cle 306, a supraspinatus muscle 307, an infraspinatus
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muscle 308 and a teres minor muscle 309. On a lower
side of the acromion 303, a rotator cuff 311 is formed as
a tendon of the subscapularis muscle 306, the suprasp-
inatus muscle 307, the infraspinatus muscle 308 and the
teres minor muscle 309. The humerus 301 extends from
the rotator cuff 311. Furthermore, a cavity 313 is formed
between a lower surface 312 of the acromion 303 and
the rotator cuff 311.

[0155] In the present embodiment, a distal portion of
a rigid endoscope (an arthroscope) 315 and a distal por-
tion of the ultrasonic probe 8 are inserted into the cavity
313 between the acromion 303 and the rotator cuff 311.
Each of the rigid endoscope 315 and the ultrasonic probe
8 is inserted from the outside of a human body into the
cavity 313 through one of an insertion area of the front
side, an insertion area of a lateral side and an insertion
area of the rear side. However, the insertion area of the
rigid endoscope 315 is different from the insertion area
of the ultrasonic probe 8. In FIG. 17 and FIG. 18, the rigid
endoscope 315 is inserted into the cavity 313 from the
insertion area of the front side, and the ultrasonic probe
8 is inserted into the cavity 313 through the insertion area
of the lateral side. Further, in the cavity 313 under obser-
vation with the rigid endoscope 315, one of the cutting
surfaces 47 to 49 of the ultrasonic probe 8 is brought into
contact with the lower surface 312 of the acromion 303.
The ultrasonic vibration is transmitted to the cutting sur-
faces 47 to 49 in a state where the one of the abrading
surfaces 47 to 49 is in contact with the lower surface 312
of the acromion 303, whereby cutting of a bone spur (a
bone) is performed in the lower surface 312 of the ac-
romion 303. Itis to be noted that the abrading of the bone
spur in the lower surface 312 of the acromion 303 is per-
formed in a state where the second curved extending
section 45 is immersed in a liquid (physiological saline).
[0156] FIG. 19 and FIG. 20 are views showing a state
where the first cutting surface 47 of the second curved
extending section 45 of the ultrasonic probe 8 is in contact
with the lower surface 312 of the acromion 303. In FIG.
20, the first cutting surface 47 is brought into contact with
a position different from that of FIG. 19 in the lower sur-
face 312 of the acromion 303. Here, in the ultrasonic
probe 8, the first curved extending section 42 curves to-
ward a first perpendicular direction side relative to the
probe main body section 31 extending along the longitu-
dinal axis C, and the second curved extending section
45 curves further toward the first perpendicular direction
side relative to the first curved extending section 42. Fur-
ther, in the second curved extending section 45, an acute
angle relative to the longitudinal axis direction increases
toward the distal side, and in the second curved extend-
ing section 45 and the second curved outer surface 56,
the first cutting surface 47 is disposed. Consequently, in
the present embodiment, in the projection from each of
the first width direction and the second width direction,
the first cutting surface 47 is formed into the circular
shape in which the center (O1) is positioned on the first
intersecting direction side with respect to the curved ex-
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tending section 40. The cavity 313 between the acromion
303 and the rotator cuff 311 is narrow, and the lower
surface 312 of the acromion 303 is formed into a curved
surface. The first curved extending section 42 and the
second curved extending section 45 are formed as de-
scribed above, so that the first cutting surface 47 can
appropriately be brought into contact with the lower sur-
face 312 of the acromion 303 which is formed into the
curved surface.

[0157] For example, in FIG. 19 and FIG. 20, the posi-
tions which come in contact with the first cutting surface
47 are different from each other in the lower surface 312
of the acromion 303, and hence a contact angle of the
first abrading surface 47 with the lower surface 312 of
the acromion 303 varies. In the present embodiment, the
first curved extending section 42 and the second curved
extending section 45 are formed as described above,
and hence even when the contact angle of the first cutting
surface 47 with the lower surface 312 of the acromion
303 changes, it is possible to appropriately bring the first
cutting surface 47 into contact with the lower surface 312
of the acromion 303. For example, in each of FIG. 19 and
FIG. 20, the first cutting surface 47 appropriately comes
in contact with the lower surface 312 of the acromion
303. That is, at any position of the lower surface 312 of
the acromion 303 (i.e., even when the contact angle of
the first cutting surface 47 with the lower surface 312 of
the acromion 303 is any angle), the first cutting surface
47 can appropriately be brought into contact with the low-
er surface 312 of the acromion 303.

[0158] Furthermore, in the present embodiment, the
first cutting surface 47 is provided on the second curved
outer surface 56 of the curved extending section 40, and
on the second curved outer surface 56 (a region of an
outer peripheral surface of the curved extending section
40 which faces the second intersecting direction side),
the acute angle 64 of the tangent line at the distal end
relative to the longitudinal axis direction is 10° or more
and 30° or less (preferably 20° or more and 25° or less).
By setting the acute angle 64 to be 10° or more and 30°
or less (especially 20° or more and 25° or less), the first
cutting surface 47 has ashape corresponding to the lower
surface 312 of the acromion 303, and at any position of
the lower surface 312 of the acromion 303, the first cutting
surface 47 can further easily and appropriately be
brought into contact with the lower surface 312 of the
acromion 303.

[0159] Furthermore, inthe firstcutting surface 47, each
of the inclined grooves (the first inclined grooves) 66A to
66E intersects the corresponding second inclined groove
(corresponding one of the grooves 67A to 67E), and the
crosshatch structure is formed. The crosshatch structure
is formed on the first cutting surface 47, and hence by
longitudinally vibrating the second curved extending sec-
tion 45 by the ultrasonic vibration in a state where the
first cutting surface 47 is in contact with the bone, the
bone (the bone spur) is appropriately cut. That is, it is
possible to appropriately cut the hard bone. Furthermore,
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in the present embodiment, the acute angle 66 of each
of the inclined grooves (the first inclined grooves) 66A to
66E relative to the extending direction of the ultrasonic
probe 8 (i.e., a vibrating direction by the longitudinal vi-
bration) and the acute angle 87 of each of the inclined
grooves (the second inclined grooves) 67A to 67E rela-
tive to the extending direction of the ultrasonic probe 8
(i.e., the vibrating direction by the longitudinal vibration)
are 45° or more and 65° or less. Thus, each of the acute
angles 66 and 07 is in the above-mentioned range, so
that cutting properties of the bone improve in a case
where the lower surface 312 of the acromion 303 is cut
with the first cutting surface 47 by use of the ultrasonic
vibration.

[0160] In the present embodiment, the bone may be
cut by bringing the second cutting surface 48 or the third
cutting surface 49 into contact with the lower surface 312
of the acromion 303. Furthermore, in a case where the
first cutting surface 47 is brought into contact with the
lower surface 312 of the acromion 303 to cut the bone
(the bone spur), the bone is cut by the second cutting
surface 48 and the third cutting surface 49 in the vicinity
of an area to be cut by the first cutting surface 47. Thus,
the bone is cut by the cutting surface 48 or 49, thereby
preventing only the area cut by the first cutting surface
47 from being concaved and preventing a stepped area
from being formed on the lower surface 312 of the ac-
romion 303.

[0161] Furthermore, the extending grooves 63A to 63E
of the second cutting surface 48 and the extending
grooves 65A to 65E of the third cutting surface 49 extend
substantially perpendicularly (along the thickness direc-
tion of the curved extending section 40) to the extending
direction of the ultrasonic probe 8 (i.e., the vibrating di-
rection by the longitudinal vibration). The extending
grooves (the first extending grooves) 63A to 63E extend
substantially perpendicularly to the vibrating direction by
the longitudinal vibration, and hence the cutting proper-
ties of the bone improve in a case where the bone is cut
with the second cutting surface 48 by use of the ultrasonic
vibration. Similarly, the extending grooves (the second
extending grooves) 65A to 65E extend substantially per-
pendicularly to the vibrating direction by the longitudinal
vibration, and hence the cutting properties of the bone
improve in a case where the bone is cut with the third
cutting surface 49 by use of the ultrasonic vibration.
[0162] Furthermore, each of the extending grooves
(the first extending grooves) 63A to 63E and each of the
extending grooves (the second extending grooves) 65A
to 65E match in a position of an intersecting portion of
the corresponding inclined groove (corresponding one
of the grooves 66A to 66E) and the corresponding in-
clined groove (corresponding one of the grooves 67A to
67E) in the longitudinal axis direction. The extending
grooves 63A to 63E and 65A to 65E and the inclined
grooves 66A to 66E and 67A to 67E are arranged as
described above, so that when the bone is cut with the
cutting surfaces 47 to 49, the bone is evenly and uniformly
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cut and the cutting properties further improve.

