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(57) ABSTRACT

The invention is directed to a pin and slot design where the
driving slots are moved from the tips to the actuation rod in
one aspect of the invention. As a result, the back end of each
blade or tip can be dramatically reduced in area so that during
full deflection, very little or no part of the blade or tip extends
beyond the outside diameter of the shaft. This ensures that
nothing catches on the blades or tips during grasper use and
the shrink tubing found on the scissors would not be
deformed. This can be done because the area for the slots is
not needed. Moreover, the usable area for the drive slots on
the blade or tip of the actuation rod is maximized to the overall
diameter of the outer tube or shaft which provides additional
leverage to the blades or tips. In addition, the depth of each
slot can be varied such that during actuation, increased ten-
sion can be put on the blades or tips throughout the cut. More
specifically, the surgical instrument of the invention com-
prises an elongate tube extending along an axis including an
actuation rod coaxially slidable within the elongate tube, a
first tip including a first pin formed on a proximal end surface
of'the first tip, and a second tip including a second pin formed
on a proximal end surface of the second tip, the second tip
pivotally connected to the first tip at a common pivot pin
operably connected to the elongate tube to open and close the
tips in response to movement of the actuation rod. The actua-
tion rod has a slot to accept the pins of the first and second tips,
the slot has camming surfaces for the pins to slide within the
slot, and the proximal ends of the tips extend minimally
outside the diameter of the elongate tube during actuation of
the tips.
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SYSTEM AND METHOD FOR ACTUATING A
LAPAROSCOPIC SURGICAL INSTRUMENT

[0001] This application is a continuation of U.S. patent
application Ser. No. 11/059,806, entitled “SYSTEM AND
METHOD FOR ACTUATING A LAPAROSCOPIC SURGI-
CAL INSTRUMENT,” filed on Feb. 17, 2005, pending,
which is a non-provisional application claiming the priority
of provisional application Ser. No. 60/548,747, filed on Feb.
27,2004, entitled “SYSTEM AND METHOD OF ACTUAT-
ING A LAPAROSCOPIC SURGICAL INSTRUMENT,”

both of which are fully incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This invention generally relates to laparoscopic sur-
gical instruments and, in particular, to a system and method
for actuating the tips of a laparoscopic surgical instrument.
[0004] 2. Description of Prior Art

[0005] Laparoscopic surgical instruments or devices that
use actuating blades or tips are typically activated by some
mechanical means. In most cases, the surgical instruments or
devices use an actuation rod to translate motion from a handle
at one end to a tip at the opposite end of the device. Common
to laparoscopic scissors and graspers is an actuation rod that
includes a pin that works in conjunction with a slot in the tips.
Moving the actuation rod cams the pin in the slot which opens
and closes the tips.

[0006] The blades or tips typically have slots proximal to
the pivot and because of this configuration, the back end of the
blades or tips need to be quite large. When used on a grasper
and the tips are in their open position, the back end of the tips
extend out beyond the outside diameter of the grasper shaft
and look like “wings.” This may be a problem for the user and,
in particular, the patient as they can catch or interfere on tissue
or other devices during use.

[0007] When used on scissors, these wings will most likely
be covered up with a plastic shrink tubing to insulate all the
metal components during electro-surgical cautery. However,
when the blades or tips are open, the wings can stretch and
deform the shrink tubing. This can be problematic in that
when the scissors is withdrawn from the trocar, the deformed
tubing may not relax and it may catch on the end of the
cannula, thereby pulling the trocar out of the patient. Accord-
ingly, there is a need in the art for an improved system and
method for actuating the blades or tips of laparoscopic instru-
ments so as to minimize the adverse wing effect.

