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TITLE
IMPLANTABLE LAYERS COMPRISING A PRESSED REGION

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.

BRIEF DESCRIPTION OF THE DRAWINGS
[0002] The featurcs 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. 1is a 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;
[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-scctional 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 remaovably 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;

SUBSTITUTE SHEET (RULE 26)
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{#014] FIG. 12 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 roember n an advanced position in which at least a portion of the tissue thickness
compensator has been transected by the cutting member;

{60157 PIG. 13 s a perspective view of a fastener cartridge including a tissue thickuess coropensator;

{0016] FIG. 14 is a cross-sectional view of the tissue thickness compensator of FIG. 13 illustrating a cutting member
positioned relative to a prowimal end of the fissue thickness compensator.

{0017] FIG. 15 is an exploded view of a tissue thickness compernsator assewbly;

{0187 FIG. 16 s a perspective view of layer of a tissue thickness conpensator assembly;

{8019] FIG. 17 is a cross-sectional view of the tissue thuckness cormapensator asserably of FIG. 155

D026 FIG. 18 is a cross-sectional perspeciive view of an assembled tissue thickness compensaior assembly and a
mold for assernbling the same;

{0021] FIG. 19 is a perspective view of the assembled tissue thickness compensator assembly of FIG. 18;

{00227 FIG. 20 is a perspective view of a tissue thickuess compensator assemibly and 3 mold for assembling the
same;

{6023] FlG.

A
et

a perspective view of a tissue thickness compensator assembly and a mold for assembling the
sarne;

{B024]  FIG. 22 is & cross-sectional perspective view of the tissue thickoess compensator assexably of FIG. 21and the
mold of FIG. 21 for assembling the same;

{6825] FIG. 23 is a perspective view of an end effector comprising a tissue thickness compensator;

{0026] FIG. 24 is a perspective view of the end effector and the tissue thickness compensator of FIG. 23 and a
modifying member modifying the tissue thickness comapensator,

{0027} FIG. 25 is a perspective view of the end effector of FIG. 23 comprising the modified tissue thickness
compensaior of FIG. 24,

{0028] FIG. 26 is a cross-sectional perspective view of a tissue thickness compensator;

{B29]  FIG. 27 is a cross-sectional perspective view of a mold for modifying the tissue thickness compensator of
FIG. 26;

{003D] FIG. 28 is a cross-sectional perspective view of the tissue thickness corapensator of FIG. 26 after
modification by the mold of FIG, 27,

{B031]  FIG. 29 is a cross-sectional perspective view of a tissue thickness compensator;

[0032] FIG. 30 is a cross-sectional perspective view of a mold for modifying the tissue thickness compensator of
FIG. 29;

{B0337 FIG. 31 is & cross-sectional perspective view of the tissue thickness compensator of FXG. 29 after
modification by the moid of FIG. 30;

j0834]  FIG, 32 (s a cross-sectional perspestive view of a tissue thickuess corapensator;

[0035] FIG. 33 is a cross-sectional perspective view of a mold for modifying the tissue thickness compensator 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 xoold of FIG. 33,

{0037] FIG. 35 is a cross-sectional perspective view of a tissue thickness compensator including a first height;
[6D38] PIG. 36 is a cross-sectional perspective view of the tissue thickness compensator of FIG. 33 after

modification to change the first height to a second height;

{B039]  FIG. 37 is a cross-sectional view of a mold for modifying the tissue thickness compensator of FIG. 35;

|1

{60401  FIG. 38 is a cross-sectional perapective view of a tigsuc thickness corapensator;

{0041] FIG. 39 (s a cross-sectional perspective view the tissue thickness compensator of FIG, 38 after modification;
{$042] FIG. 40 s a graph Hustrating the effect of compression forces on a spring rate of a tissue thickne
carpensator,

{0043] FIG. 41 is a cross-sectional perspective view of a tissue thickness compensator,

{#044] FIG 42 is a cross-sectional perspective view of a space creator for modifying the tissue thickness
conmpensator of FIG. 41;

{B0487  FIG. 43 is a cross-sectional perspective view of the tissue thickness compensator of FIG. 41 after
moditication by the space creator of FIG. 42;

{0046] FIG. 44 is a partial cross-sectional elevational view of a fastener cartridge for use with a surgical instrument
neluding a firing menber in accordance with at least one exobodirnent Hustrated with portions removed,;

{00471 FIG. 43 is a partial cross-sectional elevational view depicting & Hssue thickness conpensator of the fastener

cartridge of FIG. 44 being rercoved from the fastener cartndge and the fring member of FIG. 44 iHustrated in a
locked-out condition;

{80481 FIG. 46 is a partial perepective view of the tissue thickuess compensator of FIG. 45,

{0049] FIG. 47 is a partial perspective view a tissue thickness compensator in accordance with at least one
erabodiment;

{80867 FIG. 45 is a partial cross-sectional elevational view of an end effector of & surgical instrument comprising a
fastener cartridge including the tissue thickoess compensator of FIG. 47, a sled, and a firing member supported by the
sied ihistrated with portions removed;

{00511 FIG. 49 {s a partial cross-sectional elevational view of the end effector of FIG. 48 illustrating the fiting
member w3 partially-fired position;

{0527 FIG. 50 is a partial cross-sectional elevational view of the end effecior of FIGL 48 illustrating the tissue
thickness compensator removed from the fastener cartridge and the firing member in & locked-out condition;

{80831 FIG. 51 is a partial perspective view of a fastener cartridge in accordance with at least one embodiment
ihustrated with portions removed;

[0054] FIG. 52 is a perspective view of a sled of the fastener cartridge of FIG. 51;

{0058]  FIG, 53 15 a partial perspective view of the fastener cartridge ot F1G. 51;

{6086] FIG. 54 is an clovational view of a sled in accordance with at least onc embodiment;

BO571  FIG. §5 15 & perspective view of a sled in accordance with at least one embodiment ilustrated 1 an valocked

configuration;

(9%}



[0058] FIG. 56 is a perspective view of the sled of FIG. 55 illustrated in a locked-out configuration;

[0059] FIG. 57 is a partial cross-sectional elevational view of the sled of FIG. 55 positioned within a fastener
cartridge illustrating the sled in its unlocked configuration, a firing member supported by the sled, and a tissue
thickness compensator of the fastener cartridge engaged with the sled;

[0060] FIG. 58 is a partial cross-sectional elevational view of the tissue thickness compensator of FIG. 57 being
removed from the fastener cartridge of FIG. 57 which has placed the sled of FIG. 55 in its locked-out configuration
and the firing member of FIG. 57 in a locked-out condition;

[0061] FIG. 59 is a partial cross-sectional elevational 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-sectional 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 depicting 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 deformed configuration;

[0065] FIG. 63 is an elevational view of a staple comprising a plurality of barbs in accordance with at least one
embodiment, wherein the staple is positioned within a staple cavity in an unfired position;

[0066] FIG. 64 is an elevational view of a staple including a plurality of barbs in accordance with at least one
embodiment;

[0067] FIG. 65 is an elevational 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 including a plurality of barbs in accordance with at least one
embodiment;

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

[0070] FIG. 68 is an elevational view of the staple including a plurality of barbs in accordance with at least one
embodiment, wherein the staple is positioned within a staple cavity in an unfired position;

[0071] FIG. 69 is a plan view of the staple and the staple cavity of FIG. 68;

[0072] FIG. 70 is a partial perspective view of a barbed staple leg in accordance with at least one embodiment;
[0073] FIG. 71 is a partial perspective view of a barbed staple leg of the staple of FIG. 68;

[0074] FIG. 71A 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 embodiment; 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 identified below:
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U.5. Application Sertal Mo. 13/433,163, entitled METHODS FOR FORMING TISSUE THICKNESS
COMPENSATOR ARRANGEMENTS FOR SURGICAL STAPLERS; now U5, Patent Publication No.
2012/0248169;

U.S. Application Sertal No.13/433,167, eatitled TISSUL TIHICENESS COMPENSATORS; now 1S, Patent
Publication No. 20612/0241503;

18, Application Serial No. 13/433,173, entitled LAYERED TISSUE THICKNESS COMPENSATOR; now
1.8, Patent Publication No. 2012/0253298;

U.S. Application Seral Mo, 13/433,179, entitled TISSUE THICKNESS COMPENSATORS FOR
CIRCULAR SURGICAL STAPLERS; now U.S. Patent Publication No. 2012/0241505;

118, Application Sertal No. 13/763,028, entitled ADBHESIVE FILM LAMINATE; now 1J.S, Patent
Publication No. 2013/0146643;

U.S. Application Sertal No. 13/433,115, entitled TISSUE THICKNESS COMPENSATOR COMPRISING
CAPSULES DEFINING A LOW PRESSURE ENVIRONMENT; now U.S. Patent Publication No. 2013/0256372;

LS. Application Serial No. 13/433,118, entitled TISSUE THICKNESS COMPENSATOR COMPRISED OF
A PLURALITY OF MATERIALS; now U8, Paterit Publicaton No. 2013/0256365;

1.8, Application Serial No. 13/433,135, entitled MOVABLE MEMBER FOR USE WITH A TISSUE
THECKNESS COMPENSATOR; now ULS, Patent Pubhication No, 2013/0256382;

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

U.5. Application Serial No. 13/433,129, entitled TISSUE THICKNESS COMPENSATOR COMPRISING A
PLURALITY OF MEDICAMENTS; now U.S. Patent Publication No. 2013/0256367;

U.S. Application Serial No. 11/216,367, entitled STAPLE CARTRIDGES FOR FORMING STAPLES
HAVING BDIFFERING FORMED STAPLE HEIGHTS, now U.5. Patent No. 7,669,746,

U.8. Application Serial No. 11/714,049, entitled SURGICAL STAPLING DEVICE WITH ANVIL
HAVING STAPLE FORMING POCKETS OF VARYING DEPTHS, now .S Patent Publication No.
2007/0194082;

U.S. Application Serial No. 11/711,979, entitled SURGICAL STAPLING DEVICES THAT PRODUCE
FPORMED STAPLES HAVING DIFFERENT LENGTHS, now U.S, Patent No. 8,317,070,

LS. Application Serial INo. 11/711,973, entitled SURGICAL STAPLING DEVICE WITH STAPLE
DRIVERS OF DIFFERENT HEIGHT, now U.S. Patent Publication No. 2007/0194079;

U.S. Application Sertal No. 11/711,977, entitied SURGICAL STAPLING DEVICE WITH STAPLE
DRIVER THAT SUPPORTS MULTIPLE WIRE DIAMETER STAPLES, now U.S. Patert No. 7,673,781,
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U.S. Application Serfal No. 11/712,3135, entitled SURGICAL STAPLING DEVICE WITH MULTIPLE
STACKED ACTUATOR WEDGE CAMS FOR DRIVING STAPLE DRIVERS, now U8, Patent No. 7,500,979,

.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 Sertal Mo. 13/020,263, entitled SURGICAL STAPLING SYSTEMS THAT PRODUCE
FORMED STAPLES HAVING DIFFERENT LENGTHS, now 1S, Patent Pablication Ne. 2011/0147434,

U.S. Application Serial No. 13/118,278, entitled ROBOTICALLY-CONTROLLED SURGICAL
STAPLING DEVICES THAT PRODUCE FORMED STAPLES HAVING DIFFERENT LENGTHS, now U5,
Patent Publication No. 201 1/0290851;

18, Application Serial No. 13/369,629, entitled ROBOTICALLY-CONTROLLED CABLE-BASED
SURGICAL END EFFECTORS, now U 8. Patent Publication No. 2012/0138660:;

U.S. Application Sexal No. 12/695,339, entitled SURGICAL STAPLING DEVICES FOR FORMING
STAPLES WITH DIFFERENT FORMED HEIGHTS, now U 8. Patent No. 8,464,923,

T8, Application Serial No. 13/072,923, entitled STAPLE CARTRIDGES FOR FORMING STAPLES
HAVING BIFFERING FORMED STAPLE HEIGHTS, now U.S. Patent No.8,567,656;

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

.S, Application Serial No. 13/763,078, entitled ANVIL LAYER ATTACHED TO A PROXIMAL END OF
AN END FFFECTOR; now U.S. Patent Publication No. 2013/0256383;

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

.S, Application Serial No. 13/763,106, entitled ENID EFFECTOR COMPRISING A DISTAL TISSUE
ABUTMENT MEMBER, now U.S. Patent Publicatiog No. 2013/0256378;

U.S. Application Serial No. 13/433,147, entitled TISSUE THICKNESS COMPENSATOR COMPRISING
CHANNELS, now U.S. Patent Publication No. 2013/0256369;

U.S. Application Serial No. 13/763,112, entitled SURGICAL STAPLING CARTRIDGE WITHLAYER
RETENTION FEATURES; now 1S, Patent Publication No. 2013/0256379;

U8, Application Serial No. 13/763,035, entitled ACTUATOR FOR RELEASING A TISSUE THICKNESS
COMPENSATOR FROM A FASTENER CARTRIDGE; now U8, Patent Publication No. 2013/0214030;

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

U8, Application Serial No. 13/763,048, eutitied FASTENER CARTRIDGE COMPRISING A
RELEASABLE TISSUE THICKNESS COMPENSATOR; now U.S. Patent Publication No. 2013/0221064,

U.S. Application Senal No. 13/763,054, entitled FASTENER CARTRIBGE COMPRISING A CUTTING
MEMBER FOR RELEASING A TISSUE THICKNESS COMPENSATOR;



U.S. Application Serial No. 13/763,065, entitled FASTENER CARTRIDGE COMPRISING A
RELEASABLY ATTACHED TISSUE THICKNESS COMPENSATOR; now U.S. Patent Publication No.
2013/0221065;

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

U.S. Application Serial No. 13/763,078, entitled ANVIL LAYER ATTACHED TO A PROXIMAL END OF
AN END EFFECTOR; now U.S. Patent Publication No. 2013/0256383;

U.S. Application Serial No. 13/763,095, entitled LAYER ARRANGEMENTS FOR SURGICAL STAPLE
CARTRIDGES; now U.S. Patent Publication No. 2013/0161374;

U.S. Application Serial No. 13/463,147, entitled IMPLANTABLE ARRANGEMENTS FOR SURGICAL
STAPLE CARTRIDGES; now U.S. Patent Publication No. 2013/0292398;

U.S. Application Serial No. 13/763,192, entitled MULTIPLE THICKNESS IMPLANTABLE LAYERS FOR
SURGICAL STAPLING DEVICES; now U.S. Patent Publication No. 2013/0146642;

U.S. 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, entitled 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, entitled TISSUE THICKNESS COMPENSATOR COMPRISING
TISSUE INGROWTH FEATURES; now U.S. Patent Publication No. 2013/0256366;

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. Patent
Publication No. 2013/0256373.

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

U.S. Application Serial No. 13/851,676, entitled TISSUE THICKNESS COMPENSATOR COMPRISING A
CUTTING MEMBER PATH;

U.S. Application Serial No. 13/851,693, entitled FASTENER CARTRIDGE ASSEMBLIES; and

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

[0078] Applicant of the present application also owns the following patent applications that were filed on even date
herewith:

U.S. Patent Application Serial No.14/187,387, entitled STAPLE CARTRIDGE INCLUDING A BARBED
STAPLE, now U.S. Patent Publication No. 2014/0166724;

U.S. Patent Application Serial No.14/187,395, entitled STAPLE CARTRIDGE INCLUDING A BARBED
STAPLE, now U.S. Patent Publication No. 2014/0166725;
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U.S. Patent Application Serial No.14/187,400, entitled STAPLE CARTRIDGE INCLUDING A BARBED
STAPLE, now U.S. Patent Publication No. 2014/0166726;

U.S. Patent Application Serial No.14/187,383, entitled IMPLANTABLE LAYERS COMPRISING A
PRESSED REGION, now U.S. Patent Publication No. 2015/0238185;

U.S. Patent Application Serial No.14/187,386, entitled IMPLANTABLE LAYERS AND METHODS FOR
ALTERING ONE OR MORE PROPERTIES OF IMPLANTABLE LAYERS FOR USE WITH FASTENING
INSTRUMENTS, now U.S. Patent Publication No. 2015/0239180;

U.S. Patent Application Serial No.14/187,390, entitled IMPLANTABLE LAYERS AND METHODS FOR
MODIFYING THE SHAPE OF THE IMPLANTABLE LAYERS FOR USE WITH A SURGICAL FASTENING
INSTRUMENT, now U.S. Patent Publication No. 2015/0238188;

U.S. Patent Application Serial No.14/187,389, entitled IMPLANTABLE LAYER ASSEMBLIES, now U.S.
Patent Publication No. 2015/0238187; and

U.S. Patent Application Serial No.14/187,384, entitled FASTENING SYSTEM COMPRISING A FIRING
MEMBER LOCKOUT, now U.S. Patent Publication No. 2015/0238186.

[0079] Certain exemplary embodiments will now be described to provide an overall understanding of the principles
of the structure, function, manufacture, and use of the devices and methods disclosed herein. One or more examples
of these embodiments are illustrated in the accompanying drawings. Those of ordinary skill in the art will understand
that the devices and methods specifically described herein and illustrated in the accompanying drawings are non-
limiting exemplary embodiments and that the scope of the various embodiments of the present invention is defined
solely by the claims. The features illustrated or described in connection with one exemplary embodiment may be
combined with the features of other embodiments. Such modifications and variations are intended to be included
within the scope of the present invention.

[0080] The terms "comprise" (and any form of comprise, such as "comprises" and "comprising"), "have" (and any
form of have, such as "has" and "having"), "include" (and any form of include, such as "includes" and "including")
and "contain" (and any form of contain, such as "contains" and "containing") are open-ended linking verbs. As a

result, a surgical system, device, or apparatus that "comprises," "has," "includes" or "contains" one or more elements

possesses those one or more elements, but is not limited to possessing only those one or more elements. Likewise, an

element of a system, device, or apparatus that "comprises," "has," "includes" or "contains" one or more features
possesses those one or more features, but is not limited to possessing only those one or more features.

[0081] The terms “proximal” and “distal” are used herein with reference to a clinician manipulating the handle
portion of the surgical instrument. The term “proximal” referring to the portion closest to the clinician and the term
“distal” referring to the portion located away from the clinician. It will be further appreciated that, for convenience
and clarity, spatial terms such as “vertical”, “horizontal”, “up”, and “down” may be used herein with respect to the
drawings. However, surgical instruments are used in many orientations and positions, and these terms are not
intended to be limiting and/or absolute.

[0082] Various exemplary devices and methods are provided for performing laparoscopic and minimally invasive

surgical procedures. However, the person of ordinary skill in the art will readily appreciate that the various methods
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and devices disclosed herein can be used in numerous surgical procedures and applications including, for example, in
connection with open surgical procedures. As the present Detailed Description proceeds, those of ordinary skill in the
art will further appreciate that the various instruments disclosed herein can be inserted into a body in any way, such as
through a natural orifice, through an incision or puncture hole formed in tissue, etc. The working portions or end
effector 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 effector and elongated shaft of a surgical instrument can be
advanced.

[0083] Turning to the Drawings wherein like numerals denote like components throughout the several views, FIG. 1
illustrates an exemplary surgical stapling and severing instrument 8010 suitable for use with a tissue thickness
compensator assembly as described in greater detail below. The surgical stapling and severing instrument 8010 can
comprise an anvil 8014 which may be repeatedly opened and closed about its pivotal attachment to an elongate staple
channel 8016. A staple applying assembly 8012 may comprise 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
staple applying assembly 8012 is closed, or at least substantially closed, the implement 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 shaft 8018 and the staple applying
assenbly 8012 about a longitudinal axis of the shaft 8018. A closure trigger 8026, which can pivot in front of a pistol
grip 8036 to close the staple applying assembly 8012. A closure release button 8038 can be outwardly presented on
the handle 8020 when the closure trigger 8026 is clamped such that the release button 8038 can be depressed to
unclamp the closure trigger 8026 and open the staple applying assembly 8012, for example. A firing trigger 8034,
which can pivot in front of the closure trigger 8026, can cause the staple applying assembly 8012 to simultaneously
sever and staple tissue clamped therein. In various circumstances, multiple firing strokes can be employed using the
firing trigger 8034 to reduce the amount of force required to be applied by the surgeon's hand per stroke. In certain
embodiments, the handle 8020 can comprise one or more rotatable indicator wheels such as, for example, rotatable
indicator wheel 804 1which can indicate the firing progress. A manual firing release lever 8042 can allow the firing
system to be retracted before full firing travel has been completed, if desired, and, in addition, the firing release lever
8042 can allow a surgeon, or other clinician, to retract the firing system in the event that the firing system binds and/or
fails. Additional details on 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. Furthermore, powered
surgical stapling and severing instruments can also be utilized with the present disclosure. See, for example, U.S.
Patent Application Publication No. 2009/0090763 A1, entitled POWERED SURGICAL STAPLING DEVICE, and
filed on August 8, 2008.

