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SURGICAL STAPLING APPARATUS AND METHOD

CROSS-REFERENCE TO RELATED APPLICATIONS
The present application claims priority to U.S. Provisional Patent Application
Serial No. 60/327,369 filed October 5, 2001, the entire contents of which are

incorporated herein by reference.

BACKGROUND
1. Technical Field

The present disclosure relates to surgical stapling apparatus and, more

particularly to staple-gap adjustment members for use in surgical stapling apparatus.

2. Background of Related Art

Surgical devices wherein tissue is first grasped or clamped between opposing
jaw structures and then joined by means of surgical fasteners are well known in the art.
In some such instruments a knife is provided to cut the tissue which has been joined by
the fasteners. The fasteners are typically in the form of surgical staples however, other
surgical fasteners may also be utilized, such as, for example, clips or two part
pblymeric surgical fasteners.

Instruments for applying surgical fasteners typically include two elongated
beam members which are respectively used to capture or clamp tissue therebetween.
Typically, one of the beam members carries a disposable cartridge which houses a
plurality of staples arranged in at least two lateral rows while the other beam member
comprises an anvil which defines a surface for forming the staple legs as the staples are
driven from the cartridge. Where two part fasteners are used, this beam member carries
the mating part, e.g. the receiver, to the fasteners driven from the cartridge. Generally,
the staple formation process is effected by the interaction between a longitudinally
moving camming surface and a series of individual staple pusher members. As the
camming surface travels longitudinally through the cartridge carrying member, the

individual pusher members are biased laterally, thus acting upon the staples to
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individual pusher members are biased laterally, thus acting upon the staples to
sequentially eject them from the cartridge. A knife may travel with the pusher between
the staple rows to longitudinally cut the tissue between the rows of formed staples.
Examples of such instruments are disclosed in U.S. Pat. Nos. 3,079,606 and 3,490,675.

A later stapler disclosed in U.S. Pat. No. 3,499,591 applies a double row of
staples on each side of the incision. This is accomplished by providing a cartridge ‘
assembly in which a cam member moves through an elongate guide path between two
sets of staggered staple carrying grooves. Staple drive members are located within the
grooves and are positioned in such a manner so as to be contacted by the longitudinally
moving cam to effect ejection of the staples.

It is desired and it is a main objective of the present disclosure to provide
improved surgical fastener applying apparatus, and to provide improved mechanisms
and methods for producing improved surgical fastener applying apparatus, which
apparatus have a uniform fixed staple gap that is consistently within a narrow range,
well within the acceptable staple gap tolerance range, and that consistently produces
formed staples that are within a narrow range well within the acceptable staple
tolerance range.

Accordingly, the need exists for surgical fastener applying apparatus which has
a uniform fixed staple gap that is consistently within a narrow range and that will
remain uniform during a firing stroke. In addition, the need exists for a surgical
fastener applying apparatus which will not fire if a disposable staple cartridge is not
properly loaded within the apparatus or is not loaded in the apparatus at all or will not
fire if the surgical fastener applying apparatus is in an unclamped state. The continuing
need exists for a surgical fastener applying apparatus which will not accept a

completely fired or a partially fired disposable staple cartridge therein.

SUMMARY

It is desired and it is a main objective of this invention to provide improved
surgical staplers, and to provide improved mechanisms and methods for producing
improved surgical staplers, which staplers have a uniform fixed staple gap that is
consistently within a narrow range, well within the acceptable staple gap tolerance

range, and that consistently produces formed staples that are within a narrow range well
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within the acceptable staple tolerance range.

It is also an object of the invention to produce surgical staplers that, when sold
for use, or prior to use, have virtually no variations in staple gap from stapler to stapler
of a given model and that provide improved staples.

The present disclosure is directed to linear staple-gap adjustment members for
use in surgical stapling apparatus. The present disclosure is also directed to methods of
adjusting and fixing the staple gap of a surgical stapling ai)paratus.

In accordance with one aspect of the present disclosure, a staple gap adjustment
member, for use in a surgical stapling apparatus having a pair of jaw structures
operably coupled with one another and defining a staple gap therebetween, includes
one or more bearing portions sharing a common rotational axis, and one or more cam
surface portions having a periphery with at least two different points along the
periphery. Preferably, each point along the periphery has a different radius from the
rotational axis. '

It is envisioned that the one or more cam surface portions has a central axis
parallel to and spaced a distance from the rotational axis of the one or more bearing
portions. It is contemplated that the one or more bearing portions are configured and
adapted to be disposed and locked in mounting plates formed in one of the pair of jaw
structures. The one or more cam surface portions are configured and adapted to contact
an opposed surface of the other of the pair of jaw structures. According, rotation of the
gap adjustment member, about the rotational axis, causes the staple gap between the
pair of jaw structures to vary in distance.

It is contemplated that a recess is formed in at least one end of the bearing or
cam surfaces. The recess is configured and adapted to receive a complementary shaped
rotational tool therein. It is envisioned that the recess can have a shape which is
polygonal, conical, slotted, cruciform, torx, circular and/or irregular. The one or more
bearing surfaces preferably each have either a circular, oval, elliptical or polygonal
cross-section.

A 360° rotation of the gap adjustment member results in an adjustment in the
size of the staple gap equal to about twice the distance between the rotational axis of
the one or more bearing surfaces and the central axis of the one or more cam surfaces.