SUMMARY OF THE INVENTION

[0008] The invention is directed to a pin and slot design
where the driving slots are moved from the blades or tips to
the actuation rod in one aspect ofthe invention. As a result, the
back end of each blade or tip can be dramatically reduced in
area so that during full deflection, very little or no part of the
blade or tip extends beyond the outside diameter of the outer
tube or shaft. This ensures that nothing catches on the blades
or tips during grasper use and the shrink tubing found on the
scissors would not be deformed. This can be done because the
area for the slots is not needed. Moreover, the usable area for
the drive slots on the blade or tip of the actuation rod is
maximized to the overall diameter of the outer tube or shaft
which provides additional leverage to the blades or tips. In
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addition, the depth of the slot can be varied such that
increased tension can be placed on the blades or tips during
actuation.

[0009] More specifically, the invention is directed to a sur-
gical instrument comprising an elongate tube extending along
an axis including an actuation rod coaxially slidable within
the elongate tube, a first tip including a first pin formed on a
proximal end surface of the first tip, and a second tip including
a second pin formed on a proximal end surface of the second
tip, the second tip pivotally connected to the first tip at a
common pivot pin operably connected to the elongate tube to
open and close the tips in response to movement of the actua-
tion rod. With this aspect, the actuation rod has a slot to accept
the pins of the first and second tips, the slot has camming
surfaces for the pins to slide within the slot, and the proximal
ends of the tips extend minimally outside the diameter of the
elongate tube during actuation of the tips. In another aspect,
the proximal ends of the tips do not extend outside the diam-
eter of the elongate tube during actuation of the tips. The
actuation rod can be formed by machining, stamping, over-
molding, casting, or metal injection molding. The pins can be
formed on the proximal end surfaces of the tips by press
fitting, threading, welding or bonding. The actuation rod can
be a tongue actuation rod or a fork actuation rod. With the fork
actuation rod, the rod can include a through slot on each side
ofthe rod, which may be curved and transverse to one another.
The tongue actuation rod can also include two curved and
transverse slots on opposing sides of the tongue. It is appre-
ciated that the slots can be open-ended or closed-ended. As
stated above, the slot may have a depth that varies along the
length of the slot. In particular, the different depth of the slot
provides different tension along the tip. In another aspect, the
tongue actuation rod includes means for ratcheting the tips
into a desired position; the ratcheting means may include a
series of detents.

[0010] Inanother aspect of the invention, there is disclosed
a surgical instrument comprising an elongate tube extending
along an axis including an actuation rod coaxially operable
within the elongate tube, a first tip including a first cam slot
with a first camming surface, and a second tip including a
second cam slot with a second camming surface, the second
tip pivotally connected to the first tip at a common pivot pin
operably connected to the elongate tube to open and close the
tips in response to movement of the actuation rod. With this
aspect, the actuation rod includes a third slot to hold a floating
drive pin, the floating drive pin is placed through the first and
second cam slots, and the proximal ends of the tips extend
minimally outside the diameter of the elongate tube during
actuation of the tips. In another aspect, the proximal ends of
the tips do not extend outside the diameter of the elongate
tube during actuation of the tips. The third slot may be a
vertical slot and the elongate tube may further comprise a
floating drive pin slot at the proximal portion of the tube.

[0011] In yet another aspect of the invention, there is dis-
closed a surgical instrument comprising a shaft assembly
extending along an axis including a rotatable outer shaft and
a coaxial inner rod, a first tip including a first pin formed on a
proximal end surface of the first tip, and a second tip including
a second pin formed on a proximal end surface of the second
tip, the second tip pivotally connected to the first tip at a
common pivot pin operably connected to the shaft assembly
to open and close the tips in response to movement of the
outer shaft. With this aspect, the outer shaft has a slot to accept
the pins of the first and second tips, the slot has camming
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surfaces for the pins to slide within the slot, and the proximal
ends of the tips extend minimally outside the diameter of the
shaft assembly during actuation of the tips, which are actu-
ated by rotating the outer shaft. In another aspect, the proxi-
mal ends of the tips do not extend outside the diameter of the
elongate tube during actuation of the tips.

[0012] These and other features and advantages of the
invention will become more apparent with a discussion of the
embodiments in reference to the associated drawings.

DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 illustrates a perspective view of a laparo-
scopic view of a surgical instrument of the prior art;

[0014] FIG. 2 illustrates a side cutaway view of a tool
mechanism of the surgical instrument of FIG. 1 in the open
position;

[0015] FIG. 3 is an exploded perspective view of FIG. 2;
[0016] FIGS. 4(a)-4(c) illustrate a perspective view of a
laparoscopic surgical instrument of the invention, a perspec-
tive view of a blade or tip of the tool mechanism of the
invention, and a side view of FIG. 4(a), respectively;

[0017] FIG. 5illustrates a perspective view of an assembled
surgical instrument of the invention having mobile tips and an
actuation rod;

[0018] FIGS. 6(a) and 6(b) illustrate a fork actuation rod
and a tongue actuation rod of the invention, respectively;
[0019] FIGS.7(a)and 7(b)illustrate a perspective view and
a side view of the fork actuation rod having slots on both sides
of the fork end;

[0020] FIGS.7(c) and 7(d) illustrate a perspective view and
a side view of an actuation rod having a slot with an open end
in accordance with another aspect of the invention;

[0021] FIGS. 7(e) and 7(¥) illustrate a perspective view and
a side view of an actuation rod having a curved slot in accor-
dance with another aspect of the invention;

[0022] FIGS. 8(a) and 8(b) illustrate a side view and a
cross-section view of an actuation rod having an angled slotin
accordance with another aspect of the invention;

[0023] FIG. 8(c) illustrates a slot in an actuation rod having
a detent or elevation shift to temporarily lock or ratchet the
tips into a desired position in accordance with another aspect
of the invention;

[0024] FIG. 8(d) illustrates a slot in an actuation rod having
a locking mechanism in accordance with another aspect of the
invention;

[0025] FIG.9illustrates a perspective view of an assembled
surgical instrument having a fixed tip and a mobile tip in
accordance with another aspect of the invention;

[0026] FIGS. 10(a) and 10(5) illustrate perspective views
of a surgical instrument having an actuation rod with a verti-
cal slot to hold a floating drive pin in accordance with another
aspect of the invention;

[0027] FIG. 11 illustrates an actuation rod that is split into
at least two pieces to provide independent motion to the tips
in accordance with another aspect of the invention; and
[0028] FIG. 12 illustrates an outer tube or shaft having slots
to actuate the pins in the tips of a surgical instrument in
accordance with another aspect of the invention.

DESCRIPTION OF THE INVENTION

[0029] Referring to FIG. 1, there is shown a perspective
view of a laparoscopic surgical instrument 100 of the prior art
as shown in U.S. Pat. No. 5,626,609, which is incorporated
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herein by reference. The surgical instrument 100 typically
comprises a handle assembly 10 having a fixed handle 12 and
a pivoting handle 14. Extending from the handle assembly 10
is a shaft assembly 20 comprising an outer tube 22 and an
inner actuation rod 24. The actuation rod 24 slides in the outer
tube 20 in a coaxial relationship. The outer tube 22 may be
secured to the fixed handle 12, while the actuation rod 24 may
be secured to the pivoting handle 14. Attached at a distal end
of the shaft assembly 20 is a tool mechanism 30, which
comprises of a lower jaw 32 and an upper jaw 34. The tool
mechanism 30 is connected to the shaft assembly 20 at pivot
point 36 through linkage mechanism 40. During use, as the
actuation rod 24 slides within the outer tube 22, the linkage
mechanism 40 is actuated to pivot jaws 32 and 34 about pivot
point 36 to open and close the jaws.

