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MEDICAL DEVICE AND MEDICAL DEVICE
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation Application of
PCT Application No. PCT/JP2016/051536, filed Jan. 20,
2016, the entire contents of all of which are incorporated
herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a medical device
and a medical device system for treating body tissue with
energy of ultrasonic vibration, etc.

2. Description of the Related Art

[0003] There is an ultrasonic treatment apparatus that uses
ultrasonic waves to perform treatment such as incising,
excising, and coagulating body tissue, as disclosed in Patent
Literature 1. The ultrasonic treatment apparatus includes an
ultrasonic probe to which ultrasonic vibration is transmitted,
and a jaw that opens and closes relative to the ultrasonic
probe. An asymmetrical portion is formed in the ultrasonic
probe, so that the ultrasonic probe is shaped to include an
arc-shaped bend portion. The ultrasonic treatment apparatus
can perform incision, etc., of the body tissue by transmitting
ultrasonic vibration to the ultrasonic probe while grasping
the body tissue between the ultrasonic probe and the jaw.

CITATION LIST

Patent Literature

[0004] Patent Literature 1: Jpn. PCT National Publication
No. 2008-264565

BRIEF SUMMARY OF THE INVENTION

[0005] A medical device to which ultrasonic vibration for
resonating a vibration transmission member is transmitted
from a transducer that generates the ultrasonic vibration, the
medical device comprising: the vibration transmission mem-
ber comprising a distal end portion, a proximal end portion
provided closer to the transducer, and an intermediate por-
tion provided between the distal end portion and the proxi-
mal end portion; a first cross-sectional area reduction por-
tion, which is provided to the distal end portion, and makes
a cross-sectional area of the distal end portion concerning a
plane intersecting with a central axis of the vibration trans-
mission member smaller than a cross-sectional area of the
intermediate portion concerning a plane intersecting with the
central axis; and a second cross-sectional area reduction
portion, at which a node position of the ultrasonic vibration
nearest to the distal end portion is located while the vibration
transmission member is resonating, and which is provided
opposite to the first cross-sectional area reduction portion
with respect to the central axis, the second cross-sectional
area reduction portion making a cross-sectional area con-
cerning a plane intersecting with the central axis of a half
portion of the vibration transmission member located oppo-
site to the first cross-sectional area reduction portion smaller
than a cross-sectional area concerning a plane intersecting
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with the central axis of a half portion of the vibration
transmission member located closer to the first cross-sec-
tional area reduction portion.

BRIEF DESCRIPTION OF THE DRAWING(S)

[0006] FIG. 1 is a schematic diagram showing an overall
configuration of a medical device according to a first
embodiment.

[0007] FIG. 2 is a perspective view showing a jaw and a
distal end portion of a vibration transmission member of a
handpiece of the medical device shown in FIG. 1.

[0008] FIG. 3 is a cross-sectional view of a vibrator unit
of the medical device shown in FIG. 1.

[0009] FIG. 4 is an enlarged perspective view of a distal
end portion and an intermediate portion of a probe of the
medical device shown in FIG. 1.

[0010] FIG. 5 is a plan view of the distal end portion and
the intermediate portion of the probe shown in FIG. 4, which
are viewed from a treatment face side.

[0011] FIG. 6 is a side view of the distal end portion, the
intermediate portion, and a proximal end portion of the
probe shown in FIG. 4, which are viewed from a bending
direction side of a bend portion.

[0012] FIG. 7 is a cross-sectional view of the probe shown
in FIG. 6 taken along line F7-F7.

DETAILED DESCRIPTION

First Embodiment

[0013] An embodiment of an energy treatment apparatus
of the present invention will be described with reference to
FIGS. 110 7.

[0014] As illustrated in FIGS. 1 and 3, an energy treatment
apparatus 11 (medical device system) includes: a handpiece
(medical device); a power source unit 13; a cable 14 that
connects the handpiece 12 and the power source unit 13; and
a vibrator unit 16 (transducer) that supplies ultrasonic vibra-
tion (ultrasonic energy) for resonating a probe 15 of the
handpiece 12.

