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(54) Title: STAPLE CARTRIDGE INCLUDING A BARBED STAPLE

FIG. 62

(57) Abstract: An end effector for fastening tissue including a cartridge having a longitudinal row of staple cavities and a plurality
of staples removably stored in the staple cavities. The staple includes a base, a pair of legs extending from the base, and a plane
formed by the pair of legs, wherein at least one of the legs has a barb extending therefrom. The barb extends from the leg less than
360 degrees around the leg, wherein the barb extends beyond the plane formed by the legs. The end effector also includes an anvil
configured to deform the staples, and a plurality of staple drivers movable within the cavities configured to lift the staples toward the
anvil. The end effector further includes a firing member, configured to lift the staple driver system toward the anvil, including a first
portion configured to engage the anvil and a second portion configured to engage the cartridge. The firing member is configured to
relatively position the anvil and the cartridge.
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TITLE
STAPLE CARTRIDGE INCLUDING A BARBED STAPLE

BACKGROUND
[0001] The present invention relates to surgical instruments and, in various arrangements, to surgical stapling and
cutting instruments and staple cartridges therefor that are designed to staple and cut tissue.
[0001A] Reference to any prior art in the specification is not an acknowledgment or suggestion that this prior art
forms part of the common general knowledge in any jurisdiction or that this prior art could reasonably be expected

to be understood, regarded as relevant, and/or combined with other pieces of prior art by a skilled person in the art.

SUMMARY

[0001B] In one aspect, the present invention provides an end effector for fastening tissue, comprising:

a cartridge comprising a longitudinal row of staple cavities; a plurality of staples removably stored in said staple
cavities, wherein each said staple comprises: a base; a pair of legs extending from said base; and a plane formed by
said pair of legs, wherein at least one of said legs comprises at least one barb extending circumferentially around
said leg for less than 360 degrees and extending beyond the plane formed by said legs such that the barb extends
within and outwardly from the plane formed by said legs, and wherein each said leg comprises a tip configured to
pierce tissue; an anvil configured to deform said staples; a plurality of staple drivers movable within said cavities
configured to lift said staples toward said anvil; and a firing member configured to lift said staple drivers towards
said anvil, wherein said firing member comprises a first portion configured to engage said anvil and a second
portion configured to engage said cartridge, and wherein said firing member is configured to relatively position said
anvil and said cartridge, wherein the barb includes a first surface and a second surface which extend from and
around a portion of a perimeter of the staple leg and extend beyond said plane formed by the staple legs, wherein the

first surface and the second surface converge at an edge that is arcuate.

BRIEF DESCRIPTION OF THE DRAWINGS
[0002]  The features and advantages of this invention, and the manner of attaining them, will become more
apparent and the invention itself will be better understood by reference to the following description of embodiments

of the invention taken in conjunction with the accompanying drawings, wherein:

[0003] FIG. 1 isa left front perspective view of a surgical stapling and severing instrument with a handle portion;
[0004] FIG. 2 is a perspective view of a two-piece knife and firing bar ("E-beam") of the surgical stapling and
severing instrument of FIG. 1;

[0005] FIG. 3 is a perspective view of a wedge sled of a staple cartridge of a staple applying assembly;

[0006] FIG. 4 is a longitudinal cross-sectional view of an anvil in a closed position and a staple cartridge
comprising a rigid support portion and a compressible tissue thickness compensator illustrated with staples being

moved from an unfired position to a fired position during a first sequence;

[0007] FIG. 5 is another cross-sectional view of the anvil and the staple cartridge of FIG. 4 illustrating the anvil in

an open position after the firing sequence has been completed;

[0008] FIG. 6 is an exploded perspective view of a tissue thickness compensator and a staple cartridge assembly;

1
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[0009]  FIG. 7 is a partial cross-sectional view of the staple cartridge assembly of FIG. 6, illustrating unfired
staples positioned in staple cavities of a staple cartridge body and partially embedded in a tissue thickness

compensator;

[0010] FIG. 8 is a partial cross-sectional view of the staple cartridge assembly of FIG. 6, illustrating fired staples
ejected from the staple cavities of the staple cartridge body and formed against an anvil, and further illustrating the

tissue thickness compensator and tissue captured within the staple entrapment area of the formed staples;

[0011] FIG. 9 is a partial perspective view of an end effector of a surgical fastening instrument illustrated with
some portions removed and other portions illustrated in cross-section; moreover, a cutting member of the end

effector is illustrated in a partially advanced position;

[0012] FIG. 10 is a partial cross-sectional end view of the end effector of FIG. 9 illustrated with patient tissue
captured between an anvil and a tissue thickness compensator of the end effector; moreover, staples removably
stored within a cartridge body of the end effector are illustrated in an unfired position and the cutting member of the

end effector is illustrated in an unadvanced position which is proximal to the tissue thickness compensator;

[0013] FIG. 11 is a partial cross-sectional end view of the end effector of FIG. 9 illustrated with the staples in a
fired position and the cutting member in a partially advanced position in which the patient tissue has been at least

partially transected;

1A
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[0084] FIG. 12 is a partial cross-sectional end view of the end eficctor of FIG. 9 itlustrated with the stapics in a fired
position and the cutting rember 1t an advanced position in which at least a portion of the tissue thickness
compensator has been transected by the cutting member;

{0033]  FIG. 13 is a perspective view of a fastener cartridge including a tissue thickness corapensator;

[00E6] FIG. 14 is a cross-sectional view of the tissue thickness conipensator of FIG. 13 illustrating a cutting member
positioned relative to a proximai end of the tissue thickness conpeunsator.

{0617]  FIG. 15 is an exploded view of a tissue thickaness compensator assembly;

[6018] FIG. 16 is a perspective view of layer of a tissue thickness conipensator assembiy;

[0019] FI1G. 171

~~3

o

a cross-sectional view of the tissue thickness compensator assembly of FIG. 15;

[0020] FIG. 18 is a cross-sectional perspeciive view of an assembled ussue thickness compensator assernbly and a
mold for assembling the same:;

[602%] FIG. 19 is a perspective view of the assembied tissue thickness cormpensator assembly of FIG. 18;

[0022] FIG. 20 is a perspective view of a tissue thickuess compensator assembly and a motd for assenmbling the
same;

{0023]  FIG. 21 is a perspective view of a tissue thickness compensator assembly and & moid for assembling the
S31me;

[0024] FIG. 22 is a cross-sectional perspeciive view of the tssue thickness compensaior assexnbly of FIG. 2and the
moid of FIG. 21 for assembling the same;

10023]  FIG. 23 is a perspective view of an end effector comprising 2 tissue thickness cornpensaior;

[0026] FIG. 24 is a perspective view of the end effector and the tissue thickness compensator of FIG. 23 and a
modi{ying member modifyiug the tissue ttuckness conpensator;

[0027]  FIG. 25 is a perspective view of the end etiector of FIG. 23 comprising the moditied tissue thickness
compensator of FIG. 24;

[0028] FIG. 26 is a cross-sectional perspeciive view of a tissue thickness compensator:

[0028] FIG. 27 is a cross-sectional perspeciive view ot a mold for modifying the tissue thickness corapensator of
FIG. 26;

[6036] FIG. 28 is a cross-sectional perspective view of the tissue thickness comnpensator of FIG. 26 after
mod:fication by the moid of FIG. 27;

[0031] FIG. 29 is a cross-sectional perspeciive view ot a tissue thickness conipensator;

{0032} FIG. 30 is a cross-sectional perspective view of a moid for modifying the tissue thickness compensator of
FIG. 29;

[0033] FIG. 31 is a cross-sectional perspeciive view of the tssue thickness compensator of FIG. 29 after
modification by the moid of FIG. 30;

{0034}  FIG. 32 is a cross-sectional perspective view of a tissue thickuess corapensator;

[0035] FIG. 33 is a cross-sectional perspective view of a moid for modifyving the tissue thickness conipensator of

FIG. 32
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{0036] FIG. 34 is a cross-sectional perspective view of the tissue thickness compensator of FIG. 32 after
modification by the mwold of FIG, 33;

{0037] FIG. 35 is a cross-sectional perspective view of & tissue thickness conmipensator including & first height;
{0038] FIG. 36 is a cross-sectioual perspective view of the tissue thickness corepensator of FIG. 35 after
modiiication to change the first height to a second height;

{0039} FIG. 37 is a cross-sectional view of a mold for modifying the tissue thickness corapensator of FIG. 35;
{0040] FIG. 38 is a cross-sectional perspective view of a tissue thickness compensator;

{0041] FIG. 39 is a cross-sectional perspective view the tissue thickness compensaior of FIG. 38 after moditication;
[0042] FIG. 40 is a graph illustrating the effect of compression forces on a spring raie of a tissue thickness
cormpensator;

[0043] FIG. 41 is a cross-sectional perspective view of a tissue thickness conipensator;

{0044] FIG. 42 1s a cross-sectional perspective view of a space creator tor maodifying the tissue thickness
compensator of FIG. 41;

[0045]  FIG. 43 is a cross-sectional perspeciive view ot the tissue thickness compensaior of FIG. 41 after
modification by the space creator of FIG. 42;

[0046] FIG. 44 is a partial cross-sectional clevational view of a fastencr cartridge for use with a surgical instrument
ncluding a firing member 12 accordauce with at least one ernbodirnent illustrated with portions removed;

{0047] FIG. 45 is a partial cross-sectional elevational view depicting & tissue thickness conipensator of the fastener
cartridge of FIG. 44 being removed from the fastener cartodge and the firing member of FIG. 44 illustrated i a
iocked-out condition;

[0048] FIG. 46 is a partial perspective view of the tissue thickuess corpensator of FIG. 45;

{0049] FIG. 47 is a partial perspective view a tissue thickness compensator in accordance with at ieast one
crabodiment,

[0050] FIG. 48 is a partial cross-sectional elevational view of an end effector of & surgical instrument comprising a
tastener cartridge including the tissue thickaess compensator of FIG. 47, a sled, and a firing member supported by the
sled ilustrated with portions removed;

{0051] FIG. 49 1s a partial cross-sectional clevational view of the end efiector of FIG. 48 illastrating the tinog
niember i a partially-fired position;

{0052] FIG. S0 is a partial cross-sectional elevational view of the ead etfecior of FIG. 48 illusirating the tissue
thickniess compensator removed fron the fastener cartridge and the firing member in & locked-out condition;

[0053] FIG. 31 is a partial perspective view of a tastener cartridge in accordance with at least one entbodinent
itlustrated with portions removed;

{0034] FIG. 52 is a perspective view of a sled of the fastener cartridge of FIG. 515

{0053] FIG. 53 is a partial perspective view of the fastener cartridge of FIG. 51,

[0056] FIG. 54 is an clevational view of & sled in accordance with at least one embodiment;

[0057)  FIG. S5 is a perspective view of a sled in accordance with at least oue embodiment illustrated in an unlocked

configuration;
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{0058] FIG. 36 is a perspective view of the sled of FIG. 53 illustrated in a locked-out configuration;

[0059] FIG. §7 is a partial cross-sectional elevational view of the sled of FIG. 55 positioned within a fastener
cartridge 1llustrating the sled in its unlocked configuration, a tiring member supported by the sled, and a tissue
thickness compensator of the fasiener cartridge engaged with the sled;

[0060] FIG. 538 is a partial cross-sectional ¢levational view of the tissue thickness compensator oi FIG. 57 being
removed from the fastener cartridge of FIG. §7 which kas placed the sled of FIG. 55 in its focked-out configuration
and the firing member of FIG. 37 in a locked-out condition;

[0061] FIG. 39 is a partial cross-sectional clevational view of a sled positioned at the proximal end of a fastener
cartridge in accordance with at least one embodiment illustrated with portions removed;

[0062] FIG. 60 is a partial cross-seciional elevational view of the sled of FIG. 59 illustrated at the distal end of the
fastener cartridge;

[0063] FIG. 61 is a perspective view of a sled in accordance with at least one embodiment;

[0064] FIG. 62 is a diagram depiciing a staple comprising a plurality of barbs in accordance with at least one
embodiment, wherein the staple is illustrated in an unformed configuration and a detorimed contiguration;

{0065}  FIG. 63 is an elevational view of a staple comprising & plurality of barbs in accordance with at least one
cmbodiment, wherein the stapie is positioned within a staple cavity in an unfired position;

[0066] FIG. 64 is an elevational view of a staple iucluoding a plurality of barbs 10 accordance with at ieast one
embodinent;

{0067] FIG. 65 is an clevational view of a staple including a plurality of barbs in accordance with at least one
embodiment;

[0068] FIG. 66 is an elevational view of a staple iucluding a plurality of barbs 10 accordance with at ieast one
embodinent;

[0069] FIG. 67 is an elevational view of a staple including a plurality of barbs in accordance with at least one
eimbodiment;

[B070] FIG. 68 is an elevational view of the staple including a plurality of barbs in accordance with at least one
embodinient, wherein the staple is positioned within a staple cavity in an unfired position;

{0071] FIG. 69 is a plan view of the stapie and the stapie cavity of FIG. 68;

[0072] FIG. 70 is a partial perspective view of a barbed staple leg in accordance with at least one embodiment;
[B073] FIG. 71 is a partial perspective view of a barbed staple leg of the staple of FIG. 68;

{0074}  FIG. 71 A is a cross-sectional plan view of the barbed staple leg of FIG. 71;

{0075] FIG. 72 is a partial perspective view of a barbed staple leg in accordance with at least one embodinient; and

[0076] FIG. 73 is a partial perspective view of a barbed staple leg in accordance with at least one embodiment.

DETAILED DESCRIPTION
{0077} The Applicant of the present application also owns the U.S. Patent Applications identitied below which are

cach berein incorporated by reference in their respective entirety:
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U.S. Patent Application Serial No. 12/894,31 1, entitled SURGICAL INSTRUMENTS WITH
RECONFIGURABLE SHAFT SEGMENTS; now U.S. Patent Publication No. 2012/0080496;

U.S. Patent Application Serial No. 12/894,340, entitled SURGICAL STAPLE CARTRIDGES
SUPPORTING NON-LINEARLY ARRANGED STAPLES AND SURGICAL STAPLING INSTRUMENTS WiTH
COMMON STAPLE-FORMING POCKETS; now U.S. Patent Publication No. 2012/0080432:;

U.S. Paicut Application Serial No. 12/894,327, cutitled JAW CLOSURE ARRANGEMENTS FOR
SURGICAL INSTRUMENTS; now U.S. Patent Publication No. 2012/06806499;

U.S. Patent Application Senal No. 12/894,351, entitled SURGICAL CUTTING AND FASTENING
INSTRUMENTS WITH SEPARATE AND DISTINCT FASTENER DEPLOYMENT AND TISSUE CUTTING
SYSTEMS; now U.S. Patent Pubiication No. 20120080502,

U.S. Patent Application Senial No. 12/894,338, entitled IMPLANTABLE FASTENER CARTRIDGE
HAVING A NON-UNIFORM ARRANGEMENT; now U.S. Pateut Publication No. 2012/0080481;

U.S. Patent Application Serial No. 12/894,369, eatitled IMPLANTABLE FASTENER CARTRIDGE
COMPRISING A SUPPORT RETAINER; now U.S. Patent Publication No. 2012/0080344;

U.S. Patent Application Sertal No. 12/894,312, entitled IMPLANTABLE FASTENER CARTRIDGE
COMPRISING MULTIPLE LAYERS; now U.S. Patent Publication No. 2012/0080479;

LS. Patent Application Serial No. 12/894,377, enzitled SELECTIVELY ORIENTARBLE IMPLANTARBLE
FASTENER CARTRIDGE; now U.S. Pateant No. 8,393,514;

U.S. Patent Application Senal No. 12/8394,339, entitled SURGICAL STAPLING INSTRUMENT WITH
COMPACT ARTICULATION CONTROL ARRANGEMENT; now U.S. Patent Publication No. 2012/0680500;

(LS. Paient Applicaton Serial No. 12/894,360, entitled SURGICAL STAPLING INSTRUMENT WITH A
VARIABLLE STAPLE FORMING SYSTEM,; now U.S. Patent Publication No. 2012/0080484;

U.S. Patent Application Senal No. 12/894,322, entitled SURGICAL STAPLING EINSTRUMENT WITH
INTERCHANGEABLE STAPLE CARTRIDGE ARRANGEMENTS; now U.S. Patent Publication No.
2012/6080501;

U.S. Patent Application Serial No. 12/894,350, entitled SURGICAL STAPLE CARTRIDGES WITH
DETACHABLE SUPPORT STRUCTURES; now U.S. Paten: Publication No. 2012/0080478;

U.S. Patent Application Serial No. 12/894,383, entitled IMPLANTABLE FASTENER CARTRIDGE
COMPRISING RIOABSORBABLE LAYERS; now U.S. Patent Pubiication No. 2012/0080345;

U.S. Patent Application Seral No. 12/894,389, entitled COMPRESSIBLE FASTENER CARTRIDGE; now
U.S. Patent Publication No. 2012/0080335;

LS. Paient Application Serial No. 12/894,345, entitled FASTENERS SUPPORTED RY A FASTENER
CARTRIDGE SUPPORT; now U.S. Patent Publication No. 2012/0080483;

U.S. Patent Application Senal No. 12/894,306, entitled COLLAPSIBLE FASTENER CARTRIDGE; now
U.S. Patent Publication No. 2012/0080332;
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U.S. Patent Application Serial No. 12/894,318, entitled FASTENER SYSTEM COMPRISING A
PLURALITY OF CONNECTED RETENTION MATRIX ELEMENTS: now U.S. Patent Publication No.
2012/0080480;

U.S. Patent Application Serial No. 12/894,330, entitled FASTENER SYSTEM COMPRISING A
RETENTION MATRIX AND AN ALIGNMENT MATRIX; now U.S. Patent Publication No. 2012/0080503;

LS. Paient Application Serial No. 12/894.361, entitled FASTENER SYSTEM COMPRISING A
RETENTION MATRIX; now U.S. Patent No. &,529,600;

U.S. Patent Application Serial No. 12/894,367, eatitled FASTENING INSTRUMENT FOR DEPLOYING A
FASTENER SYSTEM COMPRISING A RETENTION MATRIX; now U.S. Patent Publication No. 2012/0080485;
.S, Patent Application Serial No. 12/894,388, entitled FASTENER SYSTEM COMPRISING A

RETENTION MATRIX AND A COVER; now U.S. Patent No. 8,474,677,

U.S. Patent Application Serial No. 12/894,376, entitled FASTENER SYSTEM COMPRISING A
PLURALITY OF FASTENER CARTRIDGES; now U.S. Patent Pubiication No. 2012/0080486;

Ui.S. Paient Application Serial No. 13/097 865, entitled SURGICAL STAPLER ANVIL COMPRISING A
PLURALITY OF FORMING POCELTS; now U.S. Patent Publication No. 2012/008048§;

U.S. Patent Application Serial No. 13/097,936, eatitled TISSUE THICKNESS COMPENSATOR FOR A
SURGICAL STAPLER; now U.S. Patent Publication No. 2012/0080339;

U.S. Patent Application Serial No. 13/097.954, entitled STAPLE CARTRIDGE COMPRISING A
VARIARLE THICKNESS COMPRESSIBLE PORTION: now U.S. Patent Publication No. 2012/0080340;

U.S. Patent Application Serial No. 13/097,856, eatitled STAPLE CARTRIDGE COMPRISING STAPLES
POSITIONED WITHIN A COMPRESSIBLE PORTION THEREOF; now U S. Patent Publication No.
2012/0080336;

U.S. Patent Application Serial No. 13/097,928, eatitled TISSUE THICKNESS COMPENSATOR
COMPRISING DETACHABLE PORTIONS: now U.S. Patent Publication No. 2012/0080490;

LS. Paient Application Serial No. 13/097 891, cutitled TISSUE THICKNESS COMPENSATOR FOR A
SURGICAL STAPLER COMPRISING AN ADJUSTABLE ANVIL; now U.S. Patent Publication No. 2012/0080489;

U.S. Patent Application Serial No. 13/097,948, eatitled STAPLE CARTRIDGE COMPRISING AN
ADJUSTABLE DISTAL PORTION; now U.S. Patent Publication No. 2012/0083836;

LS. Patent Application Serial No. 13/097,907, euiitled COMPRESSIBLE STAPLE CARTRIDGE
ASSEMBLY; now U.S. Patent Publication No. 2012/008033§;

U.S. Patent Application Serial No. 13/097,861, eatitled TISSUE THICKNESS COMPENSATOR
COMPRISING PORTIONS HAVING DIFFERENT PROPERTIES: now U.S. Patent Publication No. 2012/0080337;

U.S. Patent Application Serial No. 13/097,869, entitled STAPLE CARTRIDGE LOADING ASSEMBLY;
now .S, Patent Publication No. 2012/0160721;

U.S. Patent Application Serial No. 13/097,917, entitled COMPRESSIBLE STAPLE CARTRIDGE
COMPRISING ALIGNMENT MEMBERS; now U.S. Patent Publication No. 2012/0083834,
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U.S. Patent Application Serial No. 13/097 873, entitled STAPLE CARTRIDGE COMPRISING A
RELEASABLE PORTION; vow U.S. Patert Publication No. 2012/0083833;

U.S. Patent Application Serial No. 13/097,938, entitled STAPLE CARTRIDGE COMPRISING
COMPRESSIBLE DISTORTION RESISTANT COMPONENTS; now U.S. Patent Publication No. 2012/0080491;

U.S. Patent Application Serial No. 13/097,924, eatitted STAPLE CARTRIDGE COMPRISING A TISSUE
THICKNESS COMPENSATOR; now U1.S. Patent Publication No. 2012/0083835;

U.S. Patent Application Serial No. 13/242,029, eatitled SURGICAL STAPLER WITH FLOATING ANVIL;
now LIS, Patent Publication No. 2012/0080493;

U.S. Patent Application Serial No. 13/242,066, eatitled CURVED END EFFECTOR FOR A STAPLING
INSTRUMENT,; now [LS. Patent Publication No. 2012/0080498;

U.S. Patent Application Senal No. 13/242,086, entitled STAPLE CARTRIDGE INCLUDING
COLLAPSIBLE DECK; now U.5. Patent Publication No. 2013/0075450;

U.S. Patent Application Serial No. 13/241,912, eatitled STAPLE CARTRIDGE INCLUDING
COLLAPSIBLE DECK ARRANGEMENT;, now U.S. Patent Publication No. 2013/0075448;

U.S. Patent Application Sertal No. 13/241,922, entitled SURGICAL STAPLER WITH STATIONARY
STAPLE DRIVERS; now U.S. Patent Publication No. 2013/0075449;

.S, Patent Application Serial No. 137241637, entitled SURGECAL INSTRUMENT WITH TRIGGER
ASSEMBLY FOR GENERATING MULTIPLE ACTUATION MOTIONS; now U.S. Patent Publication: No.
2012/0074201;

U.S. Patent Application Serial No. 13/241,629, eatitted SURGICAL INSTRUMENT WITH SELECTIVELY
ARTICULATARBLE END EFFECTOR; now U.S. Patent Publication No. 2312/0074200;

U.S. Application Serial No. 13/433,096, eatitled TISSUL THICKNESS COMPENSATOR COMPRISING A
PLURALITY OF CAPSULES; now U.S. Patent Publication No. 2012/0241496;

U.S. Application Serial No. 13/433,103, eatitied TISSUE THICKNESS COMPENSATOR COMPRISING A
PLURALITY OF LAYERS; now U.S. Patent Pubiication No. 2012/0241498,;

U.S. Application Sertal No. 13/433,098, eatitled EXPANDABLE TISSUE THICKNESS COMPENSATOR;
now U.S. Patent Publication No. 2012/0241491;

U.S. Application Serial No. 13/433,102, entitied TISSUE THICKNESS COMPENSATOR COMPRISING A
RESERVOIR: now .5, Patent Publication No. 2012/0241497;

U.S. Application Sertal No. 13/433,114, eatitled RETAINER ASSEMBLY INCLUDING A TISSUE
THICKNESS COMPENSATOR; now U.S. Patent Publication No. 2012/0241499;

U.S. Application Serial No. 13/433,136, entitled TISSUE THICKNESS COMPENSATOR COMPRISING
AT LEAST ONE MEDICAMENT,; now U.S. Patent Publication No. 2012/0241492;

U.S. Applicatiot Senal No. 13/433,141, entitied TISSUE THICKNESS COMPENSATOR COMPRISING
CONTROLLED RELEASE AND EXPANSION; now U.S. Pateat Publication No. 2012/0241493;

LS. Application Serial No. 13/433,144, entitled TISSUL THICKNESS COMPENSATOR COMPRISING
FIBERS TO PRODUCE A RESILIENT LOAD; now U.S. Patent Publication No. 2012/0241500;
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U.S. Application Serial No. 13/433,148, entitied TISSUE THICKNESS COMPENSATOR COMPRISING
STRUCTURE TO PRODUCE A RESILIENT LOAD; now U.S. Patent Publicasion No. 2012/0241501;

U.S. Application Serial No. 13/433,153, entitied TISSUL THICKNESS COMPENSATOR COMPRISING
RESILIENT MEMBERS: now U.S. Patent Publication No. 2012/0241502;

U.S. Application Serial No. 13/433,163, eatiticd METHODS FOR FORMING TISSUTL THICKNESS
COMPENSATOR ARRANGEMENTS FOR SURGICAL STAPLERS; niow U.S. Patent Publication No.
2012/0248169;

U.S. Application Senal No.13/433,167 entitled TISSUE THICKNESS COMPENSATORS; now U.S. Patent
Publication No. 2012/6241503;

U.S. Application Serial No. 137433173, entitled LAYERED TISSUE THICKNESS COMPENSATOR; now
U.S. Patent Publication No. 2012/0253298;

U.S. Application Sental No. 13/433,179, entitied TISSUE THICKNESS COMPENSATORS FOR
CIRCULAR SURGICAL STAPLIRS; now U.S. Patent Pubtication No. 2012/0241505;

U.S. Application Serial No. 13/763,028, eatitled ADHESIVE FILM LAMINATE; now U.S. Patent
Pubiication No. 2013/0146643,

U.S. Application Serial No. 13/433,115, eatitied TISSUE THICKNESS COMPENSATOR COMPRISING
CAPSULES DEFINING A LOW PRESSURE ENVIRONMENT; now U.S. Patent Publication No. 2013/0236372;

U.S. Application Serial No. 13/433,118, eatitied TISSUL THICKNESS COMPENSATOR COMPRISED OF
A PLURALITY OF MATERIALS; now U.S. Patent Publicason No. 2013/0256365;

U.S. Application Serial No. 13/433,135, eatiticd MOVABLE MEMBER FOR USE WITH A TISSUE
THICKNESS COMPENSATOR; now tJ.S. Pateat Pubiication No. 2013/0286382;

U.S. Application Serial No. 13/433,140, entitied TISSUL THICKNESS COMPENSATOR AND METHOD
FOR MAKING THE SAME; now U.S. Patent Publication No. 2013/0256368;

U.S. Application Serial No. 13/433,129, entitied TISSUE THICKNESS COMPENSATOR COMPRISING A
PLURALITY OF MEDICAMENTS: now U.S. Patent Publication No. 2013/0256367;

U.S. Application Seriai No. 11/216,562, entitied STAPLE CARTRIDGES FOR FORMING STAPLES
HAVING DIFFERING FORMED STAPLE HEIGHTS, now U.S. Patent No. 7,669,746,

U.S. Application Serial No. 11/714,049, entitied SURGICAL STAPLING DEVICE WITH ANVIL
HAVING STAPLE FORMING POCKETS OF VARYING DEPTHS, now U.S. Patent Puhiication No.
2007/0194082;

U.S. Application Serial No. 11/711,979, eatitied SURGICAL STAPLING DEVICES THAT FRODUCE
FORMED STAPLES HAVING DIFFERENT LENGTHS, now US. Patent No. §,317,070;

U.S. Application Serial No. 11/711,975, entitied SURGICAL STAPLING DEVICE WITH STAPLE
DRIVERS OF DIFFERENT HEIGHT, now U.S. Patent Publication No. 2007/0194079;

U.S. Application Serial No. 11/711,977, eatitied SURGICAL STAPLING DEVICE WITH STAPLE
DRIVER THAT SUPPORTS MULTIPLE WIRE DIAMETER STAPLES, now U.S. Patent No. 7,673,781;
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U.S. Application Serial No. 11/712,315, entitied SURGICAL STAPLING DEVICE WITH MULTIPLE
STACKED ACTUATOR WEDGE CAMS FOR DRIVING STAPLE DRIVERS, now US. Pateat No. 7,580,979,

U.S. Application Serial No. 12/038,939, entitled STAPLE CARTRIDGES FOR FORMING STAPLES
HAVING DIFFERING FORMED STAPLE HEIGHTS, now U.S. Patent No. 7,934,630,

U.S. Application Serial No. 13/020,263, entitied SURGICAL STAPLING SYSTEMS THAT PRODUCE
FORMED STAPLES HAVING DIFFERENT LENGTHS, now U.S. Patent Publication No. 2011/0147434;

