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Description

[0001] The present invention relates to a surgical in-
strument, which grasps a living tissue, and coagulates
and cuts the tissue by ultrasonic vibration and high-fre-
quency current.

[0002] Each of an ultrasonicinstrument using ultrason-
ic vibration and a high-frequency instrument using a high-
frequency current is known as a surgical instrument. An
ultrasonic instrument can coagulate and cut a living tis-
sue by heating the tissue with ultrasonic vibration. A high-
frequency instrument can coagulate and cut a living tis-
sue by touching an electrified electrode to the living tis-
sue.

[0003] Surgical instruments which can treat a living tis-
sue by using both ultrasonic vibration and high-frequency
current are known by Jpn. Pat. Appin. KOKAI Publication
Nos. 2003-79633, 2004-12987 and 2004-216180. In
each of these surgical instruments, ultrasonic vibration
generated by an ultrasonic transducer provided in an op-
eration area is transmitted to a distal end portion of an
ultrasonic probe through an ultrasonic vibration transmit-
ting member, and a jaw is provided on the ultrasonic
probe to be able to open and close to the probe. The jaw
and the probe can grasp a living tissue between them.
And, by supplying a high-frequency current from an ex-
ternally provided high-frequency power supply to the ul-
trasonic probe, the tissue grasped between the ultrasonic
probe and the jaw can be coagulated and cut by the high-
frequency current.

[0004] The surgical instrument described in the Jpn.
Pat. Appin. KOKAI Publication No. 2003-79633 has a
round bar-shaped horn for generating ultrasonic vibra-
tion, and an open/close cover having an arc-shaped sec-
tion and an electrode and provided on the horn to open
and close thereto. A living tissue is grasped by the horn
and cover, and coagulated and cut by the ultrasonic vi-
bration from the horn and high-frequency current from
the electrode of the cover. However, in this conventional
surgical instrument, there is a problem that the living tis-
sue cannot be grasped (compressed) by a strong force
because the living tissue is grasped by the round bar-
shaped horn and the arc-shaped sectioned open/close
cover.

[0005] The surgical instrument described in each of
the Jpn. Pat. Appin. KOKAI Publication Nos.
2004-129870 and 2004-216180 has a round bar-shaped
horn for generating ultrasonic vibration, and a grasping
member having an electrode and provided on the horn
to open and close thereto. A living tissue is grasped by
the horn and the grasping member, and coagulated and
cut by the ultrasonic vibration from the horn and high-
frequency current from the electrode of the grasping
member. However, also in this conventional surgical in-
strument, there is a problem that the living tissue cannot
be grasped (compressed) by a strong force because the
living tissue is grasped by the round bar-shaped horn
and the grasping member.
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[0006] WO 2005/122918 A1 describes a surgical in-
strument in accordance with the preamble of claim 1 of
the present invention.

[0007] US 2005/0159745 A1 shows an arrangement
of a pair of electrodes provided at both sides of a first
gripping member in its width direction and a pair of elec-
trodes provided at both sides of a second gripping mem-
ber in its width direction so as to create a gap between
them and to prevent short-circuiting there between when
the first gripping member and the second gripping mem-
ber are closed.

[0008] Anobjectoftheinventionisto provide a surgical
instrument which can coagulate and cut a desired living
tissue by ultrasonic vibration and high-frequency current
while surely grasping the desired living tissue by strong
force, so that the cut portion of the desired living tissue
can be surely and strongly sealed and a time needed
from grasping the desired living tissue to coagulating,
cutting, and sealing thereof can be shortened.

[0009] The above object is attained by a surgical in-
strument having the features setoutin independent claim
1.

[0010] Further embodiments of the surgical instrument
are described in the dependent claims.

[0011] The surgical instrument according to the
present invention can coagulate and cut a desired living
tissue by ultrasonic vibration and high-frequency current
while surely grasping the desired living tissue by strong
force, so that the cut portion of the desired living tissue
can be surely and strongly sealed and a time needed
from grasping the desired living tissue to coagulating,
cutting, and sealing thereof can be shortened.

[0012] The invention can be more fully understood
from the following detailed description when taken in con-
junction with the accompanying drawings, in which:

FIG. 1is aside view schematically showing the whole
of a surgical instrument according to a first example;
FIG. 2 is alongitudinal sectional view of an operation
area of the surgical instrument of FIG. 1;

FIG. 3 is an enlarged sectional view of a distal end
portion of the operation area of FIG. 2;

FIG. 4 is a transverse sectional view along a line of
IV-IVin FIG. 2;

FIG. 5A is a plan view of a surgical treatment area
of the surgical instrument of FIG. 1;

FIG.5B s alongitudinal sectional view of the surgical
treatment area of FIG. 5A;

FIG. 6A is a transverse sectional view along a line
of VIA-VIA in FIG. 5B;

FIG. 6B is a transverse sectional view along a line
of VIB-VIB in FIG. 5B;

FIG. 6C is a transverse sectional view along a line
of VIC-VIC in FIG. 5B;

FIG. 7 is a transverse sectional view showing a state
that a first grasping member of FIG. 6C is combined
with a second grasping member;

FIG. 8 is a transverse sectional view showing a state
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that a living tissue is grasped by the first and second
grasping members of the surgical treatment area of
FIG. 7;

FIG. 9A is a longitudinal sectional view of a surgical
treatment area of a surgical instrument according to
a second example;

FIG. 9B is a transverse sectional view along a line
of IXB-IXB in FIG. 9A;

FIG. 10Ais a longitudinal sectional view of a surgical
treatment area of a surgical instrument according to
a third example;

FIG. 10B is a transverse sectional view along a line
of XB-XB in FIG. 10A;

FIG. 11Ais a longitudinal sectional view of a surgical
treatment area of a surgical instrument according to
a fourth example;

FIG. 11B is a transverse sectional view along a line
of XIB-XIB in FIG. 11A;

FIG. 12A is a schematic perspective view of a sur-
gical treatment area of a surgical instrument accord-
ing to a fifth example;

FIG. 12B is a transverse sectional view showing a
state that a living tissue is grasped by first and sec-
ond grasping members of the surgical treatmentarea
of FIG. 12A;

FIG. 13 is a schematic perspective view of a surgical
treatment area of a surgical instrument according to
a sixth example;

FIG. 14A is a schematic perspective view of a sur-
gical treatment area of a surgical instrument accord-
ing to a seventh example;

FIG. 14B is a transverse sectional view along a line
of XIVB-XIVB in FIG. 14A;

FIG. 15 is a schematic transverse sectional view of
a surgical treatment area of a surgical instrument
according to an eighth example;

FIG. 16 is a schematic perspective view of a surgical
treatment area of a surgical instrument according to
a ninth example;

FIG. 17 is a schematic transverse sectional view of
a surgical treatment area of a surgical instrument
according to the invention;

FIG. 18 is a schematic transverse sectional view of
a surgical treatment area of a surgical instrument
according to an example;

FIG. 19A is a schematic perspective view of a sur-
gical treatment area of an example of a surgical in-
strument different from the conventional one; and
FIG. 19B is a schematic transverse sectional view
along a line of XIXB-XIXB in FIG. 19A.

[0013] First, a surgical instrument according to a first
example will be explained with reference to FIG. 1 to FIG.
8.

[0014] As shown in FIG. 1, a surgical instrument 10
has an operation area 11, an insertion area 12 which is
attachable to and detachable from the insertion area 11,
atransducer unit 13 which is detachably inserted into the
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insertion area 12 from the proximal end portion of the
operation area 11.

[0015] The operation area 11 has an operation area
main body 14 having a cylindrical casing 14a. The prox-
imal end portion of the operation area main body 14 is
provided with a transducer unit connector 15 to which
the transducer unit 13 is connected. A fixed handle 16 is
integrally provided to the outer circumferential surface of
the casing 14a of the operation area main body 14.
[0016] A movable handle 18 is provided to the casing
14a of the operation area main body 14 with a pivot 17.
A finger insertion hole 16a is formed in the fixed handle
16, and fingers excepting the thumb of one hand of an
operator can be selectively inserted into the finger inser-
tion hole 16a. A thumb insertion hole 18a is formed in
the movable handle 18, and the thumb of the same hand
of the operator can be inserted into the thumb insertion
hole 18a. The casing 14a of the operation area main body
14 is further provided with a first electrode pin 19 and a
second electrode pin 20, both of which project from the
body and can be connected to a high-frequency power
supplying device (not shown).

[0017] An insertion sheath 22 of the insertion area 12
is detachably connected to the distal end portion of the
casing 14a of the operation area main body 14. The in-
sertion sheath 22 includes a tubular member which is
made of electrically conductive material and the outer
surface of which is covered by an insulating layer 22b,
and a holding member 22a which is provided at the distal
end portion of the tubular member. The holding member
22aholds asurgicaltreatmentarea 23. The surgical treat-
ment area 23 includes a first grasping member 25 which
is pivotally supported by a pivot pin 24 to be rotationally
movable in a direction crossing the longitudinal center
line of the insertion sheath 22.

