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TITLE

SURGICAL STAPLES, STAPLE CARTRIDGES AND SURGICAL END EFFECTORS

FIELD

108011 The present invention relates to surgical instruments and, in various
arrangements, o surgical cutting and fastening instruments that are designed to cut and
fasten lissue, fastener cartridges therefor, and surgical fasteners that are designed for
use therawith.

BACKGROUND
16002] Surgical staplers are often used {0 deploy staples into soft tissue o reduce or
gliminate bleeding from the soft tissue, especially as the tissue is being fransected, for
gxample. Surgical staplers, such as an endocutter, for example, can comprise an end
gffector which can be moved, or articulated, with respect {o an elongated shaft
assembly. End effectors are often configured to secure soff tissue belween first and
second jaw members where the first jaw member often includes a staple cartridge which
is configured o removably store staples therein and the second jaw member often
includes an anvil. Such surgical staplers can include a closing system for piveting the
anvil relative to the staple cariridge.
[6603] Surgical staplers, as outllined above, can be configured to pivol the anvil of the
end effector relative to the staple cartridge in order to capture soft tissue therebetween.
In various circumstances, the anvil can be configured {0 apply a clamping force to the
soft tissue in order to hold the soft tissue tightly between the anvil and the staple

cartridge. If 3 surgeon is unsatisfied with the position of the end effecior, however, the
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surgeon must typically aclivate a release mechanism on the surgical stapler {0 pivot the
anvil info an open position and then reposition the end effector. Thereafter, staples are
typically deployed from the staple cartridge by a sled which traverses a channel in the
staple cartridge and causes the staples 10 be deformed against the anvil and secures
lavers of the soft lissue together. The sled can engage drivers positioned between the
staples and the sled to deploy the staples from the staple cartridge. Often, as known in
the art, the staples are deployed in several staple lines, or rows, in order to more
reliably secure the layers of tissue together. Staples are typically deformed to a "B-
form” by the anvil of the end effector. The end effector may aiso include a cutling
member, such as a knife, for example, which is advanced betwsen rows of the staples
to resect the soft tissue after the lavers of the soft tissue have been stapled {ogether.
[6004] Such surgical staplers and end effectors may be sized and configured to be
inserted into a body cavity through a trocar or other access opening. The end effector is
typically coupled {0 an slongated shaft that is sized {0 pass through the trocar or
opening. The elongated shaft assembly is often operably coupled {0 a handle that
supports control systems and/or triggers for controliing the operation of the end effector.
To facilitate proper location and orientation of the end effector within the body, many
surgical instruments are configured to facilitate articulation of the end effector relative to
a portion of the elongated shaft.

[86058] The foregoing discussion is intended only [o dlustrate various aspects of the
related art in the figld of the invention al the time, and should not be taken as a

disavowal of claim scope.
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DESCRIPTION OF THE FIGURES
106006] The features and advantages of this invention, and the manner of altaining
them, will become more apparent and the invention itself will be better undersiocd by
reference {o the Tollowing description of embodiments of the invention taken in
conjunction with the accompanying drawings, wherein:
(66071 FIG. 1 is a perspective view of a surgical instrument according o various
embodiments of the present disclosure;
[60608] FIG. 2 is an exploded perspective view of a handie assembly of the surgical
instrument of FIG. 1 according to varicus embodiments of the present disclosure;
[6009] FIG. 3 is an exploded perspective view of an end effector of the surgical
instrument of FIG. 1 according to varicus embodiments of the present disclosure;
[6010] FIG. 4 is a perspective view of a staple cartridge of the end effecior of FIG. 3
according to various embaodiments of the present disclosure;
[6011] FIG. 5is a cross-sectional perspective view of the staple cartridge of FIG. 4
taken along the planeg indicated in FIG. 4 according t© various embodiments of the
present disclosure;
[6012] FIG. 6 is a perspeclive view of the staple depicted in the staple cartridge of
FiG. 4 according to various embodiments of the present disclosure;
[0613] FiG. 7 is a front elevation view of the staple of FIG. 6;
[0014] FiG. 8 is a rear elevation view of the staple of FIG. ©;
[80158] FiG. 9is a top plan view of the staple of FIG. §;
(0616} FiG. 101s a bottom plan view of the staple of FIG. 6;

(06171 FiG. 11 is a right elevation view of the staple of FIG. §;

-3
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10818] FIG. 12 iz a left elevation view of the staple of FIG. 6;

10019] FIG. 13 is a perspeclive view of the staple of FIG. ©;

100201 FIG. 14 is an elevation view of the staple of FIG. § and a sled of the end
gffector of FIG. 3, depicting a leading surface of the sled contacting an inilial drive
surface of the staple, according to various embodiments of the present disclosure;
[6621] FIG. 15 is a perspeclive view of the staple and the sled of FIG. 14, depicting
the leading surface of the sled contacting the initial drive surface of the staple;

108221 FIG. 16 iz an elevation view of the staple and the sled of FIG. 14, depicting a
trailing surface of the sled contacting a secondary drive surface of the staple, according
to various embaodiments of the present disclosure;

[6023] FIG. 17 is a perspective view of the staple and the sled of FIG. 14, depicting
the trailing surface of the sled contacting the secondary drive surface of the staple;
[6024] FIGS. 18-21 are cross-sectional elevation views of the end effector of FIG. 3,
depicting a firing progression of staples from the staple cartridge, according to various
embodiments of the present disclosure;

[60258] FIG. 22 is a cross-sectional elevation view of the staple cartridge and the sleds
of FIG. 3, depicling the staples in unfired positions, according to various embodiments
of the present disclosure;

[80626] FiG. 23 is a cross-seclional perspective view of the cariridge and the sleds of
FIG. 22, depicting the staples in the unfired positions depicted in FIG. 22;

(806271 FiG. 24 is a cross-sectional elevation view of the cartridge and the sleds of

FiG. 22, depicting a proximal pair of staples in partially fired positions and the remaining
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staples in unfired positions, according (o various embodiments of the present
disclosure;

10028] FIG. 25 is a cross-sectional perspective view of the cartridge and the sleds of
FIG. 22, depicting the proximal pair of staples in the partiaily fired positions depicted in
FIG. 24 and the remaining stapies in the unfired positions depicted in FIG. 24;

[60629] FIG. 26 is a cross-sectional elevation view of the cartridge and the sleds of
FIG. 22, depicling multiple pairs of staples in partially fired positions and the proximal
pair of staples in partially deformed configurations, according to various embodiments of
the present disclosure;

[6030] FIG. 27 is a cross-sectional perspective view of the carlridge and the sleds of
FiG. 22, depicting the multiple pairs of staples in the partially fired positions of FIG. 286
and the proximal pair of staples in the partially deformed configurations depicted in FIG.
26,

[6031] FIG. 28 is a cross-sectional elevation view of the cartridge and the sleds of
FiG. 22, depicting multiple pairs of staples in further fired positions and the proximal pair
of staples in further deformed configurations, according to various embodiments of the
present disclosure;

[6032] FIG. 29 is a cross-sectional perspective view of the carlridge and the sleds of
FiG. 22, depicting the multiple pairs of staples in the partially fired positions depicted in
FIG. 28 and the proximal pair of staples in the partially deformed configurations
depicted in FIG. 28;

[86033] FiG. 30 is a cross-sectional elevation view of the cartridge and the sleds of

FIG. 22, depicting multiple pairs of staples in partially fired positions and in partially
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deformed configurations and the proximal pair of staples in ejectad positions and in fully
deformed configurations, according to various embodiments of the present disclosure;
10034] FIG. 31 is a cross-sectional perspective view of the cartridge and the sleds of
FIG. 22, depicting the multiple pairs of staples in the partially fired positions and in the
partially deformed configurations depicted in FIG. 30 and the proximal pair of staples in
the ejected positions and in the fully deformed configurations depicted in FIG. 30;
10835] FIGS. 32A-32C iliustrate a method for forming staples from a sheet of material
according to various embodiments of the present disclosure;

[6036] FIG. 33 is a perspective view of the staple formed from the method depicted in
FIGS., 32A-32C, according to various embodiments of the present disciosure;

[6037] FIG. 34 is a plan view of the staple of FIG. 33;

[6038] FIG. 35 is a front elevation view of the staple of FIG. 33;

[6039] FIG. 36 is a side elevation view of the staple of FIG. 33;

16040] FIG. 37 is a perspective view of a staple according to various embodiments of
the present disclosure;

[6841] FIG. 38 is a plan view of the staple of FIG. 37;

[6042] FIG. 39 is a front elevation view of the staple of FIG. 37;

[6043] FIG. 40 is a side elevation view of the staple of FIG. 37,

[00644] FiG. 41 is a perspective view of a staple according to various embodiments of
the present disclosure;

[00458] FiG. 42 is a plan view of the staple of FIG. 41;

[0046] FiG. 43 is a front elevation view of the staple of FIG. 41;

00471 FiG. 44 is a side elevation view of the staple of FIG. 41,

-8 -
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10048] FIG. 45 is a perspeclive view of a staple cartridge according o various
gmbodiments of the present disclosure;

10049] FIG. 46 is a cross-sectional perspective view of the siaple cartridge of FIG. 45
taken along the plane indicated in FIG. 45;

[60650] FIG. 47 is a plan view of the staple cartridge of FIG. 45;

[6651] FIG. 48 is a perspeclive view of a staple according o various embodiments of
the present disclosure;

[60652] FIG. 48 is a plan view of the staple of FIG. 48;

[6053] FIG. 50 is a front elevation view of the staple of FIG. 48;

[60534] FIG. 51 is a side elevation view of the staple of FIG. 48;

[60558] FIG. 52 is a perspective view of a staple according to various embodiments of
the present disclosure;

[6856] FIG. 83 is a plan view of the staple of FIG. 52;

[6057] FIG. 54 is a front elevation view of the staple of FIG. 52,

[6058] FIG. 55 is a side elevation view of the staple of FIG. §2;

[6059] FIG. 56 is a partial, cross-sectional elevation view of the staple cariridge of
FIG. 4, depicling a staple in a partialiy-fired position in a staple cavity, according to
various embodiments of the present disclosure;

(06801 FIG. 57 is a partial plan view of the staple cartridge of FIG. 56, depicling the
staple in the partially-fired position depicted in FIG. 56;

[6661] FiG. 58 is a partial, cross-sectional slevation view of the staple cariridge of

FIG. 56, depicting the staple in the partialiy-fired position depicted in FIG. 56;
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10062] FIG. 59 is a partial, cross-sectional elevation view of the staple cartridge of
FIG. 56, depicting the staple in ancther partially-fired position, according 1o various
gmbodiments of the present disclosure;

[60663] FIG. 80 is a partial, plan view of the staple cartridge of FIG. 56, depicting the
staple in the partislly-fired position depicted in FIG. 58;

[6664] FiG. 61 is a parlial, cross-sectional elevation view of the staple cartridge of
FIG. 56, depicting the staple in the partially-fired position depicted in FIG. 58;

[60665] FIG. 62 is a partial, cross-sectional elevation view of the staple cartridge of
FIG. 56, depicting the staple in an gjected position and in a deformed configuration,
according to various embodiments of the present disclosure;

[6866] FiG. 63 is a partial plan view of the staple cartridge of FiG. 56, depicling the
staple in the ejected position and in the deformed configuration depicted in FIG. 62,
[60867] FIG. 64 is a partial, cross-seclional elevation view of the staple cariridge of
FIG. 56, depicting the staple in the ejected position and the deformed configuration
depicted in FIG. 62;

[6068] FIG. 65 is an exploded perspeclive view of an end effector comprising a
plurality of {asteners and a firing actuaior configured to gject the fasteners from the end
effector according to various embaodiments of the present disclosure;

[00669] FiG. 66 is a plan view of a first portion of the fastener firing actuator of FIG. 65;
[BG70] FiG. 67 is an elevational view of the first portion of FIG. 66;

[B071] FiG. 68 is a plan view of a second portion of the fastener firing actuator of FIG.
85;

[8072] FiG. 69 is an elevational view of the second portion of FIG. 68;

-8 -
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10073] FIG. 70 is a cross-sectional view of the end effector of FIG. 65 illustrating the
firing actuator in an unfired, unextended condition;

10074] FIG. 71 is a cross-sectional view of the end effector of FIG. 65 illustrating the
firing actuator in an extended condition;

[8675] FIG. 72 is a cross-sectional view of the end effector of FIG. 65 illustrating the
firing actuator in an extended, advanced condition;

[6676] FIG. 73 is a cross-sectional view of the end effector of FIG. 65 illustrating an
anvil of the end effector in an open position and the firing actuator in an unfired,
unextended condition;

[6077] FIG. 74 is a cross-sectional view of the end effector of FIG. 65 illustrating the
anvil in a closed position and the firing actuator in an unfired, unextended condition;
[6078] FIG. 75 is a cross-seclional perspective view of the end effector of FIG. 85
Hustrated in the configuration depicted in FIG. 73;

[6079] FIG. 76 is a cross-sectional view of the end effector of FIG. 65 iilustrated in the
configuration depicted in FIG. 74;

16080] FIG. 77 is a cross-sectional view of the end effector of FIG. 65 jllustrating the
firing actuator in an exiended condition and, in addition, a knife member in an
unadvanced position;

[0681] FiG. 78 is a cross-sectional view of the end effector of FIG. 65 illustrating the
firing actuator in an advanced, extended condition and the knife memberin an
advanced position;

[80682] FiG. 79 is a cross-sectional perspective view of the end effector of FIG. 65

iftustrated in the configuration depicted in FIG. 78;
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10083] FIG. 80 is a partial cross-sectional plan view of the end effector of FIG. 65
flustrated in a fully-fired condition;

10084] FIG. 81 is a cross-sectional elevational view of the end sffector of FIG. 65
fustrated in the configuration depicted in FIG. 80;

[60685] FIG. 82 is a cross-sectional perspective view of the end effector of FIG. 65
fustrated in the configuration depicted in FIG. 80;

[60686] FIG. 83 is a cross-sectional elevational view of the end effector of FIG. 65
fustrating the knife member in a retracted position;

[6087] FIG. 84 is a cross-sectional perspective view of the end effector of FIG. 85
Hustrated in the configuration depicted in FIG. 83;

[6088] FIG. 85 is a perspective view of the firing meamber of the end effector of FIG.
85 illustrated in the unextended configuration depicted in FIG. 74,

[6089] FIG. 86 is a perspective view of the firing member of the end effector of FIG.
85 illustrated in the extended configuration depicted in FIG. 77;

[6090] FIG. 87 is a perspective view of the firing member of the end effector of FIG.
85 illustrated in a configuration just prior to the fully-fired configuration depicted in
FIG.80;

[0691] FiG. 88 is a perspective view of the firing member of the end effecior of FIG.
85 illustrated in the fully-fired configuration depicted in FiG. 80;

(06921 FiG. 89is a cross-sectional view of an end effector including a firing actuator
configured to gject fasteners from a fastenser cartridge illustraling the firing actuator in an

unfired position;

~ 10 -
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10093] FIG. 90 is a cross-sectional view of the end effector of FIG. 89 dllustrating the
firing actuator in a partially fired position;

10094] FIG. 91 is a plan view of a staple cartridge body of the end effector of FIG. 89;
[60695] FiG. 92 is a perspeclive view of a firing acluator for use with the cartridge body
of FIG. 91;

[6096] FIG. 93 is a perspeclive view of the cartridge body of FIG. 91; and

160971 FIG. 94 is a cross-sectional view of the cartridge body of FIG. 81 {aken along

line 94-94 in FIG. 83.