U.S. Application Sertal No. 13/118,278, entitled ROBOTICALLY-CONTROLLED SURGICAL
STAPLING DEVICES THAT PRODUCE FORMED STAPLES HAVING DIFFERENT LENGTHS, now U.S.
Patent Publication No. 201 1/0290851 ;

LS. Application Serial No. 13/369,629, entitled ROBOTICALLY-CONTROLLED CABLE-BASED
SURGICAL END EFFECTORS, now U.S. Patent Publication No. 2012/0138660;

U.S. Application Sertal No. 12/695,359, entitied SURGICAL STAPLING DEVICES FOR FORMING
STAPLES WITH DIFFERENT FORMED HEIGHTS, now U.S. Patent No. 8,464,923;

LIS, Application Serial No. 13/072,923, entitled STAPLE CARTRIDGES FOR FORMING STAPLES
HAVING DIFFERING FORMED STAPLE HEIGHTS, now U.S. Patent No.8,567,656;

U.S. Application Serial No. 13/766,325, entitied LAYER OF MATERIAL FOR A SURGICAL END
EFFECTOR; now U.S. Patent Publication No. 2013/0256380;

U.S. Application Serial No. 13/763,078, entitted ANVIL LAYER ATTACHED TO A PROXIMAL END OF
AN END EFFECTOR: now U.S. Patent Publication No. 2013/0236383;

U.S. Application Serial No. 13/763,094, entitied LAYER COMPRISING DEPLOYABLE ATTACHMENT
MEMBERS; now U.S. Patent Publication No. 2013/0256377,

U.S. Application Serial No. 13/763,106, entitted END EFFECTOR COMPRISING A DISTAL TISSUL
ABUTMENT MEMBER; now U.S. Patent Publication No. 2013/0256378;

U.S. Application Seriai No. 13/433,147, entitied TISSUE THICKINESS COMPENSATOR COMPRISING
CHANNELS; now U.S. Patent Publication No. 2013/0256369;

U.S. Application Sertal No. 13/763,112, entitled SURGICAL STAPLING CARTRIDGE WITH LAYER
RETENTION FEATURES; now U.S. Patent Publication No. 2013/0256379;

U.S. Application Seriai No. 13/763,035, entitied ACTUATOR FOR RELEASING A TISSUE THICKNESS
COMPENSATOR FROM A FASTENER CARTRIDGE; now U.S. Patent Publication No. 2013/0214030;

U.S. Application Serial No. 13/763,042, entitled RELEASABLE TISSUE THICKNIESS COMPENSATOR
AND FASTENER CARTRIDGE HAVING THE SAME; now U.S. Patent Publication No. 2013/0221063;

U.S. Applicaton Serial No. 13/763,048, entitled FASTENER CARTRIDGE COMPRISING A
RELFASABLE TISSUE THICKNESS COMPENSATOR; now U.S. Patent Publication No. 2013/0221064;

U.S. Application Senal No. 13/763,054, entitied FASTENER CARTRIDGE COMPRISING A CUTTING
MEMBER FOR RELEASING A TISSUE THICKNESS COMPENSATOR;
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U.S. Application Sertal No. 13/763,065, entiticd FASTENER CARTRIDGE COMPRISING A
RELEASABLY ATTACHED TISSUE THICKNESS COMPENSATOR; now U.S. Patent Publication No.
2013/0221065;

U.S. Application Senal No. 13/763,021, entitled STAPLE CARTRIDGE COMPRISING A RELEASABLE
COVER;

LS. Application Serial No. 13/763,078, entitled ANVIL LAYER ATTACHED TO A PROXIMAL ENTY OF
AN END EFFECTOR: now U.S. Patent Publication No. 2013/6256383;

U.S. Application Sertal No. 13/763,095, eatiticd LAYER ARRANGEMENTS FOR SURGICAL STAPLE
CARTRIDGES; now U.S. Patent Publication No. 2013/161374;

LS. Application Serial No. 13/463,147, eatitled IMPLANTARLE ARRANGEMENTS FOR SURGICAL
STAPLE CARTRIDGES: now U.S. Patent Publication No. 2013/0292398;

U.S. Application Serial No. i3/763,192, entitted MULTIPLE THICKNESS IMPLANTARLE LAYERS FOR
SURGICAL STAPLING BEVICES; now U.S. Patent Publication No. 2013/0146642;

LS. Application Serial No. 13/763,161, entitled RELEASABLE LAYER OF MATERIAL AND
SURGICAL END EFFECTOR HAVING THE SAME; now U.S. Patent Publication No. 2013/0153641;

U.S. Application Serial No. 13/763,177, entiticd ACTUATOR FOR RELEASING A LAYER OF
MATERIAL FROM A SURGICAL END EFFECTOR; now U.S. Patent Publication No. 2013/0146641;

U.S. Application Serial No. 13/763,037, entitled STAPLE CARTRIDGE COMPRISING A
COMPRESSIBLE PORTION;

U.S. Application Serial No. 13/433,126, eatitied TISSUE THICKNESS COMPENSATOR COMPRISING
TISSUE INGROWTH FEATURES; now 1J.S. Patent Publication No. 2013/02563066;

U.S. Application Serial No. 13/433,132, entitled DEVICES AND METHODS FOR ATTACHING TISSUE
THICKNESS COMPENSATING MATERIALS TO SURGICAL STAPLING INSTRUMENTS; now U.S. Paten:
Publication No. 2013/0256373.

LS. Application Serial No. 13/851,703, eatitled FASTENER CARTRIDGE COMPRISING A TISSUE
THICKNESS COMPENSATOR INCLUDING OPENINGS THEREIN;

U.S. Application Sertal No. i3/851,676, eatitied TISSUE THICKNESS COMPENSATOR COMPRISING A
CUTTING MEMBER PATH;

LS. Application Serial No. 13/851,693, eatitled FASTENER CARTRIDGE ASSEMRBLIES; and

U.S. Application Serial No. 13/851,684, entitled FASTENER CARTRIDGE COMPRISING A TISSUE
THICKNESS COMPENSATOR AND A GAP SETTING ELEMENT.

{B078]  Applicant of the present application alse owns the {oilowing patent applicatons that were filed on even date
herewith and which are cach herein incorporated by reference in their respective entireties:

U.S. Patent Application Senial No. , entitied STAPLE CARTRIDGE INCLUIMNG A BARBED
STAPLE, Atiorney Docket No. END7439USNP;

(LS. Patent Applicaton Serial No. . entitled STAPLE CARTRIDGE INCLUDING A BARBED
STAPLE, Attomey Docket No. END7440USNP;
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U.S. Patent Application Seriai No._ , entitied IMPLANTABLE LAYERS COMPRISING A
PRESSED REGION, Attorney Docket No. END7348USNP/130323;
U.S. Patent Application Serial No._ .entitled IMPLANTABLE LAYERS AND METHODS FOR

ALTERING ONE OR MORE PROPERTIES OF IMPLANTABLE LAYERS FOR USE WITH FASTENING
INSTRUMENTS, Attorey Docket No. END7348USNP/130324;
U.S. Paent Application Serial No. , eutitled IMPLANTABLE LAYERS AND METHODS FOR

MODIFYING THE SHAPE OF THE IMPLANTABLE LAYERS FOR USE WITH A SURGICAL FASTENING
INSTRUMENT, Attorney Docket No. END7347USNP/130325;

U.S. Patent Application Serial No. , entitied IMPLANTABLE LAYER ASSEMBLIES, Attorney
Docket No. END7346USNP/130326;

U.S. Patent Application Serial No. , entitled IMPLANTABLE LAYERS COMPRISING A
PRESSED REGION, Attorney Procke: No. END7345USNP/130327; and

U.S. Patent Application Serial No. , entitied FASTENING SYSTEM COMPRISING A FIRING

MEMBER LOCKOUT, Aitorney Docket No. END7350UISNP/ 130328,

{0079] Certain exemplary embodiments will now be described to provide an overall understanding of the principles
of the structure, function, manufaciure, and use of the devices and methods disclosed herein. One or more exaniples
of these embodiments are 1ilustrated in the accompanying drawings. Those of ordinary skiil in the art will undecstand
that the devices and methods specifically described herein and illustrated in the accompanying drawings are non-
bmiting exeraplary ercbodiments and that the scope of the various embodiments of the present invention is defined
solely by the claims. The features iilustrated or described in connection with one exemplary enbodinient may be
corebined with the features of other erebodiments. Sucli roodifications and variations are intended to be included
within the scope of the present invention.

[

{0B83] The terms "comprise” (and auy forn of coraprise, such as "comprises” and "comprising™), "have” (and any

form of have, such as "has" and "having"}, "include" (and any torm: of include. such as "izcludes” and "including™)

aud “contain® (and any forin of contain, such as "contaius” aud “containing”) are open-ended Hoking verbs. As a
resuit, a surgical system, device, or apparatus that "comprises,” "has,” "includes” or "contains” one or more elements
possesses those one or more elernents, but is not limited to possessing only ihose one or more ciements. Likewise, an
element of a system, device, or apparatus that "comprises.” "has," "includes" or "contains” one or more features
possesses those one or 1nore features, but is not linited 10 possessing only those one or more features.

{0081]  The terms “proximal’” and “distal” are used herein with reference to a clinician manipuiating the handle
portion of the surgical instmament. The term “proximal” referring to the portion closest to the clinician and the term
“distal” refernug to the portion located away frow the clinician. It will be further appreciated that, for conveunience

L2

and clarity, spatial terms such as “vertical”, “horizontal”, “up”, and “down” may be used herein with respect to the
drawings. However, surgical instiurnents are used in many orlentatious aud positions, and these terms are not
intended to be liniting and/or absolute.

{B082] Various exeraplary devices and methods are provided for performing laparoscopic and minimally invasive

surgical procedures. However, the person of ordinary skiil in the art will readily appreciate that the various roethods

1
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and devices disclosed herein can be used in numerous surgicai procedures and applications including, for example, in
contection with open surgical procedures. As the present Detazled Pescription proceeds, those of ordinary skill in the
art will further appreciate that the various instruments disclosed herein can be inserted into @ body in any way, such as
through a natural orifice, through au incision or puncture hole fooued in tissue, etc. The working pottions or end
etfector portions of the instruments can be inserted directly into a patient’s body or can be inserted through an access
device that has a working channel through which the end etfector and elongated shatt of a surgical insirnment can be
advanced.

{6083] Tuming to the Drawings wherein like numnerals denote tike components throughout the several views, FIG. ]
Hlustrates ar exemplary surgical stapling and severing instrument 8010 suitable for use with a tissue thickness
corapensator assembly as described in greater detail below. The surgical stapling and severing instrument 8610 can
comprise an anvil 8014 which may be repeatedly opened and closed about its pivotal attachment to an elongate staple
channel 8016. A stapic applying asserubly 8012 may coreprise the anvil 8014 and the channel 8016, wherein the
assembly 8012 can be proximally attached to an elongate shaft 8018 forming an implement portion 8022. When the
stapic appiying assembly 8012 is closed, or at least subsiautially closed, the ireplement portion 8022 can present a
sufficiently small cross-section suitable for inserting the staple applying assembly 8012 through a trocar. In various
circumstances, the assembly 8012 can be manipulated by a handle 8020 connected to the shaft 8018, The handle 8020
can comprise user controls such as a rotation knob 8030 that rotates the elongate shafl 8018 and the stapie applying
assembly 8012 about 2 longitudinal axis of the shaft 8018, A closure trigger 8026, which can pivet in front of @ pistol
grip 8036 to close the siapie applytug assembly 8012, A closure release buiton 8038 can be outwardly presenied on
the handle 8020 when the closure trigger 8026 is clamped such that the release button 8038 can be depressed to
unclaxop the closure trigger 8026 and open the staple applying asserubly 8012, for exampie. A firing wigger 8034,
which can pivot in front of the closure trigger 8026, can cause the stapic applying assembly 8012 to simuitancously
sever and staple tissue clarnped therein. In various circurnstacces, runliple firing strokes can be ereploved using the
firing trigger 8034 1o reduce the amount of torce reguired to be applied by the surgeon's hand per stroke. In certain
embodiments, the handie 8020 can comprise one or more rotatable indicator wheels such as, for example, rotatabie

indicator wheel 804 1which can indicate the firing progress. A manual firing release lever 8042 can allow the {iring

system to be retracied before fuil firing travel has been compicted, it desired, and, in addition, the firing relecase lever
8042 can allow a surgeon, or other clinician, to reiract the firing system in the event that the firing system binds and/or
tfails. Additional details ou the surgical stapling and severing instrument 8010 and other surgical stapling and severing
instruments suitable for use with the present disclosure are described, for example, in U.S. Patent Application No.
13/851,693, entitled FASTENER CARTRIDGE ASSEMBLY, and filed on March 27, 2013, the entire disclosure of
which is incorporated herein by reference. Furdhiermore, powered surgical stapling and severing mstruments can also
be utilized with the present disclosure. See, for example, U.S. Patent Application Publication No. 2004/0080763 Al,
entitied POWERED SURGICAL STAPLING DEVICE, aud filed on August 8, 2008, the entire disclosure of which 13
incorporated herein by reference.

{B084] With reference to FIGS. 2 and 3, a firing assembly such as, for exaruple, firing assembly 9090 can be atilized

with the surgical stapling and severing instrument 8010 to advance a wedge sled 9126 which comprises a plurality of
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wedges 9204 configured to deploy staples from the staple applying assembly 8012 into tissue captured between the
anvil 8014 and the clongate stapic channel 801 6. Furtheruore, an E-beare 9102 at a distal portion of the firing
assembly 9090 may facilitate separate closure and tiring as well as spacing of the anvil 8014 from the elongate staple
channei 8016 during firing. The E-beam 9102 reay include a pair of top pins 9110, a pair of middle pins 9112 which
may follow portion 9218 of the wedge sled 9126, and a bottom pin or oot 9114, as well as a sharp cutting edge 9116
witich can be configured to sever the captured iissue as the finng assembly 9090 is advanced distaily. In addition,
integrally formed and proximally projecting top gude 9118 and middle guide 9120 bracketing each vertical end of the
cutiing edge 9116 may turther define a tissue staging arca 9122 assisting in guiding tissue to the sharp cutting edge
9116 prior to being severed. The middle guide 9120 may also serve 1o engage and fire the staple applying assembly
8012 by abutting a stepped central member 9124 of the wedge sied 9126 (FIG. 2 that effects staple formation by the
staple applying assembly 801Z.

{0883] In various circumstances, a staple cartridge can comprise means for compensating for thickness of tissue
captured within staples deployed from a staple cartridige. Referring to FIG. 4, a staple cartridge, such as staple
cartridge 10000, for exampie, can be utilized with the surgical stapling and severing instrument 8010 and can include
arigid first portion, such as support portion 10010, for example, and & compressibie second portion, such as tissue
thickness compensator 10020, for example. The support portion 10010 can comprise a cartridge body and & plurality
of staple cavities 10012, A stapie 10030, for example, can be removably positioned in each staple cavity 10012.
Referring primarily to FIGS. 4 and 5, each staple 10030 can comprise a base 10031 and one or more legs 10032
extending from the base 10031, Prior to the staples 10030 berng deployed, the bases 10031 of the stapies 10030 can
be supported by staple drivers positioned within the support portion 10010 and, concurrently, the legs 16032 of the
staples 10030 can be at least partially contained within the staple cavities 10012, In various circumstances, the staples
10030 can be deployed between an unfired position and a iired position such that the legs 10032 move through the
tsste thickness compensator 10020, penetrate through a top suctace of the issue thickness compensator 10020,
penetrate the tissue T, and contact an anvii positioned opposite the stapie cartridge 10000, As the legs 10032 are
detorrned against the anvil, the legs 10032 of each staple 10030 can capiure a portion of the tissue thickness
compensater 10020 and a portion of the tissue T within each staple 10030 and apply & compressive force to the tissue.
Further 1o the above, the iegs 10032 of each stapie 10030 can be defonmed downwaridly toward the base 10031 of the
staple to forn a staple entrapment area in which the tissue T and the tissue thickness compensator 10020 can be
captured. In various circumstances, the siaple entrapment area can be defined between the inner surfaces of the
deformed legs 10032 and the inner surface of the base 10031, The size of the entrapment area for a staple can depend

on several fa

rs such as the length of the legs, the diameter of the legs, the width of the base, and/or the extent in
which the legs are deformed. for exampie.

{0086] In use, further to the above and referring primarily to FIG. 4, an anvil, such as anvii 8014 of the surgical
stapling and severing instrument 8010, can be moved 1ato a closed position opposite the staple cartridge 10000 by
depressing the closure trigger 8026 to advance the E-beam 9102, The anvil 8014 can position tissue against the tissue
thickness compensator 10020 and, in various circumstances, compress the tissue thickness comypensaior 10020 against

the support portion 10010, for example. Once the anvil 8014 has been suitably positioned, the staples 10030 can be
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deployed, as also illustrated in FIG. 4. In various circumstances, as mentioned above, a staple-tiring sled 10030,
which is siruilar in yoany respects to the sled 9126 (See FIG. 3), can be moved from a proxirnal end of the staple
cartridge 10000 toward a distal end 10002, as illustrated in FIG. 3. As the firing assembly 9090 is advanced, the sled
10656 can contact the staple drivers 10040 and lift the siaple dovers 10040 upwardly within the staple cavities 10012.
In at least one exampie, the sled 16050 and the staple drivers 10040 can each comprise one or more ramps, or inclined
surfaces, which can co-operate to move the staple drivers 10040 gpwardly from their unfired positions. As the stapie
drivers 10040 are litted upwardly within their respective staple cavities 10012, the staple drivers 10040 can Lift the
staples 10030 upwardly such that the staples 10030 can emerge from their staple cavities 10012, In various
circumstances, the sled 1005¢ can move several staples upwardly at the same time as part of a firing seguence.

{00871  As discussed above, and referring to FIG. S, the staple legs 10032 of the staples 10030 can extend into the
compensater 10020 beyond the support portion 10010 when the staples 10030 are in their unfired positions. in
various circurnsiances, the tips of the staple legs 10032, or any other portion of the staple legs 10032, rnay not
protrude through a top tissue-contacting surface 10021 of the tissue thickness conmpensator 10020 when the staples
10030 are in their unfired positions. In certain circumstances, the tips of the staple legs 10032 can comprise sharp tips
which can incise and penetrate the tissue thickmess compensator 10020,

{0088] In various circumstances, it may be preferable to prevent and/or limit frictional forces between a tissue
thickniess corupensator and a stapie. Referong now 10 FIGS. 6-8, a tissue thickness coripensator 20220 for use with a
staple cartridge assembly 20200 can include a plurality of cicarance apertures 20224 extending at least partially
through the tissue thickness coripensator 20220, Ju various circumstances, the staple cartridge assembly 20200 can
include a staple cartridge body 20210 and a tissue thickness compensator 20220 releasably secured reiative to the
staple cartridge body 20210. The cartridge body 20210 can include a cartridge deck 20211 and a piurabity of staple
cavities 20212 defined through the cartridge deck 20211 and into the body of the staple cartridge body 20210, for
example. Stapics 20230 can be removably positioned 1o the staple cavities 20212, for example. The tissue thickness
compensator 20220 can include a tissue-contacting surface 20221 (FIG. 7} and a deck-contacting surface 20222 (FIiG.

>

6). The deck-coutaciing surface 20222 can be releasabiy positioned against the deck 20211 of the cartridge body
20210, for exaniple, and the tissue-contacting surface 20221 can be positioned against tissue T to be stapled, for
example. Clearance apertures 20224 can extend through the deck-contacting surtace 20222 and into the issue
tlnckness conpensator 20220 and may comprise holes, slits, gaps, bores, openings, and/or cleared pathways, for
exampie, withia the tissue thickness compensator 20220.

{0089] Refernng pomarily to FIGS. 7 and 8, staples 20230 can be positioned in the staple cavities 20212 of the
cartridge body 20210. EFach staple 20230 can include a base 20231 and a pair of staple legs 20232, for example,
which cant extend from the base 20231, Fach staple leg 20232 can extend frorn opposiie ends of the base 20231,
Referring primarily to FIG. 7, one or more of the clearance apertures 20224 in the tissue thickness compensator 20220
cansaclude au opening in the deck-coutacting surface 20222, The opening of a clearance aperture 20224 can be
aligned with a corresponding staple leg 20232 that is positioned in a staple cavity 20212, For exaniple, a single staple
leg 20232 can be aligned with the opening of a single clearance aperture 20224 wheu the tssue thickness compensaior

20220 is secured relative to the cariridge body 202190, In certain circumstances, a staple leg 20232 can extend into
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cach clearance aperture 20224, such that at least a portion of the staple 20230 is embedded in the tissue thickness
cornepensator 20220, for example. For example, referring prinarily to FIG. 7, a staple 20230 can inclode 2 first staple
leg 20232a and a second staple leg 20232b. Furthermore, the tissue thickness compensator 20220 can inciude a first
clearance aperiure 20224a aligned with the first staple leg 20232a, and a secoud clearance aperture 20224b aligned
with the second staple leg 20232b, for example. Prior to deployment of the staple 20230, the first staple leg 20232a
can extend pariially through the first clearance aperture 202242, and the second staple leg 20232b can extend partially
through the second clearance aperture 20224b, for example. The tissue thickness compensator 20220 can include
additional clearance apertures 20224 that are a0 aligned with staple legs 20232, for example. Iu certain
circumstances, the staple cartridge assembly 20200 can include additional staples 20230 and/or staple legs 20232 that
are not aligned with clearance aperiures 20224, for example.

{0090}  The staples 20230 can be moveable from an unfired configuration (FIG. 7) to a fired configuration (F1G. 8).
Each staple 20230 can be moved along a stapie axis when moving between the unfired configuration and the fired
coniiguration. When in the unfired configuration, the staple legs 20232 can extend from: the staple cavities 20212 and
nto the tssue thickness compensator 20220, for exampie. The staple legs 20232 can be partiaily embedded in the
tissue thickness compensator 20220 when the staples 20230 are in the unfired configuration, for example.
Furthermore, at least a portion of the staple legs 20232 can be aligned with and/or positioned within the clearance
apertures 20224 of the tissue thickness compensator 20220 when the staples are 1u the unfired configuration, for
exampic. In other circumstances, the staple legs 20232 can be positioned entirely within the staple cavity 20212 when
in the unfired configuration, and can be aligued with the clearance apertures 20224 positioned above the cartridge
deck 20211 (FIG. 6), for example.

{0693] The staples 20230 can move from the unfired configuration (FIG. 7) to the fred configuration (FIG. 8)
during a firing stroke, as described herein. A staple driver 20240 can be positioned within each staple cavity 20212.
The staple driver 20240 within each staple cavity 20212 can be pushed toward the cartridge deck 20211 (FIG. 6), for
example, to drive the staple 20230 1nto tissue T and toward an anvil 20260 (FIG. 8) which can be similar in many
respects 10 other anvils described herein such as, for example, the anvil 8014 (FIG. 1), As ¢ach staple 20230 mmoves
from the unfired configuration te the fired configuration, the staple legs 20232 cai move through the clearance
apertares 20224 in the tissue thickness cornpensator 20220, The clearance apertires 20224 can have a predefined
trajectory within the tissue thiclkness compensator 20220. For example. the clearance apertures 20224 can extend
along an axis that is perpendicular 1o and/or substantially perpendicular to the tissue-contacting surface 20221 (FIG. 7)
and/or the deck-contacting surface 20222 (FIG. 6} of the tissue thickness compensator 20220, In other circumstances,
the clearance apertures 20224 can extend aiong an axis that is oriented at an oblique angle relative to the tissue-
contacting surface 20221 and/or the deck-contacting surface 20222 of the tissue thickness compensator 20220, for
exampie. In ceriain circumstances, a group of the clearance apertires 20224 can be parallel. In some circumstances,
all of the clearance apertures 20224 witlin the tissue thickuess compensator 20220 can be parallel, for exaraple. The
clearance apertures 20224 can comprise a partially curved trajectory and/or a partially linear trajectory. Other
chiaracteristics and features of the clearance apertures 20224 are described in greater detail in 1UJ.S. Patent Apphcation

N0.13/851,693, entitled FASTENER CARTRIDGE ASSEMBLY, and filed on March 27, 2013, the entire disclosure
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of which is incorporated herein by reference. Methods and techniques for modifying a tissue thickness compensator to
tuclude clearauce apertures such as, for exaraple, the clearance apertures 20224 are described below 1u greater detail.
{0092] Referring now to FIGS. 9-12, an end etfector 22090 of a surgical instrument similar in many respects to the
surgical iustruinent 8010, for example, can comyprise a {irst jaw 1cluding a fastever cartridge asserubly 22000 and 2
second jaw including an anvil 10060. The first jaw can include a staple cartridge channel 10070 which can be
configured to removably receive the cartridge assenbly 22000, Aliematively, the staple carridge channel 10070 and
the cartridge assembly 22000 can comprise an integral unit. In various circumstances, the anvil 10060 can be moved
between an open position and 2 closed position (FIGS. 9-12). In the opeun position ot the anvil 10060, the anvil 10060
can be positioned on a {irst side of a patient’s tissue T {FIGS. 10-12) and the cartridge assembly 22000 can be
positioned on a secoud, or opposite, side of the tissue T, for example. When the anvii 16060 is moved iuto its closed
position, the anvil 10060 can compress the tissue T against the cartridge assembly 22000. Alternatively, the first jaw
including the cartridge assembiy 22000 can be moved relative to the anvil 10060, A firing member 10052, which is
supilar in many respects to the firing assembly 9090 (FIG. 3), can be advanced distally from & proximal end 22001 of
the cariridge assembly 22000 toward a distal end 22002 of the cartridge assembiy 22000 o ¢ject fasieuers, such as
staples 22030, for example, removably stored in a cartridge body 22010 of the cartridge assembly 22000 as the firing
member 10052 is advanced from the proximal end 22001 toward the distal end 22002 ot the cartridge assembly
22000,

{0093] Further to the above, the staples 22030 can be supported by staple drivers 10040 which are movably
positioned withiu staple cavites 22012 defined in the cartridge body 22010, Moreover, the firiug meraber 10052 can
be contigured to advance a staple-firing sled 10050 distally within the cartridge body 22010 as the firing member
10052 1s moved fron the proxirnal end 22001 toward the distal end 22002, In such circumstances, the staple-firing
sled 10050 can be configured to lift the staple drivers 10040, and the staples 22030 supported thereon, toward the
anvil 10060. Tu essence, further to the above, the siaple dravers 10040 can move the staples 22030 from an unfired
position (FIG. 10) to a fired position (FIGS. 11 and 12) wherein the staples 22030 can contact the anvil 10060 and be
detorited between an undetormed configuration (FIG. 10) and a deformed condiguration (FIGS. 11 and 12}, The
anvil 10060 can comprise forming pockets 10062 which can be configired to receive and detorn: the staples 22030.
Stapies 22030 can be the same as or simiiar to stapics 10030, for exarople and/or any other siaples disclosed herein,
and, as such, staples 22030 are not descnbed in greater detail herein. The reader will note, however, that the staples
22030 can comprise any suitable shape and/or suiiable dirnensious, such as width and/or heighs, for exarnple, in their
undeforned configuration and/or their defornned configuration. For instance. the staples 22030 can, in certain
circumstances, comprise a height which does not extend above @ deck surface 22011 of the cartridge body 22010
when the staples 22030 are in their unfired positions while, 1o other circumstances, the staples 22030 cau conuprise a
height in which the legs of the staples 22030 extend upwardly from the deck surface 22011 when the staples 22030
are 1u their vufired positions such that the legs of the staples 22030 are at least partially erebedded in a tissue thickness
compensator 22010 of the cartridge assembly 22000.

{B094] With continued reference to the embodiment depicted tu FIGS. 9-12, further to the above, the cartridge

assembly 22000 can comprise a cartridge body 22010 and a tissue thickness compensator 22020. In various
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circumstances, the cartridge body 22010 can be similar to the support portion 10010, for example, in many respects
and, as aresult, many of such respects are not repeated hereiu for the sake of brevity. Furthermore, the tissue
thickaess compensator 22020 can be similar to the tissue thickness compensator 10020, for example, in many
respects. Further to the above, the firing merber 10052 caninclade a cutting portion 10033 which can be configured
to transect the tissue positioned between the anvil 10060 and the tissue thickness compensator 22020 as the firing
member {0052 1s advanced distally. In various circumstances, as a resuit, the firing member 10052 can be configured
to concurrently fire the staples 22030 to staple the tissue T and cut the tissue T. In certain circumstances, the firing
process can at lcast partially lead the cutting process. Stated another way, the cutting process can lag the firing
process. In such circumstances, a portion of the tissue T can be stapled and then incised.