[0018] The transducer unit 13 includes a transducer
casing 26 which can be detachably connected to the
transducer unit connecting part 15 of the operation area
main body 14. A transducer for generating ultrasonic vi-
bration is housed in the transducer casing 26. A unit con-
nector 27 is provided at the distal end portion of the trans-
ducer casing 26. A C-shaped engaging ring 28 which is
formed by cutting a part of a ring member is fit on the unit
connector 27. The transducer unit 13 further includes a
probe 29 as an ultrasonic vibration transmitting member.
A fixing screw 30 which is detachably connected to the
unit connector 27 is provided at the proximal end portion
of the probe 29. The distal end portion of the probe 29 is
configured as an ultrasonic vibrating portion 31. An elec-
tric cable 32 for generating ultrasonic vibration is extend-
ed from the proximal end of the transducer casing 26.
[0019] When the transducer casing 26 of the transduc-
er unit 13 is fit into the transducer unit connector 15 of
the operation area main body 14, the probe 29 of the
transducer unit 13 is inserted into the tubular member of
the insertion sheath 22, and the ultrasonic vibrating por-
tion 31 atthe distal end portion of the probe 29 is projected
forward from the holding member 22a of the insertion
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sheath 22. The ultrasonic vibrating portion 31 at the distal
end portion of the probe 29 projected forward from the
holding member 22a of the insertion sheath 22 cooper-
ates with the first grasping member 25 to form the surgical
treatment area 23.

[0020] Next, the internal structure of the operation area
11 will be explained with reference to FIGS. 2 to 4. FIG.
2 is alongitudinal sectional view of the operation area 11
of the surgical instrument 10 of FIG. 1. FIG. 3 is an en-
larged sectional view of the distal end portion of the op-
eration area 11 of FIG. 2. And, FIG. 4 is a transverse
sectional view along a line of IV-IV in FIG. 2.

[0021] As shown in FIG. 2, the casing 14a of the op-
eration area main body 14 is made of insulating material
such as synthetic resin, and is provided with a second
electrode mounting portion 33 on which the second elec-
trode pin 20 is mounted. The second electrode pin 20
includes an intermediate portion, a projecting portion,
and an internal connecting portion 20b. The intermediate
portion is covered by an insulating cover 34. The project-
ing portion projects from the second electrode mounting
portion 33 and is configured as an external connector
20a to which a plug (not shown) is connected. And, the
internal connecting portion 20b is buried in the second
electrode mounting portion 33 and is electrically connect-
ed to an internal ring-shaped connection terminal 35 of
the casing 14a.

[0022] A female screw 36 is provided at the proximal
end portion of the inner surface of the casing 14a, and
the connection terminal 35 and a fixing ring 37 are fixed
to the female screw 36. An electrically conductive cylin-
der 38 is provided in the inner space of the casing 14a
such that the conductive cylinder 38 is encircled with and
coaxial to the ring-shaped connection terminal 35, and
the conductive cylinder 38 is electrically connected to the
terminal 35. A ring-shaped probe holding member 39 is
provided at the inner end portion of the conductive cyl-
inder 38, and the probe holding member 39 is made of
electrically conductive and elastic material such as an
electrically conductive silicone rubber. When the probe
29 of the transducer unit 13 is inserted into the tubular
member of the insertion sheath 22 and the transducer
casing 26 of the transducer unit 13 isfitinto the transducer
unit connector 15 of the operation area main body 14,
the probe holding member 39 closely contacts the probe
29 to electrically connect the probe 29 with the second
electrode pin 20.

[0023] A cylindrical slider mounting member 40 which
is made of electrically insulating material is provided on
the outer surface of the conductive cylinder 38.

[0024] As shown in FIG. 3, a connection cylinder 41 is
detachably connected to the inner end portion of the slid-
er mounting member 40 by a connection pin 42, and a
main channel tube 42ainto which the probe 29 is inserted
is connected to the inner end portion of the connection
cylinder 41. The main channel tube 42a is inserted into
the tubular member of the insertion sheath 22. A cylin-
drical electrically conductive member 43 is provided at
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the proximal end portion of the tubular member. The con-
ductive member 43 is electrically connected to a cylin-
drical electrically conductive extending portion 44
through an electrically conductive rubber 170, and the
extending portion 44 covers the outer circumferential sur-
face of the slider mounting member 40.

[0025] The first electrode pin 19 which projects from
the casing 14a of the operation area main body 14 in-
cludes an intermediate portion 19a, an external connect-
ing portion 19b, and a proximal end portion. The inter-
mediate portion 19a is covered by an electrically insulat-
ing cover 45. The external connector 19b projects out-
ward from the casing 14a and is connected to a plug (not
shown). And, the proximal end portion has an internal
connection pin 46 buried in the casing 14a.

[0026] As shown in FIG. 4, the midpoint of a contact
plate 47 formed by bending a plate spring to substantially
C-shape is fixed to the internal connection pin 46. Con-
tacts 47a are provided on the both end portions of the
contact plate 47, and the contacts 47a are elastically in
contact with two diametrically separated portions on the
outer circumferential surface of the conductive extending
portion 44. That is, the first electrode pin 19 is electrically
connected to the conductive extending portion 44 of the
conductive member 43 through the contact plate 47, and
further electrically connected from the conductive mem-
ber 43 to the insertion sheath 22.

[0027] As shown in FIGS. 2 and 3, a slider 48 is pro-
vided on the outer circumferential surface of the slider
mounting member 40 provided in the inner space of the
casing 14a of the operation area main body 14, and the
slider 48 is slidable in the longitudinal direction of the
slider mounting member 40. The slider 48 is urged by a
spring 49 toward the proximal end portion of the inner
space of the casing 14a of the operation area main body
14. A connection pin 50 connects the slider 48 to the
movable handle 18 pivotally connected to the casing 14a
of the operation area main body 14 by the pivot 17. By
rotationally moving the movable handle 18, the slider
mounting member 40 is moved forward and backward
on the outer surface of the conductive cylinder 38,
through the connection pin 50 and slider 48. This move-
mentis transmitted to adriverod 51 inserted in the tubular
member of the insertion sheath 22, through the connec-
tion cylinder 41. That is, by moving the movable handle
18 in a direction indicated an arrow F, the drive rode 51
is moved forward in the tubular member of the insertion
sheath 22.

[0028] Next, the surgical treatment area 23 will be ex-
plained with reference to FIGS. 5A to 7. FIG. 5A is a plan
view of the surgical treatment area of the surgical instru-
ment of FIG. 1. FIG. 5B is a longitudinal sectional view
of the surgical treatment area of FIG. 5A. FIG. 6A is a
transverse sectional view along a line of VIA-VIA in FIG.
5B. FIG. 6B is a transverse sectional view along a line
of VIB-VIB in FIG. 5B. FIG. 6C is a transverse sectional
view along a line of VIC-VIC in FIG. 5B. And, FIG. 7 is a
transverse sectional view showing a state that a first
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grasping member of FIG. 6C is combined with a second
grasping member.

[0029] The first grasping member 25 which is pivotally
fixed by the pivot pin 24 to the holding member 22a pro-
vided at the distal end portion of the tubular member of
the insertion sheath 22, is curved a little to the left side
from the center of the axis of the insertion sheath 22 in
the plane view as shown in FIG. 5A, so as to easily grasp
a living tissue. The first grasping member 25 includes a
grasping member main body 25a pivotally supported by
the holding member 22a, and an ultrasonic surgical treat-
ment area member 25b located in the distal end side of
the grasping member main body 25a. A connection pin
53 is provided at the proximal end portion of the grasping
member main body 25a, and the distal end portion of the
drive rod 51 in the tubular member of the insertion sheath
22 is connected to the connection pin 53.

[0030] The distal end portion of the grasping member
main body 25a is bifurcated. The ultrasonic surgical treat-
ment area member 25b is pivotally supported in the cut-
out51a of the bifurcated distal end portion of the grasping
member main body 25a by a pivot pin 54 whose screw
portion 54a is inserted into and fixed to the bifurcated
distal end portion, and the ultrasonic surgical treatment
area member 25b is rotational in a direction crossing the
center of the insertion sheath 22. Therefore, the ultra-
sonic surgical treatment area member 25b is rotationally
movable in the same direction as the first grasping mem-
ber 25.

[0031] The ultrasonic surgical treatment area member
25b includes a pad member 55 forming a pressing por-
tion, and a pair of first electrodes 56 provided symmetri-
cally on both sides of the pad member 55. The pad mem-
ber 55 is made of a low-friction material such as PTFE
(polytetrafluoroethylene), and a square groove 57 is
formed inits surface which is used to grasp a living tissue.
A row of substantially sawtooth-like teeth 58 is formed
on the surface of each first electrode 56, which is used
to grasp the living tissue. The row of teeth 58 makes the
surface of each first electrode 56 grasp the living tissue
without slipping. The row of teeth 58 projects further out-
ward from the grasping surface of the pad member 55 in
adirection crossing the grasping surface of the pad mem-
ber 55.

