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(54) Title: JAW OPENING FEATURE FOR SURGICAL STAPLER
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Fig.22

(57) Abstract: An end effector for use with a surgical instrument includes a lower jaw, an anvil, and a resilient member. The anvil is
pivotable relative to the lower jaw between a tully opened position and a fully closed position. The resilient member is configured to
bias the anvil to remain in the fully opened position when the anvil is in the fully opened position. The end etfector may include a
closure ring coupled with the anvil that is translatable relative to the lower jaw and contigured to engage the anvil at an interface as
the closure ring translates proximally relative to the lower jaw to thereby pivot the anvil relative to the lower jaw toward the fully
opened position. In various embodiments, the resilient member may comprise elastomeric material positioned between the closure
ring and the anvil or a pair of springs or resilient arms that engage the anvil.
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JAW OPENING FEATURE FOR SURGICAL STAPLER

BACKGROUND

In some seitings, endoscopic surgical mstruments may be preferred over
traditional open surgical devices since a smaller incision may reduce the post-operative
recovery time and complications. Consequently, some endoscopic surgical instruments
may be suitable for placement of a distal end effector at a desived surgical site through
the cannula of a trocar. These distal end effectors may engage tissue in a number of
ways to achieve a diagnostic or therapeutic effect {e.g., endocutter, grasper, cutter,
stapler, clip applicr, access device, drug/genc therapy delivery device, and energy
delivery device using ultrasonic vibration, RF, laser, etc.). Endoscopic surgical
fnstruments may inchude a shaft between the end effector and a handle portion, which is
manipuiated by the clinician. Such a shaft may cnable insertion to a desired depth and
rotation about the longitudinal axis of the shaft, thereby facilitating positioning of the end
effector within the paticnt. Positioning of an end cffector may be further facilitated
through inclusion of one or more articulation joints or features, enabling the end cffector
to be sclectively articulated or otherwise deflected relative to the longitudinal axis of the

shaft,

Examples of endoscopic surgical instruments include surgical staplers. Some
such staplers are operable to clamp down on layers of tissue, cut through the clamped
layers of tissue, and drive staples through the layers of tissuc to substantially scal the
severed layers of tissue together near the severed ends of the tissue layers. Merely
exemplary surgical staplers arc disclosed in U.S. Pat. No. 4,805,823, entitled “Pocket
Configuration for Internal Organ Staplers,” issued February 21, 1989; U.S. Pat. No.
5,415,334, entitled “Surgical Stapler and Staple Cartridge,” issued May 16, 1995; U.S.
Pat. No. 5,465,895, cntitied “Surgical Stapler Instrument,” issued November 14, 1995;
U.S. Pat. No. 5,597,107, entitled “Surgical Stapler Instrument,” issued January 28, 1997;
U.S. Pat. No. 5,632,432, entitled “Surgical Instrument,” issaed May 27, 1997; U.S. Pat.
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No. 5,673,840, entitled “Suvrgical Instrumsent,” issued October 7, 1997; U.S. Pat. No.
5,704,334, entitled “Articulation Assembly for Surgical Instruments,” issued January 6,
199%; U.S. Pat. No. 5,814,055, entitled “Surgical Clamping Mechanism,” issued
September 29, 1998; 1.8, Pat. No. 6,978,921, entitled “Surgical Stapling Instrument
Incorporating an E-Beam Firing Mechanism,” issued Becember 27, 2005, U1.S. Pat. No.
7,000,818, entitled “Surgical Stapling Instrument Having Separate Dhstinet Closing and
Firing Systems,” issued February 21, 2006; U.S. Pat. No. 7,143,923, entitled “Surgical
Stapling Instrument Having a Firing Lockont for an Unclosed Anvil)” issued December
5, 2006; U.S. Pat. No. 7,303,108, entitled “Surgical Stapling Instrument Incorporating a
Multi-Stroke Firing Mechanism with a Flexible Rack,” issued December 4, 2007; U.S.
Pat. No. 7,367 485, entitied “Surgical Stapling Instrument Incorporating a Multistroke
Firing Mechanism Having a Rotary Transmission,” issued May 6, 200&; U.S. Pat. No.
7,380,695, entitled “Surgical Stapling Instrument Having a Single Lockout Mechanism
for Prevention of Firing,” issued June 3, 2008; U.S. Pat. No. 7,380,696, entitled
“Articulating Surgical Stapling Instrument Incorporating a Two-Picee E-Beam Firing
Mechanism,” issued June 3, 2008; U.S. Pat. No. 7,404,508, entitled “Surgical Stapling
and Cutting Device,” issued July 29, 2008; U.S. Pat. No. 7,434,715, entitled “Surgical
Stapling Instrument Having Multistroke Firing with Opening Lockout,” issued October
i4, 2008; U.S. Pat. No. 7,721,930, entitled “Diisposable Cartridge with Adhesive for Use
with a Stapling Device,” issued May 25, 2010; US. Pat. No. 8,408,439, entitled
“Surgical Stapling Instroment with An Articulatable End Effector,” issued April 2, 2013;
and U.S. Pat. No. §,453,914, entitled “Motor-Driven Surgical Cutting Instrument with
Electric Actuator Directional Control Assembly,” ssued June 4, 2013, The disclosure of

cach of the above-cited UK. Patents 18 incorporated by reference herein.

While the surgical staplers referred to above are described as being used in
endoscopic procedures, it should be understood that such surgical staplers may also be
used in open procedures and/or other non-endoscopic procedures. By way of example
only, a surgical stapler may be inserted through a thoracotomy, and thereby between a

patient’s ribs, to reach one or more organs in a thoracic surgical procedure that does not
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use a trocar as a conduit for the stapler. Such procedures may include the use of the
stapler to sever and close a vessel leading to a tung. For instance, the vessels leading to
an organ may be severed and closed by a stapler before removal of the organ from the
thoracic cavity. Of course, surgical staplers may be used in various other settings and

procedures.

Examples of surgical staplers that may be particularly suited or use through a
thoracotomy are disclosed in U.S. Patent App. No. 13/788,067, entitled “Surgical
Instrument End Effector Articulation Drive with Pinion and Opposing Racks,” filed
Febroary 28, 2013; 1S, Patent App. No. 13/780,082, entitled “Lockout Feature for
Movable Cutting Member of Surgical Instroment,” filed February 28, 2013; U.S. Patent
App. No. 13/780,106, entitled “Integrated Tissue Positioning and Jaw Alignment
Featares for Surgical Stapler,” filed February 28, 2013; U.S. Patent App. No. 13/783,120,
entitied “law Closure Feature for End Effector of Surgical Instrument,” filed February
28, 2013; U.S. Patent App. No. 13/780,162, entitled “Surgical Instrument with
Articulation Lock having a Detenting Binary Spring,” filed February 28, 2013; .S,
Patent App. No. 13/780,171, entitled “Distal Tip Features for End Effector of Surgical
Instrument,” filed February 28, 2013; U.S. Patent App. No. 13/780,379, entitled “Staple
Forming Features for Surgical Stapling Instrument,” filed February 28, 2013; U.S. Patent
App. No. 13/780,402, entitled “Surgical Instrument with Multi-Diameter Shaft,” filed
Febroary 28, 2013; and U.S. Patent App. No. 13/780.417, entitled “Installation Features
for Surgical Instrument End Effector Cartridge,” filed February 28, 2013, The disclosure

of cach of the above-cited U.S. Patent Applications 1s incorporated by reference herein.
PP A

While various kinds of surgical stapling instruments and associated components
have been made and used, it is believed that no one prior to the inventor(s) has made or

used the invention described in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
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{06006} The accompanying drawings, which are incorporated in and constitute a part of
this specification, illustrate embodiments of the invention, and, together with the general
description of the invention given above, and the detatled description of the embodiments

given below, serve to explain the principles of the present invention.

{6007} FIG. 1 depicts a perspective view of an exemplary articulating surgical stapling
nstrument;

(6008} FIG. 2 depicts a side elevational view of the instrument of FIG. 1;

[6009] FIG. 3 depicts a perspective view of an end effector of the instruroent of FIG. 1,

with the end effector in a closed configuration;

{00010} FIG. 4 depicts a perspective view of the end effector of FIG. 3, with the end

cffector in an open configuration;
{60011} FIG. 5 dopicts an exploded perspective view of the end cffector of FIG. 3;

160012} FIG. 6 depicis a cross-sectional end view of the end effector of FIG. 3, taken
along line 6-6 of FIG. 4;

160013] FIG. 7A depicts a cross-sectional side view of the end cffector of FIG. 3, taken

along line 7-7 of FIG. 4, with the firing beam in a proximal position;

1600 14] FIG. 7B depicts a cross-sectional side view of the end etfector of FIG. 3, taken

along line 7-7 of FIG. 4, with the firing beam in a distal position;

100015} FIG. 8 depicts a perspective view of the end effector of FIG. 3, positioned at

tissuc and having been actuated onee in the tissug;

186816} FIG. 9 depicts a schematic view of an exemplary control circuit for use in the

instrument of FIG. 1;



WO 2015/199894 PCT/US2015/033109

i
(3]
H

180017} FIG. 10 depicts a perspective view of the handle assembly of the mstrument of

FIG. 1, with a honsing half and some internal components removed;

{00018} FIG. 11 depicts a perspective view of drive assembly components from the handle

assembly of FIG. 10;

160019} FIG. 12 depicts a perspective view of an eclongate member from the drive

assembly of FIG. 11, coupled with the firing beam;

(060028} FIG. 13 depicts a perspective view of another exemplary end effector for use with

the instrument of FIG. 1;

100021} FIG. 14A depicts a perspective view of an anvil of the end effector of FIG. 13

{00022} FIG. 14B depicts a top plan view of the anvil of FIG. 14A;

100023} FIG. 15 depicts a side elevational view of a lower jaw of the end cffector of FIG.
13;

100024} FIG. 16 depicts a side clevational view of a closure ring of the end effector of

FiG. 13;
160025] FIG. 17 depicts a top plan view of the closure ring of FIG. 16;

{60626} FIG. 18A depicts a perspective view of the end effector of FIG. 13 during a first

instant of time during closure;

{60627} FIG. 18B depicts a perspective view of the end effector of FIG. 13 fully closed;
{0028} FIG. 19A depicts a perspective view of the end effector of FIG, 13 during a first

instant of time during opening;
[80029] FIG. 19B depicts a perspective view of the end effector of FIG. 13 fully opened;

{60030} FIG. 20 depicts a perspective view of an exeroplary clastomeric insert;
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(60031} FIG. 21 depicts a side elevational view of the elastomeric insert of FIG. 20;
{60032} FIG. 22 depicts a side elevational view of the elastomeric josert of FIG. 20

assembled together with an exemplary anvil;
100033} FIG. 23 depicts a top plan view of the elastomeric insert and anvil of FIG. 22;

100034} FIG. 24A depicis a detatled top plan view of an cxemplary end effector that

includes the clastomeric insert and anvil of FIG. 22 when the end cffector is fully closed;

180035] FIG. 24B depicis a detailed top plan view of the end effector of FIG. 24A when

the end ctfector is fully opened;

{80036} FIG. 25A depicts a detailed cross-sectional side view of the end effector of FIG.

24 A when the end effector is fully closed;

160037] FIG. 258 depicts a detailed cross-sectional side view of the end effector of FIG.

24 A when the end effector is fully opened;

{00038} FIG. 26 depicts a perspective view of another exemplary elastomeric insert;
EU R FIG. 27 depicts a side elevational view of the elastomeric insert of FIG. 26;
{83040} FIG. 28 depicts a side clevational view of the elastomeric insert of FIG. 26

assembled together with an exemplary anvil;

183041} FIG. 29 depicts a top plan view of the elastomeric insert and anvil of FIG. 28;
100042} FIG. 30A depicis a detatled top plan view of an exeroplary end effector that

~

includes the elastomeric insert and anvil of FIG. 28 when the end effector is fully closed;

{00043} FIG. 30B depicts a detailed top plan view of the end effector of FIG. 30A when

the end effector is fully opened;
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[60044] FIG. 31 A depicts a detailed cross-sectional side view of the end effector of FIG.

30A when the end effector is fully closed;

[80045] FIG. 31B depicts a detailed cross-sectional side view of the end effector of FIG.

30A when the end effector 1s fully opened;

{60046} FIG. 32 depicts a side elevational view of an exemplary anvil with an elastomeric

layer attached thereto;

{00047} FIG. 33 depicts a top plan view of the anvil of FIG. 32;
{60048] FIG. 34A depicts a detailed top plan view of an cxemplary ond effector that

includes the anvil of FIG. 32 when the end effector is fully closed;

[60049] FIG. 34B depicts a detatled top plan view of the end cffector of FIG. 34A when
the end effector is fully opened;

RUEIH FIG. 35A depicts a detailed cross-sectional side view of the end etfector of FIG.

34 A when the end effector is fully closed;

{60051 FIG. 35B depicts a detailed cross-sectional side view of the end effector of FIG.

34 A when the end effector is fully opened;

{60052} FIG. 36 depicts a cross-sectional side view of an exemplary closure ring with an

clastomeric layer attached thereto;

{60053} FIG. 37A depicts a detailed top plan view of an exemplary end cffector that

includes the closure ring of FIG. 36 when the end effector is fully closed;

{60654} FIG. 37B depicts a detailed top plan view of the end effector of FIG. 37A when

the end effector is fully opened;

{60055] FIG. 38A depicts a detailed cross-sectional side view of the end effector of FIG.

37 A when the end effector is fully closed;
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HUERTY FIG. 38B depicts a detailed cross-sectional side view of the end effector of FIG.