Preferably, the staple gap adjustment member is configured and adapted to create an
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adjustment in the size of the staple gap by rotational motion of the cam adjustment
member. Alternatively it is envisioned that cam adjustment members which create
staple gap adjustment by their linear, e.g. horizontal motion, e.g. a wedge, can be
employed.

In another embodiment, the staple gap adjustment member includes a forward
portion, a rearward portion and a body portion. Preferably, the forward and rearward
portions share a common rotational axis. The body portion interconnects the forward
and rearward portions and has a periphery with at least two different points therealong.
Preferably, each point has a different radius from the rotational axis. It is contemplated
that the body poftion has a central axis parallel to and spaced a distance from the
rotational axis of the forward and rearwarld portions.

It is envisioned that the forward and rearward portions of the gap adjustment
member are configured and adapted to be disposed in mounting plates formed in one of
the pair of jaw structures. It is further envisioned that the body portion of the gap
adjustment member is configured and adapted to contact an opposed surface of the
other of the pair of jaw structures. The forward and rearward portions of the gap
adjustment member are preferably configured and adapted to be locked in the mounting
plates. Rotation of the gap adjustment member about the rotational axis causes the
staple gap between the pair of jaw structures to vary in distance.

It is contemplated that a recess is formed in at least one of the forward and
rearward portions. The recess is configured and adapted to receive a complementary
shaped rotational tool therein. The shape of the recess is at least one of polygonal,
conical, slotted, cruciform, torx, circular and irregular. The forward, rearward and
body portions each have either a circular, oval, elliptical or polygonal cross-section.
Preferably, a 360° rotation of the gap adjustment member results in an adjustment in
the size of the staple gap equal to about twice the distance between the rotational axis
of the forward and rearward portions and the central axis of the body portion.

In accordance with another aspect of the present disclosure there is provided a
surgical stapling apparatus including a jaw structure with a cartridge receiving portion
and a jaw structure with an anvil receiving portion. The jaw structures are operably
couplable to one another to provide a staple gap between a forward portion of the

cartridge receiving and anvil receiving portions. Preferably, one of the jaw structures
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has a pair of mounting members thereon for mounting the other of the jaw structures
thereon.

The surgical stapling apparatus further includes a staple gap adjustment member
operatively disposed between the jaw structures. A rotation of the gap adjustment
member results in a corresponding adjustment in the size of the staple gap. Itis
envisioned that the gap adjustment member includes one or more bearing portions
sharing a common rotational axis, and one or more cam surface portions having a
periphery with at least two different points along the periphery, with each point along
the periphery having a different radius from the rotational axis. In an alternative
embodiment, it is envisioned that the gap adjustment member includes a central axis
parallel to and spaced a distance from the rotational axis of the one or more bearing
portions.

It is contemplated that the staple gap adjustment member can include a forward
portion, a rearward portion, and a body portion. The forward and rearward portions
preferably share a common rotational axis. The body portion interconnects the forward
and rearward portions and preferably has a periphery with at least two different points
along the periphery. Preferably, each point along the periphery has a different radius
from the rotational axis. In one embodiment it is envisioned that the body portion has a
central axis spaced a distance from the rotational axis of the forward and rearward
portions.

Preferably, the mounting members of the surgical stapling apparatus are
configured and dimensioned to rotatably receive the gap adjustment member thereon.
One of the jaw structures includes a pair of substantially parallel spaced apart mounting
plates extending therefrom. The pair of mounting plates are configured and
dimensioned to rotatably receive the gap adjustment member thereon.

Preferably, the gap adjustment member is coupled to the pair of mounting plates
via a snap-fit type engagement and that the body portion of the gap adjustment member
extends between the pair of mounting plates. It is envisioned that the other of the pair
of jaw structures, not having the pair of mounting plates, is configured and
dimensioned to be disposed between the pair 6f mounting plates and to rest atop the
body portion of the gap adjustment member.

Rotation of the gap adjustment member, about the rotational axis, causes the
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pair of jaw structures to displace relative to one another and in turn causes the staple
gap between the cartridge receiving portion and the anvil receiving portion to vary in
size. A 360° rotation of the gap adjustment member results in an adjustment of the size
of the staple gap equal to about twice the distance between the rotational axis of the
forward and rearward portions and the central axis of the body portion.

It is envisioned that the surgical stapling apparatus further includes a plurality of
gauging elements each having a different predetermined fixed thickness. The plurality
of gauging elements are selectively insertable in the staple gap to set the staple gap to a
size equal to the thickness of a selected gauging element.

It is envisioned that the staple gap adjustment member is fixedly secured to at
least one of the jaw structures, preferably, to at least one of the pair of mounting
members.

The present disclosure also provides for methods of adjusting a staple gap in a
surgical stapling apparatus. A method of the present disclosure includes the steps of
inserting a gauging element into a staple gap defined between the forward portions of a
respective first and second jaw structure, adjusting the size of the staple gap by
manipulating a gap adjustment member disposed between the first and second jaw
structures to approximate the size of the staple gap to the size of the gauging element
and locking the gap adjustment member into position. In another aspect of the method,
the gauging element is inserted between opposed tissue contacting surfaces of the first
and second jaw structures.

