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ABSTRACT

A number of improvements to laparoscopic devices are
described herein, primarily to improve the ergonomic func-
tionality of the devices. For example, an articulating rod
system is described, a gripping mechanism is described, and
an end effector is described.
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LAPAROSCOPIC DEVICES AND METHODS
OF USING

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority to
U.S. Application No. 61/594,463 filed Feb. 3, 2012.

TECHNICAL FIELD

[0002] This disclosure relates to laparoscopic devices and
improvements thereto.

BACKGROUND

[0003] Laparoscopic surgery is a type of minimally-inva-
sive surgery technique in which procedures are performed
either through a small incision in the body or through one of
the body’s natural orifices. In a common laparoscopic proce-
dure, a small incision is made in the abdomen of the patient
and the abdomen is insufflated with a biologically inert gas
such as carbon dioxide. To hold the incision open and main-
tain the abdominal insufflation, a trocar may then be
implanted within the incision. Thereafter, small tools may be
inserted into the insufflated abdominal cavity through the
trocar in order to perform the desired procedure.

[0004] Laparoscopic procedures have many benefits for
patients, including reduced pain and shortened recovery
times, minimized hospital stays, and less scarring. Because of
these factors, laparoscopic techniques have gained increased
favor over the years. Many surgeons have found, and subse-
quent studies have shown, however, that laparoscopic tech-
niques require greater concentration and place greater mental
and physical stress on surgeons than open surgery. Moreover,
laparoscopic tools are often difficult to use due to their small
size and sub-optimal design. In some circumstances, inad-
equate laparoscopic tools may cause undue fatigue oractually
harm the surgeon, further complicating the procedure.
[0005] Due to the small size of the trocar ports and the
specific needs of laparoscopic procedures, specialized instru-
ments are required to address these issues. Current laparo-
scopic instruments have been found to be very poorly
designed ergonomically. A simple ergonomic analysis of
many laparoscopic tools shows that the pressure points on the
laparoscopic tool handle do not correspond to locations on the
human hand designed to absorb impact. Furthermore, four
different handle designs commonly used in laparoscopic
tools (shank, pistol, axial, and ring-handle) have been found
to result in either painful pressure spots or cause extreme
ulnar deviation. These factors have led to reports by some
laparoscopic surgeons of pain, hand and finger numbness, or
fatigue after laparoscopic procedures.

[0006] There exists a need, therefore, for an ergonomically
designed laparoscopic tool which minimizes trauma to the
surgeon while still providing the necessary functionality for
completing the laparoscopic procedure.

SUMMARY

[0007] Inoneaspect,anarticulating rod system is provided.
Such a system typically includes an articulation control mem-
ber comprising a receiving annulus; a plurality of connection
rods; and at least one rod guide. In one embodiment, the
articulation control member comprises a receiving annulus
for receiving the ends of the plurality of connection rods. In
one embodiment, the articulation control member comprises
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a plurality of sockets for receiving a ball on an end of the
plurality of connection rods. In some embodiments, the
articulation control member comprises a control sphere-in-
terfacing portion and a connection rod-receiving portion. In
some embodiments, the articulation control member is a
proximal articulation control member, and where the system
further includes a distal articulation control member. In some
embodiments, the system includes three connection rods; in
some embodiments, the system includes four connection
rods; and in some embodiments, the system includes at least
two rod guides.

[0008] In another aspect, a proximal control mechanism is
provided, which includes the articulating rod system
described above, a control sphere, and an articulation control
rod. In some embodiments, such a proximal control mecha-
nism further includes a proximal control mechanism housing
unit.

[0009] In still another aspect, a distal control mechanism is
provided, which includes the articulating rod system
described above and an end effector assembly. In some
embodiments, such a distal control mechanism further com-
prises a housing unit.

[0010] In yet another aspect, a laparoscopic device is pro-
vided. Such a device typically includes the proximal control
mechanism described above and the distal control mecha-
nism described above. In such a device, the plurality of con-
nection rods communicate the movement of the control
sphere, via the articulation control member in the proximal
control mechanism, to movement of the end effector assem-
bly, via the articulation control member in the distal control
mechanism.