DETAILED DESCRIPTION
[6088] Applicant of the present application also owns the following palent applications
that were filed on even date herewith and which are each incorporated by reference
herain in their respeclive entireties:
(00891 U.8. Patent Application entitled SURGICAL INSTRUMENTS WITH
ARTICULATABLE SHAFT ARRANGEMENTS, Attorney Docket Ne.
END7343USNP/13030¢;
(01007 U.8. Patent Application entitled SURGICAL STAPLES AND STAPLE
CARTRIDGES, Attorney Docket No. END7341USNP/130301;
[0101] U.S. Patent Application entitled ARTICULATABLE SURGICAL
INSTRUMENTS WITH SEPARATE AND DISTINCT CLOSING AND FIRING

SYSTEMS, Attorngy Docket No. END7333USNP/M30322;

~ 11 -
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101021 U.S. Patent Application entitled SURGICAL CUTTING AND STAPLING
INSTRUMENTS WITH INDEPENDENT JAW CONTROL FEATURES, Attorney Dockst
No. END7330USNP/130303;

101031 U.8. Patent Application entitled SURGICAL STAPLES AND STAPLE
CARTRIDGES, Altforney Docket No. END7331USNP/130304;

10104] U.8. Patent Application entitled SURGICAL STAPLES AND METHODS FOR
MAKING THE SAME, Alforney Docket No. END7335USNP/M30305;

10105] U.8. Design Patent Application entitied SURGICAL FASTENER, Attorney
Docket No. END7338USDP/130307;

[0108] U.5. Patent Application entitled FASTENER CARTRIDGE COMPRISING AN
EXTENDABLE FIRING MEMBER, Attorney Docket No. END7344USNP/130308,;
(01071  U.S8. Patent Application entitled FASTENER CARTRIDGE COMPRISING A
FIRING MEMBER CONFIGURED TO DIRECTLY ENGAGE AND EJECT FASTENERS
FROM THE FASTENER CARTRIDGE, Attorney Docket No. END7338USNP/130308;
(01087 U.8. Patent Application entitled FASTENER CARTRIDGE COMPRISING A
FIRING MEMBER INCLUDING FASTENER TRANSFER SURFACES, Attorney Docket
No. END7340USNP/13031¢;

(01097 U.5. Patent Application entitled MODULAR SURGICAL INSTRUMENTS,
Attorney Docket No. END7342USNP/130311;

101107 U.S. Patent Application entitled SURGICAL CUTTING AND STAPLING
INSTRUMENTS WITH ARTICULATABLE END EFFECTORS, Attorney Docket No.

END7334UENP/130312; and

ET
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0114]  U.S. Patent Application entitled SURGICAL CUTTING AND STAPLING
METHODS, Attormey Docket No. END7330USNP/130313.

10112} Certain exemplary embodiments will now be described (o provide an cverall
understanding of the principles of the structure, function, manufacture, and use of the
devices and methods disclosed hergin. One or more examples of these embodiments
are illustrated in the accompanying drawings. Those of ordinary skill in the art will
understand that the devices and methods specifically described herein and illusirated in
the accompanying drawings are non-imiting exemplary embodiments and that the
scope of the various embaodiments of the present invention is defined sclely by the
claims. The features illustrated or described in connection with one exemplary
embodiment may be combined with the features of other embodiments. Such
modifications and variations are intended 1o be included within the scope of the present
invention.

55 58

[0113] Reference throughout the specification to “various embodiments,” “some

55 46

embodiments,” “one embodiment,” or “an embodiment”, or the like, means that a
particular feature, structure, or characteristic described in connection with the
embodiment is included in at least one embodiment. Thus, appearances of the phrases
“in various embodiments,” “in some embodiments,” “in ong embodiment”, or “in an
embadiment”, or the like, in places throughout the specification are not necessarily all
referring to the same embodiment. Furthermore, the particular features, structures, or
characteristics may be combined in any suitable manner in one or more embodimenis.

Thus, the particular features, structures, or characteristics illustrated or described in

connection with one embodiment may be combinead, in whole or in part, with the

~ 13 -
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features structures, or characterigtics of one or more other embodiments without
imitation. Such modifications and variations are intendead {0 be included within the
scope of the present invention.

10114] The terms “proximal” and “distal” are used herein with reference to a clinician
manipulating the handle portion of the surgical instrument. The term “proximal” referring
o the portion closest to the clinician and the term “distal” referring o the portion located
away from the clinician. H will be further appreciated that, for convenience and clarity,
spatial terms such as “vertical”, *horizontal”, "up”, and “down” may be used herein with
respect to the drawings. However, surgical instruments are used in many orientations
and positions, and these terms are not intended to be limiting and/or absolute.

[8118] Various exemplary devices and methods are provided for performing
laparoscopic and minimally invasive surgical procedures. However, the person of
ordinary skill in the art will readily appreciate that the various methods and devices
disciosed herein can be used in numerous surgical procedures and applications
including, for example, in connection with open surgical procedures. As the present
Detailed Description proceeds, those of ordinary skill in the art will further appreciate
that the various instruments disclosed herein can be inserted into a body in any way,
such as through a natural orifice, through an incision or punciure hole formed in tissue,
ete. The working portions or end effector portions of the instruments can be inserted
directly inio a patient’s body or ¢an be inserted through an access device that has a
working channel through which the end effector and elongated shaft of a surgical

instrument can be advanced.

~ 14 -
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10116} Referring to an exemplary embodiment depicted in FIGS. 1-3, a surgical
instrument 100 can include a handle assembly 104, a shait 114 extending from the
handle assembly 104, and an end effector 120 extending from the shaft 114, Referring
primarily to FIG. 3, a staple cariridge 140 can be loaded into an elongate channel 122 of
afirst jaw 123 of the end effector 120. In certain embodiments, the staple carfridge 140
can be disposable and/or replaceable, for example. Additionally or alternatively, the
staple cartridge 140 can be integrated into the end effector 120, for example, and/or the
end effector 120 can be disposable and/or replaceable, for example. In various
embodiments, the surgical instrument 100 can be motor-driven. For example, refering
primarily to FIG. 2, a motor 106 can be positioned in the handle assembly 104, The
handle assembly 104 of the surgical instrument 100 can also include a trigger 108.
Actuation of the trigger 108 can affect closure of the jaws 123, 124 of the end effector
120, firing of staples 160 from the staple cartridge 140, and/or translation of a firing bar
156 and cutling element 158 through the end effector 120, for example.

(61171 Referring primarily to FIG. 3, staples 160 can be ejectably positioned in the
staple cartridge 140. For example, at least one sled 120 can translate through the
staple cartridge 140 to gject the staples 160 from the stapie cartridge 140, The firing
bar 156 having the cutlting element or knife 158 can also translate through the staple
cartridge 140 to cut tissue captured betwesen the end effector jaws, 123, 124, for
example. As depicted in FIG. 3, the firing bar 156 and cuiting element 158 can move
from a proximal position in the first jaw 123 to a distal position in the first jaw 123, In
various embodiments, tissue positioned intermediate the staple carlridge 140 and the

anvil 124 can be stapled by the staples 160, and then cul by the cutlting element 158, for

~ 15 -
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example. Referring primarily to FIGS. 4 and 5, the staple cartridge 140 can include a
cartridge body 142 and staple cavities 144 defined in the cartridge body 142, Staples,
such as staples 160, for example, can be removably positioned in the staple cavities
144, In certain embodiments, each staple cavily 144 can removably store a single
staple 160. Each staple cavity 144 can have a proximal end 146 and a distal end 148,
for example, and longitudinal sidewails 150 can extend between the proximal end 148
and the distal end 148 of each staple cavity 144. As described in greater detail herein,
the proxdmal ends 146, the distal ends 148, and/or the longitudinal sidewalis 150 of the
staple cavity 144 can guide and/or support the staple 160 during deployment from the
staple cavity 144,

[6118] Referring now to FIGS. 6-13, the staple 160 can include a base 162, a first
staple leg 164 extending from the base 162, and a second staple leg 168 extending
from the base 162. The base 162 can have a proximal portion 168 and a distal portion
170, for example, and an intermediate portion 172 of the base 162 can be positionsd
betweaen the proximal portion 168 and the distal portion 170, for example. As depicted
in FIGS. 6-13, the first staple leg 164 can exiend from the proxdmal portion 168 of the
base 162, and the second staple leg 166 can extend from the distal portion 170 of the
base 162, The staple legs 164, 166 can include a tip 174, for example, which can have
a pointed or substantially pointed end. in various embodiments, the tip 174 can
facilitate plercing into andfor through lissue, for example. in certain embodiments, the
staple legs 164, 166 can include corner edges 176, which can be sharp, or substantially

sharp, for example, and can also faciiitate piercing into and/or through tissue, for
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gxampie. In other embodiments, the stapie legs 164, 166 can include rounded corner
gdges.

10119] Referring still to FIGS. 6-13, chamfers 184, 186 can be positioned between the
staple legs 164, 166 and the base 162. For example, an upper chamfer 184 can extend
between the staple legs 164, 166 and the base 162, and/or a lower chamfer 186 can
extend between the stapie legs 164, 166 and the base 162. When tissue is captured by
the staple 160, the tissue can be compressed between the base 162 and the deformed
staple legs 164, 166, and the chamfers 184, 186 may contact the compressed tissue.

in various embaodiments, the chamfers 184, 186 can compress the captured tissue, for
example, and may prevent the base 162 from unintentionally piercing and/or cutling the
captured tissue, for example.

16120] in varicous embodiments, the base 162 of the staple 160 may be asymmaetrical
relative {0 the staple legs 174, 176. For example, referring primarily to FIG. 10, a first
axis A may be defined between the first and second staple legs 174, 176, and the base
162 can be asymmelrical relative to the first axis A. The base 162 can be non-linear, for
example, and can include at least one laterslly contoured portion 178 that bends or
curves away from the axis A. The base 162, or at least a portion of the base 162, can
be defined by a second axis B. The contoured portion 178 can be include straight
andfor curved regions, and may be generally non-parallel to the first axis A and the
second axis B, for example. For example, the contoured portion 178 can bend or curve
away from the first axis A, include a straight or substantially straight portion, and bend

or curve toward the second axis B (FIG. 10).
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101211 Referring still to FIG. 10, the center of mass (COM) of the staple 160 can be
offsel from the first axis A, In various embodiments, a portion of the base 162 can
extend along the second axis B, for example, which can be paraliel or substantially
parallel {0 the first axis A, For example, the intermediate portion 172 of the base 162
can be parallel or substantially parallel to the first axis A. A contoured portion 178 can
be positionad between the proximal portion 1688 and the intermediate portion 172, for
gxample, and ancther contoured portion 178 can be positioned between the distal
portion 170 and the intermediate portion 172, for example. The contoured portions 178
can laterally offset the intermediate portion 172 of the base 162 from the staple legs
164, 166 and from the first axis A, for example. In certain embodiments, the staple legs
164, 166 can be positioned in a first plane defined by the first axis A, for example, and
the intermediate portion 172 of the base 182 can be positicned in a second plane
defined by the second axis B. The second plane can be parallel, or substantially
parallel, to the first plane, for example, and the center of mass {COM) of the staple 160
can be positioned between the first plane and the second plane. In such embodiments,
the staple 160 can include a leg formation plane, ¢.g., the plane definad by the first axis
A, which can be offset from the COM of the staple 180, For example, deformation of
the staple 160 can form a modified “B-form”, for example, and the staple legs 164, 160
may be non-coplanar and/or laterally offset from the inlermediate portion 172 of the
staple base 162. In various instances, the modified “B-form” staple formation can
engage, capture, compress, and/or affect a greater volume of lissue, for example.
Additionally, in certain instances, the modified “B-form” staple formation can exert forces

on the engaged tissue in different and/or divergent directions, for example. Modified "B-
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form” can define a tissue entrapment area extending in three different directions. For
instance, a portion of the tissue entrapment area can be defined in two directions by the
legs 164 and 166 and another portion of the tissue enfrapment area can be defined in a
third direction between the base 162 and the legs 164, 166.

10122} In various embodiments, the infermediate porion 172 of the staple base 162
can include a longitudinal guide surface 173, For example, as described in greater
detail herein, the longitudinal guide surface 173 can slide and/or move against a guide
surface 150 in the staple cavity 144 (FIGS. 4 and 5) as the staple 160 is fired and/or
gjected from the cartridge body 142 (FIGS. 4 and 5), for example. In such
smbaodiments, the longitudinal guide surface 173 can balance and/or stabilize the staple
180 during deployment. Furthermore, the intermediate portion 172 of the staple base
162 can include a tissue-contacting surface 175 (FIG. 8}, which can be flat or
substantially flat, for example. In varicus instances, the tissue-contacting surface 175 of
the base 162 can form a flat surface for contacting caplured tissue, which can provide a
broad and/or smooth surface for applying andfor distributing pressure on the captured
and/or compressed tissue. In such embaodiments, tissue fearing and/or trauma within
the staple 160 may be reduced and/or minimized, for example.

161231 In various embodiments, the base 162 of the staple 160 can include one of
more drive surfaces. For example, the base 162 can include an initial drive surface 180
and a secondary drive surface 182. Referring still {o FIGS. 6-13, the proximal portion
168 of the base 162 can include the initial drive surface 180, for example, and/or the
intermediate portion 172 of the base 172 can include the secondary drive surface 182.

For example, the proximal portion 168 can include a nub having the first drive surface
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180. The nub of the first drive surface 180 can include a rounded and/or sioped
surface, for example. The secondary drive surface 182 can comprise a ramp on the
intermediate portion 172 of the base 162. For example, the secondary drive surface
182 can be positioned distal to the initial drive surface 180 and/or between the proximal
portion 168 and the distal portion 170 of the base 162, for exampie. The secondary
drive surface 182 can include an inclined surface or plane, for example, and can slope
downward in the direction of the distal portion 170 (see FIGS. 7 and 8).