Another method of the present disclosure includes the steps of providing a
surgical stapling apparatus having a pair of jaw structures operably coupled with one
another, providing a gap adjustment member between the pair of jaw structures,

inserting a gauging element into the staple gap, manipulating the gap adjustment
member in order to adjust the size of the staple gap, and locking the gap adjustment
member into position. Preferably, the pair of jaw structures define a staple gap between
opposed distal surfaces thereof. It is envisioned that the gap adjustment member
includes one or more bearing portions sharing a common rotational axis and one or
more cam surface portions having a periphery with at least two different points along
the periphery. Preferably, each point along the periphery has a different radius from the

rotational axis. In one aspect, the one or more cam surface portions has a central axis
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parallel to and spaced a distance from the rotational axis of the bearing portions.

It is contemplated that the gap adjustment member includes a forward portion, a
rearward portion and an eccentric body portion. Preferably, the forward and rearward
portions share a common rotational axis. The eccentric body portion preferablyk
interconnects the forward and rearward portions to one another. The body portion has a
central axis spaced a distance from the rotational axis of the forward and rearward
portions. It is envisioned that the forward and rearward portion of the gap adjustment
member is rotatably received in mounting plates formed in one of the first and second
jaw members and the body portion extends between the mounting plates.

In yet another aspect of the present disclosure, the method of adjusting a staple
gap includes providing a surgical stapling apparatus having a jaw structure with an
anvil receiving portion and a jaw structure with a cartridge receiving portion, the jaw
structures being operatively couplable to one another to provide a staple gap between a
respective forward portion of the anvil and cartridge receiving portions, one of the jaw
structures having a pair of mounting members thereon for mounting the other of the jaw
structures thereon, positioning a gap adjustment member on the mounting members
between the jaw structures to provide a desired gap between the forward portions of the
anvil and cartridge receiving portions, and locking the gap adjustment member to the
mounting members to provide the desired staple gap.

The method further includes the steps of inserting a gauging element into the
staple gap and manipulating the gap adjustment member in order to adjust the size of
the staple gap. Preferably, the gap adjustment member includes one or more bearing
portions sharing a common rotational axis, and one or more cam surface portions
having a periphery with at least two different points along the periphery, with each
point along the periphery having a different radius from the rotational axis. It is
contemplated that the one or more cam surface portions have a central axis parallel to
and spaced a distance from the rotational axis of the one or more bearing portions.

Other objects and features of the present disclosure will become apparent from
consideration of the following description taken in conjunction with the accompanying

drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the presently disclosed surgical stapling apparatus

and method are described herein with reference to the drawings. It should be
understood, however, that the drawings are designed for the purpose of illustration only
and not as a definition of the limits of the invention.

FIG. 1 is a perspective view depicting the separated parts of a surgical stapling
apparatus according to the present disclosure;

FIG. 2 is an enlarged perspective view of certain separated parts of a typical
surgical stapling apparatus depicting the relative placement of one illustrative
embodiment of a gap adjustment member, in accordance with the present disclosure, in
portions of the surgical stapling apparatus;

FIG. 3 is a side elevational view of the typical surgical stapling apparatus shown
in FIG. 2 with the separated parts joined together;

FIG. 4 is an enlarged side elevational view of the illustrative gap adjustment
member as shown in FIG. 2;

FIG. 5 is a rear elevational view of the illustrative gap adjustment member as
shown in FIG. 2;

FIG. 6 is an enlarged side elevational view of the tip portion of the surgical
stapling apparatus shown in FIG. 1 depicting the use of a gauging element disposed
between opposed surfaces of a distal end of the surgical stapling apparatus according to
the present disclosure;

FIG. 6A is an enlarged side elevational view of the tip portion of the surgical
stapling apparatus shown in FIG. 1 depicting the use of a gauging element disposed
between the tissue contacting surfaces of the distal end of the surgical stapling
apparatus;

FIG. 7 is an enlarged perspective view of one embodiment of a gap adjustment
member according to the present disclosure;

FIG. 8 is an enlarged perspective view of an alternative embodiment of a gap
adjustment member according to the present disclosure;

FIG. 9 is an enlarged perspective view of a further embodiment of a gap
adjustment member according to the present disclosure; |

FIG. 10 is an enlarged perspective view of another embodiment of a gap
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adjustment member according to the present disclosure;

FIG. 11 is an enlarged perspective view of yet another embodiment of a gap
adjustment member according to the present disclosure;

FIG. 11A is an enlarged perspective view of a distal end of a tool for engaging
the gap adjustment member as shown in FIG. 11;

FIG. 12 is an enlarged perspective view of the hinge plates of an alternative
surgical stapling apparatus for receiving a gap adjustment member;

FIG. 13 is an enlarged perspective view of the hinge plates shown in FIG. 12
with the gap adjustment member shown in place;

FIG. 14 is a detail of area “14” of FIG. 13 showing the securement of the gap
adjustment member to the hinge plates;

FIG. 15 is an enlarged perspective view depicting the securement of the gap
adjustment member to the hinge plates according to an alternative method;

FIG. 16 is an enlarged perspective view depicting the securement of the gap
adjustment member to the hinge plates according to another method;

FIG. 17 is an enlarged perspective view depicting the securement of the gap
adjustment member to the hinge plates according to yet another method; and

FIG. 18 is a schematic graphical representation of the current state of the art of
the range of acceptable staple gaps as compared to the range of staple gaps in

accordance with the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Preferred embodiments of the presently disclosed linear stapler-gap adjustment

mechanism will now be described in detail with reference to the accompanying
drawings, in which like reference numerals designate identical or corresponding
elements in each of the several views.