[0011] In one aspect, a gripping mechanism in a laparo-
scopic handle is provided. Such a gripping mechanism typi-
cally includes ahand grip having an open and closed position;
a force controller comprising a first and a second position; a
rocker arm that is pivotable about a rocker arm pivot point;
and a link arm attached to the rocker arm at a link arm pivot
point. Generally, the first and second position of the force
controller corresponds to a first and a second position of the
rocker arm, respectively, such that, when the hand grip is in
the closed position, the directional force applied on the link
arm in the first position is the opposite of the directional force
applied on the link arm in the second position. In some
embodiments, the force controller is a button or a switch. In
some embodiments, such a gripping mechanism includes an
end effector assembly such as, without limitation, a grasper-
type end effector assembly. In some embodiments, when the
force controlleris in the first position, closing the grip applies
a directional force on the link arm in the proximal direction,
thereby forcibly closing the grasper-type end effector assem-
bly, and when the force controller is in the second position,
closing the grip applies a directional force on the link arm in
the distal direction, thereby forcibly opening the grasper-type
end effector assembly.

[0012] In another aspect, a grasper-type end effector
assembly for a laparoscopic device is provided. Such a device
typically includes a first and a second arm, each of the firstand
the second arm having a proximal and a distal end, the proxi-
mal end of each of the first and the second arms comprising a
curved slotted opening for receiving a pin; and a base com-
prising a proximal end and a distal end, the base having a pin
mechanism that reciprocates along a longitudinal axis of the
end effector assembly, the proximal end of the base compris-
ing means for attachment to a laparoscopic instrument. Gen-
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erally, a pin on the pin mechanism is moveably translatable
within the curved slotted opening on the proximal ends of
each of the first and the second arms, and the proximal ends of
the first and the second arms are attached to the base at a first
pivot point and a second pivot point, respectively, such that
reciprocation of the pin mechanism causes a corresponding
opening and closing of the distal ends of the first and the
second arms via moveable translation of the pin within the
curved slotted opening,

[0013] In some embodiments, the first pivot point and the
second pivot point are off-set relative to a central longitudinal
axis of the first and the second arm. In some embodiments,
reciprocation of the pin mechanism is controlled via a trigger
mechanism on the laparoscopic device; in some embodi-
ments, reciprocation of the pin mechanism is controlled via a
gripping mechanism on the laparoscopic device. In some
embodiments, the first and the second arm include teeth.
[0014] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which the
methods and compositions of matter belong. Although meth-
ods and materials similar or equivalent to those described
herein can be used in the practice or testing of the methods
and compositions of matter, suitable methods and materials
are described below. In addition, the materials, methods, and
examples are illustrative only and not intended to be limiting.
All publications, patent applications, patents, and other ref-
erences mentioned herein are incorporated by reference in
their entirety.

DESCRIPTION OF DRAWINGS

[0015] FIG.11is a schematic showing an embodiment of an
articulating rod system.

[0016] FIG. 2 is a schematic of a proximal control mecha-
nism in a neutral or unmanipulated position (FIG. 2A) and in
a manipulated position (FIG. 2B). A side-view (left) and an
isometric view (right) are shown.

[0017] FIG. 3 is a schematic of a distal control mechanism
in a neutral or unmanipulated position (FIG. 3A) and in a
manipulated position (FIG. 3B).

[0018] FIG. 4 is a schematic of a handle showing an
embodiment of a gripping mechanism.

[0019] FIG. 5isa schematic showing the articulation of the
end effector (insets) while the gripping mechanism is in the
open position (FIG. 5A) and in the closed position (FI1G. 5B)
when the force controller is in a first position.

[0020] FIG. 6 is a schematic showing the articulation of the
end effector (insets) while the gripping mechanism is in the
open position (FIG. 6A) and in the closed position (FI1G. 6B)
when the force controller is in a second position.