[0163] Furthermore, in the present embodiment, the
distal end of the first narrowed outer surface 51 (the first
narrowing end position E10) is positioned on the proximal
side with respect to the distal end of the second narrowed
outer surface 52 (the second narrowing end position
E11), and the extending dimension L19 of the first axis
parallel outer surface 61 is larger than the extending di-
mension L20 of the second axis parallel outer surface
62. Consequently, in a case where the first cutting surface
47 moves to a position to be contactable with the lower
surface 312 of the acromion 303, the region of the outer
surface which faces the first intersecting direction side
(the back-surface-side region) in the curved extending
section40, the tapered section 41 and the relay extending
section 43 is hard to come in contact with a biological
tissue or the like other than a treated target (the lower
surface of the acromion 303). Therefore, the first cutting
surface 47 is easily movable to the position at which the
surface can come in contact with the lower surface 312
of the acromion 303.

[0164] Furthermore, in the present embodiment, in the
state where the vibrating body unit 20 longitudinally vi-
brates in the established frequency range, the tapered
section 41 is positioned on the distal side with respect to
the most distal side vibration node N3, and an amplitude
V of the longitudinal vibration is enlarged in the tapered
section 41. For example, the longitudinal vibration in
which the amplitude at the vibration antinode is 80 pm
is enlarged to the longitudinal vibration in which the am-
plitude at the vibration antinode is 140 wm or more and
150 wm or less by the tapered section 41. Furthermore,
stress o due to the ultrasonic vibration increases at the
vibration node and in a portion in which a sectional area
perpendicular to a transmitting direction of the ultrasonic
vibration decreases, and the stress becomes zero at the
vibration antinode. Therefore, in the present embodi-
ment, the stress o increases between the vibration node
N3 and the distal end (E13) of the tapered section 41
(see FIG. 7).

[0165] Here, in the present embodiment, the dimen-
sion of the tapered section 41 from the proximal end (E9)
to the distal end (E13) in the longitudinal axis direction
is larger than the 1/8 wavelength (A/8) in the state where
the vibrating body unit 20 longitudinally vibrates in the
established frequency range. Further, in the tapered sec-
tion 41, the first narrowing dimension L12 between the
proximal end (E9) and the first narrowing end position
E10 in the longitudinal axis direction is also larger than
the 1/8 wavelength in the state where the vibrating body
unit 20 longitudinally vibrates in the established frequen-
cy range. The dimension of the tapered section 41 from
the proximal end (E9) to the distal end (E13) in the lon-
gitudinal axis direction increases, so that the stress ¢ due
to the ultrasonic vibration is kept to be substantially con-
stant along the total length between the vibration node
N3 and the distal end (E13) of the tapered section 41.
Thatis, between the vibration node N3 and the distal end
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(E13) of the tapered section 41, the stress is effectively
prevented from locally increasing (i.e., generation of a
peak is prevented). For example, in the certain example,
even when the longitudinal vibration in which the ampli-
tude at the vibration antinode increases (e.g., 80 um) is
transmitted to the proximal end (E9) of the tapered sec-
tion 41, the stress o is kept to be substantially uniform at
about 300 MPa between the vibration node N3 and the
distal end (E13) of the tapered section 41 in the state
where the vibrating body unit 20 longitudinally vibrates
in the established frequency range (e.g., 46 kHz or more
and 48 kHz or less). That is, in the present embodiment,
the stress is prevented from locally increasing to about
700 MPa (e.g., at the distal end (E13) of the tapered
section 41) between the vibration node N3 and the distal
end (E13) of the tapered section 41. The stress o is pre-
vented from locally increasing, and hence breakage of
the ultrasonic probe 8 due to the ultrasonic vibration can
effectively be prevented.

[0166] Furthermore, in the present embodiment, the
cross section gravity center in the cross section perpen-
dicular to the longitudinal axis C shifts from the longitu-
dinal axis C toward the second intersecting direction side
in the tapered section 41 and the relay extending section
43. Especially, between the first narrowing end position
E10 and the first curve start position (the curve proximal
end) E14, there increases the shift of the cross section
gravity center relative to the longitudinal axis C on the
second intersecting direction side. Consequently, in the
present embodiment, shift of the center of gravity onto
the first intersecting direction side which is caused by the
curve of the curved extending section 40 relative to the
longitudinal axis direction is canceled by the shift of the
center of gravity onto the second intersecting direction
side which is caused by the tapered section 41 and the
relay extending section 43. Consequently, in the state
where the ultrasonic vibration of the ultrasonic probe 8
is transmitted toward the distal side, it is possible to de-
crease generation of irregular vibration (transverse vi-
bration or torsional vibration) except the longitudinal vi-
bration.

[0167] In the present embodiment, in the projection
from the first width direction (one side of the width direc-
tion), the portion between the first curved outer surface
55 and the distal surface 46 is formed into the curved
surface of the corner radius R3. Furthermore, in the pro-
jection from the first width direction, the portion between
the second curved outer surface 56 and the distal surface
46 is formed into the curved surface of the corner radius
R4. Further, inthe projection from the second intersecting
direction (one side of the intersecting direction), each of
the portion between the third curved outer surface 57 and
the distal surface 46 and the portion between the fourth
curved outer surface 58 and the distal surface 46 is
formed into the curved surface of the corner radius R5.
Consequently, on the distal surface 46 of the ultrasonic
probe 8, there decreases a ratio of the surface (the outer
surface) perpendicular to the extending direction of the
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ultrasonic probe 8 (i.e., the vibrating direction of the lon-
gitudinal vibration). The ratio of the surface perpendicular
to the vibrating direction of the longitudinal vibration de-
creases, so that even when the ultrasonic probe 8 longi-
tudinally vibrates in the state where the second curved
extending section 45 is immersed into the liquid (physi-
ological saline), generation of cavitation in the vicinity of
the distal surface 46 is decreased. Due to the decrease
of the generation of the cavitation, visibility of an operator
in a treatment improves.

[0168] Furthermore, in the projecting portion (the ex-
posed portion) of the ultrasonic probe 8 from the distal
end of the sheath 7, in the cross section perpendicular
to the extending direction, there is formed into the curved
surface of the corner radius R6 in each of the portion
between the region of the outer surface which faces the
firstintersecting direction side and the region of the outer
surface which faces the first width direction side and the
portion between the region of the outer surface which
faces the first intersecting direction side and the region
of the outer surface which faces the second width direc-
tion side. Further, in the projecting portion (the exposed
portion) of the ultrasonic probe 8 from the distal end of
the sheath 7, in the cross section perpendicular to the
extending direction, there is formed into the curved sur-
face of the corner radius R7 in each of the portion be-
tween the region of the outer surface which faces the
second intersecting direction side and the region of the
outer surface which faces the first width direction side
and the portion between the region of the outer surface
which faces the second intersecting direction side and
the region of the outer surface which faces the second
width direction side. Consequently, on the outer periph-
eral surface of the tapered section 41, the relay extending
section 43 and the curve extending section 40, any edges
are not formed. Therefore, even when the projecting por-
tion (the exposed portion) of the ultrasonic probe 8 from
the distal end of the sheath 7 comes in contact with the
biological tissue or the like other than the treated target,
it is possible to effectively prevent damages on the bio-
logical tissue.

(Fourth Embodiment)

[0169] Next, afourthembodiment of the presentinven-
tion will be described with reference to FIG. 21 to FIG.
24. In the fourth embodiment, the constitution of the third
embodiment is modified as follows. It is to be noted that
the same components as in the third embodiment are
denoted with the same reference signs to omit their de-
scriptions.