10124] Referring primarily to FIGS. 7 and 8, a staple midline M can be defined
intermediate the first staple leg 164 and the second staple leg 166, The siaple midiine
M can bisect the staple 160, and can pass through the center of mass (COM) of the
staple 160, for example. In various embodiments, the secondary drive surface 182 can
extend across the midling M. For exampile, the secondary drive surface 182 can extend
along the intermediate portion 172 of the base 162, and can cross from a proximal side
of the midling M 1o a distal side of the midline M. In such embodiments, during
deployment of the staple 160 via the sled 190, as described in grealer detail herein, a
ramp 192 of the sied 190 can drive the staple 160 at and/or near the midline M of the
staple 160 during a portion of the staple’s deployment. In varicus embodiments, the
distal end of the secondary drive surface 182 can also include a staple overdrive 188,
which is described in greater detail herein, Referring primarily to FIG. 7, the staple
overdrive 188 can include the lowest point of the intermediate portion 172 of the base
182 and, in some embodiments, can be vertically aligned with the iowest point of the

proximal portion 168 and/or the distal portion 170 of the base 162, for example. In other
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gmbodiments, the staple overdrive 188 may be posilioned verticaily below or above the
lowest portion of the proximal portion 168 and/or the distal portion 170 of the base 162,
10125} In various embodiments, the drive surfaces 180, 182 of the staple 160 can be
separate and distinct. For example, the drive surfaces 180, 182 can be laterally and/or
longitudinally offset, such that the drive surfaces 180, 182 are unconnected and/or
nonadiacent. Each drive surface can be discrete, for example. The initial drive surface
180 can overlap a first plane (sge axis A in FIG. 10}, for example, and the secondary
drive surface 182 can overlap a second plane (see axis B in FIG. 10), for example. In
certain embaodiments, the drive surfaces 180, 182 can be parallel. For example, the
initial drive surface 180 can exiend along the first axis A (FIG. 10), and the secondary
drive surface 180 can extend along the second axis B (FIG. 10). in various
embodiments, a lateral gap having a width x (FIGS. 10 and 11) can be defined between
the initial drive surface 180 and the secondary drive surface 182, for example. In some
embodiments, a longitudinal gap having a width v (FIG. 10) can be defined between the
initial drive surface 180 and the secondary drive surface 182, for example. The initial
drive surface 180 can be proximal to the secondary drive surface 182, for example.
Furthermaore, a non-driven portion of the base, such as the lower chamfer 186 of the
contoured portion 178 between the proximal portion 168 and the intermediate portion
172, for example, can separate the inilial drive surface 180 and the secondary drive
surface 182, for example. In varicus embodiments, the contoured portions 178 can
traverse between the first plane defined by axis A and the second plane defined by axis

B, for example.
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10126] Referring still to FIGS. 6-13, at least one of the drive surfaces 180, 182 of the
staple 160 can be integrally formed with the staple 160. For example, the drive
surfaces 180, 182 can be defined in the base 162 of the staple 160. The staple 160 can
comprise a single, unitary piece, for example, which may integrally include the drive
surfaces 180, 182. The drive surfaces 180, 182 can comprise a boundary or perimeter
surface of the single, unitary piece, for example. In varicus circumstances, the staple
160 can be seamiess, for example, and many not include any adhered andfor
overmolded features, for exampie. Furthermore, the base 162 and the staple legs 164,
166 can be a contiguous part, and the base 162 can integrally define the drive surfaces
180, 182, for example. In certain instances, as described in greater detall herein, the
staple 160 can be stamped or otherwise formed from a single piece of material, for
example, and can remain a single piece of material, for example. In various instances,
the drive surfaces 180, 182 can comprise a surface or fiat of the formed piece.

161271 Referring now to FIGS. 14-17, the sled 180 can drive the staples 160 from the
cavities 144 in the carlridge body 142 (FIG. 3). In various instances, the sled 190 can
directly contact the staples 160 and/or can directly drive the staples 160. For example,
the sled 190 can include a ramp or inclined surface 192, which can contact at least one
drive surface 180, 182 of the stapie 160, As the sled 190 franslates relalive o the
staple 160, the ramp 192 can push the drive surfaces 180, 182 {o lift the staples 160. In
various embodiments, the degree of incline of the ramp 192 can vary aiong the length
thereof, For example, the ramp 192 can be designed to lift the staple 160 faster and/or
slower during at least part of the staple’s deployment. Moreover, the degree of incline

of the ramp 192 can be designed andfor selecled based on the degree of incline of a

~ 0.



WO 2015/099998 PCT/US2014/069260

staple drive surface 180, 182. For example, the ramp 192 can define an incline thatis
greaier than, less than, and/or egual to the incling of the inilial drive surface 180 and/or
the secondary drive surface 182, The relationship between the ramp 192 incline and
the drive surface 180, 182 incline can affect the speed of slaple deployment, for
gxample.

10128] Referring still to FIGS. 14-17, the sled 190 can include at least one lateral
portion 191a, 181b. For exampie, the sled 190 can include a single iateral portion, a
pair of lateral portions, and/or more than two lateral portions. In various instances, each
lateral portion 181a, 181b can correspond {0 a row of staples 160 removably positioned
in the cartridge body 142, As further depicted in FIGS. 14-17, the lateral portions 191a,
181b can be longitudinally staggered. For example, in certain embodiments, the first
lateral portion 181a can lag behind or follow the second lateral portion 181b by a length
of distance L (FIGS. 14 and 18). In other embodiments, the lateral portions 191a, 191b
can be longitudinally aligned andfor the second lateral portion 191k can lag or foliow the
first lateral portion 1914, for example. In embodiments where the sled 180 comprises
multiple lateral portions 181a, 181b, an intermediate portion 193 can connect and/or
bridge the lateral portions 191a, 181D, for example.

101291 Referring primarily to FIGS. 14-17, the sled 190 can transfer between the drive
surfaces 180, 182 of the staple 160. Stated differently, the sled 190 can exert a driving
force on the initial driving surface 180 of the staple 160, for example, and can then
transition to exert a driving force on the second, or secondary, driving surface 182 of the
staple 160. In certain embodiments, the sled ramp 192 can include a leading surface

194 and a trailing surface 196. The leading surface 194 can be adjacent (o and/or
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connectad to the trailing surface 196, for example, and the staple 160 can smocthly
ransition belween the leading surface 184 and the trailing surface 186, For example,
the leading surface 194 can contact the stapie 1680 and begin to Hit the staple 160, and
the trailing surface 196 can move info contact with the staple 160 and continue fo hift the
staple 160. In certain instances, the trailing surface 196 can smoothly ift the staple 160
out of and/or away from engagement with the leading surface 194, for example.

[8130] Referring still to FIGS. 14-17, the leading surface 194 can be aligned with the
initial drive surface 180 and the trailing surface 196 can be aligned with the secondary
drive surface 182, for example. In operation, the leading surface 184 of the ramp 192
can initially contact the staple 160. For example, referring to FIGS. 14 and 15, as the
sled 190 transiates, the leading surface 194 can contact the initial drive surface 180 of
the staple 180. The inclined leading surface 184 can exert a driving force on the initial
drive surface 180, which can begin {o the lift the base 162 of the staple 160. For
example, the staple 160 can be lifted a first distance or height by the leading surface
184. As the sled 190 continues o transiate, referring now to FIGS. 16 and 17, the
trailing surface 196 can move info contacting engagement with the secondary drive
surface 182 of the staple 160, for example. The inclined tralling surface 196 can exert a
driving force on the secondary drive surface 182, for example, which can continue (o the
lift the base 162 of the slaple 160. For example, the stapie 160 can be lifted a second
distance or height by the trailing surface 194.

(81311 In various instances, the tralling surface 196 can lift the initial drive surface 180
away from and/or out of contact with the leading surface 194 of the ramp 192, for

example. For example, the trailing surface 196 can contact the secondary drive surface
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182 and immediately lift the staple 160 such that the primary drive surface 180 is moved
out of driving contact with the leading surface 194, In other embodiments, the leading
surface 194 can drive the initial drive surface 180 and the trailing surface 196 can drive
the secondary drive surface simulianeously for at least a portion of the staple’s
deployment. As the sled 190 continues to translate, the trailing surface 196 can lifi the
base 162 out of the staple cavity 144 (FIGS. 4 and 5) and/or can eject the stapie 160
from the cartridge 140 (FIGS. 4 and 5). For example, the proximal portion of the irailing
surface 196 can include a sled overdrive 188, In various embodiments, the sled
overdrive 198 can extend out of the staple cavity 144 and can iift the staple overdrive
188, i.e., the lowest portion of the intermediate portion 172 of the base 162 (see FIG. 7},
out of the staple cavity 144,

16132] Deployment of multiple staples 160 according to an exemplary application of
the present disclosure is depicted in FIGS. 18-21. In certain embodiments, multiple rows
of staple cavities 144 can be defined in the cartridge body 142, For example, multiple
rows of staple cavities 144 can be defined on a first side of the cartridge slot 143 (FIG.
3}, and multiple rows of staple cavities 144 can be defined on a second side of the
cartridge slot 143, FIGS. 18-21 depict two rows of staples 160 positionad in two rows of
staples cavities 144 in the cartridge body 142, Referring stili to FIGS. 18-21, the staples
180a, 160¢, and 160e can be positioned in a more inner row of staple cavities 144, for
example, and the staples 160b, 160d, and 160f can be positioned in a more outer row of
staple cavilies 144, for example. in various embodiments, the first inner staple 160a
can be positionad nearer (o the cartridge slot 143 than the first outer staple 160k, For

exampie, the first inner staple 160a can be adjacent to the cartridge slot 143, and the
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first outer staple 160b can be intermediate the first inner staple 160a and the side of the
cartridge body 142, for example. In various embodiments, additional rows of staples
160 can be defined in the cartridge body 142, For example, at least one row of staples
can be positioned infermediate the first staple 160z and the cartridge slot 143, and/or at
least one row of staples 160 can be positioned intermediate the first outer staple 160b
and the side of the carlridge body 142, for example.

18133] Referring primarily to FIG. 18, as the sled 190 moves distally, the second
lateral portion 181b can contact the first inner staple 160a. The leading surface 184
(FIGS. 14-17) of the second lateral portion 191b can begin to lift the first inner staple
1603, for example. Referring now {0 FIG. 19, as the sled 190 continues {0 move
distally, the trailing surface 196 (FIGS. 14-17) of the second lateral portion 121b can
continue to ift the first inner staple 160a, and can move the first inner staple 160a info
forming contact with the anvil 152 of the end effector 120, for example. Additionally, the
leading surface 194 of the second lateral portion 181b can move info contact with the
second inner staple 160¢, for example. In various instances, the first lateral portion
181a can move into contact with the first cuter staple 160b at the same time that the
second iateral portion 1916 moves into contact with the second inner staple 160c, for
example. In certain embodiments, the longitudinagl lag or offset between the first lateral
portion 191a and the second lateral portion 191b can correspond to the longitudinal
distance between the first outer staple 160b and the second inner staple 160c. For
example, the first lateral portion 18912 can lag behind the second lateral portion 191b a
length L (FIGS. 14 and 16}, and the first outer staple 160b can be longitudinally offset

from the second inner staple 160¢ by the length L. In such embodiments, deployment
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of the first outer staple 160b and the second inner staple 160¢ can be simultanecus
andfor synchronized, for example.

10134} Referring now to FIG. 20, as the sled 190 continues {o progress, the trailing
surface 196 of the second lateral portion 181b can continue to lift the first inner staple
160a toward the anvil 152. The staple forming pockeis 154 defined in the anvil 152 can
catch the staple legs 164, 166, and can deform the first inner staple 160a. Furthermore,
the second lateral portion 181b can continue o lift the second inner staple 160c¢, and
the first lateral portion 1813 can continue to lift the first outer staple 160b, for example.
Referring now o FIG. 21, as the sled 190 continues to move distally, the second lateral
portion 191b can gject the first inner staple 160a from the staple cavity 144. In various
instances, the sled overdrive 198 (FIGS. 14-17), can lift the staple overdrive 188 to clear
the staple base 162 over the cartridge body 142, for example. As the staple forming
pockets 154 of the anvil 124 continue to form the first inner staple 1603, the second
lateral portion 181k can continue to ift the second inner staple 180¢, for example, and
the first lateral portion 1912 can continue to ift the first outer staple 160b. Additionally,
the second lateral portion 1810 can move into contact with the third inner staple 160e,
for example, and the first lateral portion 181a can move inte coniact with the second
outer staple 160d, for example. In various instances, similar (o the above, the second
outer staple 160d can be longitudinally offsel from the third inner staple 160e by the
length L {(FIGS. 14 and 18).

[81358] As described herein, the staples 160 can be sequentially fired from the
cartridge 140. For example, as the sled 190 moves distally, the sied 190 can

sequentially fire staples 160 from a proximal portion of the cartridge body 142 toward a
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distal portion of the cartridge body 142. As described herein, the sled 190 can fire 3 first,
more proximal, inner staple 160a before firing a second, more distal, inner staple 160c.
in other embodiments, the sled 190 may transiate proximaily o fire staples 160 from a
staple cartridge. In such embodiments, the sled 180 can sequentially fire staples 160
from a distal portion of the staple cartridge 140 toward a proximal portion of the staple
cartridge 140.  Moreover, firing of the staples 160 from the staple cartridge 140 can be
paced or synchronized. For example, the first outer staple 160b and the second inner
staple 160¢ can be fired simultanecusly, and/or the second cuter staple 160d and the
third inner staple 160e can be fired simultansously, for example. For example, the
longitudinal ofiset between the first lateral portion 191a of the sled 190 and the second
lateral portion 181b of the sled 180 can correspond to the longitudinal distance between
a staple 180 in a first row of staple cavities and a staple 180 in a second, different row
of staple cavities. In such embodiments, deployment of the staples 160 can be timed
such that a staple 160 in the first row of staple cavities s fired at the same time as a
staple 160 in the second row of staple cavities. The timing or pacing of staple
deployment can improve tissue positioning and/or placement during firing. For
example, seclions of the tissue can be held in position by the end effector jaws 123, 124
(FiG. 3}, and the seclions can be stapled simultaneousiy. In other instances though, the
offset between 191a and 191b may not be the same as the offset between the staples
in the staple rows.

[0136] An exemplary embodiment of staple deployment is further iilustrated in FIGS.
22-31. For example, the staples 160a, 160k, 160¢, and 160d can be positioned on both

sides of the cartridge slot 140, and can be ejectably positioned in staple cavities 144
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defined in the cartridge body 142, Referring primarily to FIGS. 22 and 23, the staples
160a, 160b, 160¢, and 160d can be unfired, and the sleds 190 can be positioned
proximal to the carlridge body 142, The sleds 190 can be aligned with the rows of
staple cavities 144 in the cartridge body 142, For example, a first sled 190 can be
aligned with the staples 160a, 160¢ in the first inner row of staple cavities 144 and with
the staples 160b, 160d in the first outer row of staple cavities 144, and a second sled
180 can be aligned with the staples 160a, 160c¢ in the second inner row of staple
cavities 144 and with the staples 160b, 160d in the second cuter row of staple cavities
144, The first lateral portions 1813 of each sled 180 can be aligned with the outer
staples 160b, 160d, and the second lateral portions 191b of each sled 180 can be
aligned with the inner staples 180a, 180c¢, for example.