[0032] The first grasping member 25 configured as de-
scribed above faces the ultrasonic vibrating portion 31
atthe distal end portion of the probe 29 projected forward
from the holding member 22a when the probe 29 of the
transducer unit 13 is inserted into the insertion sheath
22. The ultrasonic vibrating portion 31 configures a sec-
ond grasping member 59 which cooperates with the first
grasping member 25 to grasp a living tissue. The second
grasping member 59 is provided by machining the ultra-
sonic vibrating portion 31 which has conventionally a cir-
cular cross section at the distal end portion of the probe
29, intoa non-circular cross section (a generally reversed
T-shape) by a well-known machining such as forging,
cutting, and the like. Specifically, a grasping surface 61
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opposite to the square groove 57 of the pad member 55
of the ultrasonic surgical treatment area member 25b of
the first grasping member 25, and a pair of second elec-
trodes 62 opposite to the rows of teeth 58 of the pair of
first electrodes 56 of the ultrasonic surgical treatment ar-
eamember 25b are provided on the surface of the second
grasping member 59 opposite to the first grasping mem-
ber 25.

[0033] In the second grasping member 59, the pair of
second electrodes 62 is located farther from the ultra-
sonic surgical treatment area member 25b of the first
grasping member 25, than the grasping surface 61, and
makes a step to the grasping surface 61. Further, each
second electrode 62 forms a gap "g" to each row of teeth
58 of each first electrode 56 of the ultrasonic surgical
treatment area member 25b, when the grasping surface
61 contacts the bottom surface of the square groove 57
of the pad member 55 of the ultrasonic surgical treatment
area member 25b of the first grasping member 25. This
gap "g" prevents a short circuit between the first electrode
56 and second electrode 62.

[0034] That is, when the first grasping member 25 is
pivotally moved in a direction where it approaches the
second grasping member 59 (grasping operation), the
grasping surface 61 of the second grasping member 59
contacts the bottom surface of the square groove 57 of
the pad member 55 of the ultrasonic surgical treatment
area member 25b of the first grasping member 25, but
each second electrode 56 comes close to but faces each
row of teeth 58 of each first electrode 56 of the ultrasonic
surgical treatmentarea member 25b with the gap "g" ther-
ebetween.

[0035] When the first grasping member 25 is rotated
around the pivot pin 24 in a direction where it approaches
the second grasping member 59 by the operation of the
driverod 51 in the insertion sheath 22, and the first grasp-
ing member 25 is placed at a position to grasp a living
tissue in cooperation with the second grasping member
59, the bottom surface of the square groove 57 of the
first grasping member 25 and the grasping surface 61 of
the second grasping member 59 are in contact with each
other to form a cut-join face, and the rows of teeth 58 of
the pair of first electrodes 56 and the pair of second elec-
trodes 62 are faced each other and placed in parallel to
each other to form a pair of coagulate-join faces.
[0036] Since the cut-join face and the pair of coagulate-
join faces extend in a direction orthogonal to the open-
ing/closing direction of the first and second grasping
members 25 and 59, the first and second grasping mem-
bers 25 and 59 can provide a strong grasping force to a
living tissue.

[0037] Further, since the cut-join face and the pair of
coagulate-join faces are arranged to separate from each
other in the direction orthogonal to the opening/closing
direction of the first and second grasping members 25
and 59, the second grasping member 59 configured by
the ultrasonic vibrating portion 31 at the distal end portion
of the probe 29 does not project from the first grasping



9 EP 1875 875 B1 10

member 25 in both sides thereof in the direction orthog-
onal to the above opening/closing direction. Therefore,
the surgical treatment area 23 can be easily inserted into
a narrow portion in a body cavity and can perform a treat-
ment thereto.

[0038] Next, an operation of the surgical instrument 10
configured as described above will be explained.
[0039] For example, when performing a surgical treat-
ment for the purpose of sealing a blood vessel in an ab-
dominal cavity of a patient, the insertion area 12 of the
surgical instrument 10 is inserted into the abdominal cav-
ity of the patient through a trocar (not shown) inserted
into an opening formed in an abdomen of the patient.
Then, the surgical treatment area 23 at the distal end
portion of the insertion area 12 is approached a part of
the blood vessel where the surgical treatment will be per-
formed.

[0040] When the movable handle 18 is not moved in
the direction indicated by the arrow F in FIG. 2 with re-
spect to the fixed handle 16, the drive rod 51 is retracted
in the tubular member of the insertion sheath 22 by the
urging force of the spring 49 in the casing 14a of the
operation area main body 14 of the operation area 11,
and the first grasping member 25 can be placed at the
open position far from the second grasping member 59.
[0041] After placing the part of the blood vessel where
the surgical treatment will be performed between the sec-
ond grasping member 59 and the first grasping member
25 placed at the opening position, the movable handle
18 is pivotally moved in the direction indicated by the
arrow F in FIG. 2 with respect to the fixed handle 16 of
the operation area 11. At this time, the drive rod 51 con-
nected to the slider holding member 40 through the con-
nection cylinder 41 can be advanced in the tubular mem-
ber of the insertion sheath 22 against the urging force of
the spring 49 in the casing 14a of the operation area main
body 14 of the operation area 11. The advanced drive
rod 51 pivotally moves the first grasping member 25 to-
ward the second grasping member 59 around the pivot
pin 24.

[0042] As a result, as shown in FIG. 8, a living tissue
S of the part of the blood vessel where the surgical treat-
ment will be performed is grasped between the first and
second grasping members 25 and 59. That is, the tissue
S is grasped in the cut-join face between the grasping
surface 61 of the second grasping member 59 and the
bottom surface of the square groove 57 of the pad mem-
ber 55 of the ultrasonic surgical treatment area member
25b of the first grasping member 25, and is also grasped
in the coagulate-join faces between the pair of first elec-
trodes 56 on both sides of the square groove 57 of the
bad member 55 and the pair of second electrodes 62 on
both sides of the grasping surface 61 of the second grasp-
ing member 59. In this time, since each of the cut-join
face and coagulate-join faces extends in the direction
orthogonal to the grasping direction of the first and sec-
ond grasping members 25 and 59, the tissue S can be
grasped by a strong force. Moreover, the rows of teeth
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58 provided on the pair of first electrodes 56 prevents
the tissue S from slipping and escaping from the grasping
members.

[0043] When the ultrasonictransducer in the transduc-
er casing 26 of the transducer unit 13 is driven in this
state, the ultrasonic vibration generated by the ultrasonic
transducer is transmitted to the ultrasonic vibrating por-
tion 31 at the distal end portion of the probe 29 through
the probe 29, and the second grasping member 59 con-
figured by the ultrasonic vibrating portion 31 is ultrason-
ically vibrated. This ultrasonic vibration generates a fric-
tional heat in the part of the tissue S grasped between
the grasping surface 61 of the second grasping member
59 and the bottom surface of the square groove 57 of the
pad member 55 of the ultrasonic surgical treatment area
member 25b of the first grasping member 25, and this
part of the tissue S is coagulated by the frictional heat,
and cut further.

[0044] Next, a high-frequency current is applied from
anotshown high-frequency power supply to the firstelec-
trode pin 19 of the operation area 11. The high-frequency
current is led to the tubular member of the insertion
sheath 22 through the contact plate 47, conductive ex-
tending portion 44, conductive rubber 170 and conduc-
tive member 43 in the casing 14a of the operation area
main body 14 of the operation area 11, and reaches the
pair of first electrodes 56 of the ultrasonic surgical treat-
ment area member 25b of the first grasping member 25.
The high-frequency current is further led from the pair of
first electrodes 56 to the pair of second electrodes 62 of
the second grasping member 59 through the tissue S,
and returned from the ultrasonic vibrating portion 31 at
the distal end portion of the probe 29 forming the second
grasping member 59 and the probe 29, to the above-
mentioned high-frequency power supply, through the
probe holding member 39, conductive cylinder 38, con-
nection terminal 35 and second electrode pin 20 in the
casing 14a of the operation area main body 14 of the
operation area 11.

[0045] The pair of the portions of the tissue S, where
high-frequency current flows between the pair of first
electrodes 56 of the ultrasonic surgical treatment area
member 25b of the first grasping member 25 and the pair
of second electrodes 62 of the second grasping member
59, is coagulated.

[0046] Thetissue S grasped between the first grasping
member 25 and the second grasping member 59 is cut
at the portion grasped between the grasping surface 61
of the second grasping member 59 and the bottom sur-
face of the square groove 57 of the pad member 55 of
the ultrasonic surgical treatment area member 25b of the
first grasping member 25, and the pair of the portions of
the tissue S grasped between the pair of second elec-
trodes 62 of the second grasping member 59 and the
pair of first electrodes 56 of the ultrasonic surgical treat-
ment area member 25b of the first grasping member 25
is coagulated.