[0170] Also in the presentembodiment, similarly to the
third embodiment, an ultrasonic probe 8 includes a probe
main body section 31, a tapered section 41 and a curved
extending section 40 (a first curved extending section 42
and a second curved extending section 45). Further, the
probe main body section 31 includes a horn portion 35,
a horn portion 36, a sectional area increasing portion 37
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and a supported portion 38 in the same manner as in the
first embodiment. In a certain example, it is preferable
that a total length L1 of the ultrasonic probe 8 is 183.4
mm. Furthermore, in the certain example, it is preferable
that a longitudinal dimension L2 from a distal end of the
ultrasonic probe 8 to an abutment surface 33 (a proximal
end of the probe main body section 31) in a longitudinal
axis direction is 177.5 mm.

[0171] Furthermore, in the certain example of the
present embodiment, it is preferable that a longitudinal
dimension L3 from the abutment surface 33 to a proximal
end (a vibration input end) E1 of the horn portion 35 in
the longitudinal axis direction is 29 mm. Furthermore, it
is preferable that a horn longitudinal dimension (a first
horn longitudinal dimension) L4 of the horn portion (a first
horn portion) 35 from the proximal end (the vibration input
end) E1 to a distal end (a vibration output end) E2 in the
longitudinal axis direction is 20 mm. Also in the present
embodiment, in the horn portion 35, an outer diameter
of the probe main body section 31 decreases from an
outer diameter D1 to an outer diameter D2 toward a distal
side. In the certain example, it is preferable that the outer
diameter D1 is 7 mm. Further, it is preferable that the
outer diameter D2 is 3.8 mm.

[0172] Furthermore, in the certain example of the
present embodiment, it is preferable that a longitudinal
dimension L5 from the abutment surface 33 to a proximal
end (a vibration input end) E3 of the horn portion 36 in
the longitudinal axis direction is 88.1 mm. Further, it is
preferable that a horn longitudinal dimension (a second
horn longitudinal dimension) L6 of the horn portion (a
second horn portion) 36 from the proximal end (the vi-
bration input end) E3 to a distal end (a vibration output
end) E4 in the longitudinal axis direction is 14 mm. Also
in the present embodiment, in the horn portion 36, the
outer diameter of the probe main body section 31 de-
creases from the outer diameter D2 to an outer diameter
D3 toward the distal side. In the certain example, it is
preferable that the outer diameter D3 is 2.7 mm.

[0173] In the certain example of the present embodi-
ment, it is preferable that a longitudinal dimension L7
from the abutment surface 33 to a distal end (a vibration
output end) E6 of the sectional area increasing portion
37 in the longitudinal axis direction is 116.7 mm. Further-
more, there decreases an extending dimension L8 of the
sectional area increasing portion 37 from a proximal end
(a vibration input end) ES5 to the distal end (the vibration
output end) E6 in the longitudinal axis direction. Also in
the present embodiment, in the sectional area increasing
portion 37, the outer diameter of the probe main body
section 31 increases from the outer diameter D3 to an
outer diameter D4 toward the distal side. In the certain
example, the outer diameter D4 is about the same as the
outer diameter D2 at the proximal end E3 of the horn
portion 36.

[0174] In the certain example of the present embodi-
ment, it is preferable that a longitudinal dimension L9
from the distal end E6 of the sectional area increasing
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portion 37 to a proximal end E7 of the supported portion
38 in the longitudinal axis direction is 24.1 mm. Further-
more, in the supported portion 38, it is preferable that an
extending dimension L10 from the proximal end E7 to a
distal end E8 in the longitudinal axis direction is 3 mm.
Further, in the supported portion 38, an outer diameter
decreases from the outer diameter D4 to an outer diam-
eter D5 in a proximal portion, and an outer diameter in-
creases from the outer diameter D5 to an outer diameter
D6 in a distal portion. In the certain example, the outer
diameter D5 is slightly (about 0.4 mm) smaller than the
outer diameter D4. Further, it is preferable that the outer
diameter D6 is about the same as the outer diameter D4
and is 3.8 mm.

[0175] Furthermore, in a state where a vibrating body
unit 20 longitudinally vibrates in an established frequency
range (46 kHz or more and 48 kHz or less), a vibration
node N1 is positioned at the proximal end E1 of the horn
portion 35 or in the vicinity of the proximal end E1, and
a vibration node N2 is positioned at the proximal end E3
of the horn portion 36 or in the vicinity of the proximal
end E3. Furthermore, in the state where the vibrating
body unit 20 longitudinally vibrates in the predetermined
frequency range, a vibration antinode A3 is positioned in
the sectional area increasing portion 37, and a vibration
antinode (a most distal vibration antinode) A2 is posi-
tioned at the distal end of the ultrasonic probe 8. Further,
in the state where the vibrating body unit 20 longitudinally
vibrates in the established frequency range, a vibration
node (a most distal vibration node) N3 that is one of vi-
bration nodes of the longitudinal vibration is positioned
in the supported portion 38. According to the above-men-
tioned constitution, also in the certain example of the
present embodiment, in a case where the longitudinal
vibration in which an amplitude at the vibration antinode
is 18 um is transmitted to the proximal end (the abutment
surface 33) of the probe main body section 31, the lon-
gitudinal vibration in which the amplitude at the vibration
antinode is 80 pm occurs at a distal end E9 of the probe
main body section 31.

[0176] FIG. 21 and FIG. 22 are views showing a con-
stitution of a distal portion of the ultrasonic probe 8. FIG.
21 is a view of the ultrasonic probe 8 seen from a first
width direction side, and FIG. 22 is a view of the ultrasonic
probe 8 seen from a second intersecting direction side.
Itis to be noted thatin FIG. 21, arange shown by a broken
line S1 and a broken line S2 projects from a distal end
of a sheath 7 toward the distal side.

[0177] As shown in FIG. 21 and FIG. 22, also in the
presentembodiment, the distal end E9 of the probe main
body section 31 is positioned on the distal side with re-
spect to the distal end E8 of the supported portion 38.
Further, in the certain example, a distance between the
distal end E8 of the supported portion 38 and the distal
end of the probe main body section 31 in the longitudinal
axis direction is about 1.2 mm. Furthermore, the distal
end E9 of the probe main body section 31 is continuous
with a proximal end of the tapered section 41. In the cer-

10

15

20

25

30

35

40

45

50

55

29

tain example of the present embodiment, it is preferable
that a longitudinal dimension L11 from the distal end of
the ultrasonic probe 8 to the proximal end (E9) of the
tapered section 41 in the longitudinal axis direction is
32.5mm

[0178] Also in the present embodiment, the tapered
section 41 includes a first narrowed outer surface 51 fac-
ing a first intersecting direction side, and in the tapered
section 41, a distance (a first distance) 5 from a longitu-
dinal axis C to the first narrowed outer surface 51 in a
firstintersecting direction decreases from a proximal side
toward the distal side between the proximal end (E9) and
a first narrowing end position (a first distance decreasing
end position) E10 in the longitudinal axis direction. In the
certain example, it is preferable that a first narrowing di-
mension L12 of the tapered section 41 between the prox-
imal end (E9) and the first constricting end position E10
in the longitudinal axis direction is 18 mm. Furthermore,
also in the present embodiment, the tapered section 41
includes a second narrowed outer surface 52 facing the
second intersecting direction side. In the tapered section
41, adistance (a second distance) &’ from the longitudinal
axis C to the second narrowed outer surface 52 in a sec-
ond intersecting direction decreases from the proximal
side toward the distal side between the proximal end (E9)
and a second narrowing end position (a second distance
decreasing end position) E11 in the longitudinal axis di-
rection. As compared with the second narrowing end po-
sition E11 (a distal end of the second constricted outer
surface 52), the first narrowing end position E10 (a distal
end of the first constricted outer surface 51) is positioned
on a proximal side. In the certain example, itis preferable
that a second narrowing dimension L13 between the
proximal end (E9) of the tapered section 41 and the sec-
ond narrowing end position E11 in the longitudinal axis
direction is 21 mm. Due to the above-mentioned consti-
tution, also in the tapered section 41 of the present em-
bodiment, a thickness (a dimension) T of the ultrasonic
probe 8 in the first intersecting direction and the second
intersecting direction decreases toward the distal side
between the proximal end (a thickness decreasing start
position) of the tapered section 41 and the second nar-
rowing end position (a thickness decreasing end position)
E11 in the longitudinal axis direction. Furthermore, also
in the present embodiment, in projection from afirst width
direction (one side of a width direction), a first narrowing
angle a1 that is a narrowing angle (an acute angle) of
the first narrowed outer surface 51 relative to the longi-
tudinal axis direction is larger than a second narrowing
angle a2 that is a narrowing angle (an acute angle) of
the second narrowed outer surface 52 relative to the lon-
gitudinal axis direction, and the first constricting angle is
different from the second constricting angle o.2.