101371 Refearring primarily to FIGS. 24 and 25, the first inner staples 160a can be
moved or lifted to partially fired positions relative to the cartridge body 142, For
example, the second lateral portions 181b of each sled 190 can move info engagement
with the first inner staples 160a. The leading surfaces 194 of the second lateral portions
191b can lift the first inner stapies 160a a first distance. Subsequently, the trailing
surfaces 196 can move into engagement with the first inner staples 160a to further lift
the first inner staples 160a. In varicus embodiments, distal transiation of the sleds 190
can be coordinated, and the first inner staples 160z on each side of the slot 143 can be
fired simulianecusly, for example. Ag the first inner slaples 160a are lifted, a portion of
each staple 160a can slide or move against a longitudinal guide surface 150 of the
staple cavily 144, and the longitudinal guide surface 150 can support and/or balance the

torgue generated by the sled 190, as described in greater detail herein.
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10138] Referring now to FIGS. 26 and 27, as the sleds 190 continue to translate
relative {o the cartridge 140, the sleds 190 can move into engagement with the first
outer staples 160b and the second inner staples 160c¢. In various instances, the sleds
180 can contact the first cuter staples 160b and the second inner staples 160c¢
simulianecusly. For example, the first lateral porticns 181a of sleds 180 can contact the
first outer staples 160b as the second lateral portions 191b of the sleds 190 contact the
second inner staples 160c, for example. Referring primarily to FIG. 27, the leading
surfaces 194 of the first lateral portions 191a and the second lateral portions 191b of the
sleds 190 can engage the initial drive surfaces 180 of the staples 180b, 160¢, and can
lift the staples 160b, 160¢ relative to the cariridge body 142, Additionally, the trailing
surfaces 196 of the second iateral portions 191b of the sleds 190 can continue {o lift the
first inner staples 160a, for example. As the first inner staples 160a continue {0 move
out of the staple cavities 144, an anvil 152 (FIGS. 18-21) can begin to deform the first
inner staples 160a. For example, staple forming pockets 154 (FIGS. 18-21) can catch,
turn and/or bend the legs 164, 166 of the first inner staples 1680a. As described herein,
the anvil 152 can deform the staples 160a into modified “B-forms”, for example.

10139] Referring now to FIGS. 28 and 29, as the sleds 190 continue to translate
relative o the staple carlridge 140, the second lateral portions 1910 of the sleds 190
can continue to lift the first inner staples 160g, for example, and the anvil 152 (FIGS. 18-
21} can continue to deform the first inner staples 1604, for example. In various
instances, the sleds 190 can alzo continue to lift the first outer staples 1680k and the
second inner staples 160c. For example, the trailing surfaces 196 of the sleds 190 can

move info engagement with the secondary drive surfaces 182 of the first cuter staples
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160b and the second inner staples 160c, and can lift the staple bases 162 upward, for
gxample, such that the stapies legs 164, 166 continue to move out of the cartridge body
142.

1014071 Referring now to FIGS. 30 and 31, as the sleds 190 continue o translate
relative {0 the cartridge 140, the second lateral portions 181b of the sleds 180 can
continue to simultaneously lift the first inner staples 160a. For example, the sled
overdrives 198 (FIGS. 16 and 17), can lift the first inner staples 160a entirely out of the
cartridge body 142, such that the first inner staples 160a are entirely gjected from the
staple cartridge 140. In varicus instances, the anvil 1582 (FIGS. 18-21) can continue to
deform the first inner staples 160a, for example, and the first inner staples 160a can be
fully deformed when lifted entirely out of the cartridge body 142, Additionally, the trailing
surfaces 196 of the sleds 180 can also continue to simultaneously Hift the first cuter
staples 160b and the second inner staples 160c. For example, the trailing surfaces 186
of the first lateral portions 191a can lift or drive the first outer staples 160b, and the
trailing surfaces 186 of the second iateral portions 191k can lift or drive the second
inner staples 160c¢, for example. Moreover, as the first outer staples 160b and the
second inner staples 160c continue to move ot of the staple cavities 144, the anvil 152
(FIGS. 18-21) can begin to deform the first ocuter staples 160b and the second inner
staples 160c. For example, staple forming pockets 154 (FIGS. 18-21) can calch, tumn
and/or bend the legs 164, 166 of the first outer staples 160b and the second inner
staples 160c. In various instances, the sleds 190 can continue {o translate relative {o
the cartridge body 142, and the first and second lateral portions 191a, 191b of the sleds

190 can continue to pace and/or time the deployment of the staples 160 from adjacent
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and/or neighboring staple rows. The sleds 190 can sequentially fire staples 160 from
the proximal portion of the staple cartridge 140 (o the distal portion ¢of the staple
cartridge 140. In other embodiments, the sleds 190 can move proximally, and can fire
staples 160 from the distal portion of the staple cartridge 140 toward a proximal portion
of the staple cartridge 140, for example. Moreover, in certain instances, the spacing
between the staples and the lateral sled portions can affect non-synchronized
deployment of the staples, for example.

10141] Referring now to FIGS. 56-64, in various instances, the staple cavity 144 can
guide the staple 1680 as the sled 190 moves the staple 160 through a firing progression.
For example, in various instances, the leading surface 194 of the sled 180 can contact
the initial drive surface 180 of the staple 160, and can exert a driving force Dy {(FIG. 58)
on the siaple 160 via the initial drive surface 180 {(FIGS. 58-58). The leading surface
184 can ift the staple 160 upward along a plane defined by axis £ (FIG. 57y and axis F
(FiG. 58). As indicated in FIGS. 57 and 58, the staple’s center of mass (COM) can be
offset from the axes E and F and, in such embodiments, the driving force Dy (FIG. §8)
exerted on the initial drive surface 180 in the plane defined by axes £ and F can
generate a torque T4 {(FIG. 58). As described in greater detail herein, the staple cavily
144 can include a longitudina!l sidewall 150 between the proximal end 146 and the distal
end 148 of the siaple cavity 144, In certain embodiments, the staple cavity 144 can
include a first sidewall 150a and a second sidewall 150b. Moreover, as described
herein, the sidewalls 150a, 150b can resist torsion of the staple 160 during firing. For
example, when the leading surface 194 of the sled 190 drives the initial drive surface

180 of the staple 160 along the plane defined by axes E and F, the second sidewall
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150b can resist the counterclockwise torque T1 (FIG. 58) corresponding to the driving
force Dy generated by the sled 180, As the staple 160 is lifled a first distance by the
leading surface 184 of the sled 190, the second sidewall 150b can guide and support
the infermediate portion 172 of the staple base 162, For example, the flat surface 173
of the intermediate portion 172 of the staple base 162 can slide along and/or move
against the second sidewall 150b.

[0142] Referring now to FIGS. 58-61, when the sled 190 transitions between the initial
drive surface 180 and the secondary drive surface 182, as described heregin, the trailing
surface 196 of the sled 190 can exert a driving force D, (FIG. 81) on the staple 160 via
the secondary drive surface 182, In various instances, the trailing surface 186 of the
sled 190 can lift the base 162 of the staple 160 upward along a plane defined by axis |
(FIG. 80) and axis J (FIG. 81}, As indicated in FIGS. 60 and 81, the stapie’s center of
mass (COM) can be offset from the plane defined by axes  and J and, in such
embodiments, the driving force Dy (FIG. 1) exerted on the secondary drive surface 182
by the trailing surface 196 of the sled 190 can generate a torque T, (FIG. 61} Upon
comparing FIGES. 58 and 61, it can be seen that the driving force Dy is applied to the
staple 180 on a first side of the COM and the driving force D is applied on the opposite
side of the COM. In various inslances, the torque Ty can be in a first direction, and the
torgue T, can be in second direction, and the second direction can be opposile (o the
first direction, for exampie. When the trailing surface 196 drives the secondary drive
surface 182 of the staple 160 along the plane defined by axes | and J, the first sidewall
150a can resist the clockwise lorgque T, (FIG. 61). As the staple 160 is lifted the second

distance by the trailing surface 194, the first sidewall 150a can guide and support the
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proximal and distal ends 168, 170 of the staple base 162. For example, the proximal
and distal ends 168, 170 of the baszse 162 can slide along and/or move against the first
sidewall 150a.

10143] The reader will appreciate that, in certain embodiments, various staples and/or
features thereof, which are described herein with respect 1o the staple’s COM, can be
sirmiiarly applicabie to the staple’s center of geometry. In various instances, a staple,
such as staple 160, for example, can comprise a single material and/or can have a
uniform composition. In such embodiments, the COM of the staple can correspond to
the center of geometry of the staple. In other embodiments, a staple can comprise
multiple materials and/or a non-uniform compaosition. For example, the staple can be
formed from multiple pieces and/or materials that have been welded and/or otherwise
joined together. In certain embodiments, multiple sheets of at least two different
materiais can be welded together, for example, and the staple can be cut from a portion
of the welded shest comprising more than one material. In other embodiments, multiple
sheets of at least two different materials can be layered, rolled andior sealed together,
for example, and the staple can be cut from a portion of the sheet comprising more than
one material. In such embodiments, the COM of the staple can be offsel from the
center of geometry of the staple. For example, the COM of the staple can be laterally
and/or longitudinally offset from the staple’s center of geomeltry.

[0144] As depicied in FIGS. 58 and 61, the sled 190 can exert 3 vertical driving force
D4, Dy on the staple 160 during deployment. The reader will appreciate thatl a driving
force generated by the sled 180 can also comprise a horizomntal component. In various

embaodiments, the proximal and/or distal ends 148, 148 of the slaple cavity 144 can
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guide and support the staple legs 164, 168, as the staple 160 is lifted by the sled 180,
in various embodiments, the proximal and/or distal ends 146, 148 of the staple cavity
144 can balance the torque generaled by the horizontal component of the driving force.
For example, as the sled 180 moves distally, the distal end 148 of the staple cavity 144
can resist rotation and/or torqueing of the staple 160 during deployment.  Referring
now to FIGS. 62-64, the trailing surface 196 can continue 1o lift the staple 160 out of the
staple cavity 144. For example, the sled overdrive 198 can contact the stapie overdrive
188 to lift the base 162 of the slaple 180 out ¢f the cartridge body 140,

[6145] Referring now to FIGS. 45-47, a staple cartridge, such as a staple cartridge
2440, for example, can be lcaded into the elongate channel 122 of the end effector 120
(FIG 3). Staples, such as staples 160, for example, can be gjectably positioned in the
staple cartridge 240. For exampile, sleds 190 (FIGS. 14-17) can translate through the
staple cartridge 240 to gject the staples 160 therefrom. In varicus instances, the staple
cartridge 240 can include a cartridge body 242 and cavities 244 defined in the cartridge
body 242, Staples 180 can be removably positioned in the staple cavities 244, for
example., For example, each staple cavity 244 can removably store a single staple 160,
Moreover, each staple cavity 244 can have a proximal end 246 and a distal end 248, for
example, and longitudinal sidewalls 250 can exiend between the proximal end 246 and
the distal end 248 of each staple cavity 244. Similar to the cavilies 144 described
herein, the proximal ends 240, distal ends 248, and/or longitudinal sidewalls 250 can
guide and/or support the staples 160 during firing. For example, the longitudinal
sidewalls 250 can counterbalance the torque exerted on the slaple 160 by the

translating sied 190. In various instances, the cavilies 244 can also include diagonal
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guide surfaces 251 between the sidewails 250, For example, a proximal diagonal guide
surface 251a can extend between the proximal end 246 of the cavity 244 and a sidewall
250 of the cavity 244, Additionally or alternatively, a distal diagonal guide surface 251b
can extend between the distal end 248 of the cavity 244 and a sidewall 250 of the cavity
244, The diagonal guide surfaces 251a, 251b can guide and/or support the contoured
portions 178 (FIGS. 6-13) of the staple 160, for example, as the stapie 160 is lifted
within the staple cavity 244. For example, a portion of the contoured portion 178 can
slide along and/or move against the diagonal guide surfaces 251a, 251b. Insuch an
arrangement, the diagonal guide surfaces 251a, 251b can balance the forque exerted
on the staple 160, for example.

[0146] Referring now to FIGS. 32A-32C, staples, such as the staples 160, for
example, can be cul, formed and/or stamped from a sheet of material, such as a shest
of material 130, for example. The sheet of material 130 can be metallic, for example,
and can comprise siainless steel and/or titanium, for example. In various instances, the
sheet of malterial 130 can be substantially fiat and/or smooth. Moreover, in certain
instances, the sheet of material 130 can be bent, folded, contoured and/or crimped at
various regions, such as a first region 134 and a second region 136, for example. The
sheet of material 130 can be bent using a punch and/or stamp, for example. Flator
substantially flal portions 135a, 135b, and 135¢ of the shest of material 130 can be
positioned intermediate the regions 134, 136, for example.  The first region 134 can be
intermediate the flat portions 135a and 135b, for example, and the second region 136
can be intermeadiate the flat portions 135b and 135¢, for example. In various instances,

the flat portions 135a and 135¢ can be coplanar, for example, and/or the flat portion
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135b can be paraliel and/or substantially parallel to the flat portions 135a and/or 135¢,
for example. Referring primarily to FIG. 32A, multiple flat sheets 130a, 130b, 130c¢,
130d, 130e, 130f can be stacked, and then bent at the regions 134 and 136
simultaneocusly. in other embodiments, the sheets 1303, 130b, 130¢, 1304, 130e, 1301
can be individually bent, for example, and then stacked.

101471  In various instances, the staples 160 can be cut, formed and/or stamped from
the bent sheets 130. For example, referring primarily to FIG. 328, a slaple cutline 132
can be traced, etched, and/or cut into the bent sheets 130. The staple oulline 132 can
be machined and/or laser cut into the bent sheets 130, for example. In various
instances, an electron discharge machining (EDM) wire 138 can be used to cut the
staple outline 132. Furthermore, in certain instances, muitiple stacked sheets 130 can
be cut simultaneously. In certain embodiments, referring primarily to FIG. 32C, the
staple culline 132 can form the boundary or perimeter of the staple 180. For example,
the staple cutline 132 can form the staple 160 (FIGS. 6-13 and 33-38), and/or can form
a staple having various similar features 10 the staple 160, for example. In various
instances, mulliple staple outlines 132 can be cut into the sheet of material 130, and
multiple staples 160 can be formed from a single sheet of maternial 130, As iliustrated in
FIGS. 328 and 32C, the EDM wire 138 can pass through more than one sheet of
material 130 at a time o cut more than one staple 160 at a time. While six sheets 130
are being simultansously cut by the EDM wire 138, any suilable number of shests 130
can be cut at the same time. For instance, a wire 138 can cut less than six shests 130

at the same fime or more than six sheets 130 at the same time.
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10148] For example, referring to FIGS. 320 and 33-36, the staple outling 132 can form
the base 162 and/or the staple iegs 164, 166, for example. Furthermore, the staple
outline 132 can include at least one integrally-formed staple drive surface. For
example, the staple oulline 132 can include the initial drive surface 180 and/or the
secondary drive surface 182. In other words, the initial drive surface 180 and/or the
secondary drive surface 182 can be machined and/or formed at the time the staple 160
is cut from the sheet of material 130. In cerfain instances, the bent or confoured regions
134, 136 of the sheet 130 (FIGS. 32A and 32B) can form the contoured portions 178 of
the staple 160. Moreover, the lateral flat portions 135a and 135¢ of the sheet 130
(FIGS. 32A and 32B) can correspond to the staple legs 164 and 166, and the
intermediate flat portion 1350 of the sheet 130 (FIGS. 32A and 32B8) can correspond {o
the intermediate portion 172 of the base 182, for example.

