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57) ABSTRACT

A laparoscopic surgical instrument includes a shaft and a
head having a distal end to which a variety of surgical instru-
ments are attached. The laparoscopic surgical instrument also
includes a flexible joint installed between the shaft and the
head; a longitudinal-driving unit including a longitudinal-
driving wire connected with both longitudinal ends of the
head and a longitudinal-driving roller turning the longitudi-
nal-driving wire and a transverse-driving unit including a
transverse-driving wire connected with both transverse ends
of the head and a transverse-driving roller turning the trans-
verse-driving wire. The longimdinal-driving unit turns the
flexible joint in the longitudinal direction, the transverse-
driving unit turns the flexible joint in the transverse direction,
and the shaft has a small diameter.
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[Fig. 2]
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[Fig. 6]
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[Fig. 8]
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[Fig. 9]
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[Fig. 11]
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[Fig. 13]
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[Fig. 14]
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[Fig. 16]
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SMALL CALIBER LAPAROSCOPE
SURGICAL APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a laparoscopic sur-
gical instrument used for laparoscopic surgery, and more
particularly, to a laparoscopic surgical instrument having a
small diameter shaft, wherein a flexible joint is installed
between a shaft and a head of the laparoscopic surgical instru-
ment, thereby freely rotating the head.

BACKGROUND ART

[0002] Laparoscopic surgery is a surgical procedure in
which a small incision of approximately one centimeter is
made around the navel, through which an endoscope (laparo-
scope) and several surgical instruments are inserted to per-
form surgical procedures. In contrast to open abdominal sur-
gery, laparoscopic surgery usually involves less pain, less
scarring, and reduced recovery time after the operation since
laparoscopic surgery only needs one or more small incisions
to be made in the abdomen. Because of these advantages, the
use of laparoscopic surgery as a popular diagnostic and treat-
ment tool for a variety of diseases has increased.

[0003] Laparoscopic surgery can be directly performed
with surgical instruments or be done with small robotic arms
by surgeons. An example of a robot-assisted laparoscopic
surgery is disclosed in Korean Patent No. 10-0585458, and
the surgeon guides the movement of slave robotic arms and
surgical instruments by manipulating a master robot.

[0004] During a robot-assisted laparoscopic surgery, the
surgeon can perform the surgery at a console several feet
away from a patient. Further, the robot-assisted laparoscopic
surgery can be done in the same way the experienced surgeon
does, even though the surgeon is not at the operating table.
[0005] Since the surgeons experience less physical and
mental fatigue during laparoscopic surgery compared to open
abdominal surgery during a surgical operation, they can as a
result take care of more patients.

[0006] In laparoscopic surgery, the endoscope (laparo-
scope) and more than two surgical instruments are basically
used. The endoscope is used to provide images of the internal
organs for the surgeon to see. As the surgical instruments are
special tools and devices provided for a surgical operation,
grasping forceps are normally attached to the head of the
instrument and are used to block blood vessels and to suture
tissues.

[0007] The surgical instruments need to be made in a mini-
mal size in order to minimize invasive damage to the body of
the patient. For an accurate surgical operation of internal
organs, a joint can be formed between a shaft and a head
portion of the surgical instrument so that the head portion can
rotate within a certain angle. An example of the surgical
instrument formed with the joint is disclosed in Korean Patent
No. 10-2006-0056238. In this prior art, the joint actuated by
a gear is installed between the head and shaft.

[0008] Inthe surgical instrument having a joint actuated by
a gear between the shaft and the head, there is a limit in
making the diameters of the shaft and the head smaller attrib-
utable to the size of the gear. Further, there have been prob-
lems with the development and the production of the instru-
ment because of the complicated driving means to manipulate
and actuate the gear in the joint.
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[0009] Inlaparoscopic surgery with the surgical instrument
having the joint between the shaft and the head, the surgical
operation can be done with minimized incisions in the abdo-
men. However, as the sizes of the shaft and the head become
bigger due to the size of the joint, the incision needs to
become bigger such that the shaft can be inserted into the
patient’s abdomen.

[0010] Besides, the joint actuated by the gear can rotate the
head by certain degrees at regular intervals depending on the
gear ratio, and thus the head cannot rotate as much as the
clinician wants.

[0011] Further, only one joint actuated by the gear is not
enough to rotate the head in all directions and more than two
joints are needed to resolve this problem. In this case, in order
to move the joints, the devices become complicated and the
diameter of the shaft needs to be bigger, as a result raising the
cost of manufacturing the surgical instruments.