[0015] The vibrator unit 16 includes a case 17 that is
detachable from the housing 21 of the handpiece 12 (medi-
cal device), and a vibration generator 18 that is stored in the
case 17. Also, the medical device system disclosed by the
present embodiment includes, for example, the handpiece 12
and the vibrator unit 16 (transducer). In the present embodi-
ment, one of two directions parallel to the central axis C
(longitudinal axis) of the probe 15 is referred to as a distal
direction C1, and a direction opposite to the distal direction
C1 is referred to as a proximal direction C2.

[0016] As illustrated in FIGS. 1 to 3, and 6, the handpiece
(medical device) includes: the housing 21 forming a part of
an outer shell; a grip portion 22 protruding in a rod shape
from the housing 21; a movable handle 23 attached to the
housing 21 so as to be rotatable with respect to the grip
portion 22; the probe 15 (vibration transmission member)
having a rod shape and connected (fixed) to the vibration
generator 18; a cylindrical sheath 24 attached to the housing
21 so as to cover a periphery of the probe 15; a knob 25 fixed
to the sheath 24; a jaw 26 provided to be rotatable with
respect to the probe 15 and the sheath 24; a cylindrical
movable pipe 27 that is provided inside the sheath 24 and is
advanced and retreated when the jaw 26 is opened and
closed; a first button 31 and a second button 32 that are
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provided to the housing 21 and switch on and off the
ultrasonic vibration output from the vibration generator 18;
and an annular seal member 33 (elastic member) interposed
between the probe 15 and the movable pipe 27. The seal
member 33 is made of, for example, a rubber material. A
sheath-shaped section 34 is formed of the sheath 24 and the
movable pipe 27.

[0017] As illustrated in FIG. 1, the power source unit 13
includes an ultrasonic current supply section 35 (ultrasonic
energy supply section) and a controller 36 that controls the
ultrasonic current supply section 35. The controller 36 can
control power supply from the ultrasonic current supply
section 35. When the first button 31 or the second button 32
is pushed by a doctor, the controller 36 supplies power
(alternating-current power) from the ultrasonic current sup-
ply section 35 to the vibration generator 18. The first button
31 located on the probe 15 side, for example, outputs
ultrasonic energy with reduced amplitude of ultrasonic
vibration, to handle a seal-mode treatment (function) to
coagulate body tissue and stanch blood. The second button
32 located on the movable handle side, for example, outputs
ultrasonic energy with increased amplitude of ultrasonic
vibration, to mainly handle a cut-mode treatment (function)
to incise body tissue.

[0018] In the present embodiment, ultrasonic energy is
used for the treatment; however, treatment energy is not
limited to only ultrasonic energy. As the treatment energy,
high-frequency current energy or thermal energy may be
used in combination with ultrasonic energy. Namely, treat-
ment energy combining ultrasonic energy and high-fre-
quency current energy may be applied to body tissue from
the probe 15, and treatment energy combining ultrasonic
energy and thermal energy may be applied to body tissue
from the probe 15.

[0019] The movable handle 23 is attached to be movable
(rotatable) relative to the housing 21. By bringing the
movable handle 23 closer to or away from the grip portion
22, the doctor advances and retreats the movable pipe 27
inside the sheath 24, thereby allowing the jaw 26 to be
opened and closed.

[0020] The sheath 24 is formed in a cylindrical shape by
a metallic material, etc., and protects the probe 15 located
thereinside. The proximal direction C2 side of the sheath is
attached to the housing 21 to be rotatable with respect to the
housing 21. The knob 25 is fixed to the sheath 24, and is
attached to be rotatable with respect to the housing 21. By
rotating the knob 25 with respect to the housing 21, the
sheath 24, the probe 15, an ultrasonic vibrator 41, and the
jaw 26 can be integrally rotated about the longitudinal axis
C (central axis).