{B095]  As illustrated 1n FIGS. 9-12, the cartridge body 22010 can include a cartridge kaife siot 22015 which can be
configured 10 receive a portion of the firing member 10032 as the tiring member 10032 is advanced distally. Further
to the above, the anvil 10060 can ieclude au anvil knite slot 10063 which can be contigured to receive a portion of the
firing member 10052 as the firing member 10052 is advanced distally. In various circumstances, the tissue thickness
compensator 22020 can comprise a tissue thickness compensator kuife slot 22025 which can be aligned with the anvil
knife slot 10065 and the cartridge kaife slot 22013 such that the firing member 10052 can pass through the cartridge
kmife slot 22015, the anvil knife siot 10065, and the tissue thickness compensator knite slot 22025 simultancously. In
various circumstances, the anvil knife slot 10063 can extend over the tissue thickness coxnpensator knife slot 22025
such that the cutting portion 10033 of the firing member 10052 can pass through the cartridge knite slot 22015, the
anvil koife siot 10068, and the tssue thickoess compensator knife slot 22025 sirnuitaneously. The tissue thickuess
compensator kaife slot 22025 can define a tissue thickness compensator kaife path for the cutting portion 10033
wherein the tissue thickness compensator kaife path cau be parallel to the anvil knife path and the cartridge knife path.
In various circumstances, the tissue thickness compensator knite path can be longitudinal while, in certain
circumstances, the tissue thickxess compensator kaife path cau be curved. Fugther to the above, curved end effectors
and curved fastener cartridges are disclosed in U.S. Patent Application Publication No. 2008/0169329. The entire
disclosure of .S, Paicnt Application Serial No. 11/652,164, ensitled CURVED END EFFECTOR FOR A
SURGICAL STAPLING DEVICE, filed on January 11, 2007, now U.S. Patent Application Publication No.
2008/0169329, is hereby incorporated by reference terein. In such circumstances, a tisste thickness compensator can
be curved. In at least one such embodiment, the tissue thickness compensator can be curved to match the curvature of
the cariridge body of the fastener cartridge. Methods and technigues for modifving a tissue thickness compensaior to
include a knife slot such as, for example, the kaife slot 22025 are described below.

{0096] Further to the above, referring primarily to FIG. 9, the tissue thickness compensator kaife slot 22025 can
extend between a first stapling porion 22021a which cau be stapled by a first group of staples 22030 and a second
stapling portion 2202 1b which can be stapled by a second group of staples 22030. The kaife slot 22025 can releasably
counect the first stapling portion 2202 1a to the second stapling portion 22021b. In use, as illustrated 1 FIG. 9, the
cutting poriion 10053 can be advanced distally through the kaife slot 22025 to transect the knife slot 22025 and
separate the Girst stapling portion 22021z and the second stapling portion 2202 1b. Ju certain circumstances, the kuife

slot 22025 can comprise a plurality of connectors, or bridges, 22026 which can connect the {irst stapiing portion
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22021a and the second stapling portion 22021b prior to being transected by the cutting portion 10053, In various
circumstances, the connectors 22026 can have the same thickuess as the first stapling portion 22021a and/or the
sceond stapiing portion 22021b, at least when the tissue thickness compensator 22020 is in an uncompressed state. In
at feast one such circumstance, the connectors 22026, the first stapling pottion 220212, and/or the second stapling
portion 2202 1b can be unitarily and integrally formed irom a flat, or at least substantially flat, picce of material, for
cxampie. In various other circumstances, the first stapiing portion 2202 1a cau cornprise a first thickness, the second
stapling portion 22021b can comprise a second thickness, and the connectors 22026 car: comprise a third thickness,
wherelt one or more of the first thickoess, the second thickaess, and the third thickness cau be difterent than the other
thicknesses.
{0097}  The kuife slot 22025 can firther comprise apertures, such as apertures 22024, for example, detined therein.
For instance, the apertures 22024 can be ¢longate and can exiend longitudinally along the knife slot 22025, In various
other circumstances, the apertures in the knite slot 22025 can comprise any suitable arrasgement. Tn certain
circumstances, the apertures 22024 can comprise perforations positioned intermediate the connectors 22026 which can
be formed utilizing a laser cutiing operatiot, for example. In some circunstatces, the apertures 22024 can be cut from
a sheet of material to form the tissue thickness compensator 22020 such that the apertures 22024 and the connectors
22026 are arranged in an alternating arrangement, for example. In other instances, the tissue thickness compensator
22020 can be molded with apertures 22024 already forrued therein. Iu various circumstances, one or more of the
apertures 22024 can comprise through holes, for example. In various circumstances, one or more of the apertures
22024 can comprise clearance apertures, for example. In certain instances, one or more of the apertures 22024 may
not comprise through holes and may instead comprise reductions in the thickness of the knife slot 22025, for example.
Methods and techniques for reodifying a ussue thickness compensator o mclude apertures such as, for example, the
apertures 22024 are described below.
{0098] Further to the above, referring again to FIGS. 9-11, patien: tissue can be positioned iutermediate the anvil
16060 of the end effector 22090 and the tissue thickness compensator 22020 of the cariridge assembly 22000 when
the anvil H)060 is in an open position. When the anvii 18060 is rmoved inic a closed position, a bottont surtace, or
tissue-contacting surface, 10063 of the anvil 10060 can contact the tissue T and push the tissue T toward a deck
surface 22011 of the cartridge body 22010, The ussue T can contact a top surface, or tissue coutaciing surtace, 2202
of the tissue thickness compensator 22020 wherein, when the anvil 10060 is moved into its closed position, the anvil
10060 can press the tissue T against the ussue thickness compensator 22020 and, further to the above, compress the
tissue thickness compensater 22020 against the deck surface 22011 of the cartridge body 22010, n various
circumstances, the tissue thickness compensator 22020 can comprise a bottom surface 22029 which can abut the deck
surface 22011, In some circumstances, a gap may be present between the boitom surface 22029 and the deck surface
22011 betore the tissue thickness compensator 22020 is compressed against the cartridge body 22010. In such
circumstances, the tissue thickness corapensator 22020 may first translate toward the cartidge body 22018 before
being compressed thercagainst. When the tissue thickness compensator 22020 is compressed against the cartridge
body 22018, in various circumstances, the first stapling portion 22021a and/or the second stapliug portion 22021b of

the tissue thickness compensator 22020 may move laterally. For instance, the first stapling portion 22021a and/or the
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sccond stapling portion 22021h may move laterally away from the cariridge knite slot 22015, In various
circumstances, the connectors 22026 can be configured to inbibit such lateral movernient between the first stapling
portion 2202 1a and the second stapling portion 22021bh. In various circumstances, referring primarily to FIG. 11, the
connectors 22026 can be configured to streteh to peruit some relative lateral movement between the first stapling
portion 22021a and the second stapling portion 22021h when the anvil 10060 is closed. In the event that the anvil
10060 is reopenced, the connectors 22026 can be configured to elastically return, or at least substaniially retum, to their
unstretched configuration and, as a resuit, pull the first stapling portion 22021a and the second stapling portion

2202 1% laterally back roward their original positious, illustrated i FIG. 10, Moreover, the anvil 10060 can compress
the tissue T when the anvil 10060 is moved into its closed position. In such circumstances, the tissue T may at least
partiaily flow into the apertures 22024.

{0099]  Upon reviewing FIGS. 10-12, the reader will appreciaie that the knife slot 22025 of the tissue thickness
compensater 22020 conprises less material aloug the longinidinal length thereof than the first stapling portion 22021a
and/or the second stapling portion 22021b. Stated another way, a longitudinal cross-section through the first stapling
portion 2202 1a and/or the second stapling portion 22021h would fransect a first amount of material while a
longitudinal cross-section through the knife slot 22025 would transect a second amount of material which is less than
the first amount of material.

{0106]  Once the anvil 10060 has beeu suitably positioued, further to the above, the firing member 10052 can be
advanced distally to fire the staples, as illustrated in FIG. 11, and incise the tissue T and the connectors 22026, as

illustraied in FIG. 12, Furthermore, the tissue thickness compensator tucisiou force, the tissue incision force, the tissue

thickness compensator drag force, and/or the tissue drag force can dull the cutting portion 10053 of the firing member
10052, A dull knife may not be able to transect the tissue T and/or the tissue thickness compensator 22020, for
exampie, according to a preferred manner. With primary reterence to FI1G. 12, the cutting portion 10053 can comprise
a first knife edge zone 10053a, a second kaife edge zone 100535, and/or a third kuife edge zone 10033¢, for example,
wherein the first knife edge zone 10033z is positioned vertically above the second knife edge zone 100336, and
wherein the second knife edge zone 10053b is positioned verticaliy above the third knife edge zone 10053¢, tor
exampie. The cutting portion 100353 cai corprise any suitable number and/or location: of knife edge zones wherein
the knife edge zoues depicted in FIG. 12 have heen selected for the purpoeses of discussiou. Further to the above, the
first knife edge zone 10053a can be configured to transect the tissue T while the second knife edge zone 10053b can
he configured to transect the tissue thickness compensator 22020, As a result, the first knife edge zone 10053a may
experience the tissue incision force and/or the tissue drag force discussed above. Such forces may wear or dull the
first knife edge zone 100532 at a first rate. The second kaife edge zone 10053k may experience the tissue thickness
congpensator incision force and/or the tissue thickness compensator drag force discussed above. Such forces may
wear o dull the second knife edge zone 10053b at a second rate. In various circumstanees, the second rate can be
different thau the first rate.

{0101} Turning now to FIGS. 13 and 14, = fastener cartridge 22400 can comprise a tissue thickness compensator
22420 which can iuclude a first stapling portion 2242 1a and a second stapling portion 22421b which ate connected by

a knife slot 22425, The knife slot 22425 can comprise an angled longitudinal connector 22426. The angled
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longitudinal connector 22426 can extend between a proximai end 22401 of the knife slot 22425 and a distal end 22402
of the kuxfe slot 22425, v some circumstances, the angled longitudinal connector 22426 can extend the entire length
of the knite slot 22425 while, in other circumstances, the angled longitudinal connector 22426 can extend less than the
length of the knife slot 22425, The angied longitudinal connector 22426 cau extend between a top surface 22428 of
the tissue thickness compensator 22420 and a bottom surtace 22429 of the tissue thickness compensator 22420. in
some circumstances, the angled longitudinal connector 22426 can extend the entire distance between the top surtace
22428 and the bottom: surface 22429 while, in other circumstances. the angied longitudinal connector 22426 can
extend less than the distance between the top suctace 22428 and the boitom surface 22429, Tu various circumstances,
the proximal erd of the iongitudinai connector 22426 can exiend from: the top surface 22428 of the tissue thickness
cornpensator while the distal end of the longitudinal connector 22426 can e¢xtend frora the bottom surface 22429,
Alternatively. the distal end of the longitudinal connector 22426 can extend from: the top surface 22428 of the tissue
thickness compensator while the proximal end of the longitudinal connector 22426 can extend frors the bottorn
surface 22429, In various circumstances, the iongitudinal connector 22426 can comiprise a thin bridge (i.c. iess than
the full thickness of the tissue thickness compeunsator 22420) or a series of thin bridges that join the first stapling
portion 22421a which can be stapled by & first group of staples 22030 to the second stapling portion 2242 1b which
can be stapied by a second group of stapies 22030, for exampie. These thin, angled bridges, and/or the longitudinal
conuector 22426, could distribute the wear across the secoud kuife edge zone 10033b, rather than concentrating it on
one spot. in various circumstances, as a result, the wear occurring on the second knife edge zone 100536 may be
egual to, or closer to being equal to, the wear occurning at the fest knife edge zone 10053a, for example.

{0102] Reterring now to FIGS. 15-17, an exemplary tissue thickness compensator assembly 1000 may include a first
layer 1002 and a second layer 1004 attachable to the first layer 1002. The tissue thickness cornpensator assembly 1000
can be utilized with & surgical instrument such as, for example, the surgical instrzment 8010 {FI(i.1). In addition, the
tissue thickness compensator assembiy 1000 can be utilized in a similar manner as and can replace the tissue thickness
compensator 22020 of the cartridge assenibly 22000 of the end effector 22090 (FIG. 9). For examnpie, the second layer
1004 of the tissue thickness compensator assembly 1000 may include a first portion 1006 which can be positioned ou
the deck surface 22011 on a tirst side of the cartridge knife slot 22015 in a similar fashion to the {irst stapling portion
22021a and a second portion 1008 which can be positioned ou the deck surface 22011 on a second side, opposite the
first side, of the cartridge knife siot 22015 in a similar fashion to the second stapiing portion 22021b (FIGS. 9-11). In
various instances, the first portion 1006 and the second portion 1008 of the second fayer 1004 can be spaced apart and
may comprise a gap 1010 therebetween which can comprise a knife path for the cutting portion 10053 of'the firing
member 10052 and may extend at least partialiy over the cartridge knife siot 22015 when the tissue thickaess
comipensator assembly 1000 is asserubled with the cartridge end effector 22090. In certain instances, the {irst layer
1002 can be configured to couple the first portion 1006 and the second portion 1008 and extend at least partially over
the gap 1010, as iliustrated in FIG. 17, for exaruple.

{0103] In use, tissue T can be captired between the anvil 10060 and a tissue contacting surface 1012 of the first
layer 1002. As the {iring raember 10052 is advanced, a first group of staples 20030 can be deployed to staple the {irst

portion 1006 and a second group of stapies can be depioyed to stapie the second portion 1008. The first and second
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groups of staples can be contfigured to penetrate through a first deck contacting surtace 1007 and a second deck
contacting surface 1009, respectively, of the second layver 1004, thew through the tissue contacting surface 012 of the
first layer, and then through the captured tissue T to contact the pockets 10062 of the anvil 10060. Furthermore, the
advancement of the firing member 10032 can cause the cutting portion 10053 to be advanced distally through the gap
1010 of the tissue thickness compensator assembly 1000. The cutting portion 10053 may transect the first layer 1002
while advaacing through the gap 1010 thereby separating the first portion 1006 and the second portion 1008 of the
second layer 1004,

{010¢4] Reternng again to FIG. 17, the first layer 1002 of the tissue thickness cornpensator assembly 1000 may
comprise a first height 1, the first portion 1006 of the second layer 1004 may comprise a second height H2, and the
second portion 1008 of the second layer 1004 rmay comprise a third height H3. Tu certaie circumstances, as iliuswated
in FIG. 17, the second height H2 and the third height 113 can be the same or substantialiy the same. In other
circumstances, the secoud beight H2 can be difterent from the third height H3. In certain circuinsiacces, the first
height H1 can be less than the second height H2 and/or the third height H3, as illustrated in FIG. 17. The {irst layer
1002 of the tissue thickness compensaior asserobly [000 may cornprise a first density, the first portion 1006 of the
second layer 1004 may comprise a second density, and the second portion 1008 of the second layer 1004 may
conprise a third density. In certain circumstanees, as iilustrated in FIG. 17, the second density and the third density
can be the sarne or substantially the same. In other circumstances, the second deusity can be different from the third
density and/or difterent from the first density of the first layer 1002. The material compositions of the first portion
10806 and the second portion 1008 can be the same, or at leas: substantiatly the sarne. Tu other circurnstances, the
material conipositions of the first portion 1006 and the second portion 1008 can be ditferent from each other and/or
can be different from the material composition of the first layer 1002.

{010S]  As described above, repeated use of the cutting portion 10033 to cut tissue T and tissue thickness
compensator material may duil the cotting portion 10053, To siow the dulling process, it may be desirable 10 reduce
the tissue thickness compensator material that is cut by the cutting portion 10053, An additional benefit can be a
reduction in the forces needed to advauce the firing member 10052 distally during 2 firing stroke. In order to reduce
the dulling of the cutting portion 10053, the first layer 1002 can be comprised, at least partially, of a thin film, for
example. Tn such circumstances, the first heigh: Hi can be significantly less than the second beight H2 and the third
height I3, as iliustrated in FIG. 17. In certain circumstances, the first layer 1002 may comprise a uniform, or
substantially uniform, height theretbrough, as illustrated in FIG. 17. Te other circurostances, 2 gap bridging portion
1014 of the first laver 1002 may extend at least partially over the gap 1010 and may be thinner than the remainder of
the first layer [002. The cutting portion 10053 may transect the gap bridging portion 1014 of the {irst layer 1002 while
advancing through the gap 1010 between the first portion 1006 and the second portion 1008 of the second layer 1004
which may reduce the resistance experienced by the cutting portion 10053 and/or slow the dulling of the cutting
portion 10053, Ta any event, the first layer 1002 can be configured to mainiain a coupling engagement with the first
portion 1006 and the second portion 1002 of the second layer 1004 prior to being transected, and to present the cutting

portion {0033 with a reduced resistance as the cutting portion 10053 1s advanced to transect the first tayer 1002,
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{0106] To further reduce the dulling of the cutting portion 10053 and/or reduce he resistance experienced by the
cutting portion 10053, the gap bridging portion 1014 may comprise a pertorated segment 1016 along the knife path
detined by the gap 1010, as illustrated in FIG. 16. The perforated segment 1016 can include a plurality of perforations
1018 which can be cut into the first fayer 1002 prior to the assembly of the first layer 1002 to the second layer 1004,
for example. The pertorations 1018 can reduce the interaction between the cutting portion 10053 and the first layer
1002 as the cutting portion 10053 is advanced through the koife path defined by the gap 1010, which 1eay slow the
dulling of the cutting portion 10053 and/or reduce the resistance experienced by the cutting portion 10633,

{0307] In vanious circemstances, as described in greater detail below, the tissue thickness compensator assembly
1600 can be comprised of one or more biocompatible materials. In certain circumstance, the first layer 1002 can be
cormnprised of a biocompatible buitress material and/or plastic material, such as polydioxanone {PDR) and/or
polvglycolic acid (PGA). for example, and the second layer 1004 can be comprised of a bioabsorbable foam muaterial
and/or a compressible hacmosiatic material, such as oxidized regenerated cellulose (ORC), for example. In ceriain
circumstances, the first laver 1002 can be a thin film comprising a bicabsorbable material such as polyglycolic acid
(PGA) which is marketed under the wade name Vicryl, polviactic acid (PLA or PLLA), polydioxanone (PDS),
polvhydroxvalkanoate (PHA), poliglecaprone 25 (PGCL) which is marketed under the trade name Monocryl,
polycaprolactone (PCL), and/or a composite of PGA, PLA, PDS, PHA, PGCL and/or PCL, for example. In certain
circumstances, the first portion 1606 and/or the second portion 1008 of the second layer 1004 can e comprised of a
lvophilized foam comprising polylactic acid (PLA) and/or polyglycolic acid (PGA), for example. In certain
circumstauces, the first portion 1086 and/or the second poriion 1008 of the second layer 1004 can be comprised of
biocompatible toam which may comprise a porous, open cell foam and/or a porous, closed cell foan.

{0108] Referring again to FIGS. 15 and 17, the Orst layer 1002 can be at least partially disposed over the second
layer 1004 such that the second layer 1004 may be positioned between the tirst layer 10602 and the deck surface 22011
(FIG. 9) when :he tissue thickness corapensator assembly 1000 is assernbled with the end effector 22090 (FiG. 9). In
other circumstances, the first layer 1002 can be positioned beneath the first portion 1606 and the second portion 1008
(not shown) such that the {irst laver 1002 may be positioned between the second layer 1004 and the deck surtace
22011 (FIG. 9) when the tissue thickness compensator assembly 1000 1s assembled with the end effector 22090 (FIG.
9). In any event, the first layer 1002 can be attached to a first contacting surtace 1020 of the first portion 1006 and a
second coniacting surface 1022 of the second portion 1608 of the second layer 1004. The first layer 1002 can be
attached to the second layer 1004 via a thermal pressing process involving the application of heat and/or pressure, as
described in greater detail below. In other circumstances, the first layer [002 can be attached to the second layer 1604
by a biocompatible adhesive material such as a fibrin and/or protein hydrogel, tor exampie. Other means for attaching
the first layer 1002 1o the second layver 1604 are conteraplated by the present disclosure,

{0109] Referring now to FIGS. 21 and 22, the first layer 1002 can be at least partiaily embedded into the first
portion 1006 and/or the second portion 1008 of the second layer 1004. In such circumstances, the tissue thickness
compensator assembiy 1000 can be prepared using a mold 1024, for example, as illustrated in FIG. 21, In various
ustances, an orgauic solution comprising a polyruer such as, for example, polylactic acid (PLA) and/or polyglycolic

acid (PGA) can be poured into the mold 1024, The first layer 1002 can be immersed into the organic solution. As
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illustrated in FIG. 22, a central shelf 1026 and a central beam 1027 of a mold cover 1028 can trap the first layer 1002
therebetween to ensure that the first layer 1002 remains immersed n the organic soluton which can then be
ivophiiized using conventional lyophilization techaiques and/or any other suitable techniques, for example. Upon
completion of the lyophibzation pracess, and/or any other suitable process, the mold cover 1028 can be remaved and
the tissue tiiickness compensator assembly 1000 can be recovered from the mold 1028.

B110]  As illustrated io FIG. 21, the firs: layer 1002 of the tissue thickness compensator 1000 can be pastially
positiored within the first portion 1006 and the second portion 1008 of the second layer 1004, In certain
circumstances, the first fayer 1002 can be partially positicned within one of the first portion 1006 and the second
portion 1008 and attached to a top surtace or a bottom surface of the other one of the first portion 1006 and the second
pogtion {008,

{0111] In certain circumsiances, the central beam 1027 and the shelf 1026 can at least partially extend along an axis
that is parallel or substaatially parallel to the first deck contacting surface 1007 and/or the second deck contacting
surface 1009 when the cover 1028 is in a closed configuration with mold 1024, as iilustrated in FIG. 22. In such
circumstances, the first layer 1002 can be embedded into the first portion 1006 and/or the second portion 100R such
that first layer 1002 is positioned or substantially positioned in a parallel or substantially parailel relationship with the
first deck contacting surface 1007 and/or the second deck contacting surface 1009, In other circumstances, although
not illustrated, the central beam 1027 and the shelf 1026 can at least partiaily extend along an axis that is at an obhque
angle with the first deck contacting surface 1007 and/or the second deck contacting surtace 1008 when the cover 1028
is 10 a closed configuranon with moid 1024, In such circumstances, the first tayer 1002 can be erabedded inio the Grst
portion 1006 and/or the second portion 160K such that first fayer 1002 is positioned or substantiaily positioned at an
oblique angle with respect 1o the first deck contacting surface 1007 aud/or the second deck contacting surface 1009,
Other technigues for partiaily embedding the first layer 1002 into the first portion 1006 and/or the second portion
1008 are contemplated by the present disclosure.

{0312] Referring now to FIGS. 18 and 19, @ tissue thickness compensator assembly 1033, which is similar in many
respects 1o the tissue thickuess compensator asserably 1000 and the tissue thickness compeusator 20020, is illustrated.
The tissue thickness compensator assernbiy 1033 can comprise the first portior 1606 and the second portion 1008
which can be spaced apart aud separably coupled together by a plurality of bridgiug meinbers or connectors 1030
witich may extend across the gap 1010 between the first portion 1006 and the second portion 1008. In addition, some
or all of the connectors 1030 of the tissue thickuess compensator assembly 1033 can oe partially embedded into the
first portion 1006 and the second portion 1008, as iliustrated in FIG. 19. Furthermore, some or ali of the connectors
1030 can comprise & first end positioned within the first portion 1006, a second end positioned within the second
portion 1008, and a gap bridgiug portion 1032 therebetween. The gap bridging portion 1032 rnay exiend across the
gap 1010 between the first portion 1006 and the second portion 1008, as iliustrated in FIG. 19. The connectors 1030
can be spaced apart along the length of the gap 1010 10 separably couple the first portion 1006 to the second portion
1008,

{0383] In certan circumstances, the connectors 1030 can be evenly distributed along an axis extendiug along the

gap 1019, as illustrated in FIG. 19. In other circumstances, although not illustrated, the connectors 1030 can be
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unevenly distributed aiong the axis extending along the gap 1010. The cutting portion 16053 can be configured o
trausect the gap bridging portions 1032 of the connectors 1030 as the cutting portion 10053 is advanced between the
tirst portion 1006 and the second portion 1008 through the knite path defined by the gap 1010. Where the connectors
1030 are unevenly distribuied atong the axs extendiug along the tirst portion 1006 and the second portion, 1t at least
one instance, the connectors 1030 can be disposed in greater freguency and/or in closer proximity to each other at @
distal segmeut of the gap 1010 than a: a proximal segmeunt of the gap 1010 such that the cuttivg portion 10033 may
experience an increasing resistance as it is advanced along the kuife path defined by the gap 1010. In other
circumstances, the cormeciors 1030 cau he disposed in greater frequency and/or in closer proximity to cach other at a
proximal segment of the gap 1010 than at a distal segment of the gap 1010 such that the cutting portion 10053 may
cxperience a decreasing resistance as it is advanced along the knife path defined by the gap 1010, for example.

{0114] In certain circunisiances. the connectors 1030 can extend or substantially extend in a single plane which can
se parallel or substautially pacaliel to the first deck contacting portion 1007 and/or the second deck contacting portion
1009, as tliustrated in FIG. 19. In other circumstances, although not iliustrated, the connectors 1030 can extend or
substantially extend along a plueality of planes which can be parallel or substantially paralle! to each other and/or to
the first deck contacting portion 1007 and/or the second deck contacting portion 1009

{0115  Further to the above, some or all of the gap bridging portions 1032 of the connectors 1030 can be thinner
than the remainder of their respective conuectors 1030 1o present the cutting portion 10053 with a reduced resistatce
as the cutting portion 10033 is advanced to transect the connectors 1030 while maintaining a coupling engagenient
with the fost portion 1086 and the second portion 100R of the second layer 1004, For exaniple, some oc all the
connectors 1030 can comprise a dog-bone shape with thicker ends terminating witiin the first portion 1006 and the
second portion 10OR of the second layer 1004 and thinner ceutral portions exiending therebetween. In certam
circumstances, the connectors 1030 can each be comprised of @ piece of suture which may be comprised of
bioabsorbable material such as polyglycolic acid {PGA) which is marketed under the trade name Vieryl, polylactic
acid (PLA or PLLAY}, polydioxanone (PE¥S), polyhydroxyalkanoate (PHA), poliglecaprone 25 (PGCLY which is
macketed under the trade name Monocryi, poiveaprolacione (PCL), and/or 2 composiie of PGA, PLA, PDS, PHA,
PGCL and/or PCL, for example.

{0816] Reternng agaiu to FIG. 18, the tissue thickness compensator assembly 1033 can be prepared using a mold
1034. An organic solution comprising a polynier such as, for example, polyiactic acid (PLA) and/or polyvgiycolic acid
(PGA) cau be poured into the moid 1034, The counectors 1030 can be immersed iuto the organic solution. As
illustrated 1n FIG. 18, one or miore of the conneciors 1030 can each be trapped 1 one or more dedicated slots 1040 on
a central shelt 1036 by one or more beams 1039 extending fron: a mold cover 1038 and configured for mating
engagement with the stots 1043 when the moid cover 1038 is in a closed configurasion with the mold 1034 10 ensure
that the connectors 1030 remain immersed in the organic solution. The slots 1040 can be sized to receive or at Jeast
partialiy receive the hridging portions 1032 which can be secured by the beams 1039 when the mold cover 1038 1s in
the closed configuration with the mold 1034, The ends of the connectors 1030 extending from the gap bridging
portions 1032 may freely float in the organic soluton. Alteruatively, the ends of the conuectors 1030 can he secured 10

sides of the mold 1034, for exampie. In certain circunstances, the connectors 1030 can be stretched in the organic
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solution between the sides of the moid 1034, In other circumstances, the connectors 1030 can be loosely held between
thie sides of the ruold 1034 to extend thirough the orgauvic solution in a nou-livear fashion, for exaruple.

{6117] Further to the above, in various instances, the organic solution can then be lyophilized using conventionat
ivophilization techniques and/or any other suitable tectinigues. Upou corupletion of the lyophilization process, the
mold cover 1036 can be removed and the tissue thickness compensator assembiy 1033 can be recovered from the
moid 1034, As Ulustrated 1u FIG. 19, the resuliing tissue thickness compeusator assembly 1033 includes counectors
1030 partially positioned within the first portion 1006 and the second portion 1008. Other technigues for partially
erubedding the connectors 1030 into the first portion 1006 and/or the second portion 1008 are coutemplated by the
present disclosure. The reader will appreciate that the connectors 1030 can be positioned closer to or turther away
trora the deck coutaciing surtaces 1007 and 1009 by chauging the heighit of the cenwral shelf 1038 and/or depth of the
slots 1040.