[0047] Since the tissue S is a part of the blood vessel
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to be surgically treated, the above-mentioned part of the
blood vessel is cut at the portion grasped between the
grasping surface 61 of the second grasping member 59
and the bottom surface of the square groove 57 of the
pad member 55 of the ultrasonic surgical treatment area
member 25b of the first grasping member 25, and is co-
agulated, thatis, sealed atthe pair of the portions grasped
between the pair of second electrodes 62 of the second
grasping member 59 and the pair of first electrodes 56
of the ultrasonic surgical treatment area member 25b of
the first grasping member 25.

[0048] When the first grasping member 25 grasps the
tissue S in cooperation with the second grasping member
59, the grasping surface 61 of the second grasping mem-
ber 59 makes a surface contact with the bottom surface
of the square groove 57 of the pad member 55 of the
ultrasonic surgical treatment area member 25b of the first
grasping member 25 and forms the cut-join face, and the
rows of teeth 58 of the pair of first electrodes 56 of the
ultrasonic surgical treatment area member 25b face the
pair of second electrodes 62 of the second grasping
member 59 in substantially parallel thereto and form the
coagulate-join face, thereby the tissue S can be grasped
by a sufficiently strong force. Therefore, the coagulation
and cutting ability can be increased by using both ultra-
sonic vibration and high-frequency current, and the sur-
gical treatment time in the surgical treatment area 23 can
be reduced.

[0049] The ultrasonic vibration and the high frequency
current be used at the same time. The ultrasonic vibration
may be preferentially used when the cutting is prior to
the coagulation, and the high-frequency current may be
preferentially used when the coagulation is prior to the
cutting.

[0050] Next, a surgical instrument according to a sec-
ond example will be explained with reference to FIGS.
9A and 9B. Inthe second example, the same components
as those of the first example described above with refer-
ence to FIG. 1 to FIG. 8 will be denoted by the same
reference numerals and detailed explanation thereof will
be omitted.

[0051] FIG. 9Ais a longitudinal sectional view of a sur-
gical treatment area of the surgical instrument according
to the second example FIG. 9B is a transverse sectional
view along a line of IXB-IXB in FIG. 9A.

[0052] In this example, in a pair of first electrodes 73
on both sides of a pad member 72 in the ultrasonic sur-
gical treatment area member 25b of a first grasping mem-
ber 71, each of a pair of surface areas to face a pair of
second electrodes 77 of a second grasping member 75
isinclined (to45°, forexample) to form aninclined surface
73a with respect to a line CL passing the center of the
pad member 72 and extending along the pivotal move-
ment direction of the first grasping member 71. A row of
substantially sawtooth-like teeth 74 is formed at the outer
end portion of the inclined surface 73a of each first elec-
trode 73 to grasp a living tissue without slipping.

[0053] Further, the second grasping member 75 is pro-
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vided by machining the ultrasonic vibrating portion 31
which has conventionally a circular cross section, at the
distalend portion of the probe 29, into a non-circular cross
section (substantially an octagonal form), by a well-
known machining such as forging, cutting and the like.
The surface of the second grasping member 75 facing
to the first grasping member 71 has a grasping surface
76 facing to the pad member 72 of the ultrasonic surgical
treatment area member 25b of the first grasping member
71, and a pair of second electrodes 77 which faces the
inclined surface 73a of the pair of first electrodes 73 of
the ultrasonic surgical treatment area member 25b and
which has inclined surfaces 77a inclined similarly to the
inclined surfaces 73a.

[0054] When the grasping surface 76 of the second
grasping member 75 contacts the facing surface of the
pad member 72 of the ultrasonic surgical treatment area
member 25b of the first grasping member 71, each in-
clined surface 77a of the pair of second electrodes 77 of
the second grasping member 75 faces each inclined sur-
face 73a of the pair of first electrodes 73 of the ultrasonic
surgical treatment area member 25b of the first grasping
member 71 with a gap "g" between them.

[0055] When the first grasping member 71 is pivotally
moved around the pivot pin 24 in the direction in which
the first grasping member 71 comes close to the second
grasping member 75, and the first grasping member 71
is placed at a position where the first grasping member
71 grasps a living tissue in cooperation with the second
grasping member 75 between them, the pad member 72
of the first grasping member 71 makes a surface contact
with the grasping surface 76 of the second grasping
member 75 and forms a cut-join face, and the inclined
surfaces 73a of the pair of first electrodes 73 face the
inclined surfaces 77a of the pair of second electrodes 77
in substantially parallel thereto and form a pair of coag-
ulate-join faces.

[0056] Since the cut-join face extends in a direction
orthogonal to the opening/closing direction of the firstand
second grasping members 71 and 75, and each coagu-
late-join face is inclined (to 45° for example) to the direc-
tion orthogonal to the above opening/closing direction,
the first and second grasping members 71 and 75 can
provide a strong grasping force for the living tissue.
[0057] Further, since the cut-join face and the pair of
coagulate-join faces are arranged to separate from each
other in the direction orthogonal to the opening/closing
direction of the first and second grasping members 71
and 75, the second grasping member 75 configured by
the ultrasonic vibrating portion 31 at the distal end portion
of the probe 29 is not projected from the first grasping
member 71 in its both sides in the direction orthogonal
to the above opening/closing direction. Therefore, the
surgical treatment area 23 can be easily inserted into a
narrow portion of an abdominal cavity and treat it.
[0058] Next, a surgical instrument according to a third
example will be explained with reference to FIGS. 10A
and 10B. In the third example, the same components as
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those of the first example described above with reference
to FIGS. 1 to 8 will be denoted by the same reference
numerals and detailed explanation thereof will be omit-
ted.

[0059] FIG. 10A is a longitudinal sectional view of a
surgical treatment area of the surgical instrument accord-
ing to a third example. FIG. 10B is a transverse sectional
view along a line of XB-XB in FIG. 10A.

[0060] In this example, a pair of first electrodes 83 in
both sides of a pad member 82 in the ultrasonic surgical
treatment area member 25b of a first grasping member
81 is projected along and in parallel to a line CL passing
the center of the pad member 82 and extending along
the moving direction of the first grasping member 81. A
row of substantially sawtooth-like teeth 84 is formed on
each projected end surface of the pair of first electrodes
83 to grasp a living tissue without slipping.

[0061] Further, a second grasping member 88 is pro-
vided by machining the ultrasonic vibrating portion 31,
which has conventionally the circular cross section, at
the distal end portion of the probe 29, into a non-circular
cross section (rectangular), by a well-known machining
such as forging, cutting, and the like. The surface of the
second grasping member 85 which faces the first grasp-
ing member 81 has a grasping surface 86 which faces a
pad member 82 of the ultrasonic surgical treatment area
member 25b of the first grasping member 81, and a pair
of second electrodes 87 which face the inside surfaces
of the pair of first electrodes 83 of the ultrasonic surgical
treatment area member 25b.

[0062] When the grasping surface 86 of the second
grasping member 85 contacts the facing surface of the
pad member 82 of the ultrasonic surgical treatment area
member 25b of the first grasping member 81, each sec-
ond electrode 87 of the second grasping member 85 fac-
es each inside surface of the pair of first electrodes 83
of the ultrasonic surgical treatment area member 25b of
the first grasping member 81 with a gap "g" therebe-
tween.

[0063] When the first grasping member 81 is pivotally
moved around the pivot pin 24 in the direction in which
the first grasping member 81 comes close to the second
grasping member 85 and placed at a position where the
first grasping member 81 grasps a living tissue in coop-
eration with the second grasping member 85, the pad
member 82 of the first grasping member 81 makes a
surface contact with the grasping surface 86 of the sec-
ond grasping member 85 and forms a cut-join face, and
the inside surfaces of the pair of first electrodes 83 face
the pair of second electrodes 87 in substantially parallel
thereto and form a pair of coagulate-join faces.

[0064] Since the cut-join face extends in the direction
orthogonal to the opening/closing direction of the firstand
second grasping members 81 and 85, and the pair of
coagulate-join faces extends in parallel to the above
opening/closing direction, the first and second grasping
members 81 and 85 can provide a strong grasping force
for a living tissue.
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[0065] Further, since the cut-join face and the pair of
coagulate-join faces are separated from each other in
the direction orthogonal to the opening/closing direction
of the first and second grasping members 81 and 85, the
second grasping member 85 configured by the ultrasonic
vibrating portion 31 at the distal end portion of the probe
29 does not project from the first grasping member 81 in
its both sides in the direction orthogonal to the above
opening/closing direction. Therefore, the surgical treat-
ment area 23 can be easily inserted into a narrow portion
in an abdominal cavity and treat it.

[0066] Next, asurgicalinstrumentaccording to a fourth
example will be explained with reference to FIGS. 11A
and 11B. In the fourth example, the same components
as those of the first example described above with refer-
ence to FIGS. 1 to 8 will be denoted by the same refer-
ence numerals and detailed explanation thereof will be
omitted.

[0067] FIG. 11A is a longitudinal sectional view of a
surgical treatment area of a surgical instrument accord-
ing to afourth example. FIG. 11B is a transverse sectional
view along a line of XIB-XIB in FIG. 11A.