37 A when the end effector is fully opened;

{60057} FIG. 39 depicts an exploded perspective view of an exemplary end effector that

mncludes a pair of springs;

{00058} FIG. 40 depicts a perspective view of the end effector of FIG. 39 in an open
position;
{00059} FIG. 41A depicts a perspective view of the end effector of FIG. 39 fully closed

with a portion of the cnd effector removed to reveal the springs and other internal

structures;

{00060} FIG. 41B depicts a perspective view of the end effector of FIG. 39 fully opened
with a portion of the end effector removed to reveal the springs and other internal
structures,

{00061} FIG. 42 depicts an exploded perspective view of an cxemplary end effector that

includes a tray comprising a pair of resilient arms;

100062} FIG. 43 depicts a perspective view of the end effector of FIG. 42 in an open
position;
100063} FIG. 44A depicts a perspective view of the end effector of FIG. 42 fully closed

with a portion of the end cffector removed to reveal the resilient arms and other internal

structures;

{00064 FIG. 44B depicts a perspective view of the end effector of FIG. 42 fully opened
with a portion of the end effector removed to reveal the resilient arms and other internal

structures,

100065} FIG. 45 depicts a top plan view of another exemplary end cffector for use with the

mstrument of FIG. {;
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{00066} FIG. 46 depicts a perspective view of a closure ring of the end effector of FIG. 45;
{00067} FIG. 47 depicts a top plan view of the closure ring of FIG. 46; and
{80068} FIG. 48 depicts a cross-sectional view of the closure ring of FIG. 46, taken along
line 48-48 of FIG. 47,
100069} The drawings arc not intended to be limiting in any way, and it is contemplated

that various embodiments of the invention may be carried out in a variety of other ways,
imcloding those not necessarily depicted in the drawings. The accompanying drawings
meorporated in and forming a part of the specification illustrate several aspects of the
present invention, and together with the description serve to explain the principles of the
mvention; it being understood, however, that this invention is not Himited to the precise

arrangements shown,
DETAILED DESCRIPTION

{00078} The following description of certain cxamples of the invention should not be used
to limit the scope of the present invention. Other cxamples, features, aspects,
cmbodiments, and advantages of the invention will become apparent to those skilled in
the art from the following description, which 18 by way of illustration, one of the best
modes conteroplated for carrying out the invention. As will be realized, the invention is
capable of other different and obvious aspects, all without departing from the invention.
Accordingly, the drawings and descriptions should be regarded as illustrative in nature

and not resirictive,

160071} I Exemplary Surgical Stapler
{0606072} FIG. 1 depicts an cxemplary surgical stapling and scvering instrument {10} that

imclodes a handle assernbly (20), a shaft assembly (30), and an end effector (40}, End
effector (40) and the distal portion of shaft assembly (30) are sized for insertion, in a

nonarticulated state as depicted in FIG. 1, through a trocar cannula to a surgical sitc in a



WO 2015/199894 PCT/US2015/033109

- 10 -

patient for performing a surgical procedure. By way of example only, such a trocar may
be inserted in a patient’s abdomen, between two of the patient’s ribs, or elsewhere. In
some settings, instrument {10) 1s used without a trocar. For instance, end cffector (40)
and the distal portion of shaft assembly (30} may be inserted directly through a
thoracotomy or other type of incision. It should be understood that terms such as
“oroximal” and “distal” are used herein with reference to a clinician gripping handle
assembly (20} of instrument (103, Thus, end effector {40) is distal with respect to the
more proximal handie assembly (20}, It will be further appreciated that for convenience
and clarity, spatial terms such as “vertical” and “horizontal” arc used hercin with respoct
to the drawings. However, surgical instruments arc uscd in many oricntations and

positions, and these terms are not intended to be limiting and absolute.

183073} A Exemplary Handle Assembly and Shaft Assembly
166474] As shown in FIGS. 1-2, handle assembly (20} of the present example comprises

pistol grip (223, a closure trigger {24), and a firing trigger (26). Each trigger (24, 26} is
selectively pivotable toward and away from pistol grip (22} as will be described n
greater detail below. Handle assembly (20} further includes an anvil release button (25),
a firing beam reverse switch (27}, and a removable battery pack (28). These components
will also be described in greater detail below. Of course, handle assembly (28) may have
a varicty of other components, features, and operabilitics, in addition to or in Heu of any
of thosc noted above. Other suitable configurations for handle assembly (20} will be
apparent to those of ordinary skill in the art in view of the teachings herein. Furthermore,
it should be understood that handle assembly (20) s merely an exemplary type of body
assembly that can be included within instrument (10) and instrument (10) may comprise
any other suitable body assembly in addition to or instead of handle assembly (20),
including but not Himited to a body assembly configured to allow instrument {10} to be

used during robotic-assisted medical treatments and procedures.

[60075] As shown in FIGS. 1-3, shaft assembly (30) of the present example comprises an

outer closure tube (32}, an articulation scction {34}, and a closure ring (36), which is
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further coupled with end effector (40). Closure tube (32) extends along the length of
shaft assembly (30). Closure ring (36} is positioned distal to articulation section (34}
Closure tube (32} and closure ring {36) are configured to translate longitudinally relative
to handle assembly (203, Longitudinal translation of closure tube (32} is communicated
1o closure ring {36} via articulation section {34). Exemplary features that may be used to
provide longitudinal translation of closure tube (32) and closure ring (363 will be

described in greater detail below.

{0076} Articulation section {34) is operable to laterally deflect closure ring {36) and end
effector (40} laterally away from the longitudinal axis (LA} of shaft assembly (30} at a
desired angle {¢). End effector (40) may thereby reach behind an organ or approach
fissue from a desired angle or for other reasons. In some versions, articulation section
{34) enables deflection of end effector (40} along a single plane. In some other versions,
articulation section (34) cnables deflection of end effector along more than one plane. In
the present example, articulation is controlled through an articulation control knob (35)
which is located at the proximal end of shaft assembly (30). Knob (35) is rotatable about
an axis that is perpendicular to the longitudinal axis (LA) of shaft assembly (30).
Closure ring (36} and end cffector {40} pivot about an axis that is perpendicular to the
longitudinal axis (LA} of shaft assembly (30} in response to rotation of knob (35). By
way of example only, rotation of knob (35) clockwise may cause corrcsponding
clockwise pivoting of closure ring (36) and end effector (40} at articulation scction (34).
Articulation section {34} is configured to communicate longitudinal translation of closure
tube (32) to closure ring (36), regardiess of whether articulation section (34) is in a

straight configuration or an articulated configuration.

180077} In some versions, articulation section (34) and/or articulation control knob (35}
are/is constructed and operable in accordance with at least some of the teachings of U.S.
Patent App. No. 13/780,067, entitled “Surgical Instrument End Effcctor Articulation
Drive with Pinion and Opposing Racks,” filed February 28, 2013, the disclosure of which

is incorporated by reference herein.  Articulation section (34) may also be constructed



WO

[00078]

{06679}

2015/199894 PCT/US2015/033109

12

and operable in accordance with at lcast some of the teachings of U5, Pat. App. No.
[Attorney  Docket Number END7429USNP.0614273], entitled “Articulation Drive
Features for Surgical Stapler,” filed on even date herewith, the disclosure of which is
incorporated by reference herein; and/or U.S. Pat. App. No. [Attorney Docket Number
END7431USNP.0614277], entitled “Method of Unlocking Articulation Joint in Surgical
Stapler,” filed on even date herewith, the disclosure of which is incorporated by reference
herein. Other suitable forms that articulation section (34 and articulation knob (35) may

take will be apparent to those of ordinary skl in the art in view of the teachings herein,

As shown in FIGS. 1-2, shaft assembly (30} of the present example further
inchudes a rotation knob {31). Rotation knob (31} is operable to rotate the entire shaft
assembly (30} and end effector (40) relative to handie assembly (20} about the
fongitudinal axis (LA} of shaft assembly (30). In some versions, rotation knob (31} is
operable to selectively lock the angular position of shatt assembly (30} and end cffector
{(40) relative to handle assembly (20} about the longitudinal axis (LA} of shaft assembly
(30). For instance, rotation knob (31) may be translatable between a first longitudinal
position, in which shaft assembly (30} and end effector {40) arc rotatable relative to
handle assembly (20} about the longitudinal axis (LA) of shaft assembly (30); and a
second longitudinal position, in which shaft assembly (30) and cnd effector (40} arc not
rotatable relative to handle assembly (20) about the longitudinal axis (LA) of shafi
assembly (30}, Of course, shaft assembly {30} may have a varicty of other components,
features, and operabilitics, in addition to or in licu of any of those noted above. By way
of cxample only, at least part of shaft assembly (30) is constructed in accordance with at
least some of the tcachings of U.S. Patent App. No. 13/780,402, cntitled “Surgical
Instrument with Multi-Diameter Shaft,” filed February 28, 2013, the disclosure of which
is incorporated by reference heremn. Other suitable configurations for shaft assembly (30)

will be apparent to those of ordinary skill in the art in view of the teachings herein

B. Exemplary End Effector
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{00080} As also shown in FIGS. 1-3, end effector (40) of the present example includes a
fower jaw (50} and a pivotable anvil (60). Anvil (60) inclodes a pair of integral,
ontwardly extending pins {66} that are disposed in corresponding curved slots (54) of
fower jaw (503}, Pins {66} and slots (54) are shown in FIG. 5. Anvil (60} is pivotable
toward and away from lower jaw {50} between an open position (shown in FIGS, 2 and
4} and a closed position (shown in FIGS, 1, 3, and 7A-7B). Use of the term “pivotable”
{and stmilar terms with “pivot” as a base} should not be read as necessarily requiring
pivotal movement about a fixed axis. For instance, in the present example, anvil (60)
pivots about an axis that is defined by pins (66), which slide along curved slots (54} of
fower jaw (50} as anvil (60} moves toward lower jaw (50}, In such versions, the pivot
axis transiates along the path defined by slots (54) while anvil {60) simultaneously pivots
about that axis. In addition or in the alternative, the pivot axis may slide along slots (54)
first, with anvil (60} then pivoting about the pivot axis after the pivot axis has shid a
certain distance along the slots (54). It should be understood that such sliding/translating
pivotal movement is encompassed within terms such as “pivot,” “pivots,” “pivotal”
“pivotable,” “pivoting,” and the like. Of course, some versions may provide pivotal
movement of anvil (60} about an axis that remains fixed and docs not translate within a

slot or channel, etc.

{00081 As best seen tn FIG. 5, lower jaw (50) of the present example defines a channel
(52} that is configured to receive a staple cartridge (70). Staple cartridge (70) may be
inserted into channel (52), end cffector (40) may be actuated, and then staple cartridge

{70} may be removed and replaced with another staple cartridge (70). Lower jaw (50}

thus releasably retains staple cartridge (70) 1o alignment with anvil {60} for actuation of

end cffector (40). In some versions, lower jaw (50} is constructed in accordance with at
least some of the teachings of U.S. Patent App. No. 13/780,417, entitled “Installation

Features for Surgical Instrument End Effector Cartridge,” filed February 28, 2013, the

disclosure of which is incorporated by reference herein, Other suttable forms that lower

jaw {50} may take will be apparent to those of ordinary skill in the art in view of the

teachings hercin.
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As best seen in FIGS, 4-6, staple cartridge (70} of the present example comprises
a cartridge body (71) and a tray (76} secured to the underside of cartridge body (713, The
apper side of cartridge body (71} presents 8 deck (73}, against which tissue may be
compressed when anvil {60} is in a closed position. Cartridge body (71} further defines a
longitudinally extending channel {72) and a plurality of staple pockets (74}, A staple
{77} 1s positioned in cach staple pocket (74}, A staple driver {753) is also positioned in
cach staple pocket (74}, underneath a corresponding staple (77), and above tray (76). As
will be described in greater detatl below, staple drivers (75) are operable to translate
upwardly in staple pockets {74) to thereby drive staples (773 upwardly through staple
pockets {74) and into cngagement with anvil (60). Staple drivers (75) arc driven
upwardly by a wedge sled (7¥), which is captured between cartridge body (71} and tray
(76), and which translates longitudinally through cartridge body (71}, Wedge sled (78)
includes a pair of obliquely angled cam surfaces (79), which are configured o cngage
staple drivers {75) and thereby drive staple drivers {75} upwardly as wedge sled (78)
translates fongitudinally through cartridge (70). For instance, when wedge sled (78} is in
a proximal position as shown in FIG. 7A, staple drivers (75) are in downward positions
and staples (77} arc located in staple pockets (74). As wedge sled (78) is driven to the
distal position shown in FIG. 7B by a translating knifc member (80}, wedge sled (78)
drives staple drivers (75) upwardly, thereby driving staples (77) out of staple pockets
{74} and into staple forming pockets (64). Thus, staple drivers (75) translate along a

vertical dimension as wedge sled (78) translates along a hovizontal dimension.

It should be understood that the configuration of staple cartridge (70) may be
varicd in numerous ways., For instance, staple cartridge (70) of the present example
includes two longitudinally cxtending rows of staple pockets {74} on one side of channcl
{(72); and another set of two longitudinally extending rows of staple pockets {(74) on the
other side of channel (72). However, in some other versions, staple cartnidge (70)
mncludes three, one, or some other number of staple pockets (74} on cach side of channel
(72). In some versions, staple cartridge (70) 1s constructed and operable in accordance

with at least some of the teachings of U. U.S. Patent App. No. 13/780,106, entitled
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“Integrated Tissue Positioning and Jaw Alignment Featares for Surgical Stapler,” filed
February 28, 2013, the disclosure of which is incorporated by reference herein. In
addition or in the alternative, staple cartridge (70} may be constructed and operable in
accordance with at least some of the teachings of U.S. Patent App. No. 13/780,417,
entitied “Installation Features for Surgical Instrument End Effector Cartridge,” filed
February 28, 2013, the disclosure of which is ncorporated by reference herein. Other
suitable forms that staple cartridge (70} may take wili be apparent to those of ordinary

skifl in the art in view of the teachings herein.

{60084] As best seen i FIG. 4, anvil (60} of the present example comprises a
fongitudinally extending channel (623 and a plurality of staple forming pockets (64}
Channel (62} is configured to align with channel {72) of staple cartridge {70) when anvil
(6(3) is in a closed position. Each staple forming pocket (64} is postiioned fo lie over a
corresponding staple pocket (74} of staple cartridge (70} when anvil {60} is in a closed
position. Staple forming pockets {64) are configured to deform the legs of staples (77)
when staples (77} are driven through tissue and into anvil (60). In particular, staple
forming pockets (64} are configured to bend the legs of staples (77} to secure the formed
staples {77) in the tissuc. Anvil (60} may be constructed in accordance with at least some
of the teachings of U.S. Patent App. No. 13/780,106, cmtiticd “Intcgrated Tissue
Positioning and Jaw Alignment Features for Surgical Stapler,” filed February 28, 2013;
at lcast some of the teachings of U.S. Patent App. No. 13/780,120, entitied “Jaw Closure
Feature for End Effector of Surgical Instrument,” filed February 28, 2013; and/or at least
some of the teachings of U.S. Patent App. No. 13/780,379, cntiticd “Staple Forming
Features for Surgical Stapling Instrument,” filed February 28, 2013, the disclosure of
which is incorporated by reference hercin. Other suitable forms that anvil (60} may take

will be apparent to those of ordinary skill in the art in view of the teachings herein.