{6118] Refernng now to FIG. 20, a tissue thickness compeusator assembly 1042, which may be similar in ruany
respects to the tissue thickness compensator assembly 1033, the tissue thickness compensator assembly 1000, and/or
the tssue thickoess compensaior 20020, is illustrated. The tissue thickness compensator asserubly 1042 ray corprise
the first portion 1006 and the second portion 1008 which can be spaced apart and separably coupled together by a
continuous flexible member 1044 which may form a plurality of bridging members or connectors 1046 which may
extend across the gap 1010 between the first portion 1806 and the second portion 1008, The coutinuous fexible
member 1044 may inciude a first end 1048, a second end 1050, and a fiexible portion 1052 extending between the
first end 1048 and the second end 1050. The flexibie pottion 1082 can be configured to extend through the first
portion 1006 and the second portion 1008 several times, for example in a zigzag pattern, to form the connectors 1046,
as illustrated 1n FIG. 20. The flexibie pottion 1052 cau be passed in 2 first directiou through a disial segment 1854 of
the first portion 1006 and a distal segment 1036 of the second portion 1008 to form a first gap bridging portion 10462
across the gap 1010. The fliexible portion 1052 can then be looped and passed in a second ditection, opposite the first
direction, through the second portion 1008 proximal to the distal segment 1036 and through the first portion 10606
proxirual to the distal segment 1034 thereby forming a second gap bridging portion {046b proximal the first gap
bridging portion 1046a. Additional gap bridging portions 1046¢ and 1046d, for example, canr be formed in the same
manuer across the gap 1010, as iilustrated in FIG. 20,

{8119} In certain circumstances, the continuous flexible member 1044 can comprise a suture and can be comprised
of a sunire material such as polyglveolic acid (PGA) which is ruarketed nnder the trade name Vicryl, polylactic acid
(PLA or PLLA), polydioxanone (PDS), polyhydroxyalkanoate (PHA), poliglecaprone 25 (PGCL) which is marketed
under the trade name Monocryl, polyeaprolactone {PCL}, and/or a composite of PGA, PLA, PDS, PHA, PGCL andior
PCEL., for exaraple. Iu certain circumstances, the tissue thickness compeusator assembly 1042 can be assembled after
the first portion 1006 and the second portion 1008 are manufactured, for example, via lyophilization. In some
circumstances, a ueedle (not shown} can be aftactied to the first end 1048 of the continuous fiexible rember 1044 and
can be passed through the first portion 1006 and the second portion 1008, for example in a zigzag patiern, to couple
thie {irst poriion 1006 to the second pottion 1608, as descubed above. The first eud 1048 aud/or the second eud 105¢

of the continuous {lexible member 1044 can be secured to the side walls of the first portion 1006 and/or the sccond
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portion 1008 by tying in one or more knots at the first end 1048 and/or the second end 1050, for example. The knots
may abut against the side walls of the first portion 1006 and/or the second portion 1008 to prevent the flexible portion
1052 from unraveling relative to the first portion 1006 and/or the second portion 1008, In other circumstances, the
{irst portzon 1006 and the second portion 1008 of the tissue thickness compensator assembly 1042 can be formed
around the continuous flexible memnber 1044, In such circumstances, as illustrated in FIG. 20, the continuous flexible
member {044 can be disposed in a mold 1062, for example in a zigzag patiem, with slots {064 detined side walis
1066 and slots 1068 defined in central shelf 1070, An organic solution comprising & polymer such as, for example,
polyiactic acid {(PLA) and/or polyglycolic acid {PGA} can be poured into the mold 1062 until the conunuous flexibie
member 1044 is immersed in the organic solution. A mold cover 1072 can be used to ensure that the continuous
flexible meember 1044 remains immersed in the organic solution which can then be lyophilized using conventional
tvophilization techmques and/or any other suitable technigues. The first end 1048 and the second end 1050 of the
coutincous flexible rnember 1044 can be secured at openings 1053 and 1055 of the moid 1062, respectively, by tying
in one or more knots at the {irst end 1048 and the second end 1050 after passing the first end 1048 through the
opemug 1053 aed the second end 1050 through the opening 1055, for exanple. The knots may abut against the side
walls of the mold 1062 to prevent the continuous flex:ble member 1044 from unraveling relative to the mold 1066.
After the tissue thickness compensator has been removed from the mold, in various instances, portions of the
continpous flexible member 1044, such as poriions 1048, 1050, and/or 1052, for example, can then be cut and
removed from the tissue thickness compensator. Other technigues tor assembling the tissue thickness compensator
assexmbly 1042 are contemplaied by the present disclosure.

{0120] In certain circumstances, a tissue thickness compensator assembly such as, for exampie, the tissue thickness
cormpensator assembly 1042 can be compromised when excessive force or pressure 1s applied thereto. For instance,
pressure can be applied to a tissue thickness compensator assembly such s, for exampie, the tissue thickness
compensator assembiy 1042 when the tissue thickness compensator assembly 1042 is loaded onto a siaple cartndge
such as, for example, the staple cartnndge 10000. The tissue thickuess compensator assembly 1042 can be equipped
with a pressure or force sensitive member that can provide a user with a warning feedback if the pressure experienced
by the tissue thickuess compensator assembly exceeds a threshold. For example, a pressure or force sensitive {ilm can
be attached to the tissue thickness compensator assembly 1042 and can be contigured to change color upon
experiencing pressure that exceeds the threshold. In certain circumstances, the pressure or force sensitive film can be
disposed over the first portion 1006 and/or the second portion 1008 and can be attached thereto via an adhesive, for
example. The pressure or force sensitive film can be biocompatible to permit implantation of the pressure or force
sensitive film with the tissue thickness compensator assembly 1042 inside a patient.

{$123] Referring now to FIGS. 23-28, a surgical end effector 1100 is illustrated. The end effector 1100 is similar in
many respects 1o various end etfectors disclosed elsewhere herein such as, for exampie, the end effector 22090 (FIG.
9. As ilustrated 1n FIG. 23, the end effector 1100 can include a staple cartridge assembly 1102 which is stoilar in
many respects to the stapie cartridge assembly 20200 (FIG. 6), tor exampie. In addition, the end eftector 1100 1nay

wiclude a tissue thickness compensator | 104 which :s similar in many respects to other tissue thickness conpensators
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disclose elsewhere in this document such as the tissue thickness compensator 22020 (FI(. 9}, the tissue thickness
compensator 20220 (FIG. 6), and/or the tissue thickness compeusator 10020 (FIG. 4), for example.

{6122} Further to the above, end etfector 1100 can include a tissue thickness compensator 1104 wherein the tissue
thickness compensator 1104 can be prepared usiug conventional lyophilization techniques and/or any othier suitable
technigues. In at least one example, the tissue thickness compensator 1104 can be prepared by dissolving a polymer
such as, for example, polylactic acid (PLA) and/or polyglvecalic acid {PGA) in an organic selvent and lyophilizing the
solution:. The tissue thickness compensator 1104 can be comprised of a biocompatible foam which may comprise a
porous, open cell fearn and/or a porous, ciosed cell foam, for example.

{8323} Further to the above, the tissue thickness compensator 1104 can be altered or maoditied for use in a surgical
procedure. For exampie, upon conpletion of the lvophilization process, the tissue thickness compensator 1104 can be
contacted with a modifving member 1106 to modify the tissue thickness compensator 1104 for use in a particular
surgical procedure. In certain circumstances, the moditication can occur atier assenibling the tissue thickness
compensator 1104 with the end effector 1100, as itlustrated in FIGS. 23-35. For example, as illustrated in FIG. 23, the
tissue thickness compensator 1104 can be releasably assernbied to the cartridge assembly 1102 and modified while
assembled with the cartridge assembly 1102, In other circumstances, the modification can occur before assembling the
tissue thickness compensator 1104 with the end eftector 1100. In at least one example, the moditication cag be
performed as a separate step during manufacturing. In yet avother example, the modification niay be performed dunug
a surgical procedure.

{0824]  As described in greater detail below, the rodification process can involve modifyiug a surface or a plurality
of surfaces of the tissue thickness compensator 1104. In certain circumstances, the moditication process can invelve
modifying one ot more portions of the tissue thickness compeusator 1104, One or more portions can be modified in a
singie modification process. Alternatively, a piurality of portions can each be modified separately in consecutive
modification processes. Iu certarn circumstances, the modification process can comprise a theqmal pressing process
which can be used to change the shape, size, dimensions, and/or porosity of at least a portion of the tissue thickness
comipensator 1104, Furthenore, the modification process cau inclade means for creating space within one or mmore
portions of the tissue thickuess compensator 1104,

{0§25] Referting agaiu to FIGS. 23-25, in certain circumstances, a portion {107 (FIG. 23) of the tissue thickness
compensator 1104 can be modified by a thermal pressing process which may include transitioning the portion 1107 to
a glassy state, engaging the portion 1107 with the moditying roember {106, applying pressure onta the portion 1107
while it 1s i the glassy state, and allowing the portion 1107 to cool below the glassy state while the modifying
member 1106 is still engaged with the portion 1107, The modifying member 1106 may be used to maintain the
pressure on the portion 1107 for a time period sufficient to create the resuling modified portion 1103 (FIG. 23). It is
note worthy that a material’s transition into a glassy state can be a reversible transition from a relatively hard state to a
refatively molten or flexible state 1u response to an increase in the temperature of the matenal to a glass transition
temperature. A glass transition temperature of the material can be a particular temperature or, in some instances, a
range of temperatures. The tissue thickness compeusator rnodificatiou process described heretu takes advautage of this

phenomenon by moditying a tissue thickness compensator while the tissue thickness compensator is in the giassy
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flexible state and then allowing the tissue thickness compensator to cool below the glass ransition temperature while
maintareing the mod: fication.

{6126] Further to the above, referring again to FIGS. 23-25, the portion 1107 of the tissue thickness compensator
1004 can be transitioned into the giassy state by heating at least the portion 13107 to a temperature greater than or equal
to a glass transition temperature of the material from which the portion 1107 is composed but lower than the melting
teroperatire of the same. For exarnple, the tissue thickness compeusator 104 can be conmprised of poiygiveolic acid
(PGA) and in such circunistances, the portion 1107 can be transitioned into the glassy state by heating the portion
1167 to a :emperature that is greater than or equal o the glass transition ternperatiure of polygiveolic acid {(PGA) bat
lower than the melting temperature of the same. In various nstances, the glass trausition temperature of polyglycolic
acid {PGA) can be it the range of 35-40 °C, for exarnple, and its meliing temperature can be in the ravge of 225-230
°C, for example. In at least one example, the portion 1107 of the tissue thickuess compensator 1104 can be heated to a

T~

temperature that is greater than or equal 10 35 °C but fower than 225 °C v order to transition the portion {107 to the
glassy state. In another example, the portion 1107 can be transitioned to the glassy state by heating the portion 1107 to
a temperature that is greater than or equal to 40 °C bt lower than 200 °C, tor example.

{0127 Further to the above, the mod:{ying member 1106 can then be used to apply pressure onto the portion 1107
while the portion 1107 is in the glassy state. The portion {107 can be allowed to exit the glassy state by cooling the
portion 107 to a teraperatuce below 335 °C, for example. The pressure may be mainiained for a tinte period sufficient
to permit the tissue thickness compensator 1104 to retain, or at least partially retain, the modification imposed by the
modifying raember 1106,

{0128] In certain examnples, the pressure can be maintained for @ period of time from about 30 seconds to about 3
howurs, for example, during the tme 1u the glassy state and/or for a period of tme frore about 30 seconds to about &
hours, for example, after exiting the giassy state. In at least one example, the pressure can be maintained for
approximately 10 minates during the e iv the glassy state aud for approximately 10 minutes after exizing the glassy
state. Other time periods for maintaimng the pressure are contemplated by the present disclosure.

{#129] Iu certain circumstances, the reoditying member 1106 can be used to apply pressure onto the portion 107
before the portion: 1107 1s transitioned to the glassy state. In certain circumstances, the modifving member 1106 may
apply pressure to the poriion 1107 while the portion 1107 is heated to react: the glassy state, while the portion 1107 is
in the glassy state, and/or while the portion 1107 is transitioned or cooled to a temperature below the glassy state. In
certatn circumstances, the pressure applied to the portion 1107 can be gradually iucreased toward a threshold as the
temperature of the portion 1107 is gradually increased to transition the portion 1107 toward the glassy state, for
example. In certain circumstances, the pressure applied to the portion 1107 can be removed, gradually removed, or at
least partially reduced as the portion 107 exits the glassy state, before the poriion 13107 exits the glassy state, and/or
after the portion 1107 exits the glassy state.

{0¥38]  [n certain circunasiauces, the modifyiug meraber 1106 cau also be a heat source for transitioning the portion
1107 of the tissue thickness compensator 1104 to the giassy state. For exampie, the modifying member 1106 can
compuse a cylindrical distal portion 1110, as illustrated in FIG. 24, which may include a heating coil (not shown). A

user can may energize the heating coil and engage the portion 1107 of the tissue thickness compensator i 104 with the
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moditying member 1106 to heat the portion 1107 to a temperature that is greater than or equal the giass transition
tempecatuee of the matenal coroposition of the portion 1107, Upon reaching a desired temperature, the modifving
member may be pressed against the portion 1107, as illustrated in FIG. 24. Alternatively, the modifving member may
be pressed agaiust the portion 1107 before the modifying member 1106 reaches the desired temperature. As described
above, the pressure may be maintained for a time period sufficient to permit the tissue thickness compensator 1104 to
retain, or at icast partialiy retaig, the ruodification imposed by the modifying member 1106. In addition, the heating
coil of the modifying member 1106 can be turned off to allow the temperature of the portion 1107 to cool below the

glass transition temperaiire. The madifying meruber can then be removed. In ceriain circumstances, the pressire

applied by the modiiving member 1106 can be initiated prior to the portion 1107 entenng the glassy state and

maintaiced throughou: the glassy state. In sorue circumstances, the pressure applied by the muodifying member 1106
can be removed while the portion 1107 1s in the glassy state.

{0131]  Asillestrated in FIGS. 23-25, the modifyving member 1106 can be configured to change the shape, si

<,
dimensions, density, spring rate, and/or porosity of the poriion 1107 of the tissue thickness compensator 1104. For
exampie, the madified portion 1108 may coruprise a sebstantialiy concave top sucface 1114 with a reduced height HI,
while the remainder of the tissue thickness compensator 1104 may retain a substantially flat top surface including an
original height H which is greater than the reduced height Hl, as illusirated in FIG. 25, As deseribed above, the
modiying member 1106 may comprise a cylindrical distal portion 1116, In such circunustances, the curvature of the
resuiting concave surface 1114 can, in part, depend on the curvature of the cylindrical distal portion 1110 of the
modifying raernber 1106 wn contact with the portion 1107 of the tissue thickness corupensator 1104 during the
modification process. Furthermore, the modified portion 1108 may possess & new lower porosity compared to the
unmodified portion 1167 which can resuly, at feast 1o part, ftom the corupressive forces applied 1o the portion 1107 by
the modiiving member 1106 during the modification process, as described above. Said another way. the pressure
apptied te the portion 1107 during the moditication process may vield a material redistribution wherein a cross-section
through the modified portion 108 may comprise a greater material density than a similar cross section through the
portion {107 prior to the modification process. Furthenore, the medified portion 1108 may coruprise a different

spring rate from the remainder of the tissue thickness compensator 1104 which can result, in part, from the changes in

deusity and porosity realized by the modified portien 1108 during the modification process, as descrited in greater
detail below. In at least one instance, the spring rate of the modified poriion 1108 may be less than or greater than the
spring rate of the uarnodified portion 1107,
{0132} Referning now to FIGS. 26-34, a tissue thiclmess compensator can be modified prior to assembly with an end
effector such as, for exampie, the end ettector 22090 (FIG.9). In certain circumstances, as illustrated in FIGS. 27, 30,
and 33, a mold can be utilized to modify a tissue thickness compensator using a thermal pressing process, as described
above. For example, as illustrated in FIGS. 26-28, & tissue thickness compensator 1120 can be modified to include a
Tan -

longitudinal slot 13122, The tissue thickness compensator 1120 may be simitar in many respects o other tissue

thickness compensators described elsewhere such as, for example, the tissue thickness compensator 22020 (FIG. @).

For example, like the compensaior 22020, the coropensator } 120 can be unlized with the end effector 22090.

Furthermore, the longitudinal slot 1122 may be similar in many respects to the kmite slot 22025, For exampie, like the
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knife slot 220235, the slot 1122 may define a tissue thickness compensator knife path for the cutting portion 10053
oetween a first stapling pottion 1124a and a second staphug porion 1124b. Furthermore, the first staphug portion
11244 and the second stapling portion 1124b can be similar in many respects to the first stapling portion 2202 1a (FIG.
9} and the second staphug porton 22021b (F1G. 9), respectively, of the tissue thickness corapensator 22020. In
addition, the slot 1122 can be configured to releasably connect the first stapling portion 1124a and the second stapling
portion {124b such that, in use with the end effector 22090, the cutting portion {0033 can be advanced distally
through the slot 1122 to transect the slot 1122 and separate the first stapling portion 1124a and the second stapling
portion 1124b.

{0333} Referring again to FIGS. 26-28, the tissue thickness compensator 1120 can be prepared using traditional
lyophilization techniques and/or any other suitable techuigues. In addition, the tissue thickness cormpensator 1120 can
be modified or altered to create the slot 1122 therethrough. Simnilar to the tissue thickness compensator 1104, the

SS transition

tissue thickness compensator 1120 can be comprised at least in part of a matenial comprising a g
temperature and can modified by transitioning the material into & glassy staie. In one example, the tissue thickness
cormpensator 1120 can be heated in an oven (not shown) to a terperature greater than or equal to the glass ransition
temnperature of the material composition of the tissue thickness compensator 11206 but less than the melting
temperature of the same. A mold 1126 comprising a central beam 1128, as illusirated in FIG. 27, can be utilized to
create the slot 1122 by inserting the ceniral beam 1128 into the tissue thickness compensator 1120 while the tissue
thickness compensator 1120 is in the giassy state. The tissue thickness compensator 1120 can then be allowed to cool

to a teraperature beiow the glass transiton temyperature while the central bearn 1128 remains inserted into the tissue

ness compensator 1120, In somne instances, the central beam 1123 can be removed from the tissue thickness
compensator 1120 while the tissue thickness compensator 1120 3s in 3ts glassy state.

{6134] In certain circumstances, a cooling medium can be utilized to actively cool the tissue thickness compensator
1120. In some instances, a fan can be used to generaie a flow of air over the tissue thickness compensater 1120 while
the tissue thickness compensaior 1120 is in the mold 1126 and/or after the tissue thickness comnpensator 1120 has been
removed from the mold. In sorne instances, a refrigeration process cau be uiiiized o cool the tissue thickuess
comnpensator 1120 while the tissue thickness compensator 1120 is in the mold 1126 and/or after the tissue thickness
compensator 1120 has been removed from the mold. The ceniral beam {128 can be removed after transitioning the
tissue thickness compensator 1120 out of the glassy staie. The central beam 1128 can remnain inserted into the tissue
thickness compensator 1120 for a time period sufticien: to permit the tissue thickness compensator 1120 to retain, or
al least substantially retain, the space occupied by the central beamn 1128, In certain examples, the central beam 1128
can reipain inserted for a period of time trom about 30 seconds to about 8 Liours, for example, during the time in the
glassy state and/or for a penod of tirae fronm about 30 seconds 10 about 8§ hours, for example, after exivug the glassy
state. In at least one example, the ceniral beam 1128 can remain inserted for approximately 10 minutes during the time
in thie glassy state and for approxirnately 10 minutes after exsting the glassy state. Other time periods for maintaining
the central beam 1128 within the tissue thickness compensator {120 are contemplated by the present disclosure.
{0335] Further 1o the above, as illustrated in FIG. 28, pressure applied by the ceniral beam 1128 dunng the

modification process may yield an increased material density at & portion 1130 of the tissue thickness compensator

30



WO 2015/126555 PCT/US2015/012156

1120. The portion 1130 may connect the first stapling portion 11244 and a second stapiing portion 1124b thereby
providing additional stability for the slot 1122, In certain circunasiances, the mold 1126 may comprise edge modifiers
such as, for exampie, edge modifiers 1132a and 1132b which can modify the tissue thickness compensator 1120
during the modification process to produce modified edges 1134a and 1134b, respectively, as iilusteated in F1G. 28.
{0136] Referring again to FIGS. 26-28, it may be desirable to remove a significant amount of material from the
tissue thickness compensator 1120 to create the siot 1122, In such circumstances, the central beam 1128 can be heated
to a temperature greater than the meiting temperature of the material composition of the tissue thickness compensator
1120. Upon inserting the heated ceniral beam 1128 into the tissue thickness compensator {120, the central beam 1128
may melt through the tissue thickness compensator 1120 thereby creating a space for the slot 1122 within the tissue
thickness compensator 1120, as illustrated in FIG. 28, In certain circumstances, it may be desirable to gradually
increase the pressure applied by the centrai beam 1128 against the tissue thickness compensator 1120 to gradually
insert the central beam 1128 into the tissue thickness compensator |120.

{0337] in certain circurnstances, it can be desirable to increase material density of one or more surfaces of & tissue
thickness compensator. As iliustrated in FIGS. 29-31, a tissue thickness compeusator {140 can be moditied or altered
such that a surface 1142 of the tissue thickness compensator 1140 may comprise a higher material density than the
remainder of the tissue thickness compensator 1140, which can be achieved, in certain circumstances, post
lvophilization. The tissue thickness compensator | 140 may be siruilar in many respects to other tissue thickness
compensators described eisewhere such as, for example, the tissue thickness compensator 22020 (F1G. 9) and/or the
issue thickness comypensator 1120 (F1G. 26} A surface modificr 1144 can be utilized to modify the sucface 1142 of
the tissue thickness compensator 1140 using a thermal pressing process which is similar in many respects to the
thernal pressing processes used to modify the tissue thickness compensator 1104 and/or the tissue thickness

compensator 1120, as described above. For example, the tissue thickness compensator 1140 can be comprised at least

in part of a material comprising a glass transitiot teraperature and can be moditied after being transitioned into a
glassy state.

{B138] As described above, a tissue thickness compensator such as, for example, the tissue thickness compensator
1140 can he transitioned to the glassy state where it is heated to a temperature greater than or equal to the glass
wansition temperature of the material composition of the tissue thickness compensator 1140 but less than the meltng
temperature of the same. The surface modifier 1144 can be pressed against the surface 1142 while the tissue thickness
cornpensator 1140 is in the glassy state. The pressure applied by the surface rnoditier 1144 may compress the surtace
1142 thereby increasing the material density of the surface 1142, The increase in matenial density can be retained by
the surface 1142 by allowing the surtace 1142 to cool to a temperature below the glass transition temperature.

{$139] In certain instances, the pressure applied by the sucface modifier 1 144 against the sucface 1142 can be
maintained for & period of time from about 30 seconds to about & hours, for example, during the time in the glassy
state and/or for a period of tine from about 30 seconds to about 8 hours, for exaruple, after exiting the glassy state. In
at ieast one example, the pressure can be maintained for approximately 10 minutes during the time in the glassy state
and for approximately 10 minutes affer exiting the glassy state. Other time periods for maintaining the pressuee

applied by the surtace moditier 1144 against the surtace 1142 are contemplated by the present disciosure.
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{0140] In some instances, a fan can be used to generate a low of air over the tissue thickness compensator 1140
while the tissue thickness conpensator 1140 is in coutact with the modifier 1144 and/or after the tissue thickness
compensator 1140 has been remioved from thie modifier 1144, [n some instances, a refrigeration process can be
utilized to coot the tissue thickness compensator {140 while the tissue thickness compensator 1140 is in contact with
tlie modifier 1144 andior after the tissue thickness compensator 1140 has been removed from the modifier 1144.
Upon transitioning the tissue thickness compensator | 140 out of the giassy state, in various instances, the surface
modifier 1144 can be disengaged froni the tissue thickness compensaior 1140, In certain circunistances, the surface
moditier 1144 can inciude a heating element which can be utilized w increase the temperatuee of the surface 114210 a
temiperature greater than or equal to the glass transition temperature of the material composition of the tissue thickuess
cornpensator 1140, as described above.

{0141} Refernng again to FIG. 30, the surface modifier 1144 may coniprise a {lai, or at least substantially flat,
coutacting surtace 1146 for contaciing the surface 1142, for example. In other circumsiances, the contaciing surface
1146 may comprise various textures such as, for exaimnple, protrusions which can extend inio the surface 1142 of the
tissue thickness compensator 1140 during the moditication process. In certain circumstances, the surtace moditier
1144 cau be used 1o apply pressure onto the surface 1142 of the tissue thickness compensator 1140 before the ussue
thickness compensator 1140 is transitioned to the glassy state. In certain circumstances, the surface moditier 1144
may apply pressure 1o the surface 1142 while the ussue thickness compensator 1140 1s beated to reach the glassy stase,
while the tissue thickness comnpensator 1140 is in the glassy state, and/or while the tissue thickness compensator i140
is transitioned or cooled ¢ a ternperanire below the glassy state. In certain circumstances, the pressure applied by the
surface moditier 1144 to the surface 1142 can be graduaily increased toward a threshold as the temperature of the
tissue thickness compensator 1140 is gradually increased to transition the tissue thickness compensator 1140 toward
the glassy state, for example. In certain circumnstances, the pressure applied to the surface 1142 can be retnoved,
gradually removed, or at icast partially reduced as the tissue thickness compensaior 1140 exits the glassy state, betore
the tissue thickuess compensaior 1140 exits the glassy state, aud/or after the tissue thickness conipensator 1140 exits
the glassy state.

{0142] In certain circunistauces, tle tissue thickuess compensator 1140 can be modified or aliered to include a skin

or a deuse outer iayer. In certain circumstances, the resuliing skin or dense outer layer may comprise iextures such as,

for exainple, protrusions which can extend into the surface 1142 of the tissue thickness compensator 1140. In certain
instances, the contacting surtace {146 of the surface modifier 1144 can be heated to 2 temperature greater than or
>qual 1o the melting temperature of the material composition of the tissue thickness compensator 1140, The surface
moditier 1144 and/or the tissue thickness compensator 1140 can be moved to bring the surface 1142 of the tissue
thickness compensator } 140 inie contact witl: the beated contacting surface 1146 of the surface modifier 1144 thereby
melting, or at least substantially melting, the surface 1142. The surface modifier 1144 and the tissue thickuess
compensator 1140 can then be separated to permit the modified surface 1142 to cool below its melting teroperature

which may create a skin or a dense outer layer onto the tissue thickness compensator i 140.
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{03143] In certain instances, the contacting surtace 1146 of the surface modifier 1144 can be heated prior to coming
10 contact with the surface 1142, In other instances, the contacting surface 1 146 of the surface modifier ] 144 can be
heated after coming in contact with the surface 1142.

{6844] In certain insiavces, the contacting surface 1146 of the surface modifier 1144 cac rematn in contact with the
surface 1142 of the tissue thickness compensator 1140 for a time period sufficient to aliow the surtace 1142 o flow
into a desired geometry. Such a time period can range from about 30 seconds o about 8 hours, for example; other time
periods are contempiated by the present disciosure. Such a time period can be sufficient to lecally affect and/or meit
the material of the tissue thickness compeusator {140 and have it flow into a new geometry. As described herein, such
anew geometry can be prescribed by the tooiing used to malke the tissue thickness compensator 1140.

(#1457 o certain instances, the surface 1142 of the tissue thickness compensator 1140 can be allowed to cool, or can
be actively cooled, to a temperature below the meiting temperature of the tissue thickness compensator 1140 before
separating the surface modifier 1144 trom the tissue thickness compensaior 1140, In other instances, the surface 1142
ot the tissue thickness compensator 1140 can be atiowed to coel, or can be actively cooled. 1o a temperatiure beiow the
meliing temperature of the tissue thickness compensator 1140 afier separating the surface moditier 1144 from the
tissue thickness compensator 1140.

{0146] Further to the above, the modified surtace 1142 can comprise a density which is approximately 10% greater
thau the deusity of the remainder of the tissue thickness corepensator 1140, approximately 20% greater than the
density of the remainder of the tissue thickness compensator 1140, approximately 30% greater than the density of the
remainder of the tissue thickuess compensator ] 140, approximaiely 40% greater than the density of the remainder of
the tissue thickness compensator 1140, approximately 50% greater than the density of the remainder of the tissue
thickxiess compensator } 140, approxumately 60% greater than the density of the remainder of the tissue thickuess
compensator 1140, approximately 70% greater than the density of the remainder of the tissue thickness compensator
1140, approximately 80% greater than the density of the rerpainder of the iissue thickness compensator 1140,
appreximaiely 0% greater than the density of the remainder of the tissue thickness compensator 1140, and/or
approximazely 100% greater thau the deusity of the remainder of the tissue thickness compensator 1140, for example.
In various circumstances, the modified surface 1142 can comprise a density which is more than the density of the
remainder of the tissue thickness compensator 1 140 and less than twice the density of the remainder of the tissue
thickness compensator 1140, for exampie. In various circumstances, the modified surface 1142 can coniprise a density
witich is over twice the density of the remainder of the tissue thickness compeunsator | 140, for exarnple.