[0084] With reference to FIGS. 2 and 3, a firing assembly such as, for example, firing assembly 9090 can be utilized
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 applyving assembly 8012 into tissue captured between the
anvil 8014 and the elongate staple channel 8016. Purtherraoee, an B-beam 9102 at a distal portion of the firing
assembly 9090 may facilitate separate closure and firing as well as spacing of the anvil 8014 from the elongate staple
chaonel 8016 during firing. The E-beam 9102 maay inclade a pair of top pins 8110, a pair of middle pins 9112 which
may follow portion 9218 of the wedge sled 9126, and a bottom pin or foot 9114, as well as a sharp cuttmg edge 9116
which can be configured to sever the captured Hissus as the firing assembly 9090 {5 advanced distally. In addition,
integrally formed and proxitally projecting top guide 9118 and widdie guide 9120 bracketing cach vertical end of the
cutting edge 9116 may further define a tssue staging area 9122 assisting in guiding tissue to the sharp cuiting edge
9116 prior to being severed. The middle guide 9120 may also serve to engage and fire the staple applying assemibly
8012 by abutting a stepped central member 9124 of the wedge sied 9126 (FIG. 2) that effects staple formation by the
staple applving assembly 8012,

[0083] In various circumstances, a staple cariridge can comprise means for compensating for thickness of tissue

captured within staples deployed from a staple cartridge. Referring to FIG. 4, a staple cariridge, such as staple
cartridge 10000, for example, can be utilized with the surgical stapling and severing instrument 8010 and can include
a rigid first portion, such a8 support portion 10010, for example, and a compressible second portion, such as tissue
thickness componsator 10020, for example. The support portion 10010 can comprise a cartridge body and a plurality
of staple cavities 10012, A staple 10030, for example, can be removably positoned in each staple cavity 10012,
Referring primarily to FIGS. 4 and 5, cach staple 10030 can comprise a base 10031 and one or more legs 10032
extending from the base 10031, Prior o the staples 10030 being deployed, the bases 10031 of' the steples 10030 can
be supported by staple drivers positioned within the support portion 10010 and, concu rrgmly the legs 10032 of the
staples 10030 can be at least partially contained within the staple cavities 10012, In varicus circumstances, the staples
10030 can be deployed between an unfired position and a fired position such that the legs 10032 move through the
tiesue thickoess compensator 10020, penetrate through a top surface of the tissue thickoess compensator 10020,
penetrate the tissue T, and contact au anvil positioned opposite the staple cartridge 10000, As the legs 10032 are
detormed against the anvil, the legs 10032 of each staple 10030 can capture a portion of the tissue thickness
cotnpensator 10020 and a portion of the tissue T within cach staple 10630 and apply a compressive foree to the tissuc.
Farther to the above, the fegs 10032 of each staple 10030 can be deformed downwardly toward the base 10031 of the
staple to form a staple entrapment area in which the tissue T and the tissue thickaess compensator 10020 can be
captured. In various circumstances, the siaple enrapment area can be defined between the jnner 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 factors 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 example,

{0086] In use, further to the above and referring primarily to FIG. 4, an anvil, such as anvil 8014 of the surgical
stapling and severing iustrument 8010, can be ruoved 1nto a closed position opposite the staple cartridge 10000 by
dopressing the closure trigger 8026 to advance the E-boam 9102, The anvil 8014 can position tissuc against the tissue
thickness corapensator 10020 and, {0 varicus circumstances, compress the tssue thickness compensator 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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deploved, as also ilhustraied in FIG. 4. In various circumstances, as mentioned above, a staple-firing sled 10050,
which is similar in many respects to the sled 9126 (See FIG. 3), can be moved from a proximal end of the staple
cartridge 10000 toward a distal end 10002, as illustrated in FIG. 5. As the firing assembiy 9090 is advanced, the sled
10050 can contact the staple drivers 10040 and 1ift the staple davers 10040 ypwardly within the staple caviues 10012
In at least one example, the sied 10050 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 upwardly from their untfived positions. As the stapie
drivers 10040 are lifted 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 16050 can move several staples upwardly at the same time as part of @ firing seguence.
{DO87]  As discussed above, and referring to FIG. 5, the staple legs 10032 of the staples 10036 can extend into the
compensator 10020 beyond the support portion 10019 when the staples 10030 are in their unfived positions. In
various circurasiances, the tips of the staple legs 10032, or any other portion of the staple legs 10032, may not
protrude through « top tissue-contacting surface 10021 of the tissue thickness compensator 10020 when the staples
10030 are i their unfired positions. I certain circumstances, the tips of the staple legs 10032 can comprise sharp tips
which can incise and penetrate the tissue thickness compensator 10020,

{00881  In various circumstances, it may be preferable to prevent and/or Limit frictional forees between & tissue

*

w

thickness corapensator and 2 staple. Referving now e FIGS. 6-8, a tissue thickness compensator 20220 for use with ¢
staple cartridge assembly 20200 can include a plurality of clearance apertures 20224 extending at least partially
theaugh the tissue thickness coropeusator 20220, Tu various circumstances, the staple cartridge assembly 20200 can
include a staple cartridge body 20210 and a tissue thickness compensator 20220 releasably secured relative to the
staple cartridge body 20210, The cartridge body 20210 can include a cartridge deck 20211 and & plurabty of staple
cavities 20212 defined through the cartridge deck 20211 and into the body of the staple cartridge body 20210, for
example. Staples 20230 can be removably positioned in the staple cavities 20212, for example. The tissue thickness

ey

compensator 20220 can include a Hssue-contacting surface 20221 (FIG. 7) and a deck-contacting surface 20222 (FIG.
6), The deck-contacting surtace 20222 can be releasably positioned against the deck 20211 of' the cartridge body
0210, for example, and the tssue-contacting surface 20221 can be positioned against tissue T to be stapled, for
exampile. Clearance apertures 20224 can extend through the deck-coniacting surface 20222 and into the tissue
thickness corupensator 20220 and may comprise holes, slits, gaps, bores, openings, and/or cleared pathways, for
examnple, within the tissue thickness compensator 20220,
{6089 Refernug primarily to FIGS. 7 and &, staples 20230 can be positioned in the staple cavities 20212 of the
cartridge body 20210, Fach staple 20230 can include a base 20231 and a pair of staple legs 20232, for example,
which can exiend from the base 20231, Bach staple leg 20232 can extend from opposite ends of the base 20231,

7

Referring primarily to FIG. 7, one or more of the clearance apertures 20224 in the tissue thickness compensator 20220

cantinclude an apening in the deck-countacting surtace 20222, The opening of a clearance apecture 20224 can be

aligned with a corresponding staple leg 20232 that is positioned in a staple cavity 20212, For example, a single staple
i

leg 20232 can be aligned with the opening of a single clearance apexture 20224 when the tssue thickness compensator

20220 is secured relative to the cariridge body 20210, In certain circumstances, a staple leg 20232 can extend into
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each clearance aperture 20224, such that at least a portion of the staple 20230 is embedded in the tissue thickness
compensator 20220, for example. For example, referring primarily to FIG. 7, a staple 20230 can include a first staple
leg 20232a and a second staple leg 20232b. Furthermore, the tissue thickness compensator 20220 can include a first
clearance aperture 20224a aligned with the first staple leg 20232a, and a second 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 partially through the first clearance aperture 20224a, 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 not aligned with staple legs 20232, for example. In certain
circumstances, the staple cartridge assembly 20200 can include additional staples 20230 and/or staple legs 20232 that
are not aligned with clearance apertures 20224, for example.

[0090] The staples 20230 can be moveable from an unfired configuration (FIG. 7) to a fired configuration (FIG. 8).
Each staple 20230 can be moved along a staple axis when moving between the unfired configuration and the fired
configuration. When in the unfired configuration, the staple legs 20232 can extend from the staple cavities 20212 and
into the tissue thickness compensator 20220, for example. The staple legs 20232 can be partially 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 in the unfired configuration, for
example. In other circumstances, the staple legs 20232 can be positioned entirely within the staple cavity 20212 when
in the unfired configuration, and can be aligned with the clearance apertures 20224 positioned above the cartridge
deck 20211 (FIG. 6), for example.

[0091] The staples 20230 can move from the unfired configuration (FIG. 7) to the fired 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 into tissue T and toward an anvil 20260 (FIG. 8) which can be similar in many
respects to other anvils described herein such as, for example, the anvil 8014 (FIG. 1). As each staple 20230 moves
from the unfired configuration to the fired configuration, the staple legs 20232 can move through the clearance
apertures 20224 in the tissue thickness compensator 20220. The clearance apertures 20224 can have a predefined
trajectory within the tissue thickness compensator 20220. For example, the clearance apertures 20224 can extend
along an axis that is perpendicular to 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 along 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
example. In certain circumstances, a group of the clearance apertures 20224 can be parallel. In some circumstances,
all of the clearance apertures 20224 within the tissue thickness compensator 20220 can be parallel, for example. The
clearance apertures 20224 can comprise a partially curved trajectory and/or a partially linear trajectory. Other
characteristics and features of the clearance apertures 20224 are described in greater detail in U.S. Patent Application
No.13/851,693, entitled FASTENER CARTRIDGE ASSEMBLY, and filed on March 27, 2013. Methods and
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techniques for modifying a tissue thickness compensator to include clearance apertures such as, for example, the
clearance apertures 20224 are described below in greater detail.

[0092] Referring now to FIGS. 9-12, an end effector 22090 of a surgical instrument similar in many respects to the
surgical instrument 8010, for example, can comprise a first jaw including a fastener cartridge assembly 22000 and a
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 assembly 22000. Alternatively, the staple cartridge 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 a closed position (FIGS. 9-12). In the open position of the anvil 10060, the anvil 10060
can be positioned on a first side of a patient’s tissue T (FIGS. 10-12) and the cartridge assembly 22000 can be
positioned on a second, or opposite, side of the tissue T, for example. When the anvil 10060 is moved into its closed
position, the anvil 10060 can compress the tissue T against the cartridge assembly 22000. Alternatively, the first jaw
including the cartridge assembly 22000 can be moved relative to the anvil 10060. A firing member 10052, which is
similar in many respects to the firing assembly 9090 (FIG. 3), can be advanced distally from a proximal end 22001 of
the cartridge assembly 22000 toward a distal end 22002 of the cartridge assembly 22000 to eject fasteners, 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 of the cartridge assembly
22000.

[0093] Further to the above, the staples 22030 can be supported by staple drivers 10040 which are movably
positioned within staple cavities 22012 defined in the cartridge body 22010. Moreover, the firing member 10052 can
be configured to advance a staple-firing sled 10050 distally within the cartridge body 22010 as the firing member
10052 is moved from the proximal 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. In essence, further to the above, the staple drivers 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
deformed between an undeformed configuration (FIG. 10) and a deformed configuration (FIGS. 11 and 12). The
anvil 10060 can comprise forming pockets 10062 which can be configured to receive and deform the staples 22030.
Staples 22030 can be the same as or similar to staples 10030, for example and/or any other staples disclosed herein,
and, as such, staples 22030 are not described in greater detail herein. The reader will note, however, that the staples
22030 can comprise any suitable shape and/or suitable dimensions, such as width and/or height, for example, in their
undeformed configuration and/or their deformed configuration. For instance, the staples 22030 can, in certain
circumstances, comprise a height which does not extend above a deck surface 22011 of the cartridge body 22010
when the staples 22030 are in their unfired positions while, in other circumstances, the staples 22030 can comprise a
height in which the legs of the staples 22030 extend upwardly from the deck surface 22011 when the staples 22030
are in their unfired positions such that the legs of the staples 22030 are at least partially embedded in a tissue thickness
compensator 22010 of the cartridge assembly 22000.

[0094] With continued reference to the embodiment depicted in 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 a result, many of such respects are not repeated herein for the sake of brevity. Furthermore, the tissue
thickness compensator 22020 can be similar to the tissue thickness compensator 10020, for example, in many
respects. Further to the above, the firing member 10052 can include a cutting portion 10053 which can be configured
to transect the tissue positioned between the anvil 10060 and the tissue thickness compensator 22020 as the firing
member 10052 is advanced distally. In various circumstances, as a result, 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 least 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.

[0095] Asillustrated in FIGS. 9-12, the cartridge body 22010 can include a cartridge knife slot 22015 which can be
configured to receive a portion of the firing member 10052 as the firing member 10052 is advanced distally. Further
to the above, the anvil 10060 can include an anvil knife slot 10065 which can be configured 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 knife slot 22025 which can be aligned with the anvil
knife slot 10065 and the cartridge knife slot 22015 such that the firing member 10052 can pass through the cartridge
knife slot 22015, the anvil knife slot 10065, and the tissue thickness compensator knife slot 22025 simultaneously. In
various circumstances, the anvil knife slot 10065 can extend over the tissue thickness compensator knife slot 22025
such that the cutting portion 10053 of the firing member 10052 can pass through the cartridge knife slot 22015, the
anvil knife slot 10065, and the tissue thickness compensator knife slot 22025 simultaneously. The tissue thickness
compensator knife slot 22025 can define a tissue thickness compensator knife path for the cutting portion 10053
wherein the tissue thickness compensator knife path can be parallel to the anvil knife path and the cartridge knife path.
In various circumstances, the tissue thickness compensator knife path can be longitudinal while, in certain
circumstances, the tissue thickness compensator knife path can be curved. Further to the above, curved end effectors
and curved fastener cartridges are disclosed in U.S. Patent Application Publication No. 2008/0169329. In such
circumstances, a tissue thickness compensator can be curved. In at least one such embodiment, the tissue thickness
compensator can be curved to match the curvature of the cartridge body of the fastener cartridge. Methods and
techniques for modifying a tissue thickness compensator to include a knife slot such as, for example, the knife slot
22025 are described below.

[0096] Further to the above, referring primarily to FIG. 9, the tissue thickness compensator knife slot 22025 can
extend between a first stapling portion 2202 1a which can be stapled by a first group of staples 22030 and a second
stapling portion 22021b which can be stapled by a second group of staples 22030. The knife slot 22025 can releasably
connect the first stapling portion 22021a to the second stapling portion 22021b. Inuse, as illustrated in FIG. 9, the
cutting portion 10053 can be advanced distally through the knife slot 22025 to transect the knife slot 22025 and
separate the first stapling portion 22021a and the second stapling portion 22021b. In certain circumstances, the knife

slot 22025 can comprise a plurality of connectors, or bridges, 22026 which can connect the first stapling portion
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2202%1a and the second stapling portion 22021b prior to being transected by the cutting portion | fn varions

e

circumstances, the connectors 22026 can have the same thickuaess as the fivst stapling portion 2202 1a and/or the

second stapling portion 22021b, at least when the tissue thickness compensator 22020 is in an uncompressed state. In
al least one such circumstance, the connectors 22026, the first stapling portion 220212, and/or the second stapling
portion 2202 1b can be unitarily and integrally formed from a flat, or at least substantially flat, piece of material, for

example. In vanous other circumstances, the first stapling portion 2202 1a can compuse a firs
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stapling portion 22021b can comprise a scoond thickuess, and the counectors 22026 can comprise a third thickness,

wherein one or more of the first thickness, the second thickness, and the third thickness can Yerent than the other
thicknesses.

{D0%7]  The knife slot 22025 can firther comprise apertures, such as apertures 22024, for example, defined therein.
For instauce, the apertures 22024 can be elongate and can extend longitudinally along the knife slot 22025, In vanous
other circumstances, the apertures in the knife slot 22023 can comprise any suitable arcangement. In certain
circumstances, the apertures 22024 can comprise perforations positioned intermediate the connectors 22026 which can

§

be formed utilizing a laser cutting operation, for example. In some circuinstances, the apertures 22024 can be cut from
a sheet of material to form the tissae 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 forroed therenn. To 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 centain stances, 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 aad techniques for raodifying 2 tissue thickness compensator 10 tuclude apertures such as, for example, the
apertures 22024 are described below.

{#098] Further to the above, referring again to FIGS. 9-11, patient tissue can be positioned intermediate the anvi
16060 of the end effector 22090 and the tissue thickness compensator 22020 of the cartridge assembly 22000 when
the anvil 10060 15 in an open position. When the anvil 10060 is moved into a closed position, & botton: surface, or
tissue-contacting surface, 10063 of the anvil 100660 can contact the tissue T and push the tssue T toward a deck
surface 22011 of the cartridge body 22010, The tissue T can contact a top surface, or tissue contacting surface, 22021
of the tissue thickness compeusator 22020 wherein, whea the anvil 10060 13 moved into its closed position, the anvil
10060 can press the tssue T against the tissae thickoess compensator 22020 and, further (o the above, compress the

1 Y

tissue thickness compensator 22020 against the deck surface 22011 of the cartridge body 22010, In various
circumstances, the tissue thickness compensator 22020 can comprise a botiom surface 22029 which can sbut the deck
surface 22011, In some circumstances, 2 gap may be present between the bottomn surface 22029 and the deck sucface
011 before the tissue thickness compensator 22020 is compressed against the carfridge body 22016, In such
circumstances, the tissue thickness corapensator 22020 way Hest translate toward the cartndge body 22016 betore
being compressed thercagainst. When the tissue thickness compensator 22020 is compressed against the cartridge
2y

body 22018, in various circumstances, the first stapling portion 220212 and/or the second staphng portion 22021b of
y g

the tissue thickness compensator 22020 may move laterally. For instance, the first stapling portion 2202 1a and/or the
J
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second stapling portion 22021 may move laterally away from the cartridge knife slot 22015, In various
circumstances, the connectors 22026 can be configured to inhibit such Iateral moverment between the first stapling
portion 22021a and the second stapling portion 22021b. In various circumstances, referring primarily to FIG. 11, the

3 £

counectors 22026 can be configured to sireteh to permit some relatve lateral movement between the {irst staplin
portion 22021 a and the second stapling portion 22021b when the anvil 10060 is closed. In the event that the anvil
10060 18 reopened, the connectors 22026 can be contigured 10 elastically return, or at least substantially return, to their
unstretehed configuration and, as 8 resalt, pull the first stapling portion 22021 and the second stapling portion
220210 laterally back toward their original positions, Hlustrated 1o FIG. 19, Moreover, the anwvil 10060 can compress
the tissue T when the anvil 10060 is moved tnto its closed position. In such circuwnstances, the tissue T may at least
parttaily flow mic the apertures 22024

{60991  Upon reviewing FIGS. 10-12, the reader will appreciate that the knife slot 22025 of the tissue thickness

conpensator 22020 comprises less material along the longitudinal length thereof than the first stapling portion 220212

and/or the second stapling portion 22021b. Stated another way, a longitudinal cross-section through the first stapling
portion 22021 a and/or the second stapling portion 22021b would transect a first amnount of material while a
longitudinal ¢ross-section through the knite slot 22025 would transect & second amovmnt of material which is less than
the first amnount of material.

{D106]  Ouvce the anvil 10060 has been suitably positioned, fucther 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
lfustrated 10 FIG. 12, Furthermore, the tissue thickness compensator acision force, the tissue iicision 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 o ot be able o transect the Ussue T and/or the tssue thickness corapensator 22020, for
example, according to a prefem‘ed manner. With primary reference to FIG. 12, the cutting portion 10053 can comprise
a first knite edge zone 100334, a second knife edge zone 10053h, and/or a thind kuite edge zone 10053c¢, for example,
wherein the first knife edge zone 100534 1s positioned vertically above the second knife edge zone 10053b, and
wherein the second knife edge zone 10053b is positioned vertically above the third knife edge zone 16053¢, for
cxample. The cutting portion 10053 can comprise any suitable numiber and/or location of knife ¢dge zones wherein
the koife edge zones depicted in FIG. 12 have been selected for the purposes of discussion. Further o the above, the
first knife edge zone 10053a can be configured to transect the tissue T while the second knife edge zone 10053b can
bie 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 100534 at a first rate. The second knife edge zone 100530 may experience the tissue thickness
corupensator {ncision force and/or the tissue thickness compensator drag force discussed above. Such forces may
wear or dull the second knife edge zone 10053b at a second rate. In various circumstances, the second rate can be
difterent than the first rate.

{3611 Turning now to FIGS. 13 and 14, a fastener cartridge 22400 can comprise a tissuc thickness compensator
22420 which can jnclode a first stapling portion 224212 and s second stapling portion 22421b which are 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 hetween a proximal end 22401 of the knife slot 224235 and a distal end 22402
of the kofe slot 224235, To some circumstances, the angled longitudinal connector 22426 can extend the eative leagth

of the knife siot 22425 while, in other circumstances, the angled longitudinal connector 22426 can extend less than the
length of the knife slot 22425, The angled longitudinal connector 22426 can extend between a top surface 22428 of
the tissue thickness compensator 22420 and a bottom surface 22429 of the tissue thickness compensator 22420, In
some circumstances, the angled longitudinal connector 22426 can extend the entire distance between the top surtface
22428 and the bottom surface 22429 while, in other circumistances, the angicd longtudinal connector 22426 can
extend less than the distance between the top surface 22428 and the bottom s e 22429, In various circumstances,
the proximal end of the longitudinal cormector 22426 can extend from the top surface 22428 of the ussue thickness
compensator while the distal end of the longitudinal connector 22426 can extend from the bottom surface 22429
Alternatively, the distal end of the longitudinal connector 22426 can extend frorn the top surface 22428 of the tissue
thickness compensator while the proximal end of the longitudinal connector 22426 can extend from the bottom
surface 22429, In various circumstances, the longitudinal connector 22426 can comprise & thin bridge (i.e. less than
the full thickness of the tissue thickness compensator 22420) or a series of thin bridges that join the first stapling
portion 2242 1a which can be stapled by a first group of staples 22030 to the second stapling portion 22421b which
can be stapled by a second group of staples 22030, for example. These thin, angled bridges, and/or the longitudinal
conuector 22426, could distubute the wear across the second 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 10053b may be
equal to, or closer to being equal to, the wear soourning at the Ost knife edge zone 100334, for example.

{0302} Retferring now 1o FIGS. 15-17, an exemplary tissue thickness compensator assembly 1000 may include a first
layer 1002 and a second layer 1004 attachable to the firet layer 1002, The tissue thickness corapensator asserably 1000
can be utilized with a surgical instrument such as, for example, the surgical instrument 8010 (FIG.1). In addition, the
tiesue thickoess compensator assembly 1000 can be utilized in 2 similar manner as and can replace the tissue thickness
compensator 22020 of the cartridge asserbly 22000 of the end effector 22090 (FIG. 9). For example, the second layer
1004 of the tissue thickness compensator assernbly 1000 may include a first portion 1006 which can be positioned on
the dock surface 22011 on a first side of the cartridge knife slot 22015 in a similar fashion to the {irst stapling portion
2202%1a and a second portion 1008 which can be positioned on the deck surface 22011 on a second side, apposite the
first side, of the cartridge knife slot 22015 in a siniilar fashion o the secoud stapling podtion 22021b (FIG8. 9-11). In
various instances, the first portion 10066 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 10033 of the firing
member 10052 and may extend at least partially over the cartridge kmnite slot 22015 when the tissue thickness

corapensator assembly 1000 is asserabled with the cartridge end effector 2209¢. In certain tustances, the frst 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 illustrated 8 FIG. 17, for exarple.