[00085] In the present example, a knife member (80) is configured to translate through end
cffector (40). As best seen in FIGS. 5 and 7A-7H, koife member (80} is secured to the

distal end of a firing beam (82), which extends through a portion of shaft assembly (30).
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As best seen in FIGS. 4 and 6, knife oember (80} 1s positioned in channels (62, 72} of
anvil {60} and staple cartridge (70). Knife member (80} includes a distally presented
cutting edge (84} that is configured to sever tissue that is compressed between anvil {60}
and deck {73) of staple cartridge (70} as knife member (K0} translates distally through
end effector (403, As noted above and as shown in FIGS. 7A-7B, knife member (80} also
drives wedge sled (78) distally as knife member (80} translates distally through end
effector (403, thereby driving staples (77) through tissue and against anvil (68} into
formation. Various features that may be used to drive knife member (80) distally through

end effector {40} will be described in greater detail below.

EEELY In some versions, end effector (40} includes lockout featiwes that are configured
to prevent knife member {(80) from advancing distally through end effector {40) when a
staple cartridge (70} 1s not inserted in lower jaw (50}, In addition or in the alternative,
end effector (40} may include lockout features that are configured to prevent kaife
member (80) from advancing distally through end effector (40} when a staple cartridge
(70} that has alrcady been actuated once {e.g., with all staples {77) deployed therefrom) is
inserted in fower jaw (503, By way of example only, such lockout features may be
configured in accordance with at least some of the teachings of US. Patent App. No.
13/720,082, entitled “Lockout Feature for Movable Cutting Moember of Surgical
Tostrument,” filed February 28, 2013, the disclosure of which is incorporated by
reference herein; and/or at least some of the teachings of US. Pat. App. No. [Attorney
Docket Number END7428USNP 06142711, entitled “Method of Using Lockout Features
for Surgical Stapler Cartridge,” filed on even date herewith, the disclosure of which is
incorporated by reference hercin.  Other suitable forms that lockout features may take
will be apparent to those of ordinary skill in the art in view of the tcachings herein.

Alternatively, end effector (40) may simply omit such lockout featares.

100087} C. Exemplary Actuation of Anvil
{60088] In the present example, anvil (60} 1s driven toward lower jaw (50) by advancing

closure ring (36} distally relative to end cffector (40}, Closure ring (36) cooperates with
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anvil {60} through a camnung action to drive anvil (60} toward lower jaw (50) mn
response to distal translation of closure ring (36} relative to end effector (40). Similarly,
closure ring (36} may cooperate with anvil (60} to open anvil (603) away from lower jaw
{53} in response to proximal translation of closure ring (36) relative to end effector (40).
By way of example only, ¢losure ring {36) and anvil (60} may interact in accordance with
at least some of the teachings of U.S. Patent App. No. 13/780,128, entitled “Jaw Closure
Feature for End Effector of Surgical Instrument,” filed February 28, 2013, the disclosure
of which is incorporated by reference herein; and/or in accordance with at least some of
the teachings below. Exemplary features that may be used to provide longitudinal
translation of closure ring (36} relative to ond cffector (40} will be described in greater

detail below,

{0089} As noted above, handle assembly (20} includes a pistol grip (22) and a closure
trigger (24}, As also noted above, anvil (60} is closed toward lower jaw (50) in response
to distal advancement of closure ring (36). In the present example, closure trigger (24} is
pivotable toward pistol grip (22} to drive closure tube (32} and closure ring (36} distally.
Vartous suitable components that may be used to convert pivotal movement of closure
trigger (24} toward pistol grip (22} into distal translation of closure tube {32) and closure
ring {36} relative to handle assembly (20} will be apparent to those of ordinary skill in the
art in view of the teachings herein. When closure trigger (24} reaches a fully pivoted
state, such that anvil (60} 15 in a fully closed position relative to lower jaw (50), locking
featurcs in handle assembly (20} lock the position of trigger (24) and closure tube (32},
thereby locking anvil (60} in a fully closed position relative to lower jaw (50). These
locking featurcs arc released by actuation of anvil release button (25).  Anvil release
button (25} is configured and positioned to be actuated by the thumb of the operator hand
that grasps pistol grip (22). In other words, the operator may grasp pistol grip (22} with
one hand, actuate closure trigger (24) with one or more fingers of the same hand, and
then actuate anvil release button (25) with the thumb of the same hand, without ever

needing to release the grasp of pistol grip (22} with the same hand. Other suitable
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features that moay be used to actuate anvil (60} will be apparent to those of ordinary skill

in the art in view of the teachings herem.

{60090} D. Exemplary Actoation of Firing Beam
{00091} In the present example, instrument (10} provides motorized control of firing beam

(82). FIGSK. 9-12 show exemplary components that may be used to provide motorized
control of firing beam (82). In particolar, FIG. 9 shows an exemplary control civeuit
(100} that may be used to power an electric motor (102) with clectric power from a
battery pack (28) (also shown in FIGS, 1-2). Electric motor (102) is operable to translate
firing beam {82} longitudinally as will be described m greater detail below. Tt should be
understood that the entire control circnit (100), including motor (102} and battery pack
(28}, may be hovsed within handle assembly {20). FIG. 9 shows firing trigger (26} as an
open switch, though it should be understood that this switch is closed when firing trigger
(26} is actuated. Circuit (100} of this example also includes a safety switch (106} that
must be closed in order to complete circuit (100), though it should be understood that
safety switch (1063 1s merely optional. Safety switch {106) may be closed by actuating a
separate button, slider, or other feature on handle assembly (20). Safety switch (106}
may also provide a mechanical lockout of firing trigger (26}, such that firing trigger (26)

is mechanically blocked from actuation until safety switch (106} is actuated.

1606092} Circuit (100) of the present example also inclades a tockout switch (108), which
is configured to be closed by default but is automatically opened in response to a lockout
condition. By way of example only, a lockout condition may include one or more of the
following: the absence of a cartridge (70} in lower jaw (50}, the presence of a spent {¢.g.,
previcusly fired) cartridge {78} in lower jaw (50}, an msufficiently closed anvil (603, a
determination that instrument {10} has been fired too many times, and/or any other
suitable conditions. Various sensors, algorithms, and other features that may be used to
detect lockout conditions will be apparent to those of ordinary skill in the art in view of
the tecachings herein.  Similarly, other suitable kinds of lockout conditions will be

apparent to those of ordinary skill in the art in view of the teachings hercin. ¥t should be
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understood that circuit (100) is opened and thus motor {102) is inoperable when lockout
switch (108} is opened. A lockout indicator (110) {e.g., an LED, etc.) 18 operable to
provide a visual indication of the status of lockout switch (108}, By way of example
only, lockout switch (1083, lockout indicator (110), and associated
components/functionality may be configured in accordance with at least some of the
teachings of U.S. Patent No. 7,644,848, entitlied “Electronic Lockouts and Surgical
Instroment Including Same,” issued January 12, 2010, the disclosure of which is

incorporated by reference hercin.

HHUERY Once firing beam (82) reaches a distal-most position (e.g., at the end of a cutting
stroke), an end-of-stroke switch (112} is automatically switched to a closed position,
reversing the polarity of the voltage applied to motor (102}, This reverses the direction
of rotation of motor {102), it being understood that the operator will have released firing
trigger {26} at this stage of operation. In this operational state, current flows through a
reverse direction indicator (1145 (e.g., an LED, etc.} to provide a visual indication to the
operator that motor (102} rotation has been reversed. In the present example, and as best
seen in FIG. 12, a switch actuation arm (134) extends laterally from rack member (130},
and is positioned to engage end-ot-stroke switch (112} when firing beam {82} reaches a
distal-most position {¢.g., after tissue (90) has been severed and staples (77) have been
driven into tissue (90)). Various other suitable ways in which end-of-stroke switch (112)
may be automatically switched to a closed position when firing beam (82) rcaches a
distal-most position will be apparent to those of ordinary skill in the art in view of the
cachings herein. Similarly, various suttable forms that reverse direction indicator (114)
may take will be apparcent to those of ordinary skill in the art in view of the teachings

herein.

[B80094] Handle assembly (20) of the present example also includes a manual return switch
(116}, which is also shown in circuit (100}, In the present cxample, return switch (116) is
activated by actuating reverse switch (27}, which is shown on handie assembly (20) in

FIG. 1. Manual return switch (116) may provide functionality similar to end-of-stroke
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switch {112), reversing the polarity of the voltage applied to motor (102) to therchy
reverse the direction of rotation of motor (102). Again, this reversal may be visually
indicated through reverse direction indicator {(114). In some versions, handle assembly
(20) furtber inchides a mechanical return feature that enables the operator to manually
reverse firing beam (82} and thereby retract firing beam (82} mechanically. In the
present example, this manual return feature comprises a lever that is covered by a
removable panct (213 as shown in FIG. 1. Manual return switch (116} and the
mechanical refurn feature are cach configured to act as a “batlout” feature, enabling the
operator to quickly begin retracting firing beam {&2) proximally during a firing stroke. In
other words, manual return switch {116} or the mechanical return feature may be actuated

when firing beam {82) has only been partially advanced distally.

[80095] In some versions, one or more of swiiches (26, 136, 108, 112, 116} are in the form
of microswitches, (ther suitable forms will be apparent to those of ordinary skill in the
art in view of the teachings herein. In addition to or in licu of the foregoing, at least part
of circuit {100) may be configured in accordance with at least some of the teachings of
.S, Pat. No. 8,210,411, entitled “Motor-Driven Surgical Instrument,” issued July 3,

2012, the disclosure of which is incorporated by reference herein,

183096} FIG. 10 shows motor (102} positioned within pistol grip {22) of handle assembly
(20). Alternatively, motor (102} may be positioned clsewhere within handle assembly
(20). Motor {102) has a drive shaft (120} that is coupled with a gear assembly (122).
Thus, when motor (102) is activated, drive shaft {120} actuates gear assembly {122}, As
shown in FIG. 11, gear assembly (122) is in commuunication with a drive gear (124),
which meshes with an idler pinion (126). Pinion (126} is disposed on a shaft (128) that is
supported within handle assembly (20) and that 1s oriented parallel to drive shaft (120} of
motor (102). Pinion (126} is further engaged with a rack member (130}, In particular,
pinion {126) meshes with tecth (132) at the proximal end of rack member (130}, Rack
member (130) is slidably supported in handle assembly (20). It should be understood

from the foregoing that, when motor (102} is activated, the corresponding rotation of
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drive shaft (120} is communicated to pinton (126} via gear assembly (122, and the
corresponding rotation of pinion {126} is converted to translation of rack member (130)
by teeth (132). As shown in FIGS. 10-12, an clongate member (136} extends distally
from rack member (130). As shown in FIG. 12, 8 coupling member (138} joins firing
beam (82} with clongate member (136). Rack member (130), clongate member (136),
coupling member (13K}, firing beam (82}, and knife member (80} all translate together
relative to handle assembly (20} in response to activation of motor (102}, In other words,
activation of motor {102} ultimately causcs firing beam {82) to translate longitudinaily,
the direction of such translation depending on the direction of rotation of drive shaft

(120).

{60097} it should be understood that a distal portion of elongate member {136), coupling
member {138}, and firing beam (K2} extend through shaft assembly (130). A portion of
firing beam (82} also extends through articulation section (34}, In some versions, rack
member {130}, elongate member {136), and coupling member (138} arc all substantially
straight and rigid; while firing beam (82) has sufficient flexibility to bend at articulation
section (34) and translatec longitudinally through articulation section (34) when

articulation section (34} s in a bent or articulated state.

{60098} In addition to or in licu of the foregoing, the features operable to drive firing beam
(82} may be configured in accordance with at lcast some of the teachings of U8, Pat. No.
8,453,914, the disclosure of which is incorporated by reference hercin. Other suitable
components, features, and configurations for providing motorization of firing beam {(§2)
will be apparent to those of ordinary skill in the art in view of the teachings hercin, It
should also be understood that some other versions may provide manual driving of firing
beam {82), such that a motor may be omitted. By way of example only, firing beam (82)
may be actuated in accordance with at least some of the teachings of any other reference

¢ited herein,

[60099] FIG. 8 shows end cffector (40) having been actuated through a single stroke

through tissue (903, As shown, cutting edge (84) {obscured in FIG. 8) has cut through
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fissue (90), while staple drivers (75) have driven two alicroating rows of staples (77}
through the tissue (90) on ecach side of the cut line produced by cutting edge {(84).
Staples {77} are all oriented substantially parallel to the cut ling in this example, though it
shonld be understood that staples (77} may be positioned at any suitable orientations. In
the present example, end effector (40) is withdrawn from the trocar after the first stroke
is complete, the spent staple cartridge (70) is replaced with a new staple cartridge (70},
and end effector (40} is then again inserted through the trocar to reach the stapling site
for further cutting and stapling. This process may be repeated until the desired amount of
cuts and staples (77} have been provided. Anvil (60) may need to be closed to facilitate
insertion and withdrawal through the trocar; and anvil (60} may nced to be opened to

facilitate replacement of staple cartridge (70).

[000100] It should be understood that cutting edge (84} may sever tissue substantially
contemporancously with staples (77) being driven through tissue during each actuation
stroke. In the present example, cutting edge (84) just slightly lags behind driving of
staples (77}, such that a staple (47} is driven through the tissue just before cutting edge
(84} passes through the same region of tissue, though it should be understood that this
order may be reversed or that cutting cdge (84} may be directly synchronized with
adjacent staples. While FIG. 8 shows end effector {40} being actuated in two layers (92,
94y of tissue (90), it should be understood that end effector (40) may be actuated through
a single layer of tissuc (90} or more than two layers (92, 94) of tissue. 1t should also be
understood that the formation and positioning of staples (77) adjacent to the cut line
produced by cutting edge (84) may substantially scal the tissue at the cut line, thereby
reducing or preventing bleeding and/or leaking of other bodily fluids at the cut linc.
Furthermore, while FIG. § shows end effector (40) being actuated in two substantially
flat, apposed planar layers (92, 94) of tissue, it should be onderstood that end ctfector
{40} may also be actuated across a tubular strocture such as a blood vessel, a section of
the gastrointestinal tract, etc. FIG. R should therefore not be viewed as demonstrating

any limitation on the contemplated uses for end effector (40). Various suitable settings
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ordinary skill in the art in view of the teachings herein.