[0021] The jaw 26 is supported by a support pin 42
provided to a distal end portion of the sheath 24. The jaw 26
is rotatable about the support pin 42 between a contact
position where the jaw 26 is in contact with the probe 15 or
close to the probe 15 to face the probe 15, and a spaced
position where the jaw 26 is spaced apart from the probe 15.
[0022] As shown in FIG. 3, the vibration generator 18
includes the ultrasonic vibrator 41 and a horn member 43.
The ultrasonic vibrator 41 includes a plurality of (e.g., four)
piezoelectric elements 44 for changing a current into ultra-
sonic vibration. The ultrasonic vibrator 41 is connected to
one end of an electrical wiring 45. The electrical wiring 45
extends inside the cable 14, so that the other end of the
electrical wiring 45 is connected to the ultrasonic current
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supply section 35 of the power source unit 13. When power
is supplied from the ultrasonic current supply section 35 to
the ultrasonic vibrator 41 via the electrical wiring 45,
ultrasonic vibration (vibration in the central axis C direction,
namely, longitudinal vibration) is generated in the ultrasonic
vibrator 41. The vibration generator 18 can resonate the
probe 15 by transmitting this ultrasonic vibration to the
probe 15 side as well. A frequency of the ultrasonic vibration
generated by the vibration generator 18 is, for example, 47
kHz, and is 46 kHz or more and 48 kHz or less in an
example.

[0023] As shown in FIG. 3, the ultrasonic vibrator 41 is
attached to the horn member 43. The horn member 43 is
made of a metallic material. The horn member 43 includes
an approximately cone-shaped cross-section transition por-
tion, a cross-sectional area of which decreases in the distal
direction C1 of the probe 15. The amplitude of the ultrasonic
vibration generated in the ultrasonic vibrator 41 is increased
in the cross-section transition portion.

[0024] The probe 15 (vibration transmission member) is
formed of, for example, a biocompatible metallic material
(e.g., atitanium alloy, etc.). As illustrated in FIGS. 4 to 6, the
probe 15 includes: a distal end portion 46 located on the
distal direction side; a proximal end portion 47 located on
the proximal direction side opposite to the distal end portion
46; a distal end face 48 provided at the farthest end of the
distal direction side of the distal end portion 46; an inter-
mediate portion 51 located between the distal end portion 46
and the proximal end portion 47; a treatment face 52
provided astride the distal end portion 46 and the interme-
diate portion 51; a back face 53 (opposite face) located
opposite to the treatment face 52; an inclined portion 54
(first cross-sectional area reduction portion) provided to the
distal end portion 46 and inclined with respect to the central
axis C; a groove 55 (second cross-sectional area reduction
portion) provided apart from the treatment face 52; and an
annular second groove 62 (depressed portion) provided at a
position overlapping with the groove 55. Also, as illustrated
in FIG. 7, the probe 15 includes two portions extending
along the central axis C, which is interposed between the
two portions, namely, includes a half portion 15A on the
treatment face 52 side and a half portion 15B on the back
face 53 side.

[0025] As illustrated in FIG. 5, a portion of the distal end
portion 46 and a portion of the intermediate portion 51 that
correspond to the treatment face 52 form a bend portion 56
that is bent as it is closer to the distal direction side of the
probe 15, e.g., bent leftward. The bending direction of the
bend portion 56 may be discretionarily set, and may be
suitably set according to the type of treatment. As illustrated
in FIGS. 1 and 2, a periphery of the probe 15 on the proximal
direction C2 side is supported by the housing 21. Also, as
illustrated in FIG. 3, the proximal side of the probe 15 is
fixed to the horn member 43 so as to be pressed against the
horn member 43 at a predetermined pressure via a screw 57.
The vicinity of an antinode position of ultrasonic vibration
is located at the distal end face 48 and the distal end portion
46 in a state where the probe 15 performs ultrasonic vibra-
tion resonance.

[0026] The treatment face 52 forms a portion that is flat
and is brought into contact with body tissue at the time of
treatment. The treatment face 52 is provided opposite to the
inclined portion 54 (first cross-sectional area reduction por-
tion) with respect to the central axis C.
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[0027] The inclined portion 54 is provided on the back
face 53 side. The inclined portion 54 makes a cross-sectional
area of the distal end portion 46 concerning a plane inter-
secting with the central axis C of the probe 15 smaller than
a cross-sectional area of the intermediate portion 51 con-
cerning a plane intersecting with the central axis C. More
specifically, the inclined portion 54 is formed so that the
cross-sectional area of the distal end portion 46 concerning
the plane intersecting with the central axis C is gradually
decreased as the inclined portion 54 is closer to the distal end
face 48 located at the farthest end of the distal side of the
distal end portion 46. A second inclined portion 61 that is
inclined with respect to the central axis C is also provided on
the treatment face 52 side in the distal end portion 46 of the
probe 15. Therefore, the distal end portion 46 of the probe
15 has a tapered shape including the inclined portion 54 and
the second inclined portion 61 on both sides.