[0021] FIG. 7A and 7B are schematics showing various
embodiments of the distal portion of the gripping mechanism.
[0022] FIG. 8A and 8B are schematics showing a side view
of one embodiment of a grasper-type end effector in the
closed position (F1G. 8A) and in the open position (FIG. §B),
while FIG. 8C is a schematic showing an isometric view of
one embodiment of a grasper-type end effector in the open
(left) and closed (right) position.

[0023] FIG.9isaschematic showing one embodiment of a
grasper-type end-effector.

[0024] Like reference symbols in the various drawings
indicate like elements.
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DETAILED DESCRIPTION

[0025] A number of improvements to laparoscopic devices
are described herein, primarily directed toward the ergo-
nomic functionality of such devices. Three general improve-
ments are described, in no particular order, each of which can
be applied to laparoscopic devices individually or in combi-
nation with one or both other improvements. First, an articu-
lating rod system is described that uses a plurality of connec-
tion rods (e.g., 3, 4 or 5) contained within the housing shaft.
Due, at least in part, to the rigidity of connection rods (com-
pared to wires or cables used in previous devices; see, for
example, US 2009/0312605), the articulating rod system can-
not have rods crossing within the shaft. Thus, the connection
rods in the articulating rod system described herein are
secured such that each connection rod can rotate in place
within the X and Y planes, but is within the Z plane. Second,
a gripping mechanism is described that allows a user to
change the direction of force applied by the end effector
assembly (e.g., opening with force or closing with force).
Third, an end effector assembly is described herein that has an
improved feel. The end effector assembly itself has been
designed to facilitate greater opening and closing forces as
well as a wider opening angle. In addition, the mechanism of
connecting and housing the end effector assembly at the distal
end of a laparoscopic instrument also has been modified.
While the modified housing limits only slightly the angle of
movement of the end effector assembly, it allows for greater
transverse forces and makes the device safer for in vivo use.

Articulating Rod System

[0026] FIG. 1 shows an embodiment of an articulating rod
system 110. The articulating rod system 110 includes an
articulation control member 120. The articulating rod system
110 shown in FIG. 1 includes four connection rods 130,
although in other embodiments, suitable articulation could be
achieved using, for example, three connection rods or five
connection rods. Connection rods 130 typically are con-
structed of rigid material such as stainless steel and/or tita-
nium, or any suitable material such that the connection rods
do not bend, fold, give, or otherwise lose tension.

[0027] FIG. 1 shows an embodiment in which the ends of
the connection rods 130 are seated in a receiving annulus 140
portion of an articulation control member 120. In some
embodiments, the ends of one or more of the connection rods
130 can be seated in a spherical-type hole within a receiving
annulus similar to a ball-and-socket joint. In the articulating
rod system 110 shown in FIG. 1, the connection rods 130 are
maintained in a position that is substantially parallel to the
longitudinal axis L of the shaft of the instrument by one or
more rod guides 150. In the embodiment shown in FIG. 1,
each connection rod 130 is positioned within a receiving slot
160 in the rod guide 150, but other configurations of rod
guides can be used provided they perform the same function.
[0028] The connection rods within an articulating rod sys-
tem generally traverse the shaft of the instrument parallel to
its longitudinal axis, with no bends or twists. Each connection
rod has the ability to rotate in place about the center axis of the
instrument shaft and about its own center axis, but is fixed at
the distal end (e.g., directly or indirectly to the end effector
assembly) and at the proximal end (e.g., directly or indirectly
to the control sphere). The overall effect of a control mecha-
nism that includes an articulating rod system as described
herein is to maintain an inverted relationship between the
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control sphere and the end effector assembly. That is, it is
intended that the end effector assembly mirror the movement
of the control sphere (e.g., moving the control sphere up
moves the end effector assembly up).