[000101] It should also be understood that any other components or {eatures of instrument
{(13) may be configured and operable in accordance with any of the various references
cited herein, Additional exeroplary modifications that may be provided for instrument
{(10) will be described in greater detail below. Various suitable ways in which the below
teachings may be tncorporated into instrument {10} will be apparent to those of ordinary
skill in the art. Similarly, various suitable ways in which the below teachings may be
combined with various teachings of the references cited herein will be apparent to those
of ordinary skill in the art. It shounld also be understood that the below teachings are not
himited to mstrument (10} or devices taught in the references cited herein. The below
teachings may be readily applied to various other kinds of instruments, inclhading
instruments that would not be classified as surgical staplers. Various other suitable
devices and settings in which the below teachings may be applied will be apparent to

those of ordinary skill in the art in view of the teachings herein.
18003102} it Exemplary Alternative Had Effector

[B00103] FIGS. 13 — 198 depict ancther exemplary end effector (240) that may be readily
incorporated into surgical stapling and severing instrument (10). End cffector (240) 1s
substantially similar to end effector (40} described above. As a result, the components of
end effector (240} are substantially similar and function substantially similarly to those of
end cffector {40y described above. Accordingly, the description of those previously
discussed components of ond effector (2403 will not be repeated here. Similar to end
cftector (40} described above, end effector {240} and the distal portion of shaft assembly
(30} are sized for insertion, in a nonarticulated state as depicted in FIG. 1, through a
trocar cannula to a surgical site in a patient for performing a surgical procedure. By way
of example only, such a trocar may be inscrted in a patient’s abdomen, between two of
the paticot’s ribs, or clsewhere. In some settings, instrument (10} is used without a

trocar. For instance, end cffector (240) and the distal portion of shaft assembly (30} may
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be inserted directly through a thoracotomy or other type of incision. The manner in
which tissne captured within end cffector (240) is cut and stapled by actuating firing
frigger (26} to drive firing beam (82} is substantially similar to that described above with

respect to end effector {40).
[600104} A, Exemplary Actoation of End Effector

[000105] End effector (240) comprises a pivotable anvil (260), a lower jaw (250}, and a
closure ring (270). Pivotable anvil (260) is simular to pivotable anvil (60) and includes a
pair of flanges (262} and a pair of integral, outwardly extending pins (266) that are
similar to ping (66} described above, Lower jaw {250) 1s similar to lower jaw (50} of end
effector {40} and inchudes a pair of openings {(254) that are simtilar to slots (54) described
above. In this example, openings (254} comprise elongated, curved slots. Each opening
{254) is configured to receive a respective pin (266) of anvil {260) such that anvil (260}
is pivotable relative to lower jaw {250). Anvil (260) is pivotable toward and away from
fower jaw (2503 between a fully opened position (shown 1n FIGS, 13 and 19B) and a
fully closed position {shown in FIG. 18B). Use of the term “pivotable” (and similar
torms with “pivot” as a base) should not be read as necessarily requiring pivotal
movement about a fixed axis. For instance, in the present example, anvil (260} pivots
about an axis that is defined by pins {266}, which slide along openings {254} of lower jaw
(250} as anvil (260} moves toward lower jaw (2503, In such versions, the pivot axis
translates along the path defined by openings (254} while anvil {260} simultancously
pivots about that axis. In addition or in the alternative, the pivot axis may slide along
openings {254) first, with anvil (260} then pivoting about the pivot axis after the pivot
axis has slid a certain distance along the openings (2543, It should be understood that
such sliding/translating pivotal movement is encompassed within terms such as “pivot,”

39 wC

“pivats,” “pivotal,” “pivotable,” “pivoting,” and the like. Of course, some versions may
provide pivotal movement of anvil (260) about an axis that remains fixed and does not

translate within a slot or channel, ste.
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[000100] Similar to closure ving (36) described above, closure ving (270) also facilitates the
transition of anvil {260} between the fully opened position and the fully closed position.
As shown, closure ring (270) comprises vertical surface {275) and tab {(272). Tab (272}
is positioned within a Iateral hole or opening (274) that is formed through the sidewall of
closure ring (27803, Vertical surface (275} 1s positioned distal of tab (272} and is
configured to engage vertical surface (268} of anvil {260). Opening (274} 15 configured
to receive tab (265) of anvil (260}, Tab (272} of closure ring (270} extends proximally
within opening {(274) and slopes downwardly toward the central longitadinal axis of

closure ring (270}

1868187} In an exemplary use, instrument {103 may be inserted to a surgical site in a
nonarticulated state, with anvil {260} and lower jaw (250} closed. Onee articulation
section {34) and end effector (240) are inscrted to the desired site within the patient, anvil
(260} and lower jaw {250} may be opened, as described below, and articulation section
(34) may be remotely articulated by an articulation control knob (35), such that end
cffector (240) may be deflected to a desired angle {0} to position tissue between anvil
(260} and lower jaw (250). Alternatively, end cffector (240} may be deflected at
articulation section (34} prior to opening anvil (260) and lower jaw (250}, Closure
frigger (24) may then be actuated toward pistol grip (22) to cause the closing of anvil
(260) toward lower jaw (250}, as shown in FIGS, 18A-18B. Such closing of anvil (260)
is provided through a closure tube (32) and closure ring (270), which both longitudinally
translate relative to handle assembly (20) and lower jaw (250) in response to pivoting of
closure trigger (24) relative to pistol grip (22). Articulation section {34} is opcerable to

comumunicate longttudinal movement from closure tube (32) to closure ring (270},

[600108] As closure ring (270) translates distally in response to advancement of closure
tube (32}, closure ring (270) translates relative to anvil (260) to engage anvil (260). As
shown in FIGS. 18A-~18B, as closure ring (270) translates distally, vertical surface (275)
of closure ring {270) contacts vertical surface (268) of anvil {260) thereby causing anvil

(260} to also translate distally and pivot toward lower jaw (250). Vertical surface (268)
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of anvil (260} has a curved profile, which concentrates the axial closure load at the center
of vertical surface (275). In some instances, as anvil (260) closes relative to lower jaw
(250}, anvil (260} may shightly deflect laterally relative to closure ring (270). I anvil
{260} 1s deflected laterally, the curved profile of vertical surface {26&) transfers the load
centrally 1o closure ring (270) regardless of the lateral deflection of anvil (260) and
eventually corrects the deflection to properly align anvil (260). Also, by concentrating
the load centrally, the tissue compression ability at the tip of anvil {260) is increased due

to better mechanical advantage and better load transfer efficiency.

{600109] As anvil (260} translates distally, ¢ach pin (266} contacts the ramped outer wall
{255} of its respective opening (254) of lower jaw (2583, The curved surface of pin (266)
and ramped outer walls (2553 of openings (254} allow pins (266} to translate along
openings (2543 of lower jaw {2508). As anvil {260) continmues to translate distally, the
ramped outer walls {255) cam against pins (266} to drive anvil (260} to pivot
downwardly about pins (266} toward lower jaw (250). Near the end of the closure
stroke, pins {266} of anvil (260) transition to shallower angled surfaces of ramped outer
wall (255} and anvil (260} rcaches the fully closed position. Once end effector (2403 is
closed, the tissue captured between anvil (260} and lower jaw {250) may be cut and

stapled by actuating firing trigger (26} to drive firing beam (82).

{600116] Once tissue positioned between anvil (260} and lower jaw {250} is cut and
stapled, anvil {260} and lower jaw (250} may be opened to release the tissue, then end
cftector (240} may be pivoted back to the nonarticulated position by articulation control
knob (35) and removed from the surgical site, with anvil (260} and lower jaw (250)
closed. End effcctor (240} may then be opened to roplace staple cartridge (70) with a
new staple cartridge. To open end cffector (240), closure trigger {(24) may be released
away from pistol grip (22) to causc closure ring (270) to translate proximally, as shown
in FIGS. 19A-198. As closurc ring {270) translates proximally, vertical surface (275} of
closure ring (270) disengages from vertical surface (268) of anvil (260). As closure ring

(270} continues to translate proximally, tab (272) of closure ring (270} cngages tab (265
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of anvil {260) to cause anvil (260) to translate proximally.  As anvil (260) translates
proximally, pins (266} translate proximally along ramped outer walls (255) of openings
(254} and anvil {(260) pivots about pins (266) away from lower jaw (250} to the fully
opened position, as shown in FIG. 19B. Staple cartridge (70} may be replaced with a
new staple cartridge, and end effector (240) may be again inserted to the surgical site for

further cutting and stapling.

600111} I Exemplary Alternative End Effector with Resilient Member
[000112] It should be understood that the configuration of an end effector may resolt in an

undesirable lack of precision and stability regarding the interaction of the anvil and the
fower jaw. For example, in some embodiments the configuration of certain end effector
components and the manner in which they interact may result in unwanted movement or
“fopping” of the anvil relative to the lower jaw of the end effector when the anvil isina
fully opened position. It may therefore be desirable to configure the end effector such
that the anvil remains in the fully opened position once it reaches that position, at least
until a closure stroke is initiated, thereby reducing the unwanted flopping. Various end
effectors are described below that include various embodiments of restlient members that
may be configured to improve the precision and stability of the respective end effector by
urging the anvil t0 romain in the fully opened position thereby reducing the unwanted

flopping.

1600113} It should also be understood that the configuration of an end effector may have a
significant impact on the profile of the closure stroke (i.c., the transition of the anvil
toward a fully closed position). Furthermore, it will be understood that the profile of the
closure stroke may have a significant impact on how the end effector captures the
layer(s} of tissuc within the end cffector, which ultimately impacts the quality and
precision of the cutting and stapling accomplished by the surgical stapler. It may
therefore be desirable to configure the end cffector such that it provides a substantially
smooth profile during the closure stroke. At least some of the various embodiments of

restlient members described below may be configured to improve the smoothness the
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profile of at least a portion of the closure stroke of the respective end effector by

applying a force on the anvil during at least a portion of the closure stroke.

{0001 14} A, Exemplary Elastomeric Insert for End Effector
[800115] FIGS. 20-21 depict an exemplary elastomeric insert {300) configured to be used

in conjunction with an exemplary end effector and closure ring, including but not himited
to end effector {240) and closore ring (270} described above. FIGS. 22-23 depict
clastomeric insert (300) positioned on an anvil (360) that is substantially simatlar to anvil
(260} described above., FIGS. 24A-25B depict detailed views of an end cffector (340)
comprising eclastomeric insert (3003, anvil (360) and closure ring (370) and the
interaction between elastomeric tnsert (300}, anvil (360) and closure ring (370) when end
effector (3440) s in a fully closed position and a fully opened position. Closure ring (370)
is substantially similar to closure ring (270) described above and includes a tab (372)
positioned within an opening (374} similar to tab (272} and opening {274) described
above. End effector (340} is substantially similar to end effectors (40, 240} described
above.  Except for the addition of clastomeric insert (300}, the components of end
cffector (340) arc substantially similar and function substantially similarly to those of end
cftectors (40, 240} described above. Accordingly, the description of those previously

discussed components of end effector (340) will not be repeated here.

[600116] As shown in FIGS, 20-25B, clastomeric insert {300) comprises a substantially
rectangularly shaped insert comprising an opening (302}, a distal flange (304) having a
distal surface (306) and a proximal flange {308). Of course, insert {300) may have a
varicety of alternative shapes, including but not limited to circular, ovular, triangular, cte.
In this embodiment, opening (302) is sized and shaped to receive at least a portion of an
anvil, such as tab (365} of anvil (360). In particular, in the illustrated embodiment,
opening (302} compriscs a profile that is substantially similar to the profile of tab (365).
As shown, opening (302) is positioned substantially in the center of elastomeric inscrt
(300) between distal flange (304) and proximal flange (308). In other embodiments, the

opening (302) may be positioned elsewhere within the body of the insert {c.g., so that the
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central axis of the opening (302) 1s substantially off-center relative to the overall
dimeunsions of the insert), provided that the opening is still positioned between a distal
flange and a proximal flange. In addition, in the Glustrated embodiment, opening {302)
extends through the entire thickness of clastomeric insert {(300). In other embodiments,
the opening may extend through only a portion of the thickness of the insert, provided the
opening is still configured to receive at least a portion of a corresponding anvil, such as

tab (365} of anvil (360).

{00117} Insert (300} may comprise an clastomeric material that is compressible in
response to a load being applied to the insert (300). The material of insert (300) may also
be conformable to allow insert (300} to sufficiently occupy at least a portion of the gap
around the components located at an interface of closure ring (370) and anvil (360). In
preferred embodiments, jnsert (300} comprises a material that is suitable and acceptable
for use in medical procedures, including surgical procedures of the type described herein.
By way of cxample only, clastomeric insert (300} may comprise santoprene,
polyurethane, isoprenc, Versaflex GLS 360-135, some other compliant plastic
materiai(s), some other rubber compliant material{s), foam, and/or any other suitable
materials capable of improving the stability of anvil (360} by providing a resistive load
sufficient to bias anvil (360) to remain in a fully opencd position once anvil (360} isin a
tully opened position thereby reducing undesired movement or “flopping”™ of anvil (360)
when anvil (360} is in a fully opencd position, while also dampening the closure profile

to provide a smooth closure as anvil {(360) transitions toward a fully closed position.