{0303] Inuse, tissuc T can be caphired between the anvil 10060 and a tissue contacting surface 1012 of the first
layer 1002, As the firing roewber 10032 s advanced, a first group of staples 20030 can be deployved o staple the fiest

portion 1006 and a second group of staples can be deployed to staple the second portion 1008, The first and second
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groups of staples can be configured o penetrate through a frst deck contacting surface 1007 and a second deck

o

contacting surface 1009, respectively, of the second layer 1004, then throagh the tissue contacting surface 1012 of the
first laver, and then through the captured tissue T to contact the pockets 10062 of the anvil 10060, Furthermore, the
advancement of the {lring mewmber 10032 can cause the culting portion 100353 to be advanced distally through the g
1010 of the tissue thickness compensator assembly 1000, The cutting portion 100353 may transect the first layer 1002
while advancing through the gap 1010 thereby separating the first portion 1006 and the second portion 1008 of the
sceond layer 1004,

{#104] Refernng again to FIG. 17, the frst layer 1002 of the tissue thickness corapensator assembly 1000 may
comprise a frst height H1, the first portion 1006 of the second layer 1004 may comprise a second height H2, aud the
second portion 1068 of the second layer 1004 may comprise a third height H3. In certain circumstances, as illustrated
in FIG. 17, the second height H2 and the third height H3 can be the same or substantiaily the same. In other
circumstances, the second height H2 can be different from the third height H3. In certain circumsiances, the fiest
height H1 can be less than the second height H2 and/or the third height H3, as illustrated in FIG. 17. The first layer
1002 of the tissue thickness compensator assernbly 1000 may comprise a fiest density, the first portion 1006 of the
second layer 1004 may comprise & second density, and the second portion 1008 of the second layer 1004 may
coniprise a third density. In cortain circumstances, as illustrated in FIG. 17, the second density and the third density
can be the saroe or substantially the same. b other circumistances, the second deunsity can be different fom the thied

density and/or different from the first density of the first layer 1002, The material compositions of the first portion

1006 and the second portion 1008 can be the same, or at least substantally the sarne. To other circurnstances, the

material commpositions of the fivst portion 1006 and the second portion 1008 can be different from each other and/or
can be different froro the material compositon 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 dull the cutting portion 10033, To slow the dulling process, it may be desirable 1o reduce
the tssue thickness compensator material that is et by the cutting portion 10053, An additional benefit can be a
reduction in the forces needed to advance the firing member 10032 distally during a firing stroke. Jo order to reduce
the dulling of the cutting portion 10033, the first layer 1002 can be comprised, at least partiaily, of a thin film, for
example. b such circunstances, the fivst height Hi cap be significantly less than the second height H2 and the third
height H3, as illustrated in FIG. 17. In certain circwustauees, the first layer 1002 may cowprise a wform, or
substantially umiform, height therethrough, as ifhwtrated in FIG. 17, In other circurnstances, a gap bridging portion
1014 of the first layver 1002 may extend at least partially over the gap 1010 and may be thinner than the remainder of
the first layer 1002. The cutting portion 10033 may transect the gap bridging portion 1014 of the first layer 1002 while
advancing through the gap 1010 between the fost portion 1006 and the second portion 1008 of the second layer 1004
which may reduce the resistance experienced by the cufting portion 10053 and/or slow the dulling of the cuiting
portion 10053, In any event, the first layer 1002 can be configured to maintam a coupling eupgagement with the first
portion 1006 and the sccond portion 1003 of the second layer 1004 prior o being transected, and to present the cutting

portion 10033 with a reduced resistance as the cutting portion 10053 (s advanced to ransect the first layer 1002,
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{#106] To further reduce the dulling of the cutting portion 10053 and/or reduee he resistance experienced by the
culting poction 100383, the gap bridging portion 1014 may coraprise a perforated segment 1016 along the knife path
defined 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 fixst faver 1002 prior to the assembly of the first layer 1002 to the second layer 1004,
for example. The perforations 1018 can reduce the interaction between the cutting portion 10053 and the first layer
1002 as the cutting portion 10053 is advanced through the knife path defined by the gap 1010, which may slow the
dulling of the cutting portion 100353 and/or reduce the resistance expericnced by the cutting portion 10053,

{1677 In vacious circurostances, as described in greater detail below, the tissue thickness compensaior assembly
1000 can be comprised of one or more biocompatible materials. Ju certain circumstance, the first layer 1002 can be
compused of 2 hiacmnpatih}e huttress malerial and/or plastic material, sach as polydioxanone (PDS) and/or
polyglyeolic acid (PGA), for example, and the second tayer 1004 can be comprised of a bioabsorbable foam material

and/or a compressible haemostatic material, such as oxidized regenerated cellulose (ORC), for example. In certain

>

ircumnstances, the first laver 1002 can be a thin film comprising a bioabsorbable material such as polyglycotic acid

[}

(PGA) whieh is mardketed under the trade name Vicryl, palylacte acid (PLA or PLLA), polydioxanone (PDS),
polvhydroxyalkanoate (PHA}, poliglecaprone 25 (PGCL) which is marketed under the trade name Monocryl,
polyeaprolactone (PCL), and/or a composite of PGA, PLA, PDS, PHA, PGCL and/or PCL, for cxample. In certain

circumstances, the first portion 1006 and/or the second portion 1008 of the second layer 1004 can be comprised of a

fvophilized foam comprising polylactic acid (PLA) and/or polygiveolic acid (PGA), for example. In certain
circumstauces, the frst portion 1006 andfor the second portion 1008 of the secondd Iayer 1004 can be comprised of
biocompatible foam which may comprise a porous, open cell foam and/or a porous, closed cell foam.
{B188] Refloring again o FIGS. 13 and 17, the Brst layer 1002 can be at least partially disposed over the second
fayer 1004 such that the second layer 1004 may be positioned between the first layer 1002 and the deck surface 22011
{F1G. 9} when the tissue thickness compensator assembly 1000 is assembled with the end effector 22090 (FIG. 9). In
other circumnstances, the frst layer 1002 can be positioned beneath the first portion 1006 and the second portion 1008
{not shown) such that the first layer 1002 may be positioned between the second layer 1004 and the deck surtace
22611 (FIG. 93 when the tissue thickness conmpensator assenibly 1000 15 asserublod with the end effector 22080 (FIG.
9). I any ovent, the Srst layer 1002 can be attached to a first contacting surface 1020 of the first portion 1006 and 2
second contacting 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, 2s

described in greater detail below. In other circumstances, the first layer 1002 can be attached to the second layer 1604

by a biocompatibie adhesive material such as a fibrin and/or protein hydrogel, for example. Other means for attaching
the first layer 1002 w the second layer 1004 are conterplated by the present disclosure.

{0109] Feferring now to FIGS. 21 and 22, the first layer 1002 can be at least partially embedded into the tirst
portion 1006 and/or the second portion 1008 of the second layer 1004. In such circumstances, the tissue thickness
conipensator assembly 1000 can be prepared using a mold 1024, for example, as illustrated in FIG. 21, In various
wstances, an organic solution cowprising a polyraer such as, for exanple, polylactic acid PLA) and/or polyglyeolic

acid (PGA) can be poured into the mold 1024, The first layer 1002 can be immiersed into the organic solution. As
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ilhustrated in FIG. 22, a central shelf 1026 and a central beam 1027 of a meld cover 1028 can trap the {irst layer 1002
therebetween to ensure that the fiest layer 1002 remains iromersed 1a the oxganic soluton which can then be
fvophilized using conventional lyophilization techniques and/or any other suitable techniques, for example. Upon
completion of the Iyophihization process, and/or any other suitable process, the mold cover 1028 can be remeved and
the tissue thickness compensator assembiy 1000 can be recovered from the mold 1028,

{B13¢]  As iilustrated 10 FIG. 21, the first laver 1002 of the tissue thickness compensator 1000 can be partially
positioned within the first portion 1006 and the sccond portion 1004 of the second layer 1004, In cortain
circumstances, the first layer 1002 can be partially positioned within one of the first portion 1006 and the second
portion 1008 and attached 10 a top surface or a bottom surface of the other one of the first portion 1006 and the second
portion 1008,

{0111] In certain circurnstances, the central beamn 1027 and the shelf 1026 can at least partially extend along an axis
that is parallel or substantizlly paraliel to the first deck contacting surface 1007 and/or the second deck contacting
surface 1009 when the cover 1028 is in a closed counfiguration with mold 1024, as illustrated in FIG. 22. In such

circumstances, the first layer 1002 can be embedded mto the first portion 1006 and/or the second portion 1008 such
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st layer 1002 is positioned or substantially positioned in a parallel or substantially paraliel relationship with the
first deck contacting surface 1007 and/or the sceond deck contacting surface 1009, In other circumstances, although

not ithistrated, the central beam 1027 and the shelf 1026 can at least partially extend along an axis that is at an oblique
angle with the first deck contacting surface 1007 and/or the second deck contacting surface 1008 when the cover 1028

is i1 a closed configuration with mold 1024 I such circumstances, the first [ayver 1002 can be embedded into the Gost

portion 1006 and/or the second portion 1008 such: that first layer 1002 is positioned or substantially positioned at an
obligue angle with respect to the Brst deck contacting surface 1007 and/or the second deck contacting surface 1009,
Other technigues for partially embedding the first layer 1002 into the first portion 1006 and/or the second portion
1008 are contemplated by the present disclosure.

{112} Referring now to FIGS. 18 and 19, a tissue thickness compensator assembly 1033, which is similar in many
respects to the tissue thickness compensator asserably 1000 and the tissue thickness compeusator 20020, is illustrated.
The tissue thickness compensator asseinbly 1033 can comprise the first portion 1006 and the second portion 1008
which can be spaced apart and separably coupled together by a plurality of bridging members or connectors 1030
which may extend across the gap 1010 between the first portion 1086 and the second portion 1008, In addition, some

or all of the connectors 1030 of the tissue thickness corpensator assernbly 1033 can be partially embedded o the

3

first portion 1006 and the second portion 1005, as illustrated in FIG. 19. Furthermore, some or all of the connectors
1030 can comprise a first end positioned within the first portion 1006, a second end positioned within the second
portion 1008, and a gap bridging portion 1032 therebetween. The gap bridging portion 1032 may extend across the
gap 1010 between the first portion 1006 and the second portion 1008, as illustrated in FIG. 19. The connectors 1030
can be spaced apart aloog the length of the gap 1010 to sepacably couple the Biest portion 1006 to the second portion
1008,

B3] In certatn circumstances, the connectors 1330 can be evenly distributed along an axis extending along the

zap 1010, as illustrated in FIG. 19, In other circumstances, although not illustrated, the connectors 1030 can be
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unevenly distributed along the axis extending along the gap 1010, The eutting portion 10053 can be configured o
transect the gap bridging portions 1032 of the connectors 1030 as the cotting portion 10053 is advanced between the
first portion 1006 and the second portion 1008 through the knife path defined by the gap 1010, Where the connectors
1030 are unevenly distributed aloag the axis extending along the first portion 1006 and the second portion, 1o at least
one instance, the connectors 1030 can be disposed in greater frequency and/or in closer proximity to each other at a
distal segrient of'the gap 1010 than at a proximal segment of the gap 1010 such that the cutting portion 10053 may
cxpericnee an increasing resistance as it 18 advanced along the kmife path defived by the gap 1010, In other
circumstances, the connectors 1030 can be disposed in greater frequency and/or in closer proximity to each other at a
proximal segiment of the gap 1010 than at & distal segent of the gap 1010 such that the cutting portion 10053 may
experience a decreasing resistance as it is advanced along the knife path defined by the gap 1010, for example.
{0114] In certain circumnstances, the conneciors 1030 can extend or substantially extend in a single plane which can
ve paraliel or substantially paraliel to the first deck contacting portion 1007 and/or the second deck contacting portion
1009, as tllustrated in FIG. 19. In other circumstances, although not illustrated, the connectors 1030 can extend or
substantially extend along a plurality of planres which can be paralle] or substantially parallel to each other and/or to
the first deck conmtacting portion 1067 and/or the second deck contacting portion 1009
{1151  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 comuactors 1030 to present the cotting portion 10053 with a reduced resistance
as the cutting portion 10053 is advanced to transect the connectors 1030 while maintaining a coupling engagement
with the Orst porbon 1006 and the second portinn 1008 of the second Jayer 1004, For example, some or all the
connectors 1030 can comprise a dog-bone shape with thicker ends terminating within the first portion 1006 and the
second portinn 1008 of the second layer 1004 and thinuer central portions extending therebetwecen. In certain
circumstances, the connectors 1030 can each be comprised of a piece of suture which may be comprised of
sioabsothable material such as polyglveolic acid (PGA )y which is marketed under the trade name Vieryl, polviactic
acid {PLA or PLLA), polvdioxanone (PD¥S), polyhydroxyalkanoate (PHA), poliglecaprone 25 (FGCL)Y which is
marketed under the trade name Monocrvi, polveaprolactone (PCL), and/or a composite of PGA, PLA, PIIS, PHA,
PGCL and/or PCL, for exarple.
{#116] Refernng again to FIG. 18, the tissuce thickness compensator assembly 1033 can be prepared nsing a mold
1034, An organic solution comprising a polymer such as, for example, potylactic acid (PLA) and/or polyglycolic acid
{(PGA) can be poured into the mold 1034, The connectors 1030 can be immersed inlo the organic sotution. As
itlustrated 1n FIG. 18, one or miore of the connectors 1030 can each be trapped in one or more dedicated slots 1040 on
a central shelf 1036 by one or more beamns 1039 extending from a mold cover 1038 and configured for mating
engagement with the slots 1040 when the wold cover 1038 is {n a closed conflguration with the mold 1034 to ensure
that the connectors 1030 remain immersed in the organic solution. The slots 1040 can be sized to receive or at least
partiatly receive the bridging portions 1032 which can be secured by the beams 1039 when the mold cover 1038 15 i
the closed configuration with the mold 1034, The ends of the connectors 1030 extending from the gap bridging
portions 1932 may freely Joat 1n the organic solution. Alternatively, the ends of the conuectors 1030 can he secured o

sides of the mold 1034, for example. In certain circumstances, the connectors 1030 can be siretched in the organic
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solution between the sides of the mold 1034, Tn other circurnstances, the connectors 1030 can be loosely held between
the sides of the roold 1034 to extend through the organic solution in a nou-linear fashion, for exaraple

{#117] Further to the above, in various instances, the organic solution can then be lyophilized using conventional
tyophilization techoiques and/or any other suitable techniques. Upou completion of the ’iy@piriiiization process, the
moid cover 1036 can be removed and the tissue thickness compensator assembly 1033 can be recovered from the
mold 1034, As tHustrated in FIG. 19, the resuliing tissue thickness compensator assembly 1033 inchudes connectors
1030 partially positioned within the first portion 1006 and the second portion 1008, Other techniques for partially
erobedding the connectors {030 into the first portion 1006 and/or the second portion 1008 are contenplated by the
present disclosure. The reader will appreciate that the connectors 1030 can be positioned closer to or further away
from the deck contaciing surfaces 1007 and 1609 by changing the height of the ceniral shelf 1038 and/or depih of the
sints 1040,

{0118] Refercing now o FI3. 20, a tissue thickness compensator assembly 1042, which may be similar in many

respects to the tissue thickuess compensator assembly 1033, the tissue thickness compensator asserbly 1000, and/or
the tissue thickaess compensator 20620, is illustrated. The tissue thickaess compensator asserably 1042 may comprise

s

the tirst portion 1006 and the second portion 1008 which can be spaced apart and separably coupled together by
continuous flexible member 1044 which may form a plurality of bridging members or connectors 1046 which may
extend acrass the gap 1010 between the first portion 1006 and the second portion 1008, The continuous Hexsble
menber 1044 may inchude a first end 1048, a second end 1050, and a flexible portion 1052 extending between the
first enid 1048 and the second end 1050, The flexible portion 1052 can be configured to extend through the first
portion 1006 and the second portion 1008 several times, for example in a zigzag pattemn, to form the connectors 1046,

as ilustrated 10 FIG. 20. The flexible portion 1052 can be passed in 2 first direction through a distal segroent 1054 of

v

the first portion 1006 and a distal segment 1036 of the second portion 1008 to form a first gap bridging portion 1046a

cross the gap 1010, The flexible portion 1052 can then be looped and passed in a second direction, opposite the first

o>l

direction, through the second portion 1008 proximal to the distal segment 1056 and through the first portion 1006
proximgal o the distal segment 1034 thereby forming a second zap bridging portion 046b proximal the tirst gap
bridging portion 1046a, Additional gap bridging portions 1046¢ and 10464, for example, can be formed 1 the same
manuer across the gap 1010, as illostrated in FIG. 20.

{0319  In cortain circumstances, the continuous Hexible member 1044 can comprise a suture and can be comprised
of a suture material such as polvelycolic acid (PGA)Y which is moarketed under the trade name Vicryl, polylactic acid
{(PLA or PLLA), polydioxancne (PDS), polvhydroxyatkanoate (PHA), poliglecaprone 25 (PGCL) which {s marketed
under the frade name Monoeryl, polycaprolactone {PCL), and/or a composite of FGA, PLA, PDS, PHA, PGCL andior
PCL, for exarople. o certain circumstances, the tissue thickness compensator assembly 1042 can be assembled after
the first portion 1006 and the second portion 1008 are manufactured, for example, via fyophilization. In some

ched to the first end 1048 of the continuous Hexibie member 1044 and

circumstances, a needle (0ot shiown) can be af
can be passed through the first portion 1006 and the second portion 1008, for cxample in a zigzag paticrn, to couple
the first portion 1006 to the second portion 1008, as descabed above. The first end 1048 aud/or the second end 1050

of the contimous flexible member 1044 can be secured to the side walls of the first portion 1006 and/or the second
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portion 1008 by tying in one or more knots at the first end 1048 and/or the second end 1030, for example. The knots

may abut against the side walls of the frst porton 1006 and/or the second portion 1008 to prevent the flexible portion
1052 from varaveling relative to the first portion 1006 and/or the second portion 1008, In other circumstances, the
first poruon 1006 and the second portion 1008 of the tissue thickness compensator assembly 1042 can be formed
around the continuous flexible member 1044, In such circumstances, as illustrated in FI1G. 20, the continuous flexible
member 1044 can be disposed in a mold 1062, tor example in a zigzag patiemn, with slots 1064 defined side walls
1066 and slots 1668 defined 1n central shielf 1070, An organic solution comprising & polymer such as, for example,
polyiactic acid (PLA) and/or polyzlycolic acid {PGA) can be powred into the mold 1062 until the contionous flexible
member 1044 s immersed in the organic solution. A mold cover 1072 can be used to ensure that the continvous
flexible member 1044 remains immersed in the organic solution which can then be lyophilized using conventional
byophilization techniques and/or any other suitable technigues. The first end 1048 3ud the second end 1050 of the
coutinuous fexible member 1044 can be secured at openings 1033 and 1033 of the mold 1062, respectively, by tving
in one or wore knots at the first end 1048 and the second end 1050 after passing the first end 1048 through the
opening 1053 and the second end 1050 through the opening 1055, for example. The knofs may abut against the side
walls ot the mold 1062 to prevent the continuous Hexible mermnber 1044 from unraveling relative to the mold 1066,
After the tissue thickness compensator has been removed from the mold, in varous instances, portions of the
continuous flexible member 1044, such as portions 1048, 1050, and/or 1052, for example, can then be cut and

removed from the tissue thickness compensator. Other technigues for assembling the tissue thickness compensator

.(

assermbly 1042 are contemplated by the present disclosure.

{0320] In cermain circumstances, a tissue thickness compensator assembly such as, for example, the tissue thickness
compensator assembly 1042 can be cormpromised when excessive force or pressure is applied thereto. For instance,
pressure can be applied 1o 2 tissue thickness compensator assembly such as, for example, the tissue thickness
compensaior assembly 1042 when the tissue thickness compensator assembly 1042 is loaded onto = staple cadridge
such as, for example, the staple cartridge 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 thickaess cowpensator asserubly exceeds a threshold. For example, a pressure or force sensitive film can
s attached to the tssue thickness compensator asserably 1042 and can be configured to change color upon
experiencing pressure that exceeds the threshold. Tn certain circumstances, the pressure or force seasitive flm caa be
disposed over the first portion 1006 and/or the second portion 1008 and can be attached thereto via an adhesive, for
exampile. The pressure or force sensitive film can be biocompanble to perniit implantation of the pressure or foree
sensitive film with the tissue thickness compensator assembly 1042 inside a patient.
{Bi21] Referring vow to FIGS. 23-25, a surgical end effector 1100 {s illustrated. The end effector 1108 is similar in
many respects to various end effectors disclosed elsewhere hereimn such as, for example, the end effector 22090 (FIG.
3. As illostrated 1n FIG. 23, the end etfector 1100 cau toclude a staple cartridge assembly 1102 wiuceh is sinular i
many respects 1o the staple cartridge assembly 20200 (FIG. 6), for cxample. In addition, the end effector 1100 may

wlude 2 tissoe thickness compensator 1104 which s sirniler in wany respects to other tissue thickness corapensators
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disclose elsewhere in this document such as the tissue thickness compensator 22020 (FIG. 93, the tissue thickness
compensator 20220 (FIG. 6), and/or the tissue thickness compensator 10020 (FIG. 4), for example

{0822] Further to the above, end effector 1100 can inciude a tissue thickness compensator 1104 wherein the tissue
thickness compeusator {104 can be prepared using conventional lyophitization techniques and/or any other suitable
technigues. In at least one exaniple, the tissue thickness compensator 1104 can be prepared by dissolving a polymer
such as, for exampie, polylactic acid (PLAJ and/or polvelyeolic acid (PGA) in an organic solvent and lyvophilizing the
sotution. The tissue thickness compensator 1104 can be cotnprised of a biocompatibic foam which may comprise a
porons, open cell foam and/or a porous, closed cell foam, for example.

{0323] Further to the above, the tssue thickness compensator 1104 can be altered or modified for use in a surgical
procedure. For example, upon completion of the tyophilization process, the tissue thickness compensator 1104 can be
coutacted with & modifying member 1106 o modity the tssue thickness compensator 1104 for use in a particular
surgical procedure. In certain circunstances, the rmodification can occur after assermbling the tissue thickness
compensator 1104 with the end effector 1100, as tllustrated in FIGS. 23-33. For example, as {ilustrated in FIG. 23, the
tissue thickness compensator 1104 can be releasably assembled to the cartridge assembly 1102 and modified while
assemnbled with the cartridge assembly 1102 In other circummstances, the moditication can occur betore assemblhing the
tissue thickness compensator 1104 with the end effector 1100, In at least one example, the modification can be
performed as a sepacate step during manufachuring. I yet avother example, the reodiBeation raay be performed dunug
a surgical procedure.

{6824] As described in greater detail below, the modification process can javolve modifving a surface or a plurabity
of surfaces of the tissue thickness compensator 1104, In certain circumstances, the modification process can involve
modifying one or more portious of the tissue thickness compensator 1104, One or more portions ¢an be modified in a
single modification process. Alternatively, a plurality of portions can each be moditied seperately in consecutive
modification processes. In certain circumstances, the modification process can comprise a thermal pressing process
which can be used to change the shape, size, dimnensions, and/or porosity of at least a portion of the tissue thickness
corapensator 1 104, Furthermore, the modification process can include means for creating space within one of more
portions of the tissuc thickuess compensator 1104,

{#125] Refernng again to FIGS. 23-25, in certain circumstances, a portion {107 (FE3. 23) of the Hissue thickness
conpensaior 1104 can be mwdified by a thermal pressing process which may include transitioning the portion 1107 to
a glassy state, engaging the portion 1107 with the modifying wember 1106, applying pressure onto the portion 1107
while it is in 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 tiree period sufficient to create the resuliing modified portion 1108 (FIG. 25). It is
note worthy that a material’s trapsition into a glassy state can be a reversible transition from a relatively hard state to 8
relatively roolten or flexibie state 1o response to an increase in the teraperature of the matenal to a glass transition
temperature. A glass transition temperature of the material can be a particular temperature o, in some instances, a
range of teraperatures. The tissue thickness compeunsator wodification process described b takes advantage of this

phenomenon by modifying a tissue thickness compensator while the iissue thickness compensator is in the glassy
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flexible state and then allowing the tissue thickness compensator to cool below the glass iransition teraperature while
maintaining the modi fcation.
{#126] Further to the above, referring again to FIGS. 23-25, the portion 1107 of the tissue thickness compensator
1004 can be transitioned into the glassy state by heating at least the por;ion 1107 to a temperatore greater than or equal
to a glass transition temperature of the material from which the portion 1107 is composed but lower than the melting
teraperature ot the same. For example, the tissue thickness compensator 1104 can be conwprised of polyglycolic acid
(PGA} and 1 such cireurustances, the portion 1107 can be trausitioned into the glassy state by heating the portion
1107 to a tenperature that is greater than or equal to the glass transition teraperature of polyvgiveolic acid (PGA) bug
lower than the welting teraperature of the same. In various instances, the glass trausition teraperature of polyglycolic
acid {PGA) can be 0 the range of 35-40 °C, for exaraple, and 1ts meliing temperature can be in the range of 225-23¢
°C, for example. In at least one example, the portion 1107 of the tissue thickuess compensator 1104 can be heated to a
temperature that is greater than or equal 1o 35 °C but lower than 225 °C in order to transition the portion 1107 to the
glassy state. In another example, the portion 1107 can be transitioned to the glassy state by heating the portion 1167 to
temperature that is greater than or equal to 40 °C but lower than 200 °C, for example.
{0127] Further to the above, the modifving member 1106 can then be used to apply pressure onto the portion 1107

2

while the portion 1107 is in the glassy statc. The portion 1107 can be allowed to exit the glassy state by cooling the

portion 1107 to & teraperature below 35 <C, for example. The pressure may be maintained for a tirae period sufficient

to permit the tissue thickness compensator 1104 to retain, or at least partially retain, the modification imposed by the
wodifying reember 1106

{0428] In certain examples, the pressure can be maintained for a period of time from about 30 seconds to about 8
hours, for example, during the tme 1o the glassy state and/or for a perind of time from about 30 seconds to about 8
hours, for example, aiter exiting the glassy state. In at least one example, the pressure can be maintained for
approximately 10 minutes during the ime in the glassy state and for approximately 10 minutes afler exiting the glassy
state, Other time periods for maintaimng the pressure are contemplaled by the present disclosure.