{0147} Referning now to FIGS. 32-34, a tissue thickuess compensator 1150 can be modified te include a plarality of
apertures 1152 which may extend at east partially through the tissue thickness compensator 1150. The tissue
thickniess compensator 1150 may be simiiar in many respects to other tissue thickuess compensators described herein
such as, for exampie, the tissue thickness compensator 20220 (FIG. 6). Like the compensator 20220, the comipensator
1130 can be utilized with the cariridge assembly 20200 (FIG. 6) and the apertures 1152 may be simular i many
respects to the clearance apertures 20224 extending at least partially through the tissue thickness compensator 20220.
For example, like the apertures 20224, the aperiures 1132 can be aligned with correspouding staple legs 20232 (FIG.

7y when the tissue thickness compensator 1150 is assembled with the cariridge assembiy 20200 such that the staple
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iegs 20232 may move through the clearance apertures 1152 in the tissue thickness compensator 1150 when the staple
legs 20232 move fron: the unfired configuration to the fired configuration, as described above in greater detail.
{0148] Further to the above, referring again to FIGS. 32-34, the tissue thickness compensator 1130 can be prepared
using traditional lyophilization tectinigues and/or any other suttable techniques. Jun certatn circumstances, a polymer
having a glass transition temperature such as, for example, polylactic acid (PLA) and/or polvglycolic acid (PGA) can
be dissoived in an organic solvent to form a soluition which can be iyophilized to produce the tissue thickness
compensator 1150, Furthermore, the tissue thickness compensator 1150 can be modified post lyophilization using a
thermal pressing process which is similar in many respects to the thermal pressing processes used to mnodity the tissue
thickniess compensator 1104, the tissue thicluess compensator 1120, and/or the tissue thickniess compensator 1140, for
exampie, as described above. For exainple, the tissue thickness compegsator {150 can be rmoditied to include the
apertures 1132 once the tissue thickness compensator 1130 is transitioned to & glassy state.

{0149]  As described above, a tissue thickness compeunsator such as, tor example, the tissue thickness compensaior
1150 can be transitioned to a glassy state by being heated in an oven (not shown} to a temperature greater than or
equal to the giass transition temperature of the material composition of the tissue thickness compensator 1150 but less
than the melting temperature of the same. A mold 1154 comprising a plurality of posts, dowels, pins, and/or
protrusions, ior exampie, such as, for example, needles 1156 can be utilized to create the apertures 1152 by inserting
the needles 1156 into the tissue thickness compeunsator 1150 while the tissue thickuess compensator 1150 is in the
giassy state. The tissue thiclmess compensator 1150 can then be allowed to cool to a temperature below the glass
transition temperature while the needles 1156 remain inserted inio the tissue thickuess compensator 11350, In sone
instances, the needles 1156 can be removed fron: the tissue thickness compensator 1130 while the tissue thickness
cormepensator 1150 is 1 the glassy state. I soroe instances, a fan can be used to generate a flow of air over the tissue
thickness compensator 1150 while the tissue thickness compensator 1130 is engaged with the needles 1156 and/or

aed trom the needles 1156, In some instances, a

<

after the tissue thickness compensaior 1150 has been disenga
refrigeration process can be utilized to cool the tissue thickuess compensator 1150 while the tissue thickness
cornpensator 1150 is engaged with the needles 1136 and/or after the tissue thickness cornpensator 1150 has been
disengaged from the needles 1156. In various nistances, the needles 1156 can be removed afler transtiioning the
tussue thickness compensator 1130 out of the glassy state. The needles 1156 can remain inserted into the tissue
thickniess compensator 1130 for a time period suificient to permit the tissue thickuess compensator 1150 to retain, or
at least substantially retain, the spaces defining the aperiures 1152 which are occupied by the needles 1156.

{018  In certain examples, the needles 1156 can remain inserted for a period of time tfrom about 30 seconds ¢
about 8 hours, for example, during the tinie in the glassy state and/or for a period of tinie from about 30 seconds to
about 8 tours, for example, after extiing the glassy state. I at least one example, the needles 1156 can rereatn tnserted
for approximately 10 minutes during the time in the glassy state and for approximately 10 niinutes atter exiting the
glassy state. Other tivne periads for maintaining the needles 1156 inserted into the tissue thickuess compensator 3150
arc contemplated by the present disclosure.

{$153] Ju certain circumstances, the needles 1156 can be rernoved froro the tissue thickness comypensator 11350 prior

to transitioning the tissue thickness compensator 1150 out of the glassy state. In other circumstances, the needles 1156
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can be gradually removed over time. For example, the needles 1156 can be partially removed trom the tissue thickness
conepensator 1150 prior 1o fransitionug the tissue thickness corapensator 1150 ow of the glassy state. The needles
1156 can then be fully removed from the tissue thickness compensator 1150 after transitioning the tissue thickness
compensator 13150 out of the glassy siate. The reader will appreciate that the greater the depth of insertion of the
needles 1156 into the tissue thickness compensator 1150, the greater the depth of the comresponding apertures 1152
that can be created in the tissue thickness compeusator {150,

{01582} Refernng again to FIGS. 32-34, in certain instances, the needles 1156 can be heated to a temperature greater
than or egual to the melting iemperature of the material composition of the tissue thickness compensator 1150, In
acddition, the needles 1156 can be inserted into the tissue thickness compensator 1150 to create the apertures 1152 by
meliing, or at east partiaily melting, through the regions of the tissue thickness compensator 11350 that receive the
needles 1156. In various instances, the needles 1136 can be heated prior 1o their insertion into the tissue thickness
compensator 1150, In various instances, the needles 1156 can be heated after their insertion into the tissue thickness
compensator 11350. In various instances, the needles 1156 can be gradually heated as the needles 1156 are inserted into
the tissue thickness compensator 1150,

{01583] In certain instances, the needles 1156 may remain positioned within the tissue thickness compensator 1150
for a period of time sufficient to permit the melted material of the tissue thickness compensator 1150 to tlow into a
desired geometry. Such 2 tme period can range from about 30 seconds to about 8 bours, for example; other tirue
periods are contemplated by the present disclosure. Such a time period can be sutiicient to locally affect and/or meit
the material of the tissue thickness conpensator 1150 and have it flow into a new geometry. As descobed herein, such
anew geometry can be prescribed by the tooling used to make the tissue thickness compensator 11350,

{#154] In certan instances, the tissue thickness compensator 1150 can be allowed (¢ cool, or can be actively codled,
to a temperature below the meiting temperatire of the tissue thickness compensator 1150 before separating the
needles 1156 fron the tissue thickness compensator 1150. In ather instances, the tissue thickuess compensator 1130
can be aliowed t0 cool, or can be actively cooled, to a temperature below the melting temperature of the tissue
thickness compensator 1150 atter separating the needles 1156 from the tissue thickness cornpensator 1150.

{01585] Refernng again to FIGS. 32-34, the needles 1156 can be arranged in rows extending longitudinally along a
iength of the mold 1154 which may correspond to staple rows in a staple cartridge such as, for exaraple, the staple
cartridge assembly 20200 (FIG. 6). For example, as illustrated in F1G. 33, the needles 1156 can are arranged in six
rows which cau be configured to create six rows of the apertures {152 that can be configured to receive six rows of
the staples 20230 (F1G. 7). In certain circumstances, as itlustraied in FIG. 33, the rows of the needles 1156 can be
arranged in two groups which are spaced apart and configired to be received in two portions 1158 and 1160 of the
tissue thickness conpeunsator 1158 thereby creating two groups of the apertures 11582 separated by an intermediate
portion i 162. The intermediate portion 1162 can be positioned, at ieast partiaily, over the cartridge knife slot 22015
(FIG. 6}, when the tissue thickuess compensator 1150 is assernbled with staple cartridge asserably 20200 Tu use, the
firing member 10052 (FIG. 10) can be advanced distaily to push the staple legs 20232 (FIG. §) through the apertures
1152 within the poxtions 1158 and 1160 and advance the cutting portion 10053 (FIG. 10} 10 trausect the intermedliate

portion {162 and separate the portions 1158 and 1160.
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[0156] Referring again to FIGS. 32-34, the apertures 1152 can be configured to extend within the tissue thickness
compensator 1150 and terminaie at a certain depth within the tissue thickness cornpensator 1150, The apertures 1152
may comprise uniform depths, as iilustrated in FIG. 34. In other circumstances, the apertures 1152 may comprise
different depths (not shown}. For exaraple, a first row of the apertures 11352 raay comprise a first depth and a secound
row of the apertures 1152 may comprise a second depth different from the first depth and yet a third row of the
apertures {152 may comprise a third depth: ditferent from the first depth and the secord depth. The depths of the
apertures 1152 cau be determmined, at least in part, by the herghts of the corresponding teedles 1156, For example, &
first row of the needles 1156 comprising 2 first height and a second row of the needles 1156 comprising second height
greater than first height may create a first row of the apertures 1152 comprising a first depth and a second row of the
aperiures {152 comprising a second depth which is greater than the first depth.

{0187} Refernng again to FIGS. 32-34, the needles 1156 can be configured to define a trajectory for the apertures

1152 within the ussue thickness compensator 1130, In certain circumstances, the needles 1156 can extend along an
axis that is perpendicuiar aud/or substantiaily perpendicuiar to @ moid surface 1164 of the mold 1154, as iliustrated in
FIG. 33. Inserting the needies 1156 into the tssue thickness compensator 11350 while mainizining a paralicl
refationship between the mold surface 1164 aud a surface 1166 of the tissue thickness compensator 1150 may result in
defining a perpendicular and/or substantially perpendicular trajectory for the apertures 1152 relative to the surface
1166 of the tissue thickuess compensator § 150, as illustrated in FIG. 34. Tu other circunasiances, the needles 1156 can
extend from the mold surface 1164 at an obligue angie (not shown) and/or the insertion trajectory of the needles 1156
into the tissue thickness corpensator 1150 can be at an angle such that the needies 1156 ruay define a nou-
perpendicular frajectory for the apertures 1132 refative to the surface 1166 of the tissue thickness compensator 1 150.
In certain circumsiauces, a group of thie needles 1156 can be paraliel and/or substantially parallel to each other, as
illustrated in FIG. 33, resuiting in a group of the apertures 1152 that may be paraliel and/or substantially paraliel to
cach other, as illustrated in FIG. 24. Tu other circumstances, although not illustraied, a group of non-parallel needles
can extend from the mold surface 1164 and may resuit in non-parailel apertures when inserted mito the tissue thickness
cornpensator 1150. In some circumstances, the needies 1156 can be configured to create apermures withia the tissue
thickness compensator 1150 that can comprise a partialiy curved trajectory and/or a partially Linear trajectory. For
example, the needles 1156 can extend from the moid surtace 1164 1n a partially curved trajectory and can be inserted
1ito the ussue thickness compensator 1150 to create apertures within the tissue thickness compensator 1130 with a
corresponding partially curved trajectory.

[8158] Referring again to FIGS. 32-34, some or ali of the needies 1156 can comprise biunt distal ends 1168, as
illustrated in FI1G. 33. In other circumstances, some or ail of the needles 1156 can comprise sharp distal ends (not
shown). Sorue or all of the needles 1156 can comprise cylindrical, or at feast substantially cylindrical, stapes, for
example, as illustrated in FEG. 33. Other shapes are aiso contemplated by the present disciosure. [$15%9]  In various
instarces, oue or more of the needles 1156 extending from the mold surface 1164 may not be iusertable through the
full thickness of the tissue thickness compensator 1150, In certain instances, one or more of the needles 1156
extending from the yuold surface 1164 can be 1nsertable through the full thickness of the tissue thickness compeunsator

1150 to create openings an/or holes that extend through the fuil thickness of the tissue thickness compensator 1150, In
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certain instances, one or more of the needles 1136 extending from the moid surface 1164 can be inserted through a
first side of the tissue thickness conpensator 1150 and exited through a second side of the tissue thickness
compensator 1150 which niay be opposite the first side, for example. In certain instances, one or more of the needles
1156 roay coruprise a length greater than the tull thickuess of the tissue thickuess compensator 1130 (¢ facilitate the
insertion of the one or more needles 1156 through the full thickness of the tissue thickness compensator 1150.

{#166¢] Referring vow to FIGS. 35-37, it may be desirable to resize a tissue thickness compeusator. For example, one
or more dimensions of a tissue thickness compensator may be adjusted to correspond to dimensions of a staple
cartridge it order to provide a better it to the staple cartridge when the tissue thickness compensator is asserabled
with the staple cartridge. In certain circumstances, a tissue thickness compensator 1170 can be resized by changing its
height from a first height H1, as iilustrated in FIG. 35, to a second height H2, as illustrated i¢ FIG. 36. The tissue

thickness compensator 1170 may be similar in many respects to other tissue thickness compensators described lierein

such as, for exampie, the tissue thickness corapensator 22020 {FIG. 9}, the issue thickness compeusator 140 {FIG.

29), andl/or the tissue thickness compensator 1150 (FIG. 32). Por example, like the compensator 22020, the
cormnpensator 1170 cau be utilized with the end etfector 22090 (FIG. 9).

{0161} In various instances, referring again to FIGS. 35-37, the tissue thickness compensator 1170 can be prepared
using traditional lyophilization techaiques and/or any other suitable techniques. [n certain instances, the tissue
thickness corapensator 1170 can be resized, as illustrated 1 FIG. 37, usiug a therroal pressing pracess and a mold
1172, for exampie. The mold 1172 may comprise a receiver 1174 configured to receive the tissue thickness

comypensator 1170 and an adjustreent member 1176 which can be partially insertable into the receiver 1174, The tissue

thickness compensator 1170 can be resized when the tissue thickness compensator {170 is transitioned into a glassy
staie. In one embodiment, the tissue thickness corapensator 1170 can be heated in an oven (not shown) to a
temperatire greater than or equal to a glass ransition temperature of the materiai composition of the tissue thickness
compensator [170 but less than the melting temperature of the same. In another embodiment, the receiver 1174 and/or
the adjustment member 1176 may comprise a heating element for transitioning the tissue thickness compensaior 1170
to the glassy state. The adjustment menmber 176 can then be inserted iuto the receiver 1174 a distance H3, for
example, as illustrated in FEG. 37, thereby compressing the tissue thickness compensator 1170 and reducing its height
from the first beight H1 to the second height H2. Tu some iustances, the adjustment wember 1176 can be inserted iuto
the receiver 1174 before the tissue thickness compensator 1170 enters into the giassy state or just as the tissue
thickness corapensator 1170 enters into the glassy state. The adjustmen: member 1176 can be held agaiust the tissue
thickness compensator 1170 to compress the tissue thickness conpensator 1170 for a timne period sufficient to permit
the tissue thickness compensator 1170 to retain, or at least substantially retain, the second height H2, as illustrated in
FIG. 36. The ussue thickoess compensator 1170 can then be atlowed 10 cool 10 a temperature below the glass
transition temperature while under compression from the adjustment member 1176, After transitioning the tissue
thickness compensator 1170 out of the glassy state, the adjustmeut meraber 1176 cau be retracied. In some 1ustauces,
the adjustment member 1176 can be retracted betore the tissue thickness compensator 1170 exits the glassy state. In

certain circumstances, the above described resizing process can be utilized to change avother dimension of the tissue
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thickness compensator 1170 such as a length or & width of the tissue thickness compensator 1170, for example. in
some circurnstances, these dimensious can be modified simultancously or moditied sequentially.

[0162] It certain examples, the compression from the adjustment member 1176 can be maistained for a period of
tme from about 30 seconds to about 8 hours, for example, dunug the tinee in the glassy state and/or for a period of
time from about 30 seconds to about & hours, for example, atter exiting the glassy state. In at least one example, the
compression fron: the adjustment member 1176 can be maiutained for approximately 16 minutes during the time in
the glassy state and for approximately 10 minutes after exiting the glassy state. Other time periods for maintaining the
compression buposed by the adjustiment member {176 against the tissue thickness compensaior 1170 age
contemplated by the present disclosure.

[0863] Iu certain circumstances, the adjustmen: member 1176 cau be used to apply pressure onto the tissue thickness
compensator 117¢ before the tissue thickaness compensator 1170 is trausitioned to the glassy state. In certain
circumstauces, the adjustment merber 1176 may apply pressiure to the tissue thickness compensator 1170 while the
tissue thickness compensator 1170 is heated to reach the glassy state, while the tissue thickness compensator 1170 is
in the glassy siate, and/or while the issue thickness compensator 1170 is transitioned or cooled to a temperatire below
the glassy state. In certain circumstances, the pressure applied to the tissue thickness compensator 1170 can be
gradually increased toward a threshold as the temperature of the tissue thickness compensator 1170 is gradually
trausitioned toward the glassy state, for example. Ju certaiu circumstances, the pressure applied to the tissue thickness
compensator 1170 can be removed, gradually removed, or at least partially reduced as the tissue thickness
compensater 1170 exits the glassy state, tefore the tissue thickness compeusator 170 exits the glassy state, and/or
after the tissue thickness compensator 1170 exits the glassy state.

[3364] The reader will appreciate that the difterent molds atilized iu the modification processes described above
such as, for example, the molds 1144, 1154, and/or 1172 are iilustrative examples. Other moid designs and
coufigurations can also be emploved to manipulate tissue thickness compensators in a variety of ways. Furthermore,
the forces involved in mampulating a tissue thickness compensator need not only be compressive forces. For example,
tensile forces can also be utilized to modity, reshape, and/or resize a tissue thickness compensator in simiiar mauners
to those described above. For example, the tissue thickness compensator 1170 can be stretched using tensile forces to
reduce its height from the first height Hi (FIG. 35) to the second height H2 (FIG. 36), for example, using a
modification process that is similar in many respects to the modification processes described above. I certain
circumstances, comnbinations of tensile and compressive torces can be used to manipulate a tissue thickness
compensator during a modification process.

{#165] Referring again to FIGS. 35-37, it may be desirable to modity the porosity of a tissue thickness compensator
for use in a surgical procedure. A tissue thickness compeusator rnay corprise a porous, open cell foan: aud/or a
porous, closed celi foam, tor example. Traditional lyophilization techniques may provide some controi over a tissue
thickness compensator’s porosity but such control may not be easily reproducible and may need additioual fine
adjustments that may not be obtainable by traditional lyophilization technigues. As illusirated in FIGS. 35-37, the
height of the tissue thickness compeusator 1170 can be changed trom: the {irst height H1 (FIG. 35) 10 the secoud

height H2 (FIG. 36), for example, using the modification process described above. In addition, porosity of the tissue
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thickness compensator 1170 can alse be modified using the same and/or & similar modification process. For exampie,
the tissue thickness comypensator 1170 roay comprise a first porosity (FIG. 35) prior to the modification process and a
second poresity {(FIG. 36) atter completion of the medification process, as described above. The change in porosity
can be attributed, at least in part, 1o the compressive forces and/or the energy applied 1o the tissue thickuess
compensataor 1170 by the adjustment member 1176 during the modification process described above.

{#166] Further to the above, the tissue thickness compensator 1170 way coruprise a plurality of pores 1180. Soime or
all of the pores 1180 may be altered in position, size, and/or shape, for example, as a resuit of the modificaiion process
described above. For example, one or ruore of the pores [180 may comprise a spherical, or substantially spherical,
shape prior to the modification process which may be altered to an oval, or substantialiy oval, shape as a result of the
modification process. In at least one example, one or more of the pores 1180 may comprise a fist size prior to the
modification process and a second size different from the first size as a result of the modification process. In certain
circumstauces, as described below in greater detail, the porosity chauges can be localized 1o one or more regions or
zones of the tissue thickness compensator 1170.

{#167] Furihermore, in cettain circurustances, the change in porosity of the tissue thickness compeusator {170 may
be accompanied by a change in density of the tissue thickness compensator 1170. In other words, as the adjustment
member 1176 is advanced against the tissue thickness compensator 1170, compressive forces may reduce space
accupied by the tissue thickuess corpensator 1170 thereby causing roaterial and/or pore redistribution which may
yicld an increase in the density of the tissue thickness compensator 1170 and/or a reduction in its porosity. In certain
circumstances, as descobed below in greater detail, the density chauges cau be localized to one or more regions or
zones of the tissue thickness compensator 1170.

{$168] Furiher to the above, the change 1n porosity and/or density of the tissue thickuess cornpensator 1170 may

yicld a change in the spring rate of the tissue thickness compensator 1170. A tissue thickness compensator’s spring

rate can influcnce its ability to compensate for tssue thickness when the tissue thickness corupensator is deployed
against tissue captured by stapies such as, for exampie, the staples 20230 (F1G. 8), as described above in greater
detail. Furtherruore, a tissue thickness corupensator’s spring rate can also influence its ability to apply pressure against
tissue captured with the tissue thickness compensator by a staple. In other words, a change in @ tissue thickness
compensator’s spring rate may change the pressure exerted by the tissue thickxess cornpensator against tissue captured
by a staple. Since different tissue types may respond more positively to certain pressures, fine control over a tissue
thickness corapensator’s spring rate can be advantageous.

{0169  Asiilustrated in FIGS. 35-37, the tissue thickness compensator 1170 may comprise a first spring rate (F1G.
35) which may be aitered or modified to a sccond spring rate (FIG. 36) different from the first spring rate using the
modification process described above. For example, as described above, the adjustmeut meraber 1176 cau be
advanced against the tissue thickness compensator 1170 while the tissue thickness compensator {170 is in the glassy
state. In response, the ussue thickness compensator 117€ rnay be corupressed which ruay cause a change in the spring
rate of the tissue thickness compensator 1170. The adjustment member 1176 can be retained in the advanced position
for a period of time sufficient to permit the tissue thickness corupensator 3179 to retain, or at least substantially retain,

the change in spring rate. In addition, the tissue thickness compensator 1170 can be aliowed to cool beiow the glass
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transition temperatiure of its material composition while maintaining the pressure applied by the adjustment member
1176 against the tissue thickuess compensator 1170,

{0170] In certain instances, the adjustment member 1176 can be maintained in the advanced position against the
tissue thickoess cowpensator 1170 for a period of time from about 30 seconds to about 8 bours, for example, during
the time in the glassy state and/or for a period of time from about 30 seconds to about § hours, for cxampie, after
exiting the glassy siate. I at least one example, the adjustinent mernber 1176 can be maintained in the advanced
position: against the tissue thickness compensator 1170 for approximately 10 minutes during the time in the glassy
state and for approximately 10 nuinates after exiting the glassy state. Othier tinie periods for mainsaining the
adjustment member 1176 in: the advanced position against the tissue thickness compensator 1170 are contemplated by
the present disciosure.

{0171] In certain circumsiances, the adjustment member 1176 can be used to apply pressure onto the tissue thickness
compensater 1170 to change the spring rate of the tissue thickness compensator 1170 before the tissue thickness
compensator 1170 is transitioned to the glassy state. In certain circumstances, the adjusiment member 1176 may apply
pressure to the tissue thickness compensator {170 while the tissue thickness compensator 1170 is heated to reach the
glassy state, while the tissue thickness compensator 1170 is in the glassy state, and/or while the tissue thickness
compensator 1170 is transitioned or cooled to a temperature below the glassy state. In certain circurnstances, the
pressure appiied to the tissue thickness compersator 1170 can be graduaily increased toward a threstiold as the
temperatire of the tissue thickness compensator 1170 is gradually increased to transition the tissue thickness
compensator 1170 toward the glassy state, for example. In certain circuwstances, the pressure applied to the tssue
thickness compensator 170 can be removed, graduaily removed, or at least partiaily reduced as the tissue thickness
compensator 1170 exits the glassy state, before the tissue thickuess corupensator 1170 exits the glassy state, and/or
after the tissue thickness compensator 1170 exits the glassy state.

{0172} Referning again to FIGS. 35-40, the ussue thickness compensator 1170 ruay be rmanufactured with a naive
spring rate using tracditional lyophilization techniques and/or any other suitable technigues. As described above, the
spring rate of the tissue thickness compensator 1170 can influence its ability to apply pressure agains: tissue captured
with the tissue thickness compensator 1170 by a staple. The modification process described above may be utilized to
adjust the rative spring rate of the tssue thickaess compensator 1170 to adjust its ability to appiy pressure agaiost
tissue captured with the tissue thickness compensator 1170 by the stapie. In certain circumstances, the native spring
rate of the tissue thickness compensator {170 can be increased from a furst spring rate at poist A {FIG. 40) te a second
spring rate inciuding and up to a maximum spring rate at point B (FIG. 40). In certain circumstances, such increase of
the spring rate of the tissue thickness compensator 1170 can be achieved by applying cornpression forces to the tissue
thickniess compensator 1170 using the adjustment meember 1176 while the tissue thickniess corpensator 1170 is in the

giassy state, as explain in the modification process described above. As illustrated in FIG. 40, the point B represents a

b=

5

maximow elastic yield of the tissue thickness compensator 170, As such, any additional compression applied by the
adjustment member {176 to the tissue thickness compensator 1170 bevond a threshold compression at the point B

may produce a decrease in the spring rate of the wodified tissue thickness compensator {170, For example, as

ttiustrated in FIG. 40, the spring rate at the point C is lower than the spring rate at the point B even though the
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compression force applied by the adjustment member 1176 to the tissue thickness compensator 1170 at point C is
greater than the compression force applied at the point B.

{0173]  Asdiscussed above, one or more processes can be used to affect the spring rate, and/or any other property, of
a roaterial used in conjunction with a fasiever cartridge and/or a surgical fastening instoument, for example. The spring
rate, and/or any other property, of the material may change throughout the modification process or processes. Such a
change may be gradual in sorue circumstances, while in other circumstances, the change may be sudden. In vanious
instances, one or more of the steps of the modificaiion process may cause an increase in the spring rate of the material
while one or more steps may cause a decrease 1o the spring rate of the material, Ultmately, the net change in the

spring rate can be measured as a comparison between an original spring rate before the modification process begins

and a subsequent spring rate after the raodification process has been corupleted. In various instances, a material ruay
comprise an altered spring rate after thie material has been heated and then cooled.

{0174  In certain circurusiances, it may be desirable 10 apply one or more of the above described modification
processes 1o a tissue thickuess compensaior. For example, a first modification process can be utilized to modify
porosity of the tissue thickness compensator, as described above with respect to the tissue thickness compensator
1170. A second modification process, following the first modification process, can be utilized to alier a surface of the
tissue thickness compensator, as described above witl: respect to the tissue thickness compensator 1140. Furthermore,
a third modification process can be utilized to rodify the tissue thickuess cornpensator to include a longitudinal slot
similar to the longitudinal slot 1122 of the tissue thickness compensator 1120. In yet a fourth modification process, the
ussue thickness compensator can be rnodified to include aperiures similar to the apertures 1152 of the tissue thickness
compensator 1130, The reader wiil appreciate that some of above mentioned moditications can be combined or
grouped 1t a single rwodification process. For example, a mold can be designed 1o 1aclude the needles 1156 of thie
moid 1134 and the central beam 1128 of the mold 1126. Other modification arrangements are contempiated by the
present disclosure.

{8178} Referring now to FIGS. 38 and 39, a tissue thickness compensator such as, for example, tissue thickness

compensator 1190 can he aliered or modified using one or more of the ruodification processes described above to
include portions with different spring rates, porosities, and/or densities. In certain circumstances, the tissue thickness
compensator 1190 can be modified using one or more of the ruodification processes described above to inclade a
gradient pore morphology (i.¢. small pores gradually increasing in size to large pores across the thickness of the tissue
thickness corupensator 1190 it one direciion). Such morphology could be ruore optimal for tissue in-growth or
hemostatic behavior. Further, the gradient could also be compositional with a varying bio-absorption profile. A short
term absorption profile may be preferved to address hemostasis while & long term absorption protile may address
better tissue healing without leakages.