000118} As shown in FIGS. 22-23, clastomeric insert {300} is positioned on anvil {360}
such that at icast a portion of tab (365} of anvil (360} is received within the opening (302)
of clastomeric insert (300). Accordingly, distal flange (304) of elastomeric insert (300) is
positioned distally relative to tab (365} and proximal flange (308) of clastomeric insert
(300} is positioned proximally relative to tab (365). As illustrated by FIGS. 24A-25B,
when anvil (360) is assembled together with closure ring (370), clastomeric insert (300)

is positioned at an interface between anvil (360) and closure ring (370). Specifically, as
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shown, distal flange (304) of clastomeric insert (300) is positioned between tab (372) of

closure ring (370} and tab (365} of anvil (360},

[600119] Similar to anvil {260} described above, during opening and closing, anvil (360)
pivots relative to a lower jaw similar to lower jaw (250} described above about an axis
that is defined by outwardly extending pins (366}, which are similar to ping (266)
described above. Pins (366) are configured to interact with openings, such as openings
{254}, in the lower jaw. Accordingly, similar to anvil (260} described above, the pivot
axis of anvil {360) translates along the path defined by the openings in the lower jaw
while anvil (360} simultancously pivots about that axis. In addition or in the alternative,
the pivot axis may slide along the openings first, with anvil {360} then pivoting about the
pivot axis after the prvot axis has slid a certain distance along the openings. 1t should be

understood that such sliding/translating pivotal movement is encompassed within terms

2% <6 93 4C

such as “pivot,” “pivots,” “pivotal,” “pivotable,” “pivoting,” and the like. Of course,
some versions may provide pivotal movement of anvil {360} about an axis that remains

fixed and does not translate within a slot or channel, etc.

1000120} FIGS. 24A and 25A depict the interaction between anvil (360} and closure ring
(370) when anvil (360} is in a fully closed position. As shown in FIGS. 24A and 25A
and as described above with regard to anvil (260} and closure ring (278}, when anvil
(360} s transitioned toward a fully closed position from an opened position and,
consequently when anvil (360) is in a fully closed position, the vertical surface (375) of
ciosure ring (370} ecngages vertical surface {368) of anvil (360} in order to urge anvil
(360} distally, which causcs anvil {360} to pivot toward a fully closed position, as
described above with regard to ond effector (2403 As anvil (360) transitions from an
opencd position toward a fully closed position, tab (372) of closure ring (370) travels
distally relative to tab (365} of anvil {360} before vertical surface (375) of closure ring
(370} engages vertical surface {368) of anvil (360), which allows distal flange (304} of
clastomeric insert {300} to expand distally to occupy at least a portion of the gap between

tab (372} and tab (365}, During at lcast a portion of the closure stroke (i.¢., the transition
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of anvil (360) toward a fully closed position), distal surface (306) of clastomeric insert
(300) rematns 1 contact with proximal surface (373} located on the proximal end of tab
(372) of closure ring (370). In some embodiments, ¢lastomeric insert (300) is
dimeunsioned such that distal surface (306) of elastomeric insert (300) remains n contact
with proximal surface (373) of tab {(372) of closure ring {370) during the ¢ntive closure
stroke. By maintaining contact between elastomeric insert 300} and tab (372) of closure
ring (370) during at least a portion of the closure stroke, clastomeric insert (300) is able
to provide a force on closure ring {370) that can dampen the closure profile, thereby

cnabling a smooth closure stroke.

966121} Conversely, FIGS. 24B and 25B depict the interaction between anvil (360) and
closure ring (370} when anvil (360} is in a fully opened position.  As anvil {360)
transitions from a fully closed position toward a fully opened position, tab (372) of
closure ring (370} travels proximally relative to tab (365) of anvil {360}, Accordingly,
during at icast a portion of the opening stroke (i.c., the transition of anvil {360} toward a
fully opened position) clastomeric insert (300} is compressed between closure ring (370)
and anvil {360). In some embodiments, clastomeric insert (300} is dimensioned such that
distal surface (306) of clastomeric insert (300} is in contact with proximal surface (373)
of tab (372) of closure ring (370} during the entire opening stroke. Specifically, as tab
(372) of closure ring (370} travels toward tab (365) of anvil (360}, distal flange (304) of
clastomeric insert (300) is compressed between proximal surface (373} of tab (372) and
distal surface (367) of tab (365). As a result of this compression, when anvil (360} isina
fully opened position, clastomeric insert {300} improves the stability of anvil (360) by
providing a resistive load on anvil (360} sufficient to bias anvil {360} to remain in the
fully opened position thereby reducing undesired moverment or “flopping” of anvil (360)
when anvil (360) 1s in the fully opened position. It will be anderstood that the resistive
load provided by elastorueric insert (300} 1s able to be overcome during a closure stroke
of anvil (360} such that anvil {360) is pivotable o a fully closed position. In conjunction
with the compression of elastomeric insert (300}, closure ring (370) also engages tab

(365) through clastoreric insert (300} and drives anvil (360} proximally, thereby causing
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anvil {360) to pivot toward the fully opened position, as described above with regard to

end effector (240).

10600122} B. Exemplary Elastomeric Insert with Star-Shaped Opening for End
Effector
600123} FIGS. 26-27 depict an alfernate exeroplary elastomeric jnsert {(400) configured to

be used in conjunction with an exemplary end effector and closure ring, including but not
himited to end effector (240) and closure ring (270) described above. FIGK. 28-29 depict
clastomeric insert (400) positioned on an anvil (460} that is substantially similar o anvil
(260} described above. FIGS, 30A-31B depict detailed views of an end effector (440)
comprising elastomeric nsert (400}, anvil (460}, and closure ring (4707 and the
interaction between elastomeric insert (400), anvil {460) and closure ring (470} when end
effector (440} is in a fully closed position and a fully opened position. Closure ring (470}
is substantially similar to closure ring (270) described above and includes a tab (472)
positioned within an opening (474) similar to tab (272} and opening (274} described
above.  Except for the addition of clastomeric insert (400}, the components of end
cffector (440) arc substantially similar and function substantially similarly to those of end
cffectors (40, 240} described above. Accordingly, the description of those previously

discussed components of end cffector (440) will not be repeated here.

[600124] As shown in FIGS, 26-31B, clastomeric insert {(400) comprises a substantially
rectangularly shaped insert comprising an opening (402}, a distal flange (404) having a
distal surface (406) and a proximal flange {408). Of course, insert {400) may have a
varicety of alternative shapes, including but not limited to circular, ovular, triangular, cte.
In this embodiment, opening (402) is sized and shaped to receive at least a portion of an
anvil, such as tab (465} of anvil (460}, In particular, in the illustrated embodiment,
opening (402} comprises a profile that is substantially different from the profile of tab
(465}, Specifically, as shown, opening (402) comprises an accordion-shaped or star-
shaped profile.  As shown, opening (402) is positioned substantially in the center of

clastomeric insert {400} between distal flange (404) and proximal flange (408). In other



WO 2015/199894 PCT/US2015/033109

)

ernbodiments, the opening (402) may be positioned elsewhere within the body of the
nsert {e.g., so that the central axis of the opening (402} is substantially off-center relative
1o the overall dimensions of the insert), provided that the opening is still positioned
between a distal flange and a proximal flange. In addition, in the iHustrated embodiment,
opening (402) extends through the entire thickness of elastomeric insert (400}, In other
embodiments, the opening may extend through only a portion of the thickness of the
insert, provided the opening is st configured to receive at least a portion of a

corresponding anvil, such as tab (4653} of anvil {460).

[600125] Insert {400) may comprise an ¢lastomeric material that is compressible in
response to a load being applied to the insert (400). The material of insert {400) may also
be conformable to allow msert (400} sufficiently occupy at least a portion of the gap
around the components located at an interface of closure ring (470} and anvil (460}, In
preferred cmbodiments, insert (400} comprises a material that is suitable and acceptable
for use in medical procedures, including surgical procedures of the type described herein.
By way of cxample only, clastomeric insert {400) mayv comprise santoprene,
polyurcthane, isoprene, Versaflex GLS 360-135, some other compliant plastic
material(s}, some other rubber compliant material{s), foam, spring steel, other alloys,
and/or any other suitable materials capable of improving the stability of anvil (460} by
providing a resistive load sufficient to bias anvil (460} to remain in a fully opened
position when anvil (460} 15 in a fully opened position thereby reducing undesired
movement or “fopping” of anvil (460) when anvil (460) is in a fully opened position,
while also dampening the closure profile to provide a smooth closure as anvil {460}

transitions toward a fully closed position.

[000126} As shown in FIGS. 28-29, clastomeric insert (400} is positioned on anvil (460}
such that at icast a portion of tab (465} of anvil (460) is reccived within the opening (402)
of clastomeric insert (400). Accordingly, distal flange (404) of clastomeric insert (400) is
positioned distally relative to tab (465} and proximal flange (408) of clastomeric insert

(400} 1s positioned proximally relative to tab (465). As illustrated by FIGS. 30A-31B,
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when anvil (460} 15 assembled together with closure ring (470), ¢lastormeric insert (400}
is positioned at an interface between anvil (460} and closure ring (470). Specifically, as
shown, distal flange (404) of elastomeric insert (400} is positioned between tab (472) of

closure ring (470} and tab (465} of anvil (460},

[000127] Similar to anvil {260) described above, during opening and closing, anvil (460}
pivots relative to a lower jaw similar to lower jaw (250} described above about an axis
that is defined by outwardly extending pins (466}, which are similar to pins {266)
described above. Pins (466} are configured to interact with openings, such as openings
(254}, in the lower jaw.  Accordingly, similar to anvil (260} described above, the pivot
axis of anvil (460} translates along the path defined by the openings in the lower jaw
while anvil (460} simultancously pivots about that axis. In addition or in the alternative,
the pivot axis may slide along the openings first, with anvil {460} then pivoting about the
pivot axis after the pivot axis has slid a certain distance along the openings. It should be
understood that such sliding/translating pivotal movement is encompassed within terms
such as “pivot,” “pivots,” “pivetal,” “pivotable,” “pivoting,” and the like. Of course,
some versions may provide pivotal movement of anvil {460} about an axis that remains

fixed and does not translate within a slot or channel, etc.

1000128} FIGS. 30A and 31A depict the interaction between anvil (460} and closure ring
(470) when anvil (460} 18 in a fully closed position. As shown in FIGS. 30A and 31A
and as described above with regard to anvil (260} and closure ring (278}, when anvil
(460} is transitioned toward a fully closed position from a fusily opened position and,
consequently when anvil (460} is in a fully closed position, the vertical surface (475) of
closure ring {470) engages vertical surface (468) of anvil (460} in order to urge anvil
{460} distally, which causes anvil (460) to pivot toward a fully closed position, as
described above with regard to end cffector (240}, As anvil (460) transitions from a fully
opencd position toward a fully closed position, tab (472) of closure ring (470) travels
distally relative to tab (465} of anvil (460} before vertical surface (475) of closure ring
{470} engages vertical surface (468) of anvil (460), which allows distal flange (404) of
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clastomeric nsert (400} to expand distally to occupy at least a portion of the gap between
tab (472) and tab (465). During at least a portion of the closure stroke {i.e., the transition
of anvil (460} toward a fully closed position), distal surface {406) of clastomeric insert
{400) rematns 1 contact with proximal surface (473} located on the proximal end of tab
{472y of closure ring {(470). In some embodiments, ¢lastomeric insert (400) is
dimeunsioned such that distal surface (406) of elastomeric insert (400) remains in contact
with proximal surface (473) of tab {(472) of closure ring {470) during the entive closure
stroke. By maintaining contact between elastomeric insert (400} and tab (472) of closure
ring {470) during at least a portion of the closure stroke, clastomeric insert (400) is able
to provide a force on closure ring {470) that can dampen the closure profile, thereby
cnabling a smooth closure stroke. The star-shaped profile of opening (402) may result in
clastomeric insert (400} providing a substantially differont amount of force on closure
ring (470} during the closure stroke compared to an clastomeric insert that includes an
opening that has a profile that is similar to the corresponding tab received within the

opcning, such as elastomeric insert {300) described above.

1800129] In some versions, insert (400) is not formed of elastomeric material. For instance,
insert (400} may be formed of spring stecl or some other alloy. In some such versions,
the star-shaped geometry of the material defining opening (402) may still provide effects
on anvil {460} that arc similar to effects provided on anvil (460} by an clastomeric insert
such as insert {300} described above. For instance, the regions of the spring stecl
defining opening (402) may deflect yet still bear against tab (463}, similar to clastomerie
material forming insert (300} described above. In addition to defining a star shape, the
regions of the spring stecl defining opening (402) may have an accordion-like profile
{c.g., bent in a zig-zag formation), which may further promote deformation of those

regions,

[600130} Conversely, FIGS. 30B and 31B depict the interaction between anvil {460} and
closure ring {4703 when anvil (460} is in a fully opened position. As anvil (460)

transitions from a fully closed position toward a fully opened position, tab (472) of
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closure ring (470) travels proximally relative to tab (465) of anvil (460). Accordingly,
during at least a portion of the opening stroke (i.¢., the transition of anvil (460} toward a
fully opened position} elastomeric insert (400} is compressed between closure ring (470)
and anvil (460). In some embodiments, clastomeric insert (400} is dimensioned such that
distal surface {406} of clastomeric insert (400} is in contact with proximal surface {473)
of tab (472) of closure ring (470} during the entire opening stroke. Specifically, as tab
{472} of closure ring (470} travels toward tab (4653 of anvil (4640}, distal flange {404) of
elastomeric insert (400} is compressed between proximal surface {(473) of tab (472} and
distal surface (467} of tab {(465). As a result of this compression, when anvil (460} is ina
fully opened position, clastomeric insert (400} improves the stability of anvil {460) by
providing a resistive load on anvil (460) sufficient to bias anvil (460} to remain in the
fully opened position thereby reducing undesired movement or “flopping” of anvil (460)
when anvil (460} i3 in the fully opened position. It will be understood that the resistive
load provided by clastomeric inscrt (400} is able to be overcome during a closure stroke
of anvil (460} such that anvil {(460) is pivotable to a fully closed position. In conjunction
with the compression of clastomeric insert {400}, closure ring (470) also cngages tab
(465} through clastomeric insert (400} and drives anvil (460) proximally, thereby causing
anvil (460} to pivot toward the fully opened position, as described above with regard to
end effector (240). The star-shaped profile of opening (402} may result in clastomerie
insert {400} providing a substantially different amount of force on anvil (460} during the
opening stroke compared to an elastomeric insert that includes an opening that has a
profile that is similar to the corresponding tab received within the opening, such as
clastomeric insert (300) described above. As noted above, even in versions where insert
{400} 13 not formed of an clastomeric matenal, the star-shaped geometry of the material

defining opening (402) may still provide these same effects on anvil (460).