[0029] It would be understood by those in the art that an
articulation control member 120 could be configured as two
or more components. For example, an articulation control
member can include an interior portion (e.g., a “connection
rod-receiving portion”) 122 and an exterior portion (e.g., an
“articulation-interfacing portion™) 121. FIG. 1. In addition,
those skilled in the art would appreciate that the configuration
of the exterior portion of the articulation control member 220
(e.g., the portion that communicates, directly or indirectly,
with the control sphere in the proximal control mechanism
and/or the end effector assembly in the distal control mecha-
nism) can be different depending on the end (proximal or
distal) and the particular manner of connection and commu-
nication that is desired. For example, FIG. 2 shows an exterior
portion of an articulation control member having a sphere
shape, which can be used, for example, as a ball in a ball-and-
joint connection. Alternatively, F1G. 3 shows an exterior por-
tion of an articulation control member having a flat or blunted
shape, which can be configured to communicate with an end
effector assembly. Unless otherwise indicated, the configu-
rations of the exterior portions of the articulation control
members shown in FIG. 1, FIG. 2 and FIG. 3 are intended to
be exemplary only; other suitable configurations are known to
those skilled in the art.

[0030] An articulating rod system such as that shown in
FIG. 1 can be included in a proximal control mechanism
located, for example, in the handle of a laparoscopic device.
This embodiment is shown in FIG. 2. Additionally or alter-
natively, an articulating rod system such as that shown in FIG.
1 can be included in a distal control mechanism operably
connected to the end effector assembly. This embodiment is
shown in FIG. 3.

[0031] Turning now to FIG. 2, a proximal control mecha-
nism 200 is shown that includes an articulating rod system as
described in FIG. 1. FIG. 2A shows the proximal control
mechanism in the neutral position, while FIG. 2B shows the
proximal control mechanism in the manipulated position. The
proximal control mechanism 200 in FIG. 2 is shown with a
control sphere 270, although a joystick or a control pad could
be used instead of a control sphere. Based on the description
herein, one skilled in the art would appreciate that the control
sphere, joystick or control pad ultimately actuates the pitch
and yaw of the end effector assembly.

[0032] As shown in FIG. 2, the distal portion of a control
sphere 270 can be operably connected to the proximal end of
an articulation control rod 280. In the embodiment shown in
FIG. 2, the articulation control rod 280 is positioned within a
cylindrical opening in the control sphere such that the articu-
lation control rod 280 can rotate about its own axis and extend
and retract within the cylindrical opening in the control
sphere, although other configurations could effectuate the
same type of interaction and resulting movement. The distal
end of the articulation control rod 280 then can be connected
to the proximal portion of an articulation control member 220
via, for example, a ball-and-socket joint. As shownin F1G. 2A
and F1G. 2B, the proximal end of the articulation control rod
280 is affixed to the control sphere 270 such that rotation of
the control sphere 270 about a given axis corresponds to the
opposite movement at the distal end of the articulation control
rod 280. That is, if the control sphere 270 is manipulated in a
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“downward” direction, the distal end of the articulation con-
trol rod 280 moves in the “upward” direction (see FIG. 2B),
which places the proximal portion of the articulation control
member 220 in a “downward” position (see FIG. 2B). While
not shown, it would be understood by those in the art that a
proximal articulation control member 220 could be config-
ured to directly communicate with the control sphere 270
(i.e., in the absence of an articulation control rod 280).

[0033] Still referring to FIG. 2, a proximal control mecha-
nism housing unit 290 was designed to wrap around the center
axis of the control sphere 270 and the articulation control
member 220, with the inside surface of the housing unit being
formed such that the position of the control sphere 270 and the
articulation control member 220 is maintained (e.g., relative
to each other, relative to the connection rods, relative to the
overall handle) while still allowing them to rotate about their
center axis as described herein. This configuration of the
housing unit eliminates the tendency of the control sphere to
translate instead of properly rotating in place. In one embodi-
ment, the proximal control mechanism housing unit is formed
in two halves, so that it is easily assembled around the control
sphere and articulation control member.