DISCLOSURE OF INVENTION
Technical Problem

[0012] The present invention has been proposed to solve
the aforementioned problems and embodiments of the
present invention provide a joint rotating in multiple degrees
of freedom between a shaft and a head of a laparoscopic
surgical instrument in order to improve the rotating range of
the head.

[0013] Embodiments of the present invention also provide
a laparoscopic surgical instrument having a small diameter
shaft in order to minimize the incision on the body of the
patient made during surgical operations.

Technical Solution

[0014] In an exemplary embodiment of the present inven-
tion, the laparoscopic surgical instrument includes a shaftand
a head having a distal end to which a variety of surgical
instruments are attached. The laparoscopic surgical instru-
ment may include a flexible joint installed between the shaft
and the head; a longitudinal-driving unit including a longitu-
dinal-driving wire connected with both longitudinal ends of
the head and a longitudinal-driving roller turning the longi-
tudinal-driving wire, wherein the longitudinal-driving unit
turns the flexible joint in the longitudinal direction; and a
transverse-driving unit including a transverse-driving wire
connected with both transverse ends of the head and a trans-
verse-driving roller turning the transverse-driving wire,
wherein the transverse-driving unit turns the flexible joint in
the transverse direction, wherein the shaft has a small diam-
eter.

[0015] The longitudinal-driving wire of the longitudinal-
driving unit is partially wound on the longitudinal-driving
roller, the transverse-driving wire of the transverse-driving
unit is partially wound on the transverse-driving roller, and
both ends of the longitudinal-driving wire and the transverse-
driving wire are inserted into the shaft and extend through
outside of the flexible joint so as to be connected with the
head.

[0016] The flexible joint includes a plurality of rings
arranged in a row.

[0017] The plurality of rings includes small rings and large
rings arranged in a row to repeatedly cross each other.
[0018] The small rings and the large rings are made of
elastic material.
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[0019] Each of the large rings has guide grooves on outer
portions thereof such that the longitudinal-driving wire and
the transverse-driving wire are linearly inserted into the guide
Zrooves.

[0020] The guide grooves are arranged in the exterior cir-
cumferential portions of the large ring at 90 degree intervals.
[0021] The laparoscopic surgical instrument may further
include an outer cover attached to an outside of the flexible
joint so as to prevent the longitudinal-driving wire and the
transverse-driving wire from moving out of the guide grooves
of the large rings.

[0022] The laparoscopic surgical instrument may further
include a steel wire that is repeatedly wound into a coil shape
with an equal diameter.

[0023] The laparoscopic surgical instrument may further
include forceps included or connected to the head. The for-
ceps include a 2 forcep jaws separated to top and bottom sides
and rotatably attached to thehead; a driving roller rotating the
forceps; and a forceps-driving unit actuating the driving roller
1o turn the forceps.

[0024] Each of the forcep jaws has a guide slit formed
inside thereof. The driving roller is rotatably coupled with the
body connected with the head and has driving pins formed on
both sides, each of the driving pins connected with the guide
slit of each of the forcep jaws.

[0025] The forceps-driving unit includes a forceps-driving
wire inserted through the shaft, the flexible joint and a
through-hole of the head, and having a folded portion wound
on an exterior circumference of the driving roller; a forceps-
driving roller provided on an upper portion of the shaft such
that a terminal portion of the forceps-driving wire is wound
thereon; and a forceps-driving motor turning the forceps-
driving roller.

ADVANTAGEOQOUS EFFECTS

[0026] Inthe exemplary embodiment of the present inven-
tion, the laparoscopic surgical instrument is provided with the
flexible joint between the shaft and the head, a flexible joint
which can be made smaller and simpler with lower produc-
tion cost compared to the gear-type joint in the prior art, and
a shaft and a head which can be made in a small diameter.
[0027] Theflexible joint ofthelaparoscopic surgical instru-
ment having a small diameter shaft in accordance with the
present invention can be more precisely controlled compared
to the gear-type joint actuated by the gear in the prior art.
[0028] In addition, since the laparoscopic surgical instru-
ment of the present invention is equipped with the shaft and
the head having small diameters, invasive damage to the body
of the patient can be minimized, thereby reducing post-sur-
gery recovery time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 is a perspective view illustrating a laparo-
scopic surgical instrument having a small diameter shaft in
accordance with an embodiment of the present invention;
[0030] FIG. 2 is an exploded perspective view illustrating
the driving unit of the laparoscopic surgical instrument of
FIG. 1;