[0068] In this example, only a second grasping mem-
ber 88 is different from the first example . The second
grasping member 88 is provided by machining the ultra-
sonic vibrating portion 31 which has a conventionally cir-
cular cross section, at the distal end portion of the probe
29, into a non-circular cross section (substantially a re-
versed T-shape), by a well-known machining such as
forging, cutting, and the like. The cross section of the
second grasping member 59 of the first example shown
in FIGS. 7 and 8 is also a reversed T-shape. But, the
cross section of the second grasping member 88 of the
fourth example is slightly different from that of the second
grasping member 59 of the first example . Specifically, a
portion of the second grasping member 88 of the fourth
example, which project from the midpoint of the laterally
extending surface of the second grasping member 88,
the laterally extending surface facing the first grasping
member 25, in the direction crossing the lateral direction,
and which is inserted into the square groove 57 of the
pad member 55 of the ultrasonic surgical treatment mem-
ber 25b of the first grasping member 25, is formed to
have a triangular shape having an acute angle at its pro-
jected end.

[0069] In the cross section of the facing surface of the
second grasping member 88 of the fourth example, the
above described triangular portion forms a grasping sur-
face 89, and a pair of portions extending laterally in both
sides of the grasping surface 89 forms a pair of flatsecond
electrodes 90 which face the pair of first electrodes 56
(the rows of teeth 58) of the ultrasonic surgical treatment
area member 25b of the first grasping member 25.
[0070] When the first grasping member 25 is pivotally
moved around the pivot pin 24 in the direction in which
the first grasping member 25 comes close to the second
grasping member 88 and a contact portion 25c of the
grasping part main body 25a contacts a contact portion
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22c of the holding member 22a at the distal end portion
of the insertion sheath 22, a gap "h" is formed between
the acute projected end of the grasping surface 89 of the
second grasping member 88 and the bottom surface of
the square groove 57 of the pad member 55 of the ultra-
sonic surgical treatment area member 25b of the first
grasping member 25, and a gap "g" is formed between
each second electrode 90 of the second grasping mem-
ber 88 and each first electrode 56 (the row of teeth 58)
of the ultrasonic surgical treatment area member 25b of
the first grasping member 25.

[0071] When the first grasping member 25 is pivotally
moved around the pivot pin 24 in the direction in which
the first grasping member 25 comes close to the second
grasping member 88 and placed at a position where the
first grasping member 25 grasps a living tissue in coop-
eration with the second grasping member 88, the acute
end of the grasping surface 89 of the second grasping
member 88 extends to the bottom surface of the square
groove 57 of the pad member 55 of the first grasping
member 25 in a direction orthogonal to the center line of
the pivot pin 24 of the first grasping member 25 and forms
a cut-join line, and the pair of first electrodes 56 and the
pair of second electrodes 90 face each other in substan-
tially parallel to each other and form a pair of coagulate-
join faces.

[0072] Since the cut-join line extends in the direction
orthogonal to the center line of the pivot pin 24 of the first
grasping member 25 and the pair of coagulate-join faces
extends in the direction orthogonal to the opening/closing
direction of the first and second grasping members 25
and 88, the first and second grasping members 25 and
88 can provide a strong grasping force for a living tissue.
[0073] Further, since the cut-join line and the pair of
coagulate-join faces are separated from each other in
the direction orthogonal to the opening/closing direction
of the first and second grasping members 25 and 88, the
second grasping member 88 configured by the ultrasonic
vibrating portion 31 at the distal end portion of the probe
29 does not project from the first grasping member 25 in
both sides thereof in the direction orthogonal tothe above
opening/closing direction. Therefore, the surgical treat-
ment area 23 can be easily inserted into a narrow portion
in an abdominal cavity and treat it.

[0074] In this example , since the acute end of the
grasping surface 89 of the second grasping member 88
does not contact the bottom surface of the square groove
57 of the pad member 55 of the first grasping member
25, the bottom surface of the square groove 57 of the
pad member 55 is not worn by the grasping surface 89
of the second grasping member 88, and the durability of
this example increases.

[0075] The cut-join line formed by making the acute
end of the grasping surface 89 of the second grasping
member 88 in contact with the bottom surface of the
square groove 57 of the pad member 55 of the first grasp-
ing member 25 generates a large concentration of grasp-
ing force for a living tissue grasped between the grasping
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surface 89 of the second grasping member 88 and the
bottom surface of the square groove 57 of the pad mem-
ber 55 of the first grasping member 25.

[0076] Next, a surgical instrument according to a fifth
example will be explained with reference to FIGS. 12A
and 12B. In the fifth example, the same components as
those of the first example described above with reference
to FIG. 1 to FIG. 8 will be denoted by the same reference
numerals and detailed explanation thereof will be omit-
ted.

[0077] FIG. 12A is a schematic perspective view of a
surgical treatment area of a surgical instrument accord-
ing to a fifth example. FIG. 12B is a transverse sectional
view showing a state in which a living tissue is grasped
by first and second grasping members of the surgical
treatment area of FIG. 12A.

[0078] In this example, a first grasping member 91 is
formed like a flat plate. A pad member 92 having an arc-
shaped cross section is provided at a mid portion of a flat
grasping surface of the first grasping member 91 in a
lateral direction thereof. A pair of first electrodes 93 is
provided in both sides of the pad member 92 on the above
grasping surface.

[0079] A second grasping member 94 is provided by
machining the ultrasonic vibrating portion 31 which has
conventionally a circular cross section, at the distal end
portion of the probe 29, into a non-circular cross section,
by a well-known machining such as forging, cutting, and
the like. Specifically, a grasping surface 95 having a con-
cave cross section is provided in a portion of the second
grasping member 94 which faces the first grasping mem-
ber 91, the grasping surface 95 corresponding to the pad
member 92 of the first grasping member 91. A pair of
second electrodes 96 is provided at both edge portions
of the grasping surface 95 in its cross section to face the
pair of first electrodes 93 of the first grasping member.
[0080] When the first grasping member 91 is pivotally
moved in the direction in which the first grasping member
91 comes close to the second grasping member 94 and
placed at a position where the first grasping member 91
grasps a living tissue in cooperation with the second
grasping member 94, the pad member 92 of the first
grasping member 91 makes a surface contact with the
grasping surface 95 of the second grasping member 88
and forms a curved cut-join face, and the acute ends of
the pair of second electrodes 96 face the pair of first flat
electrode 93 and form a pair of coagulate-join lines ex-
tending in a direction orthogonal to the center line of the
pivotal movement of the first grasping member 91.
[0081] The pair of coagulate-join lines formed by the
pair of first flat electrodes 93 of the first grasping member
91 and the acute ends of the pair of second electrodes
96 at the both side edges of the grasping surface 95 of
the second grasping member 94, generates a large con-
centration of grasping force for the tissue S grasped by
the pad member 92 of the first grasping member 91 and
the grasping surface 95 of the second grasping member
94.
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[0082] In this example, the first grasping member 91
can be made more compact that the second grasping
member 94 configured by the ultrasonic vibrating portion
31 at the distal end portion of the probe 29. Therefore,
the surgical treatment area 23 can be easily inserted into
a narrow portion in an abdominal cavity and treat it.
[0083] Next, a surgical instrument according to a sixth
example will be explained with reference to FIG. 13. In
the sixth example, the same components as those of the
first example described above with reference to FIG. 1
to FIG. 8 will be denoted the same reference numerals
and detailed explanation thereof will be omitted.

[0084] FIG. 13 is a schematic perspective view of a
surgical treatment area of the surgical instrument accord-
ing to the sixth example

[0085] In this example, a first grasping member 101
has a semicircular cross section, and a pad member 103
is buried in a rounded groove 102 made at the lateral
center of the surface of the first grasping member 101,
the surface facing a second grasping member 105. A pair
of first flat electrodes 104 is provided in both sides of the
pad member 103 on the facing surface of the first grasp-
ing member 101.

[0086] The second grasping member 105 is provided
by machining the ultrasonic vibrating portion 31 which
has conventionally a circular cross section, at the distal
end portion of the probe 29, into a non-circular cross sec-
tion, by a well-known machining such as forging, cutting,
and the like. Specifically, a grasping surface 106 project-
ing toward the pad member 103 of the facing surface of
the first grasping member 101 and a pair of second flat
electrodes 107 arranged in both sides of the grasping
surface 106 and facing the pair of first flat electrodes 104
of the facing surface of the first grasping member 101
are provided on a part of the second grasping member
105 facing the first grasping member 101. The grasping
surface 106 is shaped like waves gently continuing along
the extending direction of the pad member 10.

[0087] When the first grasping member 101 is pivotally
moved in the direction in which the first grasping member
101 comes close to the second grasping member 105
and placed at a position where the first grasping member
101 grasps a living tissue in cooperation with the second
grasping member 105, the pad member 103 of the first
grasping member 101 discontinuously contacts the gen-
tly continuing wave-shaped grasping surface 106 of the
second grasping member 105 and forms a cut-join face,
and the pair of second flat electrodes 107 face the pair
of first flat electrodes 104 in parallel thereto and form a
pair of coagulate-join faces which are extending in the
direction orthogonal to the center line of the opening/clos-
ing direction of the first grasping member 101.