{B129]  In certain circumstances, the moditying member 1106 can be used t© apply pressure onto the portion 1107

before the portion 1107 is transitioned to the glassy state, In certain circumstances, the modifving wember 1106 may

the portion 1107 is

apply pressure to the poriion 1107 while the portion 1107 is heated to reach the glassy state, while the
i the glassy state, andvor while the portion 1107 is transitioned or conled 0 3 temperature below the glassy state. In

i

certain circumstances, the pressure

oplied to the portion 1107 cap be gradually increased toward a threshold as the

temperature of the portion 1107 is gradually increased to transition the portion 1107 toward the glassy state, {or
exampile. In certain circumstances, the pressure applied to the portion 1107 can be removed, gradually removed, or at
least partially reduced as the portion 1107 exits the glassy state, before the portion 1107 exits the glassy state, and/or
after the portion 1107 exits the glassy state.

{013)] I certain circurastances, the moedifying merber 1106 can also be a heat source for transitioning the portion
1107 of the tissuc thickness compensator 1104 to the glassy state. For example, the modifyving member 1106 can
coraprise a cylindrical distal portion 1110, as illustrated {o 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 1104 with the
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modifying member 1106 to heat the portion 1107 (o a temperature that is greater than or equal the glass transition
teraperatuce of the material cornposition of the portion 1107, Upon reaching a desired temperature, the roodifying
member may be pressed against the portion 1107, as illustrated in FIG. 24, Alternatively, the modifving member may
be pressed agaiost the portion 1107 before the wmodifying 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 o
retain, or at loast partially retaig, the mnoditication imposed by the modifying member 1106, In addition, the heating
coil of the modifying mermber 1166 can be turned off to allow the temperature of the portion 1107 to cool below the
glass transition temperature. The modifying meraber can then be removed. In certain circumstances, the pressure
applied by the modifying member 1106 can be initisted prior to the portion 1107 entering the glassy state and
maintained throughout the glassy state. [n some circumstances, the pressure applied by the modifyving member 1106
can he removed while the portion 1107 is in the glassy state.

{0131]  As llustrated in FIGR. 23-25, the modifying member 1106 can be configured to change the shape, size,
dimensions, density, spring rate, and/or porosity of the portion 1107 of the tssue thickness compensator 1104, For

example, the modified portion 1108 may comprise a substantially concave top surface 11 14 with a reduced height HI,

]

at top surtace including an

e

while the remainder of the tissue thickness cormpensator 1104 may retain a substantially £
original height H which s groater than the reduced height Hi, as illustrated in FIG. 25, As deseribed above, the
mwodifying member 1106 may comprise a cylindrical distal portion 1110, Tn such circurastances, the curvadire of the
resulting concave surface 1114 can, in part, depend on the curvature of the cylindrical distal portion 1110 of the
modifying roerber 1106 {b contact with the portion 1107 of the Gssue thickness corapensator 1104 during the
modification process. Furthermore, the modified portion 1108 may possess a new lower porosity compared to the
upmoedified portion 1167 which can resul, at least {o part, from the compressive forces applied w the portion 1107 by
the modifying member 1106 during the modification process, as described above. Said another way, the pressure
applied to the portion 1107 during the modification process may vield a material redistabution wherein a cross-section
through the modified portion 1108 may comprise a greater material density than a similar cross section through the
portion 107 prior to the modification process. Purthermore, the meodified portion 1108 may coropurse a difterent

o

spring rate from the remainder of the tissue thickness compensator 1104 which can result, in part, from the changes
dousity and porosity realized by the modified portion 1108 during the modification process, as described in greater
detail below. In at least one tustance, the spring rate of the modified portion 1108 may be less than or greater than the
spring rate of the unrnodified portion 1107,

{6132] Refernug now to FIGS. 26-34, a tissue thickness compensator can be modified prior to assembly with an end
effector such as, for example, the end effector 22090 (FIG.9). In certain circunstances, 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, a tissue thickness compensator 1120 can be modified 1o include a
fongitudinal slot 1122, The tissae thickness compensator 1120 may be similar in many respects ¢ other tissue
thickness compensators deseribed clsewhere such as, for example, the Hssue thickness compensator 22020 (FIG. 9).
For example, like the compensaior 22028, the cornpensator 1120 can be utilized with the end effector 22090

Furthermore, the longitudinal slot 1122 may be similar in many respects to the kuife slot 22025, For exampie, like the
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knife slot 22025, the slot 1122 may define a tissue thickness compensator knife path for the cutting portion 10053
between a first stapling portion 11244 and a second staphing portion 1124b, Furthermore, the frst stapling porton
1124a and the second stapling portion 1124b can be similar in many respects to the first stapling portion 22021a (FIG.
9} and the second staphing portion 2202 [b (FIG. 9), respectively, of the tissue thickness cornpensator 22020, In
addition, the siot 1122 can be contigured to releasably connect the first stapling portion 1124a and the second stapling
portion i 124b such that, in use with the end effector 22090, the cutting poxtion 10033 can be advanced distally

through the slot 1122 to transect the slot 1122 and separate the first stapling portion 11244 and the second stapling

7%

portion 1124b.

{$3133] Referring again 10 FIGS. 26-28, the tissue thickness contpensator 1120 can be prepared using traditional
Iyophilization techniques and/or any other suitable technigues. In addition, the tissue thickness compensator 1120 can
be modified or altered to create the slot 1122 therethrough. Similar to the tissue thickness compensator 1104, the
tissue thickness compensator 1120 can be comprised at least in part of 2 material comprising a glass transition
temperature and can modified by transitioning the material into a glassy state. In one exammple, the tissue thickness
corapensator 1120 can be heated tn an oven (oot shown) to a temmperatire greater than or equal to the glass transition
temperature of the material composition of the tissue thickness compensator 1120 but less than the melting

._

tomperature of the same. A mold 1126 comprising a contral beam 1128, as illusirated in FIG.

b

7, can be utilized to

4

create the slot 1122 by {oserting the ceniral beam 1128 into the tissue thickness compensator 1120 while the tissue

thickness compensator 1120 is in the glassy state. The tissue thickness compensator 1120 can then be allowed to cool

to a teraperature below the glass transition temperature while the centeal heam 1128 remains ioseried into the tissue
thickness compensator 1120, In some instances, the central beam 1128 can be removed from the tissue thickness

corupensator 1120 while the tissue thickoess compensator 1120 1s in its glassy state,

{#134] In certain circumstances, a cooling medium can be utilized to actively cool the tissue thickness compensator

1120. In some tostances, a fan can be used to generate a flow of air over the tissue thickoess compensator 1120 while

the tissue thickoess compensator 1120 15 in the mold 1126 and/or after the tissue thickness compensator 1120 has been

removed tror the mold. o some instances, a refrigeration process can be utilzed o cool the tissue thickness

cotnpensator 1120 while the Hssue thickness compensator 11290 1s dn the mold 1126 and/or after the tissue thickness

T

compensator 1120 has been removed from the mold. The ceniral beam 1128 can be removed after transitioning the
tissue thickness compensator 1120 out of the glassy state. The central beam 1128 can rewmain inserted into the tissue
thickness cornpensator 1120 for 2 tme period sufficient to permit the Gssue thickness compensator 1120 to retain, or
at least substantially retain, the space occupied by the central beam 1128, In certain examples, the central beamn 1128
can remain inserted for a period of time from about 30 seconds to about 8 hours, for example, during the time in the
glassy state and/or for a period of tirae from about 30 secouds o about § hours, for example, afler exiting the glassy
state. In at least one example, the ceniral beam 1128 can remain mserted for approximately 10 minutes during the tinze

the glassy state and for approximately 10 niinutes after exiting the glassy state. Other time ods tor maintaining
the central beam 1128 within the tissue thicknoss compensator 1120 are contemplated by the present disclosure.
{1381 Further 1o the above, as illustrated o FIG. 28, pressure applied by the ceniral beam 1128 dunng the

modification process may yield an increased material density at a portion 1130 of the tissue thickness compensator
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120. The portion 1130 maay cornect the first stapling portion 1124a and a second stapling portion 1124b thereby

X

5

providing additional stability for the slot 1122. In certain circurnstances, the moeld 1126 may comprise edze modifiers
such as, for example, edge modifiers 1132a and 1132b which can modity the tissue thickness compensator 1120
during the moditication process to produce modified edges 1134a and 1134b, respectvely, as dlusirated in F1G. 28
{0336] Retorring 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 cendral beam 1128 can be heated
to a teraperature greater thaa the melting termperature of the miaterial composition of the tissue thickness compernsator
1126, Upon inserting the heated ceniral beam 1128 into the tissue thickness compensator 1120, the central beam 1128
may melt through the tissue thickness compensator 1120 thereby creating a space for the slot 1122 within the tissue
thickness cornpensator 1120, as iHustrated 1o FIG. 28, In certain circumstances, it may be desirable to gradually
increase the pressure applied by the central bearn 1128 against the tissue thickness compensator 1120 to gradually
insert the central beam [128 into the tissue thickness compensator 1120.

{0137]  in certain circumstances, it can be desirable to increase material density of one or more surfaces of a tissue
thickness compensator. As illustrated in FIGS. 29-31, a tissue thickness compensator {140 can be modified or altered
such that 3 surface 1142 of the tissue thickness compensator 1140 may comprise a highor material density than the
remainder of the tissue thickness compensator 1140, which can be achieved, in certain ¢ircumstances, post

1

tvophilization. The tissue

ickness conpensator 1140 mray be sinilar in roany respects to other tissue thickness
compensators described elsewhere such as, for example, the tissue thickness compensator 22020 (FI1G. 9) and/or the
tissue thickness compensator 1120 (FIG. 263, A surface modifier 1144 can be utilized to modify the sucface 1142 of
the tissue thickness compensator 1140 vusing a thermal pressing process which is similar in many respects to the
thernal pressing processes used to modify the tissue thickness compensator 1184 and/or the tissue thickness
compensator 11290, as described above. For example, the tissue thickness compensator 1140 can be comprised at least
1 part of a material comprising a glass ansition teraperature and can be modified after being transitioned into a
glassy state,
{$138] As descrbed above, a tissue thickness compensator such as, for example, the tissue thickness compensator
1140 can be transitioned to the glcmy state where it is heated to a teraperature greater than or equal to the glass
transition temperature of the material composition of the tissue thickaness compensator 1140 but less than the melting
termperature of the same. The surface modifier 1144 can be pressed agamst the surface 1142 while the tissue thickness
corapensator 1140 is in the glassy state. The pressure applied by the surface reodifier 144 may compress the surface
1142 thereby increasing the material density of the surface 1142, The increase in material density can be retained by

the surface 1142 by allowing the surface 1142

o cool 10 a temperature below the glass transition temperature.
{B139] In certatn instances, the pressure applied by the surface modifier 1144 against the sucface 1142 can be

maintained for & period of time from about 30 seconds to about 8 hours, for example, during the time in the glassy

state and/or tor a period of Lime trora about 30 seconds to about 8 hours, for example, afler exiting the glassy state.
at loast one exampile, the prossure can be maintained for approximately 10 minutes during the time in the glassy state
and for approximately 10 minotes after exiting the glassy state. Other time periods for paintainiog the pressure

applied by the surface modifier 1144 against the surface 1142 are contemplated by the present disclosure.
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{0340  In some instances, a fan can be used to generate a low of air over the tissue thickness compensator 1140
while the tissue thickness corpensator 1140 is in contact with the xoodifier 1144 and/or after the tissue thickness
compensator 1140 hag been removed from the modifier 1144, In some instances, a refrigeration process can be
utilized to cool the tissue thickness compensator 1140 while the tissue thickness corapensator 1140 is (o coutact with
the modifier 1144 and/or after the tissue thickness compensator 1140 has been removed from the modifier 1144,
Upon transitioning the tissue thickness compensator 140 out of the zlassy state, in various instances, the surface
modifier 1144 can be disengaged from the tissue thickness compensator 1140, In certain circurnstances, the surface
modifier 1144 can include & heating elemernt which can be utilized to increase the temperature of the surface 1142 toa
temperature greater than or equal to the glass transition temperature of the material composition of the tissue thickness
compensator 1140, as descobed ahove.

{0841 Referring again to FIG. 30, the surface modifier 1144 may comprise a flat, or at least substantially fat,
coutacting surface 146 for contacting the surface 1142, for exarople. In other circurnstances, the contacting surface
1146 may comprise various texiures such as, for example, protrusions which can extend into the surface 1142 ofthe
tissue thickness compensator 1140 during the modification process. In certain circurnstances, the surface modifier
1144 can be used to apply pressure onto the surface 1142 ot the tissue thickness compensator 1140 betore the tissue

thickness componsator 1140 is transitioned to the glassy state. In certain circumstances, the surface modificor 1144

way apply pressure to the surface 1142 while the tssue thickoess compensats 118 heated to reach the glassy state,

while the tissue thickness compensator 1140 is in the glassy state, and/or while the tissue thickness compensator 1140
is transioned or cooled o 3 temperature below the glassy state. Tn certain circumstances, the pressure applied by the
surface modifier 1144 to the surface 1142 can be gmdl,ia}iy increased toward a threshold as the temperature of the
tissue thickness compensator 1140 is gradually increased to transution the tissue thickness compensator 1140 toward
the glassy state, for example. In certain circumsiances, the pressure applied to the surface 1142 can be removed,
gradually removed, or at least partially reduced as the tissue thickoess compensator 1140 exits the glassy state, before

the tissue thickness compensator 1140 exits the glassy state, and/or aftor the tissue thickness corupensator 1140 exits

501423 In certain cireumistances, the tissuc thickuess compensator 1140 can be modified or altered to include a skin
or a dense outer fayer. In certain circunistances, the resuliing skin or dense outer fayer may comprise textures such as,
for example, protrosions which can extend into the swtface 1142 of the tssue thickuess compensator 1140, In certain
instances, the contacting surface 1146 of the surface modifier 1144 can be heated to a ternperature greater than or
equal to the melting remperature of the material coraposition of the tssue thickness compensator 1140, The surface
modifier 1144 and/or the tissue thickness compensator 1140 can be moved to bring the surface 1142 of the tissue
thickness corapensator 1140 into contact with the heated contacting surface 1146 of the sorface modifier 1144 thereby
meliing, or at least substantially melting, the surface 1142, The surface modifier 1144 and the tissue thickness
compensator 1140 can then be separated o permit the wodified surface 1142 1o cool below its melting texoperature

which may create a skin or a densc outer layer onto the tissue thickness compensator 1140,
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{1431 In certain instances, the contacting surface 1146 of the surface modifier 1144 can be heated prior to coming
1 contact with the surface 1142, In other instances, the contacting surface 1146 of the surface modifier 1 {44 canbe
heated after coming in contact with the surface 1142,

{6i44] In certain insz.ataces, the cortacting surface 1146 of the surface modifier 1144 can remain in coutact with the

142 of the tissue thickness compensator 1140 for a time period sufficient to aliow the surface 1142 to tlow

(€]
et

surtac

1nto a desired geometry. Such a time penod cag range fron about 30 seconds to about § hours, for example; other ime

by

o~ N

petiods are contewpiated by the present disclosure. Such a time period can be sufficicnt to locally affoct and/or melt
the material of the tissue thickness compensator 1140 and have it flow into a new geometry. As descubed herein, such
3 new geomeiry can be prescribed by the tooling used to make the tissue thickness compensator 1140,

{D145]  In 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 melting temperature of the tissue thickmess compensator 1140 before
separating the surface modifier 1144 from the tissue thickness compensator 1140, In other instances, the surface 1342
of the tissue thickness compensator 1140 can be allowed to cool, or can be actively cooled, 1 a temperature below the

melitng temperature of the tissue thickness compensator 1140 after separating the surface modifier 1 {44 from the

"IO

tissue thickness compensator 1140.

{0346] Further to the above, the modified surface 1142 can comprise a density which is approximately 10% greater
than the deunsity of the remainder of the tissue thickness corapensator 1140, approximately 20% greater than the
density of the remainder of the tissue thickness compensator 1140, approximately 30% greater than the density of the
remnainder of the tissue thickuess compensator 1140, approximately 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
thickniess corapensator 1140, approximately 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 remainder of the tissue thickness compensaior 1149,
approximately $0% greater than the density of the remainder of the tissue thickness compensator 1140, and/or
approximately 100% greater than the density of the remainder of the tissue thickness compensator 1140, for exarmple.
1u various circomstances, the modificd surface 1142 can coraprise a density which is more than the deusity of the
remainder of the tissue thickness corapensator 1140 and less than twice the density of the remainder of the tissue
thickness corupensator 1140, for example. In various circumstances, the modified surface 1142 can comprise a density
witich is aver twice the density of the remainder of the tissue thickness compensator | 140, for example.

{6347} Refernng now to FIGS. 32-34, a tissue thickness compensator 1130 can be modified to include a plurality of
apertures 1152 which may extend at least partially through the tissue thickness compensator 1150. The tissue
thickness corapensator 1130 may be simlar {n many respecis to other tissue thickuess compensators described herein
such as, for exampie, the tissue thickness compensator 20220 (F1G. 6). Like the compensator 20220, the compensator
1150 can be ulilized with the cariridge assembly 20200 (FIG. 6) and the apertures 1152 raay be similar 0 many
respects to the clearance aportures 20224 oxtending at least partially through the tissue thickness compensator 20220
For example, like the apertores 20224, the aperiures 1152 can be aligned with cortesponding staple legs 20232 (FIG.

7} when the tissue thickness compensator 1150 is assembled with the cartridge assembly 20200 such that the staple
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legs 20232 may move through the clearance apertures 1152 in the tissue thickness compensator 1150 when the staple

legs 20232 move from the unfired configuration to the fired configuration, as described above in greater detail.

{¢348] Further to the above, referring again to FIGS. 32-34, the tissue thickness compensator 1130 can be prepared

using traditional tyophilization techanigues and/or any other soitable techniques. In certain circumstances, a polymet
having a glass transition temperature such as, for example, polyiactic acid (PLA) and/or polyglycolic acid (PGA) ca

be dissolved in an organic soivent to form a solution which can be lyophilized to produce the tissue thickness

compensator 1150, Furthermore, the tissue thickness compengsator 1150 can be modified post lvophilization using a

thermal pressing process which is similar in many respects to the thernal pressing processes used to moodify the tissue

thickness corupensator 1104, the tissue thickuess compensator 1120, and/or the tissue thickness compensator 1140, for

example, as described above. For exaraple, the tissue thickness compensator 1150 can be modified to include the

apertures 1152 once the tssue thickness compensator 1150 is transitioned to @ glassy state,

{0149]  As described above, a tissue thickness compensator such as, for example, the tissue thickoess compensator
1150 can be transitioned 1o a glassy state by being heated in an oven (not shown} to a temperature greater than or
equal to the zlass transition temperature of the material composition of the tissue thickuness compensator 1150 but less
than the melting temperature of the same. A mold 1154 comprising a plurality of posts, dowels, pins, and/or
protrusions, for cxample, such as, for example, needles 1156 can be utilized to create the apertures 1152 by inscrting
the needies 1156 into the tissue thickness compeunsator 1156 while the tissue thickuess compensator 115018 inthe
glassy staie. The tissue thickness compensator 150 can then be allowed to cool to a temperature below the glass
transition temperature while the needles 1156 remain inserted into the tssue thickness compensator 1150, In some
instances, the needles 1136 can be removed from the tissue thickness compensator 1150 while the tissue thickness
corupensator 1150 is in the glassy state. In sorne instances, a fan can be used to generate 2 flow of air over the tissue

thickness compensator 1130 while the tissue thickness compensator 1130 is engaged with the needles 1156 and/or

>

after the tissue thickoess compensator 1130 has been disengaged from the needies 1156, In some instances, a
refrigeration process can be utilized 1o cool the tssue thickness compensator 1150 while the tissue thickness
corapensator 1 150 is engaged with the needles 1136 and/or after the tissue thiclness compensator 1150 has been

disengagod from the nieedles 1156, In various fnstances, the needles 1156 can be removed afler transitioning the

)

tissue thickness compensator 1130 out of the glassy state. The needles 1156 can remain inserted into the tissue
thickness corupensator 1130 for a tite period sufficient to permnt the tissue thickaess compensator 1150 1o retain, or
at least substantially retain, the spaces defining the apertures 1152 which are occupied by the needles 1156,

{6180]  In certain examples, the needles 1156 can remain inserted for a period of time from about 30 secouds to
about 8 hours, for example, during the time in the glassy state and/or for a period of time from about 30 seconds to
about 8 hours, for example, afier exitlng the glassy state. In at least one example, the needles 1156 can remain {nserted
for approximately 10 minutes during the time in the glassy state and for approximately 10 minutes after exiting the
glassy state. Other tirne pexicds for maintaining the needles 1156 inserted into the tissue thickuess compensator 1150
arc coutemplated by the present disclosure.