[0031] FIG. 3 is an exploded perspective view illustrating
the flexible joint, the head and the forceps of the laparoscopic
surgical instrument of FIG. 1,

[0032] FIG. 4is an enlarged perspective view of the flexible
joint of FIG. 1,
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[0033] FIG.5isacross-sectional view illustrating the small
ring and the large ring of the flexible joint of FIG. 4 in detail;
[0034] FIG. 6 is an enlarged perspective view of the large
ring of FIG. 5;

[0035] FIG. 7 is an enlarged perspective view of the outer
cover of the flexible joint of FIG. 4;

[0036] FIG. 8 is an enlarged perspective view of the longi-
tudinal-driving unit of the laparoscopic surgical instrument
having a small diameter shaft in accordance with an embodi-
ment of the present invention;

[0037] FIG. 9 is an enlarged perspective view of the trans-
verse-driving unit of the laparoscopic surgical instrument
having a small diameter shaft;

[0038] FIG. 10 is an enlarged perspective view illustrating
the assembled state of the head of FIG. 3 with the flexible
joint, the longitudinal-driving wire, and the transverse-driv-
ing wire;

[0039] FIGS. 11 and 12 are exploded perspective views
illustrating the forceps of FIG. 10;

[0040] FIG. 13 is a perspective view showing the details of
a forceps-driving unit of a laparoscopic surgical instrument
having a small diameter shaft in accordance with an embodi-
ment of the present invention;

[0041] FIG. 14 is a perspective view showing the operating
status of the laparoscopic surgical instrument having a small
diameter shaft in accordance with an embodiment of the
present invention, in which the head is longitudinally driven
by the longitudinal-driving unit;

[0042] FIG. 15 is a perspective view showing the operating
status of the laparoscopic surgical instrument having a small
diameter shaft in accordance with an embodiment of the
present invention, in which the head is transversely driven by
the transverse-driving unit;

[0043] FIG. 16 is a top plan view showing the rotating state
of the head around the shaft in the laparoscopic surgical
instrument having a small diameter shaft in accordance with
an embodiment of the present invention; and

[0044] FIG. 17 is a perspective view showing the operating
state of the forceps in the laparoscopic surgical instrument
having a small diameter shaft in accordance with an embodi-
ment of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0045] The features and other advantages of the present
invention will be more clearly understood from the following
detailed description taken in conjunction with the accompa-
nying drawings. Hereinafter, a laparoscopic surgical instru-
ment having a small diameter shaft will be described more in
detail with reference to the accompanying drawings in accor-
dance with the preferred embodiments of the present inven-
tion.

[0046] Referring to FIGS. 1 to 3, the laparoscopic surgical
instrument having a small diameter shaft includes an elon-
gated shaft 100 inserted into an incision in the abdomen; a
flexible joint 200 connected with the distal portion of the shaft
100; a head 300 connected with the bottom portion of the
flexible joint 200; forceps 400 (a surgical instrument)
installed at the bottom portion of the head 300; and drive
portions 500, 600 and 700 each of which actuates a respective
one of the flexible joint 200 and the forceps 400.
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[0047] The shaft 100 is inserted into the operation region
during the surgical operation, formed as an elongated shape
with a hollow tube inside, and both ends of the shaft 100 are
opened.

[0048] Referring to FIGS. 4 to 6, the flexible joint 200 is
structured with a plurality of rings 201 arranged in a row.
Each of the rings 201 consists of a small ring 210 and a large
ring 220. Both the small and large rings 210 and 220 have the
same internal diameter “D.” The reason is that a strait hollow
with a uniform diameter can be formed inside the flexible
joint 200 such that the wires or power lines can pass through
the straight hollow. Each of the large rings 220 is provided
with guide grooves 221 for inserting a longitudinal-driving
wire 510 and a transverse-driving wire 610 which will be
described below in four portions of the exterior circumfer-
ence thereof. The guide grooves 221 are formed in the exte-
rior circumference of the large ring at 90 degrees intervals.
The large rings 220 can be preferably manufactured larger
than the small rings 210 by the depth “L” ofthe guide grooves
221.

[0049] The rings 201 of the flexible joint 200 can be made
of hard material such as steel or soft material with elasticity
such as rubber.