{0176] Referring again to FIGS. 38 and 39, the tissue thickness compensator 1190 may include one or more zone
georuettes that are different froru the remainder of the tissue thickuess cornpensator 1196. For example, as illustrated
in FIG. 38, the tissue thickness compensator 1190 may include one or more profniding portions such as, for exampie,
profruding portion 1196. In additon, the tissue thickness compensator 1190 ruay comprise a uniform, ot at least a

substantially uniform, first spring rate, tirst porosity, and/or first density through the tissue thickness compensator
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1190 including the one or more zone geometries, as iilustrated in F1G. 38. In certain circumstances, the tissue
thickness corapensator } 190 can be altered or modified using one or more of the mod:{ication processes described
above to alter or modity the one or more zone geometries and/or to induce localized changes in the first spring rate,
the first porosity, and/or the frst deusity, for exaruple. The modified tissue thickness compensator 1190 may comprise
one or more modified zones with ditferent spring rates, porosities, and/or densities from other modified zones and/or
the first spring rate, the first porosity, aud/or the {irst density, respectively, of the remainder of the tissue thickness

compensator 1190, In certain circumstances, the resuiting one or more modified zones may correspond to the one or

more zone geometries. For example, as illustrated in FIG. 39, the ssue thickness compensator |190 may be altered or

modified to level, or at least substantially level, the protruding portion 1196 and to form a flat, or at least a
substantially flat, serface 1198, tor exampie. The mmodified tissue thickuess compensator 190 1ray include a first
portion 1192 comprising the first spring rate, the first porosity. and/or the {irst density and a second portion: 1194
comprising a second spring rate, a second porosity, and/or a second deusity, which can be different from the firs:
spring rate, the {irst porosity, and/or the {irst density, respectively. The second portion 1194 may correspond (o the
protnding portion 1196 aud can result from the leveling, or at least substautially leveling, of the protruding portion
1196 to form the flat, or at least substantially Hat, surface 1198, for example. In certain respects, the geometry of the
protruding portion 1196 prior to the modification of the tissue thickness compensator 190 mirrors, matches, or
resembles the geometry of the second portion 1194 after the tissue thickness compeusator 1190 has been modified.
{0177} Referring again to FIGS. 37-39, the tissue thickness compensator 1190 can be altered or moditied using the
mold 1172, m a sirailar raanmer to the tissue thickness compeusator 1170, For example, the tissue thickness
compensator 1190 can be heated in the receiver 1174 to a temperature greater than or equal to a glass transition
teruperature of the matenal composition of the tissue thickuess compensaior 1190 but less than the melting
temperatire of the same. In certain circumstances, the adjustment member 1176 can be advanced against the
protruding portion 1196, while the tissue thickaess compensator 190 is iv the glassy state, thereby compressing the
protruding portion 1196 and rearranging its geometry io form the second portion 1194, as illustrated in FEG. 39.
Further to the above, the adjusiment member 1176 cau be configured to maintain compression against the protruding
portion 1196 for a time period sufficient to perunt the tissue thickness compensator 1190 to retain, or at least
substautially retain, the modification imposed by the adjustent member 1176, The tissue thickness compensaior
1190 can be atlowed to cool or can be actively cooled to a temperature below its glass transition temperature while
under compression from ttie adjustent ieember 1176, After transitioning the tissue thickness compensator 1190 out
of the glassy state, the adjustment memnber 1190 can be reiracted. The tissue thickness compensator 1190 may retain,
or at least substantially retain, the second portion 1194, as illustrated in FIG. 39. In certain circumstances, the
adjustment mertber 1176 reay apply pressure onto the protruding portion 1196 while the tissue thickness corpensator
1190 is heated to reach the glassy state, while the tissue thickness compensator 1190 is in the glassy state, and/or
while the ussue thickness compensaior 1190 is iransitioned or cooled to a temperature below the glassy state. In
certain circumnstances, the pressure applied to the protruding portion 1196 of the tissue thickness compensator 1190
can be gradually increased toward a threshold as the teraperatuce of the tissue thickuess compensator } 190 1s gradually

increased to fransition the tissue thickness compensator 1190 toward the glassy state, for example. In certain
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circumstances, the pressure applied to the protruding portion 1196 of the tissue thickness compensator 1190 can be
removed, gradually removed, or ai least partially reduced as the tissue thickuess corpensator 1190 exits the glassy
state, hefore the tissue thickness compensator 1190 exits the glassy state, and/or after the tissue thickness compensator
1190 exits the glassy state.

{0178] Reterring now to FIGS. 41-43, a tissue thickness compensator such as, for exampie, tissue thickness
compensator 1200 can be prepared using traditional lyophilization iechaniques and/or any other suitable techniques. In
addition, the tissue thickness compensator 1200 can be modified or aliered for use in a surgical procedure, for
example. The tissue thickress compensator 1200 cau be similar in many respects to other iissue thickness
compensators such as, for exampie, the tissue thickaess compensator 22020 (FIG. 9) and/or the tissue thickness
compensator 1120 (FIG. 26}, For example, like the issue thickness compensator 22020, the tissue thickness
compensator 1200 can be utilized with the end effector 22090, Furthermore, as illusirated in FIGS. 41-43, the tissue
thickness compensator {200 can be moditied to inchude a longitidinal slo: 1202 which, like the knife slot 22025, may
define a tissue thickness compensator kaife path for the cuiting portion 16053 between a first stapling portion 1204a
aud a second stapling portion 1204b. Furthermore, the first stapling poriion [204a and the second stapling portiou
1204b can be similar in many respects to the first stapling portion 22021a (F1G. 9) and the second stapling portion
22021b (FIG. 9) of the tissue thickness compensator 22020. 1n addition, the slot 1202 can be contigured to releasably
conuect the first stapling portion 1204a and the second stapling pottion 1204b such that, m use with the end effector

22090, the cutting portion 10033 can be advanced distaliy through the slot 1202 to transect the slot 1202 and separate

the first stapliug portion 1204a aud the second stapling portion 1204h.

{0179] Reterring again to FIGS. 41-43, the tissue thickness compensator 1200 can be modified prior to assembly
with an end effector such as, for example, the end effector 22090 (F1G.9). Alteruatively, the ussue thickness
compensator 1200 can be modified after it has been assembled with an end effector. As described above, the tissue
thickness compensator 1200 can be prepared using fraditional lyophilization techaiques and/or any other suitable
techniques. A space creator 1206 can be utitized to modify the tissue thickaess compensator 1200 in a thermal
pressing process, as illustrated 1o FIGS. 41-43. For example, the space creator 1206 can be heated wo a temperature
greater than or equal to a melting temperature of the material composition of the tissue thickness compensator 1200,
The space creator 1206 can then be aligned with and inserted into the tissue thickness compensator 1200 to form the
iongitudinal slot 1202. The space creator 1206 may melt through the tissue thickness conmipensator 1200 to create
space for the longiiudinal slot 1202, The space creator 1206 can be retracted upon reaching a desired depth withie the
tissue thickness compensater 1200, In certain circumstances, the thermal pressing process can be repeated by
reinserting the heated space creator 1206 through the tissue thickness compensator 1200 to widen the space created for
the longitudinal slot 1202

{0180] Referring again to FIGS. 41-43, the space creator 1206 may comprise 2 hot wire. For example, the space
creator 1206 may comprise a thin, tast metal wire, which can be ade of nichrome or stainless steel, for exarple, or a
thicker wire preformed into a desired shape. The hot wire can be heated via electrical resistance to a desired
temperature. As the hot wire of the space creator 1206 1s passed through the waterial of the tissue thickness

compensator 1200, the heat from the hot wire may vaporize the material just in advance of contact. In certain
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circumstances, the hot wire may comprise a cylindrical, or substantiaily cylindrical, shape, as illustrated in FIG. 42.
The depth ot the longitadinal slot 1202 can depend. in part, on the insertion depth of the space creaior 1206 througl:
the tissue thickness compensator 1200 and the width of the longitudinal siot 1202 can depend, in part, on the diameter
of the hot wire of the space creator 1206.

{0181] In certain instances, the space creator 1206 can be partially inserted through the full thickness of thie tissue
thickness corepensator. Ju certait instances, the space creator 1206 can be compictely inserted through the full
thickness of the tissue thickness compensator 1200 to create openings, holes, and/or slots extending through the full
thickness of the tissue thickness compensator 1200. In certain instances, the space creator 1206 may be inserted
througl: a first side of the tissue thickuess compensator 1200 and exited through a second side of the tissue thickness
corupensator 1200 which may be opposite the tirst side, for example.

{0182] Many processes are disclosed herein which utilize thern:al energy to modity a tissue thickness compensator.
Such processes can be referred to as felting processes. Tu certaiu instances, a felting process may also wiilize the
application of compressive and/or tensile forces to @ tissue thickness compensator. In other instances, a felting

process may not gtifize the application of compressive and/or teosile forces to a tissue thickness compensator. In

either event, the feliing processes disclosed herein can also be utilized to modity and suitable implantable layer and/or
buttress material, for example.

{#183] In various circumstances, the tissue thickness compensator assembly roay cornprise a polymeric
composition. The polymeric composition may comprise one or more synthetic polymer and/or one or more non-

synthetic polymer. The syuathetic polymer may comprise a syathetic absorbable polymer and/or a synihetic non-

absorbable polvmer. In various circumstances, the polymeric composition may comprise a biocompatibie foam, for

exarupie. The biocompatible foam rnay comprise a porous, open cell foam and/or a porous, closed cell foam, for
exampie. The biocompatible foam can have @ unitorm pore morphology or may have a gradient pore morphology (i.c.
small pores gradually incieasing in size to large pores across ilie thickuess of the foam in one direction). o various
circumstances, the polymeric composiiion may comprise one or more of a porous scaftold, a porous matrix, a gel
matrix, a bydrogel matrix, a solution mairix, a filamentous reatrix, a tubular reattix, a coruposite matrix, a
membranous matrix, a biostable polymer, and a biodegradable polymer, and combinations tliereof. For example, the
tssue thickness compensator assexnbiy ruay comprise a toam reinforced by a filamentous roatrix or reay comprisc a
foam having an additional hydrogel layer that expands in the presence of bodily fluids to further provide the
corapression oo the tssue. (B vanous circarnsiances, a tissue thickness compensator asserebly could also be

comprised of a coating on a material and/or a second or third layer that expands in the presence of bodily fluids to

further provide the compression on the tissue. Such a layer could be a hvdroge! that could be a synthetic and/or
naturally derived material and couid be either biodurable and/or biodegradable, for exaxuple. o certain circumstances,
a tissue thickness compensator assembly could be reinforced with tibrous non-woven materials or tibrous mesh type
clements, for example, that can provide additional Sexibility, stiffness, and/or strengtti. In various circumstances, a
tissue thickness compensator assembiy that has a porous morphiology which exhibits a gradient structire such as, for
exarnple, small pores on one surface and larger pores ou the other surface. Such reorphology could be more optiral

for tissue in-growth or hemostatic behavior. Further, the gradient could be also compositional with a varying bio-
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absorption profiic. A short term absorption protfile may be preferred to address hemostasis while a long term
absorption profiie may address hetter tissue beabing without leakages.

{0184] Exampies of non-synthetic polymers inciude, but are not limited to, lyophilized polysaccharide, glycoprotein,
elastin, proteoglycan, gelatin, collagen, and oxidized regeuerated cellulose (ORC). Examples ot synthetic absorbable
polymers include, but are not fimited to, poly(lactic acid) (PLA), polyv(L-lactic acid) {PLLA), polycaprolactone (PCL),
polvziyeolic acid (PGA), poly{trimethylene carhouate) (TMC), polyethvlene terephthalate (PET),
poivhydroxvaikanoate (PHA), a copoiviner of givceolide and g-caprolacione (PFGCL), a copolymer of glycobde and-
wimethylene carbonate, poly(glycerol sebacate) (PGS), polydioxanone, poly{otthoesters), polyanhydrides,
polysaccharides. poly(ester-amides), tyrosine-based polyaryiates, tvrosine-based polyiminocarbonates, tyrosine-based
polycarbonates, poly{D,L-laciide-urethane), poly(B-hydroxybutyrate), poly(E-caprolactone), polyethyleneglycol
(PEG), poly[bis(carboxyiatophenoxy) phosphazene], poly(amino acids), pseudo-poly{amino acids), absorbable
polyurethaues, and combinations thereof. In various circumstauces, the polymeric compaosition may comprise from
approximaiely 50% to approximateiy 90% by weight of the polymieric composition of PLLA and approximately 30%
to approxirsately 10% by weight ofthe polymeric composiiion of PCL, for example. In at east one embodiment, the
polymeric composition may comprise approximately 70% by weight of PLLA and approximately 30% by weight of
PCL, for exampie. In various circumstances, the polyineric composition may comprise from approximateiy 559 to
approximately 85% by weight of the polymeric composition of PGA and 15% 10 45% by weight of the polymeric
composition of PCL, for example. In at least one embodiment, the polymeric composition may coniprise
approximately 65% by weight of PGA and approximately 33% by weight of PCL, for example. in various
circumstances, the polymeric composition may comprise from approximately 90% to approximately 95% by weight of
the polymeric composition of PGA and approximately 3% to approximately 10% by weight of the polymernic
composition of PLA, for exampie.

{6185] In vanous circumstances, the synthetic absorhable polymer may comprise a bioabsorbable, biocompatible
elastonieric copoivmer. Suitable bicabsorbabie, biocompatible elastomeric copoiymers inciude but are not iimited to
copolymers of epsilon-caprolactone aud glycolide (preferably having a mwole ratio of epsiion-caprolactone to giveolide
of from about 30:70 to about 70:30, preferably 35:63 to about 63:35, and more preferably 45:55 to 35:65); elastomeric
copolymers of epsilon-caproiactone and lactide, including E-lactide, D-iactide blends thercof or lactic acid
copolyniers (preferabiy having a mole ratio of epsilon-caprolactone to factide of from about 35:65 to about 63:35 and
more preferably 45:55 1o 30:70) eiastomerc copolymers of p-dioxanone (1,4-dioxan-2-one) and lactide including L-
factide, [3-lactide and lactic acid {preferably having a mole ratio of p-dioxanone to lactide of from about 4¢:60 to
about 60:40); elastomeric copolyniers oi epsilon-caproiactone and p-diexanone (preferably having a mole ratio of
epsilon-caprolactone to p-dioxanoue of from about 30:70 to about 70:30); elastomeric copolymwers of p-dioxatone and
trimethylene carbonate (preferably having a mole ratio of p-dioxanone to trimethyiene carbonate of from about 30:70
to about 70:30); elastomeric copolymers of trimethylene carbonate aud glycolide (preferably baving a mole ratio of
trimethylene carbonate to glveolide of from about 30:70 to about 70:30); elastomeric copolymer of trimethylene
carbouate aud lacude including L-factide, I3-lactide, biends thereof or actic acid copolymers {preferably having a

mole ratio of trimethylenc carbonate to lactide ot trom about 30:70 to about 70:30) and biends thercot. In one
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embediment, the elastomeric copolymer is @ copoiymer of giycolide and epsilon-caprolactone. In another
embodimeut, the elastomenc copolynier is a copolyruer of lactide and epsilon-caprofactone.

{0i86] The disclosures of U.S. Patent No. 5,468,253, entitled ELASTOMERIC MEDICAL DEVICE, which issued
on Noveruber 21, 1995, and U.S. Patent No. 6,325,810, entitled FOAM BUTTRESS FOR STAPLING APPARATUS,
which issued on December 4, 2001, are hereby incorporated by reference in their respective entireties.

{0187] Iu various circumstances, the synthetic absorbable polyruer ruay comprise one or more of ¥/10
polyv(glycolide-L-lactide) copolynier, commercially available from: Ethicon, Inc. under the trade designation VICRYL
(polyglaciic 910), polyglycolide, comruercially available frorn American Cyacarnid Co. under the trade designation
DEXON, polydioxanone, commercially available from Ethicon, Inc. under the trade designation PDS, poly{glycoiide-
trimethylene carbonate) randow block copolymer, corurercially avaiiable from American Cyacarnid Co. under the
trade designation MAXON, 75/25 poly{glycolide-E-caprolactone-poliglecaprolactione 23) copolymer. commercially
available from Ethicon under the trade designation MONOCRY L, for example.

{#3188] Examples of synthetic non-absorbabie polymers include, but are not linuited to, foamed polyurcthane,
polvpropylene (PP), polvethylene (PE), polycarbonate, polyaruides, such as nyion, polyvinylchloride (PVC),
polvmethylmetacrylate (PMMA), polystyrene (PS), polyester, polyetheretherketone (PEEK), polytetrafiuoroethylene
(PTEE). polytritluorochlorocthvlenc (PTFCE), polyvinvifluoride (PVF), fluorinated cthylene propylene (FEP),
polyacetal, poiysulfove, and combinations thereof. The synthetic non-absorbable polymers may inciude, but are not
limited to, foamed clastomers and porous clastomers, such as, for example, silicone, polyisoprene, and nibber. In
vatous ciccunisiauces, the synthetic polyroers may corupase expanded polytetrafluoroetbyleve (ePTFE),
commercially available from W. L. Gore & Associates, Inc. under the trade designation GORE-TEX Seft Tissue
Patch and co-polyethierester urethane foan: conunercially available from Polyganics under the trade designation
NASOPORE.

{618%] The polymeric coruposition of a tissue thickness compensator asserubly may be characterized by percen:
porosity, pore size. and/or hardness, for example. In various circumstances, the polymeric composition may have a
percent porosity from approximately 30% by volume to approximately 99% by volume, for example. In certaiv
circumstances, the polymeric contposition may have a percent porosity from approximately 60% by volume to
approximately 98% by volume, for exaruple. {n various circumstances, the polymeric composition may have a
percent porosity from approximately &3% by volume to approximately 97% by volume, for example. In at least one
embodiment, the polymeric coruposition may comprise approximately 70% by weight of PLLA acd approximately
30% by weight of PCL. for examiple, and can comprise approximately 90% porosity by velume, for example. In at
ieast one such embodiment, as a result, the polymeric composition would comprise approximately 10% copolymer by
volurne. [ at feast one erubodinient, the polyrueric composition suay conpuse approximately 63% by weight of PGA
and approximately 35% by weight of PCL, for example, and can have a percent porosity from approximately 93% by
volumme to approximately 95% by volume, for example. In vacious circurustances, the polvimeric cornposition may
comprise a greater than &53% porosity by volume. The polymeric composition may have a pore size from
approxtmately 5 micrometers to approximately 2000 microrueters, for example. {n vanous clrcunsiauces, the

polymeric composition may have a pore size between approximately 16 micrometers to approximately 100
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micrometers, for example. In at [east one such embodiment, the polymeric composition can comprise & copoiymer of
PGA and PCL, for exampie. In certain circumstauces, the polyweric conposition may tiave a pore size betweet

approximately 100 micrometers to approximately 1000 micrometers, for exampie. In at ieast one such embodiment,
the polyroeric composition can comprise a copolymer of PLLA and PCL, for exanple. According to certain aspects,
the hardness of a polymeric composition may be expressed in terms of the Shore Hardness, which can detined as the
resistance to permacent indentation of a waterial as determined with a durometer, such as a Shore Durometer. In
order to assess the durometer value for a given material, & pressure is applied to the material with a durometer indenter
foot in accordance with ASTM procedure D2246-00, entitled, “Standard Test Method for Rebber Property-Durometer
Hardness™, the entirety of which is incorporated herein by reference. The durometer indenter foot niay be applied to
the material {or a sufficient period of tine, such as 15 seconds, for examiple, wherein a reading is then iaken trom: the
appropriate scale. Depending on the type of scale being used, a reading of 0 can be obtained when the indenter foot
completely penetrates the material, and a reading of 100 caa be obtaited when no penetration into the material occurs.
This reading is dimensionless. In various circumstances, the durometer may be determined in accordance with any
suitable scaie, such as Type A and/or Type OO scales, for example, in accordacce with ASTM D2240-00. Tu various
circumstances, the polymeric composition of a tissue thickuess compensator assenibly may have a Shore A hardness
value from approximately 4 A to approximately 16 A, for example, which is approximately 45 OO to approximately
65 00 on the Shore OO0 range. In at least one such emibodiment, the polynieric composition can comprise a
PLLA/PCL copolymer or &« PGA/PCL copoiymer, for exampie. In various circumstances, the polymeric compaosition
of a tissue thickness cowpensaior assernbly miay have a Shore A Harduess value of less than 1§ A, 1o various
circumstances, the polymeric composition of a tissue thickness compensator assembly may have a Shore A Hardness
value of less than 10 A. In various circumstances, the polynieric composition of a tissue thickness compensator
embly may have a Shore A Hardness value of less than 5 A, In certain circumstances, the polymeric material may
have a Shore OO composition value from approximately 35 OO 1o approximately 75 OO0, for example.
{$39¢] In various circumstances, the polynieric composition may have at least two of the above-identified
properties. I various circumstances, the poivmeric composition may have at least three of the above-idewtified
properties. The polymeric composition niay have a porosity from 85% to 97% by volune, & pore size from 5
micrometers to 2000 micrometers, and a Shore A hardness value trom 4 A to 16 A and Shore OO hardness valae from
45 00 to 65 OO, for example. In at least one embodiment. the polymeric composition may comprise 76% by weight
of the polymeric composition of PLLA and 30% by weight of the polymeric compositiot of PCL taving a porosity of
0% by volume, a pore size from 100 micrometers to 1000 micrometers, and a Shore A hardness value from 4 A to 16
A and Shore OO hardness vaiue irom 45 OO to 65 QO, for example. In at least one embodiment, the polymeric
conposition may comprise 63% by weight of the polyreric composition of PGA aud 35% by weight of the polymeric
composition of PCL having a porosity from 93% to 95% by volume, a pore size from 10 micrometers to 100
micrometers, and a Store A bardoess value from 4 A to 16 A and Shore QO harduess value from 45 OO to 65 OO0, for
example.
{#3191] Iu various circumstances, the polymeric composition rmay comprse a pharmaceutically active agent. The

polymeric compuosition may release a therapeutically effective amount of the pharmaceutically active agent. In
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various circumstances, the pharmaceutically active agent may be released as the polyrueric composition is
desorbed/absorbed. I various circumstances, the pharmaceutically active agent raay be released into fluid, such as,
for example, blood, passing over or through the polymeric composition. Examples of pharmaceuticaily active agents
may include, but are not limited o, hemostatic ageuts and drugs, such as, for exawple, fibrin, throrubin, and oxidized
regenerated cellulose (ORC); anti-inflammatory drugs, such as, for example, diclofenac, aspirin, naproxen, suiindac,
aud hydrocortisoue; antibiotic and antimicrobial dreg or agents, such as, tor example, iriclosan, ionic silver,
ampicillin, gentamicin, polymyxin B, chloramphericol; and aunticancer agents, such as, for example, cisplaiin,
mitoruyein, adrimmycin.

{$3192] Various methods are disclosed herein for altering a tissue thickness compensator. Such methods could be
used to alter any suitable layer for use with a tastener cariridge and/or a surgical fasteuing instrument, for exaruple.
Such a layer car: comprise a less than one hundred percent dense composition which can be created utilizing any
suitable process. For instance, such processes can include, for exarople, extruding, injection moldiug, weaving,
lyophilization, gas-foaming, and/or melt-blowing processes. Some processes may produce a foam while other
processes ruay not produce a foam; however, in any eveant, ali such embodiruen:s are contemplated for use with all of
the embodiments disclosed herein.

{#193] In various embodiruents, referring to FIGS. 44-46, an end cffector of a surgical fastening instruruent, such as
eud effector 108, for exaruple, can be configured to capture, fasien, and/or incise issue. The end effector 100 can
include a fastener cartridge 110 and, in additior, a firing member 140 which can be advanced through the fastener
cartridge 110 1o deploy staples rernovably stored within the staple cartridge 116 into tissue captured within the end
etfector 100. In various instances, the firing member 140 can be advanced from @ proximal position (FIG. 44) toward
a distal end of the end effector 100 to simultancously deploy the staples and trausect the tssue. There are sorue
circumstances, however, where it may not be desirable to advance the firing member 140 toward the distal end ot the
end effector 100. For lustance, the fastener cartridgze 110 of the end effector 100 can be removable and/or replaceable
and, i the event that a fasterer cartridge 110 is not positioned within the end effector 100, it may not be desirable for
the firing mewber 140 to be advanced within the cod etfector 100. In the cvent that the firing wmewmber {40 were to be
advanced through the end effector 100 without a fastener cariridge positioned within the end effector 100, a kntie edge
142 of the firing ruember 140 may incise tssue capuured within the end effector 100 without simultaneously fastemng
the tissue. Similarly, in the event that the fastener cartridge positioned within the end effecior 100 has been previously
used, or expended, and at least sorue of the fasteners have beeu deployved tror the fastener cartridge, it may not be
desirable for the firing member 140 to be advanced within the end effector 100. In the event that the firing member
140 were to be advanced through the end effector 100 with a previously expended fastener cariridge positioned within
the end effector 100, the knife edge 142 of the firing member 140 may incise tissue captured within the end effector
without simultaneousiy tastening the tissue. In various embodiments, the end eftector 100 can include one or more
iockout systems which can prevent the finug meruber 148 from being advanced distally when a fastener cartadge is
not present within the end effector 100 and/or when the tastener cariridge positioned within the end effector 100 has
heen at least partially expended. Various lockout systems are disclosed in U.S. Patent No. 6,988,649, eutitled
SURGICAL STAPLING INSTRUMENT HAVING A SPENT CARTRIDGE LOCKOUT, and issued on January 24,
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2006. The entire disciosure of U.S. Patent No. 6,988,649, eatitled SURGICAL STAPLING INSTRUMENT
HAVING A SPENT CARTRIDGE LOCKOUT, is incorporated by reference herein.

{0194] Referring again to FIGS. 44-46, the fastener cartridge 110 can include 2 cariridge body and a tissue thickness
compensator 120 wherein, further to the above, the tissue thickness coropensator 120 can be iroplanted agaiust tissue
captured by the end effector 100 by fasteners removably stored within the cartridge body. The tissue thickness
cormpensator 120 can be positioned above a op surface, or deck, of the cartridge body wherein staples 180 removably
stored within staple cavities defined in the cartridge body can be ¢jected from the staple cavities by a firing member,
such as sied 130 and/or firtug mernber 140, for exainple. o certain embodiments, the fastener cartridge 110 can
further mclude drivers configured to support the staples 180 and transmit the moverent of the sled 130 to the staples
180 1t order to move the staples 180 between an unfired position and a fired position. In various instances, the staples
180 can be at least partially embedded in the tissue thickness compensator 120 when the staples 180 are :n their
unftred positious aud, 1u certalu 1nstances, the siaples 180 can hold the tissue thickness compensator 120 in position
over the cartnidge deck when the stapies 180 are in: their unfired position. I the event that the tissue thickness
cornpensator 120 were to be moved relative to the cartridge body and/or the staples 180 prior to deploving the staples
180 into tissue, in some instances, the tissue thickness compensator 120 may move the stapies 180 relative to or away
from: their preferred positions. Moreover, in the event that the tissue thickness compensator 120 were to be removed
frora the cartnidge 110 poor to the staples 180 being deployed, the cariridge 110 may no longer be suitable for its
originally intended use. In view of the foregoing, as discussed in greater detail below, the end effector 100 may
include a lockout configured to prevent the firing member 140 and/or the sled 130 from beiug advanced distally to
deploy the staples 180 in the event that the tissue thickaess compensator 120 is removed from, or becomes at least
partiaily dislodged from, the cartridge body prior to the stapies 180 being deployed.

{0195] Referring again to FIGS. 44-46, the tissue thickness compensator 120 can comprise, one, a body 121
coutigured to be captured by the staples 180 and, two, a lockout pie 122 extending from the body 121, Iu various
mnstances, the lockout pin 122 can include a first end 123 embedded in the body 121 and a second end 124 positioned
mtermediaie the firitg member 140 and the sled 130 when the tissue thickness compensator 120 has vot been rernoved
from or substantiaily moved from a suitable position over the cartridge body deck. In such a position, the second end
124 of the lockout pin 122 can be positioned 1ntermediate a shoulder, or shelf, 134 defined on the sled 130 and a
protrusion 144 extending distally from the firing bar 140. Stated another way, when the lockout pin 122 is positioned
intermediaie the sled 130 and the firing bar 140, the lockout pin 122 and the sled 130 can co-operaie to support the
firing bar 140 in an unlocked position above a lockout shoulder 112 defined in the fastener cartridge 110 such that,
when a distal firing force is applied to the firing bar 140, the firing bar 140 can advance the sled 130 distally to fire the
staples 180. When the tissue thickuess compensator 120 is reroved from the cartridge 118 and/or sufficiently
dislodged from a desirable position relative to the cartridge body, referring primarily to FIG. 45. the lockout pin 122
may no longer be positioned intermiediate the sied 130 and the firing member 140 and/or may otherwise be unable to
support the firing member 140 in its uniocked position (FIG. 44). In such circumstances, the firing member 140 may
becomie positioned in a locked position such that the distal advancemeut of the firing member 140 is prevented by the

iockout shouider 112. In at least one such circumstance, the end effector 100 can further include a biasing member,
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such as a spring, for example, configured to bias the firing member 140 into its locked condition. In certain
circumstances, the biasing meraber can bias the firing member 140 1ato contact with the sled 130, for instance,
without the lockout pin 122 positioned therebetween which can comprise the locked position of the firing member
140,

{#196] As aresult of the above, the cartridge 110 may become inoperable if the tissue thickness conipensator 120 is
prematurely rercoved from the cartridge 110, In suck circumstances, the lockout pin 122 rpay comprise a tuse which
deactivates the cartridge 110 in the event that the tissue thickness conipensator 120 1s removed before the firing
mernber 140 is advanced distally. In various circuinsiances, the lockout pin 122 may comprise a key which maintains
the cartridge 110 in an uiilocked condition: when the key 1s positioned between the sled 130 and the firing member 140
and permits the cariridge 10 to enter into a locked condition in the event that the tissue thickness compensator 120 is
removed from the cartridge 110 before the firing member 140 is advanced distally, i.¢., before the firing member 140
begies its firing stroke. Wher the firing member 140 is in its Jocked-out condition and canno: be advanced distally,
the knife edge 142 of the firing member 140 1s uuable to incise the tissue captured withiu the end eftector 100.
Morcover, in such circunstances, the firing member 140 canoot advance the sled 130 distaliy 1o fire the siaples [80.
Thus, the tssue thickness compensator lockout can prevent the tissue captured within the end effector 160 from being
incised and stapled when the tissue thickness compensator 120 is not positioned on, or properly positioned on, the
cartridge 110, Io the event that the Grog meraber 140 is advanced distally before the tissue thickuess compensator
120 is removed, or dislodged, the firing member 140 can complete the firing stroke, or at ieast a portion of the firing
stroke, of the end effector 100. In such instances, the sled 130 is advacced distally so that one or more raraps 132
detined on the sled 130 can lift the staples 180 and that a knife edge 142 of the firing member 140 can incise the tissue
thickness corapensator 120 and/or the tissue captured within the end effecior 100, In soroe circumstances, the finng
member 140 can contact the lockout pin 122 and dispiace it out of the way as the tiring member 140 is advanced
distally. In such circumstances, the lockout pin 122 can be flexible. In various instances, the lockou: piz 122 can be
comprised of a bioabsorbable material and/or a biocompatible material, for example. In certain circumstances, the
tiriag mernber 140 can incise the lockout pin 122 as the tiring mersber 140 is advanced distally. In any event, the
purpose of the lockout pin 122 may become obsolete once the firing member 140 has been at least partially advanced.
Stated another way, the tissue thickness compensator lockout can serve as an initial check to verify that a tissue
thickness conipensator 1s present within the end effector and, once that initial check has beer made, the firing stroke
of the ead effecior can proceed.