800131} C. Exemplary Anvil with Layer of Elastomeric Material
[000132] FIGS. 32-33 depict an excmplary layer of elastomeric material (500} configured

to be used in conjunction with an exemplary end effector and closure ring, including but
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not limited to end effector (240) and closure ring (270) described above. In the
tHustrated embodiment, elastomeric layer (500} is positioned op an anvil (560} that 1s
substantially similar to anvil {260) described above. FIGS. 34A-35B depict detailed
views of an end effector (5403 comprising elastomeric laver (S00), anvil (560}, and
closure ring (578} and the intcraction between elastomeric layer (500}, anvil (560) and
closure ring {570} when end effector (540} 1s in a fully closed position and a fully opened
position. Closure ring (570} is substantially similar to closure ring {270) described above
and includes a tab (572} positioned within an opening (574} similar to tab {272) and
opening (274} described above. Except for the addition of elastomeric layer (500}, the
components of end cffector (540} arc substantially similar and function substantially
similarly to those of ond effectors (40, 240} described above.  Accordingly, the
description of those previously discussed components of end effector (540) will not be

repeated here.

{80133} As shown in FIGS. 32-35B, clastomeric layer {500) comprises a layer of
clastomeric material applied to tab (565} of anvil {560}, Specifically, in the illustrated
embodiment, elastomeric layer {(500) is applicd to distal surface (567) of tab {5653). As
shown, clastomeric layer (500} is substantially cocxtensive with distal surface (567}, It
will be appreciated that in some embodiments, clastomeric layer (500} may cover only a
portion of distal surface (567) of tab (563), provided that a sufficient amount of
clastomeric material is provided and a sufficient amount of distal surface (567) is covered
to improve the stability of anvil (560} by providing a resistive load on anvil (560)
sufficicnt to bias anvil {560} to romain in g fully opencd position when anvil (560) s ina
tully opened position thereby reducing undesired movement or “flopping” of anvil (560)
when anvil (560} is in a fully opened position. Elastomeric layer (500} may be attached
to tab {565y of anvil (560) using any suitable devices or methods, inchuding but not
himited to applying an adhesive between elastomeric laver (500) and tab (565), insert
molding clastomeric layver (500} into tab (565) (which may include providing an opening
in tab (563) similar to operung {(671) in tab (672} described below), and overmolding

clastomeric layer (500) onto tab (565).
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[600134} Elastoroeric laver (500) may comprise an clastomeric material  that is
compressible in response to a load being applied to the layer (500). The material of layer
{500} may also be conformable to allow layer {(500) to sufficiently occupy at least a
portion of the gap around the components located at an interface of closure ring (570)
and anvil (560}, In preferred embodiments, layer {500) comprises a material that is
suitable and acceptable for use in medical procedures, inchuding surgical procedures of
the type described herein. By way of example only, clastomeric layer (5308} may
comprise santoprene, polyurcthane, isoprene, Versaflex GLS 360-135, some other
compliant plastic material{s), some other rubber compliant material(s), foam, and/or any
other suitable materials capable of improving the stability of anvil {560) by providing a
resistive load sufficient to bias anvil (560} to remain in a fully opened position when
anvil (560} is in a fully opencd position thereby reducing undesired movement or

“flopping” of anvil (560} when anvil (560} is in a fully opencd position.

1000135} As shown in FIGS. 32-33, clastomeric layer (500} is positioned on anvil (560}
such that clastomeric layer (300) is positioned distally relative to tab (565). As illustrated
by FIGS. 34A-35B, when anvil (360} is assembled together with closure ring (570),
ciastomeric layer (500} is positioned at an interface between anvil (560} and closure ring
(5§70}, Specifically, as shown, clastomeric layer (500) is positioned between tab (872) of

closure ring {570} and tab (565) of anvil (560).

18030136} Similar to anvii (260} described above, during opening and closing, anvil (560)
pivots relative to a lower jaw similar to lower jaw (250} described above about an axis
that is defined by pins (566), which are similar to pins (266} described above. Pins (566}
are configured to interact with openings, such as openings (254), in the lower jaw.
Accordingly, similar to anvil {260} described above, the pivot axis of anvil (560}
translates along the path defined by the openings in the lower jaw while anvil (560)
simultancously pivots about that axis. In addition or in the alternative, the pivot axis may
slide along the openings first, with anvil (560} then pivoting about the pivot axis afier the

pivot axis has slid a certain distance along the openings. It should be understood that
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such shiding/translating pivotal roovement 1s encompassed within terms such as “pivot,”
“pivots,” “pivotal,” “pivotable,” “pivoting,” and the like. Of course, some versions may
provide pivotal movement of anvil (868} about an axis that remains fixed and does not

transiate within a slot or channel, ete.

{600137} FIGS. 34A and 35A depict the interaction between anvil (560) and closure ring
{570} when anvil (560} is in a folly closed posttion.  As shown in FIGS. 34A and 35A
and as described above with regard to anvil {260} and closure ring {278), when anvil
(560} is transitioned toward a fully closed position from a fully opened position and,
consequently when anvil {560) is in a fully closed position, the vertical surface {575) of
closure ring (578} engages vertical surface (S68) of anvil (560} in order to urge anvil
(560} distally, which causes anvil (560} to pivot toward a fully closed position, as
described above with regard to end effector (240). As anvil (560) transitions from a fully
opened position toward a fully closed position, tab (572) of closure ring (570} travels
distally relative to tab {565} of anvil (560) before vertical surface (575} of closure ring
(570} engages vertical surface (568) of anvil (560}, which allows elastomeric layer (500)
to expand distally to occupy at least a portion of the gap between tab (572} and tab (565).
During at lcast a portion of the closure stroke {i.e., the transition of anvil {560} toward a
fully closed position), distal surface (506} of elastomeric layer (500) remains in contact
with proximal surface (573} located on the proximal end of tab (572) of closure ring
(5§70}, In some embodiments, clastomeric layer (500) is dimensioned such that distal
surface (506} of clastomeric layer (500) remains in contact with proximal surface (573)
of tab (572} of closure ring (570} during the entire closure stroke. By maintaining
contact between elastomeric layer (500} and tab (572) of closure ring (570) during at
lcast a portion of the closure stroke, elastomeric layer (500} is able to provide a force on
closure ring (570) that can dampen the closure profile, thereby cnabling a smooth closure
stroke. In some versions, clastoraeric layer (300} s formed of a matenial with lubricious
propertics, and/or elastomeric layer (500} 15 treated with a lubricant, to {urther provide a

smaoth closure stroke of anvil (560} during distal advancement of closure ring {(370).
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[000138] Conversely, FIGS, 34B and 335B depict the interaction between anvil (560} and
closure ring (570} when anvil (560} is in a fully opened position.  As anvil (560}
transitions from a fully closed position toward a fully opened position, tab {572) of
closure ring {570} travels proximally relative to tab {565) of anvil (868}, Accordingly,
during at ieast a portion of the opening stroke (i.¢., the transition of anvil (560} toward a
fully opened position} elastomeric faver (S80) 1s compressed between closure ring (570)
and anvil {560). In some embodiments, clastomeric layer (500} is dimensioned such that
distal surface {506} of elastomeric layer (300} is in contact with proximal surface (573)
of tab (572} of closure ring (570} during the entire opening stroke. Specifically, as tab
(572) of closure ring (570} travels toward tab (565) of anvil (560), clastomeric layer
(500} is compressed between proximal surface (573) of tab (572} and distal surface (567)
of tab (565). As a result of this compression, when anvil (560} is in a fully opened
position, clastomeric layer {(500) improves the stability of anvil (568} by providing a
resistive load on anvil (560} sufficient to bias anvil (560} to remain in a fully opened
position thereby reducing undesired movement or “flopping” of anvil (560) when anvil
(560} is in a fully opened position. It will be understood that the resistive load provided
by clastomeric layer (500) is able to be overcome during a closure stroke of anvil (560)
such that anvil (560} is pivotable to a fully closed position. In conjunction with the
compression of elastomeric layer (500), closure ring (570} also engages tab (565) through
clastomeric layer (500) and drives anvil (560) proximally, thereby causing anvil (560) to
pivot toward the folly opened position, as described above with regard to cnd effector
(240}, In some versions, a ribbed or ridged surface profile of distal surface (506) may
provide a raicheting feature during opening of anvil (560} and/or may provide further
security to the open position of anvil (560}, In other words, one or more ribs or ridges on
distal surface (506) may further engage tab {572) to assist in holding anvil (560) in an
open position. Alternatively, distal surface (506) may be flat or have any other suitable

surface propertics.

{600139} D. Exeroplary Closure Ring with Layer of Elastomeric Material
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{600140} FIG. 36 depicts an alternate cxemplary laver of elastomeric material (600)
configured to be used in conjunction with an exemplary end effector and closure ring,
including but not limited to end effector {240) and closure ring (270} deseribed above. In
the iflustrated embodiment, elastomeric layer (600} is positioned on a closure ring (670)
that is substantially similar to closure ring (270} described above and includes a tab (672)
positioned within an opening (674) similar to tab (272} and opening (274} described
above.,  FIGS. 37A-38B depict detailed views of an end effector (640} comprising
clastomeric layver (600}, anvil (660}, which is substantially similar to anvil (260)
described above, and closure ring (670} and the interaction between clastomeric layer
(600), anvil (660}, and closure ring {670) when cnd cffector (640} is in a fully closed

position and a fully opened position.

[000141] As shown in FIGS. 36-3&B, elastomeric layer {600) comprises a layer of
clastomeric material applicd to tab {672) of closure ring (670). Specifically, in the
itlustrated embodiment, clastomerie layer (600} is applied to proximal surface (673} of
tab (672} and a portion of bottom surface (676} of tab (672}, As shown, clastomeric
layer (600} is substantially coextensive with proximal surface (673). It will be
appreciated that in some embodiments, elastomeric layer {600} may cover only a portion
of proximal surface (673) of tab (672) and/or may be himited to just proximal surface
(673) instcad of being applied to both proximal surface (673) and a portion of botiom
surface {676), provided that a sufficient amount of elastomeric material is provided and a
sufficient amount of proximal surface (673) is covered to improve the stability of anvil
{660} by providing a resistive load on anvil (660) sufficient to bias anvil {660} to remain
in a fully opened position when anvil (660} is in a fully opened position thereby reducing
undesired movement or “flopping” of anvil {660} when anvil (660) is in a fully opened
position. Elastomeric layer (600} may be attached to tab (672) of closure ring (670)
using any suitable devices or methods, ncluding but not limited to applying an adhesive
between elastomeric layer (600) and tab (672}, insert molding clastomeric layer (600)
imto tab {672), and overmolding elastomeric layer (600) onto tab (672). As shown,

closure ring {(670) includes an opening (671) in tab (672) configured to allow clastomeric
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layer (600} to be insert molded nto tab (672). In other embodiments, particularly those
where the elastomeric layer is attached to the tab of the closure ring using a device or
method other than insert molding, such as adhesive, the opening in the tab may be

omitted.

000142} Elastoroeric laver (600) may comprise an clastomeric material  that is
compressible in response to a load being applied to the layer (600). The material of layer
(600} may also be conformable to allow layer (600) to sufficiently occupy at least a
portion of the gap around the components located at an interface of closure ring (670)
and anvil (660). In preferred embodiments, layer {600) comprises a material that is
suitable and acceptable for use in medical procedures, inchuding surgical procedures of
the type described herein. By way of example only, clastomeric layer (603} may
comprise santoprene, polyurcthane, isoprene, Versaflex GLS 360-135, some other
compliant plastic material{s), some other rubber compliant material(s), foam, and/or any
other suitable materials capable of improving the stability of anvil (660) by providing a
resistive load sufficient to bias the anvil to remain in a fully opened position when anvil
(660} is in a fully opencd position thereby reducing undesired movement or “flopping” of

anvil (660) when anvil (660} is in a fully opened position.

{0608143] As shown in FIG. 36, clastomeric layer {600) is posttioned on closure ring (670}
such that clastomeric layer (600) is positioned distally relative to tab (672}, As illustrated
by FIGS. 37A-38B, when anvil (660} is assembled together with closure ring (670},
ciastomeric layer (600} is positioned at an interface between anvil (660} and closure ring

(670}, Specifically, as shown, elastomeric layer {600) is positioned between tab (672} of

closure ring {670} and tab (665) of anvil (660).

1000144} FIGS. 37A and 38A depict the interaction between anvil (660} and closure ring
(670) when anvil (660} is in a fully closed position. As shown in FIGS. 37A and 38A
and as described above with regard to anvil (260} and closure ring (278}, when anvil
(660} is transitioncd toward a fully closed position from a fully opened position and,

consequently when anvil (660} is in a fully closed position, the vertical surface (675) of



WO 2015/199894 PCT/US2015/033109

~43 .

closure ring (670} cngages vertical surface (668) of anvil (660} in order to urge anvil
{660y distally, which causes anvil {660} to pivot toward a fully closed position, as
described above with regard to end effector (2403, As anvil (660) transitions from a fully
opened position toward a fully closed position, tab (672} of closwre ring (670} travels
distally relative to tab (665} of anvil (660) before vertical surface {673) of closure ring
{670) engages vertical surface (668} of anvil (660}, which allows elastomeric laver (600}
1o expand proximally to occupy at least a portion of the gap between tab (672) and tab
(665). During at least a portion of the closure stroke (i.¢., the transition of anvil (660)
toward a fully closed position), proximal surface (606} of clastomeric layer {600) remains
in contact with distal surface {667) of tab (665}, In some embodiments, clastomeric layer
(600} is dimensioned such that proximal surface (606} of clastomeric layer {600) remains
in contact with distal surface (667} of tab {665} of anvil (660} during the entire closure
stroke. By maintaining contact between clastomeric layer (600) and tab (665) of anvil
(660} during at lcast a portion of the closure stroke, elastomeric layer (600} is able to
provide a force on anvil (660} that can dampen the closure profile, thereby cnabling a
smaoth closure siroke. In some versions, clastomeric layer {600} is formed of a material
with lubricious properties, and/or elastomeric layer (600} is treated with a lubricant, to
further provide a smooth closure stroke of anvil (660) during distal advancement of

closure ring {670}

[000145) Conversely, FIGS. 37B and 38B depict the interaction between anvil {660} and
closure ring (670} when anvil (660} is in a fully opened position. As anvil (660}
transitions from a fully closed position toward a fully opened position, tab (672) of
closure ring (670} travels proximally relative to tab (665) of anvil {660}, Accordingly,
during at icast a portion of the opening stroke (i.c., the transition of anvil {660} toward a
tully opened position) clastomeric laver (600) is compressed between closure ring (670)
and anvil {660). In some embodiments, clastomeric layer (600} is dimensioned such that
proximal surface (606} of elastomeric layer (600} is in contact with distal surface (667)
of tab (665) of closure ring (670) during the entire opening stroke. Specifically, as tab

{672y of closure ring (670) travels toward tab (663) of anvil (660), clastomeric layer



WO 2015/199894 PCT/US2015/033109

~dd .