[0179] Also in the present embodiment, the tapered
section 41 includes a third narrowed outer surface 53
facing the first width direction, and a fourth narrowed out-
er surface 54 facing a second width direction. Further, in
the tapered section 41, a width (a dimension) W of the



57 EP 3 243 462 A1 58

ultrasonic probe 8 in the first width direction and the sec-
ond width direction decreases toward the distal side, be-
tween a width decreasing start position E12 and a width
decreasing end position E13 in the longitudinal axis di-
rection. Further, the width decreasing end position E13
becomes a distal end of each of the third narrowed outer
surface 53 and the fourth narrowed outer surface 54, and
becomes a distal end of the tapered section 41. In the
certain example, itis preferable that a longitudinal dimen-
sion L14 from the distal end of the ultrasonic probe 8 to
the width decreasing start position E12 in the longitudinal
axis direction is 32 mm. Further, the width decreasing
start position E12 is positioned on the distal side with
respect to the proximal end (E9) of the tapered section
41 slightly (by about 0.5 mm). Furthermore, in the certain
example, it is preferable that a longitudinal dimension
L15 from the distal end of the ultrasonic probe 8 to the
width decreasing end position E13 in the longitudinal axis
direction is 9 mm. Further, the width decreasing end po-
sition E13 is positioned on the distal side with respect to
the second narrowing end position E11 by about 2 mm.
[0180] A distance (a first distance) 61 from the longi-
tudinal axis C to the first narrowed outer surface 51 (an
outer peripheral surface of the ultrasonic probe 8) toward
the first intersecting direction at the first narrowing end
position E10 is smaller than a value of 1/2 of the outer
diameter D6 at the distal end E9 of the probe main body
section 31, and in the certain example, the distance 61
is 0.45 mm or more and 0.5 mm or less. Furthermore, a
thickness T1 of the ultrasonic probe 8 in the first inter-
secting direction and the second intersecting direction at
the second narrowing end position E11 is smaller than
the outer diameter D6 at the distal end E9 of the probe
main body section 31, and in the certain example, it is
preferable that the thickness T1 is 1.7 mm. Further, at
the width decreasing end position E13, a width W1 of the
ultrasonic probe 8 in the first width direction and the sec-
ond width direction is smaller than the outer diameter D6
of the probe main body section 31 at the distal end E9,
and in the certain example, it is preferable that the width
W1 is 2.8 mm.

[0181] The tapered section 41 is constituted as de-
scribed above, and hence in the tapered section 41, a
sectional area perpendicular to the longitudinal axis C
decreases toward the distal side. Further, in the state
where the vibrating body unit 20 longitudinally vibrates
in the established frequency range (e.g., 46 kHz or more
and 48 kHz or less), the vibration node (the most distal
vibration node) N3 is positioned in the vicinity of the prox-
imal end (E9) of the tapered section 41, and each of the
vibration antinodes of the longitudinal vibration is posi-
tioned away from the tapered section 41 in the longitu-
dinal axis direction. Consequently, in the tapered section
41inwhich the sectional area decreases toward the distal
side, the amplitude of the longitudinal vibration (ultrason-
ic vibration) is enlarged. In the certain example, in a case
where the longitudinal vibration in which the amplitude
at the vibration antinode is 80 um is transmitted to the
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proximal end (E9) of the tapered section 41, the longitu-
dinal vibration of an amplitude of 140 wm to 150 pm oc-
curs at the distal end of the probe.

[0182] Furthermore, also in the present embodiment,
the 1/8 wavelength (1/8) in the state where the vibrating
body unit 20 longitudinally vibrates in the established fre-
quency range is small as compared with a dimension
from the proximal end (E9) to the distal end (E13) of the
tapered section 41 in the longitudinal axis direction. Fur-
thermore, in the tapered section 41, the first narrowing
dimension L12 between the proximal end (E9) and the
first narrowing end position E10 in the longitudinal axis
direction is larger than the 1/8 wavelength in the state
where the vibrating body unit 20 longitudinally vibrates
at 46 kHz or more and 48 kHz or less (the predetermined
frequency range). Itis to be noted that the first narrowing
end position E10 is positioned most proximally among
the positions (e.g., E10, E11 and E13) at each of which
the narrowing ends on the outer peripheral surface (the
narrowed outer surfaces 51 to 54) of the tapered section
41.

[0183] Alsoin the present embodiment, the curved ex-
tending section 40 including the first curved extending
section 42 and the second curved extending section 45
extends in a state of curving relative to the probe main
body section 31 (i.e., the longitudinal axis C) toward the
first intersecting direction side. Further, the curved ex-
tending section 40 includes a first curved outer surface
55 facing the first intersecting direction side (the side to-
ward which the curved extending section 40 curves), and
in projection from the first width direction (one side of the
width direction), a region of the first curved outer surface
55 located on the distal side with respect to a first curve
start position E14 curves relative to the longitudinal axis
direction (the probe main body section 31) toward the
first intersecting direction side. Furthermore, the curved
extending section 40 includes a second curved outer sur-
face 56 facing the second intersecting direction side (a
side opposite to the side on which the curved extending
section 40 curves), and in the projection from the first
width direction, a region of the second curved outer sur-
face 56 located on the distal side with respectto a second
curve start position E15 curves relative to the longitudinal
axis direction toward the first intersecting direction side.
That is, the first curved outer surface 55 starts curving
relative to the longitudinal axis C in the first intersecting
direction side at the first curve start position E14, and the
second curved outer surface 56 starts curving relative to
the longitudinal axis C in the first intersecting direction
side at the second curve start position E15. Furthermore,
also in the present embodiment, the curved extending
section 40 includes a third curved outer surface 57 fading
the first width direction side, and a fourth curved outer
surface 58 directed on the second width direction side.

[0184] In the present embodiment, the first curve start
position E14 is positioned on the distal side with respect
to the second curve start position E15. Therefore, the
curved extending section 40 extends from the second
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curve start position E15 which is a proximal end (a curve
proximal end) toward the distal side. The ultrasonic probe
8 has a longitudinal dimension L16 from the distal end
to the first curve start position E14 in the longitudinal axis
direction. The longitudinal dimension L16 is smaller than
the longitudinal dimension L15 from the distal end of the
ultrasonic probe 8 to the width decreasing end position
E13 in the longitudinal axis direction. Consequently, the
first curve start position E14 is positioned on the distal
side with respect to the width decreasing end position
E13. In the certain example, the longitudinal dimension
L16 is 8.5 mm.

[0185] Furthermore, in the present embodiment, the
second curve start position (the curve proximal end) E15
is positioned on the proximal side with respect to the first
curve start position E14, and positioned on the proximal
side with respect to the width decreasing end position
E13. Therefore, in the present embodiment, the proximal
end (E15) of the curved extending section 40 is posi-
tioned on the proximal side with respect to the distal end
(E13) of the tapered section 41. Consequently, in the
present embodiment, a part of the tapered section 41 is
formed by a part of the curved extending section 40 (the
first curved extending section 42). Here, in the certain
example, a dimension between the second curve start
position (the curve proximal end) E15 and the width de-
creasing end position E13 in the longitudinal axis direc-
tion is about 1 mm, and a dimension between the width
decreasing end position E13 and the first curve start po-
sition E14 in the longitudinal axis direction is about 0.5
mm.