[0030] Referring to FIGS. 2 and 3, there is shown a tool
mechanism 30a of the prior art which includes, for example,
afirstscissor blade 32a and a second scissor blade 34a. In this
embodiment, a housing member 50 is attached to the outer
tube 22, and the tool mechanism 30a is attached to the hous-
ing member 50. As the handles move, the actuation rod 24
slides through the outer tube 22 towards the tool mechanism
30a. As illustrated in FIG. 2, scissor blades 32a, 34a are
provided with cam slots 38 and 39, respectively, which slots
accept a bearing post 60 which is attached to inner rod 24. As
the rod 24 moves, the bearing post 60 slides within cam slots
38,39 to pivot blades 324, 34a about pivot pin 36a to open and
close the blades. A drawback of this tool mechanism 30a is
when the blades 324, 34a are open, the tail end of the blades
pass through slot 70 in housing member 50 to allow the blades
to open. That is, the tail end of the blades 324, 34a extend out
beyond the outside diameter of the surgical instrument and
look like “wings.” This may be a problem for the user as they
can catch or interfere on tissue or other devices during use.
Moreover, when the blades 32a, 34a are open, the wings can
stretch and deform the plastic shrink tubing that is used to
insulate the shaft assembly 20. For example, this can be
problematic in that when the instrument is withdrawn from a
trocar after a procedure, the deformed tubing may not relax
and it may catch on the end of the cannula, thereby pulling the
trocar out of the patient.

[0031] Referring to FIGS. 4(a)-4(c), there is shown a sur-
gical instrument 200 in accordance with a first aspect of the
invention having a tool mechanism 210 including a first blade
or tip 212 and a second blade or tip 214, each of which has a
pin 218 and 216, respectively, formed at the proximal end.
The pins 218, 216 are fixed, typically by welding, to blades or
tips 212, 214 and extend outwardly of the surface of the back
end of the blades or tips 212, 214. The blades or tips 212, 214
are overlapped in a scissors configuration and are held in a
pivotal relationship with an outer tube by a common pin 220.
A novel feature of the invention is it includes the tool mecha-
nism 210 that interacts with a slotted actuation rod 224 as
further explained below. It is appreciated that because the
blades ortips 212,214 include pins 218, 216, rather than slots,
much area is not needed on the back ends. This is beneficial
because the “wingspan” of the blades or tips 212, 214 when
opened is minimized if not eliminated. In addition, the overall
strength of the blades or tips 212, 214 and the rod 224 is
maximized because both the rod and the blades are integral or
are single piece components.

[0032] The fork actuation rod 224 can be formed in a num-
ber of different ways. For example, the desired features can be
machined from a solid rod or tube of a desired diameter. In
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another aspect, a strip of metal can be stamped with the
desired slots at the end, then the tube can be rolled into a
particular diameter where the slotted end can form a “fork™.
In yet another aspect, the fork features at the end of the
actuation rod can be overmolded onto a shaft to provide a cost
effective component.

[0033] As to the tongue actuation rod, it can be formed in a
similar way to the fork actuation rod. More specifically,
machining the detail in the tip is an option as is overmolding
the detail. The end of the actuation rod can also be formed as
a separate part, i.e., molded, machined, cast, MIM, etc., with
the feature detail in it and then attached to a standard length
shaft by means ofa thread, snap, adhesive, welding process or
some other attachment method.

[0034] Referring to FIG. 5, there is shown a perspective
view of the tool mechanism 210 of FIG. 4 being connected to
the actuation rod 224. It is appreciated that there are numer-
ous methods of manufacturing the blades or tips 212, 214. For
example, the blades or tips 212, 214 can be formed from
conventional stamping and then heat treated. In another
example, the blades or tips 212, 214 can be formed from a
blank of pre-hardened material and then EDM cut, waterjet
cut, laser cut or even machined to obtain the final shape. It
should be noted that pins 218, 216 in the back ends of the
blades or tips 212, 214 can be formed directly onto the blades
or pins themselves, or they can be added after the pins have
been manufactured.

[0035] The pins 218, 216 can be locked in any one or a
combination of the following ways: press-fitted, swaged,
threaded and/or welded. To manufacture the pin as part of the
blades or tips 212, 214, a multitude of processes can be used.
A sheet of material can be machined to include a pivot hole as
well as the pin. The sheet can then be heat treated and sent to
a form grinder, which can grind one profile of the blade or tip.
The ground plate can then be sent to be EDM cut and the
second profile can be cut out. This type of process can yield
numbers components, with the drive pin integrally located,
with relatively low cost.