Referring initially to FIGS. 1-3, a surgical stapling apparatus is generally shown
as 100. Surgical stapling apparatus 100 includes a first jaw structure 110 having a
cartridge receiving structure 112 adapted for receiving a cartridge assembly 130 and a
second jaw structure 120 having an anvil receiving structure 122. The anvil (not
shown) is attached, fixed or integral with anvil receiving structure 122. Cartridge

receiving structure 112 includes a pair of mounting members, preferably mounting
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plates, here shown as upstanding hinge plates 114 for hingedly connecting first jaw
structure 110 to second jaw structure 120. Each pair of hinge plates 114 includes a pair
of uprights 116 defining a receiving recess 118 formed therein. Preferably, receiving
recess 118 is configured and adapted to receive a gap adjustment member, here an
eccentric cam 200, for example by a snap fit type connection.

Cartridge receiving structure 112 and anvil receiving structure 122 are coupled
to one another via a pair of pivot pins, a first pivot pin 140 passing through the side
walls of anvil receiving structure 122 and a second pivot pin 142 passing through the
side walls of cartridge receiving structure 112. Pivot pins 140, 142 are interconnected
by an internal linkage (not shown) having a fixed length, which linkage inhibits vertical
movement of cartridge receiving structure 112 with respect to anvil receiving structure
122. The pair of pivot pins 140, 142 are disposed between the staple forming portion of
the stapling apparatus and receiving recess 118 formed in the pair of hinge plates 114.
In this manner, cartridge receiving structure 112 and anvil receiving structure 122 will
pivot about pivot pins 140, 142.

As seen in FIGS. 2, 4 and 5, eccentric cam 200 includes a cylindrical forward
portion 210, a cylindrical body portion 220 and a cylindrical rearward portion 230.
Cylindrical forward portion 210 and cylindrical rearward portion 230 share a common
central axis “A”. While eccentric cam 200 is depicted, in FIG. 2, with forward portion
210 having a different diameter than rearward portion 230, it is envisioned that both
forward portion 210 and rearward portion 230 can have the same diameter provided
they share a common central axis. Body portion 220 has a central axis “B” spaced a
distance “X” from central axis “A” of forward and rearward portions 210, 230. When
body portion 220 is a cylinder, as forward and rearward portions 210, 230 rotate about
common axis “A”, body portion 220 acts like a cam which moves one or more objects
placed on or engaging body portion 220 through a maximum distance “2X”. While
rotation of eccentric cam 200 results in a maximum distance of displacement of “2X” it
is envisioned that eccentric cam 200 can be dimensioned to cause a displacement of any
suitable distance upon a rotation thereof.

While body portion 220 has been shown and described as a cylinder, it is
envisioned that body portion 220 can take on any other shape (e.g., an oval) which

would define a camming surface and which other shape would determine the distance
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“X” through which the one or more objects placed on or engaging body portion 220
would move. For example, if the camming surface is not a cylinder, e.g., a tear drop
shape, then the enlarged or cup portion of the tear drop would not be eccentric to axis
“A.” A cam is herein understood to be a structure having a periphery with at least two
different points along the periphery, with each point having a different radius from the
rotational axis. Cams utilizable in accordance with the present disclosure can be any
suitable shape (e.g., triangular, oblong, tear drop and the like).

Returning to 1/31GS. 2 and 3, forward portion 210 and rearward portion 230 of
eccentric cam 200 are configured and adapted to be received in the pair of receiving
recesses 118 of hinge plates 114 while body portion 220 has a length substantially
equal to the spacing between the interior surfaces of the pair of hinge plates 114. Since
forward and rearward portions 210, 230 are disposed within a respective receiving
recess 118, forward and rearward portions 210, 230 are considered bearing structures.
Moreover, anvil receiving structure 122 is configured and adapted to be disposed
between the pair of hinge plates 114 and to sit on and ride atop body portion 220 of
eccentric cam 200. In this manner, as eccentric cam 200 is rotated about common axis
“A” of forward and rearward portions 210, 230, body portion 220 presses against anvil
receiving structure 122, rotating a rearward portion of anvil receiving structure 122
about pivot pin 140, thereby altering the spatial distance between anvil receiving
structure 122 and cartridge recéiving structure 112 by a maximum distance “2X”.
Since body portion 220 causes the displacement of anvil receiving structure 122 and
cartridge receiving structure 112 relative to one another, body portion 220 is considered
the camming structure. It is envisioned that surgical stapling apparatus 100 can be
modified such that body portion 220 is considered the bearing structure and forward
and rearward portions 210, 230 are considered the camming structures.

Eccentric cam 200 provides surgical stapling apparatus 100 with a simple
adjustment member whereby a spatial distance or gap “Y” (FIGS. 3 and 6) between a
forward portion 126 of cartridge receiving structure 112 and a forward portion 124 of
anvil receiving structure 122 can be adjusted and set to an accurate predetermined
distance regardless of the incoming tolerances or variations resulting from the
manufacturing and or assembly process of the individual components of surgical

stapling apparatus 100. In other words, gap “Y”, between forward portion 126 of
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cartridge receiving structure 112 and forward portion 124 of anvil receiving structure
122, can be set to a narrow tolerance due to the adjustability provided by eccentric cam
200 irrespective of whether the individual components of surgical stapling apparatus
100 are manufactured with a wide tolerance. Preferably, as seen in FIG. 6, gap “Y” is
measured between an upper surface or face 112a of cartridge receiving structure 122
and an opposed lower surface or face 122a of the anvil receiving structure 122, along
the length of the forward portion of the stapler. The forward portion of the stapler is
considered that portion of the stapler that is distal of hinge plates 114 and that
encompasses or includes the working longitudinal extent or portion of the cartridge and
anvil. Alternatively, as seen in FIG. 6A, gap “Y” is measured between a tissue
contacting surface 112b of a cartridge assembly 113 which is disposed within cartridge
receiving structure 126, and a tissue contacting surface 122b of an anvil member 123
which is disposed within anvil receiving structure 122.