{D151] In certarn circumstances, the needles 1156 can be removed frora the ussue thickuess compensator 1130 peior

to transitioning the tissue thickness compensator 1150 out of the glassy state. In other circumastances, the needles 11536

34 .
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can be gradually removed over time. For example, the needies 1156 can be partially removed from the tissue thickness
compensator 1150 prior to frausitioning the tissue thickness corapensator 1150 out of the glassy state. The needles
1156 can then be fully removed from the tissue thickness compensator 1150 afier transitioning the tissue thickness
compensater 1150 out of the glassy state. The reader will appreciate that the greater the depth of insertion of the
needles 1156 into the tissue thickness compensator 1150, the greater the deopth of the corresponding apertures 1152
that can be created 1o the tissue thickness compensator 1150,

{0852] Reforning again to FIGS. 32-34, in certain instances, the needles 1156 can be heatod to a toraperature greater
than or equal to the melting temperature of the material composition of the tissue thickness corapensator 1150, In
addition, the needles 1156 can be inserted into the tissue thickness compensator 1150 to create the apertures 1152 by
meliing, or at least partially meliing, through the regions of the tissue thickness compensator 1130 that receive the
needles 1156, In various instances, the needles 1156 can be heated prior to their insertion into the tissue thickness
compensator 1130, In various instances, the peedles 1156 can be heated after their insertion into the tissue thickness
conpensator 1150, In various instances, the needles 1136 can be gradually beated as the needles 1136 are inserted into
the tissue thickoess compensator 1130

{0153 In certain instances, the needles 1156 may remain positioned within the tissue thickuess compensator 1150
for a period of time sutficient to permit the melied material of the tissue thickness compensator 1150 to tlow into a
desived geometry. Such a ume period can range from about 30 seconds to about 8 bours, for exampie; other tirse
periods are contemplated by the present disclosure. Such a time period can be sufficient to locally atfect and/or melt
the material of the tissue thickness compensator 1150 and have it fiow (nto a new geometry. As descabed herein, such
a new geometry can be prescribed by the tooling used to make the tissue thickness compensator 1150,

{B3154] In certain {nstances, the tissue thickness compensator 1130 can be allowed to cool, or can be actively cooled,
to a temperature below the melting temperature of the tissue thickness compensator 1156 before separating the
needles 1156 from the tissue thickness compensator 1150, Io other instances, the tissue thickness compensator 1150
can be allowed to cool, or can be actively cooled, to & temmperature below the melting temperature of the tissue
thickness corupensator 1150 after separating the needles 1156 from the tissue thickness compensator 1150

[$185] Refernng again to FIGS. 32-34, the needles 1156 can be arranged in rows extending longitudinally along @
iength of the mold 1154 which may correspondd 1o staple rows in a stapie cartridge such as, for example, the staple
cartridge assembly 20200 (FIG. 6). For exanple, as illusirated in FIG. 33, the needics 1156 can are arvanged m six
rows which can be configured to create six rows of the apertures 1152 that can be configured (o receive six rows of
the staples 20230 (F1G. 7). In certain circumstances, as illustrated in FIG. 33, the rows of the needles 1156 can be
arranged in two groups which are spaced '1}3&11 and configured to be received in two portions 1158 and 1160 of the
tissue thickness compensator 1150 the creating two groups of the apectures 1132 separated by an intermediate
portion 1162, The intermediate portion 1162 can be positioned, at least partially, over the cartridge knife siot 220615
(F1G. 6}, when the tissue thickness compensator 1150 15 assernbled with staple cartridge asserably 20200, fo use, the
firing member 10052 (FIG. 10) can be advanced distally to push the staple legs 20232 (FIG. 8) through the apertures
1152 within the portions 1158 and 1160 and advance the cotting portion 10853 {(FIG. 10} (o trausect the intermediate

portion 1162 and separate the portions 1158 and 1160,
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{#156] Relerring again to FIGS. 32-34, the apertures 1152 can be configured to extend within the tissue thickness
compensator 1150 and terminate at a certain depth within the tissue thickness corapensator 1150, The apertures 11352
may comprise uniform depths, as illustrated in FEG. 34. In other circumstances, the apertures 1152 may comprise
different depths {not shown). For exaraople, a first row of the apertures 1132 may comprise a frst depth and a second
row of the apertures 1152 may comprise a second depth different from the first depth and vet a third row of the

apertures {152 may comprise a third depth different from the first depth and the second depth. The depths of the

apertures 1132 can be determined, at least in part, by the heights of the corresponding needles 1156, For exarple, a
first row of the needles 1156 comprising 2 first height and a second row of the needles 1156 comprising second beight

greater than first height may create a first row of the apertures 1152 comprising a first depth and a second row of the

apertures {132 comprising a second depth which s greater than the first depth.

{61587} Refernug again to FIGS. 32-34, the needles 1156 can be configured to define a rajectory for the apertures
1132 within the tissue thickness compensator 1130, In certain circumstances, the needies 1156 can extend along an
axis that is perpendicular and/or substantially perpendicular to a mold surface 1164 of the mold 1154, as illustrated in
FI{3. 33, Inserting the needles 1156 into the tissue thickoess compensator 1150 while maintaining a paraliel
relationship between the mold surtace 1164 and a surface 1166 of the tissue thickness compensator 1150 may result in
dofining a perpendicular and/or substantially perpendicular trajectory for the apertures 1152 relative to the surface
1166 of the tissue thickuess compensator 1150, as itlustrated 1o FIG. 34, 1o other arcurastances, the veedies 1156 can
extend from the mold surface 1164 at an obligue angle (not shown) and/or the insertion trajectory of the needles 115
into the tissue thickness corapensator 1150 can be at an angle such that the needies 1156 muay define a non-
perpendieniar rajectory for the apertures 1152 relative to the surface 1166 of the tissue thickness compensator 1150
i certain circumstances, a group of the ueedles 1156 can be paraliel and/or substantially paraliel o each other, as
ithusirated in FIG. 33, resuiting in a group of the apertures 1152 that may be parallel and/or substantially parailel to
cach other, as illastrated 1o FIG. 24, In other circumstances, although not illustrated, a group of non-parallel needles
can extend from the mold surface 1164 and may result in non-parallel apertures when inserted into the tissue thickness
corapensator 1 150, In some circumstances, the needies 1156 can be configured to create apertures within the tissue
thickness compensator 1150 that can comprise 2 partislly curved trajectory and/or a partially linear trajectory. For
exampie, the needles 1156 can extend from the moid surface 1164 o a partially curved trajectory and can be inserted
iato the tissue thickness compensator 1150 to create apertures within the tissue thickness compensator 1150 with a

corresponding partially curved trajeciory.

{6188} Referring again to FIGS. 32-34, some or all of the needles 1136 can comprise blunt distal ends 1168, as

ithustrated in FIG. 33. In other circumstances, some or ail of the needles 1156 can comprise sharp distal ends {not

shown). Sorne or all of the needles 1156 can coraprise cylindrical, or af least substantially cylindrical, shapes, for
exampie, as iilustrated in FIG. 33, Other shapes are aiso contemplated by the present disclosure. {#15%]  In various

ik

instances, one o1 more of the veedles 1156 extending from the mold surface 1164 ray not be insertable through the
full thickness of the tissuc thickuess compensator 1150, In certain instances, one or more of the needles 1156
exiending from the roold surface 1164 can be insertable through the full thickness of the tissue thickness compeunsator

1150 to create openings an/or holes that extend through the full thickness of the tissue thickness compensator 1130, In
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certain instances, one or more of the needles 11536 extending from the mold surface 1164 can be inserted through a
first side of the tissue thickness compensator 1150 and exited through a second side of the tissue thickness
compensator 1150 which may be opposite the first side, for example. In certain instances, one or more of the needles
1136 may coraprise a length greater than the full thickuaess of the tissue thickuess compensator 1150 w facilitate the
insertion of the one or more needles 1156 through the full thickuess of the tissue thickness compensator 1150,

{B16¢] Retoerring vow to FIGS, 35-37, it may be desirable to resize a tissue thickness compensator. For example, one
or more dimensions of & tissue thickness compensator way be adjusted to comrespond to dimensions of a staple
cariridge in order to provide 2 better £it to the staple cartridge when the tissue thickness conpensator is asserobled
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 iustrated in FI(G3. 35, to a second height H2, as illustrated in FIG. 36. The tissue
thickness compensator 1170 may be similar in many respects to other tssue thickness compensators described herein
such as, for example, the tissue thickness compensator 22020 (FIG. 9), the tissve thickness compensator [ 140 (FIG.
29), and/or the tissue thickness compensator 1150 (FIG. 32). Por example, like the compensator 22020, the
compensator 1170 can be utilized with the end etffector 22090 (FIG. 9).

{0161 In various instances, referring again to FIGS. 35-37, the tissue thickness compensator 1170 can be prepare
using traditional fyophilization technigues and/or any other suitable techniques. In certain instances, the tissue

thickness corapensator 1170 can be resized, as dlustrated 1o FIG. 37, usiug a thermnal pressing process and 2 miold

1172, for example. The mold 1172 may comprise a receiver 1174 configured to recetve the tissue thickness
compensaior 1170 aud an adjustreent member 1176 which can be partially insertable into the receiver 1174, The tissue
thickness compensator 1170 can be resized when the tissue thickuess compensator 1170 is transitioned into a glassy
state, {n one embodiment, the tissue thickuess corapensator 1170 can be heated in an oven {(not shown} to a
temperature greater than or equal to a glass iransition temperature of the material composition of the tissue thickness
compensator 1170 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 fransitioning the tissue thickness compensator 1170
to the glassy state. The adjustment member 1176 can then be inserted 1nto the receiver 1174 a distance H3, for

< ]

cxample, as iHustrated in FIG. 37, a‘-:mrcby corpressing the tissue thickness compensator 1170 and reducing its height

5

from the frst beight H1 to the second height H2. In some iostances, the adjustment member 1176 can be inserted into
the receiver 1174 before the tissue thickness compensator 1170 enters iulo the glassy state or just as the tissue
thickness cornpensator 1170 enters into the glassy state. The adjustroeni member 1176 can be held against the tissue
thickness compensator 1170 to compress the tissue thickness compensator 1170 for a time period sufficient o permit
the tissue thickness compensator 1170 to retain, or at least substantially retain, the second height H2, as illustrated in
FIG. 36, The tssue thickaess compensator 1170 can then be aliowed o cool to » temperature below the glass
transition temperature while under compression from the adjustinent member 1176, After fransitioning the tissue
thickness compensator 1170 cut of the glassy state, the adjustment mermaber 1176 can be refracted. In some 1ustances,
the adjustment member 1176 can be retracted before the tissuc thickness compensator 1170 exits the glassy state. In

certain circumstances, the above descrived resizing process can be utilized to change another dimension of the tissue
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thickness compensator 1170 such as a length or a width of the tissue thickness compensator 1170, for example. In

ity

some circumstances, these dimensions can be modified stoultaneously or modified sequenti
{#i62] In certain examples, the compression from the adjustiment member 1176 can be maintained for a period of
time from aboul 30 seconds to about 8 bours, for example, durdag the time in the glassy state and/or for 2 perioed of
time from about 30 seconds to about & hours, for example, after exiting the glassy state. In at least one example, the
corapression from the adjustment member 1176 can be maintained for approximately 10 minutes during the time
the glassy state and for '1pp1rmr*mtc:v 16 mmutes after exiting the glassy state. Other Hme pedods for mamtaining the
conipression iraposed by the adjustment member 1176 against the Bssue thickoess compensator 1170 2

conternplated by the present disclosure.

{D163] In certain circumstances, the adjustment member 1176 can he used to apply pressure onto the tissue thicknes

compensator 1170 before the tissue thickness compensator 1170 is transitioned to the glassy state. In certain

circumstances, the adjustment member 1176 may apply pressure to the tissue thickness compensator 1170 while the

Y

r‘\‘

tissue thickness compensator 1170 is heated o reach the glassy state, while the tissue thickness compensator 1170 is
10 the glassy siate, and/or while the tissue thickness compensator 1170 18 ransitioned or cooled to a temperature below
the glassy state. In certain circuinstances, the pressure applied to the tissue thickness compensator 1170 can be
gradually increased toward a threshold as the temperature of the Hissue thickness compensator 11790 is gradually
trapsitioned toward the glassy state, for exarople. In certaln circumstances, the pressure applied to the tissue thickness
compensator 1170 can be removed, gradually removed, or at least partially reduced as the tissue thickness
compensaior 1170 exits the glassy state, before the tissue thickness compensator 1170 exits the glassy state, and/or
after the tissue thickness compensator 1170 exits the glassy state.

{3164} The reader will appreciate that the different roolds utilized in the modification processes described above

o~

such as, for example, the molds 1144, 1154, and/or 1172 are illustrative examples. Other mold designs and

coufigurations can also be employved to manipulate tissue thickness compensators 1o a variety of ways. Furthermore,

the forces involved in mampulating « tissue thickness compensator need not only be compressive forces. For example,

tensile forees can alse be utilized to modity, reshape, and/or resize a tissue thickness compensator in similar magners
to those described above. For example, the tssie thickoess compensator 1170 can be stretehed using tensile forees to
reduce its height fom the first height Hi (FIG. 33) to the second height H2 (FIG. 36), for example, using &
mndification process that is similar in wany respects 1o the modification processes descrbed above. Ju certain
circumstances, combinations of tensile and compressive forces can be used to manipulate a tissue thickness
compensator during a modification process
{#3165] Referring again to FIGS. 35-37, it may be desirable to modify the porosity of a tissue thickness compensator
for use in a surgical procedure. A tissue thickness compensator may comprise a porous, open cell foam and/or a
porous, closed cell foam, for example. Traditional Ivophilization techniques may provide some control over a tissue
thickness compensator’s parosity but such cootrod may not be easily reproducible and may need additional tine
adjustments that may not be obtainable by traditional lyophilization techniques. As tllustrated in FIGS. 35-37, the
height of the tissue thickness compensator 1170 can be changed from the frst height HU(FIG. 35) 1o the second

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 also be modified using the same and/or a similar modification process. For example,
the ussue thickness compensator 1170 xoay comprise a Qust porosity (FIG. 35} prior to the modification process and a

second porosity (FIG. 36) atter completion of the modification process, as described above. The change in porosity

can be attributed, at least in paxt, to the compressive forces and/or the energy applied o the tissue thickness
compensator 1170 by the adjustment member 1176 during the modification process described above.

{B166] Further io the above, the tissue thickness conpensator 1170 may comprise a plurality of pores 1180, Some or
all of the pores 1180 may be aliered in position, size, sud/or shape, for example, as a rosult of the modification process
described above. For example, one or more of the pores 1180 may comprise a spherical, or substantially spherical,
shape prior 1o the modification process which may be altered 0 an oval, or substantially 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 sive prior to the
miodification process and a second size different from the first size as a result of the modification process. In certain
circumstances, as described below in greater detail, the porosity changes can be localized 10 one of more regions or
zones of the tissue thickness compensator 1170.

#3671 Furthermore, in certain circurnstances, the change i porosity of the tissue thickness compensator 1170 may
be accornpanied by a change i density of the tissue thickness compensator 1170, In other words, as the adjustruent
member 1176 is advanced against the tissue thickness compensator 1170, compressive forces may reduce space
accupied by the tissue thickuess compensator 1170 thereby causing material and/or pore redistribution which may
vield an increase in the density of the tisaue thickness compensator 1170 and/or a reduction in its porosity. In certain
circumstances, as descobad below in greater detail, the density changes can be localized o one or wore regions or
zones of the tissue thickness compensator 1170

{1681 Further to the above, the change in porosity and/or density of the tissue thickuess compensator 1170 raay
vield a change in the spring rate of the tissue thickness compensator 1170, A iissue thickness compensator’s spring
rate can influence its ability to compensate for tssue thickness when the tissue thickness compensator is deploved
against tissue captured by staples such as, for example, the staples 20230 (F1G. 8}, as described above in greater

1
X

detail. Furtherrmoore, a tissue thickness compensator’s spring rate can also influence is ability to apply pressure against
tissue captured with the tissue thickness compensator by a staple. In other words, 3 change in a tissuc thickness
conipensaior’s spring rate wmay change the pressure exerted by the tissue thickness compensator against tissue captured
by a staple. Since different tissue types may respond more positively to certain pressures, {fine control over a tissue
thickness cornpensator’s spring rate can be advantageous.

{61691 Asillustrated in FIGS. 35-37, the tissue thickness compensator 1170 may comprise a first spring rate FiG.
35) which may be altered or modified to a second spring rate (FIG. 36) different from the first spring rate using the
modification process described above, For example, as described above, the adjustment mernber 1176 can be

advanced against the tissue thickness compensator 1170 while the tissue thickness compensator 1170 is in the glassy

state. In response, the tissue thickoess compensator 1170 roay be corapressed which raay cause a chiange in the spring
rate of the tissue thicknoss compensator 1170, The adjustment member 1176 can be rotained in the advanced position

for a period of time sufficient to permit the tissue thickness compensator 1170 to retain, ov at least substantially retain,

R

the change in spring rate. In addition, the tissue thickness compensator 1170 can be allowed to cool below the glass
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transition temperature of its material composition while maintaining the pressure applied by the adjustment member
1176 against the ussue thickoess compensator 1170,
{0178] In certain instances, the adjustment member 1176 can be maintained in the advanced position against the
tiesue thickoess cmnpemsat(si 170 for a period of ume from about 30 seconds to zbout 8 hours, for example, dunag
the time in the glassy state and/or for a period of time from about 30 seconds to about & hours, for exampie, after
exiting the glassy state. In at least one example, the adyustment member 1176 can be maintained in the advanced
position against the tssue thickness compensator 1170 for approximately 10 minotes during the time in the glassy
state and for approainuately 10 minutes after exiting the glassy state. Other tirne pericds for maintaining the
adjustment member 1176 in the advanced position against the tissue thickness compensator 1170 are contemplated by
the present disclosure.
{6171}  In certain circumistances, the adjustinent member 1176 can be used to apply pressure onto the tissue thickness
conpensator 1170 to change the spring rate of the tissue thickness compensator 1170 before the tissue thickness
conpensator 1170 is transitioned to the glassy state. In certain circumstances, the adjustment member 1176 may apply
pressure to the tissue thickness compensator 1170 while the tissue thickness compensator 1170 is heated o reach the
glassy state, while the tissue thickness compensator 1170 is in the glassy state, and/or while the tissue thickness
conpensator 1170 is transitioned or cooled o a temperature below the glassy state. In cortain circumstances, the
pressure applied to the tissue thickness compensator 1170 can be gradually {ncreased toward a threshold as the

temperature of the tissue thickness compensator 1170 is gradually increased to transition the tissue thickness

compensaior 1170 toward the glassy state, for exaraple. In certain circumstances, the pressure applied to the tssue

thickness compensator 1170 can be removed, gradually removed, or at least partially reduced as the tissue thickness
corupensator 1170 exits the glassy state, before the tissue thickness corapensator 1170 exits the glassy state, and/or

after the tissue thickness compensator 1170 exits the glassy state.

reator 1170 may he manufactured with a native

{#472] Retfernng again to FIGS. 35-40, the tissue thickness compe
spring rate using traditional lyophilization techniques and/or any other suitable techmigues. As described above, the

spring rate of the tissue thickness compensator 1170 can influence its ability o apply pressure against tissue captured

f

sith the tssue thickness compensator 1170 by 3 staple. The modification process described above may be utilized to

adjust the native spring rate of the tissue thickness compensator 13170 to adjust its ability to apply pressure against
tissue captured with the tissue thickness compensator 1170 by the staple. In certain circumnstances, the native spriag
rate of the tissue thickness compensator 1170 can be increased {rom a first spring rate at point A (FIG. 40) o a second
spring rate including and up 0 a maximum spring rate at point B (F1G. 40). In certain circumstances, such increase of
the spring rate of the tissue thickness compensator 1170 can be achieved by applying compression forces to the tissue
thickness corapensator 1170 using the adjustment raewmber 1176 while the tissue thickness compensator 1170 is in the

glassy staie, as explain inn the modification process described above. As illustrated in FIG. 40, the point B represents a

maximom elastic yield of the tissuve thickness compeusator 1170, As such, any additonal compression apphed by the
adjustment member 1176 to the tissue thickness compensator 1170 beyond a threshold compression at the point B

may produce a decrease 1o the spring rate of the medified tissoe thickness compensator 1170, For exarople, as

itfustrated in FIG. 40, the spring rate at the point C is lower than the spring rate at the point I3 even though the

<40 -
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1

conpression foree applied by the adjustment mernber 1176 o the tissue thickness compensator

ot

170 at point Cis
greater than the compressi(m force apphied at the point B.

{0173] As discussed above, one or more processes can be used to affect the spring rate, and/or any other property, of
a material used in conjunction with 2 fasiener cartridge and/or & surgical fastening {nsteument, 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 some circumstances, while 1o other circumstances, the change may be sudden. In vanous
instances, one or more of the steps of the modification process way cause an increase in the spring rate of the material

while ane or more steps may cause

®

iecrease i the spring rate of the material, Ultimately, the net change in the

W,

spring rate can be measured 85 a comparison between an original spring rate before the modification process begins

and a subsequent spring rate after the modification process has been completed. In varicus instances, a material may
comprise an altered spring rate after the material has been heated and then cooled.

[0374] TIn certain circurastances, it may be desirable to apply one or more of the above described modification
processes (o a tissue thickness compensator. 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 alter a surface ot the
tissue thickness compensator, as doscribed above with respeet to the tissue thickuess compensator 1140, Furthermore,
a third meodification process can be utilized to roodify the tissue thickuness compensator to include a longinudinal slot
stmilar to the longitudinal slot 1122 of the tissue thickness compensator 1120, In vet a fourth modification process, the
tissue thickness compensator can be yoodi fied to include apertures siunlar to the apertures 1132 of the tissue thickness
compensator 1150, The reader will appreciate that some of above mentioned modifications can be combined or
grouped in a single modification process, For example, 2 mold can be designed to include the needles 1156 of th

moid 1154 and the central beam 1128 of the mold 1126. Other modification arrangements are contemplated by the
present disclosure,

{0378] Reterring now to FIGS. 38 and 39, a tissue thickness compensator such as, for example, tissue thickness
corapensator 1 190 can he altered or moditied using one or more of the modification processes described above 1o
include portions with different spring rates, porosities, and/or densitics. In certain circurstauces, the tissue thickuess
cotpensaior 1190 can be modified using one or more of the modification processes described above 1o juclude a
gradient pore worphology (.e. small pores gradually increasing in size to large pores across the thickness of the tissue
thickness cornpensator 1190 in one direction). Such morphology could be 1more optimal for tssue in-growth or
hemostatic behavior. Further, the gradient could also be compositional with a varying bio-absorption protfile. A short
term absorption profile may be preferred to address hemostasis while a long term absorption profile may address
bietter tissue healing without leakages.