[0050] The flexible joint 200 configured as aforementioned
is connected at the top portion thereof with the shaft 100 and
at the bottom portion thereof with the head 300, respectively.
[0051] Referring to FIGS. 4 and 7, the flexible joint 200 is
covered with a coil-shaped outer cover 230, which is formed
by repeatedly winding a steel wire in the same diameter. The
outer cover 230 prevents the longitudinal-driving wire 510
and the transverse-driving wire 610 from moving out of the
guide grooves 221 of the large rings 220 when the flexible
joint 200 is bending.

[0052] The outer cover 230 is illustrated and described as a
coil-shaped figure as above. However, the present invention is
not restricted to the above-described figure, and the outer
cover 230 can be made of a hose which cannot expand and
contract in a circle direction while expanding and contracting
in the longitudinal direction. For this hose, an accordion-
shaped hose or a flexible style pipe can be used.

[0053] Referring to FIGS. 8 and 14, the longitudinal-driv-
ing unit 500 actuates the flexible joint 200 to fold in the
longitudinal direction of the head 300, and includes the lon-
gitudinal-driving wire 510, a longitudinal-driving roller 520,
and a longitudinal-driving motor 530.

[0054] The longitudinal-driving wire 510 is implemented
with one wire. The longitudinal-driving wire 510 is bent in
such a fashion that opposite terminal portions 511 join in one
direction, and then the distal ends thereof where the terminal
portions 511 are located are inserted into the distal end of the
shaft 100. The longitudinal-driving wire 510 inserted into the
shaft 100 is linearly inserted into two longitudinally-directed
groove sets of the guide grooves 221 (see FIG. 6) of the large
rings 220 in the flexible joint 200, and both terminal portions
511 are connected with both longitudinally-directed connect-
ing ends of the head 300. A joining portion 512 of the longi-
tudinally-drive wire 510 is located on the top portion (proxi-
mal portion) of the shaft 100 and is wound on the
longitudinal-driving roller 520 connected with the longitudi-
nal-driving motor 530. Preferably, the longitudinal-driving
wire 510 can be wound so as to be rotatable in both directions
of the longitudinal-driving roller 520.

[0055] The longitudinal-driving wire 510 wound on the
longitudinal-driving roller 520 moves in the direction where
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the longitudinal-driving roller 520 rotates. When the longitu-
dinal-driving roller 520 rotates in the right direction, the right
side terminal portion 511 of the longitudinal -driving wire 510
comes out and the opposing left side terminal portion 511 is
inserted therein.

[0056] Referring to FIGS. 9 and 15, the transverse-driving
unit 600 actuates the flexible joint 200 to fold in the transverse
direction of the head 300, and includes the transverse-driving
wire 610, the transverse-driving roller 620, and the trans-
verse-driving motor 630.

[0057] Referring to the transverse-driving portion 600 con-
figured as above, the transverse-driving wire 610 is imple-
mented with one wire like the longitudinal-driving wire 510
(see FIG. 8). The transverse-driving wire 610 is bent in such
a fashion that opposite terminal portions 611 join in one
direction, and then the distal ends thereof where the terminal
portions 611 are located are inserted into the distal end of the
shaft 100. The transverse-driving wire 610 inserted into the
shaft 100 is inserted linearly into the two transversely-di-
rected guide grooves (refer to 221 of F1G. 6) among the guide
grooves 221 of the large rings 220 in the flexible joint 200, and
both the terminal portions 611 are connected with both trans-
versely-directed connecting ends of the head 300. The joint
portion 612 of the transverse-driving wire 610 is located on
the top portion (proximal portion) of the shaft 100 and is
wound on the transverse-driving roller 620 connected with
the transverse-driving motor 630.

[0058] Thetransverse-driving wire 610 wound on the trans-
verse-driving roller 620 is moving in the direction where the
transverse-driving roller 520 rotates. When the transverse-
driving roller 620 rotates in the right direction based on the
shaft 100, the right side terminal portion 611 of the trans-
verse-driving wire 610 comes out and the opposing left side
terminal portion 611 is inserted therein.