101491  In various instances, the depth By (FIGS. 34 and 38) of the staple 160 can
determined by the depth of the sheet of material 130, For example, the sheet of
material 130 can be selected based on the depth thersof, and the stapie 160 formed
from that sheet of material 130 can have the same depth as the sheet of material 130,
Furthermaore, the height H, (FIG. 35), and width W, (FIG. 35) of the base 162 and the
staple legs 164, 166 can be determined by the staple outline 132, In various instances,
the staple ocutling 132 can provide variations in the height and/or width of the slaple
components along the length of each component. For example, the height H, of the
base 162 and/or the width W, of the slaple legs 164, 166 can vary along the length
thereof, Furthermore, tapers, steps, and/or other variations can be defined by the

staple outline 132, and thus, the geometry of the staple 160 can be selecled and/or
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manipulated based on the purpose, application, and/or design of the staple 160 andfor
the end effecior 120 with which the staple 160 may be used.

101501 Referring primarily to FIGS. 33-36, in varicus instances, the staple 160 can be
cut such that the height Hy of the base 162 is independent of and/or different than the
depth Dy of the staple legs 164, 166. For example, the depth D, of the staple legs 164,
166 can correspond to the depth of the sheet of material 130, and the base 162 can be
cut to an appropriate height Hy, which can be independent of the depth of the sheet of
material 130 and/or the corresponding leg depth Dy, for example The appropriate
height H, can be based on the purpose, application, andfor design of the staples 160
and/or the end effector 120 (FIG. 3) with which the staple 180 may be used, for
gxample. Furthermore, the height Hy of the base 162 can also vary along the length
thereof. For example, the height Hy can vary at and/or near a drive surface of the staple
160, and/or at a gusset between one of the staple legs 164, 166 and the base 162, for
example. The staple cutline 132 can provide at least one taper and/or step along the
length of the base 162, for example. The staple outline 132 ¢can comprise a faper or
ramp, for example, which can form the secondary drive surface 182 of the base 162,
The degree of incline of the secondary drive surface 182 can be selected, designed and
implemented via the staple outline 132. In certain embodiments, the height H, of the
base 162 can be greater than the depth D, of the staple iegs 164, 166. In other
embaodiments, the height Hy of the base 162 can be equal to or less than the depth Dy of
the staple legs 164, 166. Comparatively, the geomelry of a staple that is formed from a
bent wire may be constrained and/or limited based on the dimensions of the initial wire.

For example, in a wire-formed staple, the height of the staple base typically corresponds
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io the width of the staple legs, which typicaily corresponds to the diameter of the wire.
Though drawing and/or rolling, for exampie, can modify the diameter of the wire, the
volume of material imits and/or restraings the permissible modifications.

10151} In various instances, the width W, of the staple legs 164, 166 can also be
independent of the depth Dy of the staple legs 164, 166 and the heighi Hy of the base
162, for example. The staple legs 164, 166 can be cul 1o an appropriate width W,
based on the application, purpose and/or design of the staple 160 and/or the end
gffector 120 (FIG. 3) with which the stapie 160 may be used, for example. In certain
embodiments, the staple legs 164, 166 can comprise different widths, for exampie,
and/or the width of the staple legs 164, 166 can taper, step, or otherwise vary along the
length thereof. For example, the staple legs 164, 166 can taper at the tips 174 toform a
piercing edge or point.

101521 Referring now to FIGS. 37-40, a staple cutline 232 can be traced, cul, siched,
and/or machingd inio the sheet of material 130 (FIGS. 32A and 32B), and a staple 260,
similar o the staple 160 (FIG&. 33-36), for example, can be formed from the sheeat of
material 130. For example, the staple 260 can include a base 262 and staple legs 2064,
286 extending from the base 262, In various embodiments, the staple 260 can include
contoured portions 278, which can correspond to the bent and/or contoured regions
134, 136 of the shee! of material 130 (FIGS. 32A and 32B) from which the staple 260
was formed. In certain embodiments, the staple 260 can include an intermediate
portion 272 between the contoured portions 278, for example. Moreover, at least one
drive surface 280, 282 can be formed along the perimeter of the staple 260 via the

staple ouiling 232.
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10153] Similar to the staple 160, the depth D of the slaples legs 264, 266 can
correspond (o the depth of the sheel of material 130, Furthermore, in various instances,
the height H; of the staple base 262 can be independent of the depth Dy of the staple
legs 264, 266 and/or independent of the depth of the sheet of material 130, For
gxampie, as depicted in FIGS. 37-40, the height H: of the staple base 262 is less than
the height Hq of the staple base 162 (FIGS. 33-36), and the depth D; of the staples legs
264, 266 is equal to the depth Dy of the staple legs 164, 166, for example. In various
embodiments, the width W, of the staple legs 264, 266 can also be independent of the
depth B, of the staple legs 2064, 266. The height H; of the staple base 262 and the
width W, of the staple legs 264, 266 can be selected based on the purpose, application,
and/or design of the staple 260 and/or the end seffector 120 (FIG. 3), for example.
10154] Referring now to FIGS. 41-44, a staple cutline 332 can be traced, cul, siched,
and/or machined inio the sheet of material 130 (FIGS. 32A and 32B), and a staple 360,
similar o the staples 180 and 260 (FIGS. 33-40), for example, can be formed from the
sheet of material 130. For example, the staple 3860 can include a base 362 and staple
legs 364, 366 extending from the base 362, In various embodiments, the stapie 360
can include contoured portions 378, which can correspond to the bent and/or contoured
regions 134, 136 of the sheet of malerial 130 (FIGS. 32A and 32B) from which the
staple 360 was formed. In cerfain embodiments, the staple 360 can include an
intermediate portion 372 between the contoured portions 378, for example. Moreover,
at least one drive surface 380 and 382 can be formed along the perimeter of the staple

360 via the staple outline 332.
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101585] Similar to the staples 160 and 280, the depth D5 of the staples legs 364, 366
can correspond to the depth of the sheet of material 130. Furthermore, in various
instances, the height Hs of the slaple base 362 can be independent of the depth D5 of
the staple legs 364, 366 and/or independent of the depth of the sheet of material 130.
For example, as depicted in FIGS. 41-44, the height Hj of the staple base 362 is greater
than the height Hy of the staple base 162 (FIGS. 33-38) and greater than the height H»
of the staple base 262 (FIGS. 37-40), and the depth D; of the staples legs 364, 366 is
egual to the depth D4 of the staple legs 164, 166 and equal {0 the depth b, of the staple
legs 264, 266, for example. In various embodiments, the width W; of the staple legs
364, 3606 can also be independent of the depth [; of the staple legs 384, 366. The
height Hi of the staple base 362 and the width W, of the staple legs 384, 366 can be
selected based on the purpose, application, and/or design of the stapie 360 and/or the
end effector 120 (FIG. 3), for example.

[0158] Referring now to FIGS. 48-51, a staple, such as a staple 460, for example, can
be used in a staple cartridge, such as the staple cartridge 140 (FIGS. 3-5) andior the
staple cartridge 240 (FIGS. 45-47), for example. The staple 460 can include g base 4862
having a proximal portion 468 and a distal portion 470. An intermediate base portion
472 can be positioned between the proximal portion 468 and the distal portion 470, for
exampie. As depicted in FIGS. 48-51, a first staple leg 464 can exiend from the
proximal portion 468 of the base 462, and a second stapie leg 466 can extend from the
distal portion 470 of the base. In various instances, the staple legs 464, 466 can be
evlindrical or substantially cylindrical, for example, and can include a staple tip 474,

which can be tapered and/or include a sharp edge or point for piercing tissue, for
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gxample. In other embodiments, the staple legs 464, 466 can include a rounded andfor
colygonal perimeter, for example. The intermediate portion 472 of the staple base 462
can include a tissue-contacting swrface 473, which can be flat or substantially fiat, for
gxample. In various instances, the staple 480 can be formed from a wire, for example,
which can be bent, twisted, and/or otherwise manipulated to form the staple legs 464,
4686 and/or the staple base 4862, for example. In various embodiments, the diameter of
the wire can define the width and depth of the stapie legs 464, 466, for example. In
some embodiments, the wire can be drawn and/or rolled to modify the dimensions of
the staple 480, in certain instances, the intermediale portion 462 of the wire base 462
can be formed andfor flattened to form the tissue-contacting surface 473, In varicus
instances, the base 462 can be flaltened between two parallel or substantially parallel
plates, for example, such that the tissue-contacting surface 473 and a botiom surface
475 of the base 462 are flal or substantially flat and/or parailel or substantially parallel.
Modifications o the base 162 may be limited and/or constrained by the volume of
material of the wirg, for example.

(01571 Referring still to FIGS. 48-51, the staple 460 can include chamfers and/or
gussets. For example, a chamfer 484 can exiend between the first staple leg 464 and
the base 462, and/or a chamfer 484 can extend between the second staple leg 466 and
the base 462. In cerfain embodimenis, the chamfers 484 can be asymmetrical relative
to 2 longitudinal axis G (FIG. 49) extending between the first staple leg 464 and the
second staple leg 4866, and/or relative to a vertical axis H (FIG. 51) extending along the
length of the staple legs 464, 466, for example. The chamfers 484 can extend away

from the axis G andfor the axis H, for example, and thus, in certain embodiments, the
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intermediate portion 472 of the base 462 can be offset from the axis G and/or the axis
H. For example, the center of mass of the base 462 can be offset from the plane
defined by the axis G and the axiz H. In various instances, the offsel intermediate
portion 472 of the base 462 can form a wide and/or flat surface for contacting captured
tissue, which can provide a broad and/or smooth surface for applying and/or distributing
pressure on the captured tissue. In such embodiments, tissue tearing and/or rauma
within the staple 460 may be reduced and/or minimized. Moreover, similar to the
staples 160, 260, and/or 360 described herein, the staple 480 can include a leg
formation plane, e.g., the plane defined by the axis G and the axis H, which can be
offset from the center of mass of the base 462 of the staple 4860, for example.

[0158] Referring now to FIGS. 52-55, a staple, such as a staple 560, for example, can
be used in a staple cartridge, such as the staple cartridge 140 (FIGS. 3-5) and/or the
staple cariridge 240 (FIGS. 45-47), for example. The staple 560 can include a base 562
having a proximal portion 568 and a distal portion 570. An intermediate base portion
572 ¢an be positionad between the proximal portion 568 and the distal portion 570, for
example. As depicted in FIGS. 52-55, a first staple leg 564 can extend from the
proximal portion 568 of the base 582, and a second stapie leg 566 can extend from the
distal portion 570 of the base 562. In certain embodiments, the intermediate portion
572 of the base 560 can extend along an axis D (FIG. 53), which can be paraliel and/or
substantially parallel to an axis C (FIG. 53) defined between the first staple leg 564 and
the second staple ieg 566, for example.

[8159] In various instances, the slaple legs 564, 566 can be cylindrical or substantiaily

cylindrical, for example, and can include a slaple tip 574, which can be tapered and/or
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include a sharp edge or point for piercing tissue, for example. In various instances, the
staple 560 can be formed from a wire. For example, a wire can be bent, twisted and/or
otherwize manipulated to form the staple 560. Referring still to FIGS. 52-55, the wire
can be manipulated at curves 579a, 578b, 579¢, and/or 579d. For example, the staple
base 562 can include angled portions 578, which can be angularly oriented relatlive o
the infermediate portion 572 of the staple base 562 and/or relative to the axis € defined
between the first and second staple legs 564, 568, for example. In various
embodiments, the wire forming the staple 560 can curve at 579a between the first
staple leg 564 and the angled portion 578a, curve at 578b between the angled portion
578a and the intermediate portion 572, curve at 579¢ between the intermediatle portion
572 and the angled portion 578b, and/or curve at 57%d between the angled portion 578b
and second staple leg 5686, for example. For example, the infermediate portion 572 of
the base 562 can be laterally offsel from the axis C (FiG. 53) extending between the
first staple leg 564 and the second staple leg 566.

18160] In various embodiments, the diameter of the wire can define the width and
depth of the staple legs 5684, 566 and/or the staple base 562, for example. In some
embodiments, the wire and/or portions thereof can be drawn and/or rolled o modify the
dimeansions of the staple 560 and/or elements of the staple 560. Furthermore, the wire
can have a rounded and/or polygonal perimeter. in certain embodiments, the wire can
be cut at an angle to form the staple tips 574, for example. Similar to the staples 160,
260, 360 and/or 460 described herein, the staple 560 can include a leg formation plane,
e.qg., the plane defined by the axis C, which can be offsel from the center of mass of the

base 562 of the slaple 560, for example.
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101617 Further to the above, turning now to FIG. 85, an end effector, such as end
gffector 120, for example, can include a slaple cartridge 240 positioned within an
glongate channel 122 and, in addition, an anvil 124 posilionable opposite the staple
cartridge 240. In various instances, the cariridge 240 can include a plurality of staple
cavities 244, a fastener, such as staple 460, for example, positioned in each of the
staple cavities 244, and a longitudinal slot 243 configured to slidably receive a knife 158
therein. While staples 460 are depicted in connection with the embodiment depicted in
FIG. 65, any suitable staple or fastener could be used with this embodiment, such as
staples 160, for example. Referring generally to FIGS. 73 and 74, the end sffector 120
can extend from a shaft 114 which can include a closure tube 115, When the closure
tube 115 is advanced distally, the closure tube 115 can contact the anvil 124 and rotate
the anvil 124 between an open position (FIG. 73} and a closed position (FIG. 74}, Once
the anvil 124 has been closed, the knife 158 can be advanced distally {o transect tissue
captured between the anvil 124 and the carlridge 240. In certain end effectors
disciosed herein, the cartridge positioned within the end effector 120 can further include
a fastener firing actuator, such as sled 190, for example, which is pushed distally by the
knife 158 to deploy staples from the cartridge at the same time that the knife 158
transects the tissue. With regard to the embodiment depicted in FIG. 85, a staple
cartridge can include a fastener firing actuator, such as sled assembly 790, for example,
which can be advanced distally with, or alongside, the knife 158 (o gject the staples 460
from the cartridge 240. For instance, the shaft 114 of the stapler can include a firing bar
157 configured to advance the knife 158 and, in addition, pusher bars 159 configured to

advance the sled assembly 790. While the firing bar 157 and the pusher bars 1589 may
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be advanced concurrently, in various circumstances, their operation can be timed in
such a way that their initial distal movement can be staggered relative to one ancther,
as described in greater detail further below. In addition to the initial relative movement
between the firing bar 157 and the pusher bars 158, the sled assembly 790 can include
two or more portions which can move relative to one anocther, as will also be described
in greater detail further below.