[0186] Also inthe present embodiment, a first axis par-
allel outer surface 61 facing the first intersecting direction
is continuous between the first narrowed outer surface
51 and the first curved outer surface 55 in the longitudinal
axis direction. The first axis parallel outer surface 61 ex-
tends in parallel (substantially parallel) with the longitu-
dinal axis C between the first narrowing end position E10
and the first curve start position E14. Further, the first
axis parallel outer surface 61 has an extending dimension
(a first extending dimension) L19 in the longitudinal axis
direction. On the first axis parallel outer surface 61, the
distance & from the longitudinal axis C toward the first
intersecting direction is kept to be substantially constant
at the distance 81 from the first narrowing end position
E10 to the first curve start position E14. Furthermore,
also in the present embodiment, a second axis parallel
outer surface 62 facing the second intersecting direction
is continuous between the second narrowed outer sur-
face 52 and the second curved outer surface 56 in the
longitudinal axis direction. The second axis parallel outer
surface 62 extends in parallel (substantially parallel) with
the longitudinal axis C between the second narrowing
end position E11 and the second curve start position E15.
Further, the second axis parallel outer surface 62 has an
extending dimension (a second extending dimension)
L20 in the longitudinal axis direction. The extending di-
mension L19 of the first axis parallel outer surface 61 is
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larger than the extending dimension L20 of the second
axis parallel outer surface 62. On the second axis parallel
outer surface 62, a distance &’ from the longitudinal axis
C in the second intersecting direction is kept to be sub-
stantially constant from the second constricting end po-
sition E11 to the second curve start position E15.
[0187] Due to such a constitution as described above,
the thickness T of the ultrasonic probe 8 in the first inter-
secting direction and the second intersecting direction is
kept to be substantially constant at the thickness T1 be-
tween the second narrowing end position E11 and the
second curve start position E15 in the longitudinal axis
direction. Furthermore, the width W of the ultrasonic
probe 8 (the curved extending section 40) in the first width
direction and the second width direction is kept to be
substantially constant at the width W1 between the width
decreasing end position E13 and the distal end of the
ultrasonic probe 8 in the longitudinal axis direction.
[0188] Also inthe present embodiment, in a distal por-
tion of the tapered section 41, the distance (the first dis-
tance) 61 from the longitudinal axis C to the outer periph-
eral surface of the ultrasonic probe 8 in the first intersect-
ing direction is smaller than a value of 1/2 of the thickness
T1 of the ultrasonic probe 8 in the first intersecting direc-
tion and the second intersecting direction. Consequently,
in a case where there is stipulated a reference plane (a
first reference plane) Y1 passing along the longitudinal
axis C and perpendicularly to the first intersecting direc-
tion and the second intersecting direction, the ultrasonic
probe 8 is nonsymmetrical about the reference plane Y1
whichis acentral plane in the tapered section 41. Further,
in the tapered section 41, a cross section gravity center
in a cross section perpendicular to the longitudinal axis
C shifts from the longitudinal axis C toward the second
intersecting direction side. Especially, between the first
narrowing end position E10 and the second curve start
position (a curve proximal end) E15, there increases the
shift of the cross section gravity center relative to the
longitudinal axis C in the second intersecting direction
side. Furthermore, in a case where there is stipulated a
reference plane (a second reference plane) Y2 passing
along the longitudinal axis C and perpendicularly to the
first width direction and the second width direction, the
ultrasonic probe 8 is substantially symmetric about the
reference plane Y2 which is a central plane in the tapered
section 41.

[0189] In projection from the first width direction (one
side of the width direction), in a region of an outer pe-
ripheral surface of the first curved extending section 42
which is directed on the first intersecting direction side,
a tangent line at the first curve start position E14 has an
acute angle 61 relative to the longitudinal axis direction.
Furthermore, in the projection from the first width direc-
tion, in a region of the outer peripheral surface of the first
curved extending section 42 which faces the second in-
tersecting direction side, a tangent line at the second
curve start position (the curve proximal end) E15 has an
acute angle 62 relative to the longitudinal axis direction.
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The acute angle 61 and the acute angle 62 are larger
than 0° and 10° or less, and in the certain example, the
acute angle 61 is 5° and the acute angle 62 is 5°.
[0190] Also in the present embodiment, the second
curved extending section 45 is continuous with the distal
side of the first curved extending section 42, and the sec-
ond curved extending section 45 extends in a state of
curving relative to the first curved extending section 42
toward the first intersecting direction side. In the projec-
tion from the first width direction (one side of the width
direction), a region of an outer peripheral surface of the
second curved extending section 45 which faces the first
intersecting direction side extends in a circular shape of
aradius R1, and a region of the outer peripheral surface
of the second curved extending section 45 which faces
the second intersecting direction side extends in a circu-
lar shape of a radius R2. Further, a center O1 of each of
the circle of the radius R1 and the circle of the radius R2
is positioned on the first intersecting direction side with
respect to the curved extending section 40 (the ultrasonic
probe 8). Consequently, also in the present embodiment,
an acute angle of the second curved extending section
45 relative to the longitudinal axis direction increases to-
ward the distal side.

[0191] In aregion of the outer peripheral surface of the
second curved extending section 45 which is directed on
the first intersecting direction side, a tangent line at a
distal end has an acute angle 63 relative to the longitu-
dinal axis direction, and in a region of the outer peripheral
surface of the second curved extending section 45 which
faces the second intersecting direction side, a tangent
line at a distal end has an acute angle 64 relative to the
longitudinal axis direction. That is, at a distal end of the
first curved outer surface 55, the curved extending sec-
tion 40 has the acute angle 03 relative to the longitudinal
axis direction. Further, at a distal end of the second
curved outer surface 56, the curved extending section
40 has the acute angle 64 relative to the longitudinal axis
direction. In the certain example, the radius R1is 15 mm
and the acute angle 63 is 15°. Furthermore, in the certain
example, the radius R2 is 16.5 mm and the acute angle
04 is 20°. Also in the present embodiment, similarly to
the first embodiment, in the second curved outer surface
56 (a region of the outer peripheral surface of the second
curved extending section 45 which faces a second per-
pendicular direction side), the acute angle 64 of the tan-
gent line at the distal end relative to the longitudinal axis
direction is 10° or more and 30° or less, and more pref-
erably 20° or more and 25° or less.

[0192] Furthermore, when a thickness direction of the
ultrasonic probe 8 is stipulated in the same manner as
in the first embodiment, in the present embodiment, the
ultrasonic probe 8 is kept to be substantially constant at
a thickness dimension T2 in the thickness direction, from
the first curve start position E14 to the distal end in the
longitudinal axis direction. Thatis, between the first curve
start position E14 and the distal end of the ultrasonic
probe 8, the thickness dimension T2 that is a distance
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between the first curved outer surface 55 and the second
curved outer surface 56 is kept to be substantially con-
stant. In the certain example, the thickness dimension
T2 is 1.5 mm. Therefore, the acute angles 61 to 64 and
the radiuses R1 and R2 are determined in a state where
the thickness dimension T2 of the ultrasonic probe 8 is
substantially constant from the first curve start position
E14 to the distal end. Furthermore, also in the present
embodiment, the region of the outer peripheral surface
of the second curved extending section 45 which faces
the first intersecting direction side has a separation dis-
tance T3 from the longitudinal axis C in the first intersect-
ing direction at the distal end. In the certain example, it
is preferable that the separation distance T3 is 1.9 mm.
[0193] Furthermore, also in the present embodiment,
in the projection from the first width direction (the one
side of the width direction), a portion between the first
curved outer surface 55 and a distal surface 46 is formed
into a curved surface of a corner radius R3. Furthermore,
in the projection from the first width direction, a portion
between the second curved outer surface 56 and the
distal surface 46 is formed into a curved surface of a
corner radius R4. In the certain example, the corner ra-
dius R3 is 0.5 mm and the corner radius R4 is 0.9 mm.
Furthermore, in projection from the second intersecting
direction (one side of the intersecting direction), each of
a portion between the third curved outer surface 57 and
the distal surface 46 and a portion between the fourth
curved outer surface 58 and the distal surface 46 is
formed into a curved surface of a corner radius R5. In
the certain example, the corner radius R5 is 1.25 mm.
[0194] FIG.23isaview ofthe second curved extending
section 45 (a distal portion of the curved extending sec-
tion 40) seen from the first width direction side. Further,
FIG. 24 is a cross-sectional view along the XXIV-XXIV
line of FIG. 23 and shows a cross section perpendicular
to an extending direction of the curved extending section
40. As shown in FIG. 21 to FIG. 24, also in the present
embodiment, the second curved extending section 45
includes cutting surfaces 47 to 49 in the same manner
as in the first embodiment. The first cutting surface 47 is
disposed in the second curved extending section 45 and
on the second curved outer surface 56. Further, in pro-
jection from each of the first width direction and the sec-
ond width direction, the first abrading surface 47 is formed
into a circular shape in which the center (O1) is positioned
on the first intersecting direction side with respect to the
curved extending section 40. Furthermore, the second
cutting surface 48 is provided on the third curved outer
surface 57, and the third cutting surface 49 is provided
on the fourth curved outer surface 58.