[0059] Referring to FIG. 10, the head 300 has the same
external diameter as the shaft (refer to 100 of FIG. 1) and is
attached to the distal bottom end of the flexible joint 200. Both
the terminal portions 511 of the longitudinal-driving wire 510
and both the terminal portions 611 of the transverse-driving
wire 610 are attached to both sides of the connecting surfaces
in the longitudinal direction and on both sides of the connect-
ing surfaces in the transverse direction, respectively. On the
distal bottom end of the head 300, a variety of surgical instru-
ments are attached or constructed as one body.

[0060] Referring to FIGS. 11 to 13, the forceps 400 include
a pair of forcep jaws 410 attached to the body 310, which is
connected with the head 300, a driving roller 420, and a
forceps-driving unit 700.

[0061] The forceps jaw 410 is formed with a piercing pivot
insertion opening 411 on the top portion thereof and a guide
slit 412 elongated along an inclination inside the jaw 410. The
driving roller 420 is rotatably installed on the body 310 and
formed with driving pins 421 eccentrically protruded on both
sides. The forceps-driving unit 700 includes a forceps-driving
wire 710, a forceps-driving roller 720, and a forceps-driving
motor 730.

[0062] For the assembly sequence of the forceps 400 struc-
tured as above, the folded portion 712 of the forceps-driving
wire 710 inserted via the through-hole in the head 300 is
wound on the exterior circumference ofthe driving roller 420.
The driving roller 420 is rotatably connected with the body
310. The forcep jaws 410 on both sides are coupled with each
other in such a fashion that the driving pins 421 of the driving
roller 420 assembled on the body 310 are inserted into the
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guide slits 412, respectively. Finally, the body 310 and the
forcep jaws 410 are inserted into the head 300, and a fixing
shaft 311 is inserted into the body 310 and the pivot insertion
openings 411 of the forcep jaws 410.

[0063] Referring to FIGS. 13 and 17, the forceps 400 con-
figured as above are actuated by the forceps-driving unit 700,
which includes the forceps-driving wire 710, the forceps-
driving roller 720, and the forceps-driving motor 730.
[0064] The forceps-driving wire 710 is folded into two
halves in such a fashion that a folded portion 712 passes
through the hollow opening portion of the shaft 100 and the
flexible joint 200 and surrounds the exterior circumference of
the driving roller 420 engaged on the body 310 of the head
300. Here, the opposite end of the forceps-driving wire 710 is
connected with the forceps-driving roller 720 installed on the
proximal top end of the shaft 100. The forceps-driving roller
720 can be turned by the forceps-driving motor 730, thereby
making the forceps-driving wire 710 rotate in one direction.
[0065] Inthe exemplary embodiment of the present inven-
tion, the laparoscopic surgical instrument having a small
diameter shaft can be used as being connected with a slave
robot (not shown) of a robot-assisted laparoscopic surgery
(not shown). However, the present invention is not limited
thereto, and can be used as a laparoscopic surgical instrument
with a separated manipulating means attached thereto for an
individually operated and manipulated laparoscopic surgery.
[0066] The operations of the laparoscopic surgical instru-
ment having a small diameter shaft formed with the above
mentioned figures in accordance with the present invention
will be described more in detail.

[0067] Referring to FIGS. 8 and 14, the longitudinal-driv-
ing motor 530 connected with the longitudinal-driving roller
520 needs to be rotated in order to turn the head 300 in the
longitudinal direction by bending the flexible joint 200 in the
longitudinal direction. The longitudinal-driving roller 520
connected with the longitudinal-driving motor 530 can turn at
an angle of certain number of degrees in one direction by the
turning power of the longitudinal-driving motor 530. When
the longitudinal-driving roller 520 turns in the clockwise
direction, the left side of the longitudinal-driving wire 510
wound around the longitudinal-driving roller 520 can be
wound around the longitudinal-driving roller 520 and the
right side thereof can be unwound from the longitudinal-
driving roller 520. When the left side of the longitudinal-
driving wire 510 contracts and the right side of the longitu-
dinal-driving wire 510 extends in this manner, the flexible
joint 200 is pressed to reduce the space between the head 300,
connected with the left side of the longitudinal-driving wire
510, and the shaft 100. The small rings 210 and the large rings
220 forming the flexible joint 200 are bent by downward
pressure from above while drawing a circle. When the flexible
joint 200 is bent while drawing a circle, the head 300 rotates
to the left side of the longitudinal direction around the shaft
100.