[0034] FIG. 2 shows the connection rods (i.e., the proximal
ends of the connection rods) 230 seated in the receiving
annulus 240 of the proximal articulation control member 220.
The connection rods 230 are intended to traverse the length of
a laparoscope shaft such that their distal ends (i.e., the distal
ends of the connection rods) communicate with a distal con-
trol mechanism.

[0035] An example of a distal control mechanism is shown
in FIG. 3. The distal control mechanism 300 shown in FIG. 3
includes connection rods 330 seated in the receiving annulus
340 of a distal articulation control member 320 operably
connected to an end effector assembly 315. FIG. 3A shows
the distal control mechanism 300 and the end effector assem-
bly 315 in the neutral position, while FIG. 3B shows the distal
control mechanism 300 and the end effector assembly 315 in
the manipulated position. The proximal portion of the distal
articulation control member 320 typically is housed within
the distal end of the laparoscope shaft 305 such that the distal
articulation control member 320 is able to rotate about its
central axis. Thus, for example, when the proximal portion of
the distal articulation control member 320 is moved by the
connection rods 330, the distal portion of the distal articula-
tion control member 320 is moved correspondingly, along
with the end effector assembly 315 (see FIG. 3B).

[0036] Theend effector assembly 315 can be operably con-
nected to the distal articulation control member 320 via
attachment means 325. Examples of attachment means 325
between the distal portion of the articulation control member
320 and the end effector assembly 315 include, without limi-
tation, a rod, a hollow rod, or a hollow rod with a cable
traversing its axis.

[0037] The design at the distal end allows the distal articu-
lation control member (and, thus, the end effector assembly)
to move transversely. A distal control mechanism can be
contained within a housing unit. In some embodiments, the
housing unit has a distal end diameter equal to the outside
diameter of the instrument shaft, while the proximal end has
adiameter equal to the inside diameter of the instrument shaft
for ease of assembly. In certain embodiments, the housing
unit may prevent the end effector assembly from being able to
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move a full 90°, however, the safety and strength benefits of
this type of housing unit are more advantageous to the overall
design.

[0038] As described herein, a laparoscopic instrument can
be configured such that, upon manipulation of a proximal
control mechanism, the connection rods correspondingly
manipulate the distal control mechanism. In other words, if
the proximal articulation control member is moved
“upwards” (e.g. via an upward motion on the control sphere),
the distal articulation control member 320 thereby is moved
“downward”. In this way, movement of a control sphere in the
handle of the laparoscope results in a corresponding move-
ment (i.e., in the same direction) of the end effector assembly.

Gripping Mechanism

[0039] This disclosure also describes a novel gripping
mechanism for a laparoscopic device that allows force to be
applied when actuating an end effector assembly in a closing
motion or in an opening motion. During laparoscopic proce-
dures, it may be desirable to apply force in the closing motion
in order to, for example, grasp or pinch, and/or it may be
desirable to apply force in the opening motion in order to, for
example, separate or dissect tissue planes. FIG. 4 shows a
handle 400 that includes a gripping mechanism 410 as
described herein. A gripping mechanism 410 as described
herein can include a force controller 420. A force controller
420 on a gripping mechanism 410 can be moved from a first
position (e.g., an “up” position, a “+” position, a “0” position)
to a second position (e.g., a “down” position, a “~” position,
a “1” position). In some embodiments, the force controller
420 can be moved from a first position to a second position
when the grip 470 is half way closed (e.g., the grip is partially,
but not fully, engaged).

[0040] As described below, moving the force controller
from the first position to the second position shifts the posi-
tion of the rocker arm 450 about a slideable pivot point 430
such that closing the hand grip changes the directional force
applied on the link arm 460. For example, in one embodiment,
when the force controller is in the first position, closing the
grip applies a directional force on the link arm in the proximal
(or reverse) direction, which forcibly closes the grasper-type
end effector assembly. This embodiment is described in more
detail below with respect to FIG. 5. Similarly, when the force
controller is in the second position, closing the grip applies a
directional force on the link arm in the distal (or forward)
direction, which forcibly opens the grasper-type end effector
assembly. This embodiment is described in more detail below
with respect to FIG. 6.