[0195] The second curved extending section 45 has a
thickness dimension T6 in a thickness direction of the
curved extending section 40 between the first cutting sur-
face 47 and the first curved outer surface 55, and the
thickness dimension T6 is about the same size as the
thickness dimension T2. Furthermore, the second curved
extending section 45 has a width dimension W5 in the
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first width direction and the second width direction be-
tween the second cutting surface 48 (the third curved
outer surface 57) and the third cutting surface 49 (the
fourth curved outer surface 58), and the width dimension
WS5 is about the same size as the width dimension W1.
Consequently, in a range in which the first abrading sur-
face 47 extends (the second curved extending section
45), the thickness dimension T6 (T2) between the first
cutting surface 47 and the first curved outer surface 55
in the thickness direction of the curved extending section
40 is smaller than the width dimension W5 (W1) between
the third curved outer surface 57 and the fourth curved
outer surface 58 in the first width direction and the second
width direction.

[0196] Also in the present embodiment, on the second
cutting surface 48, a plurality of (six in the present em-
bodiment) extending grooves (first extending grooves)
63A to 63F are formed, and on the third cutting surface
49, a plurality of (six in the present embodiment) extend-
ing grooves (second extending grooves) 65A to 65F are
formed. Each of the extending grooves 63A to 63F ex-
tends substantially perpendicularly to the extending di-
rection of the curved extending section 40, and extends
along the thickness direction of the curved extending sec-
tion 40 in the present embodiment. Furthermore, the ex-
tending grooves 63A to 63F are rowed in parallel in the
extending direction of the curved extending section 40.
Each of the extending grooves 63A to 63F has an acute
angle y1 between the extending groove and the extend-
ing groove (corresponding one or two of the grooves 63A
to 63F) disposed adjacent in the extending direction of
the curved extending section 40. That is, the extending
direction of each of the extending grooves 63A to 63F
shifts as much as the acute angle y1 from the extending
direction of the adjacent extending groove (correspond-
ing one or two of the grooves 63A to 63F). Furthermore,
there is stipulated the most proximal extending groove
63F positioned most proximally among the extending
grooves 63A to 63F. The extending direction of the most
proximal extending groove 63F has an obtuse angle 68
relative to the proximal side. In the certain example, the
acute angle y1 is 3° and the obtuse angle 68 is 95°. The
extending grooves (first extending grooves) 63A to 63F
extend as described above, and hence in the projection
from the first width direction, the extending grooves 63A
to 63F are extended on the second cutting surface 48
perpendicularly to the circular first cutting surface 47 in
which the center (O1) is positioned on the first intersect-
ing direction side with respect to the curved extending
section 40. Therefore, in the present embodiment, in the
projection from the first width direction, each of the ex-
tending grooves 63A to 63F forms an angle a3 between
the extending groove and the first cutting surface 47, and
the angle a3 is 90°. Further, the extending grooves 63A
to 63F intersect at the center (O1) of the circle of the first
cutting surface 47. Each of the extending grooves 63A
to 63F has a width ¢3 and a depth W3. In the certain
example, the width ¢3 is 0.5 mm and the depth W3 is
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0.35 mm.
[0197] Each of the extending grooves (the second ex-

tending grooves) 65A to 65F is substantially symmetric
with the corresponding extending groove (corresponding
one of the grooves 63A to 63F) about the reference plane
Y2 which is the central plane. Consequently, in the pro-
jection from the second width direction, the extending
grooves 65A to 65F are extended on the third cutting
surface 49 perpendicularly to the circular first cutting sur-
face 47 in which the center is positioned on the first in-
tersecting direction side with respect to the curved ex-
tending section 40. Furthermore, the acute angle y1, the
obtuse angle 68, the width ¢3 and the depth W3 are stip-
ulated in connection with the extending grooves 65A to
65F in the same manner as in the extending grooves 63A
to 63F. Furthermore, the second curved extending sec-
tion 45 has a width direction dimension W4 in the first
width direction and the second width direction from a bot-
tom position of each of the extending grooves 63A to 63F
to a bottom position of the corresponding extending
groove (corresponding one of the grooves 65A to 65F).
In the certain example, the width direction dimension W4
is 2.1 mm or more and 2.15 mm or less.

[0198] Furthermore, a plurality of (six in the present
embodiment) relay groves 71A to 71F are formed on the
first cutting surface 47. Each of the relay groves 71A to
71F extends substantially perpendicularly to the extend-
ing direction of the curved extending section 40, and the
respective grooves are extended along the width direc-
tions (the first width direction and the second width di-
rection) of the curved extending section 40 in the present
embodiment. One end of each of the relay groves 71A
to 71F is continuous with the corresponding extending
groove (corresponding one of the grooves 63A to 63F),
and the other end of each of the relay groves 71A to 71F
is continuous with the corresponding extending groove
(corresponding one of the grooves 65A to 65F). Each of
the relay groves 71A to 71F has the same width ¢3 as in
the extending grooves 63A to 63F and 65A to 65F, and
has a depth T5. In the certain example, the depth T5 is
0.3 mm or more and 0.35 mm or less. Furthermore, a
bottom surface of each of the relay groves 71A to 71F
seen from a second cutting surface 48 side (one side of
the width direction) is formed into a circular shape of a
radius ¢3/2.

[0199] Inacross section of the second curved extend-
ing section 45 which is perpendicular to the extending
direction, there is formedinto a curved surface of a corner
radius R6 in each of a portion between the first curved
outer surface 55 (a region of the outer surface which fac-
es a first perpendicular direction side) and the second
cutting surface 48 and a portion between the first curved
outer surface 55 and the third cutting surface 49. Fur-
thermore, in the cross section of the second curved ex-
tending section 45 which is perpendicular to the extend-
ing direction, each of a portion between the first cutting
surface 47 and the second cutting surface 48 and a por-
tion between the first cutting surface 47 and the third



65 EP 3 243 462 A1 66

cutting surface 49 is formed into a curved surface of a
corner radius R7. In the certain example, the corner ra-
dius R6 is 0.5 mm and the corner radius R7 is 0.9 mm.
The curved surface portion of the corner radius R6 is
formed along the range S1 of FIG. 3 in the longitudinal
axis direction, and the curved surface portion of the cor-
ner radius R7 is formed along the range S2 of FIG. 3 in
the longitudinal axis direction. That is, also in the present
embodiment, the curved surface portion of the corner
radius R6 and the curved surface portion of the corner
radius R7 extend from the distal end of the ultrasonic
probe to the tapered section 41 in the longitudinal axis
direction, and the curved surface portion of the corner
radius R6 and the curved surface portion of the corner
radius R7 are formed in a projecting portion (an exposed
portion) of the ultrasonic probe 8 from the distal end of
the sheath 7.

[0200] Also in the present embodiment, in the cross
section of the second curved extending section 45 which
is perpendicular to the extending direction, there is
formed into a curved surface of a corner radius R8 in
each of a portion between each of the relay groves 71A
to 71F and the corresponding extending groove (corre-
sponding one of the grooves 63A to 63F) and a portion
between each of the relay groves 71A to 71F and the
corresponding extending groove (corresponding one of
the grooves 65A to 65F). In the certain example, the cor-
ner radius R8 is 0.55 mm.