As seen in FIG. 6, after assembling most if not all of the individual components
of the surgical stapling apparatus 100, gap “Y”, for the forward portion of surgical
stapling apparatus 100 is set. According to one method of setting gap “Y”, a gauging
element 160 having a predetermined fixed thickness is inserted into gap “Y” at the
distal tip of surgical stapling apparatus 100. Eccentric cam 200 is fixed or then rotated
until gap “Y” is set to the predetermined thickness of gauging means 160. Gap “Y” is
set in an unloaded or loaded condition, preferably unloaded, i.e., without tissue present,
or with some load. Other suitable means and methods can be employed at the same
time or other times during or as part of the manufacturing or assembly process.

Eccentric cam 200 is adjusted until receiving structures 112, 122 contact
gauging means 160. Once the position of eccentric cam 200 is fixed or set, eccentric
cam 200 is fixedly secured or locked into position, by any suitable means, in recesses
118 such that further rotation of eccentric cam 200 is prevented. Typically, gap “Y”
will be narrower at the distal tip and will be progressively wider from the distal tip to
the hinge plates, such that in the loaded condition, with tissue present, deflection will
occur at the tip to create a more uniform gap along the forward portion 124, 126 of
surgical stapling apparatus 100. While the adjustment and the setting of gap “Y” is a
step which is disclosed as taking place during the manufacture and assembly of surgical

stapling apparatus 100, it is envisioned that the adjustment and setting of gap “Y” can
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be done post manufacturing and assembly, preferably prior to packaging of the stapler.
It is also envisioned that, with certain embodiments, a minor adjustment can be made
by the user.

With reference to FIGS. 7-11, various means for rotating eccentric cam 200 are
provided thereon and will now be described. As seen in FIG. 7, forward portion 210 of
eccentric cam 200 is provided with a hexagonal recess 240 formed in an end or top
surface thereof. Hexagonal recess 240 is configured to receive an “Allen Key” type
end of a rotational tool (not shown) in order to rotate eccentric cam 200. While a
hexagonal recess 240 is shown, it is envisioned that any polygonal recess (i.e.,
triangular, square, pentagonal, etc.) can be provided along with a rotational tool
configured with a polygonal protrusion corresponding in shape to the polygonal recess
formed in the end surface of forward portion 210.

As seen in FIG. 8, forward portion 210 of eccentric cam 200 is provided with a
conical recess 250 formed in an end, top or outer surface thereof, wherein conical
recess 250 preferably is provided with a roughened surface 251 for frictionally mating
with a conical protrusion 252 extending from a distal end of a rotational tool 254.

As seen in FIG. 9, forward portion 210 of eccentric cam 200 is provided with a
conventional screw driver recess 260 (i.e., slotted, cruciform or Phillips, torx, etc.)
formed in an end, top or outer surface thereof. Screw driver recess 260 is configured to
receive an end of a standard screw driver (not shown) in order to rotate eccentric cam
200.

As seen in FIG. 10, forward portion 210 of eccentric cam 200 is provided with
an irregularly shaped recess 270 formed in an end or top surface thereof. Irregularly
shaped recess 270 can be formed having a portion which is located at a greater radius
from rotational axis “A” of eccentric cam 200 than another portion of recess 270. In
the same manner as the aforementioned recesses, a rotational tool (not shown) having a
protrusion configured and adapted for cooperation with recess 270 is used in order to
rotate eccentric cam 200.

As seen in FIG. 11, forward portion 210 of eccentric cam 200 is provided with a
circular recess 280 formed in an end or top surface thereof. An expandable portion of a
rotational tool 282 is depicted having a cylindrical forward portion 284 which is

expandable after insertion into circular recess 280 of eccentric cam 200. Expansion of
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cylindrical forward portion 284 of rotational tool 282, after insertion in circular recess
280, causes the outer surface of cylindrical forward portion 284 to press against the
inner surface of circular recess 280 thereby enabling rotational tool 282 to transmit
rotation to eccentric cam 200. Alternatively, as seen in FIG. 11A, a contractible
rotational tool 286 can be provided, which contractible rotational tool 286 includes a
cylindrical forward portion 288 which is contractible about the outer diameter of
forward portion 210 of eccentric cam 200. Accordingly, contraction of cylindrical
forward portion 288 of rotational tool 286, after placement about forward portion 210
of eccentric cam 200, causes the inner surface of cylindrical forward portion 288 to
press against the outer surface of forward portion 210 of eccentric cam 200 thereby
enabling rotational tool 286 to transmit rotation to eccentric cam 200.

While the recesses are located in and the methods and devices for rotating
eccentric cam 200 are described as being effected relative to the top end or forward
portion of eccentric cam 200, it is understood that the recesses can be located in and the
methods and devices can be effected relative to either or both ends of eccentric cam
200.