[0028] The groove 55 (second cross-sectional area reduc-
tion portion) is provided on the treatment face 52 side of the
proximal end portion 47, but is provided apart from the
treatment face 52 (i.e., closer to the proximal direction C2
side than the treatment face 52) as viewed in the central axis
C direction. A node position N of the aforementioned
ultrasonic vibration nearest to the distal end portion 46 is
located at the groove 55 in a state where the probe 15
performs ultrasonic vibration resonance. The groove 55 is
provided opposite to the inclined portion 54 (first cross-
sectional area reduction portion) with respect to the central
axis C. More specifically, the groove 55 is provided opposite
to the inclined portion 54 at an angle of approximately 180
degrees around the central axis C (e.g., at a position at an
angle of 175 degrees or 185 degrees in relation to the
inclined portion 54 around the central axis C). If a plane P
passing along the central axis C and including the entire
bend portion 56 (or a plane P approximately parallel to the
bending direction of the bend portion 56) is considered, as
shown in FIG. 5, the groove 55 (second cross-sectional area
reduction portion) is provided opposite to the inclined
portion 54 with respect to the plane P, as shown in FIG. 6.

[0029] As illustrated in FIG. 6, the groove 55 (second
cross-sectional area reduction portion) has an irregular
cross-sectional shape (e.g., a polygonal shape such as tri-
angle or quadrilateral, a semicircular shape, a semioval
shape, a parabolic shape, a curved surface shape. etc.,
excluding a perfect circular shape), when cut along a plane
passing along the central axis C. The groove 55 more
preferably has an approximately semicircular cross-sec-
tional shape when cut along a plane passing along the central
axis C. As illustrated in FIG. 7, the groove 55 makes a
cross-sectional area 15AA concerning a plane intersecting
with the central axis C of the half portion 15A of the probe
15 located opposite to the inclined portion 54 smaller than
a cross-sectional area 15BA concerning a plane intersecting
with the central axis C of the half portion 15B of the probe
15 located on the inclined portion 54 side. As illustrated in
FIGS. 4 and 6, the groove 55 extends in a direction inter-
secting with the central axis C (more specifically, an
orthogonal direction), but is actually provided at a position
(twist position) apart from the central axis C at a predeter-
mined distance without intersecting with the central axis C.
The groove 55 is formed by, for example, cutting processing
using a milling machine, but may also be formed by other
processing methods. The groove 55 includes a bottom
portion 55A. A distance A from the bottom portion 55A to
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the central axis C is larger than a distance B from the
treatment face 52 to the central axis C. The groove 55 has a
shape different from that of the inclined portion 54, and can
be said to have a shape asymmetrical to that of the inclined
portion 54 with respect to the central axis C.

[0030] The second groove 62 (depressed portion) is pro-
vided at a position overlapping with the groove 55 (second
cross-sectional area reduction portion). Therefore, the
groove 55 (first groove) is provided to be further dented
from the second groove 62. The second groove 62 is
provided to be dented in an annular shape with respect to the
probe 15. A part of the annular seal member 33 is disposed
inside the second groove 62. Therefore, the groove 55 is
covered with the seal member 33.