10162] Referring primarily to FIGS. 66-69, the sled assembly 790 can include a first
sled portion 792 and a second sled portion 793, The first sled portion 792 can include
an inner ramp portion 781a and an outer ramp portion 791b. As illustrated in FIGS. 68
and 67, the cuter ramp portion 781b is positioned laterally with respect to the inner ramp
portion 7891a. The cuter ramp portion 721b also exdends distally with respect o the
inner ramp portion 781a. Similarly, the second sled portion 793 can include an inner
ramp portion 794a and an outer ramp portion 784b. As illustrated in FIGS. 68 and 68,
the outer ramp portion 784b is positioned laterally with respect to the inner ramp portion
794a. The outer ramp portion 7940 also exiends distally with respect (o the inner ramp
portion 794a. In various instances, the inner ramp portion 791a can be configured to lift,
or al least partially lift, an inner row of staples while the cuter ramp portion 781b can be
configured to lift, or al least partiaily lift, an outer row of staples. As primarily depicted in
FIG. 67, the inner ramp portion 791a and the outer ramp portion 781b can each include
a ramp surface, such as ramp surfaces 795a and 795b, respectively, which can slide
underneath the staples in the inner row of slaples and the outer row of staples,
respectively. The ramp surfaces 795a and 785b of the inner ramp portion 7913 and the

outer ramp portion 791b can be configured to lift staples from an unfired position o an

~ 47 -



WO 2015/099998 PCT/US2014/069260

at least partigliy-fired position. In various instances, the ramp surfaces 795a and 795b
of the inner ramp portion 781a and the outer ramp portion 781b can each comprise at
least one inclined surface, curved surface, actuale surface, andfor convex surface, for
gxample.

[6163] Further to the above, the inner ramp portion 794a of the second sled portion
793 can include an inner ramp surface 7863 and, similarly, the outer ramp portion 7940
of the second sled portion 793 can include an cuter ramp surface 796b. In various
instances, the inner ramp swiface 785a of the first sled portion 792 can be configured {o
co-operate with the inner ramp surface 796a of the second sled portion 7383 to lift the
staples in the inner row of staples from their unfired positions and their fully-fired
positions. More particularly, the inner ramp portion 791a can lift the staples in the inner
row of staples from an unfired position o a partially-fired position wherein the inner
ramp portion 794a can then lift the staples from their partially-fired positions to a fully-
fired position, for instance. In such circumstances, the lifting motion of the staples in the
inner row of staples can be nitiated by the inner ramp portion 791a of the first sled
portion 792, transferred to the inner ramp surface 796z of the second ramp portion 7938,
and then completed by the second ramp portion 793, Similarly, the ocuter ramp surface
795D of the first sled portion 792 can be configured to co-operate with the cuter ramp
surface 796b of the second sled portion 793 to lift the staples in the outer row of staples
from their unfired positions and their fully-fired positions. More particularly, the cuter
ramp portion 791b can [ift the staples in the outer row of staples from an unfired position
to 2 partially-fired position wherein the ocuter ramp portion 794k can then lift the staples

from their partially-fired positions to a fully-fired position, for instance. In such
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circumstances, the lifting motion of the staples in the outer row of staples can be
initiated by the outer ramp portion 791b of the first sled portion 782, transferred to the
outer ramp surface 796b of the second ramp portion 783, and then completed by the
second ramp portion 783, The firing, or lifting, motion of the staples in the inner row of
staples can be completed once the apex 798 of the inner ramp portion 7943 has passed
underneath the staples. Similarly, the firing, or lifting, motion of the staples in the cuter
row of staples can be completed once the apex 798 of the outer ramp portion 724b has
passed undermeath the staples.

[0164] Referring again to FIG. 85, the sled assembly 730 can include more than one
first sled portion 792 and/or more than one second sled portion 793, In various
instances, the sled assembly 790 can comprise a first set of sled portions comprising a
first sled portion 792 and a second sled portion 793 and a second set of sled portions
comprising a first sled portion 792 and a second sled portion 783, In cerfain instances,
the second set of sled portions can constitute a mirror image of the first set. For the
purposes of simplifying the description of the sled assembly 790 herein, reference may
be made (o only one set of sled portions; however, the reader should appreciate that the
description regarding the operation of one set of sled portions could also apply {o the
concurrent operation of any suitable number sets of sied portions.

[01658] Further o the above, the ocuter staple rows of the cartridge 240, i.e., the rows
furthest away from the channel 243, can lead the inner staple rows, i.e., the rows
closest (o the channel 243, Stated ancther way, the deformation of the staples in the
outer row can begin before, or at least slightly before, the deformation of the laterally

adjacent staples in the inner row. In other instances, the ouler staple rows of the
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cartridge 240, L.e., the rows furthest away from the channel 243, can iag the inner staple
rows, Le., the rows closest {0 the channel 243. Stated ancther way, the deformation of
the staples in the inner row can beagin before, or at least slightly before, the deformation
of the laterally adjacent slaples in the outer row. Moreover, while two staples rows are
disclosed on each side of the channel 243 defined in the cartridge 240, other
embodiments are envisioned in which more than two staple rows, such as three staple
rows, for example, are present on each side of the channel 243, In such embodimenis,
the sled assembilies can be configured to deploy an additional row of staples at the
same time as the inner row of staples, at the same time as the cuter row of staples,
and/or at a time which is staged sequentially with respect to the inner row of staples and
the outer row of staples.

[8166] As mentioned above, the first sied portion 792 is movable relative 1o the
second sled portion 783 of the sled assembly 780. Turning now to FIGS. 70-72, the
sled assembly 790 is movable between an initial, unfired configuration (FIG. 70y and a
second, extended configuration (FIGS. 71 and 72). In the initial, unfired configuration of
sled assembly 790, referring primarily 1o FIG. 70, the first sled portion 792 is collapsed
within, or retracted relative to, the second portion 783, In at least one such instance,
the distal end of the first sled portion 782 may not extend beyond the distal end of the
second sled portion 793, In other instances, although not Hlustraied, the distal end of
the first sled portion 792 may extend bevond the distal end of the second sled portion
793 when the first sled portion 792 is collapsed within the second portion 793, With
further reference to FIG. 70, the reader will further appreciate that the staples 460 are in

an unfired position as they have not yet been lifted toward the anvil 124. Upon
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comparing FIGS. 70 and 71, the reader will notice that the first sled portion 792 has
been extended relalive (o the second sled portion 793, In such circumstances, the
distal end of the first sled portion 792 is positioned distally with respect to the distal end
of the second sled portion 793. The movement of the first sled portion 792 from ils
initial, unfired position 1o iis extended position can position the inner ramp portion 791a
and/or the outer ramp portion 781b of the first sled portion 782 undermeath one or more
staples 460. in other configurations, the movement of the first sled portion 792 from its
initial, unfired position o its exiended position may not position the inner ramp portion
7912 and/or the outer ramp portion 791b undemeath one or more staples 460. In any
gvent, as illustrated in FIG. 71, the exiension of the first sied portion 792 can at least
partially ift at least one staple 460 foward the anvil 124 and/or at least partially deform
at least one staple 460 against the anvil 124, In certain instances, the extension of the
first sled portion 792 can completely lift, or completely deform, at least one staple 460
against the anvil 124, In various circumstances, the second sled portion 793 may not
be advanced distally when the first sled portion 792 is moved into its extended position;
however, in certain circumsiances, at least some distal movement of the second sled
portion 793 may occur when the first sled portion 792 is moved into its extended
position.

81671 Upon comparing FIGS. 71 and 72, it can be notad that the first sled portion 792
and the second sled portion 793 have been advanced distally to lift staples 460 toward
the anvil 124, The first sled portion 792 and the second sled portion 783 can then be
advanced to the distal end of the end effector 120 to complete the firing stroke of the

end effector 120, which will be discussed in greater detail further below. In any event,
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the initial progression of the sled assembly 790 during the firing stroke of the end
gffector 120 is depicted in FIGS. 70-72. FIG. 70 depicts the sled assembly 790 in a
retracted, unfired position; FIG. 71 depicts the sled assembly 720 in an extended,
partially-fired position; and FiG. 72 depicts the sled assembly 790 in an extended, fired
position. As outlined above, the pusher bar, or bars, 158 can be moved distally in order
o advance the sled assembly 790 through the progression depicted in FIGS. 70-72.
With reference to FIG. 70, a pusher bar 158 is illustrated in an initial, unfired position in
which it is in contact with the proximal end of the first sied portion 792, In various
embodiments, the pusher bar 158 can include a contact flange 1565 extending from the
distal end thereof which can engage the first sled portion 792, With further reference o
FiG. 70, the pusher bar 158 may not be in contact with the second sied portion 793
when the pusher bar 159 is in its initial, unfired position. As the pusher bar 159 is
advanced distaily, the pusher bar 159 can move the first sled portion 792 distally until
the contact flange 1565 comes into contact with the proximal end of the second sled
portion 793, as illustrated in FIG. 71, It is this relative motion between the first sled
portion 792 and the second sled portion 793 which extends the sled assembly 790 as
discussed above. Thereafter, the pusher bar 158 can be advanced distally in order to
advance the first sled portion 792 and the second sled portion 793 distally at the same
time, as illustrated in FIG. 72.

[0168] As discussed above, the end effector 120 can be configured o staple and
transect tissue at the same time. Referring again to FIG. 65, the end effeclor 120 can
inciude a firing member, or knife bar, 156 comprising a knife edge 158 configured 1o

transect the tissue as the knife bar 156 is advanced distally. Referring again to FIGS.
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70 and 71, the initial distal movement of the pusher bar, or bars, 159 may not be
transferred o the knife bar 156. Siated ancther way, the knife bar 156 may remain
stationary, or at least substantiaily stationary, while the sled assembily 790 is moved
between its retracted position (FIG. 70) and its extended position (FIG. 71). In such
circumstances, relative movement between the pusher barg 159 and the knife bar 156
can occur, at least during the initial portion of the end effector firing stroke. Upon
comparing FIGS. 74 and 77, it can be seen that, one, the pusher bars 158 have been
advanced distally to extend the sled assembly 790 and, two, the knife bar 156 has not
been advanced distally. Particular atiention can be paid o the proximal ends of the
knife bar 156 and the pusher bars 158, More particularly, the pusher bars 158 can
include a drive pin 758 extending therebetween which extends through a drive slot 757
defined in the drive bar 157 extending proximally from the knife bar 156. When the
pusher bars 159 are in their proximal unfired position, as illustrated in FIG. 74, the drive
pin 759 is positioned in the proximal end of the drive slot 757. When the pusher bars
158 are advanced distally, as illustrated in FIG. 77, the drive pin 739 can slide distally
within the drive slot 757 until the drive pin 758 reaches the distal end of the drive slot
757. In such a position, the sled 790 has been fully extended and the knife bar 156 has
not yel been advanced distally with the pusher bars 159. Once the drive pin 758 is in
contact with the distal end of the drive slot 757, as illusirated in FIGS. 78 and 79, the
pusher bars 156 and the knife bar 159 can be advanced distally logether.

[0169] Further io the above, the knife bar 156 can include flanges 153 and 155 which
can be configured to engage the anvil 124 and the stapie cartridge channsel 123,

respeactively. When the knife bar 156 is in its proximal, unadvanced position, as
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flustrated in FIG. 77, the flange 153 can be positioned proximally with respect to a siot
121 defined in the anvil 124, In such a position of the knife bar 156, the flange 155 may
or may not be posilioned within a slot defined within and/or in the exterior of the
cartridge channel 123. As the knife bar 156 is advanced distally, the flange 153 can
enter into the anvil slot 121 and the flange 155 can be positioned within the cartridge
channel slot. In such circumstances, the knife bar 156 can sef the gap, or tissue gap
distance, between the anvil 124 and the staple cartridge positioned within the cartridge
channel 123. In various circumstlances, the knife bar 156 can control the forming height
and/or the compression of the tissue within the end effector 120 as the knife bar 156 is
advanced distally.

181701 The arrangement described above in which the pusher bars 158 move the sled
assembiy 790 before the pusher bars 159 advance the knife 158 can be advantageous
in many circumstances. For instance, it is often desirable to staple tissue before itis
incised and, thus, the formation of the staples leads, or al least sufficiently leads, the
transection of the tissue by the knife bar 156. The staggered deployment of the sled
790 and the knife bar 156 can facilitate such a relalive progression between the staple
formation and the tissue incision. Moreover, the sled 790 can be compactly stored in
the end effector 120 in i3 retracted, unfired configuration in order {0 permit a shorter
proximal-to-distal, or longitudinal, length of the end effector 120, Stated ancther way,
less longitudinal room may be required for a sled assembly that can begin its firing
stroke in at least partially coliapsed state. Furthermore, owing (o the longituding!
extendibility of the sled assembly 790, the staple lifling surfaces of the sled assembly

790 can be longer and can include a shallower, or less aggressive, ramp angle than a
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unitary sled, for instance. Slaled ancther way, the mechanical advantage of the sled
assembly 790 can be improved owing to longer longitudinal tengths available for the
ramps of the sled assembly 790

10171} Turning now to FIGS. 80-82, the sled assembly 780 and the knife bar 156 can
be advanced distally toward the distal end of the end effector 120 to complete the firing
stroke of the end effector 120. As the sled 780 approaches the distal end of the end
gffector 120, in various instances, the first sled portion 732 can contact a distal end 245
of the staple cartridge and retract relative (o and/or within the second sled portion 793.
More particularly, the distal end 245 can biock the distal movement of the first sled
portion 792 while the second sled portion 793 is advanced distally relative to the first
sled portion 792 in order {0 complete the firing stroke.  In various instances, the second
sted portion 793 can be advanced distaily until it also contacts the distal end 245 of the
staple cariridge while, in other instances, the firing stroke can be completed before the
second sled portion 793 contacts the distal end 245, In either event, in embodiments
where the distal flanges 153 of the pusher bars 158 push the first sled portion 792 and
the second sled portion 793 toward the distal end of the end effector 120, the first sled
portion 792 may become disengaged from the pusher bars 159 when the first sled
portion 792 reaches the distal end s0 that that the pusher bars 158 can push the second
sled portion 793 relative to the first sled portion 792, In at least one such instance,
referring primarily to FIG. 77, the distal end of the staple cartridge can include a boss
241 which can be configured to lift the first sled portion 792 upwardly toward the anvil
124 so that the pusher bars 159 can slide underneath the first sled portion 792, In such

circumnstances, the first sled portion 792 can be operatively disengaged from the second
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sled portion 793 and the pusher bars 159, In various instances, the boss 241 can be
positioned and arranged such that the first sled portion 792 is lifted upwardly after all of
the siaples of the staple carlridge have been deployed and/or transferred to the second
sled portion 793, as discussed above. Moreover, further to the above, the distal end of
the staple cartridge can include a first boss 241 configured to lift a first sled portion 782
and a second boss 241 configured o lift an additional first sled portion 792, In various
instances, the bosses 241 can be configured to synchronously lift the first sled portions
792 at the same time. In some instances, the bosses 241 can be configured (o lift the
first sled portions 792 sequentially.