[0068] In order to turn the head 300 in the right side of the
longitudinal direction, the longitudinal-driving motor 530
needs to rotate in the counterclockwise direction, contrary to
the above motion. When the longitudinal-driving motor 530
rotates in the counter-clockwise direction, the longitudinal-
driving roller 520 connected with the longitudinal-driving
motor 530 turns in the counterclockwise direction, and the
left side of the longitudinal-driving wire 510 wound around
the longitudinal-driving roller 520 extends and the right side
of the longitudinal-driving wire 510 contracts. When the
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length of the longitudinal-driving wire 510 changes based on
the longitudinal-driving roller as above, the flexible joint 200
is bent to the right side of the longitudinal direction around the
shaft 100 by the longitudinal-driving wire 510 and the head
300 turns to the right side.

[0069] Thelongitudinal-driving unit 500 enabling the flex-
ible joint 200 to bend in the longitudinal direction can rotate
the head 300 up and down by 90 degrees in the longitudinal
direction.

[0070] Referring to FIGS. 9 and 15, the transverse-driving
motor 630 of the transverse-driving unit 600 is operated in
order to bend the flexible joint 200 in the transverse direction.
When the transverse-driving motor 630 rotates, the trans-
verse-driving roller 620 can turn at an angle of a certain
number of degrees in one direction and the transverse-driving
wire 610 is wound around the transverse-driving roller 620.
When the transverse-driving roller 620 turns in the clockwise
direction, the left side of the transverse-driving wire 610 can
be wound around the transverse-driving roller 620 and the
right side of the transverse-driving wire 610 can be unwound.
Consequently, the left side of the transverse-driving wire 610
can contract and the right side of the transverse-driving wire
610 can extend around the transverse-driving roller 620, and
the flexible joint 200 is pressed to reduce in the left direction
between the head 300, connected with the left terminal por-
tion 611 of the transverse-driving wire 610, and the shaft 100.
At this time, the small rings 210 and the large rings 220
forming the flexible joint 200 are bent in the left direction by
downwards pressure while drawing a circle. The flexible joint
200 is bent in the left direction as above and the head 300
rotates to the left side of the transverse direction around the
shaft 100.

[0071] Inorder to turn the head 300 to the right side of the
transverse direction, the transverse-driving motor 630 is
rotated in the counterclockwise direction contrary to the
above motion. When the transverse-driving motor 630 rotates
in the counter-clockwise direction, the left side of the trans-
verse-driving wire 610 wound around the transverse-driving
roller 620 extends and the right side of the transverse-driving
wire 610 contracts. When the length of the transverse-driving
wire 610 changes, the flexible joint 200 is bent to the right side
and the head 300 can turn to the right side of the transverse
direction around the shaft 100.

[0072] The flexible joint 200 bending as above can rotate
the head 300 by 90 degrees in the left/right side of the trans-
verse direction around the extended axis of the shaft.

[0073] Referring to FIG. 16, the flexible joint 200 bending
in both longitudinal and transverse directions within 90
degrees, respectively, can be used together with the longitu-
dinal-driving unit 500 and the transverse-driving unit 600,
and the head 300 can rotate 360 degrees in all directions
around the shaft 100 when the longitudinal-driving unit 500
and the transverse-driving unit 600 are operated at the same
time.

[0074] Referring to FIG. 17, the forceps 400 formed on the
head 300 can be actuated via turning of the forceps-driving
roller 720 by rotating the forceps-driving motor 730. When
the forceps-driving roller 720 turns, one side of the forceps-
driving wire 710 is wound around the forceps-driving roller
720 and the other side of the forceps-driving wire 710 is
unwound. At this time, the folded portion 712 of the forceps-
driving wire 710 rotates around the driving roller 420 and the
driving roller 420 turns in the rotating direction of the for-
ceps-driving wire 710. When the forceps-driving roller 720



US 2010/0280543 Al

turns in the clockwise direction by using the forceps-driving
motor 730, the forceps-driving wire 710 rotates in the clock-
wise direction together with the forceps-driving roller 720. At
this time, the driving roller 420 rotatably connected with the
folded portion 712 of the forceps-driving wire 710 can rotate
in the clockwise direction together with the forceps-driving
wire 710. When the driving roller 420 turns in the clockwise
direction as above, both forcep jaws 410 in which the guide
slits 412 are connected with the driving pins 421 can be closed
up until the opposing sides come into contact with each other
by the rotation of the driving roller 420.