[0031] Next, an action performed with the energy treat-
ment apparatus 11 of the present embodiment will be
described. For example, a doctor can hold the handpiece 12
of the energy treatment apparatus 11 with the right hand (or
with the left hand, if desired). By pulling the movable handle
23 toward the grip portion 22 side with the middle finger, the
ring finger, and the little finger of the right hand (or the left
hand), the doctor can rotate the jaw 26 and bring the jaw 26
into contact with the treatment face 52 of the probe 15 or
make the jaw 26 face the treatment face 52 of the probe 15
with a slight gap therebetween. When the body tissue is
present between the jaw 26 and the treatment face 52, the
body tissue can be held between the treatment face 52 and
the jaw 26 like forceps. By returning the movable handle 23
to its original position, the jaw 26 is spaced from the
treatment face 52, so that the body tissue can be released.
Furthermore, when the doctor pushes the first button 31 or
the second button 32 with the forefinger of the right hand (or
the left hand), the controller 36 controls the ultrasonic
current supply section 35 and turns on the output of the
ultrasonic vibration from the ultrasonic vibrator 41, so that
the ultrasonic vibration can be applied to the body tissue
from the probe 15. By releasing the push of the first button
31 or the second button 32, the doctor can turn off the output
of the ultrasonic vibration from the ultrasonic vibrator 41.
[0032] An operation of the energy treatment apparatus 11
of the present embodiment will be described. First, the
impedance of the ultrasonic vibration was measured for an
example (comparative example) in which the groove 55
(second cross-sectional area reduction portion) was not
provided to the probe 15. A probe of the comparative
example (not shown in the drawings) was connected to the
vibrator unit 16 (transducer) to drive the vibrator unit 16,
and the probe 15 and the vibrator unit 16 were subjected to
ultrasonic vibration (were resonated) at, for example, 47
kHz. When the impedance of the ultrasonic vibration that
can be considered as resistance (vibration loss) for main-
taining the resonance of the ultrasonic vibration was mea-
sured in this state, the impedance was 275Q.

[0033] Next, in place of the probe of the comparative
example, the probe 15 of the present embodiment was
connected to the vibrator unit 16 (transducer). When the
vibrator unit 16 was driven, and the probe 15 and the
vibrator unit 16 were subjected to ultrasonic vibration (were
resonated) at, for example, 47 kHz in this state, the imped-
ance of the ultrasonic vibration decreased to 148€2. There-
fore, the energy treatment apparatus 11 of the present
embodiment allowed decrease of the impedance of the
ultrasonic vibration by about 46%, as compared to the
comparative example.
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[0034] According to the first embodiment, the medical
device is a medical device to which ultrasonic vibration is
transmitted from a transducer that generates the ultrasonic
vibration for resonating a vibration transmission member.
The medical device includes: the vibration transmission
member, which includes the distal end portion 46, the
proximal end portion 47 provided on the transducer side, and
the intermediate portion 51 provided between the distal end
portion 46 and the proximal end portion 47; the first cross-
sectional area reduction portion, which is provided to the
distal end portion 46, and makes a cross-sectional area of the
distal end portion 46 concerning a plane intersecting with
the central axis C of the vibration transmission member
smaller than a cross-sectional area of the intermediate por-
tion 51 concerning a plane intersecting with the central axis
C; and the second cross-sectional area reduction portion, at
which the node position N of the ultrasonic vibration nearest
to the distal end portion is located while the vibration
transmission member is resonating, and which is provided
opposite to the first cross-sectional area reduction portion
with respect to the central axis C, the second cross-sectional
area reduction portion making a cross-sectional area con-
cerning a plane intersecting with the central axis of the half
portion 15A of the vibration transmission member located
opposite to the first cross-sectional area reduction portion
smaller than a cross-sectional area concerning a plane inter-
secting with the central axis C of the half portion 15B of the
vibration transmission member located on the first cross-
sectional area reduction portion side.

[0035] With the above-described medical device, it is
possible to, for example, incise, excise, and coagulate the
body tissue using the longitudinal vibration that causes the
vibration transmission member to vibrate in a direction
along the central axis C. According to the above configu-
ration, an abnormal vibration other than the originally-
planned longitudinal vibration (a flexural vibration gener-
ated in a direction intersecting with the central axis C, a
torsional vibration generated in a torsional direction around
the central axis C, a harmonic (second harmonic, third
harmonic, etc.) having a frequency that is an integral mul-
tiple of the resonant frequency, etc.) is generated in the
vibration transmission member by the first cross-sectional
area reduction portion. However, by providing the second
cross-sectional area reduction portion, it is possible to gen-
erate an abnormal vibration (in particular, an abnormal
vibration of a flexural vibration generated in a direction
intersecting with the central axis C) that is in an opposite
phase to the aforementioned abnormal vibration. Therefore,
the abnormal vibration generated due to the first cross-
sectional area reduction portion can be set off (canceled) by
the abnormal vibration generated by the second cross-
sectional area reduction portion. In particular, when a direc-
tion from the treatment face 52 to the back face 53 is defined
as a thickness direction, a flexural vibration in the thickness
direction generated due to the first cross-sectional area
reduction portion is set off by the abnormal vibration gen-
erated due to the second cross-sectional area reduction
portion. In this case, it is understood that because stress is
higher in the vicinity of the node position N of the ultrasonic
vibration than in another part (e.g., antinode position),
providing the second cross-sectional area reduction portion
in this position can achieve an especially high cancellation
effect.
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[0036] Thereby, it is possible to reduce the impedance of
the ultrasonic vibration, which is a measure of vibration loss,
and it is also possible to ensure the stability of the ultrasonic
vibration and improve the efficiency of the ultrasonic vibra-
tion. Therefore, it is possible to save power of the medical
device, and also possible to reduce an amount of heat
generated by vibration loss. In addition, it is possible to
reduce repeated bending (flexure) generated in the vibration
transmission member by abnormal vibration, and possible to
extend the life of the medical device. Furthermore, it is
possible to reduce an amount of bubbles generated due to
abnormal vibration when the vibration transmission member
is used in a liquid.