{0197] Refernng agaiu to FIGS. 47-50, au end effector 200 can comprise an anvil 260 aud, in addition, a fastcuer
cartridge 210 including a cartridge body 214 and a tissue thickness compensator 220 wherein, firther to the above, the
tissue thickness corepensator 220 can be imiplanted against tssue captured by the end effector 200 by fasteners
removably stored within the cartridge body 214. The tissue thickness compensator 220 can be positioned above a top
surface, or deck, 211 of the cartridge body 214 wherern staples removably stored within staple cavities defined in the
cartridge body 214 can be ejected from the staple cavities by a firing member, such as a sied 230 and/or 2 firing
member 240, for example. [n certain embodimers, the fastener cartridge 210 can further include drivers configure

to support the stapies and transmit the movement of the sled 230 to the staples in order to move the staples between an
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unfired position and a fired position. In various instances, the staples can be at least partially embedded in the tissue
thickness cornpensator 220 when the staples are in their unfired positions and, in certain insiances, the staples can bold
the tissue thickness compensator 220 in position when the staples are in their unfired position. In the ¢vent that the
ussue thickness compensator 220 were to be rnoved relative to the cartridge body 214 and/or the staples prior to
deploying the staples into the tissue, in some instances, the tissue thickness compensator 220 may move the staples
refative to or away from their preferred positions. Moreover, in the event that the tissue thickness compensator 220
were 0 be removed fom the cariridge 210 prior to the staples being deployed, the cartridge 210 may no longer be
suitable for its oniginaily intended use. In view ot the foregoing, as discussed in greater detail below, the end eftector
200 may mclude a lockout coniigured to prevent the ficing member 240 andi/or the sled 230 from being advanced
distaliy to deploy the staples in the event that the tissue thickness compensator 220 is rernoved from, or becomes at
least pariially dislodged from, the cartridge body 214 prior to the staples being deployed.

{0198] Refernng again to FIGS. 44-46, the tissue thickness compensator 220 can comprise, one, a body 221

configured to be captured by the staples and, two, a loop, or tether, 222 extending from the body 221. In various

bl

instances, reterring prirpariiy to FIG. 47, the ioop 222 can comprise ends which are at ieast parti mbedded in the

C

body 221 and an intermediate portion extending between the ends which can be releasably engaged with the sled 230.
In certain instances, the loop 222 can comprise a suture or flexible thread, for example. In some instances, the ioop
222 cat be comprised of a bioabsorbable material and/or a biocompatible material, for example. Referring primarily
to FIG. 4R, the sled 230 can include a longitudinal body portion 236, a hool 238 extending from the body portion 236,
and a slot 237 defined between the body portion 236 and the ook 238, As iflusirated in FIG. 48, the loop 222 is
positioned within the siot 237 when the tissue thickness compensator 220 is positioned over the cariridge deck 211
and the sled 230 and the fiting roember 240 are in an unfived position. As also illustraied 1o FIG. 48, a distal
projection 244 extending from the firing member 240 is positioned against and/or above a support shoulder 234
defined on the sled 230 which holds the firing member 240 in an uniocked position, i.c., in a position in which the
distal movement of the firing member 240 will ot be impeded, or at least substantially impeded. by a lockout
shoulder 212 defined 1o the end effector 200 when a firing motion is appiied to the firing member 240. Thus, when
the sled 230 holds the firing member 240 in its unlocked position, referring to FIG. 49, the firing member 240 will

siide past the lockout shoulder 212 to advance the sled 230 distally, fire the staples removabiy stored within the

with a keife edge 242, As iilustraied in FIG. 49, the loop 222 can siide out of the siot 237 defined in the sied 230
when the sled 230 is advanced distally.

{0199] In the event that the tissue thickness compensator 220 is removed from the cartridge 210 or substantially
moved from a suitable position over the deck 211 of the cartuidge 210, referring now to FIG. 50, the tissue thickness
compensator 220 can pull the sled 230 distally such that the tiring member 240 is no longer supported by the sled 230.
More particularly, the loop 222 of the tissue thickness corapensator 220 positoned within the slot 237 can puil the
sied 230 distally from its untired position such that the support shoulder 234 is no fonger positioned under the distal
projection 244 of the firing member 240. In such circumstances, the firing merber 240 may shitt downwardly into a

locked position wherein the distal movement of the firing member 240 can be impeded by the lockout shoulder 212.
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In certain circumstances, the end effector 200 can further include a biasing member, such as @ spring, ior exampie,
which can bias the firing member 240 into its locked condition. When the firing member 24€ 1s in its locked
condition, the firing member 240 cannot be moved distally to advance the sled 230, fire the staples from the cartridge
body 210, aud/or incise the itssue capiured within the cud effector 200, Although the sled 230 may be advanced
distally when the tissue thickness compensator 220 is removed from the cartridge 210, the sled 230, in various
circumstances, may ot be advanced suificiently to deploy the staples from the cartridge 2 0. Wheu the user of the
surgical instrument recognizes that the finng member 240 is 1 a locked-out condition, the user can remove the staple
carfridge 210 from the end eifector 200 and replace it with a staple cartridge 210, for example, in which the tissue
thickness conipensator 220 is correctly positioned over the deck 211 and the sled 230 has not been advanced distally
froru its unfired position. Gther embodiments are conternpiated in which a staple cartridge is not removable from the
end effector; in such embodiments, the end effector may be entirely replaced in the event that the tissue thickness
compensator is removed from the staple cartridge and/or the firing member enters into a locked-out condition.

{0200] Turning now to FIGS. 51-33, a staple cartridge 310 can include a cartridge body 314 and a sled 330 movably
positioned within the cartridge body 314. Similar to the above, the cartridge body 314 can iuclude a plurality of
fastener cavities, such as fastener cavities 316, for example, and a longitudinal slot, such as kaife slot 318, for
example, defined therein. The sled 330 can include a central body portion 336 slidably positioned within the knite
slot 318 and a hook 338 exicuding frorn the ceniral body portion 336. Referring primarily to FIG. 51, a tissue
thickness compensator 320 of the cartridge 310 can include a body portion 321 and a catch 322 extending from the
body poriton 321 wherein the catch 322 can be releasably retained in @ slot 337 defued betweeu the book 338 and the
central body portion 336 when the sled 330 is in its unfired, or unadvanced, position. Similar to the above, the catch
322 cau inclade ends 323 mounted within the body 321 and can extend proxirnally fron: the body 321 of the tissue
thickness compensator 320 wherein, in the event that the tissue thickaess compensator 320 is removed from the
cariridge boady 314, for instance, the catch 322 cau pull the sled 330 distally such that a sepport shoulder 334 defived
in the central body portion 336 is no longer able to support @ firing member, such as firing member 240, for example,
thercon and such that the firing member may enter a locked out state. In various instances, a user of the surgical
instrument may aitempt to reassemble or reposition the tissue thickniess compensator 320 over the deck 311 of the
cartridge bady 314; however, the firing member 340 wili still rerain in a locked out conditiou as the repositioning of
the tissue thickness compensaior 320 will not reset the sled 330. Thus, such an arrangenient can prevent the cartridge
310 troru being used 1f it has been previously tarupered with.

{02061} In various instances, referring again to FIGS. 51-33, at least a portion: of the hook 338 extending from the
central portion 336 of the sled 330 and/or the slot 337 defined therebetween can extend above the deck 311, In certain
rustances, at least a portion of the hook 338 extending from the central portion 336 of the sled 330 aud/or the slot 337
detined therebetween can extend above the knife slot 318, In such embodiments, the catch 322 can be casily slid into
the slot 337 when the tissue thickness corupensator 320 is assembied to the cartridge body 314, Iu certain instances,
the catch 322 can be positioned above or against the deck surface 311 of the cartridge body 314. In various instances,
referving primarily to FIG. 53, the cartridge body 314 can iuclude a recess or pocket 319 defiued therein within which

the hook 338 can be positioned when the sled 330 is in its unfired, or unadvanced, position. In such an embodiment,
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the top of the hook 338 may be positioned below the deck surface 311. In various instances, the pocket 319 can
further include one or more raraped surfaces 313 which are defined in the distal end of the pocket 319 and extend
downwardly from the deck surface 311. In some instances, the catch 322 can abut the ramped surfaces 313 when the
sied 330 is advanced distally and, in such circurusiances, the ook 338 can thien separate from the catch 322, In
various instances, the recess 319 can be contigured to facilitate the assembly of the catch 322 to the sied 330 when the
tissue thickness commpensator 320 is assembicd to the carridge body 314, In various embodiments, the slot 337 can
extend longitudinally and can include a closed distal end an open proximal end wherein the catch 322 can be slid into
the slot 337 fronthe open proxirnal end. In the event that the tissue thickuess compensator 320 is not prematurely
removed or dislodged from the cartridge 314, the sled 330 can be advanced distally such that the catch 322 exits the
slot 337 through the distal end thereof and such that ramps 332 defined on the sled 330 can ¢ject the staples from the
staple cartridge 310,

{0202] In various instances, a tissue thickness compensator can be adhered to a sled utilizing at least one adhesive.
In such instances, the adhesive attachment between the tissue thickness compensator and the sled can be strong
cnough to permit the tissue thickness compensator to pull the sled distally in the event that the tissue thickness
compensator is removed from the cartridge. When the sled is advanced distally by the firing member as part of the
firing stroke, the adhesive attachment between the tissue thickness compensator and the sied may fail thereby
permitting the sled to siide distally relative to the tissue thickness compensator. [n various instances, a tissue
thickness compensator can be bonded to @ sied utilizing & heat steak process and/or a thermoform process. In such
instances, the bond between the tissue thckness coripensator and the sled can be strong enough to permit the tissue
thickness conipensator to puli the sled distally in the event that the tissue thickness compensator is removed from the
cartridge. Wheu the sled is advanced distally by the finng meraber as part of the firing stroke, the bond between the

tissue thickness compensator and the sled may fail thereby permitting the sled to siide distally retative to the tissue

c$8 compensator.

{0203} In some instances, a loop, a catch, and/or tag, for example, can be integratly formed with a tissue thickness
commpensator. In various instances, the loop, catch, and/or tag, for exaraple, can comprise a unitary picce of material
with the tissue thickness compensator. In sonie instances, an additional layer can be attached to the tissue thickness
compensator. This layer, in vagous instances, can comprise a mounting poriion engaged with the sled.

{0204] Tuming now to FIG. 54, a sled 430 can include, similar to the above, a central body portion 436 and, in
addition, a plarality of ramps 432 which are configured to cject staples removably stored within a cartridge body, for
exampie. Also similar io the above, the body portion 436 can inciude a hook 435 extending therefrom wherein a slot
437 ¢can be defined between the body portion 436 and the hook 438, In certain instances, the slot 437 can include a
closed distal end 437a and an open proximal end 437d. In vacious instances, the slot 437 can furtter :oclude a first
portion 437b extending in a first direction and a sccond portion 437¢ extending in a second direction. In certain
instances, the first portion 437b can extend along a longitudinal axis and the second pottion 437¢ can extend along a
second axis which 1s transverse to the longitudinal axis. In at least one such instance, the second portion 437¢ can

extend at an angle relasive to the first portion 437h.
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{0205] Turning now to FIGS. 55-58, a sled assembly 530 can include @ first portion 535 and, in addition, & second
portion 536 which is movable relative to the firs: portion 535 between an unlocked position (FIGS. 55 and 57) and a
locked position (FI1GS. 56 and 58). The first portion 535 can include, one, a central portion configured to slide within
a longitudinal slot, such as a knife slot 318 defined in 2 staple cartridge 510, for rnstance, and, two, a plurality of
ramps 532 configured to eject stapies removably stored within the cartridge 310. The central portion of the first
portion 535 can include a first slot 533a and a second slot 533b detined therein. The first slot 533a and the second slot
5335 can be configured to receive pins 331a and 5316, respectively, extending from the second portion 536. The first
pin 531a can be configured to slide within the first slot 533a and the second pin 531b can be configured to slide within
the second slot 333b i order to permit the second portion 336 to rotate relative to the first portion 535, In vanous
instances, the first pin 531a can be ciosely received within the first slot 533a such that the firs: slot 533a can consirain
the motion of the {irst pin 531a along a first path and, similarly, the second pin 531b can be closely received within
the second slot 533b such that the second siot 533b can constrain the motion of the second pin 53 ib along a second
path. Referring primarily to FIG. 57, the second portion 536 of the sled assembly 530 can conprise an arm
configured to stide within the knife slot $18 wherein the arm can include a support shoulder 534 detined on the
proximal end thereof and a hook 538 defined on the distal end thereof. Simular to the above, the support shoulder 534
can be configured to support a firing member 240, tor example, in an unlocked position when the sled assembly 530 is
10 a proximal, unfired position and the tissue thickness corupensator 220, for instance, is positioned over and/or
against the deck surface 511 of the cartridge 5310, Also similar to the above, the hook 538 can be configured to
reieasably bold the loop 222 of the tissue thickness corepensator 220 such that, in the eveot that the tissue thickness
compensator 220 were to be removed trom and/or substantially dispiaced relative to the cartridge body, the loop 222
could puli on the second poriion 536 10 pivot the second portion 536 into its locked position as itlustrated in FIG. 58.
In such a locked position: of the second portion 536, the support shoulder 534 may no longer support the distal
projection 244 of the firing member 240 and the fring member 240 can drop dowawardly into its locked position. As
depicted in FIG. 38, the rotation of the second portion 536 into its locked position can move the support shoulder 334
distally and/or downwardly away from the firing member 240. As also depicted in FIG. 58, the firing member 240
can include a lock 541 extending from opposite sides thereof which can be configured to abut the lockout shoulder
212 when the firing mernber 240 is in its locked position. When the firing member 240 is held 1o its unlocked
position by the sled assembly 530, the locks 541 may not contact the lockout shoulder 212 and the firing member 240
can be advanced through the cartridge 510

{0206] In various instances, as discussed above, a portion of & staple-driving sled may extend above the deck surface
of & cartridge body. For instance, referring again to FIGS. 52 and 54, the hook 338 of the sled 330 (FIG. 52) and/or
the hook 438 of the sled 430, for example, can extend above the deck surface. fn such instances, the hook 338 and/or
the hook 438 can translate distally above the deck surface and, in some instances, contact the tissue thickness
compensator positioned against or above the deck surface. [n certain insiances, the hook 338 and/or the hook 438 can
it the tissue thickness compensator upwardly away from the cartridge body and facilitate the progressive release of
the tissue thickness comypensator fronnthe cartridge. For instance, the hook 338 and/or the hook 438 can begin at the

proximal end of the tissue thickness compensator and move toward the distal end of the tissue thickness compensator
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in order to initially lift the proximai end of the tissue thickness compensator and then progressively lift it away from
the cariridge deck untl the distal end of the tissue thickuess compensator is eventually lifted away from the cartridge
body. In other instances, as discussed in greater detail further below. it may be preferable for the portion of the sled
contacting the tissue thickuess compensaior to deflect downwardly and/or otherwise not distarb the tissue thickness
compensator as the sled is advanced distally.

{0207] Tuming now to FIGS. 59 and 60, a stapic cartridge 610 can include a cartridge body 614, a tissue thickuess
compensator 620 releasably retained to the cartridge body 614, and a sled 630 configured to longitudinally traverse
the cartridge body 614 and ¢ject stapies removably stored therein. The sied 630 can include a mmain body portion 635
having a plurality of ramp surfaces detined thereon, a support shoulder 634, and an arm 636 extending from the body
pogtion 635. In various 1nstances, the arm 636 can be assembled to the raain body portion 635, For instance, the arm
636 can include a {irst end embedded in the main body poriion 635 and a second end including a hook 638, for
cxampic. In various instances, the arm 636 can coraprise a cantiiever beam extending tfrora the main body portion
635. In certain mstances, the arm 636 can be comprised of a resilient and/or flexible material, for example. Similar to
the above, a slot 637 can be defiued between the hook 638 and the arm 636 which can be contigured to reicasably
hold a portion of the tissue thickness compensator 62¢ when the sled 630 is in its proximal, untired position. In the
cvent that the tissue thickness compensator 620 is pulled off of the cartridge body 614, for example, the tissue
thickness corapensator 62¢ can puil the sled 636 distally away from a foug reeraber so that the firing member enters
into a locked out condition.

{0208] In vacous instances, further to the above, at least a portion of the ana 636, such as the hook 638, for
example, can extend above the deck surface 611 of the cartridge body 614. In certain instances, the arm 636 can be
engaged with a loop, for exanple, extending from the tissue thickness coropensator 620 when the sled 630 1 in its
proximal position {(FIG. 59) and, as the sled 630 is advanced distally, the arm 636 can disengage from the loop. As
the sled 630 is advanced distaily, in certain instances, the arm 636 can contact the body portion 621 of the tissue
thickness compensator 620 and flex downwardly. In various instances, the deflected arm 636 can slide within a
longitudivai keife siot 618 defined in the cariridge body 614 as the sled 630 is advanced distally. Tu some 1nstances,
referring to FIG. 60, the distal end of the longitudinal slot 618 can be detined by & nose wall, or roof, 619 wherein,
when the sled 630 reaches a distal end 617 of the cartridge 610, the arm 636 can siide under the vose wali 619 such
that the firing stroke of the end effector can be completed. n some instances, the arm 636 may not be deflected, or
substantially deflected, downwardly by the tissue thickress compensator 620 wherein, when the ann 636 reaches the
end of the longitudinal slot 618, the arm 636 can contact the nose wail 618 and flex downwardly in order to slide
thereunder as itlustrated in FIG. 60. In various circumstances, as a resuit, the fiexible arm 636 can permit the firing
stroke 1o be corupleted and for the sied 630 to be parked at the distal end of the cartridge.

{0209] Tuming now to FIG. 61, a sled, such as sled assembly 730, for example, can include a main body portion 735
and a movable arm 736, Sinilar to the ahove, the main body portion 735 can inciude oue or roore staple-driving
ramps 732 and a support shoulder 734 configured to support a firing member in an unlocked position, as described
above. The arn 736 can inciude @ fixst end pivotably and/or rotatably raounted to the main body portion 73§ acd a

second end including a hook 738 contigured to be reicasably engaged with a tissue thickness compensator, as
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described above. When the sled assembly 730 is advanced distally, the hook 738 can detach trom the tissue thickness
compensator; however, the upper suctace of the book 738 caun remain in contact with the bottom surface of the tissue
thickness compensator. In such circumstances, the arm: 736 can pivot downwardly inte the knife siot 318, for
example, in order to siide under the tissue thickness compensator. More particularly, the armi 736 cau pivot from a
raised, or uppermost, position {FIG. 61) to a lowered, or depressed, position. In various instances, the sied assembly
730 can turther include a resilicut biasing member, such as a spring 731, for example, configured to bias the arm 736
into its raised position. When the arm 736 has been rotaied downwardly into its lowered position, the spring 731 can
apply a biasing force to the apu 736 which is transmitied into the tissue thickness compensator. In certain justances,
the spring 731 can be positioned ntermediate the arm 736 and a frame portion 733 defined on the main body poriion
735. In various instances, the sprivg 731 can comprise a cantilever spring or leaf spring, for example, extending from
the arm 736. When the arm 736 is pushed downwardly, the cantilever spring can be configured to tiex and/or slide
along the frame portion 731, for westance. In various embodiments, the main body poriton 733 can turther waclude a
stop shoulder 739, for example, which can limit the upward rotation, or travel, of the arm 736. in any event, similar to
the above, the arm 736 can be configured to rotate downwardiy when it contacts the root 619 and pernmt the firing
stroke to be completed.

{0218] In various instances, a stapic can comprise a base and one or more legs extending from the base. In certain
rustances, a staple can coniprise a base including a first end and a second end, a first leg extending {rom the first end,
and a second leg extending from the second end. In some instances, the staple can be formed from a continuous wire
whicl conprises the {irst leg, the base, and the second leg. A first end of the continuous wire can comprise a tip of
the first stapic leg and a second end of the continuous wire can comprise a tip of the second stapic leg. One such

.

staple, i.e., staple 800, is depicted in FIG. 62, for example. The staple 800 can include a base 802, a first staple leg
804 extending from a first end of the base 802, and a second staple leg 804 extending from a second end of the base
802. The first staple leg 804 can include a first ip 806 and, similarly, the second staple leg 804 can weclude a second
tip 806. In various instances, the tips 806 can be configured to penetrate tissue, such as tissue T depicted i FIG. 62,
for example. Insome instances, the tips 806 can be shaip and cae he formed by a coining process, tor exampie. In
various embodiments, the wire can be comprised of titanium and/or stainless steel, for example.

{0211] In vacous embodinienis, the staple 800 can be U-shaped, or at least substantiaily U-shaped, tor example,
when it is in 1ts unformed configuraiion. In such embodiments, the legs 804 of the stapie 800 can be parallel, or at
least subsiautially parallel, to one another. Moreover, in such embodiments, the legs 804 can be perpendicular, or at
least substantially perpendicular, to the base 802, In certain embodiments, the staple 800 can be V-shaped, or at least
substantially V-shaped, for example, when it is in its unformed configuration. In such embodiments, the legs 804 of
the staple 800 are not parallel to one another; rather, the legs 804 can extend in non-parailel directions. Moreover, 1t
such embeodiments, one or both of the legs 804 are not perpendicular to the base 802 wherein one or both of the legs
804 can extend in directions which are oblique o the base 802, In vanious instances, the legs 804 may extend, or
splay, outwardly with respect to a center or midline of the staple. In any event, the stapic 800 can be removably stored
within a staple cartridge, ¢jecied fron the staple cartudge to peneirate tissue, as illustrated 1t FIG. 62, and then contact

an anvil positioned on the opposite side of the tissue. The anvil can be configured to deform the stapic 800 into any
PI £ 3
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suitable shape, such as a B-form configuration, tor exaniple, as also illusirated in FIG. 62, Various fornied stapic
configurations, such as the B-form configuration, for example, can defive a tissue entrapment area, such as tissue
entrapment arca 807, for exampie, configured to entrap tissue within the staple.

{0232]  Asdiscussed above, a staple can tre removably stored within a cavity defined in a cartridge body. A
cartridge body 810 is depicted in FIG. 63 which can inciude one or more staple cavities 812 defined therein. Referring
to FIGS. 63, 68, and 69, cach staple cavity 812 can include a tirst end 814 and a second end 814, In certain
embodiments, such as embodiments iucluding a longitudinal end effector, for example, the first enid 814 can comprise
a proxirsal end of the staple cavity 812 and the second end 814 can comprise a distal end of the staple cavity 812. In
varipus instances, a staple can be positioned within a staple cavity 812 such that a first leg 804 of the staple 00 is
positioned in the first end 814 of the staple cavity 812 and a second leg 804 is positioned in the second end 814. In
various instatces, a staple cavity width cau be defined between the ends 814 of a staple cavity 812. The base 802 of a
staple can be defined by a base width which can be equal to or shorter than the staple cavity width, for exampic. In
certait: instances, a staple cat: comprise a staple width which can be defined between the tips 806 of the staple legs
804. In some embodiments, the staple wicth can be equal o the staple cavity width. In various embodiments, the
staple width can be wider than the staple cavity width. [n such embodiments, the legs 804 cau be in coutact with the
ends 814 of a staple cavity 812 and can be resiliently biased inwardly by the ends 814 when the stapie is positioned
withio the siaple cavity 812, Wheua the siaple is lifled upwardiy out of the staple cavity 812, the legs 804 can
resiliently splay outwardly as they emerge from the staple cavity 812, For exampie, the staple can be positioned
within the staple cavity 812 such that the tips 806 of the staple legs 804 do not extend above a top surtace, or deck, of
the cartridge body 810 when the staple is in its unfired, or unlifted, position. In such a position, the tips 306 can be
positioned flush with or recessed below the deck 811 of the cartxidge body 810, Altematively, the tips 806 of the legs
804 can at least partially extend above the deck 811 of the cartridge body 810. In any cvent, as the staple is lifted
upwardly, the siaple tips 806 can ernerge above the deck 811 and splay outwardly as the fegs 804 emerge from the
cavity 8]2. At sone point during the liftinng of the staple, the legs 804 may no longer be in contact with the euds 814
of the staple cavity 812 and the legs 804 may no longer be biased inwardly by the sidewalls of the staple cavity 812.
{0213} In vanious instances, an anvil can include one or more pockets configired to receive the tips 806 of the staple
icgs 804 as the staple 800 is ejccted from the staple cariridge. The anvil pockets can be configured to nirn, or bend,
the staple legs 804 inwardly toward one another, for exaniple. In other mistances, the anvil pockets can be configured
to turm, or bend, the staple legs 804 outwardly away from one another, for example. In sorse instances, however, one
or more of the staple legs of a staple may miss a staple pocket and may not be properly deformed. [n certain
instances, one or more of the staple legs may not contact the anvii and may not be deformied at all. In either event, the
staple may ot properly captuce and/or retain the tissue within its tissue entrapment area. Moreover, the misformed or
untformed staple may not be able to apply a desired compressive pressure to the tissue. In sonie instances, the
mistorrued or unformed staple may ot be retained in the tissue and cau become dislodged fron the tissue.

{0214] Reterring again to FIG. 62, the staple 800, and/or various other staples disclosed herein, can include onc or
mote barbs extending therefron. In various instances, the barbs can be configured to engage tissue capiured within

and/or swrrounding the staple. In certain instances, the barbs can assist in retaining the staple within the tissue,
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especiaily when the staple has been mistormed or unformed. The staple 800 can inciude barbs extending from one or
hoth of the legs 804. For instance, each leg 804 can include one or more barbs 808 which face outwardly from the
center of the staple 800 and/or one or more barbs 809 which face inwardly toward the center of the stapie 800, for
example. In cerfain instances, the barbs 808 can extend away from the tissue entrapment area 807 and/or the barbs 809
can extend toward or into the tissue enirapment arca 807. As depicted in FIG. 62, both of thie staple legs 804 of staple
800 can inchrde barbs 808 and barbs 809. In some instances, the siaple legs 804 can include barbs 808, but not barbs
809. A stapie 820 is depicted in FIG. 63 which inciudes barbs 808, but not barbs 809. [n somne instances, the staple
icgs 804 can include barbs 809, but not parbs 808, Staples 830, 840, 850, 860, and 870 are depicted in FIGS. 64, 65,
66, 67, and 68, respectively, which include barbs 809, but not barbs 808, In some embodiments, a first leg 804 of a
staple can include barbs 808 while a second leg 804 of the stapic can include barbs 809, for example.