[0088] The above described cut-join face and pair of
coagulate-join faces can provide a strong grasping force
for the tissue between the first grasping member 101 and
second grasping member 105. In this example, it is un-
necessary to provide a row of teeth for anti-slipping on
each of the pair of first electrodes 104, and the pair of

10

15

20

25

30

35

40

45

50

55

10

first electrodes 104 can minutely coagulate the tissue in
cooperation with the pair of second electrodes 107.
[0089] Next, a surgical instrument according to a sev-
enth example will be explained with reference to FIGS.
14A and 14B. In the seventh example, the same compo-
nents as those of the first example described above with
reference to FIGS. 1 to 8 will be denoted by the same
reference numerals and detailed explanation thereof will
be omitted.

[0090] FIG. 14A is a schematic perspective view of a
surgical treatment area of the surgical instrument accord-
ing to the seventh example.

[0091] FIG. 14B is a transverse sectional view along a
line of XIVB-XIVB in FIG. 14A.

[0092] In this example, a first grasping member 111
has a cross section similar to a cross section of a saddle
for riding a horse, and a pad member 113 is buried in a
rounded groove 112 at the center of a surface of the first
grasping member 111 in the lateral direction, the surface
facing a second grasping member 115. In the opposite
surface of the first grasping member 111, A pair of por-
tions projected from both sides of the pad member 113
on the facing surface of the first grasping member 111
is configured as a pair of first electrodes 114.

[0093] The second grasping member 115 is provided
by machining the ultrasonic vibrating portion 31 which
has conventionally a circular cross section, at the distal
end portion of the probe 29, into a non-circular cross sec-
tion, by a well-known machining such as forging, cutting,
and the like. Specifically, the surface of the second grasp-
ing member 115 which faces the first grasping member
111 is formed to have a cross section corresponding to
the facing surface of the first grasping member 111.
[0094] That is, a portion of the facing surface of the
second grasping member 115, the portion corresponding
to the pad member 113 on the facing surface of the first
grasping member 111, is configured as a grasping sur-
face 116 projecting toward the pad member 113 and hav-
ing a rounded substantially triangular cross section, and
a pair of portions of the facing surface of the second
grasping member 115, the portions corresponding to the
pair of first electrodes 114 of the facing surface of the
first grasping member 111, is configured as a pair of con-
caved second electrodes 117 to receive the pair of first
projecting electrodes 114.

[0095] When the first grasping member 111 is pivotally
moved in a direction in which the first grasping member
111 comes close to the second grasping member 115
and placed at a position where the first grasping member
111 grasps a living tissue in cooperation with the second
grasping member 115, the pad member 113 of the first
grasping member 111 makes a line contact with the
grasping surface 116 of the second grasping member
115 and forms a cut-join face, and the pair of first elec-
trodes 114 contacts the pair of second electrodes 117 in
a wide area and forms a pair of coagulate-join faces.
[0096] Next, a surgical instrument according to an
eighth example will be explained with reference to FIG.
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15. Inthe eighth example, the same components as those
of the first example described above with reference to
FIGS. 1 to 8 will be denoted by the same reference nu-
merals and detailed explanation thereof will be omitted.
[0097] FIG. 15isaschematictransverse sectional view
of a surgical treatment area of the surgical instrument
according to the eighth example

[0098] In this example, a first grasping member 121
has an arc-shaped cross section. A pad member 122 is
provided at the center of the arc-shape, and first and
second electrodes 124 and 127 are provided on both
sides of the pad member 122. The inner surface 123 of
the first grasping member 121 faces a second grasping
member 125.

[0099] Thesecond graspingmember 125 is configured
by the rounded bar-shaped ultrasonic vibrating portion
31 at the distal end portion of the probe 29. The portion
of the outer circumferential surface of the second grasp-
ing member 125 facing the inner surface 123 of the first
grasping member 121 forms a grasping surface 126.
[0100] When the first grasping member 121 is pivotally
moved in a direction in which the first grasping member
121 comes close to the second grasping member 125
and placed at a position where the first grasping member
121 grasps a living tissue in cooperation with the second
grasping member 125, the pad member 122 of the first
grasping member 121 makes a surface contact with the
grasping surface 126 of the second grasping member
125 and forms a cut-join face, and the first electrode 124
and the second electrode 127 facing each other through
the pad member 122 form coagulate-join faces. The first
electrode 124 and the second electrode 127 apply a high-
frequency current to the living tissue grasped between
the inner surface 123 of the first grasping member 121
and the grasping surface 126 of the second grasping
member 125.

[0101] Next, a surgical instrument according to a ninth
example will be described with reference to FIG. 16. In
the ninth example, the same components as those of the
first example described above with reference to FIG. 1
to FIG. 8 will be denoted by the same reference numerals
and detailed explanation thereof will be omitted.

[0102] FIG. 16 is a schematic perspective view of a
surgical treatment area of the surgical instrument accord-
ing to the ninth example.

[0103] In this embodiment, a first grasping member
131 includes two independent parts. The two parts of the
first grasping member 131 are pivotally connected to two
surfaces of a holding member 22a having a triangular
cross section, by pivots 132. Two edge portions of the
two parts of the first grasping member 131 adjacent to
each other are configured as pad members 133, and the
inner surfaces of two edge portions of the two parts of
the first grasping member 131 located away from each
other are configured as first electrodes.

[0104] The second grasping member 135 is provided
by machining the ultrasonic vibrating portion 31 which
has conventionally a circular cross section, at the distal

10

15

20

25

30

35

40

45

50

55

1"

end portion of the probe 29, into a non-circular cross sec-
tion, by a well-known machining such as forging, cutting,
and the like. Specifically, a surface of the second grasp-
ing member 135 which faces the two parts of the first
grasping member 131, is formed to correspond to the
above described two surfaces of the holding member 22a
having the triangular cross section.

[0105] A ridge portion of the triangular cross sectioned
facing surface of the second grasping member 135, the
ridge portion corresponding to the pad members 133 of
the two adjacent edge portions of the first grasping mem-
ber 131 is configured as a grasping surface 136, and the
foot end portions of the triangular cross sectioned facing
surface are configured as a pair of second electrodes
137.

[0106] When the two parts of the first grasping member
131 are pivotally moved to the second grasping member
135 in directions in which the two parts come close to
the longitudinal center line 31a of the second grasping
member 135 and placed at positions where the two parts
grasp a living tissue in cooperation with the second grasp-
ing member 135, each of the pad members 133 of the
two parts of the first grasping member 131 makes a sur-
face contact with the grasping surface 136 of the second
grasping member 135 and forms a cut-join face, and the
first electrodes and the second electrodes 137 are faced
each other and in parallel to each other, and form coag-
ulate-join surfaces.

[0107] Thatis, since each of the opening/closing direc-
tions of the two parts of the first grasping member 131 is
a radial direction of the second grasping member 135
that s the ultrasonic vibrating portion 31 at the distal end
portion of the probe 29 and each of the pair of coagulate-
join surfaces is formed in the direction orthogonal to each
opening/closing direction, a strong grasping force can be
proved for a living tissue on the pair of coagulate-join
surfaces.

[0108] Next, a surgical instrument according to the in-
vention will be explained with reference to FIG. 17. The
same components as those described above with refer-
ence to FIGS. 1 to 8 will be denoted by the same refer-
ence numerals and detailed explanation thereof will be
omitted.

[0109] FIG.17isaschematictransverse sectional view
of a surgical treatment area of the surgical instrument
according to the invention.

[0110] In this embodiment, only a second grasping
member 138 is different from the first example . The sec-
ond grasping member 138 which grasps a living tissue
in cooperation with the first grasping member 25, is pro-
vided by machining the ultrasonic vibrating portion 31
which has conventionally a circular cross section, at the
distalend portion of the probe 29, into a non-circular cross
section, by a well-known machining such as forging, cut-
ting, and the like. Specifically, the surface of the second
grasping member 138, which faces the first grasping
member 25, includes a grasping surface 139 configured
by a projecting portion facing the square groove 57 of
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the pad member 55 of the first grasping member 25, and
a pair of second electrodes 140 having flat surfaces fac-
ing the pair of first electrodes 56 (the rows of teeth 58)
in both sides of the grasping surface 139. When the pro-
jected end of the grasping surface 139 contacts the bot-
tom surface of the square groove 57 of the pad member
55 of the first grasping member 25, each of the pair of
second electrodes 140 is placed at a position where a
gap "g" is forms between each of the pair of second elec-
trodes 140 and each of the pair of first electrodes 56 (the
rows of teeth 58). Further, insulating layers 141 are
formed by insulation coating on both sides of the project-
ed grasping surface 139 of the second grasping member
138, but the second electrodes 140 are not insulated by
insulation coating. Therefore, the areas of the pair of first
electrodes 56 can be substantially the same as those of
the pair of second electrodes 140 and a current density
therebetween can be increased, and a living tissue
grasped therebetween can be efficiently coagulated.
[0111] Next, another exemplary surgical instrument
will be explained with reference to FIG. 18. In the exam-
ple, the same components as those described above with
reference to FIGS. 1 to 8 will be denoted by the same
reference numerals and detailed explanation thereof will
be omitted.