[0036] Thereare also additional processes that can yield the
entire part from a minimum number of operations. These can
include but are not limited to metal injection molding (MIM),
casting, and powder metallurgy (PM). The final blade can also
then be sent to be sharpened or other post processing.

[0037] The following is a discussion of the pin and slot
design of the invention, where there are a number of advan-
tages which can be realized. For example,

[0038] (1) The back end of each blade or tip is reduced in
area so that during full deflection, very little or no part of
the blade or tip extends beyond the outside diameter of the
outer tube or shaft. This ensures that nothing catches on the
blades or tips during grasper use and the shrink tubing
found on scissors would not be deformed. This can be done
because the area for the slots is not needed;

[0039] (2) The usable area for the drive slots on the blade or
tip of the actuation rod is maximized to the overall diameter
of the outer tube or shaft which provides additional lever-
age to the blades or tips; and

[0040] (3) If channels are used on the actuation rod, the
depth of the channels can be varied such that increased
tension can be placed on the blades during actuation.

[0041] Moreover, by moving the slot from the blades or tips

to the actuation rod, the “wingspan” of the blades can be

reduced or eliminated because the back end does not need to
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endcase the slot, but rather a small pin which minimizes the
chance of catching on tissue, other instruments or suture.

[0042] Referring to FIGS. 6(a) and 6(5), there are shown
the end of the actuation rod which can be a fork design 224a
or atongue design 224b. With the fork design 224aq, a through
slot 226 can be formed on each side of the rod 224a. The back
end of the blades or tips can be inserted into the rod where the
pin of the first blade or tip can be locked into the first slot and
the pin of the second blade or tip can be locked into the
opposing second slot. The blades or tips can be fixed by a
common pivot point on the outer tube or shaft. When the
actuation rod is moved in one direction, the blades or tips will
cam via the pins and the slots 226. The pin that locks each
blade or tip into the shaft can be integral to the blades or tips
or they can be separate components. Similarly to the fork
design 2244, the tongue design 2245 can include a slot 226 on
each side of the tongue as further discussed below.

[0043] Referring to FIGS. 7(a) and 7(b), there are shown a
perspective view and a side view of the actuation rod 224
incorporating slots 226 on both sides of the tongue end,
respectively. As explained above, the blades or tips can have
pins on the back end that nest in the slots of the rod. The rod
may be pushed forward or pulled backwards to cam the blades
or tips, which are pivoted by a common pivot point that is
attached to the outer tube or shaft. In some cases, it is benefi-
cial to have different slot designs to actuate the tips to differ-
ent openings, at different speeds, for different length tips and
for varying force. Referring to FIGS. 7(¢) and 7(d), the slots
226 can include an open or closed end slot (or combination of
both) as desired. FIGS. 7(e) and 7(f) illustrate an actuation rod
having a curved slot in accordance with another aspect of the
invention. Itis appreciated that as the jaw providing the blades
or tips of the invention articulates a pivot point, the distance
between the pin and slot and the hinge vary depending on the
actuation rod position. Accordingly, the curved slot of the
invention can be used to compensate for this phenomenon and
provide for a more linear relation between the actuation rod
and the jaw motion. For example, the slot can be shaped to
provide for more control as the blades or tips are nearing the
closed position, and greater acceleration as the blades or tips
are near the opened position. With this aspect, the instrument
can be tuned to provide the desired instrument control and
user feedback.

[0044] In another embodiment of the invention as illus-
trated in FIGS. 8(a) and 8(b), a slot 2265 for the tongue can be
formed such that it has an angle to it. In other words, the depth
of the slot 2265 at one end (‘B’) 227 may be deeper or
shallower than at the other end (‘A”) 228. This is beneficial
because as the actuation rod 224 is pulled, and the blades or
tips close, the pins camming in the slots can be forced apart by
the angle at the bottom surface of the slots. This would spread
the back end of the blades or tips which in turn push the front
of the blades or tips together putting more tension along the
cutting surface.