[0037] The second cross-sectional area reduction portion
is provided opposite to the first cross-sectional area reduc-
tion portion at an angle of 180 degrees around the central
axis C. According to this configuration, it is possible, by the
second cross-sectional area reduction portion, to most effi-
ciently generate the opposite-phase abnormal vibration for
setting off the abnormal vibration generated due to the first
cross-sectional area reduction portion, and also possible to
save power of the medical device, reduce an amount of heat
generated, extend the life, and reduce an amount of bubbles
generated.

[0038] The second cross-sectional area reduction portion
forms the groove 55 that extends in a direction intersecting
with the central axis C. According to this configuration, it is
possible to simplify the shape of the second cross-sectional
area reduction portion. Thereby, it is possible to reduce the
costs of processing the vibration transmission member, and
also possible to minimize the reduction of the stiffness of the
vibration transmission member.

[0039] The vibration transmission member includes the
treatment face 52 provided opposite to the first cross-
sectional area reduction portion with respect to the central
axis, and a distance from the bottom portion 55A of the
groove 55 formed by the second cross-sectional area reduc-
tion portion to the central axis C is larger than a distance
from the treatment face 52 to the central axis C. According
to this configuration, it is possible to reduce the depth of the
groove 55, and to minimize the decrease of the stiffness
occurring in the vibration transmission member.

[0040] The medical device includes the cylindrical sheath
24 that covers the vibration transmission member, and the
annular elastic member interposed between the sheath 24
and the vibration transmission member. The annular
depressed portion is provided to the vibration transmission
member at a position overlapping with the second cross-
sectional area reduction portion, and the elastic member is
located inside the depressed portion. According to this
configuration, it is possible to dispose the second cross-
sectional area reduction portion in an area covered with the
elastic member. Therefore, it is possible to easily maintain
the vibration transmission member in a clean state without
allowing a piece of the body tissue, etc., to be accumulated
in the second cross-sectional area reduction portion.
[0041] The vibration transmission member includes the
bend portion 56 provided astride the distal end portion 46
and the intermediate portion 51; and the second cross-
sectional area reduction portion is provided opposite to the
first cross-sectional area reduction portion with respect to
the plane P including the central axis C and the entire bend
portion 56 (plane P passing along the central axis C and
being approximately parallel to the bending direction of the
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bend portion 56). According to this configuration, it is
possible to provide the second cross-sectional area reduction
portion opposite to the first cross-sectional area reduction
portion with respect to the plane P, and therefore possible to
set off the abnormal vibration generated due to the first
cross-sectional area reduction portion by using the second
cross-sectional area reduction portion located opposite to the
first cross-sectional area reduction portion.

[0042] The medical device includes the jaw 26 that faces
the treatment face 52 and can be opened and closed relative
to the treatment face 52. According to this configuration, it
is possible to cause the vibration transmission member to
perform ultrasonic vibration (resonate) while the body tissue
is held between the jaw 26 and the vibration transmission
member, and also possible to realize a favorable operation
process without allowing the body tissue to be shifted during
treatment.