[0201] Due to such a constitution as described above,
also in the present embodiment, a function and an effect
similar to those of the third embodiment are produced.
[0202] Furthermore, in the present embodiment, the
relay groves 71A to 71F extend substantially perpendic-
ularly to the extending direction of the curved extending
section 40 (i.e., a vibrating direction by longitudinal vi-
bration). The relay groves 71A to 71F extend substan-
tially perpendicularly to the vibrating direction by the lon-
gitudinal vibration, and hence when a bone is cut with
the first cutting surface 47 by use of the ultrasonic vibra-
tion, cutting properties of the bone improve.

[0203] Furthermore, each of the relay groves 71A to
71F is continuous with the corresponding extending
groove (corresponding one of the grooves 63A to 63F)
and the corresponding extending groove (corresponding
one of the grooves 65A to 65F). Consequently, when the
bone is cut with the cutting surfaces 47 to 49, the bone
is evenly and uniformly cut, and the cutting properties
further improve.

[0204] Furthermore, the extending grooves (the first
extending grooves) 63A to 63F are extended perpendic-
ularly to the circular first cutting surface 47 on the second
cutting surface 48, and the extending grooves (the sec-
ond extending grooves) 65A to 65F are extended per-
pendicularly to the circular first cutting surface 47 on the
third cutting surface 49. Consequently, when the bone is
cut with the second cutting surface 48 or the third cutting
surface 49, the cutting properties of the bone improve.
[0205] Furthermore, in the present embodiment, there
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is formed into the curved surface of the corner radius R8
in each of the portion between each of the relay groves
71Ato 71F and the corresponding extending groove (cor-
responding one of the grooves 63A to 63F) and the por-
tion between each of the relay groves 71A to 71F and
the corresponding extending groove (corresponding one
of the grooves 65A to 65F). Consequently, the bone is
effectively prevented from being left uncut between each
of the relay groves 71A to 71F and the corresponding
extending groove (corresponding one of the grooves 63A
to 63F) and between each of the relay groves 71A to 71F
and the corresponding extending groove (corresponding
one of the grooves 65A to 65F).

[0206] Furthermore, in the present embodiment, the
first curve start position E14 of the first curved outer sur-
face 55 is positioned on the distal side with respect to
the second curve start position E15 of the second curved
outer surface 56. Consequently, when the first cutting
surface 47 moves to a position to be contactable with a
lower surface 312 of an acromion 303, a region of the
outer surface which faces the first intersecting direction
side (the back-surface-side region) is further hard to
come in contact with a biological tissue or the like other
than a treated target (the lower surface of the acromion
303) in the curved extending section 40 and the tapered
section 41. Therefore, thefirst cutting surface 47 is further
easily moved to the position to be contactable with the
lower surface 312 of the acromion 303.

(Modification)

[0207] In the above-mentioned embodiments or the
like, an ultrasonic probe (8) includes a probe main body
section (31) which is extended along a longitudinal axis
(C), and which is configured to vibrate in an established
frequency range in a state where an ultrasonic vibration
is transmitted from a proximal side toward a distal side;
and a tapered section (101; 41) which is provided on the
distal side with respect to the probe main body section
(31), and in which a sectional area perpendicular to the
longitudinal axis (C) decreases from the proximal side
toward the distal side, the tapered section being config-
ured to vibrate together with the probe main body section
(31) in the established frequency range in a state where
the ultrasonic vibration is transmitted from the probe main
body section (31). In the state where the probe main body
section (31) and the tapered section (101; 41) vibrate in
the established frequency range, a most distal vibration
node (N3) positioned most distally among the vibration
nodes is positioned on the proximal side with respect to
a proximal end (E9) of the tapered section (101; 41), and
a 1/8 wavelength (1/8) of the vibration is smaller than a
taper dimension from the proximalend (E9) of the tapered
section (101;41) to a distal end (S5; E13) of the tapered
section (101; 41) in a longitudinal axis direction.

[0208] Although the embodiments, etc. of the present
invention have been described above, the presentinven-
tion is not limited to the above-described embodiments,
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etc., and, needless to say, various modifications can be
made without departing from the spirit of the invention.

Claims

1.

An ultrasonic probe comprising:

a probe main body section which is extended
along a longitudinal axis, and which is config-
ured to vibrate in an established frequency
range in a state where an ultrasonic vibration is
transmitted from a proximal side toward a distal
side; and

atapered section which is provided on the distal
side with respect to the probe main body section,
and in which a sectional area perpendicular to
the longitudinal axis decreases from the proxi-
mal side toward the distal side, the tapered sec-
tion being configured to vibrate together with the
probe main body section in the established fre-
quency range in a state where the ultrasonic vi-
bration is transmitted from the probe main body
section,

wherein in the state where the probe main body
section and the tapered section vibrate in the
established frequency range, a most distal vi-
bration node positioned most distally among vi-
bration nodes is positioned on the proximal side
with respect to a proximal end of the tapered
section, and a 1/8 wavelength of the vibration is
smaller than a taper dimension from the proxi-
mal end of the tapered section to a distal end of
the tapered section in a longitudinal axis direc-
tion.

2. The ultrasonic probe of claim 1, further comprising:

a curved extending section which is provided on
the distal side with respect to the tapered sec-
tion, and which is extended in a state of curving
relative to the probe main body section and the
tapered section toward a first intersecting direc-
tion side in a case where a certain direction in-
tersecting the longitudinal axis is defined as the
first intersecting direction, the curved extending
section being configured to vibrate together with
the probe main body section and the tapered
section in the established frequency range in a
state where the ultrasonic vibration is transmit-
ted from the probe main body section through
the tapered section.

The ultrasonic probe of claim 2,

wherein the curved extending section is always dis-
posed in a projection plane of the probe main body
section in projection from the proximal side in the
longitudinal axis direction, and
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the curved extending section bends relative to the
probe main body section toward the first intersecting
direction side in a state where a central axis forms
an acute angle of 5° or more and 8° or less relative
to the longitudinal axis direction.

The ultrasonic probe of claim 2,

wherein the curved extending section includes a first
curved outer surface facing the first intersecting di-
rection side, and a second curved outer surface fac-
ing a second intersecting direction side that is a side
opposite to the first intersecting direction,

the second curved outer surface includes a project-
ing portion that projects toward the second intersect-
ing direction side, and

the projecting portion includes a cutting surface that
forms a projecting end of the projecting portion and
that is configured to cut a treated target.

The ultrasonic probe of claim 4,
wherein the second curved outer surface includes:

an extending surface that is provided on the
proximal side with respect to the projecting por-
tion, and that is extended in a state of bending
relative to the probe main body section and the
tapered section toward the first intersecting di-
rection side; and

a concave surface that is continuous between
the extending surface and the cutting surface in
the longitudinal axis direction, and that is con-
caved toward the first intersecting direction side
relative to the extending surface and the cutting
surface, and

the projecting end of the projecting portion is posi-
tioned on an extension line along which the extend-
ing surface is extended toward the distal side or po-
sitioned on the first intersecting direction side with
respect to the extension line of the extending sur-
face.

The ultrasonic probe of claim 4,

wherein the projecting end of the projecting portion
is positioned on the first intersecting direction side
with respect to a longitudinal axis of the probe main
body section.

The ultrasonic probe of claim 4,

wherein the cutting surface is extended from the pro-
jecting end of the projecting portion toward the distal
side, and ilts relative to the longitudinal axis direction
in a state where the cutting surface extends toward
the first intersecting direction side as it extends to-
ward the distal side.

The ultrasonic probe of claim 7,
wherein the second curved outer surface includes
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an extending surface that is continuous with the dis-
tal side of the cutting surface, and that bends relative
to the cutting surface toward the first intersecting di-
rection side in a state where an acute angle relative
to the longitudinal axis direction is larger than that of
the cutting surface, and

a dimension of the cutting surface in the longitudinal
axis direction is 25% or more of a dimension from
the projecting end of the projecting portion to a distal
end of the extending surface in the longitudinal axis
direction.