[0045] Inyetanother aspect ofthe invention as illustrated in
FIG. 8(c), there is shown a slot 226¢ having a detent or
elevation shift 229 to temporarily “lock” or “ratchet” the
blade or tip into a desired position without affecting the linear
motion of the jaws relative to the handle actuation. FIG. 8(d)
illustrates that a slot 2264 can also be formed with different
cross sections, e.g., slot 2264 having a locking mechanism
with a dovetail profile 230. With this embodiment, the mating
pin on the blades or tips can match the slot to “lock”™ it in.
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[0046] In another aspect of the invention as illustrated in
FIG. 9, both blades or tips 212, 214 do not need to be mobile.
That is, one blade 212 may be fixed while the other blade 214
may actuate. The mobile blade 214 may contain a pin 300 and
an actuation rod 302 that would contain only one slot to
actuate the blade 214.

[0047] In yet another aspect of the invention, FIGS. 10(a)
and 10(5) illustrate a surgical instrument 400 providing a
floating drive pin 402 in an actuation rod 410. More specifi-
cally, the actuation rod 410 includes a vertical slot 404 to
allow the drive pin 402 to float in. With this aspect, the drive
pin 402 is positioned through slots 406, 408 of blades or tips
412, 414, respectively, and is located in the actuation rod slot.
An outer shaft tip 416 has a floating pin slot 418 from the tip
in. The floating drive pin 402 slides in this slot and is con-
tained therein. A pivot pin 420 is located at the tip of the shaft
to lock the tip assembly in place. Referring to FIG. 11, there
is shown another aspect of the invention where the slots or
channels 226 can be of any of the above-described design,
however, the actuation rod is split into a plurality of multiple
pieces 224c¢, 224d to provide independent motion to the
blades or tips. This would be useful if the blades or tips need
to be articulated at different speeds, or over different dis-
tances.

[0048] Referring to FIG. 12, there is shown another aspect
ofthe invention where the slot or channel is located in an outer
shaft 524 rather in the actuation rod. In particular, the blades
or tips 512, 514 are similar to those of the previous design,
except pin 516 of blade 512, for example, extends to the outer
shaft 524, which includes slots 518 to receive pins 516, 520 of
blades or tips 512, 514, respectively. With this aspect of the
invention, blades or tips 512, 514 are actuated by rotating the
outer shaft 524, which cause pins 516, 520 to cam along the
slots 518 in the outer shaft 524 and actuate the blades 512,514
open and closed. The outer shaft 524 can also be made up of
multiple pieces and can include a channel rather than a
through slot.

[0049] It will be understood that many other modifications
can be made to the various disclosed embodiments without
departing from the spirit and scope of the invention. For these
reasons, the above description should not be construed as
limiting the invention, but should be interpreted as merely
exemplary of preferred embodiments.

1. A surgical instrument, comprising:

an elongate tube extending along an axis;

an actuation rod coaxially slidable within the elongate
tube;

a first tip having a proximal end with a proximal end
surface, the first tip comprising a first pin formed on the
proximal end surface of the first tip; and

a second tip having a proximal end with a proximal end
surface, the second tip comprising including a second
pin formed on the proximal end surface of the second tip,
the second tip being pivotally connected to the first tip at
a common pivot pin operably connected to the elongate
tube to open and close the tips in response to movement
of the actuation rod, and

wherein the actuation rod comprises a slot to accept the
pins of the first and second tips, the slot having camming
surfaces for the pins to slide within the slot, and wherein
the proximal ends of the tips extend minimally outside
the diameter of the elongate tube during actuation of the
tips.
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2. The surgical instrument of claim 1, wherein the actuation
rod is formed by one of machining, stamping, overmolding,
casting, and metal injection molding.

3. The surgical instrument of claim 1, wherein the actuation
rod is one of a tongue actuation rod and a fork actuation rod.