[0043] The second cross-sectional area reduction portion
is provided closer to the proximal direction C2 side than the
treatment face 52. According to this configuration, it is
possible to form the second cross-sectional area reduction
portion apart from the treatment face 52, and possible to
provide the treatment face 52 having a flat shape even if the
second cross-sectional area reduction portion is provided.
Thereby, it is possible to uniform the pressure applied to the
body tissue when the vibration transmission member is
brought into contact with the body tissue. Thereby, it is
possible to uniform the performance of coagulating the body
tissue and the performance of incising the body tissue on the
treatment face 52,

[0044] A medical device system includes the medical
device and the transducer described above. According to this
configuration, the ultrasonic vibration generated in the trans-
ducer can be efficiently resonated on the medical device
side, therefore saving power of the medical device system,
reducing an amount of heat generated in the vibration
transmission member, extending the life of the vibration
transmission member, and reducing an amount of bubbles
generated from the vibration transmission member at the
time of the treatment.

[0045] The present invention is not limited to the above-
described embodiment, but can be modified as appropriate
in practice without departing from the gist of the invention.
A medical device according to another example of the
present application will be described below.

[0046] [1] A medical device including: a vibration trans-
mission member, which includes a distal end portion, a
proximal end portion provided closer to a transducer that
generates ultrasonic vibration, and an intermediate portion
provided between the distal end portion and the proximal
end portion;

[0047] a first cross-sectional area reduction portion, which
is provided to the distal end portion, and makes a cross-
sectional area of the distal end portion concerning a plane
intersecting with a central axis of the vibration transmission
member smaller than a cross-sectional area of the interme-
diate portion concerning a plane intersecting with the central
axis; and

[0048] a second cross-sectional area reduction portion, at
which a node position of the ultrasonic vibration nearest to
the distal end portion is located while the vibration trans-
mission member is resonating, and which is provided oppo-
site to the first cross-sectional area reduction portion with
respect to the central axis, the second cross-sectional area
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reduction portion making a cross-sectional area concerning
a plane intersecting with the central axis of a half portion of
the vibration transmission member located opposite to the
first cross-sectional area reduction portion smaller than a
cross-sectional area concerning a plane intersecting with the
central axis of a half portion of the vibration transmission
member located on the first cross-sectional area reduction
portion side.

[0049] [2] The medical device according to [1], wherein
the second cross-sectional area reduction portion forms a
groove, and has an approximately semicircular cross-section
shape when cut along a plane passing along the central axis.
[0050] [3] The medical device according to [1], wherein
the second cross-sectional area reduction portion is covered
with an elastic member.

[0051] [4] The medical device according to claim 1,
wherein the second cross-sectional area reduction portion is
provided at a position at an angle of 175 degrees or 185
degrees in relation to the first cross-sectional area reduction
portion around the central axis.

[0052] [5] The medical device according to [1], which
includes a sheath-shaped section that covers the vibration
transmission member.

[0053] [6] The medical device according to [5], wherein
the sheath-shaped section covers a portion provided with the
second cross-sectional area reduction portion.

[0054] [7] A medical device system that includes:

[0055] the medical device according to [1]; and

[0056] the transducer.

[0057] [8] An energy treatment apparatus that includes:
[0058] the medical device system according to [7]; and
[0059] a power source unit that supplies power to the
transducer.

1.-10. (canceled)

11. A vibration transmission member that resonates upon
transmission of ultrasonic vibration thereto from a trans-
ducer that generates the ultrasonic vibration, the vibration
transmission member comprising:

a distal end portion;

a proximal end portion provided closer to the transducer;

an intermediate portion provided between the distal end
portion and the proximal end portion;

a first cross-sectional area reduction portion, which is
provided to the distal end portion, and makes a cross-
sectional area of the distal end portion concerning a
plane intersecting with a central axis of the vibration
transmission member smaller than a cross-sectional
area of the intermediate portion concerning a plane
intersecting with the central axis; and

a second cross-sectional area reduction portion, at which
a node position of the ultrasonic vibration nearest to the
distal end portion is located while the vibration trans-
mission member is resonating, and which is provided
opposite to the first cross-sectional area reduction por-
tion with respect to the central axis, the second cross-
sectional area reduction portion making a cross-sec-
tional area concerning a plane intersecting with the
central axis of a half portion of the vibration transmis-
sion member located opposite to the first cross-sec-
tional area reduction portion smaller than a cross-
sectional area concerning a plane intersecting with the
central axis of a half portion of the vibration transmis-
sion member located closer to the first cross-sectional
area reduction portion.
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12. The vibration transmission member according to
claim 11, wherein the second cross-sectional area reduction
portion is provided opposite to the first cross-sectional area
reduction portion at an angle of 180 degrees around the
central axis.