(600} is compressed between proximal surface (673) of tab (672) and distal surface (667)
of tab (665). As a result of this compression, when anvil (660} is in a fully opened
position, clastomeric layer {600) improves the stability of anvil (660} by providing a
resistive load on anvil (660} sufficient to bias anvil (660} to remain in a fully opened
position thereby reducing undesired movement or “flopping” of anvil (660) when anvil
{660} is in a fully opened position. It will be understood that the resistive load provided
by clastomeric layer (600} i3 able to be overcome during a closure stroke of anvil {660)
such that anvil (660) is pivotable to a fully closed position. In conjunction with the
compression of clastomeric layer (600}, closure ring (670} also engages tab {665) through
clastomeric layer (600) and drives anvil {660) proximally, thereby causing anvil (660) to
pivot toward the fully opened position, as described above with regard to end effector
(240}, In some versions, clastomeric layer {600) has a ridged or ribbed surface profile,
similar to layer (500) described above. Alternatively, elastomeric layer (600) may have a

smooth surface profiic or any other suitable kind of surface profile.
{606146] E. Exemplary End Effector with Torsion Springs

1000147} FIG. 39 depicts an exemplary resilient member comprising a pair of springs
(700a, 700b) configured to be used in conjunction with an cxemplary end effector,
including but not limited to end effector (240) described above. In the ilustrated
embodiment, springs (700a, 700b) arc positioned on an anvil (760} that is substantially
similar to anvil (260) described above. FIGS. 40-41B depict different views of the
interaction between springs (700a, 700b), anvil (760}, and lower jaw (750}, which is
substantially similar to lower jaw (50) described above, when anvil (760} is in a fully
closed position and a fully opened position. By way of cxample only, springs (700a,
700b) may be formed of spring steel, such as stainless spring steel strip in type 301 and
type 420; or some other alloy. Alternatively, any other suitable material(s) may be used

to form springs {(700a, 700b).

{600148] FIGS. 39-41B depict end cffector (740), which is substantially similar to end
cffectors (40, 240} described above. Except for the addition of springs (700a, 700b), the
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compounents of end effector (740) are substantially similar and function substantially
similarly to those of end cffectors (40, 2403} described above.  Accordingly, the
description of those previously discussed components of end effector (7403 will not be
repeated here.  Although the illustrated embodiment depicts a pair of springs (700a,
700b}, which allows springs {700a, 700b) to provide a biasing force evenly on both sides
of anvil {760), it will be appreciated that other embodiments may inchide any suitable

number of springs, including one spring or three or more springs.

[000149] In the iitustrated embodiment, cach spring (700a, 700b} compriscs an upper log
702a, 702b} and a lower leg (704a, 704b). Springs {700a, 700b} are configured such that
upper legs (702a, 702b) are angularly biased away from lower legs (704a, 704b) when
springs (700a, 700b) are in an uncompressed state.  Springs (700a, 700b) may be
configured such that upper legs {702a, 702b) extend at an acute angle relative to lower
legs (704a, 704b) when springs (700a, 700b) are in an uncompressed state. As shown,
springs {700a, 700b) arc positioned relative to anvil (760} such that upper leog (7(2a,
702b} of cach respective spring {700a, 700b) cngages and bears against anvil {760} and
fower leg (7042, 704b) engages and bears against lower jaw {730). Specifically, cach of
the upper legs (702a, 702b} are positioned to the interior of flanges {762) so that they
contact the interior surface (761} of anvil (760), while cach of the lower legs (704a,
704b) arc positioned to the interior of sidewalls (751) so that they contact the botiom
surface {753) of lower jaw (750}, Of course, upper legs (702a, 702b) may contact any
suitable region of anvil (760) and/or any other component that is secured to anvil {760},
Stmilarly, lower legs (704a, 704b) may contact any other region of lower jaw (750)
and/or any other component that s secured to lower jaw (750). It should also be
understood that any other suitable kind of spring(s) may be used, including but not
boited to a cantilever spring that is mounted to anvil {(760), lower jaw (750), or a

cartridge disposed in lower jaw.

{600150] As shown, the interior surface (761) comprises the surface on the underside of

anvil (760) that cxiends between the outer flanges (762) of anvil (760}, Accordingly,
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springs {700a, 700b), apply angularly outwardly oriented forces on anvil (760) and lower
1aw {750} that bias anvil (760} toward a fully opened position. As shown, springs (700a,
700b} are cach positioned about a respective outwardly extending pin (766} of anvil
{760), which are substantially similar to outwardly extending pins (66, 266} described
above., In the illustrated embodiment, springs (700a, 700b) comprise helical torsion
springs where at least a portion of the coil of cach spring {700a, 700b) is positioned
around a respective pin (766}, Springs (700a, 700b} may be positioned about pins (766)
between anvil (760} and the inner surface of the corresponding side wall (751} of lower

jaw {750y when anvil {760} and lower jaw (750} arc assembled together.

[B00151] Springs {700a, 700b) are configured to provide a resistive load sufficient to bias
anvil (760} to remain in a fully opened position when anvil {760} is in a fully opened
position thereby reducing undesired movement or “flopping” of anvil (760} when anvil
(760} is in a fully opencd position. Springs (700a, 700b) may be configured to provide a
substantially constant foree on anvil (760) that biases anvil {(76() toward a fully opened
position by remaining in substantially constant contact with anvil {760). In addition, as
iHustrated by FIG. 41A, the resistive load provided by springs (700a, 700b} is able to be
overcome during a closure stroke of end effector {740 {(i.c., the transition of anvil (760)
toward a fully closed position) such that anvil (760} is pivotable to a fully closed
position. It will be understood that the resistive load provided by springs (700a, 700b) is
able to be overcome during a closure stroke of the device, whether that closure stroke is
ctfectuated by the distal translation of a closure ring, such as closure ring (270) described
above, the distal translation of a knifc momber, such as knifc member (80) described
above, or a combination thercof. As shown in FIG. 41 A, during a closure stroke of end
cffector (740}, upper legs (702a, 702b) arc compressed downwardly toward lower legs
(704a, 704b) as anvil (760) pivots toward lower jaw (750} and into a fully closed
position. Springs {700a, 700b) may be configured and positioned such that upper legs
{702a, 702b) arc substantially paraliel relative to bottom surface (753) of lower jaw (750)
and lower legs (7044, 704b) are positioned at an acute angle relative to botiorn surface

{753) of lower jaw {750} when anvil (7680} is in a fully closed position. Conversely, as
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shown in FIG. 41B, during an opening stroke of end effector (740) (i.c., the transition of
anvil (760} toward a fully opened position), upper legs (702a, 702b) expand upwardly
away from respective lower legs {704a, 704b) as anvil (760} pivots away from lower jaw
{750} toward a fully opened position.  Springs (700a, 700b) may be configured and
positioned such that upper legs (702a, 702b) are positioned at an acute angle relative to
bottom surface (753} of lower jaw (750) and lower legs {(704a, 704b} are substantially
parallel with bottom surface {733) of lower jaw (750) when anvil (760} s in a fully

opened position,

{606152] in the illustrated embodiment, because springs (700a, 700b) are positioned around
pins {766}, springs (700a, 700b} translate unttarily with anvil (764} in a distal direction as
pins (766} travel along the corresponding openings (754} in sidewalls {751) of lower jaw
{750) during a closure stroke of end effector {(740). Correspondingly, springs (700a,
700b} also translate unitarily with anvil {760} in a proximal direction as pins (766) travel
along the corresponding openings (754} in sidewalls {751} of lower jaw (750) during an

opening stroke of end effector (7401
{00G153] F. Exemplary Staple Cartridge with Leaf Springs

16001584} FIG. 42 depicts an alternate exemplary resilient member comprising a tray {876}
comprising a pair or resilient arms (800a, 800b) configured to be used in conjunction
with an exemplary end effector, including but not limited to end effector (240) described
above. In the iliustrated embodiment, tray (876} compriscs a pair of resifient arms {83{a,
800b} that cxtend away from tray (876) at an angle. Excopt for the addition of resilient
arms (8{(0a, SQ0b), ray {&76) is substantially similar to tray (76} described above.
Resilient arms (800a, 800b) may comprise structures that arc integrally formed with tray
(876) or structures that structures that are separate from and attached to tray (876). FIGS.
43-44B depict different views of the interaction between resilient arms (800a, 800b),
anvil (860}, and lower jaw (850}, which is substantially similar to lower jaw (50)

described above, when anvil (860} is in a closed position and an open position.
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{600155) FIGS. 42-44B depict end cffector (840}, which is substantially similar to end
effectors (40, 240 described above. Except for the addition of resilient arms (80{a,
800b}, the components of end effector (840} are substantially similar and function
substantially similarly to those of end ¢ffectors (40, 240) described above. Accordingly,
the description of those previously discussed components of end effector (844} will not
be repeated here.  Although the ilustrated embodiment depicts a pair of resilient arms
{800a, RO0b), which allows resilient arms (800a, 800b) to provide a biasing force evenly
on both sides of anvil (860}, it will be appreciated that other embodiments may include
any suitable number of resilient arms, including one resilient arm or three or more

resilient arms.

{800G156] in the illustrated embodiment, resitient arms {(830a, 800b} are configured as jeaf
springs positioned at a proximal end of tray (876} and arc configured such that resilient
arms (800a, 800b} arc biased away from tray (876) when resilient arms (800a, 800b} are
in an uncompressed state. Resiliont arms (800a, 800b) may be configured such that
resilient arms (800a, 800b) cxtend at an acute angle relative to bottom surface (875) of
tray {876} when resilient arms {(800a, 800b} arc in an uncompressed state. As shown,
resiliont arms (800a, 800b) arc positioned relative to anvil (860} such that resilicnt arms
{8004, 800b) engage anvil (860} when end effector (840), including tray (870), s fully
assembled.  Specifically, cach of the resilient arms (800a, S00b) arc positioned so that
they contact the interior surface (861) of anvil (860). As shown, the interior surface
(861} compriscs the surface on the underside of anvil (860} that cxtends between the
cuter flanges (862} of anvil (860}, Accordingly, resilient arms {(800a, 800b) apply a force
on anvil {860} that biases anvil (860} toward a fully opened position. In alternate
embodiments, resilient arms {(800a, 800b) could comprise separately formed springs that

are attached to tray (876},

[000157] Resilient arms (800a, S00b) are configured to provide a resistive load sufficient to
bias anvil {860) to romain in a fully opened position when anvil {860} is in a fully opened

position thereby reducing undesired movement or “flopping” of anvil (860) when anvil
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(860} 1s in a fully opened position. Resilient arms (800a, 800b) may be configured to
provide a substantially constant force on anvil (860) that biases anvil (R60) toward a fully
opened position by remaining in substantially constant contact with anvil (8683, In
addition, as illustrated by FIG. 444, the resistive load provided by resilient arms (80{a,
800b} is able to be overcome during a closure stroke of end effector (840) (ic., the
transition of anvil (860} toward a fully closed position} such that anvil (860} is pivotable
to a fully closed position. It will be understood that the resistive load provided by
resilient arms {(800a, 800b} is able to be overcome during a closure stroke of the device,
whether that closure stroke is effectuated by the distal translation of a closure ring, such
as closure ring {270) described above, the distal translation of a knifc member, such as
knifc member (80} described above, or a combination thereof, As shown in FIG. 44A,
during a closure stroke of end effector (8403, resiliont arms {800a, S00b} are compressed
downwardly toward tray (876} as anvil (860} pivots toward lower jaw (850) and into a
fully closed position. Resilient arms {800a, &00b) may be configured and positioned
such that resilient arms {800a, 800b} contact a respective sidewall or other structure of
tray (876} and/or arc substantially paralicl relative to bottom surface (8735) of tray (876}
when anvil {860} is in a fully closed position. Conversely, as shown in FIG. 44B, during
an opening stroke of end cffector (840) (i.c., the transition of anvil (860) toward a fully
opened position), resilient arms (800a, 800b) expand upwardly away from tray {(876) as
anvil {860) pivots away from lower jaw (850) toward a fully opened position. Resilient
arms {R00a, &00b) may be configured and positioned such that resilient arms (800a,
800b} are positioned at an acute angle relative to bottom surface (875) of tray (876) when

anvil (860} 1s in a fully opened position.

1000158} IV,  Excmplary Alternative End Effector

{000159] FIG. 45 depicts another cxemplary eond cffector (900} that may be readily
incorporated into surgical stapling and severing instrument (10). End cffector (900) is
substantially similar to cnd effcctors (40, 240) described above. As a result, the

componcnis of end cffector (900) arc substantially similar and function substantially
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similarly to those of end effectors (40, 240) described above.  Accordingly, the
description of those previously discussed components of end effector (8060} will not be
repeated here. It should be understood that end effector (900} inchides an anvil (960} a
fower jaw {950), and a closure ring (9703 Anvil (960} is identical to anvil (260)
described above., Lower jaw {950} is identical to lower jaw (250} described above. Like
closure ring {270} described above, closure ring (370} of the present example is operable
to advance distally to close anvil (360} toward lower jaw (950); and to retract proximally
to open anvil {360) away from lower jaw (9533, End effector (900} may be coupled with

shaft assembly (30) and may be driven just like end effectors (40, 240} deseribed above.