[0112] FIG. 18isaschematictransverse sectional view
of a surgical treatment area of the surgical instrument .
In a first grasping member 151 of this example, an insu-
lating block 154 made of synthetic resin is further inte-
grally provided on an outside of each of a pair of first
electrodes 153 on both sides of a pad member 152. The
insulating block 154 is projected in the grasping direction
from the first electrode 153. A row of teeth 155 is formed
in the projected end of the insulating block 154.

[0113] A second grasping member 156 which grasps
a living tissue in cooperation with the first grasping mem-
ber 151 is provided by machining the ultrasonic vibrating
portion 31 which has conventionally a circular cross sec-
tion, at the distal end portion of the probe 29, into a non-
circular cross section, by a well-known machining such
as forging, cutting, and the like. Specifically, the surface
of the second grasping member 156, which faces the first
grasping member 151, is configured to a cross section
of isosceles trapezoidal. The distal end of the second
graspingmember 156 is configured as a grasping surface
157 which is to be in contact with the pad member 152
of the first grasping member 151, and two legs on both
sides of the grasping surface 157 are configured as a
pair of second electrodes 158 having a pair of inclined
surfaces 158a which face the pair of first electrodes 153.
[0114] When the first grasping member 151 is pivotally
moved in a direction in which the first grasping member
151 comes close to the second grasping member 156
and placed at a position where the first grasping member
151 grasps a living tissue in cooperation with the second
grasping member 156, the pad member 152 of the first
grasping member 151 contacts the grasping surface 157
of the second grasping member 156 and forms a cut-join
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face. The pair of first electrodes 153 of the first grasping
member 151 faces the pair of second electrodes 158 of
the second grasping member 156 and forms a pair of
coagulate-join faces. In this example, even if a force di-
recting in a lateral direction is applied to the ultrasonic
vibrating portion 31 at the distal end portion of the probe
29, the vibrating portion 31 does not directly contact the
pair of first electrodes 153. Therefore, the durability of
the ultrasonic vibrating portion 31 at the distal end portion
of the probe 29 is increased.

[0115] Next, an example of a surgical instrumentwhich
is different from the conventional one will be explained
with reference to FIGS. 19A and 19B. In this example,
the same components as those described above with
reference to FIGS. 1 to 8 will be denoted by the same
reference numerals and detailed explanation thereof will
be omitted.

[0116] FIG. 19A is a schematic perspective view of a
surgical treatment area of the example of the surgical
instrument which is different from the conventional one.
[0117] FIG. 19B is a schematic transverse sectional
view along a line of XIX-XIX in FIG. 19A.

[0118] In this example, a first grasping member 161 is
a member having a rectangular cross section, and has
a row of sawtooth-like teeth 162 on its grasping surface.
A groove 163 is formed at the center of the cross section
of the first grasping member 161 and extends in its axial
direction. A first electrode 164 is buried in the groove
163. A pad member 165 is provided on the grasping sur-
face of the first grasping member 161.

[0119] Asecond grasping member 166 to grasp a living
tissue in cooperation with the first grasping member 161
is configured by the ultrasonic vibrating portion 31 at the
distal end portion of the round bar-shaped probe 29. A
portion of the outer circumferential surface of the second
grasping member 166, the portion facing the first grasp-
ing member 161, is configured as a grasping surface 167
at a point being in contact with the pad 165 of the first
grasping member 161. The outer surface of the second
grasping member 166, Both sides of the grasping surface
167 on the portion of the outer circumferential surface of
the second grasping member 166, the portion facing the
first grasping member 161, are configured as a pair of
second arc-shaped electrodes 168 which face the first
electrode 164.

[0120] When the first grasping member 161 is pivotally
moved in a direction in which the first grasping member
161 comes close to the second grasping member 166
and grasps a living tissue in cooperation with the second
grasping member 166, the row of teeth 162 on the grasp-
ing surface of the first grasping member 161 contacts the
living tissue, the pad member 165 on the grasping surface
of the first grasping member 161 partially contacts the
grasping surface 167 of the second grasping member
166 and forms a cut-join face. The first electrode 164 of
the first grasping member 161 faces the pair of second
electrodes 168 of the second grasping member 166 and
forms coagulate-join faces.
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[0121] Thisinvention is not limited to the embodiments
described hereinbefore. This invention may be embodied
in various forms by modifying various component mem-
bers without departing from the scope of the invention
as defined by the appended claims.

A surgical instrument, comprising:

first and second grasping members (25, 138)
pivotally movable to open and close relative to
each other;

an ultrasonic vibrating portion (31) which is pro-
vided in the second grasping member (138) and
is connected to an ultrasonic transducer to gen-
erate ultrasonic vibration, and which has a
grasping surface (139) to be in contact with a
living tissue (S) grasped between the first grasp-
ing member (25) and the second grasping mem-
ber (138);

a first high-frequency electrode portion (56) pro-
vided in the first grasping member (25);
asecond high-frequency electrode portion (140)
provided in the second grasping member (138)
to be independent of the first high-frequency
electrode portion (56); and

a pressing portion (55) provided in the first
grasping member (25) and configured to be in
contact with the living tissue (S) grasped be-
tween the first grasping member (25) and the
second grasping member (138) and to press the
living tissue in cooperation with the grasping sur-
face (139) of the ultrasonic vibrating portion (31),
wherein the surgical instrument is configured to
cutthe living tissue (S) grasped between the first
grasping member (25) and the second grasping
member (138) by the ultrasonic vibration from
the grasping surface (139) of the ultrasonic vi-
brating portion (31), and to further coagulate the
cut portion of the living tissue (S) by a high-fre-
quency current between the first high-frequency
electrode portion (56) and the second high-fre-
quency electrode portion (140), and

wherein the first high-frequency electrode por-
tion (56) includes at least a pair of electrodes
which are arranged on both sides of the pressing
portion (55) in the first grasping member (25),
characterized in that

the second high-frequency electrode portion
(140) includes at least a pair of electrodes which
are arranged on the both sides of the grasping
surface (139) in the second grasping member
(138) tooppose to the electrodes of the first high-
frequency electrode portion (56),

the electrodes of the first high-frequency elec-
trode portion (56) and the electrodes of the sec-
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24

ond high-frequency electrode portion (140) are
configured to cooperate with each other on the
both sides of the pressing portion (55) to press
the living tissue (S) grasped between the first
grasping member (25) and the second grasping

member (138) while the living tissue (S) is
pressed by the pressing portion (55) of the first
grasping member (25) and the grasping surface
(139) of the ultrasonic vibrating portion (31), the
surface of the second grasping member (138)
which faces the pressing portion (55) of the first
grasping member (25) includes the grasping
surface (139) of the ultrasonic vibrating portion
(31), and is configured by a projecting surface
facing a groove of the pressing portion (55) of
the first grasping member (25), the projecting
surface is configured to contact a bottom surface
of the groove of the pressing portion (55) of the
first grasping member (25), insulating layers
(141) are formed on both sides of the grasping
surface (139) of the ultrasonic vibrating portion
(31) of the second grasping member (138) but
the electrodes of the second high-frequency
electrode portion (140) are not insulated, and
a gap is formed between the electrodes of the
first high-frequency electrode portion (56) pro-
vided in the first grasping member (25) and the
electrodes of the second high-frequency elec-
trode portion (140) provided in the second
grasping member (25) when the projecting sur-
face of the grasping surface (139) of the ultra-
sonic vibrating portion (31) of the second grasp-
ing member (138) contacts a bottom surface of
the groove of the pressing member (55) of the
first grasping member (25).

2. The surgical instrument according to claim 1, char-
acterized in that the second grasping member (138)
does not project from the first grasping member (25)
on both sides of the first grasping member (25) in a
direction orthogonal to an opening/closing direction
of the first and second grasping members (25, 138).