13. The vibration transmission member according to
claim 11, wherein the second cross-sectional area reduction
portion forms a groove extending in a direction intersecting
with the central axis.

14. The vibration transmission member according to
claim 11, wherein the second cross-sectional area reduction
portion forms a groove, and has an irregular cross-sectional
shape when cut along a plane passing along the central axis.

15. The vibration transmission member according to
claim 11, wherein:

the vibration transmission member includes a treatment

face that is provided opposite to the first cross-sectional
area reduction portion with respect to the central axis;
and

a distance from a bottom portion of the groove formed by

the second cross-sectional area reduction portion to the
central axis is larger than a distance from the treatment
face to the central axis.

16. The vibration transmission member according to
claim 11, wherein an annular depressed portion is provided
at a position overlapping with the second cross-sectional
area reduction portion, and a part of the elastic member is
located inside the depressed portion.

17. The vibration transmission member according to
claim 11, comprising a bend portion that is provided astride
the distal end portion and the intermediate portion; and

the second cross-sectional area reduction portion is pro-

vided opposite to the first cross-sectional area reduction
portion with respect to a plane that includes the central
axis and the bend portion.

18. The vibration transmission member according to
claim 11, comprising a treatment face that is provided
opposite to the first cross-sectional area reduction portion
with respect to the central axis,

wherein the second cross-sectional area reduction portion

is provided closer to a proximal direction side than the
treatment face.

19. A medical device, comprising:

a vibration transmission member; and

a transducer that generates ultrasonic vibration for reso-

nating the vibration transmission member,

wherein the vibration transmission member comprises:

a distal end portion;

a proximal end portion provided closer to the transducer;

an intermediate portion provided between the distal end

portion and the proximal end portion;

a first cross-sectional area reduction portion, which is

provided to the distal end portion, and makes a cross-
sectional area of the distal end portion concerning a
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plane intersecting with a central axis of the vibration
transmission member smaller than a cross-sectional
area of the intermediate portion concerning a plane
intersecting with the central axis; and

a second cross-sectional area reduction portion, at which

anode position of the ultrasonic vibration nearest to the
distal end portion is located while the vibration trans-
mission member is resonating, and which is provided
opposite to the first cross-sectional area reduction por-
tion with respect to the central axis, the second cross-
sectional area reduction portion making a cross-sec-
tional area concerning a plane intersecting with the
central axis of a half portion of the vibration transmis-
sion member located opposite to the first cross-sec-
tional area reduction portion smaller than a cross-
sectional area concerning a plane intersecting with the
central axis of a half portion of the vibration transmis-
sion member located closer to the first cross-sectional
area reduction portion.

20. The medical device according to claim 19, compris-
ing:

a cylindrical sheath-shaped section that covers the vibra-

tion transmission member; and

an annular elastic member that is interposed between the

sheath-shaped section and the vibration transmission
member,

wherein an annular depressed portion is provided to the

vibration transmission member at a position overlap-
ping with the second cross-sectional area reduction
portion, and a part of the elastic member is located
inside the depressed portion.

21. The medical device according to claim 19, wherein:

the vibration transmission member comprises a treatment

face; and

the medical device comprises a jaw that faces the treat-

ment face and is openable and closable relative to the
treatment face.

22. A vibration transmission member that resonates upon
transmission of ultrasonic vibration thereto from a trans-
ducer that generates the ultrasonic vibration, wherein:

the vibration transmission member comprises, at a portion

where a node position of the ultrasonic vibration neat-
est to a distal end is located while the vibration trans-
mission member is resonating, a cross-sectional area
reduction portion that reduces a cross-sectional area of
the vibration transmission member in a plane intersect-
ing with a central axis of the vibration transmission
member;

the cross-sectional area reduction portion generates an

opposite-phase abnormal vibration for canceling an
abnormal vibration generated in the vibration transmis-
sion member.
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