{023158]  In various instances, the legs 804 and the base 802 of a staple can define a staple plane when the staple is in
an unformed coufiguration. The barbs 808 can extend outwardly from the legs 804 within such a staple piane.
Siumnilarly, the barbs 809 can extend inwardly from the legs 804 within such a plane. In soime instances, a staple can
includle barbs which extend laterally with respect 10 such a staple piane. Other ernbodiments are envisioned in which
the legs 804 and the base 802 do not lie within, or entirely lie within, a single plane. In such embodiments. the barbs
can extend in any suitabie direction. In various embodimnents, referring now to FIG. 67, a stapie, such as staple 860,
for example, can nclude barbs 803 extending from the base 802, In vagous instances, ihe barbs 803 can extend
inwardly toward the tissuc entrapment arca 807 of the staple 860. In certain instances, thie barbs 803 can extend
outwardly away from the tissue entrapment area 807, As ilinstrated i FIG. 67, the barbs 803 can extend within a
staple plane defined by the legs 804 and the base 802, In certain instances, the barbs 803 can extend lateraily with
respect 10 such a staple plane. Vanious exernplary barb configurations are discussed i greater detail further below.
{6216] In various instances, a staple leg 804 can comprise an array of barbs 808 which extends along the entire
iength thereof. Tn some instances, a staple leg 804 can comprise an array of barbs 808 which extends along fess than
the entire length thereof. By way of example, referring to FI1G. 62, the legs 804 of the staple 800 each comprise an
array of earbs 808 which extends along less than the entire length of the legs 804, Similarly, referring 1o FIG. 63, the
legs 804 of the stapie 820 each comnprise an array of barbs 808 whick extends along less than the entire length of the
icgs 804. With regard to the staple 800, for exampie, an array of barbs 808 can extend along each of the legs 804 from
the base 802 of the staple 800 toward the tips 806 of the legs 804, As illustrated in FIG. 62, the arrays of barbs 808
may not extend to the tips 806 of the legs 804, In various tnstances, the arrays of barbs 808 can extend along half, or
approximately half] the lengths of the legs 804, for exampie; however, any suitable length of the barh arravs could be
utilized. For instance, the arrays of barbs 808 can extend along less than half or more than half of the lengths of the
legs 804, In soroe embodinents, an array of barbs 808 can extend along each of the legs 804 from the tips 806 of the
legs 804 toward the base 802. In such embodiments, the array of barbs 808 may not extend to the base 802. In some
erchodinients, a leg 804 can comprise an arcay of barhs 808 which does not extend to the tip 806 of the leg 804 or the
base 802. In certain embodiments, a leg 804 can comprise more than one array of barbs 808.

{B2¥7] In various instances, further to the above, a staple leg 804 can corprise an array of harbs 809 which extends

along the entire length thereof. By way of example, referring to FIG. 64, the legs 804 of the staple 830 cach coniprise
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an array of barbs 809 which extends along the entire length of the legs 804.  In some instances, a staple ieg 804 can
comipuse an array of barbs 809 which exiends along less than the entire length theceof. By way of exaruple, referring
to F1G. 65, the fegs 804 of the staple &40 cach comprise an array of barbs 809 which extends along less than the entire
length of the legs 804, Similarly, referring to FIG. 68, the legs 804 of the staple 870 each comyprise an array of barhs
809 which extends along less than the entire fength of the legs 804. With regard to the stapie 840, for example, an
array of barbs 809 can extend along cach ot'the legs 804 from the base 802 of the stapie 840 toward the tips 806 of the
legs 804. As iilustrated in FIG. 65, the arrays of barbs $09 may not extend to the tips 06 of the legs 804. In various
instances, the arrays of barbs 809 can extend along halt, or approximately balf, the lengthis of the legs 804, for
exampie; however, any suitabie length of the barb arrays could be utilized. For instance, the arrays of barbs 809 can
extend along less than half or roore than balf of the iengths of the legs 804. In some embodirsents, an array of barbs
809 can extend along each of the legs 804 fron: the tips 806 of the legs S04 toward the base 802. In such
ernbodiments, the array of barbs 809 may not extend to the vase 802. In somne embodinents, as illustrated in FIG. 66,
a leg 804 can comprise an array of barbs 809 which does not extend to the tip 806 of the leg 804 or the base 802. In
certaie embodiments, a leg 804 car comprise more than one atray of barbs 809.

{0238} Various barb configurations are depicied in FIGS. 70-73, aithough any suitable barb configuration could be
utifized. Referring to FIG. 70, a staple leg %04 can include at least one barb 809, for example. In various instances,
the barh 809 can comprise a prong. The prong can include @ first surface 809a and a second surface 809b which can
extend from the perimeter 805 of the stapie leg 804. The first surface 809a can comiprise an inclined surface, a convex
surface, and/or a concave surface, for example. The second surface 809b can comprise a flat, or an at least
substantially flat, surface, for exanipie. In various instances, the first surface 809a and the second surface 809b can
converge at an edge 809¢, for example. The barb 09 can be formed utilizing any suitable process. For instance, the
barb 09 can be formed utilizing a stamping process. In at least one embodiment, a forming die, for exaniple, can be
utilized to strike the perimeter 803 of the wire cornprising the leg 804 in order to upset, or disturb, enough material to
create the barb 809. In various instances, a barb can comprise any suitable nib or spur, for example. In various
embodiments, the barb 809 can be tapeced. In various instances, the bark 809 can inchide a base adjacent to the
perimeter SOS which is thicker than a tip of the barb 809.

{0219] Refernng now to FIGS. 68,69, 71, and 714, a staple leg 804 can inchide at feast one barb 879, for exampie.
In at least one embodinient, the barb 879 can extend around a portion of the perimeter 803 of the staple leg &04. In
various instances, the barb 879 can inchide a firs: surface 879a and a secoud surface 879b which can exiend from the
perimeter SO of the staple leg 804. The first surface 879a can comprise an inclined surface, a convex surface, and/or
a concave surface, for example. The second surface 879b can comprise a flat, or an at least substantialiy lat, surface,
for example. In various instauces, the frst surtace 879a and the second surface $79b can converge at an edge 879¢,
for example. In various instances, the edge 879¢ can be arcuate, for example. The barb 879 can be formed wutilizing
any suitable process. For instance, the barb 879 can be formed utihizing @ staraping process. I at least one
embodiment, a forming die, for exanmple, can be utilized to strike the perimeter 803 of the wire comprising the leg 804
1w order to upset, or disturb, enough material to create the barb 879. Referring primarily to FIG. 71A, the wire

comprising the leg 804 can be defined by a diameter 801 and the barb 879 can be defined by a dianseter which is
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arger than the diameter 801, Correspondingly, the wire comprising the leg 804 can be defined by a radius and the
barb 879 can be deficed by a radius which 18 larger than the wire radius. Io various embodiments, the barb 879 can be
tapered. In various instances, the barb 879 can include a base adjacent to the perimeter 805 which is thicker than a tip
of the barb 879.
{0220] Referring now to FIG. 72, a staple leg 804 can include ast one barb 889, tor example. In at least one
embodiment, the barb 889 can extend around the entirety of the perirneter 8035 of the staple ieg 804. In various
instances, the barb 889 can include a first surface 889a and a second surface 8896 which can extend from the
perimeter 805 of the staple leg 804. The first surface 88%a can comprise an inclined surface, a convex surface, and/or
a coucave surface, for examiple. The second surface 889b can comprise a flat, or an at least substantially fiat, surface,
tor example. I various instances, the first surtace 889a and the second surface 839h can converge at an edge 889¢,
for example. In various instances, the edge 889¢ can be arcuate, for example. The barb 889 can be formed utilizing
any suitable process. For instance, the barb 889 can be formed utilizing a staraping process. In at least one
embodiment, a forming die, for example, can be utilized to strike the perimeter S035 of the wire comprising the leg 804
i order to upset, or disturb, enougt raterial to create the barb 889, The wire comprising the leg 804 can be defined
by a wire diameter and the barb 889 cau be defined by a diameter which is larger than the wire diameter.
Correspondingly, the wire comprising the leg 804 can be defined by a radius and the barb 8&9 can be detined by a
radius which 1s larger than the wire radius. In various embodiments, the barb 889 can be tapered. In various instances,
he barb &89 can include a base adjacent to the perimeter 805 which is thicker than a tip of the barb 8&9.
{0228]  Refernng now to FEG. 73, a staple leg 804 can include at icast one barb 899, for example. In various
instances, the barb 899 can comprise a prong. The prong can include a first surface 899a and a second surface 899b
which can: extend from the perimeter of the staple leg 804, The first surface 899a can comprise an inclined surface, a
convex surface, and/or a concave surtace, for example. The second surface 899b can comprise a {lat, or an at least
substactially flat, surface, for exampic. In vagous instances, the first surtace 899a and the second surface 899b can
converge at an edge 899¢, for example. The barb 899 can be formed utilizing any suitable process. For instance, the
barb 899 can be formed utilizing a stareping process. In at least one ersbodiment, a torning die, for example, can be
utihized to strike the perimeter of the wire compnising the leg 804 in: order to upset, or disturb, enough material to
create the barb 899, In varous ernbodirnents, the wire cornprising the siaple can include one or more flat sides. In a:
least one embodiment, the wire can include opposing flat sides 895, for example. In at least one such embodiment,
the flat sides 895 can be tformed into a cylindrical wire. In some instances, the wire can retain one or rnore cylindrical
surtaces in addition to the flat sides 835. In various instances, a barb can comprise any suitable nib or spur, tor
example. In various embodiments, the barb 899 can be tapered. In various instal ¢ barb 899 can include a base
adjacent to the perueter of the leg 804 which is thicker than a tip of the barb 899,
{0222} In various instances, the legs of a staple can define a staple plane. The base of the staple may or may not be
positioned within the staple plane. I etther event, one or more barbs extending from the legs and/or the base may
extend within and/or extend paraliel with respect to the staple plane. In some instances, one or more barbs extending
frorn the legs and/or the base can extend outwardly fron: the staple plane. One or more barbs extending fronthe legs

and/or the base can extend transversely with respect to the staple plane. In various instances, a barb can extend
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circumferentially around a staple leg. Such a barb can extend within and outwardly from the staple plane. In some
1ustances, a barb cau extend around the entire circuniference of a staple leg. In certain instances, the barb can extend
less than 360 degrees around a stapie leg. A barb extending within a staple plane can readily control tissue within the
staple plane. A barb extendiug outwardly from a staple plane can readily control tissue ouiside of thie stapie plane. A
staple, and/or a staple leg. can include one or more barbs extending within the staple plane and one or more barbs
extending outwardly from the siaple plane.

{0223} Referning again to FIG. 62, the barbs extending from a staple leg 804 can be configured to retain the staple
icg 804 withiu tissue. As outline above, the staple legs 804 may be maltormed and/or nnformed by an anvil in certain
mstances and, owing o the barb, or barbs, exiending therefrom, the staple leg 804 may still be retained i the tissue.
In various insiauces, the barbs can be configured to trap tissue within the tissue entrapment arca of the stapie. In
certain instances, the barbs can be configured to hold the tissue against the base 802. In such instances, the barbs can
apply a compressive force or pressure to the tissue. As discussed above in connectiou with the ernbodimeus depicted
in FIGS. 70-73, a barb can comprise an inclined, convex, and/or concave top surface, such as surfaces 809a, 879a,
889a, and/or 899a, tor example. The top surfaces of the barbs can be coufigured to facilitate the insertion of the barbs
and the staple legs 804 into and/or through the tissue. As also discussed above in connection with the embodiments
depicted 1n FIGS. 70-73, a barb can comprise 2 flat, or at least substantially flat, bottom surface, such as surfaces
809b, 879b, 889h, aud/or §99b, tor exarupie. The bottom surfaces of the barbs can be configured to intibit the
removal of the barbs and the staple legs 804 from the tissue. As aresult of the above, in certain circumstances, the top
surfaces of the barbs can be configured to pierce the tissue while the botiom surtaces of the barbs cau be configured to
abut the tissue. In various circumstances, the tips 806 of the staple legs 304 can be configured to puncture a hole in
the tissue while the staple legs 804 and the barbs exteuding therefrom can be contigured to resiliently expand the hole
such that such that the tissue can flow around the barbs as the staple legs 804 are being pushed through the tissue and
flow back underneath the bottom surtaces of the barbs.

{$224] In certain embodiments, a first barb can extend from a irst leg 804 of the staple and a second barb can extend
trom a second leg 804 of the staple. In various instances, the first barb and the second barb can be located the same,
or at least substantially the same, distance between from the base 802, In certain instances, the first barb and the
second barb can be located the same, or at least substantially the same, vertical distance from the base 802, As
discussed above, a staple leg 804 can include an array of barbs extending along the length of the staple leg 804. In
various embodiments, referring primarily to FIG. 62, a staple can include a first leg &04 1ncluding a firs: array of barbs
and a second leg 804 including a second array of barbs wherein the first array of barbs and the second array of barbs
can be configured to co-operatively hold the staple within the tissue. In various embodiments, a barb from the first
array and a barb from the second aray can comprise a pair of barbs configrired to engage tissue at the same vertical
distance trom the base 802, for exampie. In various instances, a staple can comprise more than one pair of barbs. In
certain instances, each of the barb pairs can be configured to engage the tissue at a different vertical distauce from the
base &02. In such circunistances, a staple can be suitable for use with ditferent tissue thicknesses. For instance, when
a staple is used to staple thin tissue, one pair of barbs, or less than all of the barb pairs, may engage the thin tissue. If

that staple were used to staple thick tissue, however, additional barb pairs, or all of the barb pairs, may engage the
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tissue. In certain embodiments, the barbs extending trom the legs 804 can be arranged in a manner in accordance with
the tissue thickuess, or range of tissue thicknesses, that can be stapled by the staple. For wstance, referring again to
FIG. 62, the barbs 808 and 809 can be selectively positioned along the legs 804 such that they are positioned within
and/or adjacent to the tissue captured withie the siaple. In certain instances, the portious of the staple legs 804 that are
detormed by, or come into contact with, an anvil may not inciude barbs extending therefrom. In at least some
instances, an array of barbs extending from the inwardly-facing side of the staple legs 804 may be longer thag au array
of barbs extending from the outwardly-facing side of the staple legs 804. In other instances, an array of barbs
extending from the inwardly-facing side of the stapic iegs 804 may be shorter thau au atray of barbs extending from
the outwardly-facing side of the staple legs 804. In yet other instances, an array of barbs extending from the inwardly-
facing side of the stapic iegs 804 may be the same lengih as an array of barbs extending from the outwardly-tacing
side of the stapie legs 804,

{$225] As discussed above, the barbs extending from the staple legs 804 can assist in retaining the staple within the
tissue if the staple legs 804 are malformed and/or unintentionally unformed. Certain circumstances are contemplated,
however, where a staple including oue or more of the barbs disclosed herein is inserted into iissue and remains
intentionally unformed. In any event, staples including one or more of the barbs disciosed herein can be useful in
stapling thick tissue. More particularly, in some instances, the presence of thick and/or dense tissue between a staple
cartridge and an anvil and/or the presence of thick and/or dense tissue within a stapie may prevent the stapie from
becoming fully formed or closed. For instance, the staple may not be fully closed into a B-form configuration or the
staple may not be closed at all. In such instances, the barbs of the unclosed stapies may intubit or prevent the tissue
from being pulled out of the staple, for example. An array of barbs extending along the leagth of a staple leg may
permit the leg to remain retained in the tissue regardless of the thickness of the tissue.

{0226] Various embodiments arc contemplated in which at least one barbed stapie, such as barbed staple 800, for
example, are removably stored within a staple cartridge, such as the staple cartridge 22000 illustrated ie FIGS. 10-12,
tor example. Certain embodiments are envisioned in which a stapie cartridge includes only barbed staples while other
cwbodiments are euvisioned which utilize barbed staples and non-barbed staples. For instauce, a first row of stapies
can comprise barbed staples while a second row of stapies can comprise non-barbed staples. In some instances, the
staples stored within a staple cartridge can bave the same, or esseatially the same, unformed height. At least with
regard to U-shaped and/or V-shaped staples, for exampie, the unformed height of a staple can be defined as the
vertical distance between the bottom of the base of the staple and the tips of the stapic legs. Such a measurement can
be taken before the staples are inserted into the stapie cartridge, when the staples are removably stored within the
staple cartridge, and/or before the staples are deformed against the anvil. In some instances, barbed staples arranged
1 a first row in a staple cartridge can comprise a first unformed beight and barbed staples aranged 1o a second row in
the staple cartridge can comprise a second unformed height. Barbed staples in a third row in the staple cartridge can
comprise the first unforwed height, the second unformed herght, or a third unformed height. The first row, the second
row, and/or the third row of barbed staples can be positioned on the same side of a knife siot defined in the staple
cartridge or ot opposiie sides of the karfe siot. I use, the barbed staples rexnovably stored in a staple cartridge can be

tformed to the same formed height or different formed heights. The formed height of a staple can be defined as the
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overall vertical distance of the staple after it has been deformed against an anvil. At least with regard to a staple that
has been deformed into a B-form, for exaraple, the forrued height of the staple can be measured between the bottorn of
the base of the staple and the top-most portion of the staple legs. In some instances. barbed staples arranged in a first
row in a staple cariridge can be deforrued (o a first forrued height and barbed stapies arranged i @ second row in the
staple cartridge can be detormed to a second formned height. Barbed staples in a third row in the staple cartridge can
cornprise the first formmed height, the secoud formed beight, or a third formed height. The first row, the secoud row,
and/or the third row of barbed staples can be positioned on the same side of a knife siot defined in the staple cartridge
or on opposite sides of ihe staple cartridge. As the reader will appreciate, the staples depicted in FIGS, 10-12 have
been deformed to different formed heights. Barbed staples 800, for example, could be utilized in staple cartridges
aud/or staplivg instraments which create staple rows having different formed beights. A first row of barbed staples
800 could be deformed to a first formed height and a second row of barbed staples 800 could be deformied to a second
formed beighi. In various instances, a third row of barbed staples 800 could be deformed to a third formed height. In
soine instances, the barbed staples 800 deformed to different heights can begin with the same, or essentially the same,
unformed height. In certaie instances, the barbed siaples 800 deformed to diftferent tormed heights can oegin with
different unformned heights. Various structires can be utilized to form staples to different formed heights. For
instance, movabie drivers supporting the staples can suppost the stapics at difierent distances relative to the anvil. In
somne iustances, the anvil can include staple forming pockets having differevt depths. In various instances, a staple
driver can include a cradle configured to support the base ot a staple and push the staple upwardly toward a forming
pocket defined in the anvil. The formed height of a stapie can be deterruined by the distance between the bottom
surface of the cradle and the top surface of the forming pocket. U.S. Patent No. 8,317,070, entitled SURGICAL
STAPLING DEVICES THAT PRODUCE FORMED STAPLES HAVING DIFFERENT LENGTHS, issued on
November 27, 2012, is incorporated by reterence in its entirety. In certain instances, the deck of a staple cartridge can
include siepped surfaces, as iilustrated in FIG. 1. A first row of staple cavities can be defined in a first step and a
second row of staple cavities can be defined in a second siep wherein the first step and the second step can be
vertically oitset from one another. For instance, the firs: step can be positioned vertically above, or closer to, the anvil
than the second step. [n certain instances, a wall can be defined between the first step and the second step. In some
instances, the deck of a staple cartridge can coniprise a first step, a second step positioned vertically above the first
step, and a third siep positioned vertically above the second step. Various embediinents are envistoned in which the
deck of a staple cartridge includes any suitable number of steps and any suitable nurnber of walls beiweeu the steps.

A {irst row of staple cavities can be defined in the first step. a second row of staple cavities can be defined in the
second step, and/or a third row of staple cavities can be detined in the third step, for example. The first row of staple
cavities can 1nclude staples having a first unformed height, the second row of staple cavities can suclude staples
having a second untormed hLeight, and/or the third row of stapic cavities can inciude staples having a third unformed
height, for exaruple. Various embodiments are euvisioned in whict a staple cactridge includes auy suitable nurober of
staple rows having different unformed heights. The staples in the first row of staple cavities can be detormed to a first
forued height, the staples in the second row of staple cavities can be deformed to a second fored height, and/or the

third row of staple cavities can be deformed te a third formed height, for example. Various embodiments are
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envisioned in whicl a staple cartridge includes any suitable nuniber of stapic rows which are deformed to difterent
forrned heights. Inaddition to ot in liew of having different formed staple beights, an end effecior of a staphug

instrument can have difterent tissue gaps. For instance, referring generally to FIGS. 10 and 11, a gap can be defined

between the cartridge deck surface 22011 of a staple cartridge and ttie anvil tissue compression surface 10063 of an
anvil. This gap can be configured to receive tissue T. This gap can aiso be configured to receive a tissue thickness
cornpensator; however, a barbed staple may or may no: be used with a tissue thickness compensator and the
discussion provided with respect to barbed stapies can be applicable in either circunistance. In any event. the reader
will appreciate that the anvil tissue compression surface 10063 is siepped. The avvil tissue coxapressiot surface
10063 coniprises a first portion positioned verticaily above a second portion. When the anvii and the staple cartridge
of an end eftector are in a closed condition, as illustrated in FIG. 11, a tirst gap distance is defined between an outer
portion of the anvil tissue compression surface 10063 and the cartridge deck surface 22011 and a second, different.
gap distance is defined between an inver poriion of the anvii tissue cornpression surtace 10063 and the cartridge deck
surface 22011, The first gap distance is illustrated as being larger than the second gap distance, but 1t is possible for
the {irst gap distance to be shorter than the second gap distance. Tissue compressed between the anvil and the stapie
cartridge in the shorter gap distance can be compressed niore than tissue in the larger gap distance. The barbs of'a
barbed staple 200, tor exampic, may engage the tissue differently depending on whether the tissue is positioned within
a shorter fissue gap or a larger tissue gap. More particularly, tissue compressed within a shorter issue gap raay seek
to re-expand more atter it 1s released from an end eftector than tissue compressed within a larger tissue gap and the
barbs of a barbed staple may 1ehibit or resist this re-expansion, depending on their configuration and/or position on the
barbs. In other instances, the barbs may be configured and/or positioned o as to not inhibit or resist the re-expansion
of the tissue. As the reader will appreciate, anvil tssue cornpression surface 10063 1s stepped and the cartridge deck
surface is flat, or at least substantially flat, and, thus, the difterence in tissue gaps defined within the end effector is a
function of the height of the stepped anvil surfaces. Other embodiments are envisioted. For instauce, the anvil tissue
conipression surface can be flat, or at least substantiaily flat, and the cartridge deck surface can be stepped. In other
instances, the anvil tissue compression surtace and the cartridge deck surface can both be stepped. In any event,
d:fferent gap distances can be defined between the anvii tissue compression surface and the cartridge deck surface.
While two gap distances have been iilastrated in FIGS. 10 and 11, more than two gap distances rnay be possible, such
as three gap distances, for exaniple. With further reference to FIGS. 10 and 11, a first longitudinal row of forniing
pockets cau be atranged within a first portion of an end eftector baving first tissue gap distance aud a second
longitudinal row of forming pockets can be arranged within a second portion of the end effector having a second
tissue gap distance which is ditferent than the first tissue gap distance. In some instances, the end effector can
ruclude a third fongitudinal cow of forming pockets arranged within a thied portion of the end eftector having a third
tissie gap distance which is different than the first tissue gap distance and the second tissue gap distance. In certain
instances, the eud effector can iuclude a third lovgitudinal row of forming pockets aranged withio a third portion of
the end etfecior having a tissue gap distance which is the sanie as the first tissue gap distance or the second tissue gap
distance. The reader will appreciate that an end eftector can bave different tissue gap distances and/or different

formed staple heights. An end etfecior can have one, the other, or botl:. In certain instances, shorter fornsed stapie
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heights can be associated within shorter tissue gap distances while larger formed staple heights can be associated with
larger tissue gap distances. {n other instances, shorter formed stapie heights can be associated with larger tissue gap
distances whiie larger formed stapic heights can be associated with shorter tissue gap distances.  Further to the above,
a staple can include a U-shiape configrraton in its unformed state. A U-shiape staple can comprise a base and two
staple legs extending from the base wherein the staple legs extend in parallet directions to cach other. Also further to
the above, a staple can include a V-shape configuration in its unformed state. A V-shape configuration can conprise a
base and two staple legs extending from: the base wherein the stapie legs extend in directions which are not parailel.
{0227] Various embodiments described herein are described in the coniext of linear end effectors and/or Hnear
fastener cartridges. Such embodiments, and the teachings thereof, can be applied to non-kinear end effectors and/or
non-linear tastener cariridges, such as, for example, circular and/or contoured end cftectors. For example, vatious end
effeciors, inciuding non-linear end effectors, are disclosed in U.S. Patent Application Serial No. 13/036,647, filed
Febmary 28, 2011, entitled SURGICAL STAPLING INSTRUMENT, now U.S. Patenat Application Pubiication No.
2011/0226837. which is hereby incorporated by reference in its entirety. Additionally, U.S. Patent Application Serial
No. 12/893,461, filed September 29, 2012, emitled STAPLE CARTRIDGE, now U.S. Patent Application Publication
No. 2012/0074198, is hereby incorporated by reference in its entirety. U.S. Patent Application Serial No. 12/031,873,
filed February 15, 2008, entitled END EFFECTORS FOR A SURGICAL CUTTING AND STAPLING
INSTRUMENT, now U.S. Paten: No. 7,980,443, is also hereby incorporated by reference in its entirety. The entire
disclosure of U.S. Patent No. 7,845,537, entitled SURGICAL INSTRUMENT HAVING RECORDING
CAPABILITIES, which issued on December 7, 2018, is incorporated by reference berein. The entire disclosure of
U.S. Appiication Serial No. 13/118,241, entitled SURGICAL STAPLING INSTRUMENTS WITH ROTATABLE
STAPLE DEPLOYMENT ARRANGEMENTS, now U.S. Patent Application Publication No. 2012/0298719, wlhich
was filed on May 27, 2011, is incorporated by reference herein.

{0228] The devices disclosed herein can be designed to be disposed of after a singic use, or they can be desigred to
be used muitiple 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 disassemibly of the device, followed by cleaning or
replacement of particular picces, and subsequent reassembly. In particular, the device can be disassembled, and any
number of the pariicular picces or paris of the device can be sclectively repiaced or removed in any combination.
Upon cleaning and/or replacenent of particular parts, the device can be reassembled for subseguent use either at a
reconditioning tacility, or by a surgical team iirediately prior to a surgical procedure. Those skilled in the art will
appreciaie that reconditioning of a device can uiilize a variety of technigues for disassenibly, cleaning/replacement,
and reassembly. Use of such technigues, and the resulting reconditioned device, are all within the scope of the present
application.

{0229] Preferably, the invention described herein will be processed before surgery. First, @ new or used instrument
is obtained and if necessary cleaned. The instrument can then be sterilized. {n one sterihization technque, the
instrument is placed in a closed and scaled container, such as a piastic or TYVEK bag. The container and instrument
are then placed in a field of radiation that can penetrate the container, such as gamma radiation, x-rays, or high-cnergy

clectrons. The radiation kills bacteria on the instriiment and in the container. The sterilized mstrument can then be
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stored in the steriie container. The sealed container keeps the instrument sterile until it is opened in the medical
acility.

{023¢] Any patent, publication, or other disclosure material, in whole or in part, that is said to be incorporated by
reference berein is incorporaied herein only to the exieut that the fucorporated materials does not conflict with existing
definitions, statements, or cther disclosure material set forth in this disclosure. As such, and to the extent necessary,
the disclosure as explicitly set forth herein supersedes any contlicting 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, statemeuts, or other disclosure material set foith herein will only be incorporated o thie extent that no
conilict arises between that incorporated material and the existing disclosure material.

{#233] While this invention has beer described as having exemplary designs, the present invention may be further
modified within the spirit and scope of the disclosure. This application is therefore intended to cover any variations,
uses, or adaptations of the invention using its general principles. Further, this application is intended to cover such
departures irom the present disclosure as come within known or customary practice in the art to which this invention

pertains.
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WHAT IS CLAIMED 1S:

1. Anend effector for fastening tissue, comprising;

a cartridge comprising a longitudinal row of staple cavities;

a plurality of staples removably stored in said staple cavities, wherein each said staple comprises:
a base;
a pair of legs extending from said base; and

a plane formed by said pair of legs, wherein at least one of said legs comprises at least one barb extending
circumferentially around said leg for less than 360 degrees and extending beyond the plane formed by said legs such
that the barb extends within and outwardly from the plane formed by said legs, and wherein each said leg comprises

a tip configured to pierce tissue;
an anvil configured to deform said staples;

a plurality of staple drivers movable within said cavities configured to lift said staples toward said anvil;

and

a firing member configured to lift said staple drivers towards said anvil, wherein said firing member
comprises a first portion configured to engage said anvil and a second portion confligured to engage said cartridge,

and wherein said firing member is configured to relatively position said anvil and said cartridge;

wherein the barb includes a first surface and a second surface which extend from and around a portion of
a perimeter of the staple leg and extend beyond said plane formed by the staple legs, wherein the first surface and

the second surface converge at an edge that is arcuate.

2. The end effector of Claim 1, wherein said firing member comprises a knife edge.

3. The end effector of Claim 1, wherein said firing member comprises at least one inclined surface configured to

lift said drivers toward said anvil.

4. The end effector of any one of the preceding claims, wherein the tips of the staple legs are flush with or

recessed below a deck of a cartridge body of the cartridge when the staple is in its unfired, or unlifted, position.

5. The end effector of any one of the preceding claims, wherein the base comprises at least one barb extending

therefrom.
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6.

The end effector of claim 5, wherein the barb extending from the base extends laterally with respect to the plane

formed by the staple legs.
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