[0041] Referring to FIG. 5A and 5B, when the force con-
troller 520 is in the first or “up” position, closing the grip 570
articulates the powered closing of the end effector assembly
515 (see the inset photos of F1G. 5A and 5B). Closing the grip
570, and the resulting spring-activated opening of the grip,
causes the rocker arm 550 to pivot about the rocker arm pivot
point 580. The link arm 560 is connected to the rocker arm
550 via a link arm pivot point 590. This configuration creates
a lever mechanism with force multiplication, which ulti-
mately is translated to the end effector assembly. Thus, in this
configuration, closing the grip 570 in the gripping mechanism
510 forcibly closes the end effector assembly 515 when the
force controller 520 is in the first or “up” position.

[0042] Referring to FIG. 6A and 6B, when the force con-
troller 620 is in the second or “down” position, closing the
grip 670 articulates the powered opening of the end effector
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assembly 615 (see the inset photos of FIG. 6 A and 6B), with
the resulting spring-activated opening of the grip causing the
end effector assembly to close. It is noted that, in the embodi-
ment shown in FIG. 6, the arc length that the rocker arm pivot
point 680 moves through when the force controller 620 is in
the second or “down” position is shorter since the slideable
pivot point 630 is closer to the fulcrum of the grip 670,
requiring a shorter lever arm on that side of the rocker arm 650
to create the same amount of movement in the link arm 660.
Thus, in this configuration, closing the grip 670 forcibly
opens the end effector assembly 615 when the force controller
620 is in the second or “down” position.

[0043] FIG.7A shows one embodiment of the distal portion
of the gripping mechanism 710. As shown, a link arm 760 is
connected to a control rod slider 735 that can reciprocate
along the axis of the instrument shaft 705. The control rod
slider 735 communicates with a slot on a cylindrical sliding
mechanism 745 that circumscribes the shaft 705 and is
attached to an actuating control rod 725. In the embodiment
shown in FIG. 7, the control rod slider is a U-shaped pin. The
configuration of the distal portion of the gripping mechanism
shown herein enables the shaft 705 to be rotated using the
rotating mechanism 755 while still allowing linear movement
of the actuating control rod 725.

[0044] FIG. 7B shows one embodiment of a gear mecha-
nism 750 that can be used in a gripping mechanism 710 as
described herein. In this embodiment, a large gear 752 intet-
acts with two smaller gears 754 within the handle, so that
when the grip 770 is moved in and out, the gears rotate. One
end of a small rod or plate 756 can be attached to a pivot point
on the large gear 752, with the other end can be attached to a
clip 758 that is slideably attached to the shaft of the instru-
ment. The communication between the movement of the grip
770, the gear mechanism 750 and, for example, a clip, hook,
clasp or clamp (not shown) causes the clip, hook, clasp or
clamp to move along the longitudinal axis L of the shaft when
the gear mechanism rotates. In one embodiment, a clip, hook,
clasp or clamp can be attached to a control rod of the instru-
ment, thus pushing the control rod along the longitudinal axis
of the instrument shaft during activation. This design is simi-
lar to a cable-driven mechanism used in previous designs but
avoids the occasional “slack” feel and the breakage of the
cable.

End Effector Assembly

[0045] This disclosure also describes a novel end effector
assembly. F1G. 8 shows a grasper-type end effector assembly
815 that utilizes a pin-in-slot mechanism 890 within the base
865. In addition to the grasper-type end effector assembly
815, FIG. 8 also includes a distal articulation control member
820 and also shows a means of attaching the end effector
assembly 815 to a laparoscopic device (e.g., a distal articula-
tion control member 820). Representative means of attaching
an end effector assembly to a laparoscopic device includes,
without limitation, direct attachment (e.g., snap-in-place or
screw-on) or via a housing that attaches via, for example, a
ball and socket joint or a hinged joint or is screwed on via
threads.