[0075] 1In order to open the forcep jaws 410, the forceps-
driving roller 720 is turned in the counterclockwise direction.
When the forceps-driving roller 720 turns in the counter-
clockwise direction, the forceps-driving wire 710 also rotates
in the counterclockwise direction and the driving roller 420
connected with the forceps-driving wire 710 also rotates in
the counterclockwise direction, and both the forcep jaws 410,
in which the guide slits 412 are connected with the driving
pins 421 of the driving roller 420, are opened by moving in
both directions.

[0076] As set forth above, it is to be appreciated that those
skilled in the art can make substitutions, or change or modify
the embodiments into various forms without departing from
the scope and spirit of the present invention. Accordingly, the
foregoing embodiments should be regarded as illustrative
rather than limiting. The scope of the present invention is not
defined by the detailed description as set forth above but by
the accompanying claims of the invention. It should also be
understood that all alterations or modifications derived from
the definitions and scopes of the claims and their equivalents
fall within the scope of the invention.

1. A laparoscopic surgical instrument including a shaft and
a head having a distal end to which a variety of surgical
instruments are attached, the laparoscopic surgical instru-
ment comprising;

a flexible joint installed between the shaft and the head;

a longitudinal-driving unit including a longitudinal-driv-
ing wire connected with both longitudinal ends of the
head and a longitudinal-driving roller turning the longi-
tudinal-driving wire, wherein the longitudinal-driving
unit turns the flexible joint in the longitudinal direction;
and

a transverse-driving unit including a transverse-driving
wire connected with both transverse ends of thehead and
a transverse-driving roller turning the transverse-driving
wire, wherein the transverse-driving unit turns the flex-
ible joint in the transverse direction,

wherein the shaft has a small diameter.

2. The laparoscopic surgical instrument in accordance with
claim 1, wherein the longitudinal-driving wire of the longi-
tudinal-driving unit is partially wound on the longitudinal-
driving roller, the transverse-driving wire of the transverse-
driving unit is partially wound on the transverse-driving
roller, and both ends of the longitudinal-driving wire and the
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transverse-driving wire are inserted into the shaft and extend
through an outside of the flexible joint so as to be connected
with the head.

3. The laparoscopic surgical instrument in accordance with
claim 1, wherein the flexible joint includes a plurality of rings
arranged in a row.

4. The laparoscopic surgical instrument in accordance with
claim 3, wherein the plurality of rings comprises small rings
and large rings arranged in a row to repeatedly cross each
other.

5. The laparoscopic surgical instrument in accordance with
claim 4, wherein the small rings and the large rings are made
of elastic material.

6. The laparoscopic surgical instrument in accordance with
claim 4, wherein each of the large rings has guide grooves on
outer portions thereof such that the longitudinal-driving wire
and the transverse-driving wire are linearly inserted into the
guide grooves.

7. The laparoscopic surgical instrument in accordance with
claim 6, wherein the guide grooves are arranged in the exte-
rior circumferential portions of the large ring at 90 degree
intervals.

8. The laparoscopic surgical instrument in accordance with
claim 3, further comprising an outer cover attached to an
outside of the flexible joint so as to prevent the longitudinal-
driving wire and the transverse-driving wire from moving out
of the guide grooves of the large rings.

9. The laparoscopic surgical instrument in accordance with
claim 8, wherein the instrument comprises a steel wire that is
repeatedly wound into a coil shape with an equal diameter.

10. The laparoscopic surgical instrument in accordance
with claim 1. further comprising forceps included or con-
nected to the head, wherein the forceps include:

a couple of forcep jaws separated to top and bottom sides

and rotatably attached to the head;

a driving roller rotating the forceps; and

a forceps-driving unit actuating the driving roller to turn
the forceps.

11. The laparoscopic surgical instrument in accordance
with claim 10, wherein each of the forcep jaws has a guide slit
formed on an inside thereof, and wherein the driving roller is
rotatably coupled with the body connected with the head and
has driving pins formed on both sides, each of the driving pins
connected with the guide slit of each of the forcep jaws.

12. The laparoscopic surgical instrument in accordance
with claim 10, wherein the forceps-driving unit includes:

a forceps-driving wire inserted through the shaft, the flex-
ible joint and a through-hole of the head, and having a
folded portion wound on an exterior circumference of
the driving roller;

a forceps-driving roller provided on an upper portion of the
shaft such that a terminal portion of the forceps-driving
wire is wound thereon; and

a forceps-driving motor turning the forceps-driving roller.

* 0 ok ok ok %k
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