Patentanspriiche
1. Chirurgisches Instrument, das umfasst:

erste und zweite Greifelemente (25, 138), die
schwenkbar beweglich sind, um sich in Bezug
aufeinander zu 6ffnen und zu schlieen;

einen Ultraschallschwingungsabschnitt (31),
derim zweiten Greifelement (138) bereitgestellt
ist und mit einem Ultraschallwandler verbunden
ist, um Ultraschallschwingungen zu erzeugen,
und der eine Greifoberflache (139) aufweist, die
mit einem Lebendgewebe (S) in Kontakt zu brin-
gen ist, das zwischen dem ersten Greifelement
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(25) und dem zweiten Greifelement (138) gegrif-
fen ist;

einen ersten Hochfrequenzelektrodenabschnitt
(56), der im ersten Greifelement (25) bereitge-
stellt ist;

einen zweiten Hochfrequenzelektrodenab-
schnitt (140), der im zweiten Greifelement (138)
bereitgestellt ist, um unabhdngig vom ersten
Hochfrequenzelektrodenabschnitt (56) zu sein;
und

einen Pressabschnitt (55), der im ersten Greif-
element (25) bereitgestellt und so konfiguriert
ist, dass er mit dem Lebendgewebe (S) in Kon-
takt gelangt, das zwischen dem ersten Greife-
lement (25) und dem zweiten Greifelement
(138) gegriffen ist, und er das Lebendgewebe
in Zusammenwirkung mit der Greifoberflache
(139) des Ultraschallschwingungsabschnitts
(31) presst,

wobei das chirurgische Instrument so konfigu-
riert ist, dass es das Lebendgewebe (S), das
zwischen dem ersten Greifelement (25) und
dem zweiten Greifelement (138) gegriffen ist,
durch die Ultraschallschwingung von der Grei-
foberflache (139) des Ultraschallschwingungs-
abschnitts (31) schneidet, und des Weiteren,
dass es den geschnittenen Abschnitt des Le-
bendgewebes (S) mit einem Hochfrequenz-
strom zwischen dem ersten Hochfrequenzelek-
trodenabschnitt (56) und dem zweiten Hochfre-
quenzelektrodenabschnitt (140) koaguliert, und
wobei der erste Hochfrequenzelektrodenab-
schnitt (56) zumindest ein Paar Elektroden be-
inhaltet, die auf beiden Seiten des Pressab-
schnitts (55) im ersten Greifelement (25) ange-
ordnet sind,

dadurch gekennzeichnet, dass

der zweite Hochfrequenzelektrodenabschnitt (140)
zumindest ein Paar Elektroden beinhaltet, die auf
den beiden Seiten der Elektroden der Greifoberfla-
che (139) im zweiten Greifelement (138) so ange-
ordnet sind, dass sie den Elektroden des ersten
Hochfrequenzelektrodenabschnitts (56) gegenu-
berliegen,

die Elektroden des ersten Hochfrequenzelektroden-
abschnitts (56) und die Elekiroden des zweiten
Hochfrequenzelektrodenabschnitts (140) so konfi-
guriertsind, dass sie aufden beiden Seiten des Pres-
sabschnitts (55) miteinander zusammenwirken, um
das Lebendgewebe (S) zu pressen, das zwischen
dem ersten Greifelement (25) und dem zweiten
Greifelement (138) gegriffen ist, wahrend das Le-
bendgewebe (S) vom Pressabschnitt (55) des ersten
Greifelements (25) und der Greifoberflache (139)
des Ultraschallschwingungsabschnitts (31) ge-
presst wird,

die Oberflache des zweiten Greifelements (138), die
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dem Pressabschnitt (55) des ersten Greifelements
(25) zugewandt ist, die Greifoberflache (139) des Ul-
traschallschwingungsabschnitts (31) beinhaltet und
durch eine Vorsprungsoberflache konfiguriert wird,
die einer Nut des Pressabschnitts (55) des ersten
Greifelements (25) zugewandt ist,

die Vorsprungsoberfliche so konfiguriert ist, dass
sie mit einer Bodenflache der Nut des Pressab-
schnitts (55) des ersten Greifelements (25) in Kon-
takt gelangt,

Isolierschichten (141) auf beiden Seiten der Greifo-
berflache (139) des Ultraschallschwingungsab-
schnitts (31) des zweiten Greifelements (138) gebil-
det sind, die Elektroden des zweiten Hochfrequenz-
elektrodenabschnitts (140) jedoch nicht isoliert sind,
und

ein Spalt zwischen den Elektroden des ersten Hoch-
frequenzelektrodenabschnitts (56), wie im ersten
Greifelement (25) bereitgestellt, und den Elektroden
des zweiten Hochfrequenzelektrodenabschnitts
(140), wie im zweiten Greifelement (25) bereitge-
stellt, gebildet wird, wenn die Vorsprungsoberflache
der Greifoberflaiche (139) des Ultraschallschwin-
gungsabschnitts (31) des zweiten Greifelements
(138) mit einer Bodenflache der Nut des Pressele-
ments (55) des ersten Greifelements (25) in Kontakt
steht.

Chirurgisches Element nach Anspruch 1, dadurch
gekennzeichnet, dass das zweite Greifelement
(138) nicht vom ersten Greifelement (25) auf beiden
Seiten des ersten Greifelements (25) in eine Rich-
tung orthogonal zu einer Offnen-/SchlieRen-Rich-
tung der ersten und zweiten Greifelemente (25, 138)
vorspringt.

Revendications

Instrument chirurgical comprenant :

des premier et second éléments de saisie (25,
138) mobiles de fagon pivotante pour s’ouvrir et
se fermer I'un par rapport a l'autre ;

une partie a vibration ultrasonore (31) qui est
disposée dans le second élément de saisie
(138) et est reliée a un transducteur a ultrasons
pour générer une vibration ultrasonore, et qui a
une surface de saisie (139) destinée a étre en
contact avec un tissu vivant (S) saisi entre le
premier élément de saisie (25) et le second élé-
ment de saisie (138) ;

une premiére partie d’électrode a haute fréquen-
ce (56) disposée dans le premier élément de
saisie (25) ;

une seconde partie d’électrode a haute fréquen-
ce (140) disposée dans le second élément de
saisie (138) pour étre indépendante de la pre-
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miére partie d'électrode a haute fréquence (56) ;
et

une partie de pression (55) disposée dans le
premier élément de saisie (25) et configurée
pour étre en contact avec le tissu vivant (S) saisi
entre le premier élément de saisie (25) et le se-
cond élément de saisie (138) et pour presser le
tissu vivant en coopération avec la surface de
saisie (139) de la partie a vibration ultrasonore
(31),

l'instrument chirurgical étant configuré pour cou-
per le tissu vivant (S) saisi entre le premier élé-
ment de saisie (25) et le second élément de sai-
sie (138) par la vibration ultrasonore provenant
de la surface de saisie (139) de la partie a vi-
bration ultrasonore (31), et pour en outre faire
coaguler la partie coupée du tissu vivant (S) par
un courant a haute fréquence entre la premiére
partie d’électrode a haute fréquence (56) et la
seconde partie d’électrode a haute fréquence
(140), et

la premiére partie d’électrode a haute fréquence
(56) comprenant au moins une paire d’électro-
des qui sont agencées des deux cotés de la par-
tie de pression (55) dans le premier élément de
saisie (25),

caractérisé par le fait que :

la seconde partie d’électrode a haute fréquence
(140) comprend au moins une paire d’électro-
des qui sontagencées des deux cbtés de la sur-
face de saisie (139) dans le second élément de
saisie (138) pour s’opposer aux électrodes de
la premiére partie d’électrode a haute fréquence
(56),

les électrodes de la premiére partie d’électrode
a haute fréquence (56) et les électrodes de la
seconde partie d’électrode a haute fréquence
(140) sont configurées pour coopérer les unes
avec les autres des deux cotés de la partie de
pression (55) pour presser le tissu vivant (S) sai-
si entre le premier élément de saisie (25) et le
second élément de saisie (138) tandis que le
tissu vivant (S) est pressé par la partie de pres-
sion (55) du premier élément de saisie (25) et
la surface de saisie (139) de la partie a vibration
ultrasonore (31),

la surface du second élément de saisie (138)
qui fait face a la partie de pression (55) du pre-
mier élément de saisie (25) comprend la surface
de saisie (139) de la partie a vibration ultraso-
nore (31), et est configurée par une surface en
saillie faisant face a une rainure de la partie de
pression (55) du premier élément de saisie (25),
la surface en saillie est configurée pour entrer
en contact avec une surface de fond de la rai-
nure de la partie de pression (55) du premier
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2,

élément de saisie (25),

des couches isolantes (141) sont formées sur
les deux cbtés de la surface de saisie (139) de
la partie a vibration ultrasonore (31) du second
élément de saisie (138), mais les électrodes de
la seconde partie d’électrode a haute fréquence
(140) ne sont pas isolées, et

un intervalle est formé entre les électrodes de
la premiére partie d’électrode a haute fréquence
(56) disposée dans le premier élément de saisie
(25) et les électrodes de la seconde partie
d’électrode a haute fréquence (140) disposée
dans le second élément de saisie (25) lorsque
la surface en saillie de la surface de saisie (139)
de la partie a vibration ultrasonore (31) du se-
cond élément de saisie (138) entre en contact
avec une surface de fond de la rainure de I'élé-
ment de pression (55) du premier élément de
saisie (25).

Instrument chirurgical selon la revendication 1, ca-
ractérisé par le fait que le second élément de saisie
(138) ne fait pas saillie du premier élément de saisie
(25) sur les deux cbtés du premier élément de saisie
(25) dans une direction orthogonale a une direction
d’ouverture/fermeture des premier et second élé-
ments de saisie (25, 138).
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