[0046] One of the unique and important features of the
grasper-type end effector assembly 815 shown in FIG. 8 is the
presence of dual pivot points 875 that are offset from the
center. See FIG. 8A. The offset dual pivot points 875 allow for
a greater moment on each arm of the grasper, translating to
increased force. Another unique feature in the grasper-type
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end effector assembly 815 shown in FIG. 8 is the presence of
a curved slotted opening 885 in which a pin mechanism 895
can be moveably translatable. See FIG. 8A. The curved slot-
ted opening 885 to receive the pin mechanism 895, in con-
junction with the dual pivot points 875, allows the graspers to
be opened further than would be possible with, for example,
a straight slot. FIG. 8B shows that a grasper-type end effector
assembly 815 having a pin-in-slot mechanism 890 with a
curved slotted opening 885 can be opened more than 90°. Still
another unique feature of the grasper-type end effector
assembly 815 shownin FIG. 8 is the slightly squared shape of
the “shoulders” 845 just below the cylindrical portion of the
grasper arm 860. See FIG. 8C. The square shoulder shape was
designed to provide additional material into which the dual
pivot point pins can be set.

[0047] FIG. 9 shows another embodiment of a grasper-type
end effector assembly 915. The grasper-type end effector in
FIG. 9 has a different type of grasper mechanism than that
shown in FIG. 8. The grasper mechanism shown in FIG. 9 has
two pivot points 975, one on each arm (or “jaw”) 960. Gears
945 on one arm 960 interact with gears 945 on the other arm
960, allowing the grasper arms 960 to open symmetrically
about their pivot points 975. One arm 960 has an L-shaped
extension 925 that extends proximally from the pivot point of
the arm and has a 90° bend and an opening 985 at the proximal
end. The opening 985 at the proximal end of the L-shaped
extension 925 is configured to receive a pin attached to the
distal end of a linkage plate 935, while the proximal end of the
linkage plate 935 is attached to a control rod 980. When the
control rod is moved axially towards the distal end of the
instrument, the linkage plate 935 pushes on the L-shaped
extension 925, causing the arm 960, to which the L-shaped
extension 925 is connected, to open. As indicated above, the
gear mechanism 945 causes the other arm 960 to open simul-
taneously. By using off-center dual pivot points 975 and the
L-shaped extension 925 on one arm 960, the pulling force
applied by the control rod 980 can create a larger pinching
force between the arms 960 than previous designs. Addition-
ally, the dual pivot points 975 and the gear mechanism 945
allow the arms 960 to open much wider than the previous
designs.

[0048] Notably, it was determined that the force applied at
the tip of the closed arms in the configuration shown in FIG.
9is equal to 0.24 times the force applied by the control rod. In
addition, it would be appreciated by the skilled artisan that the
teeth shown on the arms 960 in FIG. 9 can have any number
of configurations (e.g., number of teeth per square area, depth
of teeth); it would also be appreciated that the end effector
assembly in FIG. 8, while not shown, could include teeth.
[0049] It is to be understood that, while the methods and
compositions of matter have been described herein in con-
junction with a number of different aspects, the foregoing
description of the various aspects is intended to illustrate and
not limit the scope of the methods and compositions of matter.
Other aspects, advantages, and modifications are within the
scope of the following claims.

[0050] Disclosed are methods and compositions that can be
used for, can be used in conjunction with, can be used in
preparation for, or are products of the disclosed methods and
compositions. These and other materials are disclosed herein,
and it is understood that combinations, subsets, interactions,
groups, etc. of these methods and compositions are disclosed.
That is, while specific reference to each various individual
and collective combinations and permutations of these com-
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positions and methods may notbe explicitly disclosed, each is
specifically contemplated and described herein. For example,
if a particular composition of matter or a particular method is
disclosed and discussed and a number of compositions or
methods are discussed, each and every combination and per-
mutation of the compositions and the methods are specifically
contemplated unless specifically indicated to the contrary.
Likewise, any subset or combination of these is also specifi-
cally contemplated and disclosed.

What is claimed is:

1. An articulating rod system, comprising:

an articulation control member comprising a receiving

annulus;

a plurality of connection rods; and

at least one rod guide.