101721 Referring now to FIGS. 85-88, FIG. 85 depicts the sled assembly 790 in its
initial, unfired configuration. Further to the above, a pusher bar 159 can contact a
proximal end 789 of the first sled portion 792 and push the first sled portion 782 distally
until the proximal end 789 of the first sled portion 792 is flush with a proximal end 787 of
the second sled portion 793, as ilustrated in FIG. 88. Al such point, the first sled
portion 792 can be fully extended relative {0 the second sled portion 793, Thereafter,
the pusher bar 130 can push on the proximal end 787 and the proxdimal end 789
simultanecusly 10 advance the sled assambly 720 distaily. As also discussed above,
referring now to FIG. 87, the first sled portion 792 can be stopped by the distal end 245
of the staple cartridge and lifted upwardly by the boss 241 of the staple cartridge, for
instance. Atsuch point, the first sled portion 792 can be elevated relative 1o the second
sled portion 793, and the distal flange 155, such that the second sled portion 793 can
be slid relative t0, and at least partially underneath, the first sled portion 792, in order to

coliapse the sled assembly 780, as illustrated in FIG. 88, Upon comparing FIGS. 87
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and 88, it can be seen that the second sled portion 793 is moved closer toward ledge
788 defined in the bottom surface of the first sled portion 792 and that the distal end 789
of the first sled portion 792 is no longer aligned with the distal end 787 of the second
sled portion 793.

10173] After the firing stroke has been completed, referring now o FIGS. 83 and 84,
the knife bar 156 and the pusher bars 158 can be refracted proximally. In varicus
circumstances, the knife bar 156 can be pulled proximally by the pusher bars 159,

More particularly, the pusher bars 158 can be retracted proximaily relative {0 the knife
bar 158 until the drive pin 758 contacts the proximal end of the drive slot 758, At such
point, the pusher bars 1568 can pull the knife bar 156 proximally until the flange 153 of
the knife bar 156 is no longer positioned within the slot 121 of the anvil 124. Thereafter,
the anvil 124 can be moved inio its open position when the closure tube 115 is pulled
proximally. In certain instances, the staple cartridge can comprise a replaceable staple
cartridge. In such instances, the spent staple cartridge ¢an be removed from the
cartridge channel 122 and, if desired, an unspent staple carlridge can be positioned
within the cartridge channel 122 so that the surgical instrument can be used once again,
[0174] Asillustraied in FIGS. 83 and 84, the collapsed sied assembly 780 can be left
behind in the distal end of the end effector 120 when the knife bar 156 and the pusher
bars 159 are retracted. In the event that the spent staple carlridge is removed from the
cartridge channel 122, the collapsed sled assembly 790 can be removed from the end
effector 120 with the cartridge. In certain instances, a staple cartridge may not be
compietely spent before the pusher bars 159 and the knife bar 156 are refracied. In

such instances, the sled assembly 780 may only be partially advanced within the staple
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cartridge and may not be ¢ollapsed back into its unexiended configuration. When the
staple cartridge is then removed from the cartridge channel 123, some of the staples
may still be positioned within their staple cavities.

18175] As discussed herein, a firing actuator, or sled, of a staple cariridge and/or
stapling instrument can include one or more inclined ramp surfaces configured to lift, or
deploy, staples between an unfired position and a fired position. For instance, a sled
can include a first inclined ramp surface configured to deploy a first row of staples, a
second inclined ramp surface configured {o deploy a second row of staples, and so
forth. Each inclined ramp swrface can comprise a contiguous surface which is
configurad to engage each staple in the corresponding row of staples and lift the staples
untii they have been fully deformed against an anvil positioned opposite the staple
cartridge. The contiguous surface which defines each inclined ramp surface can include
any suitable number of contours such as, for instance, one or more linear surfaces
and/or one or more curved surfaces.  In various instances, the contiguous surface can
directly engage each staple in the corresponding row of staples and can remain
continuously engaged with a staple in that row as it moved from its unfired position o its
fully-fired position. After a staple has reached its fully-fired position, the inclined ramp
surface may become disengaged from thal staple. This arrangement ¢an be possible for
sleds with relalively movable components, such as sled assembly 790, for instance,
andfor sleds that are not comprised of relatively movable components, such as sleds
comprised of a unilary piece of material, for example.

(8176} In various circumstances, a firing actuator, or sled, can comgrise one or more

inclined ramp surfaces, wherein each inclined ramped surface is comprised of two or
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more co-operating drive surfaces. For instance, turning now to FIG. 92, a sled 880 can
include a first inclined ramp surface 881a which is comprised of an initial, or first, drive
surface 885a and a second, or final, drive surface 8896a. The initial drive surface 885a
and the final drive surface 896a of the first inclined ramp surface 891a can be
configured 0 co-operatively lift the staples in a first staple row between an unfired
position and a fired position. As the sled 8390 is moved distally through a staple
cartridge, referring to FIGS. 89-92, the initial drive surface 895a can coniact a staple
160, for instance, and lift the siaple 160 from its unfired position (FIG. 89) to a partiaily-
fired position (FIG. 90}, Thereafter, the sled 880 can be advanced distally such that the
final drive surface 888a can lift the staple 160 between its partially-fired position and its
fully-fired position. In various instances, the initial drive surface 895a can contact the
initial drive surfaces 180 of the staples 160 o lift the staples 160 into their partially-fired
positions and the final drive surface 896a can contact the second drive surfaces 182 of
the staples 180 to lift the staples 160 into their finally-fired positions. In such instances,
the staples 160 can be transferred from the initial drive surface 885a to the final drive
surface 896a (o complete the deployment, or firing, thereof. Referring to FIG. 82, the
deployment, or firing, of a staple 160 can be complete once the apex 898 of the first
inclined ramp surface 8%1a has passed under the second drive surface 182 of the
staple 160.

(01771 Further lo the above, referring again to FIG. 82, the initial drive surface 895a
and the final drive surface 896a of the first inclined ramp surface 881a can be
configured to co-operatively deploy staples within a first row of staples. The sled 830

can include additional inclined ramp surfaces o deploy addilional rows of staples. For
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instance, the sled 890 can include a second inclined ramp surface 891b comprising an
initial drive surface 885b and a final drive surface 896k which can be configured {o co-
operatively deploy staples within a second row of staples. In various instances, the sled
890 can further include any suitable number of inclined ramp surfaces, such as a third
inclined ramp swiface, similar to first inclined ramp surface 88913, configured to deploy
staples within a third row of staples and a fourth inclined ramp surface, similar 1o second
inclined ramp swiface 881b, configured to deploy staples within a fourth row of staples,
for example. In any event, the drive surfaces of an inclined drive surface, such as drive
surfaces 895a, 885b, 8906a, and 896D, for example, can include any suitable
configuration such as a linear profile and/or a curved profile, for example. With further
reference o FIG. 92, the first inclined ramp surface 881a can include a transition drive
surface 897a intermediate the initial drive surface 885z and the final drive surface 8906a.
Similarly, the second inclined ramp surface 891b can include a transition drive surface
897D intermediate the initial drive surface 885b and the final drive surface 896b. In
various instances, a transition drive surface can comprise a transition between ong
drive surface and ancther drive surface. In some instances, a transition drive surface
can comprise a surface which simultaneously drives the initial drive surface 180 and the
second drive surface 182 of a staple 160, for example. In various instances, an inclined
ramp surface can include any suitable number of drive surfaces.

(0178} In various instances, further to the above, the inilial drive surface 8953 can be
positioned laterally with respect to the final drive surface 896a. In certain instances, the
initial drive surface 895a and the final drive surface 896a can be connected to one

another. In other instances, the initial drive surface 885a and the final drive surface
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896a may not be connected to one another. In various circumstances, the initial drive
surface 895a can be defined by a first height and the final drive surface 896a can be
defined by a second height which is taller than the first height. In centain circumstances,
the initial drive surface 8953 can be defined along a first longitudinal axis and the final
drive surface 8906a can be defined along a second longitudinal axis. In certain
instances, the first longitudinal axis and the second longitudinal axis can be parallel. In
some instances, the initial drive surface 835a can be defined by a first plane and the
final drive surface 896a can be defined by a second plane which is paraliel to the first
plane. In other instances, the first longitudinal axis and the second longitudinal axis ¢an
be non-paraliel. in some instances, the first longitudinal axis and the second
longitudinal axis can extend in directions which converge. In other instances, the first
longitudinal axis and the second longitudinal axis can extend in directions which do not
converge. In various instances, further to the above, the transition drive surface 8973 of
the first inclined surface 8813 can be defined along an axis which is parallel {0 the first
longitudinal axis and/or the second longitudinal axis. In certain instances, the transition
drive surface 897a can be defined along an axis which is not parallel {o the first
longitudinal axis and/or the second longitudinal axis. In various instances, further to the
above, the transition drive surface 897a of the first inclined surface 881a can be defined
within a plane which is parailel {o the first plane and/or the second plane. In some
instances, the transition drive surface 897a can be co-planar with the initial drive
surface 8953 and/or the final drive surface 886a. In certain instances, the fransition

drive surface 8972 can be defined within a plane which is different than the first plans
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and/or the second plane. In various instances, further to the above, the transition drive
surface 897a can connect the initial drive surface 895a to the final drive surface 896a.
10179] The discussion provided above in connection with inclined ramp surface 8913,
initial drive surface 885a, final drive surface 8963, and transition drive surface 897a can
be equally applicable (o inclined ramp surface 881b, initial drive surface 885b, final drive
surface 896bh, and transition drive surface 8970, for example.

101801 In various circumstances, further to the above, the first inclined ramp surface
891a can be parailel to the second inclined ramp surface 891b. In other instances, the
first inclined ramp surface 881a may not be paraliel to the second inclined ramp surface
891b. In various instances, the first inclined ramp surface 891a can be defined by a first
height and the second inclined ramp surface 881b can be defined by a second height.
In some instances, the first height can be the same as the second height. In such
instances, a first row of staples formed by the first inclined ramp surface 881a and a
second row of staples formed by the second inclined ramp surface 891b can be formed
to the same height. In other instances, the first height can be different that the second
height. In such instances, a first row of staples formed by the first inclined ramp surface
891a and a second row of staples formed by the second inclined ramp surface 881b
can be formed (o different heights. The disclosure of U.S. Patent No. 8,317,070,
entitted SURGICAL STAPLING DEVICES THAT PRODUCE FORMED STAPLES
HAVING DIFFERENT LENGTHS, which issued on November 27, 2012, is incorporated
by reference in s entirsty.

[0181] As discussed above, a sled can directly drive and deploy a staple and/or any

other suitable fastener stored within a cartridge. Staled another way, the sied can
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directly contact the staples wherein a driver is not present intermediate the sled and the
staples. Such an arrangement is different than arrangements which include a plurality
of drivers which support the staples. In such arrangements, the sled engages the
drivers to lift the staples. In these arrangements, the drivers are often configured to
completely eject the staples from the staple cavities in which they are stored. More
particularly, the drivers are configured to lift the staples such that the staples are
completely positioned above the top surface, or deck, of the staple cartridge when the
staples are in their fully-fired position. In order to completely it the staples above the
deck of the staple cartridge, the drivers may also be at least partially lifted above the
deck. Such an arrangement can be characterized as overdriving the staples. Many of
the teachings discussed herein can be applied to embodiments including one or more
sleds which directly drive staples and, in addifion, embodiments including a plurality of
drivers which are driven by one or more sleds in order {o drive the staples. For
instance, sled 890 is discussed in connection with embodiments in which it directly
drives staples 160; however, sled 880 could also be used in embodiments which include
drivers configured to deploy staples from the staple cavities. In such embodiments,
each driver could include a first drive surface similar to first drive surface 180 configured
to be engaged by the initial drive surface 895a, for instance, and a second drive surface
simiiar to second drive surface 182 configured {0 be engaged by the final drive surface
896a, for instance.

[0182] In the embodiments disclosed herein in which the slaples are driven direclly by
the sled, Le., without the use of drivers, further to the above, the staples can be

completely lifted above the deck, or overdriven, by the sled itself. Tuming now o FIGS.
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91-84, the sled 880 is configured to partially extend above the deck surface 141 of the
cartridge 142. More particularly, the apex 838 of the first inclined ramp surface 881a
and the apex 898 of the second inclined ramp surface 891b can extend above the deck
surface 141 as the inclined ramp surfaces 8913 and 891b pass through and/or between
the cavities 144 to eject the staples 160, for example, from the staple cavities 144, In
such circumstances, the sled 890 is configured to partially extend above the staple
cavity openings defined in the deck surface 141. In various instances, the cartridge 142
can further comprise a plurality of coverings 145 positioned within and/or aligned with
the rows of staple cavities 144. For instance, a covering 145 can be positioned
intermediate adjacent staple cavities 144 within a staple cavity row. In certain
instances, a covering 145 can be positioned proximally and/or distally with respectic a
staple cavity 144, In various instances, referring primarily to FIG. 84, the apexes 898 of
the inclined ramp surfaces 891 can pass underneath the coverings 145, In such
instances, each covering 145 can include a boltom surface, such as an arched boltom
surface 147, for example, configured {o permit the inclined ramp surfaces 891 to pass
thersunder. With further reference to FIG. 94, the cartridge 142 can include a first
longitudinal slot 149 configured {o slidably receive the first inclined ramp surface 881a
therein and a second longitudinal slot 148 configured 1o receive the second inclined
ramp surface 891b, for example. In various instances, the carlridge 142 can include a
plurality of longitudinal slots 148 configured to receive the inclined ramp surfaces of the
sled 890, In certain instances, the longiiudinal slots 149 can be defined by the
coverings 145 and the slaple cavities 144. In some circumstances, each longitudinal

slot 149 can correspond (o a longitudinal row of staple cavities 144 wherein a
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longitudinal slot 148 can place the staple cavities 144 within a staple cavity row in
communication with each other such that an inclined ramp surface passing through the
longitudinal slot 148 can pass through the staple cavities 144 as outlined above.

18183] In various instances, the deck of a cartridge can be configured {o directly
contact the tissue being fastened and/or support the tissue being fastened. In certain
circumstances, a cartridge assembly can include a layer positionad on the deck, such
as a lissue thickness compensator, for example, which is disclosed in U.S. Palent
Application Serial No. 12/894,389, entitled IMPLANTABLE FASTENER CARTRIDGE
COMPRISING A SUPPORT RETAINER, now U.S. Patent Application Publication No.
2012/0080344, which was filed on September 30, 2010, U.S. Patent Application Serial
No. 13/097,856, entitled STAPLE CARTRIDGE COMPRISING STAPLES POSITIONED
WITHIN A COMPRESSIBLE PORTION THEREQF, now UL.8. Patent Application
Publication No. 2012/0080338, which was filed on April 29, 2011, and U.S. Patent
Application Serial No. 13/242,066, entitled CURVED END EFFECTOR FOR A
STAPLING INSTRUMENT, now U.S. Patent Application Publication No. 2012/0080488,
which was filed on Septemnber 23, 2011, The entire disclosures of U.&. Patent
Application Serial No. 12/894,389, entitled IMPLANTABLE FASTENER CARTRIDGE
COMPRISING A SUPPORT RETAINER, now U.S. Patent Application Publication No.
2012/0080344, which was filed on September 30, 2010, U.S. Patent Application Serial
No. 13/097,856, entitled STAPLE CARTRIDGE COMPRISING STAPLES POSITIONED
WITHIN A COMPRESSIBLE PORTION THEREOF, now U.S. Patent Application
Publication No. 2012/0080338, which was filed on Aprit 29, 2011, and U.S. Patent

Application Serial No. 13/242,086, entitled CURVED END EFFECTOR FOR A
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STAPLING INSTRUMENT, now U.S. Patent Application Publication No. 2012/0080498,
which was filed on September 23, 2011, are incorporated herein by reference. In
various instances, referring again o FIG. 83, the deck 141 and the coverings 145 can
be configured to directly contact tissue. In such instances, coverings 145 can exiend
above the deck 141 and, as a result, the deck 141 and the coverings 145 can comprise
an uneven support surface.  The coverings 145, in various instances, can apply an
additional compressive pressure to the tissue positioned directly above and/or adjacent
to each longitudinal row of staples. This additional compressive pressure can push
fluids present within the tissue away from the staple lines prior (o, during, and/or after
the staple forming process which, as a result, can promote better staple formation
and/or staple retention within the tissue. The coverings 145 can also be configured to
grip the tissue positioned between a staple cartridge and an anvil, especially along the
staple lines where the staple formation occurs. The coverings can also be configured to
support the staples as the staples are being ejected from the staple pockets to provide a
localized control over the staple forming process. The entire disclosures of U8, Patent
Application Serial No. 12/893,461, entitled STAPLE CARTRIDGE, now U 8. Patent
Application Publication No. 2012/0074198, which was filed on September 29, 2010, and
U.&. Patent Application Serial No. 13/851,676, entitied TISSUE THICKNESS
COMPENSATOR COMPRISING A CUTTING MEMBER PATH, which was filed on
March 27, 2013, are incorporated by reference herein.