Turning now to FIGS. 12-14, preferred methods of securely fixing an eccentric
cam to a stapling apparatus are disclosed. According to a preferred method, a pair of
hinge plates are disclosed for use with an eccentric cam 200 having a rearward portion
230 defined by an annular wall 232. As seen in FIG. 12, cartridge receiving structure
112 is provided with a first upstanding hinge plate 160 and a second upstanding hinge
plate 162 each extending from the side surface of the cartridge receiving structure 112.
First hinge plate 160 is provided with a through hole 164 having at least one notch 166
formed into a circumferential perimeter thereof and sized to snugly receive a portion of
rearward portion 230 of eccentric cam 200 thereinto or therethrough. Second hinge
plate 162 is provided with a through hole 168 that is sized to snugly receive forward
portion 210 of eccentric cam 200 thereinto or therethrough. FIG. 13 is intended to
depict eccentric cam 200 snugly in place within the pair of through holes 164, 168.
FIG. 14 is intended to show that after eccentric cam 200 has been rotated to the desired
position, eccentric cam 200 is fixedly secured or locked in place by deforming annular
wall 232 tightly into notches 166 formed along the circumferential perimeter of
through-hole 164.
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Turning now to FIGS. 15-17, alternative methods of securely fixing eccentric
cam 200 to the pair of hinge plates 160, 162 are described. As seen in FIG. 15,
rearward portion 230 of eccentric cam 200 is securely fixed in place by one or more
spot welds 300 (i.e., metal-inert-gas “MIG”, tungsten-inert-gas “T1G”, arc, laser, sonic,
electron beam, braze, silver solder, soft solder, etc.) between rearward portion 230 and
hinge plate 160. As seen in FIG. 16, eccentric cam 200 can be securely fixed in place
by a deformation 310 of a portion of the sheet metal of first hinge plate 160 (e.g., by
pining, peening, swaging, center punching, etc.) into at least one, preferably each of
recesses 234 formed along the circumference of rearward portion 230. As seen in FIG.
17, eccentric cam 200 can be securely fixed in place with one or more peenings 320
around rearward portion 230 of eccentric cam 200 until rearward portion 230 expands
sufficiently to fill and restrict through-hole 164 to prevent the rotation of eccentric cam
200 therein. It is also envisioned that the sheet metal of hinge plate 160 can be peened
around through-hole 164 until the sheet metal tightly grips rearward portion 230 of
eccentric cam 200. Alternatively, any suitable adhesive or bonding agent, e.g., an
anaerobic adhesive, such as Loctite™ (Trademark of American Sealants Company,
Corp.) or equivalents, or other adhesive type fluid cements can be applied between the
surface of forward and rearward portion 210, 230 and through-holes 164, 168,
respectively.

As seen the graph in FIG. 18, the acceptable staple gaps for surgical staplers
manufactured according to the current state of the art as compared to those
manufactured according to the present disclosure is shown. The current state of the art
results in the manufacture and assembly of surgical staplers having a wide variation in
the range of the resulting staple gap. During the manufacture and assembly of a
specific line or model of surgical staplers, due to various factors inherent or involved in
the manufacture and assembly of the surgical staplers, €.g., variations in materials,
dimensions and conditions, there has been a wide variation in the size of staple gap “Y”
within the acceptable staple gap “ASG” tolerance range, as depicted by the bell-shaped
curve “D” in FIG. 18. However, in accordance with the present disclosure, despite the
various factors disclosed above, manufactured and assembled surgical staplers can
consistently have a narrower range of variations well within the acceptable range, as

depicted by the bell-shaped curve “E” in FIG. 18. Thus, surgical staplers manufactured
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and assembled in accordance with the present disclosure have staple gaps which are
more consistent and uniform than staple gaps of surgical staplers manufactured or
produced in accordance with the current state of the art.

While it is shown that eccentric cam 200 is fixed or secured to one hinge plate,
it is envisioned that eccentric cam 200 can be secured to both hinge plates. In addition,
while a circular cam has been disclosed, it is envisioned that other types of camming
members can be used without departing from the scope of the disclosure, for example, a
ramp can be disposed between the cartridge receiving structure and the anvil receiving
structure, a bendable tab can be configured, affixed to one of the structures and adapted
to move the cartridge receiving structure relative to the anvil receiving structure, and '
one or more jack screws can be employed to move to contact the anvil receiving
structure. Moreover, the present disclosure is especially suitable for linear surgical
staplers, however, it is envisioned that the present disclosure is not solely limited to
linear surgical staplers.

It will be understood that various modifications may be made to the
embodiments disclosed herein. Therefore, the above description should not be
construed as limiting, but merely as exemplifications of preferred embodiments. Those
skilled in the art will envision other modifications within the scope and spirit of the

claims appended hereto.
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WHAT IS CLAIMED IS:

1. A staple gap adjustment member for use in a surgical stapling apparatus
having a pair of jaw structures operably coupled with one another and defining a staple
gap therebetween, the gap adjustment member comprising:

one or more bearing portions sharing a common rotational axis; and

one or more cam surface portions having a periphery with at least two different
points along the periphery, with each point along the periphery having a different radius

from the rotational axis.

2. The gap adjustment member according to claim 1, wherein the one or
more cam surface portions has a central axis parallel to and spaced a distance from the

rotational axis of the one or more bearing portions.