2. The system of claim 1, wherein the articulation control
member comprises a receiving annulus for receiving the ends
of the plurality of connection rods.

3. The system of claim 1, wherein the articulation control
member comprises a plurality of sockets for receiving a ball
on an end of the plurality of connection rods.

4. The system of claim 1, wherein the articulation control
member comprises a control sphere-interfacing portion and a
connection rod-receiving portion.

5. The system of claim 1, comprising three connection
rods.

6. The system of claim 1, comprising four connection rods.

7. The system of claim 1, comprising at least two rod
guides.

8. The system of claim 1, wherein the articulation control
member is a proximal articulation control member, and fur-
ther comprising a distal articulation control member.

9. A proximal control mechanism comprising the articu-
lating rod system of claim 1, a control sphere, and an articu-
lation control rod.

10. The proximal control mechanism of claim 9, further
comprising a proximal control mechanism housing unit.

11. A distal control mechanism comprising the articulating
rod system of claim 1 and an end effector assembly.

12. The distal control mechanism of claim 11, further com-
prising a housing unit.

13. A laparoscopic device, comprising:

the proximal control mechanism of claim 2; and

the distal control mechanism of claim 3,

wherein the plurality of connection rods communicate the

movement of the control sphere, via the articulation
control member in the proximal control mechanism, to
movement of the end effector assembly, via the articu-
lation control member in the distal control mechanism.

14. A gripping mechanism in a laparoscopic handle, com-
prising:

a hand grip having an open and closed position,

a force controller comprising a first and a second position;

a rocker arm that is pivotable about a rocker arm pivot

point; and

a link arm attached to the rocker arm at a link arm pivot

point;

wherein the first and second position of the force controller

corresponds to a first and a second position of the rocker
arm, respectively, such that, when the hand grip is in the
closed position, the directional force applied on the link
arm in the first position is the opposite of the directional
force applied on the link arm in the second position.
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15. The mechanism of claim 14, wherein the force control-
ler is a button or a switch.

16. The mechanism of claim 14, further comprising an end
effector assembly.

17. The mechanism of claim 16, wherein the end effector
assembly is a grasper-type end effector assembly.

18. The mechanism of claim 17, wherein, when the force
controller is in the first position, closing the grip applies a
directional force on the link arm in the proximal direction,
thereby forcibly closing the grasper-type end effector assem-
bly, and when the force controller is in the second position,
closing the grip applies a directional force on the link arm in
the distal direction, thereby forcibly opening the grasper-type
end effector assembly.

19. A grasper-type end effector assembly for a laparo-
scopic device, comprising:

afirstand a second arm, each of the first and the second arm

having a proximal and a distal end, the proximal end of
each of the first and the second arms comprising a curved
slotted opening for receiving a pin: and

abase comprising a proximal end and a distal end, the base

having a pin mechanism that reciprocates along a longi-
tudinal axis of the end effector assembly, the proximal
end of the base comprising means for attachment to a
laparoscopic instrument,
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wherein a pin on the pin mechanism is moveably translat-
able within the curved slotted opening on the proximal
ends of each of the first and the second arms,

wherein the proximal ends of the first and the second arms
are attached to the base at a first pivot point and a second
pivot point, respectively,

such that reciprocation of the pin mechanism causes a
corresponding opening and closing of the distal ends of
the first and the second arms via moveable translation of
the pin within the curved slotted opening.

20. The end effector assembly of claim 19, wherein the first
and the second arm comprise teeth.

21. The end effector assembly of claim 19, wherein the first
pivot point and the second pivot point are off-set relative to a
central longitudinal axis of the first and the second arm.

22. The end effector assembly of claim 19, wherein recip-
rocation of the pin mechanism is controlled via a trigger
mechanism on the laparoscopic device.

23. The end effector assembly of claim 19, wherein recip-
rocation of the pin mechanism is controlled via a gripping
mechanism on the laparoscopic device.

* ok %k
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