[0184] As discussed above, referring primarily to FIGS. 58, 61, and 64, a slaple
cavity, such as staple cavity 144, for example, can include a first sidewall 150a and a

second sidewall 150b which can be configured to guide a staple, such as a staple 160,
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for example, as it is lifted between an unfired position and 2 fired position. In various
instances, the sidewalls 150a, 150b can be configured and arranged such that the
entirely of the staple 160 is positioned intermediale the sidewalls 150a, 150b when the
staple 160 is in its unfired position. In other circumstances, referring primarily to FIGS.
22-31, the sidewalis 150 of the staple cavity 144 may be configured such that less than
the entirety of the staple 160 is positioned intermediate the sidewalls 150 when the
staple 160 is in its unfired position. For instance, the base 162 of the staples 160 in the
outermost rows of staple cavities 144 defined in the carlridge body 142 may be
unsupported by at least one of the sidewalls 150 when the staples 180 are in their
unfired positions. As the staples 160 are lifted upwardly, however, the bases 162 of the
staples 160 may then be supported by both of the sidewalls 150, Turning now o FIGS.
93 and 94, some of the staple cavilies 144 of the cartridge 142, such as cavilies 1444,
for example, may only support both sides of the bases 162 at the end of their lifting
motion. In any event, even though the sidewalls of the staple cavities 144 defined in the
cartridge body 142 may not entirely support the staples 160 in their unfired positions,
the cartridge channel 123 of jaw 122, referring again to FIGS. 3 and 85, may at least
partially support the staples 160, Stated another way, the cartridge body 142 and the
cartridge channel 123 may co-operate 1o define the staple cavities 144 in order to
support and/or surround the staples 160 throughout the lifting motion of the staples 160.
For instance, the cartridge body 142 and the cartridge channel 123 can co-operate o
support and/or surround a siaple 160 when the staple 160 is in itz unlifted position. At
some point during the lifting motion of the staple 180, in some circumstances, the

cartridge channel 123 may no longer support and/or the staple 160 and, in such
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circumstances, the cartridge body 142 may entirely support the staple 160 for the
remainder of the lifting motion. In atleast one embodiment, the cartridge channel 123
and the cartridge body 142 may co-operaie (o support the stapie 160 for half, or
approximately half, of the lifting motion. In other embodiments, the cartridge channel
123 and the cartridge body 142 may co-operate to support the staple 160 for less than
half or more than half of the lifting motion. In some instances, the cartridge body 142
and the cartridge channel 123 may co-operatively support and/or surround the staple
160 throughout the entire lifting motion of the staple 160.

[6185] \Various embodiments described herein are described in the context of linear
end effectors and/or linear fastener cartridges. Such embodiments, and the {eachings
thereof, can be applied to non-linear end effectors and/or non-linear fastener cartridges,
such as, for example, circular and/or contoured end effectors. For example, various
end effectors, including non-linear end effectors, are disclosed in U.3. Patent
Application Serial No. 13/036,647, filed February 28, 2011, entitled SURGICAL
STAPLING INSTRUMENT, now U.8. Patent Application Publication No. 2011/0226837,
which is hereby incorporated by reference in its entirety.  Additionally, U.S. Patent
Application Serial No. 12/883,461, filed September 29, 2012, entitled STAPLE
CARTRIDGE, now U.&. Patent Application Publication No. 2012/0074198, is hereby
incorporated by reference in iis entirety. U8, Patent Application Serial No. 12/031,873,
filed February 15, 2008, entitled END EFFECTORS FOR A SURGICAL CUTTING AND
STAPLING INSTRUMENT, now U.S. Patent No. 7,880,443, is alzso hereby incorporaied
by reference in its entirety. The entire disclosure of U.S. Patent No. 7,845,537, eniilled

SURGICAL INSTRUMENT HAVING RECORDING CAPABILITIES, which issued on
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December 7, 2010 is incorporaied by reference herein. The entire disclosure of LS.
Application Serial No. 13/118,241, entitled SURGICAL STAPLING INSTRUMENTS
WITH ROTATABLE STAPLE DEPLOYMENT ARRANGEMENTS, now U.S. Patent
Application Publication No. 2012/0298718, which was filed on May 27, 2011, is
incorporated by reference herein.

[0186] The devices disclosed herein can be designed {o be disposed of after a single
use, or they can be designed to be used multiple times. In either case, however, the
device can be reconditioned for reuse after at least one use. Reconditioning can
include any combination of the steps of disassembly of the device, followed by cleaning
or replacement of particular pieces, and subsequent reassembiy. In particular, the
device can be disassembled, and any number of the particular pieces or parts of the
device can be selectively replaced or removed in any combination. Upon cleaning
and/or replacement of particular parts, the device can be reassembled for subsequent
use either at a reconditioning facility, or by a surgical team immediately prior to a
surgical procedure. Those skilled in the art will appreciate that reconditioning of a
device can utilize a variety of technigues for disassembly, cleaning/replacement, and
reassambly. Use of such technigues, and the resulting reconditioned device, are all
within the scope of the present application.

[0187] Preferably, the invention described herein will be processed before surgery.
First, a new or used instrument is obtained and if necessary cleaned. The instrument
can then be sterilized. In one sterilization technique, the instrument is placed in a
closed and segled container, such as a plastic or TYVEK bag. The container and

instrument are then placed in a field of radiation that can penelrate the container, such
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as gamma radiation, x-rays, or high-energy electrons. The radiation kilis bacteria on the
instrument and in the container. The sterilized instrument can then be stored in the
sterile container. The sealed container keeps the instrument sterile untit it is opened in
the medical facility.

[6188] Any patent, publication, or other disclosure material, in whole or in part, thatis
said to be incorporated by reference herein is incorporated herein only to the extent that
the incorporated materials does not conflict with existing definitions, statements, or
other disclosure material setl 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 definitions,
statemnents, or other disclosure material set forth herein will only be incorporated to the
extent that no conflict arises between that incorporated material and the existing
disciosure material.

(61891 While this invention has been described as having exemplary designs, the
present invention may be further modified within the spirlt and scope of the disclosure.
This application is therefore intended to cover any varniations, uses, or adaptations of the
invention using its general principles. Further, this application is intended to cover such
departures from the present disclosure as come within known or customary praclice in

the art to which this invention pertains.
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WHAT [S CLAIMED 15:

1. A surgical staple, comprising:
a base comprising an inclined drive surface; and
a first leg extending from the base; and
a second leg extending from the base, wherein the base, the first leg and the second

leq define a seamiess unitary piece.

2. The surgical staple of Claim 1, wherein the inclined drive surface is positioned

intermediate the first leg and the second ieg.

3. The surgical staple of Claim 1, wherein the base further comprises:

a first portion comprising an initial drive surface, wherein the first leg extends from the

first portion; and

a second portion, whergin the second leg extends from the second portion.

4. The surgical staple of Claim 3, wherein the inclined drive surface is laterally

offset from the initial drive surface.

5. The surgical staple of Claim 3, wherein the initial drive surface comprises a nub.

8. The surgical staple of Claim 1, wherein the base is asymmelrical.
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7. A surgical staple, comprising:

a base comprising a drive surface;

a first leg extending from the base;

a second leg extending from the base, wherein the first leg and the second leg
define g first plane; and

wherein the drive surface exiends along a portion of the base in a direclion
parallel to the first plane, and wherein the drive surface is lalerally offset from the first

plane.

8. The surgical staple of Claim 7, wherein the drive surface further comprises a

ramp.

9. The surgical staple of Claim 7, wherein the base further comprises:
a first contowr intermediate the drive surface and the first leg; and

a second contour intermediale the drive surface and the second leg.

10, The surgical staple of Claim 7, wherein the base extends non-lingarly between

the first leg and the second leg.

11, The surgical staple of Claim 7, wherein the base further comprizes a proximal

portion, wherein the first leg extends from the proximal portion, and wherein the

proximal portion further comprises an initial drive surface.
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12, The surgical staple of Claim 11, wherein the initial drive surface iz positioned in

the first plane.

13.  The surgical staple of Claim 11, wherein the proximal portion further comprizes a

nub.

14, The surgical staple of Claim 7, wherein the base, the first leg, and the second leg

define a unitary piece.

15, A systemn, comprising:
a seamless staple, comprising:
a leg; and
an integral drive surface; and
a sied comprising an inclined driving surface configured to directly contact the

integral drive surface of the seamless staple.

16.  The system of Claim 15, wherein the integral drive surface further comprises an

inclined surface.

17.  The system of Claim 15, further comprising a plurality of seamless slaples,

wherein the sled is configured to contact the pluralily of seamless staples.
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18, The system of Claim 15, wherein the sled further comprises a plurality of inclined

driving surfaces.

18.  The system of Claim 18, wherein the seamiess staple further comprises a

plurality of integral drive surfaces.

20.  The system of Claim 15, wherein the sled further comprises an overdrive portion.

21. A method for forming a fastener, comprising the sieps of:

obtaining a sheet of material defined by a shest planeg;

directing an intermediate portion of the sheet of material laterally away from the
sheet planeg; and
gxtracting a fastener form from the sheet of material, wherein the fastener form
comprises a first leg, a second leg, and a base region conneacting the first leg and the

second ieg.

22. A surgical staple, comprising:

an integral base;

a first deformable leg seamilessly extending from the base; and

a second deformable leg seamiessly exiending from the base, wherein the base
comprises a variable height intermediate the first deformable leg and the second

deformabile leg.
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"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
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This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

m No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




International Application No. PCT/ US2014/ 069260

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-6

A surgical staple comprising a base having an inclined drive
surface; a first leg; and a second leg, wherein the base and
the two Tegs forms a seamless unitary piece,

solving the problem of providing a seamless stable with an
inclined drive surface.

2. claims: 7-14

A surgical staple with a base, a first leg and a second leg,
wherein the two legs define a first plane; and a drive
surface of the base define a second plane which is laterally
offset from the first plane,

solving the problem of providing a stable which is defined
in different planes.

3. claims: 15-20

A system, comprising a staple comprising one leg and one
integral drive surface and a sled comprising an inclined
driving surface,

solving the problem of driving the stable into an tissue.

4, claim: 21

A method for forming a fastener, from one sheet of material,
solving the problem of manufacturing a fastener in a
simplified way.

5. claim: 22

Claim 22: A surgical staple, comprising a base with a
variable height intermediate first and second deformable
legs,

solving the problem of allowing the height of the base to be
variable.




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2014/069260
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 0548998 Al 30-06-1993 CA 2010613 Al 22-08-1990
DE 69019213 D1 14-06-1995
DE 69019213 T2 26-10-1995
EP 0389102 Al 26-09-1990
EP 0548998 Al 30-06-1993
US 2010063506 Al 11-03-2010 US 2010063506 Al 11-03-2010
US 2014358247 Al 04-12-2014
EP 2649949 Al 16-10-2013 AU 2013201737 Al 24-10-2013
CA 2809613 Al 09-10-2013
CN 103356255 A 23-10-2013
EP 2649949 Al 16-10-2013
JP 2013215572 A 24-10-2013
WO 2012143913 A2 26-10-2012 US 2014039549 Al 06-02-2014
WO 2012143913 A2 26-10-2012
WO 2004004578 Al 15-01-2004 AT 423515 T 15-03-2009
AU 2003249547 Al 23-01-2004
CA 2490581 Al 15-01-2004
EP 1646320 Al 19-04-2006
EP 2055242 Al 06-05-2009
JP 4405401 B2 27-01-2010
JP 2005532143 A 27-10-2005
US 2005256537 Al 17-11-2005
WO 2004004578 Al 15-01-2004
US 2012228355 Al 13-09-2012 DE 102012100086 Al 02-08-2012
EP 2474271 A2 11-07-2012
US 2012228355 Al 13-09-2012
US 5941890 A 24-08-1999 AU 745589 B2 21-03-2002
AU 3226199 A 13-01-2000
CA 2276789 Al 26-12-1999
DE 69910684 D1 02-10-2003
DE 69910684 T2 08-07-2004
EP 0966924 Al 29-12-1999
JP 4070907 B2 02-04-2008
JP 2000102546 A 11-04-2000
us 5941890 A 24-08-1999

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - claims
	Page 74 - claims
	Page 75 - claims
	Page 76 - claims
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - drawings
	Page 84 - drawings
	Page 85 - drawings
	Page 86 - drawings
	Page 87 - drawings
	Page 88 - drawings
	Page 89 - drawings
	Page 90 - drawings
	Page 91 - drawings
	Page 92 - drawings
	Page 93 - drawings
	Page 94 - drawings
	Page 95 - drawings
	Page 96 - drawings
	Page 97 - drawings
	Page 98 - drawings
	Page 99 - drawings
	Page 100 - drawings
	Page 101 - drawings
	Page 102 - drawings
	Page 103 - drawings
	Page 104 - drawings
	Page 105 - drawings
	Page 106 - drawings
	Page 107 - drawings
	Page 108 - drawings
	Page 109 - drawings
	Page 110 - drawings
	Page 111 - drawings
	Page 112 - drawings
	Page 113 - drawings
	Page 114 - drawings
	Page 115 - drawings
	Page 116 - drawings
	Page 117 - drawings
	Page 118 - drawings
	Page 119 - drawings
	Page 120 - drawings
	Page 121 - drawings
	Page 122 - drawings
	Page 123 - drawings
	Page 124 - drawings
	Page 125 - drawings
	Page 126 - drawings
	Page 127 - drawings
	Page 128 - drawings
	Page 129 - drawings
	Page 130 - drawings
	Page 131 - drawings
	Page 132 - wo-search-report
	Page 133 - wo-search-report
	Page 134 - wo-search-report
	Page 135 - wo-search-report
	Page 136 - wo-search-report