3. The gap adjustment member according to claim 2, wherein the one or
more bearing portions are configured and adapted to be disposed and locked in
mounting plates formed in one of the pair of jaw structures and wherein the one or
more cam surface portions are configured and adapted to contact an opposed surface of

the other of the pair of jaw structures.

4. The gap adjustment member according to claim 2, wherein rotation of
the gap adjustment member about the rotational axis causes the staple gap between the

pair of jaw structures to vary in distance.

5. The gap adjustment member according to claim 1, further including a
recess formed in at least one end of the bearing or cam surfaces, wherein the recess is

configured and adapted to receive a complementary shaped rotational tool therein.

6. The gap adjustment member according to claim 5, wherein the recess
has a shape which is at least one of polygonal, conical, slotted, cruciform, torx, circular
and irregular.

7. The gap adjustment member according to claim 1, wherein the one or
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more bearing surfaces each have one of a circular, an oval, an elliptical and a polygonal

cross-section.

8. The gap adjustment member according to claim 2, wherein a 360°
rotation of the gap adjustment member results in an adjustment in the size of the staple
gap equal to about twice the distance between the rotational axis of the one or more

bearing surfaces and the central axis of the one or more cam surfaces.

9. The gap adjustment member according to claim 1, wherein the staple
gap adjustment member is configured and adapted to create an adjustment in the size of
the staple gap by linear motion of the staple gap adjustment member between the jaw

structures.

10. A staple gap adjustment member for use in a surgical stapling apparatus
having a pair of jaw structures operably coupled with one another and defining a staple
gap therebetween, the gap adjustment member comprising:

a forward portion;

a rearward portion, the forward and rearward portions sharing a common
rotational axis; and

a body portion interconnecting the forward and rearward portions, the body
portion having a periphery with at least two different points along the periphery, with

each point having a different radius from the rotational axis.

11.  The gap adjustment member according to claim 10, wherein the body
portion has a central axis parallel to and spaced a distance from the rotational axis of

the forward and rearward portions.

12.  The gap adjustment member according to claim 10, wherein the forward
and rearward portions of the gap adjustment member are configured and adapted to be
disposed in mounting plates formed in one of the pair of jaw structures and wherein the
body portion of the gap adjustment member is configured and adapted to contact an

opposed surface of the other of the pair of jaw structures.
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13.  The gap adjustment member according to claim 12, wherein the forward
and rearward portions of the gap adjustment member are configured and adapted to be

locked in the mounting plates.

14.  The gap adjustment member according to claim 10, wherein rotation of
the gap adjustment member about the rotational axis causes the staple gap between the

pair of jaw structures to vary in distance.

15.  The gap adjustment member according to claim 10, further including a
recess formed in at least one of the forward and rearward portions, wherein the recess is

configured and adapted to receive a complementary shaped rotational tool therein.

16. The gap adjustment member according to claim 4, wherein the shape of
the recess is at least one of polygonal, conical, slotted, cruciform, torx, circular and

irregular.

17.  The gap adjustment member according to claim 10, wherein the forward,
rearward and body portions each have one of a circular, an oval, an elliptical and a

polygonal cross-section.

18.  The gap adjustment member according to claim 10, wherein a 360°
rotation of the gap adjustment member results in an adjustment in the size of the staple
gap equal to about twice the distance between the rotational axis of the forward and

rearward portions and the central axis of the body portion.

19.  The gap adjustment member according to claim 10, wherein the staple
gap adjustment member is configured and adapted to create an adjustment in the size of
the staple gap by linear motion of the gap adjustment member between the jaw

structures.

20. A surgical stapling apparatus, comprising:
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a jaw structure with a cartridge receiving portion and a jaw structure with an
anvil receiving portion, the jaw structures being operably couplable to one another to
provide a staple gap between a forward portion of the cartridge receiving and anvil
receiving portions, one of the jaw structures having a pair of mounting members
thereon for Ihounting the other of the jaw structures thereon; and

a staple gap adjustment member operatively disposed between the jaw
structures, wherein a rotation of the gap adjustment member results in a corresponding

adjustment in the size of the staple gap.

21.  The surgical stapling apparatus according to claim 20, wherein the gap
adjustment member includes one or more bearing portions sharing a common rotational
axis; and one or more cam surface portions having a periphery with at least two
different points along the periphery, with each point along the periphery having a

different radius from the rotational axis.

22.  The surgical stapling apparatus according to claim 20, wherein the one
or more cam surface portions of the gap adjustment member has a central axis parallel

to and spaced a distance from the rotational axis of the one or more bearing portions.

23.  The surgical stapling apparatus according to claim 20, wherein the staple
gap adjustment member includes:

a forward portion;

a rearward portion, the forward and rearward portions sharing a common
rotational axis; and

a body portion interconnecting the forward and rearward portions, the body
portion having a periphery with at least two different points along the periphery, with

each point along the periphery having a different radius from the rotational axis.
24.  The surgical stapling apparatus according to claim 23, wherein the body

portion has a central axis spaced a distance from the rotational axis of the forward and

rearward portions.
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25.  The surgical stapling apparatus according to claim 20, wherein the
mounting members are configured and dimensioned to rotatably receive the gap

adjustment member thereon.