{0176] HReferring again to FIGS. 3% and 39, the tissue thickness compensator 1190 may include one or more zone

geornetrios that are different trorn the remainder of the tissue thickuess compensator 1186, For example, as illustrated

B

in FIG3. 38, the tissue thickness compensator 1190 may include one or more protruding portions such as, for example,

protruding portion 1196, In addition, the tssue thickuess compensator 1190 ruay comprise a uniform, or at least 3

o

substantially uniform, first spring rate, first porosity, and/or first density through the tissue thickness compensator

-4] -
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geometries, as illustrated in FIG. 38, In certain circumistances, the tissue

&

1190 including the one or more zone
thickness cornpensator 1190 can be altered or modified using one or more of the modification processes described
above 1o alter or modify the one or more zone geomeiries and/or to induce localized changes in the first spring rate,
the first porosity, and/or the first deansity, for exaraple. The modified tissue thickness compensator 1190 may comprise
one or more modified zones with different spring rates, porosities, and/or densities from other modified zones and/or
the first spring rate, the first porosity, and/or the first density, respectively, of the remainder of the tissue thickne
cotnpensator 1190, In certain circurnstances, the resulting one or more modified zones may comrespond to the one or
more zone geonmetries. For example, as Gostrated in FIG. 39, the tissue thickness conpensator 190 may be altered or
modified to level, or at least substantially lovel, the protruding portion 1196 and to form a flat, or at least a
substantially flat, surface 1198, for example. The moodified tissue thickuess compensator 1190 may include a {irst
portion 1192 comprising the frst spring rate, the first porosity, and/or the first density and a second portion 1194
conprising a second spring rate, a second porosity, and/or a second density, which can be different fron the first
spring rate, the first porosity, and/or the first density, respectively. The second portion 1194 may correspond to the
protoxding portion 1196 and can yesult from the leveling, or at least substantially leveling, of the protruding portion
1156 1o torm the flat, or at [east 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 1190 mirrors, matches, or
resembles the geometry of the secoud portion 1194 afler the tissue thickness compensator 1190 has been madified.
[0877] Reforring again o FIGS. 37-39, the tissue thickness compensator 1190 can be altered or modified using the
mold 1172, 1o a similar meanoer to the tissue thickness compensator 1170, For exarple, the tissue thickness
compensator 1190 can be heated in the receiver 1174 to a temperatire greater than or equal 1o a glass transition

teraperatuce of the material composition of the Ussue thickuess compensator 1190 but less than the melung

temperature of the same. In certain circumstances, the adjustment member 1176 can be advanced against the
protruding pottion 1196, while the tissue thickness compensator 1190 is in the glassy state, thereby compressiag the
protruding portion 1196 and rearrauging its geometry to form the second portion 1194, as illustrated i FIG. 39

-

Purther to the above, the adjustment member 1176 can be configured to maintain compression against the protruding
portion 1196 for 3 time period sufficient to permit the tissue thickness compensator 1190 to retain, or at least
substantially retain, the modification imposed by the adjustirent reember 1176, The tissue thickness compensaior
1190 can be allowed to conl or can be actively cooled to @ temperature below its glass transition temperature while
under compression from the adjustorent reeynber 1176, After transitioning the Sssue thickness compensator 1190 out
of the glassy state, the adjustruent member 1190 can be retracted. The tissue thickness compensator 1190 may retain,
or at {east Substamially retain, the second portion 1194, as illustrated in FIG. 39. In certain circumstances, the

adjustment member 1176 may apply pressure onto the protouding portion 1196 while the tissue thickness compensator
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 compensator 1190 1s transitioned or conled to a temperature below the glassy state. {n
certain circumstances, the pressure applied io the protruding portion 1196 of the tissue thickness compensator 1190
can be gradually increased toward a threshold as the teraperature of the tssue thickuess compensator 1190 18 graduslly

increased to transition the tissue thickness compensator 1190 toward the glassy state, for example. In certain

-4 -
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circumstances, the pressure applied to the protruding portion 1196 of the tissue thickness compensator 1190 can be
rexaoved, gradually removed, or at least partially redoced as the tissue thickuess coropensator 1190 exits the glassy
state, before the tissuc thickness compensator 1190 exits the glassy state, and/or after the tissue thickness compensator
1190 exits the glassy state,

{0378] Reterring now to FIGS. 41-43, a tissue thickness compensator such as, tor example, tissue thickness
corapensator 1200 can be prepared using traditional lyophilization techrniques and/or any other suitable techniques. In
addition, the Hssue thickness compensator 1200 can be modified or altered for use fn & surgical procedure, for
exampie. The tissue thickaess compensator 1200 can be sinilar in many respects 1o otler tissue thickness
conpensators such as, for example, the tissue thickness compensator 22020 (FIG. 9) and/or the tissue thickness
compens 120 (FIG. 26). For example, like the tissue thickness compensator 22020, the tissue thickuess
compensator 1200 can be utilized with the end effector 22090, Furthermore, as illustrated in FIGS. 41-43, the tissue
thickness compensator 1200 can be modified t¢ include a longitudioal slot 1202 which, Iike the koife slot 22025, may
define a tissue thickness compensator knife path for the cutting portion 10033 between a first stapling portion 1204a
and a second stapling portion 1204, Furthermore, the first stapling portion 1204a and the second stapling portion
1204b can be similar in many respects to the first stapling pornon 2202 1a (FIG. 9} and the second stapling portion
220210 (FIG. 9) of the tissuc thickness compensator 22020. In addition, the slot 1202 can be contigured o releasably
connect the first stapling portion 1204a and the second stapling portion 1204b such that, fn use with the end effector
22090, the cutting portion 10033 can be advanced distally .‘thmugh the slot 1202 1o transect the slot 1202 and separate
the first staphing portion 1204a and the second stapling portion 1204h.

{0379] 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 (FI(G.9). Alteruatively, the tissue 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 traditional Iyophilization techniques and/or any other suitable

techniques. A space creator 1206 can be utilized to modify the tissue thickness compensator 1200 10 4 thermal

=

ressing process, as lustrated 1w FIGS. 41-43. For example, the space creator 1206 can be heated to a teraperature

=]

greater than or equal to a melting tepperature of the matenal composition of the tissue thickness compensator 1200.
The space creator 1206 can then be aligned with and inserted into the tissue thickness comapensator 1200 to forin the
longitudinal slot 1202. The space crestor 1206 may melt through the tissue thickness cormpensator 1200 to creste
space for the longitudinal slot 1202, The space creator 1206 can be retracted upon waching a desived depih within the
tissue thickness compensator 1200, In certain circumstances, the thermal pressing process caa be repeated by

reinserting the heated space creator 1206 through the tissue thickness compensator 1200 to widen the space created for

{0180¢] Feferring again to FIGS. 41-43, the space creator 1206 may comprise a hot wire. For example, the space
creator 1206 may comprise a thin, taut roetal wire, which can be made of nichrome or stainless steel, for exaraple, or a
thicker wire preformed into a desired shape. The hot wire can be heated via elecirical resistance to a desired
teraperature, As the hot wire of the space creator 1206 is passed through the material of the tissue thickness

compensator 1200, the heat from the hot wire may vaporize the material just in advance of contact. In certain



CA 02940510 2016-08-23

WO 2015/126655 PCT/US2015/015099

circumstances, the hot wire may comprise a cylindriesl, or substantially cylindrical, shape, as illustrated in FIG. 42,
The depth of the longitudinal slot 1202 can depend, 1o part, on the insertion depth of the space creator 1206 through
the tissue thickness compensator 1200 and the widih of the longitudinal siot 1202 can depend, in part, on the diameter
of the hot wite of the space creator 1206,

{0181]  In cortain instances, the space creator 1206 can be partially inserted through the full thickness of the tissue
thickness corupensator. 1o certain instances, the space creator 1206 can be complately inserted through the full
thickness of the tissue thickness compensator 1200 to create openings, boles, and/or slots catending through the full

1

thickness of the tissue thickness compensator 1200, In certain instances, the space creator 1206 may be inserted
through a first side of the tissue thickuess compensator 1200 and exited through a second side of the tissue thickness
compensator 1200 which may be opposiie the first side, for example.

{6182 Mauny processes are disclosed herein which utilize thermal energy to modify a tissue thickness compensator.
Such processes can be referred to as felting processes. 1o certain instances, a felting process may also utilize the
application of compressive and/or tensile forces to a tissue thickness compensator. In other instances, a felting
process may not vtilize the application of compressive and/or tensile forces 1o a tissue thickoess compensator. In
¢ither event, the teliing processes disclosed herein can also be utihized to modity and suitable traplantable laver and/or
buitress material, for cxampic.

{B1831 In various circumstances, the tissue thickness compensator assembly roay coraprise a polymeric
composition. The polymeric composition may comprise one or more synthetic polymer and/or one or more non-
synthetic polymer. The syathetic polymer may comprise a synthetic absorbable polymer and/or a synthetic non-
absorbable polymer. In various cireumstances, the polymeric composition may comprise a biocompatible foam, for
example. The biccompatible foam may comprise a porous, open cell foara and/or 4 porous, closed cell foam, for

o~

example. The biocompatible foam can have a uniform pore morphology or may have a gradient pore morphology (i.e.

o

small pores gradually increasing in size 10 large pores across the thickness of the foam in coe direction). fn varicus

circumstances, the polymeric composition may comprise one or more of a porcus scaffold, a porous matrix, a gel
matrix, a hydroge! matrix, a solution matrix, a filamentous matrix, a twbular matnx, a coOmMposite Matris, 2
mierabranous matrix, a biostable polymier, aud a biodegradable polymer, and combinations thercof For example, the
tissue thickness compensaior assembly reay comprise a toam reinforced by a filamentous matrix or roay comprise a
foam baving an additional hydrogel Iayer that expands in the presence of bodily fluids to forther provide the
corapression on the tssge. I vanous clrcumsiances, 2 Bssue thickness compensator assernbly could alse 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 hiydrogel that could be a synthetic and/or
naturally derived material and could be etther biodurable and/or biodegradable, for exarople. In certain circumstances,
a tissue thickness compensator assembly could be reinforeed with fibrous non-woven materials or fibrous mesh type
elements, tor example, that can provide additional Bexibility, stiftness, and/or strength. lu various circumstances, @
tissue thickness compensator assembly that has a porous morphology which exhibits a gradient structure such as, for
exarople, small pores on one surface aud larger pores ou the other surface. Such yuorphology could be more optimnal

for tissue in-growth or hemostatic behavior. Further, the gradient could be also compositional with a varying bio-
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absorption profile. A short term absorption profile may be preferred to address hemostasis while a long term
absorpuon profile may address better tissue bealiog without leakages.

{¢184] Examples of non-synthetic polymers inciude, but are not limited to, lvophilized polysaccharide, glycoprotein,
clastin, proteoglyean, gelatin, collagen, and oxidized regenerated cellulose (ORC). Examples of synthetic absorbable
polymers nclude, but are not limited to, poly(lactic acid) (PLA), poly(L-lactic acid) (PLLA), polycaprolacione (PCL),
polvgiveolic acid (PGA), poly{trimethylene cathonate) (TMC), polyethylene terephthalate (PET),
polvhydroxyvalkanoate (PHA), a copolyviner of glyeolide and e-caprolacione (PGCL), a copolymer of glycolide and-
trimethylene carbonate, polyiglyvcerol sebacate} (PGS}, polydioxanone, poly{otthoesters), polyanhydrides,
polysaccharides, poly{ester-amides), tyrosine-based polyarylates, tyrosine-based polyiminocarbonates, tyrosine-based
polycarbonates, poly(D L-lactide-urethane), poly(B-hydroxybhutyrate), polv(¥-caprolactone}, polyethyleneglycol
{(PEQ), poly[bis{carboxyiatophenoxy) phosphazene], poly(amino acids), psendo-poly(amine acids), absorbable
polyurethanes, and combinations thereof. In various circumstances, the polymerc composition may compuse from
approximately 30% to approximately 90% by weight of the polymeric composition of PLLA and approximately 50%
to approximately 0% by weight of the pelymeric composition of PCL, for example. In at least one embodiment, the
polymeric composiion may comprise approximnately 70% by weight of PLLA and approximately 30% by weight of

PCL, for example. In various cirenmstances, the polymeric composition may comprise from approximately 55% to

appraximately 85% by weight of the polymeric coroposition of PGA and 13% w0 45% by weight of the polymeric

commposition of PCL, for example. In at least one embodiment, the polymeric composition may comprise
approximately 63% by weight of PGA and approximately 35% by weight of PCL, for example. In variou
circumstances, the polymeric composition may comprise from approximately $0% to approximately 35% by weight of
the polvineric composition of PGA and approximately 5% to approximately 10% by weight of the polymeric
composition of PLA, for example.
{#485] In vanious circurnstances, the synthetic absorbable polymer mray comprise a biozbsorbable, biocompatible
elastormeric copolvimer, Suitable bicabsorbable, biocompatible elastomeric copolymmers include but are not hmited to
copolymers of epsilon-caprolactone and giveolide (preferably having a mole ratic of epsiion-caprolacione to glyceolide
of from about 30:70 to ebout 70:30, proferably 35:65 to about #5:35, and more preferably 45:55 to 35:65); elastomeric

copolymers of epsilon-caprolactone and lactide, including L-iactide, D-lactide blends thereof or lactic acid
copolyraers (preferably having a wole ratio of epsilon-caprolactone to lactide of from about 35:65 to about 6535 and
more preferably 45:55 to 30:70) elastomence copolymiers of p-dioxanone (1,4-dioxan-2-one) and tactide including -
factide, D-lactide and lactic acid (preferably having a mole ratio of p-dicxauone to lactide of from about 40:60 to
about 60:40); elastomeric copolymers of epsilon-caprolactone and p-dioxanone {preferably having a mole ratio of
epsilon-caprolactone o p-dioxanone of from about 30:70 to about 70:30); elastomeric copolymers of p-dioxanoue and
imethylene carbonate (preferably having a mole ratio of p-dioxanone to trimethylene carbonate of from about 30:70
to about 70:30); elastoweric copolymers of trimethylene carbonate and glycolide (preferably having & mole tatic of
trimethylene carbonate to glyeolide of from about 30:70 to about 70:30); elastomeric copolymer of trimethylene
carbonate and lactide including L-lactide, D-lactide, blends thereof or lactic acid copolymers {prefecably having a

mole ratio of trimethylenc carbonate to lactide of from about 30:70 to about 70:30) and blends thereof. In one



embodiment, the elastomeric copolymer is a copolymer of glycolide and epsilon-caprolactone. In another

embodiment, the elastomeric copolymer is a copolymer of lactide and epsilon-caprolactone.

[0187] In various circumstances, the synthetic absorbable polymer may comprise one or more of 90/10
poly(glycolide-L-lactide) copolymer, commercially available from Ethicon, Inc. under the trade designation VICRYL
(polyglactic 910), polyglycolide, commercially available from American Cyanamid Co. under the trade designation
DEXON, polydioxanone, commercially available from Ethicon, Inc. under the trade designation PDS, poly(glycolide-
trimethylene carbonate) random block copolymer, commercially available from American Cyanamid Co. under the
trade designation MAXON, 75/25 poly(glycolide-E-caprolactone-poliglecaprolactone 25) copolymer, commercially
available from Ethicon under the trade designation MONOCRYL, for example.

[0188] Examples of synthetic non-absorbable polymers include, but are not limited to, foamed polyurethane,
polypropylene (PP), polyethylene (PE), polycarbonate, polyamides, such as nylon, polyvinylchloride (PVC),
polymethylmetacrylate (PMMA), polystyrene (PS), polyester, polyetheretherketone (PEEK), polytetrafluoroethylene
(PTFE), polytrifluorochloroethylene (PTFCE), polyvinylfluoride (PVF), fluorinated ethylene propylene (FEP),
polyacetal, polysulfone, and combinations thereof. The synthetic non-absorbable polymers may include, but are not
limited to, foamed elastomers and porous elastomers, such as, for example, silicone, polyisoprene, and rubber. In
various circumstances, the synthetic polymers may comprise expanded polytetrafluoroethylene (ePTFE),
commercially available from W. L. Gore & Associates, Inc. under the trade designation GORE-TEX Soft Tissue
Patch and co-polyetherester urethane foam commercially available from Polyganics under the trade designation
NASOPORE.

[0189] The polymeric composition of a tissue thickness compensator assembly may be characterized by percent
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 certain
circumstances, the polymeric composition may have a percent porosity from approximately 60% by volume to
approximately 98% by volume, for example. In various circumstances, the polymeric composition may have a
percent porosity from approximately 85% by volume to approximately 97% by volume, for example. In at least one
embodiment, the polymeric composition may comprise approximately 70% by weight of PLLA and approximately
30% by weight of PCL, for example, and can comprise approximately 90% porosity by volume, for example. In at
least one such embodiment, as a result, the polymeric composition would comprise approximately 10% copolymer by
volume. In at least one embodiment, the polymeric composition may comprise approximately 65% by weight of PGA
and approximately 35% by weight of PCL, for example, and can have a percent porosity from approximately 93% by
volume to approximately 95% by volume, for example. In various circumstances, the polymeric composition may
comprise a greater than 85% porosity by volume. The polymeric composition may have a pore size from
approximately 5 micrometers to approximately 2000 micrometers, for example. In various circumstances, the

polymeric composition may have a pore size between approximately 10 micrometers to approximately 100
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micrometers, for example. In at least one such embodiment, the polymeric composition can comprise a copolymer of
PGA and PCL, for example. In certain circumstances, the polymeric composition may have a pore size between
approximately 100 micrometers to approximately 1000 micrometers, for example. In at least one such embodiment,
the polymeric composition can comprise a copolymer of PLLA and PCL, for example. According to certain aspects,
the hardness of a polymeric composition may be expressed in terms of the Shore Hardness, which can defined as the
resistance to permanent indentation of a material as determined with a durometer, such as a Shore Durometer. In
order to assess the durometer value for a given material, a pressure is applied to the material with a durometer indenter
foot in accordance with ASTM procedure D2240-00, entitled, “Standard Test Method for Rubber Property-Durometer
Hardness”. The durometer indenter foot may be applied to the material for a sufficient period of time, such as 15
seconds, for example, wherein a reading is then taken from 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 can be obtained when no penetration into the material occurs. This reading is dimensionless. In various
circumstances, the durometer may be determined in accordance with any suitable scale, such as Type A and/or Type
OO scales, for example, in accordance with ASTM D2240-00. In various circumstances, the polymeric composition
of a tissue thickness compensator assembly 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 OO on the Shore OO range. In
at least one such embodiment, the polymeric composition can comprise a PLLA/PCL copolymer or a PGA/PCL
copolymer, for example. In various circumstances, the polymeric composition of a tissue thickness compensator
assembly may have a Shore A Hardness value of less than 15 A. In 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 polymeric composition of a tissue thickness compensator assembly 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 to approximately 75 OO, for example.

[0190] In various circumstances, the polymeric composition may have at least two of the above-identified
properties. In various circumstances, the polymeric composition may have at least three of the above-identified
properties. The polymeric composition may have a porosity from 85% to 97% by volume, a pore size from 5
micrometers to 2000 micrometers, and a Shore A hardness value from 4 A to 16 A and Shore OO hardness value from
45 OO0 to 65 OO, for example. In at least one embodiment, the polymeric composition may comprise 70% by weight
of the polymeric composition of PLLA and 30% by weight of the polymeric composition of PCL having a porosity of
90% by volume, a pore size from 100 micrometers to 1000 micrometers, and a Shore A hardness value from4 A to 16
A and Shore OO hardness value from 45 OO to 65 OO, for example. In at least one embodiment, the polymeric
composition may comprise 65% by weight of the polymeric composition of PGA and 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 Shore A hardness value from 4 A to 16 A and Shore OO hardness value from 45 OO to 65 OO, for
example.

[0191] In various circumstances, the polymeric composition may comprise a pharmaceutically active agent. The

polymeric composition may release a therapeutically effective amount of the pharmaceutically active agent. In
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various circumnstances, the pharmaceutically active agent may be released as the polymeric composition is

desorbed/absorbed. In varicus circumstances, the pharmaceutically active agent raay be released into fhuid, such as,

for example, blood, passing over or through the polymeric composition. Examples of pharmaceutically active agents
may inchude, but are not linited to, herostatic agents and drugs, such as, for example, fibeln, throrabin, and oxidized

regenerated cellulose (ORC); anti-inflammatory drugs, such as, for example, diclofenac, aspirin, naproxen, sulindac,
ud hydrocortisone; antibiotic and antinxicrobial drug or agents, such as, for example, iriclosan, ionie silver,
ampicillin, gentamicin, polymyxin B, chioramphonicel; and aaticancer agents, such as, for exawmple, cisplatin,
mitoryein, adriamyein,
{0392] Various methods arc disclosed herein for altering & tissue thickness compensator. Such rethods could be
used o alter any suitable layer for use with a {astener cariridge and/or a surgical fastening instroment, for example.
Such a layer can comprise 3 less than one hundred percent dense composition which can be created utilizing any
suitable process. For instance, such processes can include, for example, extruding, injection molding, weaving,
tyophilization, gas-foaming, and/or melt-blowing processes. Some processes may produce a foam while other
processes may not produce a foam; however, in any event, all such embodimenis are contempiated for use with alt of
the embodiments disclosed herein.
{0393]  In various embodiments, referring to FIGR. 44-46, an end effector of a surgical fastening instriment, such as
eud effector 106, for exaraple, can be configured to capture, fasten, and/or incise tissue. The end effector 100 can
include a fastener cartridge 110 and, in addition, a firing member 140 which can be advanced through the fastener

1

cartndge 110 o deploy staples rernovahly stored within the staple cartridge 110 into tssue captured within the end

A0

effector 100. In various instances, the firing member 140 can be advanced from a proximal position {(FIG. 44) toward
2 distal end of the end effector 100 to sinnultaneously deploy the staples and trausect the tssue. There are some
circumstances, however, where it may not be desirable to advance the firing member 140 toward the disial end of the

§

end effector 100, For instance, the fastener cartridge 110 of the end effector 100 can be removable andior replaceable

and, i the event that a fastener cartridge 119 is not positioned within the end effector 100, it may not be desirable for
the firing member 140 o be advanced within the end etfector 100, In the ¢vent that the firing mewmber 140 were to be
advanced through the end effector 100 without & fastener cartridge positioned within the end effector 100, a knife edge
142 of the firing weomber 140 may incise iissue caphured within the end effector 100 without simultancously fastening
the tissue. Similarly, in the event that the fastener cartridge positioned within the end effector 100 liss been previously
used, or expended, and at least sorne of the fasteners have been deployed from the fastener cartridge, it pay not be

desirable for the firing member 140 {0 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 tssue captured within the end effector
without simuitaneously fastening the tissue. In various embodiments, the end effector 100 can include one or more

inckout systems which can prevent the Hinang mernber 144 from being advanced distally when a fastener cartndge 1s
not present within the end effector 100 and/or when the fastener cariridge positioned within the end effoctor 100 hag
heen at least partially expended. Various tockout systems are disclosed in U.S. Patent No. 6,988,649, entitled
SURGICAL STAPLING INSTRUMENT HAVING A SPENT CARTRIDGE LOCKOUT, and issued on January 24,

T



2006.

[0194] Referring again to FIGS. 44-46, the fastener cartridge 110 can include a cartridge body and a tissue thickness
compensator 120 wherein, further to the above, the tissue thickness compensator 120 can be implanted against tissue
captured by the end effector 100 by fasteners removably stored within the cartridge body. The tissue thickness
compensator 120 can be positioned above a top surface, or deck, of the cartridge body wherein staples 180 removably
stored within staple cavities defined in the cartridge body can be ejected from the staple cavities by a firing member,
such as sled 130 and/or firing member 140, for example. In certain embodiments, the fastener cartridge 110 can
further include drivers configured to support the staples 180 and transmit the movement of the sled 130 to the staples
180 in 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 in their
unfired positions and, in certain instances, the staples 180 can hold the tissue thickness compensator 120 in position
over the cartridge deck when the staples 180 are in their unfired position. In the event that the tissue thickness
compensator 120 were to be moved relative to the cartridge body and/or the staples 180 prior to deploying the staples
180 into tissue, in some instances, the tissue thickness compensator 120 may move the staples 180 relative to or away
from their preferred positions. Moreover, in the event that the tissue thickness compensator 120 were to be removed
from the cartridge 110 prior to the staples 180 being deployed, the cartridge 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 being advanced distally to
deploy the staples 180 in the event that the tissue thickness compensator 120 is removed from, or becomes at least
partially dislodged from, the cartridge body prior to the staples 180 being deployed.