4. The surgical instrument of claim 3, wherein actuation
rod is a fork actuation rod having a first side and a second side
and the fork actuation rod includes a through slot on each side
of'the rod.

5. The surgical instrument of claim 4, wherein the through
slots are transverse to one another.

6. The surgical instrument of claim 4 wherein at least one of
the slots is one of an open-end slot and a closed end slot.

7. The surgical instrument of claim 3, wherein the actuation
rod comprises a tongue actuation rod having a first side and a
second side opposite the first side and the tongue actuation
rod comprises a first slot on the first side and a second slot on
the second side, the second slot transverse to the first slot.

8. The surgical instrument of claim 7 wherein at least one of
the slots is one of an open-end slot and a closed end slot.

9. The surgical instrument of claim 1, wherein the slot has
a depth that varies along a length of the slot.

10. The surgical instrument of claim 9, wherein the differ-
ent depth of the slot provides different tension along the tip.

11. The surgical instrument of claim 1, wherein the actua-
tion rod comprises a tongue actuation rod including a ratchet
mechanism for ratcheting the tips into a desired position.

12. The surgical instrument of claim 11, wherein the
ratchet mechanism comprises at least one detent.

13. The surgical instrument of claim 11, wherein the
ratchet mechanism comprises at least one elevation shift.

14. The surgical instrument of claim 1, wherein the slot
includes a locking mechanism.

15. The surgical instrument of claim 14, wherein the lock-
ing mechanism comprises a dovetail profile formed in the
slot.

16. A surgical instrument comprising:

an elongate tube extending along an axis;

a tongue actuation rod coaxially slidable within the elon-
gate tube;

a first tip having a proximal end with a proximal end
surface, the first tip comprising a first pin formed on the
proximal end surface of the first tip; and

a second tip having a proximal end with a proximal end
surface, the second tip comprising including a second
pin formed on the proximal end surface of the second tip,
the second tip being pivotally connected to the first tip at
a common pivot pin operably connected to the elongate
tube to open and close the tips in response to movement
of the actuation rod, and

wherein the tongue actuation rod comprises a slot to accept
the pins of the first and second tips, the slot having
camming surfaces for the pins to slide within the slot,
and the slot comprising a ratchet mechanism formed
therein.

17. The surgical instrument of claim 16, wherein the
tongue actuation rod comprises a first side and a second side
opposite the first side, the tongue actuation rod comprising
the slot formed on the first side of the tongue actuation rod,
and a second slot formed on the second side of the tongue
actuation rod, the second slot extending transversely to the
first slot.
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18. The surgical instrument of claim 16, wherein the proxi-
mal ends of the tips do not extend outside the diameter of the
elongate tube during actuation of the tips.

19. The surgical instrument of claim 16, wherein the
ratchet mechanism comprises at least one detent formed in
the slot.

20. A surgical instrument comprising:

an elongate tube extending along an axis;

a tongue actuation rod slidable within the elongate tube
along the axis;

a first tip having a distal end with a first blade formed
thereon and a proximal end with a proximal end surface,
the first tip comprising a first pin formed on the proximal
end surface of the first tip; and

a second tip having a distal end with a second blade formed
thereon, a proximal end with a proximal end surface, the
second tip comprising including a second pin formed on
the proximal end surface of the second tip, the second tip
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being pivotally connected to the first tip at a common
pivot pin operably connected to the elongate tube to
open and close the tips in response to movement of the
actuation rod such that a cutting surface is defined
between the first blade and the second blade, and

wherein the tongue actuation rod comprises a slot to accept
the pins of the first and second tips, the slot having
camming surfaces for the pins to slide within the slot,
and the slot having a depth that varies along a length of
the slot.

21. The surgical instrument of claim 20, wherein the slot
has a first end and a second end opposite the first end, the slot
having a first depth at the first end and a second depth at the
second end, the second depth different from the first depth.

22. The surgical instrument of claim 20, wherein the depth
of'the slot varies along the length of the slot to apply a tension
to the cutting surface.
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