26.  The surgical stapling apparatus according to claim 25, one of the jaw
structures includes a pair of substantially parallel spaced apart mounting plates
extending therefrom, the pair of mounting plates being configured and dimensioned to

rotatably receive the gap adjustment member thereon.

27.  The surgical stapling apparatus according to claim 25, wherein the gap
adjustment member is coupled to the pair of mounting plates via a snap-fit type

engagement.

28.  The surgical stapling apparatus according to claim 25, wherein the body

portion of the gap adjustment member extends between the pair of mounting plates.

29.  The surgical stapling apparatus according to claim 28, wherein the other
of the pair of jaw structures, not having the pair of mounting plates, is configured and
dimensioned to be disposed between the pair of mounting plates and to rest atop the

body portion of the gap adjustment member.

30.  The surgical stapling apparatus according to claim 29, wherein rotation
of the gap adjustment member about the rotational axis causes the pair of jaw structures
to displace relative to one another and in turn causes the staple gap between the

cartridge receiving portion and the anvil receiving portion to vary in size.

31.  The surgical stapling apparatus according to claim 30, wherein a 360°
rotation of the gap adjustment member results in an adjustment of the size of the staple
gap equal to about twice the distance between the rotational axis of the forward and
rearward portions and the central axis of the body portion.

32.  The surgical stapling apparatus according to claim 31, further includes a

plurality of gauging elements each having a different predetermined fixed thickness,
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wherein the plurality of gauging elements are selectively insertable in the staple gap to

set the staple gap to a size equal to the thickness of a selected gauging element.

33.  The surgical stapling apparatus according to claim 20, wherein the staple
gap adjustment member has been rotated and is fixedly secured to at least one of the

jaw structures.

34.  The surgical stapling apparatus according to claim 25, wherein the gap

adjustment member is fixedly secured to at least one of the pair of mounting members.

35. A method of adjusting a staple gap in a surgical stapling apparatus
comprising the steps of:

inserting a gauging element into a staple gap defined between the forward
portions of a respective first and second jaw structure, the first and second jaw
structures being operably coupled to one another;

adjusting the size of the staple gap by manipulating a gap adjustment member
disposed between the first and second jaw structures to approximate the size of the
staple gap to the size of the gauging element; and

locking the gap adjustment member into position.

36.  The method according to claim 35, wherein the gauging element is
inserted between opposed tissue contacting surfaces of the first and second jaw

structures.

37. A method of adjusting a staple gap in a surgical stapling apparatus
comprising the steps of:

providing a surgical stapling apparatus having a pair of jaw structures operably
coupled with one another, the pair of jaw structures defining a staple gap between
opposed distal surfaces thereof;

providing a gap adjustment member between the pair of jaw structures, the gap
adjustment member including one or more bearing portions sharing a common

rotational axis and one or more cam surface portions having a periphery with at least
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two different points along the periphery, with each point along the periphery having a
different radius from the rotational axis;

inserting a gauging element into the staple gap;

manipulating the gap adjustment member in order to adjust the size of the staple
gap; and

locking the gap adjustment member into position.

38.  The method according to claim 37, wherein the one or more cam surface
portions has a central axis parallel to and spaced a distance from the rotational axis of

the bearing portions.

39.  The method according to claim 37, wherein the gap adjustment member
includes:

a forward portion;

a rearward portion, the forward and rearward portions sharing a common
rotational axis; and

an eccentric body portion interconnecting the forward and rearward portions,
the body portion having a central axis spaced a distance from the rotational axis of the
forward and rearward portions, wherein the forward and rearward portion of the gap
adjustment member is rotatably received in mounting plates formed in one of the first
and second jaw members and wherein the body portion extends between the mounting

plates.

40. A method of adjusting a staple gap in a surgical stapling apparatus,
comprising:

providing a surgical stapling apparatus having a jaw structure with an anvil
receiving portion and a jaw structure with a cartridge receiving portion, the jaw
structures being operatively couplable to one another to provide a staple gap between a
respective forward portion of the anvil and cartridge receiving portions, one of the jaw
structures having a pair of mounting members thereon for mounting the other of the jaw
structures thereon;

positioning a gap adjustment member on the mounting members between the
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jaw structures to provide a desired gap between the forward portions of the anvil and
cartridge receiving portions; and
locking the gap adjustment member to the mounting members to provide the

desired staple gap.

41.  The method according to claim 40, further comprising the steps of:
inserting a gauging element into the staple gap; and
manipulating the gap adjustment member in order to adjust the size of the staple

gap.

42.  The method according to claim 40, wherein the gap adjustment member
includes one or more bearing portions sharing a common rotational axis, and one or
more cam surface portions having a periphery with at least two different points along
the periphery, with each point along the periphery having a different radius from the

rotational axis.

43.  The method according to claim 42, wherein the one or more cam surface
portions has a central axis parallel to and spaced a distance from the rotational axis of
the one or more bearing portions.

44.  The method according to claim 40, wherein the gap adjustment member
is locked into position by at least one of deforming, pining, peening, swagging, center
punching, welding and adhering the gap adjustment member against at least one of the

mounting members.
45.  The method according to claim 40, wherein the adjustment of the staple
gap is effected by linear motion of the gap adjustment member between the jaw

structures.

46.  The gap adjustment member of claim 1, wherein the gap adjustment

member effects the gap adjustment by its linear motion between the jaw structures.
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47.  The gap adjustment member of claim 46, wherein the gap adjustment

member is a wedge.
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