[0195] Referring again to FIGS. 44-46, the tissue thickness compensator 120 can comprise, one, a body 121
configured to be captured by the staples 180 and, two, a lockout pin 122 extending from the body 121. In various
instances, the lockout pin 122 can include a first end 123 embedded in the body 121 and a second end 124 positioned
intermediate the firing member 140 and the sled 130 when the tissue thickness compensator 120 has not been removed
from or substantially 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 intermediate 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
intermediate the sled 130 and the firing bar 140, the lockout pin 122 and the sled 130 can co-operate 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 thickness compensator 120 is removed from the cartridge 110 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 intermediate the sled 130 and the firing member 140 and/or may otherwise be unable to
support the firing member 140 in its unlocked position (FIG. 44). In such circumstances, the firing member 140 may
become positioned in a locked position such that the distal advancement of the firing member 140 is prevented by the

lockout shoulder 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 mernber can bias the firing member 140 1nto contact with the sled 130, for instance,
without the lockout pin 122 positioned therebetween which can coraprise the locked position of the firing member
146,

{0196]  As a result of the above, the cartridge 110 may become inoperable if the tissuc thickness compensator 120 1
prematurely removed from the cartridge 110, In such circumstances, the lockout pin 122 may comprise a tise which
deactivates the eartndge 110 1u the ovent that the tissue thickness cormpensator 120 1s removed before the firing
mernber 140 (s advanced distally. In varous circumstances, the lockout pin 122 may comprise a key which maintaing
the cariridge 110 in an uulocked coudition when the key is positioned between the sled 130 and the fring member 140
and permits the cariridge 110 to enier into a locked condition {n the event that the tissue thickuess compensator 120 is
removed from the carfridge 110 before the firing member 140 is advanced distally, i.¢., before the firing member 140
segins its fring stroke. When the firing member 140 s in its Jocked-out condition and cannot be advanced distally,
the knife edge 142 of the firing member 140 1s unable to incise the tissue captured within the end effector 100.
Morxeover, in such circumstances, the firing member 140 cannot advance the slod 130 distally to fire the staples 180
Thus, the tissue thickness compensator lockout can prevent the tissue captured within the end eftector 100 from being

incised and stapled when the tissue thickness compensator 120 18 not pﬁsitioncd on, or proporly positioned on, the

cartridge 110, To the event that the Gring merober 140 is advanced dis ¢ the tssue thickuess corppensator

120 is removed, or dislodged, the firing mermber 140 can complete the ﬁring stroke, or at least a portion of the firing
stroke, of the end effector 100, In such instances, the sled 130 (s advanced distally so that coe or wore raraps 132
defined on the sled 130 can lift the stapies 180 and that a knife edge 142 of the firing rember 140 can incise the tissue
thickness corapensator 120 and/or the tissue captured within the ead effector 100, In sore circumstances, the fixiag
member 140 can contact the lockout pin 122 and displace it out of the way as the firing member 140 is advaneced
distally. In such circumstances, the lockout pio 122 can be flexible. In various instances, the lockowt pin 122 can be
comprised of a bicabsorbable material and/or a biccompatible material, for example. In certain circumstances, the
firing meraber 140 can incise the lockout pin 122 as the fiving mersber 140 15 advanced distally. In any event, the
purpose of the lockout pin 122 may become obsolete onee the firing miember 140 has been at least partislly advanced.
Stated ancther way, the tissue thickaess compensator lockout can serve as an initial check to verify that a tissue

thickness corupensator is present witlun the end effector and, ouce that initial check has been made, the firing stroke

(o]

of the end effector can proceed.
{6197} Refernng again to FIGS. 47-30, an end effector 200 can comprise an anvil 260 and, 11 addition, a fasteger

cartridge 210 including a cartridge body 214 and a tissue thickness compensator 220 wherein, further to the above, the
tissue thickness compensator 220 can be implanted agatust issue captured by the end effector 200 by lasteners
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 wherein staples removably stored within staple cavities defined in the
cartridge body 214 can be ejected from the staple cavitics by a firing member, such as a slod 230 and/or a firing
member 240, for example. In certain exabodiments, the fastener cartridge 210 can further include delvers configured

to support the staples 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 cormpensator 220 when the staples are in thelr unfired positions and, in cextain instances, the staples can bold
the tissue thickness compensator 220 in position when the stapies are in their unfired position. I the event that the
tiesue thickness compensator 220 were (o be moved relative to the cartridge body 214 and/or the staples prior to
deploving the staples into the tissue, in some instances, the tissue thickness compensator 220 may move the staples
refative to or away {rom their preforred positions. Moreover, 1o the event that the tissue thickness compensator 220
were 0 be removed frora the cartridge 210 prior to the staples being deployed, the cartridge 210 may no longer be
suitable for its originally intended use. In view of the foregoing, as discussed 1o greater detail below, the end effector
200 may include s lockout configured to prevent the firing member 240 and/or the sled 2390 from being advanced

distally to deploy the staples in the event that the tissue thickness compensator 220 {s rerooved fram, or becomes a

e

least partally dislodged from, the cartridge body 214 prior o the staples being deployed.

{0198] Refercing 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

nstances, referring primarity to FIG. 47, the loop 222 can comprise ends which are at least partially embedded m the

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 oompris a suture or tlexible thread, for example. In some instances, the loop

222 can be coraprised of a bioabsorhable | al and/or a biocowpatible waterial, for example. Referring primarily

f\

to FIG. 48, the sled 230 can include a longitudinal body portion 236, a hook 238 extending from the body portion 236,

P 1

d a slot 237 defined between the body portion 236 and the hook 238, Asillustrated in FIG. 48, the loop 222 s

a
positioned within the slot 237 when the tissue thickness compensator 220 is positioned over the cartridge deck 211
and the sled 230 and the {iring roexober 240 are 10 an unfired position. As also fHlustrated in FIG. 48, a distal
projection 244 extending from the firing member 240 is positioned against and/or above & supp(m shoulder 234
defined on the sled 230 which holds the firing roember 240 in an unlocked position, i.e., in a position in which the
distal movement of the firing member 240 will not be impeded, or at least substantially impeded, by a lockout
shouider 212 defined in the end effoctor 200 when a firing motion is appliad to the firing member 240, Thus, when
the sted 230 holds the firing member 240 {0 its unlocked position, referring to FIG. 49, the finag mersber 240 will
shide past the lockout shoulder 212 to advance the sled 230 distally, fire the staples removably stored within the
cartridge body 214, and incise the tissue thickness compeusator and the tissue positioned within the end effector 200
with a knife edge 242, As ifustraied in FIG. 49, the loop 222 can shide out of the slot 237 defined in the sled 230
when the sled 230 is advanced distait
{#399]  In the event that the tissue thickness compensator 220 is removed from the cartridge 210 or substantially
moved from 2 suitable position over the deck 211 of the carinidge 210, referring now to FIUG. 30, the tissue thickness
compensator 220 can pull the sled 230 distally such that the firing member 240 is no longer supported by the sled 230.

~ I [P § N

Mare particularly, the loop 222 of the tissue thickness compensator 220 posiioned within the siot 237 can pull the

slod 230 distally from its unfired position such that the support shoulder 234 is no longer positioned under the distal
projection 244 of the firing wember 240, In such circumstances, the Oring member 240 way shift downwardly into a

focked posttion 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 a spring, {or example,

which can bias the firing member 240 into its locked condition. When the firing member 240 1< inits lockedd

condition, the firing member 240 cannot be moved distally to advance the sled 230, fire the staples from the cartridge
body 210, and/or incise the tissoe caplured within the ead effector 200, Although the sled 230 way be advanced

distally when the tissue thickness compensator 220 is removed from the cartridge 210, the sled 230, 1n various

circumstances, may not be advanced sufficiently 1o deploy the staples from the cartridge 210, Whean the user of the

surgical nstrument recognizes that the fiviug merber 240 s 1n a2 locked-out condition, the user can remove the staple
cartridge 210 from the end effector 200 and replace it with a staple cartridge 210, for example, in which the tissus
thickness corupensator 220 is correctly positioned over the deck 211 and the sled 230 has not been advanced distally
from its unfired position. Other embodiments are contempiated in which a staple cartridge {s not removable from the
end effector; in such embodiments, the end effector may be entirely replaced in the event that the tissue thickness

conpensator is removed from the staple cartridge and/or the firing member enters into a locked-out condition.
$2001 Turning now to FIGS. 51-33, a staple cartridge 310 can mclude a cartridge body 314 and a sled 330 miovably
] g i £ & Y :
positioned within the cartridge body 314, Similar to the above, the cartridge body 314 can include 2 plurality of
fastenter cavities, such as tastener cavities 316, for example, and a longitudinal slot, soch as knite siot 318, for
=k

1
1
1

example, defined therein. The sled 330 can include a central body portion 336 slidably p@siti@ncﬂ within the knifi

stot 318 and 2 hook 338 extending froro the central body portion 336. Referring primerily 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
17

bady portion 321 wherein the catch 322 can be releasably retained in a slot 337 defined hetween the ook 338 and the

central body portion 336 when the sled 330 is in its unfired, or unadvanced, position. Similar to the above, the carch

322 can include ends 323 mounted within the body 321 and can extend proximally from the body 321 of the tissue

thickness compensator 320 wherein, in the event that the tissue thickness compensator 320 is removed from the

by

cartridge body 314, for instance, the catch 322 can pull the sled 330 distally such that a support shoulder 334 defined
i the central body portion 336 15 no longer able to support & ﬁring member, such as firing member 240, for example,
therson and such that the firing member may enter a locked out state. In varicus instances, a user of the surgical
instrurnent may attenipt 1o reassemble or reposition the tissuie thickxiess compensator 320 over the dock 311 of the
cariridge body 314; however, the firing member 340 will still remain in a locked out condition as the repositioning of
the tissue thickuess compensator 320 will not reset the sled 330, Thus, such an arrangeent can prevent the cartridge
310 from being used 171t has been previmisly tarnpered with.

{0201 In various instauces, 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
wstances, 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 knife slot 318, In such embodiments, the catch 322 can be easily slid it
the stot 337 when the tissue thickness corapensator 320 1s assembled to the cartndge body 314, }u certain instances,
the catch 322 can be positioned above or against the deck surface 311 of the cartridge body 314, In various instancos,
referving primarily to FIG. 53, the cartridge body 314 cariinclode a recess or pocket 319 defived 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 hoole 338 may be positioned below the deck surface 311 In various instances, the pocket 319 car
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 carch 322 can abut the ramped surfaces 313 when the
sied 330 is advanced distally and, 1o such circurastances, the hook 338 can then separate from the catch 322, In

Various instances, the rocess 319 can be configured to facilitate the assembly of the catch 322 to the sled 330 when the

\}

tissue thickness compensator 320 is assembled to the cartridge body 314, o varicus embodiments, the slot 337 can
extend longitudinally aad can include a closed distal end an open proximal end wherein the eatch 322 can be slid into
the siot 337 fron the open proximal end. In the event that the tissue thickness compensator 320 1 not prematurely
remnoved or distodged fom the cartridge 314, the sled 330 can be advanced distally such that the catch 322 exits the
siot 337 through the distal end thereof and such that ranps 332 defined on the sled 330 can gject the staples from the
staple cartridge 310.
{02062} In various instances, a tissue thickness compensator can be adbered 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
enough 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 1s advanced distally by the firing member as part pf the
firing stroke, the adhesive attachment between the tissue thickness compensator and the sled may fail thereby
permitting the sled to shide distally relative to the tigsue thickness compensator. In various 1astances, a tissue
thickness compensator can be bonded to a sled utilizing a heat steak process and/or a thermoform process. In such
instances, the hond between the tissue thickness compensator and the sled can be strong enough 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 {s advanced distally by the finng mernber as part of the firtug stroke, the bond between the
tissue thickness compensator and the sled may fail thereby permitting the sled to slide distally relative to the tssue
thickness compensator.
{203} Iu some instances, a loop, a catch, and/or tag, for example, can be integrally formed with a tissue thickness
corapensator. lo varicus instances, the loop, cateh, and/or tag, for example, can comprise & unitary piece ot material
sith the tasue thickness compensator. In some instances, an additional layer can be attacked 1o the tissue thicknes
cotpensaior. This laver, i various instances, ¢an mmprise a mounting portion engaged with the sled.
{0204] Tuming now to FIG. 54, a sled 430 can inctude, similar to the above, a central body portion 436 and, in
addition, a plurality of ramps 432 which are configured to ¢ject staples removably stored within a cadridge body, for
example. Also similar to the above, the body portion 436 can include a hook 438 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. Ib various instances, the slot 437 can further 1nclude a first
portion 437b extending in a first direction and a second portion 437¢ extending in a second direction. In certain
instances, the frst portion 437k can extend along a longitudinal axis and the second partion 437¢ can extend along a
second axis which is transverse to the longitudinal axis. In at least one such instance, the second portion 437¢ can

exiend at an angle relative to the Gest portion 437h.
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{0205] Turning now to FIGR. 53-58, a sled assembly 330 can include a first portion 535 and, in addition, a second

portion 336 which s movable relative to the first portion 538 between an unlocked position (FIGS and 37y and a

focked position (FIGS. 536 and 38). The first portion 535 can include, one, a central portion configured to slide within
& tongiudinal slot, such as a kndle slot 518 defined in a staple cartridge 519, for 1nstance, and, two, a plorality of
ramps 532 configured to gject staples removably stored within the cartridge 510, The central portion of the first
portion 335 can wclude a first slot 533a and a second slot 533b detined therein. The tirst slot 533a and the second slo
533b can be configured to receive pins 531a and 531b, respectively, extending from the sceond portion 536, The first
pin 531a can be contigured to slide within the first siot 333a and the second pin 53 1b can be configured to siide within
the second slot 333b in order to permit the second portion 536 to rotate relative to the first portion 535, In vanous
instances, the first pin 531a can be closely received within the first slot 533a such that the firsi slot 333a can consirain
the motion of the first pin 5314 along a frst path and, similarly, the second pin 531b can be closely received within
the second slot 333b such that the second slot 533b can constrain the motion of the second pin 331b along a second
path. Referring primarily to FIG. 57, the secoud portion 336 of the sled assembly 530 can comprise an arm
configured to slide within the koife slot 518 wherein the amm can include a support shoulder 334 defined on the
proximal end thereot and a book 538 defined on the distal end thereof. Sirmilar to the above, the support shoulder 534

can be contfigured to support a firing member 240, for example, in an unlocked position when the sled assembly 530 is

in a proxnal, unfired position and the tissue thickness corapensator 220, for instance, is positioned over and/or

against the deck surface 311 of the cartridge 510, Also similar to the above, the hook 538 can be configured to

releasably hold the loop 222 of the tissue thickness corapensator 220 such that, in the event that the tissue thickness
compensator 220 were 1o be removed from and/or substantially displaced relative to the cartridge body, the loop 222
ould pull on the second portion 336 1o pivot the second pottion 536 ioto its locked posituon as ilosteated in FIG. 58.
Inn such a locked position of the second portion 536, the support shoulder 334 may no longer support the distal
projection 244 of the firing merober 240 and the firing mwember 240 can drop downwardly into its locked position. As
depicted in FIG. 58, the rotation of the second portion 536 into its locked position can move the support shoulder 534
distally and/or downwardly away from the firing wmember 240, As also depicted 1o FIG. 5§, the firing nrember 240
can mctude a lock 541 extending from opposite sides thereof which can be configired to abut the lockout shoulder
212 when the firing meraber 240 is 1o s locked positon. When the firing member 240 s held 1n its unlocked

position by the sled assembly 530, the locks 541 may wot contact the lockout shoulder 212 and the firing member 240

Rt

can be advanced through the cartridge 510,

{0206] In varicus instauces, as discussed above, a portion of a staple-driving sled may extend above the deck surface
of a cariridge body. For instance, referring again to FIGS. 52 and 54, the hook 338 of the sled 330 (FIG. 32} and/or
the hook 438 of the sled 430, for exanmple, can extend above the deck surface. In 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 agarust or above the deck surface. In certain instances, the hook 338 and/or the hook 438 can
1ift the tissue thickness compensator upwardly away from the cartridge body and facilitate the progressive release of
the ussue thickuess compensaior from the cartridge. For instance, the hook 338 and/or the hook 438 can begin af the

roximal end of the tissue thickness compensator and move toward the distal end of the tissue thickness compensator
Lend of th thick 1 d b ithe distal end of the t hickne t
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in order to initially 1ift the proximal end of the tissue thickness compensator and then progressively lift it away from
the cartridge deck: ontil the distal end of the tissue thickness compensator is eventually lified away from the cartridge
body. In other instances, as discussed in greater derail further below. it may be preferable for the portion of the sle
coutacting the tissue thickness compensator to deflect downwardly and/or otherwise not distarb the tissue thickness
conpensator as the sled is advanced distally.

{207 Tuming now to FIGS. 39 and 60, a staple cartridge 619 can include a cartridge body 614, a tissue thickuess
cotnpensator 620 releasably retained 1o the cartridge body 614, and s sled 630 configured to longitidinally traverse
the cartridge body 614 and gject staples removably stored therein. The sled 630 can include a main body portion 635
having a plurality of ramp surfaces defined thereon, a support shoulder 634, and an arm 636 extending fom the body
portion 635, In various instances, the arm 636 can he assembled to the main body poriion 635, For instance, the arm
636 can include a first end embedded in the main body portion 633 and a second end inchuding a hook 638, for
exaniple. In various instances, the arm 636 can comprise a cantilever beam exiending from the main body portion
635, In certain instances, the arm 636 can be comprised of a resilient and/or flexible material, for example. Similar 1o
the above, a slot 637 can be definad hetween the hook 638 and the arm 636 which can be configured to releasably

hold a poﬁ;i@u of the tissue thickness compensator 620 when the sled 630 is in its proximal, vofired position. In the

ovent that the tissue thickness compensator 620 is pulled off of the cartridge body 614, for example, the tissuc

thickness corapensator 620 can pull the sled 630 distally away from a Brog merober so that the firing wember enters
into a locked out condition.

{02681 In vanous nsiay

1ees, further o the above, at least a portion of the aoe 636, such as the hook 638, for
exampie, can extend above the deck surtace 611 of the cartridge body 614, In certain instances, the arm 636 can be
engaged with a loop, for exaraple, extending from the tissue thickuess corapensator 620 when the sled 63018 inits
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 distally, in certain instances, the arm 636 can contact the body portion 621 of the tissue
thickness corapensator 620 and flex d(mnwardly, In vanous instances, the deflected arm 636 can slide within a

longitudinal knife slot 618 defined in the cartridge body 614 as the sled 630 15 advanced distally. o some rostances,

(.'ﬁ

referring to FIG. 60, the distal end of the longitudinal slot 618 can be defined by a nose wall, or oof, 619 whoerein,

when the sled 630 reaches a distal end 617 of the cartridge 610, the arm 636 can slide under the nose wall 619 such
that the firing stroke of the end effector can be completed. In some instauces, the arm 636 way not be deflected, or
substantially deflected, downwandly by the tissue thickness compensator 620 wherein, when the arm 636 reaches the
end of the longitudinal slot 618, the arm 636 can contact the nose wall 618 and flex downwardly in order to shide
thereunder as illustrated in FIG. 60. In various circumstances, as a result, the flexible arm 636 can permit the firing
str ¢ be completed and for the sied 630 1o be parked at the distal end of the cartridge,

{0209] Turning now to FIG. 61, asled, such as sied assembly 730, for example, can include a main body portion 735

and a movable arm 736, Simular to the above, the mar body portion 735 can include one or more staple-driving
ramps 732 and a support shoulder 734 configured to support a firing member in an unlocked position, as described
above. The acm 736 can inchude a frst end pivotably and/or rotatably raounted to the main body portion 738 and a

second end including a hook 738 configured to be releasably engaged with a tissue thickness compensator, as
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described above. When t assembly 730 is advanced distally, the hook 738 can detach from the tissue thickness
compensator; however, the upper surface of the hook 738 can remain in coutact with the botion surface of the tissue
thickness compensator. In such circumstances, the arm 736 can pivot downwardly into the knife slot 318, for
example, in order to shide under the tissoe thickness compexsator. More pacticudarly, the arm 736 can pivot from a
raised, or uppermost, position (FI(G. 61) to a lowered, or depressed, position. In various instances, the sled assembly
73¢ can further include a resilient biasing member, such as a spring 7 3}, tor example, configured to bias the aroy 736
into its raised position. Whon the arm 736 has been rotated downwardly into its lowered position, the spring 731 can
apply a biasing force to the arm 736 which is transmitied into the tissue thickness compensator. In certain instances,

the spring 731 can be positioned termediate the arm 736 and a frame portion 733 defined on the wsin body portion

735. In various instances, the spring 731 can comprise wtilever spring or leaf spring, for example, extending from
the arm 736. When the arm 736 is pushed downwardly, the cantilever spring can be configured w flex and/or slide

along the frame portion 731, for instance. Int various embodiments, the main body portion 733 can further include 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 downwandly when it contacts the roof 619 and permit the ﬁring
stroke to be completed.

{0219  In various instances, a staple can comprise a base and one or more legs extending from the base. In certain

wstances, a staple can coraprise a base including a first eud and a second end, a fiest leg extending from the first end,

and a second log extending from the second end. In some instances, the staple can be formed from a continuous wire
which coruprises the first leg, the hase, and the second leg. A first end of the continuous wire can comprise a tip of
the first staple leg and a second end of the continuous wire can comprise a tip of the second staple leg. One such
staple, L.e., staple 800, is depicted in FIG. 62, for example, The staple 800 can include a base 802, a frst 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 frst tip 806 and, siuxiatly, the second staple leg 204 can include 2 second
tip 806, In various instances, the tips 806 can be configured to penetrate tissue, such as tissue T depicted i FIG. 82,
for example. In some inetances, the tips 806 can be sharp and can be tormed by a coining process, for example. In
various erbodiments, the wire can be comprised of ttanium and/or stainless steel, for example.