[000160] As best seen in FIGS. 46-47, closure ring (970) of the present example has a
lateral hole or opening (874}, similar to the lateral hole or opening (274} of closure ring
{270). However, unlike closure ring (270), closure ring {970} has a pair of opposing tabs
(972} instead of tab (272). Tabs (927} are oriented toward cach other, along a common
plane that extends perpendicularly relative to the longitudinal axis (LA} of closure ring
(970}, The free onds of tabs (927} are scparated from cach other, such that a gap (976) is
defined between tabs (927}, In some instances, this gap {976) is sized to accommuodate
longitudinal movement of knife member (80}, In other words, knife member (80) may
travel through gap (976) during longitudinal movement of knifc member {80} in some
versions.  As best seen in FIG. 48, tabs (927) arc also bent inwardly toward the
longitudinal axis (LA} in this cxample. It should be understood that tabs {927} may
function similar to tab (272). In particular, when closure ring (970} is retracied
proximally, the proximal surfaces (978) of tabs (927 may cngage the distal surface of tab
(263} of anvil {960), such that tabs (927} may assist in driving anvil (960} from the
closed position to the open position as closure ring (970) is retracted proximally. Tabs
(927} may also remain engaged with tab (965) while anvil (860} 18 in the open position,

such that tabs (927, 965) may cooperate to hold anvil (968) in the open position.

(000161} In view of the intcrchangeability of closure ring (270) with closure ring (970),

should be understood that closure ring (970) may be readily used with anvils (360, 460}
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and nserts (300, 400). Similarly, closure ring (970} may be readily used with anvil {560)
having elastomeric layer (500). In addition, tabs (372} may cach be modified to include
an elastomeric layer similar to the way in which tab {672) of closure ring (670} includes
elastomeric layer (600). Furthermore, end effector (900) may be modified to include
springs {700a, 700b) like end effector (740). End effector (900} may also receive a staple

cartridge that inchudes a tray with resilient arms, similar to tray (876} described above.
{606162] V. Miscellaneous

[000163] It should be undersiood that any one or more of the teachings, expressions,
embodiments, examples, ete. deseribed herein may be combined with any one or more of
the other teachings, expressions, embodiments, examples, etc. that are described herein.
The above-described teachings, expressions, embodiments, examples, ete. should
therefore not be viewed in isolation relative to gach other. Various suitable ways in
which the teachings herein may be combined will be readily apparent to those of ordinary
skill in the art in view of the teachings hercin. Such modifications and variations are
intended to be included within the scope of the claims. By way of example only, end
cffectors developed in accordance with the teachings herein may incorporate more than
one of the various types of resilient members within a single end cffector, including but
not limited to a single ond effector that includes an clastomeric insert or layer of
clastomeric material and a pair of springs and/or resilient arms and a single end cffector
that includes a layer of elastomeric material on both the tab of the anvil and the tab of the

closure ring.

1008164] It should be appreciated that any patent, publication, or other disclosure material,
in whole or in part, that is said to be incorporated by reference herein is incorporated
hercin only to the extent that the incorporated material does not conflict with existing
definitions, statcments, or other disclosure material set forth in this disclosure. As such,
and to the extent necessary, the disclosure as explicitly set forth herein supersedes any
conflicting material incorporated herein by reference. Any material, or portion thereof,

that is said to be incorporated by reference herein, but which conflicts with existing
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definitions, statements, or other disclosure material set forth bherein will only be
incorporated to the extent that no conflict arises between that incorporated material and

the existing disclosure material,

[000165] Versions of the resilient members described above may be used in conjunction
with a variety of end effectors. By way of example only, various teachings herein may
be readily combined with one or more of the end effectors described in ULS. Patent App.
No. 13/780,120, entitled “Jaw Closure Feature for End Effector of Surgical Instrument,”
filed February 28, 2013, the disclosure of which was previously incorporated by
reference herein above, (Other suitable end effectors that can be used in conjunction with
the resilient members disclosed herein will be apparent to those of ordinary skill in the art

in view of the teachings herein.

[000166] Verstons of the devices described above may have application in conventional
medical treatments and procedures conducted by a medical professional, as well as
application in robotic-assisted medical treatments and procedures. By way of example
only, various teachings herein may be readily incorporated into a robotic surgical system
such as the DAVINCI™ gystem by Intuitive Surgical, Inc., of Sunnyvale, California.
Similarly, thosc of ordinary skill in the art will recognize that various teachings herein
may be readily combined with various tcachings of any of the following: U.S. Pat. No.
5,792,135, entitled “Articulated Surgical Instrument For Performing Minimally Invasive
Surgery With Ephanced Dexterity and Sensitivity,” issued August 11, 1998, the
disclosure of which is incorporated by reference herein; 1.8, Pat. No. 5,817,084, entitled
“Remote Center Positioning Device with Flexible Drive,” issued October 6, 1998, the
disclosure of which is incorporated by reference herein; U5, Pat. No. 5,875,193, entitied
“Automated Endoscope System for Optimal Positioning,” issucd March 2, 1999, the
disclosure of which is incorporated by reference herein; U5, Pat, No. 6,231,565, entitled
“Robotic Arm DLUS for Performing Surgical Tasks,” issucd May 15, 2001, the
disclosure of which is incorporated by reference herein; U5, Pat. No. 6,783,524, entitied

“Robotic Surgical Tool with Ultrasound Cauterizing and Cutting Instrument,” issued
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Aungust 31, 2004, the disclosure of which 15 incorporated by refercnce hercin; UK. Pat.
No. 6,364,888, entitled “Alignment of Master and Slave tn a Mmimally Invasive Surgical
Apparatus,” issued April 2, 2002, the disclosure of which is incorporated by reference
herein; UK. Pat. No. 7,524,320, entitled “Mechanical Actuator Interface System for
Robotic Surgical Tools,” issued April 28, 2009, the disclosure of which i3 incorporated
by reference herein; U.S. Pat. No. 7,691,098, entitled “Platform Link Wrist Mechanism,”
issued April 6, 2010, the disclosure of which is incorporated by reference herein; ULS.
Pat. No. 7,806,891, entitled “Reposttioning and Reorientation of Master/Slave
Relationship in Minimally Invasive Telesurgery,” issued October 5, 20190, the disclosure
of which is incorporated by reference hercin, U.S. Pub. No. 2013/0812957, entitled
“Automated End Effector Component Reloading System for Use with a Robotic System,
published January 10, 2013, the disclosure of which is incorporated by reference herein;
U.S. Pub. No. 2012/0199630, entitled “Robotically-Controlled Surgical Instrument with
Force-Feedback Capabilities,” published August 9, 2012, the disclosure of which is
incorporated by reference herein; U.S. Pub. No. 2012/0132450, entitied “Shiftable Drive
Interface for Robotically-Controlled Surgical Tool,” published May 31, 2012, the
disclosure of which is incorporated by reference hercing U.S, Pub. No. 2012/0199633,
entitled  “Surgical Stapling Instruments with  Cam-Driven  Staple  Deployment
Arrangements,” published August 9, 2012, the disclosure of which is incorporated by
reference herein; US. Pub. No. 2012/0199631, entitled “Robotically-Controlied
Motorized Surgical End Effector System with Rotary Actuated Closure Systerns Having
Variable Actuation Speeds,” puoblished August 8, 2012, the disclosure of which 1s
incorporated by reference hereing; US, Pub. No. 2012/0199632, cotitled “Robotically-
Controlled Surgical Tnstrument with Sclectively Articulatable End Effector,” published
August 9, 2012, the disclosore of which is incorporated by reference hereing U.S. Pab.
Wo. 2012/0203247, entitled “Robotically-Controlied Surgical End Effector System,”
published August 9, 2012, the disclosure of which 18 incorporated by reference herein;
U.S. Puob. No. 2012/0211546, entitled “Drive Interface for Operably Coupling a
Manipulatable Surgical Tool to a2 Robot,” published August 23, 2012; U.S. Pub. No.
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2012/0138660, entitled “Robotically-Controlled Cable~Based Surgical End Effectors,”
published June 7, 2012, the disclosure of which is incorporated by reference herein;
and/or U.S. Pub. No. 2012/0205421, entitled “Robotically-Controlied Surgical End
Effector System with Rotary Actuated Closure Systems,” published Aungust 16, 2012, the

disclosure of which is incorporated by reference herein.

18003167} Versions of the devices described above may be designed to be disposed of after a
single use, or they can be designed to be used multiple times. Versions may, in either or
both ¢ases, be reconditioned for reuse after at least one use. Reconditioning may inchude
any combination of the steps of disassembly of the device, followed by cleaning or
replacermnent of particolar pieces, and subsequent reassembly.  In particular, some
versions of the device may be disassembled, and any number of the particular pigees or
parts of the device may be sclectively replaced or removed in any combination. Upon
cleaning and/or replacement of particular parts, some versions of the device may be
reassembled for subscquent use cither at a reconditioning facility, or by a wuser
immediately prior to a procedure.  Those skilied in the art will appreciate that
reconditioning of a device may utilize a varicty of techniques for disassembly,
cleaning/replacement, and reassembly.  Use of such techniques, and the resulting

reconditioned device, are all within the scope of the present application.

{600168] By way of cxample only, versions described herein may be sterilized before
and/or after a procedure. In one sterilization technique, the device is placed in a closed
and scaled container, suich as a plastic or TYVEK bag. The container and device may
then be placed in a ficld of radiation that can penetrate the container, such as gamma
radiation, x-rays, or high-energy clectrons. The radiation may kill bacteria on the device
and in the container. The sterilized device may then be stored in the sterile container for
later usc. A device may also be sterilized using any other technique known in the art,

including but not limited to beta or gamma radiation, ethylene oxide, or steam,

Having shown and described various embodiments of the present invention, further

adaptations of the methods and systems described hercin may be accomplished by
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appropriate modifications by one of ordinary skill in the art without departing from the
scope of the present invention. Several of such potential modifications have been
mentioned, and others will be apparent to those skilled in the art. For mstance, the
examples, embodiments, geometrics, materials, dimensions, ratios, steps, and the like
discussed above are illustrative and are not required.  Accordingly, the scope of the
present invention should be considered in terms of the following elaims and is understood
not to be limited to the details of structure and operation shown and described in the

specification and drawings.
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VWwe Claim:
I. A surgical stapler comprising:
{a) an end effector, wherein the end effector coraprises
(1) a lower jaw,
(i1} an anvil pivotable relative to the lower jaw between an opened
position and a closed position, and
(iti}  a resiliont member, wherein the resilient member is configured to
bias the anvil to remain in the opened position when the anvil is in
the opened position; and
{b) a body assembly, wherein the end effector 1s positioned distally relative to
the body assembly.
2. The surgical stapler of claim | whercin the end effector further comprises a

closure ring coupled with the anvil, wherein the closure ring is translatable relative to the lower
jaw, wherein the closure ring is configured to engage the anvil at an interface as the closure ring
translates proximally relative to the lower jaw to thereby pivot the anvil refative to the lower jaw

toward the opened position.

3. The surgical stapler of claim 2, wherein the resilient member 18 positioned at the

interface between the anvil and the closure ring.

4, The surgical stapler of claim 3, wherein the resilient member comprises

clastomeric material,

5. The surgical stapler of claim 2, wherein the closure ring comprises a tab, wherein
the restlient member comprises a laver of ¢lastomeric material attached to the tab of the closure

ring.
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6. The surgical stapler of claim 1, wherein the anvil further comprises a tab, wherein
the resilient member comprises an ¢lastomeric insert defining an opening, wherein at lcast a
portion of the tab of the anvil extends through at least a portion of the opening of the clastomeric

insert.

7. The surgical stapler of claim 6, wherein the opening of the elastomeric insert has

a star-shaped profile.

8. The surgical stapler of claim 1, wherein the anvil comprises a tab, wherein the

resilient member comprises a layer of clastomeric material attached to the tab of the anvil.

9. The surgical stapler of claim 1, wherein the anvil comprises an interior surface,

wherein the resilient member engages the interior surface of the anvil.

10, The surgical stapler of claim 1, wherein the resilient member comprises a spring.
t1.  The surgical stapler of claim 10, wherein anvil further comprises an cutwardly

extending pin, wherein the spring is positioned about the cutwardly extending pin.

2. The surgical stapler of claim 10, wherein the spring comprises an upper leg,

wheremn the spring ts posttioned such that the upper leg engages an mnteriot surface of the anvil.

3. The surgical stapler of claim 1, wherein the resilient member comprises a pair of
Springs.
4. The surgical stapler of claim 1, wherein the resilient member coroprises a resilient

arm that engages an interior surface of the anvil.
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i3, The surgical stapler of claim 14, wherein the end effector further comprises a

staple cartridge comprising a tray, wherein the resilient arm is integral with the tray.

16. An end effector for use with a surgical instrument, the end effector comprising:

{a) a Jower jaw;

{b) an anvil pivotable relative to the lower jaw between an opened position
and a closed position;

{c} a closure ring coupled with the anvil, wherein the closure ring is
transiatable relative to the lower jaw, wherein the closure ring I8
configured to engage the anvil as the closure ring translates proximally
relative to the lower jaw to thereby pivot the anvil relative to the lower jaw
toward the opened position; and

{(d} a resilient member, whercin the restlient member is configured to bias the
anvil to remain in the opened position when the anvil is in the opened
position, wherein the resiliont member is positioned so that at lcast a
portion of the resilient member is compressed between the anvil and the

closure ring when the anvil is in the opened position.

17. The end cffector of claim 16, whercin the anvil comprises a tab, wherein the
closure ring comprises a tab, wherein the tab of the closure ring engages the tab of the anvil as
the closure ring translates proximally relative to the lower jaw, wherein the at least a portion of
the resilient member that is compressed between the anvil and the closure ring when the anvil is
in the opened position is positioned and configured o be compressed between the tab of the

closure ring and the tab of the anvil when the anvil 15 in the opened position.

£8.  Anend effector for use with a surgical mstrument, the end effector comprising:
{a) a lower jaw;
{b) an anvil pivotable relative to the lower jaw between an opened position

and a closed position; and
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{c) a resilient member, wherein the resilient member is configared to bias the

anvil toward the opened position, wherein the resilient member is
positioned and configured to be compressed by the anvil when the anvil is

in the closed position.
18, The end effector of claim 18, wherein the resilicnt member comprises a spring.

20. The end effector of claim 18, wherein the resilient member comprises a resilient

arm that engages an interior surface of the anvil,
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