The ultrasonic probe of claim 4,

wherein in a case where two directions which inter-
sect the longitudinal axis and are perpendicular to
the first intersecting direction and the second inter-
secting direction are defined as a first width direction
and a second width direction, the curved extending
section includes a third curved outer surface facing
a first width direction side, and a fourth curved outer
surface facing a second width direction side, and
at a position of the projecting end of the projecting
portion in the longitudinal axis direction, a thickness
dimension between the projecting end and the first
curved outer surface in a thickness direction of the
curved extending section is smaller than a width di-
mension between the third curved outer surface and
the fourth curved outer surface in the first width di-
rection and the second width direction.

The ultrasonic probe of claim 2,
wherein the curved extending section comprises:

a first curved outer surface facing the first inter-
secting direction side; and

a second curved outer surface which faces a
second intersecting direction side that is a side
opposite to the first intersecting direction, and in
which an acute angle of a tangent line at a distal
end relative to the longitudinal axis direction is
20° or more and 25° or less.

The ultrasonic probe of claim 2,
wherein the curved extending section includes:

a first curved extending section extended in a
state of curving relative to the probe main body
section toward the first intersecting direction
side; and

a second curved extending section which is con-
tinuous with the distal side of the first curved
extending section, and which is extended in a
state of curving relative to the first curved ex-
tending section toward the first intersecting di-
rection side, an acute angle relative to the lon-
gitudinal axis direction in the second curved ex-
tending section increasing toward the distal
side.
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13.

14.

15.

16.
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The ultrasonic probe of claim 11,

wherein the second curved extending section in-
cludes a cutting surface on which grooves are
formed, and which is configured to cut a treated tar-
get.

The ultrasonic probe of claim 2,
wherein the curved extending section includes:

a first curved outer surface facing the first inter-
secting direction side;

a second curved outer surface facing a second
intersecting direction side that is a side opposite
to the first intersecting direction; and

a first cutting surface that is formed of grooves
on the second curved outer surface, and which
is configured to cut a treated target.

The ultrasonic probe of claim 13,

wherein in a case where two directions which inter-
sect the longitudinal axis and are perpendicular to
the first intersecting direction and the second inter-
secting direction are defined as a first width direction
and a second width direction, in projection from each
of the first width direction and the second width di-
rection, the first cutting surface is formed into a cir-
cular shape in which a center is positioned on the
first intersecting direction side with respect to the
curved extending section.

The ultrasonic probe of claim 14,

wherein the curved extending section includes a third
curved outer surface facing a first width direction
side, and a fourth curved outer surface facing a sec-
ond width direction side,

the third curved outer surface includes a second cut-
ting surface on which grooves are formed, and which
is configured to cut the treated target, and

the fourth curved outer surface includes a third cut-
ting surface on which grooves are formed, and which
is configured to cut the treated target.

The ultrasonic probe of claim 15,

wherein the second cutting surface includes first ex-
tending grooves which are perpendicular to the cir-
cular first cutting surface in the projection from the
first width direction, and

the third cutting surface includes second extending
grooves which are perpendicular to the circular first
cutting surface in the projection from the second
width direction.

The ultrasonic probe of claim 13,

wherein in a case where two directions which inter-
sect the longitudinal axis and are perpendicular to
the first intersecting direction and the second inter-
secting direction are defined as a first width direction
and a second width direction, the curved extending
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section includes a third curved outer surface facing
a first width direction side, and a fourth curved outer
surface facing a second width direction side,

the third curved outer surface includes a second cut-
ting surface on which grooves are formed, and which
is configured to cut the treated target, and

the fourth curved outer surface includes a third cut-
ting surface on which grooves are formed, and which
is configured to cut the treated target.

The ultrasonic probe of claim 17,

wherein the second cutting surface and the third cut-
ting surface are different from the first cutting surface
in extending pattern of the grooves.

The ultrasonic probe of claim 18,

wherein the first cutting surface includes firstinclined
grooves which incline relative to the longitudinal axis
direction in projection from a first cutting surface side,
and second inclined grooves which incline toward a
side opposite to the first inclined grooves relative to
the longitudinal axis direction in the projection from
the first cutting surface side and which intersect the
first inclined grooves so as to form a crosshatch
structure,

the second cutting surface includes first extending
grooves extended along a thickness direction of the
curved extending section, and

the third cutting surface includes second extending
grooves extended along the thickness direction of
the curved extending section.

The ultrasonic probe of claim 19,

wherein the first extending groove and the second
extending groove matchin a position of aintersecting
portion of the first inclined groove and the second
inclined groove in the longitudinal axis direction.

The ultrasonic probe of claim 19,

wherein the first inclined grooves incline at an acute
angle of 45° or more and 65° or less relative to the
longitudinal axis direction in the projection from the
first cutting surface side, and

the second inclined grooves incline atan acute angle
of 45° or more and 65° or less relative to the longi-
tudinal axis direction toward a side opposite to the
first inclined grooves in the projection from the first
cutting surface side.

The ultrasonic probe of claim 17,

wherein the second cutting surface includes first ex-
tending grooves extended along a thickness direc-
tion of the curved extending section,

the third cutting surface includes second extending
grooves extended along the thickness direction of
the curved extending section, and

the first cutting surface includes relay grooves in
each of which one end is continuous with the first
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extending groove and the other end is continuous
with the second extending groove.

The ultrasonic probe of claim 13,

wherein in a case where two directions which inter-
sect the longitudinal axis and are perpendicular to
the first intersecting direction and the second inter-
secting direction are defined as a first width direction
and a second width direction, the curved extending
section includes a third curved outer surface facing
a first width direction side, and a fourth curved outer
surface facing a second width direction side, and
in a range in which the first cutting surface extends,
a thickness dimension between the first cutting sur-
face and the first curved outer surface in a thickness
direction of the curved extending section is smaller
than a width dimension between the third curved out-
er surface and the fourth curved outer surface in the
first width direction and the second width direction.

The ultrasonic probe of claim 2,

wherein the curved extending section includes a first
curved outer surface facing the first intersecting di-
rection side, and a second curved outer surface fac-
ing a second intersecting direction side that is a side
opposite to the first intersecting direction, and

a first curve start position at which the first curved
outer surface starts curving relative to the longitudi-
nal axis toward the first intersecting direction side is
positioned on the distal side with respect to a second
curve start position at which the second curved outer
surface starts curving relative to the longitudinal axis
toward the first intersecting direction side.

The ultrasonic probe of claim 2,

wherein the curved extending section includes a first
curved outer surface facing the first intersecting di-
rection side, and a second curved outer surface fac-
ing a second intersecting direction side that is a side
opposite to the first intersecting direction,

the tapered section includes:

a first narrowed outer surface which faces the
first intersecting direction side, and on which a
first distance from the longitudinal axis in the first
intersecting direction decreases from the prox-
imal side toward the distal side; and

a second narrowed outer surface which faces
the second intersecting direction side, and on
which a second distance from the longitudinal
axis in the second intersecting direction de-
creases from the proximal side toward the distal
side,

the ultrasonic probe further comprising:

a first axis parallel outer surface that faces the
first intersecting direction side, and that is con-
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tinuous between the first narrowed outer surface
and the first curved outer surface in the longitu-
dinal axis direction, the first axis parallel outer
surface being extended in parallel with the lon-
gitudinal axis; and

a second axis parallel outer surface that faces
the second intersecting direction side, and that
is continuous between the second narrowed
outer surface and the second curved outer sur-
face inthe longitudinal axis direction, the second
axis parallel outer surface being extended in par-
allel with the longitudinal axis.

The ultrasonic probe of claim 25,

wherein a first extending dimension of the first axis
parallel outer surface in the longitudinal axis direction
is larger than a second extending dimension of the
second axis parallel outer surface in the longitudinal
axis direction.

The ultrasonic probe of claim 25,

wherein a first narrowing angle of the first narrowed
outer surface relative to the longitudinal axis direc-
tion is the same as a second narrowing angle of the
second narrowed outer surface relative to the longi-
tudinal axis direction.

The ultrasonic probe of claim 25,

wherein a first narrowing angle of the first narrowed
outer surface relative to the longitudinal axis direc-
tion is larger than a second narrowing angle of the
second narrowed outer surface relative to the longi-
tudinal axis direction.

The ultrasonic probe of claim 25,

wherein a distal end of the first narrowed outer sur-
face is positioned on the proximal side with respect
to a distal end of the second narrowed outer surface.
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