{0211]  In varous exnbodiuents, the staple 860 can be U-shaped, or at least substantially U-shaped, for example,
when it is 1n its unformed configuration. In such embodiments, the legs 804 of the staple 800 can be parallel, or at
least subsiantially parallel, to one another, Moreover, in such embodiments, the legs 804 can be perpendicular, or at
least substantially perpendicular, to the base 80Z. 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 1n non-pacatlel directions. Moreover,
such embodiments, one or both of the legs 804 arc not perpendicular to the base 802 wherein one or both of the legs
804 can extend in directions which are chlique t¢ the base 802, [n vagous instacces, the logs 804 may extend, or
splay, outwardly with respect to a center or midline of the staple. In any event, the staple 800 can be removably stored
withiu a staple cartridge, ejected frora the staple carttidge 1o penetrate tissue, as iHustrated 10 FIG. 62, and theu contact

an anvil positioned on the opposite side of the tissue. The anvil can be configured to deform the staple 800 into any
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suitable shape, such as a B-form configuration, for example, as also illusirated in FIG. 62, Various formed staple
configurations, such as the B-form configuration, for example, can define a tissue entrapment area, such as tissue
entrapraent area 807, for example, configured to entrap tissue within the staple.
[6212]  As discussed above, a staple can be removably stored within a cavity defined in a cartridge body. A
cartridge body 810 is depicted in FIG. 63 which can include one or more staple cavities 812 defined therein. Referring
to FIGS. 63, 68, and 69, each staple cavity 8§12 can include a tirst end 814 and a second end 814. In certain
crubodinents, such as embodiments including a longitudingl end effoctor, for example, the first cnd 814 can comiprise
a proximal end of the staple cavity 312 and the second end 814 can comprise a distal end of the staple cavity 812, In
various instances, a staple can be positioned within a staple cavity 812 such that a first leg 804 of the staple 800 is
posttioned in the first end 814 of the staple cavity 812 and a second leg 804 is positioned n the second end 814. In
various instances, a staple cavity width can be defined between the ends 814 of a staple cavity 812, The base 802 of
staple can be defined by a base width which can be equal to or shorter than the staple cavity width, for example. In
certain instances, a staple can comprise a staple width which can be defined between the tips 806 of the staple legs
804. In e embodiments, the staple width can be equal 1o the staple cavity width.  In various emboediments, the
staple width can be wider than the staple cavity width. In such embodiments, the legs 804 can be in contact with the
cnds 814 of a staple cavity 812 and can be resiliently biased inwardly by the ends 814 when the staple is positioned
withio the staple cavity 812, Wheu the staple is lified upwardly out of the staple cavity 812, the legs 804 can
resiliently splay outwardly as they emerge from the staple cavity 812, For example, 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 sueface, or deck, of
the cartridge body 810 when the staple is in its unfired, or unlifted, position. I such a position, the tips 806 can be
positioned {ush with or recessed below the deck 811 of the cartridge body 810, Allernatively, the tips 506 of the legs
804 can at least partially extend above the deck 811 of the cartridge body 210, In any event, as the siaple is lifted
upwardly, the staple tips 806 can emerge above the deck 811 and splay outwardly as the legs 804 emerpe from the
cavity 812, At some point during the lifting of the staple, the legs 804 may no longer be in contact with the ends 814
of the staple cavity 812 and the legs 804 may no longer be biased inwardly by the sidewalls of' the staple cavity 812,
[$213]  In various instances, an anvil can inclhide one or move pockets conligired to recerve the tips 806 of the staple
fogs 804 as the staple 800 is ejected from the staple cartridge. The anvil pockets can be configured to turn, or bend,
the staple legs 804 wnwardly toward one suother, for example. o other wstances, the anvil pockets can be configured
to turn, or bend, the staple legs 804 outwardly away from one another, for exarnple. In some instances, however, one
or more of the staple legs of a staple may miss a staple pocket and may not be properly deformed. In certain
instances, one or more of the staple legs may not contact the anvil and may not be deformed at all. In either event, the
staple may not propecly capture and/or retain the tissue within its tissue entrapment area, Moreover, the misformed or
unformed staple may not be able to apply a desired compressive pressure to the tissue. In some instances, the
misformed or untbrmed staple may rot be retained in the tissue and can become disledged from the tssue.
{#214] Referring again to FIG. 62, the staple 800, and/or various other staples disclosed herein, can include one or
more barbs extending therefrom. In varous instances, the barbs can be configured to engage tissue captiured within

and/or surrounding the staple. In certain instances, the barbs can assist in retaining the staple within the tissue,
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especially when the staple has been misformed or onformed. The staple 800 can include barbs extending from one or
both of the legs 804, For instance, each leg 804 can inchide 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 staple 800, for
example. In certain 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 area 807, As depicted in FIG. 62, both of the stapie legs 804 of staple
80¢ can inchide barhs 808 and barbs 809, In some instances, the staple legs 804 can include barbs 808, but not barbs
809 A staple 820 is depicted 1u FIG. 63 which includes barbs 808, but not barbs 809. In sowne instances, the staple

togs 804 can include barbs 809, but not barbs 808, Staples 830, 840, 850, 860, and 870 are depicted i FIGS. 64, 65,

b1
i

86, 67, and 68, respectively, which include barbs 808, but not barbs 808. In somie embodiments, a first leg 804 of a

staple can include barbs 808 while a secand leg 804 of the stapie can include barbs 809, for example.

{0218] 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 configuration. The barbs 808 can extend outwardly from the legs 804 within such a stapie plane.
Similarly, the barbs 809 can extend tnwardly from the legs 804 within such a plane. In some instances, a staple ca
wnctude barbs which extend laterally with respect to such a stapie plane. Other emnbodiments are envisioned in which
the legs 804 and the base 802 do not he within, or entirely lio within, a single plane. [n such embodiments, the barbs

can exiend in any suitable direction. In various embodiments, reforring now to FIG. 67, a staple, such as staple 850,

for example, can nclude barbs 803 extending from the base 802, {n vanous instances, the barbs 803 can extend
inwardly toward the tissue entrapment 307 of the staple 860. In certain instances, the barbs 803 can extend
outwardly away from the tissue entrapment area 807, As illustrated o FIG. 67, the barbs 803 can extend within a
staple plane defined by the logs 804 and the base 802, In certain instances, the barbs 803 can extend laterally with
respect 1o such a staple plane. Vanous exeraplary barb configurations are discussed in greater detadl further below.
{#216] In various instances, a staple leg 804 can comprise an array of barbs 808 which extends along the entire
ength thereof. In some instances, a staple leg 804 can comprise an array of barbe 808 which extends along less than

the entire length thereof. By way of example, referring to FIG. 62, the legs 804 of the staple 800 eact comprise an

array of barbs 808 which extends along less that the entire length of the legs 804, Similarly, referring to FIG. 63, the

fegs 804 of the staple 820 each comprise an arvay of barbs 808 which extends along less thau the entive length of the
fogs 804, With regard to the staple 800, for example, an array of harbs 808 can extend along each of the legs 804 fro

the base 802 of the staple 800 toward the tips 806 of the legs 804, As illustrated i FIGL 62, the arrays of barbs 808

may not extend to the tips 806 of the legs 804, Tn various instances, the arrays of barbs 808 can extend along half, or

approximately half, the lengths of the legs 304, for example; however, any suitable length of the barb arrays 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 sorne embodiments, an array of barbs 808 can extend along each of the legs 804 from the tips 806 of the
fegs 804 toward the base 802, In such embodiments, the array of barbs 808 may not extend to the base 802, In some
erabodiraents, a leg 8§04 can comprise an aray of barbg 808 which does not extend to the tip 806 of the leg 804 or the
base &02. In cortain embodimenis, a leg 804 can comprise more than one array of barbs 808.

B2171  In various instances, further to the above, a staple leg 804 can coraprise an axray of barbs 809 which extends

)

along the entire length thereof. By way of example, reforring to FIG. 64, the legs 804 of the staple 830 cach comprise
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an array of barbs 809 which extends along the entire lengih of the legs 804, In some instances, a staple leg 804 can
comprise an aray of barbs 809 which exiends along less then the entire length theteof. By way of exarple, wefering
to FIG. 63, the legs 804 of the staple 840 each comprise an array of barbs 809 which extends along less than the entire
length of the legs 804, Similarly, referciog to FIG. 68, the legs 804 of the staple 870 each comprise an areay of batbs
809 which extends along less than the entire longth of the legs 804, With regard to the staple 840, for example, an

array of barbs 809 can extend along each of'the legs 804 from the base SU2 of the stapie 840 toward the tips 806 of the

fegs 804, As illustrated in FIG. 65, the arrays of barbs 509 maay not extend to the tips 806 of the legs 804, In various

instances, the arrayvs of barbs 809 can extend along half, or approximately half, the lengths of the Jegs 804, for

example; however, any suitable length of the barb arrays could be utilized. For wustance, the arrays of barbs 809 can
exiend along less than hali or more than half of the lengths of the legs 804, In some embodimeents, an array of barbs
809 can extend along each of the legs 804 from the tips 806 of the legs 804 toward the base 502, In such
crmnbodiments, the array of barbs 8¢9 may not extend to the base 8§82, In some embodiments, as illustrated io 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
certain enbodiments, a leg 804 can coroprise roore than one array of barbs 809,
{0218] Various barb configurations are depicted 1 FIGS. 70-73, although any suitable barb configuration could be
utilized. Referring to FIG. 70, a staple leg 804 can include at least one barb 809, for example. In various instances,
the barb 809 can comprise a prong. The prong can inchude a Girst surface 8093 and a second surface 809b which cau
extend from the perimeter 805 of the staple leg 804. The first surface 809a can comprise an inclined surface, a convex
surface, and/or a concave surface, for exaniple. The second surface 809b can comprise a flat, or an at least
substantially flat, surface, for example. In various instances, the tirst surface 809z and the second surface 809b can
converge at an edge 309¢, for example. The barb 809 can be formed uvtilizing any soitable process. For instance, the
barb 809 can be formed utilizing a stamping process. In at least one embodiment, a forming die, for example, can be
utilized to strike the perimeter 303 of the wire coraprising 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 U9 can be tapered. In various {nstances, the barb 309 can include a base adjacent to the
perimeter 805 which is thicker than a tip of the barb 809.
{62191 Refernng now o FIGS, 68, 69, 71, and 71 A, a siaple log 804 can inchude ast one barh 879, for example.
{p at least one embodiment, the barb 879 cau extend around a porion of the perimeter 805 of the staple leg 8¢4. In
various {nstances, the harb 879 can include a first surface 8792 and a second surface 879 which can extend from the
perimeter 805 of the staple leg 804. The first surface 8792 can comprise an inclined surface, a convex surface, and/or
a concave surface, for example. The second surface 8790 can comprise a flat, or an at least substantially flat, surface,
for example. In various instances, the Sest surface 879a and the second surface 879b can converge at an edge 879¢,

for example. In various instances, the edge 87%c can be arcuate, for example. The barb 879 can be formed utilizing

ing process. [n at least one

any suitable process. For instance, the barb 879 can be {ormed utilizing a stargy
embaodiment, a forming die, for exanmple, can be utilized to strike the perimeter 803 of the wire comprising the leg 804
in order to upset, or disturb, enough roaterial i 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 diameter which is
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- than the diameter 801, Corespondingly, the wire comprising the leg 804 can be defined by a radius and the
barb 879 can be defined by a radius which is larger than the wire radius. In various embodiments, the barth 879 can be
tapered. In various instances, the barb 8§79 can include a base adjacent to the perimeter 8035 which is thicker than a tip
of the bark 879,

{0220] Reterring now to FIG. 72, a staple leg 804 can include at loast one barb 889, for example. In at least one
embodiment, the barb 889 can extend around the entirety of the perimoeter 305 of the staple feg 804, In various
instances, the barb 889 can inchide a first surface 88%a and a second surface 889b which can extend from the
penimeter 805 of the staple log 804, The first surface 889z can comprise an inclined surface, a convex surface, and/or
3 concave surface, for example. The second surface 889b can comprise a flat, or an at least substantially flat, surface
for example. In various instances, the first surface 889a and the second surface 889b 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, ihe barb 889 can be formed utilizing a stamping process. 1o at least one
embodiment, a forming die, for example, can be utilized to strike the perimeter 303 of the wire comprising the leg 804
10 order to apset, or disturb, enough moaterial o create the barbk 839, The wire comprising the leg 304 can be defined
by a wire diameter and the barb 889 can be detined by a diameter whickh 1s larger than the wire diameter.
Correspondingly, the wire comprising the log 804 can be defined by a radius and the barb 889 can be defined by a
radius wiich is Targer than the wire radius. Tu various embodinents, the bach 889 can be tapered. To varicus instances,
the barb 889 can include a base adjacent to the perimeter 805 which 1s thicker than a tip of the barb 889,

{6221] Referang now o FE3. 73, a staple leg 804 can inchude at least one barh 899, for example. Invarious
instances, the barb 899 can comprise a prong. The prong can include a fivst surface 899a and a second surface 899b
which can extend from the perimeter of the staple log 804, The first surface 899a can comprise an inclined surface,
convex surface, and/or a concave surface, for example. The second surface 899b can comprise a fiat, or an at least
substantially flat, surface, for example. In various instances, the first suxface 899z and the second surface 89%b ¢

converge at an edge 899¢, for example. The barb 899 can be formed utilizing any surtable process. For instance, th

<

harb 899 can be formed utilizing a stamping process. In at least one ercbediment, a forming die, tor example, can be
atilized to strike the perimeter of the wire comprising the leg 804 in order to upset, or disturb, enough material to
create the barb 859, In various embodiments, the wire coraprising the staple can include one or more fat sides. Inat
least one embodiment, the wire can nclude opposing flat sides 893, for example. Yu at least one such embodiment,

10

the flat siddes 895 can be formed into 1 cylindrical wire. In some instances, the wire can retain one or mote cylindrical
surfaces in addition to the flat sides 895, In various instances, a barb can comprise any suitable nib or spur, for
exampie. In various embodiments, the barb 89% can be tapered. In various instances, the barb 899 can include a base
adjacent to the perimaeter of the leg 304 which is thicker than a tip of the bach 899,

{$222] In various instances, the legs of a staple can define a staple planc. The base of the staple may or may not be
positioned within the staple plane. In etther ovent, one or more barbs extending from the legs and/or the base may
extend within and/or extend paraliel with respect to the staple planc. In somie instances, one or more barbs cxtending
{frorn the legs and/or the base can extend outwardly from the staple plane. One or more barbs extending fron the legs

and/or the base can extend transversely with respect to the staple plane. I various instances, a barb can extend
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circumferentiaily around & staple leg. Such a barb can extend within and outwardly from the staple plane. In some
1stances, a bark can extend around the entire cliroumference of a staple leg. In cenain instances, the barb can extend
fess than 360 degrees around a staple leg. A barb extending within « staple plane can readily control tissue within the
staple plane. A barb extendrng outwardly from a staple plane can readily control tissoe ouiside of the staple 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 staple plane.

{62231 Refernng again to FIG. 62, the barbs extending from a staple leg 804 can be configured to retain the staple

leg 804 within tissue. As outline above, the staple legs 804 may be malformed and/or unformed by ap anvil in certain

A

istances and, owing to the barb, or barbs, extending therefrom, the staple leg 804 may still be retained 1n the tssue.

1 various insiances, the barbs can be configured to trap tissue within the tissue entrapment area of the staple. In

1

certain instances, the barbs can be configured to hold the tissue against the base 302, In such instances, the barbs can
apply a compressive force or pressure to the tissue. As discussed above in connection with the embodiments depicted
in FIGS. 70-73, a barb can comprise an inclined, convex, aud/or concave top surface, such as surfaces 809a, §7%a,
8894, and/or 899a, for example. The top surtaces of the barbs can be configured to facilitate the insertion of the barbs
and the staple legs 304 wto and/or through the tissue. As also discussed above in connection with the embodiments
dopicted in FIGS. 70-73, a barb can comprise & flat, or at least substantially flat, botton: surface, such as surfaces
539D, 879, 889, aud/or §99b, for exarople. The bottom surfaces of the barbs can be configured to inhibit the
removal of the barbs and the staple legs 804 from the tissue. As a resuli of the above, in certain circumstances, the top
b

abut the tissue. In various circumstanees, the tips 806 of the staple legs 804 can be configured to puncture a heole in

2 tissue while the botiom surfaces of the badhs can be configured to

surfaces of the barbs can be configured to pierce

the ussue while the staple legs 804 and the barbs extending thereffom can be configured 1o resitiently 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 suriaces of the barbs.

{0224] In certain embodiments, a first bark can extend from a first log 804 of the staple and a second barb can extend
from a second leg 804 of the staple. In various ingtances, the first barh and the second barb can be located the same
or at lcast substantially the sawe, distance between from the base 802, b cortain instanices, 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 8064, In

various embodiments, referring privarily to FIG. 62, a staple can include a first leg 804 tncluding a fivst areay of barbg

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 stap

X

ie within the tissue. In various embodiments, & barb from the first
array and a barb from the second array can comprise a pair of barbs configured to engage tissue at the same vertical
distance from the base 802, for example. 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 distance from the
base 802, In such circumstances, a staple can be suitable for use with difforent tissue thicknesses. For instance, when
a staple is used 1o staple thin tissue, one paix of baths, or less than all of the barh pairs, may engage the thin tssue. I

that staple were used io 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 from the legs 804 can be arranged in a manner it accordance with
the ussue thickness, or range of tissue thicknesses, that can be stapled by the staple. For wostance, referring again to

FIG. 62, the barbs 808 and 809 can be selectively positioned along the legs 804 such that they are positioned within

¢ 10 the tssue captured within the staple. In certain instances, the portious of the staple legs 804 that are
deformed by, or come into contact with, an anvil may not inchude barbs extending theretrom. In at least some
instances, an array of barbs extending trom the inwardly-facing side of the stapia lege 804 may be longer than ag array
of barbs extending from the outwardly-facing side of the staple legs 804, In other instances, an array of barbs
extending from the inwandly-facing side of the stapie legs 804 roay be shorter thae an array of barbs extending from
the outwardly-faciug side of the staple legs 804, In yet other instances, an array of barbs extending frow the inwardly-
facing side of the stapie legs 804 may be the same lengih as an array of barhs extending from the outwardly-facing

gs 804,

VS

side of the staple e
{02257  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 contempiated,
however, where a staple inchiding one or more of the barbs disclosed herein is tnserted into tissue and remains
intentionally unformed. In any event, staples including one or more of the barbs disclosed herein can be usetul in
stapling thick tissue. More particularly, in some instances, the presence of thick and/or dense tissue betwoen a staple
cartridge and an anvil and/or the presence of thick and/or dense tissue within a staple may prevent the staple from
becoming fully formed or closed. For instance, the staple may not be fully closed into a B-form configuration or the
staple may nal be closed at &l Tnsuch instances, the barbs of the unclosed staples may inhibit or prevent the tssue
from being pulled out of the staple, for example. An array of barbs extending along the length of a staple leg may

permdt the leg to remain retained in the tssue regardless of the thickness of the tissue.

=

{0226] Various embodiments are contemplated in which at least one barbed staple, such as barbed staple 800, o
exampie, are removably stored within a staple cartridge, such as the staple cartridge 22000 fllustrated v FIGS. 10-12,
for example. Certain embodiments are envisioned in which a staple cartridge includes only barbed staples while other
embodinents are envisioned which utilize barbed staples and non-barbed staples. For instance, a first row of staples
can conprise barbed staples while a second row of stapies can corprise non-barbed staples. In some instances, the
staples stored within a staple cartridge can bave the same, or essentially the same, unformed height. At least with
regard to U-shaped and/or V-shaped staples, for example, the vuformed heiglt of a staple can be defined as the
vertical distance between the botton of the base of the staple and the tips of the staple legs. Such a measurement can
be taken before the sta

sies are inserted into the staple cariridge, when the staples are removably stored within the

i

2]

taple cartridge, and/or before the staples are deformed against the anvil. In some instances, barbed staples arranged
0 a first row in a staple cartridge can comprise & first onformed height and barbed staples arranged 10 a second row in
the staple cariridge can comprise a second uniormed beight. Barbed staples in a third row in the staple cartridge can
comprise the first uniforoed height, the second unformed height, 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 slot defined in the staple
cartridge or ou opposite sides of the kuife slot. To use, the barbed staples rerpovably stored in a staple cartridge can be

formed to the same formed height or different formed heights. The formed height of a staple can be defined as the



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 example, the formed height of the staple can be measured between the bottom 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 cartridge can be deformed to a first formed height and barbed staples arranged in a second row in the
staple cartridge can be deformed to a second formed height. Barbed staples in a third row in the staple cartridge can
comprise the first formed height, the second formed height, or a third formed 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 slot defined in the staple cartridge
or on opposite sides of the 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
and/or stapling instruments which create staple rows having different formed heights. 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 deformed to a second
formed height. In various instances, a third row of barbed staples 800 could be deformed to a third formed height. In
some instances, the barbed staples 800 deformed to different heights can begin with the same, or essentially the same,
unformed height. In certain instances, the barbed staples 800 deformed to different formed heights can begin with
different unformed heights. Various structures can be utilized to form staples to different formed heights. For
instance, movable drivers supporting the staples can support the staples at different distances relative to the anvil. In
some instances, the anvil can include staple forming pockets having different depths. In various instances, a staple
driver can include a cradle configured to support the base of a staple and push the staple upwardly toward a forming
pocket defined in the anvil. The formed height of a staple can be determined by the distance between the bottom
surface of the cradle and the top surface of the forming pocket. In certain instances, the deck of a staple cartridge can
include stepped surfaces, as illustrated 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 step wherein the first step and the second step can be
vertically offset from one another. For instance, the first step can be positioned vertically above, or closer to, the anvil
than the second step. In 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 comprise a first step, a second step positioned vertically above the first
step, and a third step positioned vertically above the second step. Various embodiments are envisioned in which the
deck of a staple cartridge includes any suitable number of steps and any suitable number of walls between the steps.

A first 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 defined in the third step, for example. The first row of staple
cavities can include staples having a first unformed height, the second row of staple cavities can include staples
having a second unformed height, and/or the third row of staple cavities can include staples having a third unformed
height, for example. Various embodiments are envisioned in which a staple cartridge includes any suitable number of
staple rows having different unformed heights. The staples in the first row of staple cavities can be deformed to a first
formed height, the staples in the second row of staple cavities can be deformed to a second formed height, and/or the

third row of staple cavities can be deformed to a third formed height, for example. Various embodiments are
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envisioned in which a staple cartridge includes aty suitable number of staple rows which are deformed o different

&

forred heights. In addition to or in heu of having different formed staple heights, an end effector of 2 staphing

instrument can have different 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 the anvil tssue compression surface 10063 of an
anvil. This gap can be configured to receive tissue T. This gap can also be configured to receive a tissue thickness
corapensator; however, a barbed staple may or may not be used with a tissue thickness compensator and the

discusaion provided with respect to barbed staples can be applicable in either circunistance. In any event, the reader
will appreciate that the anvi] tissue compression surface 10063 3¢ sicpped. The anvil tissue compression surface
10063 comprises a first portion positioned vertically above a second portion.  When the anvil and the staple cartridge
of an end effector are in 2 closed condition, as illustrated in FIG. 11, a first gap distance is defined between an outer
portion of the anvil tssue compression surface 10063 and the cartridge deck surface 22011 and a secound, different,
gap distance is defined between an inner portion of the anvil tissue compression surface 10063 and the cartridge deck
surface 22011, The first gap distance is illustrated as being larger than the second gap distance, but it is possible for
the first gap distance to be shorter than the second gap distance. Tissue compressed between the anvil and the staple
cartridge 1 the shorter gap distance can be compressed more than tissue in the larger gap distance. The barbs of a
barbed staple 800, for cxample, may engage the tissue differently depending on whether the tissue is positioned within
a shorter tissue gap or a larger tissue gap., More pacticulardy, tssue compressed within a shorfer tssue gap maay seek
to re~expand more after it is released from an end effector than tissue compressed within a larger tissue gap and the
barhs of a barbed staple moay 1uhibit or resist this re-expansion, depending on their configuration and/or posiuon ou the

barbs. In other instances, the barbs miay be configured and/or positioned so as to not inhibit or resist the re-expansion

2y

of the tissue. As the reader will appreciate, anvil tssue copression surface 10063 1s stepped and the cartridge deck

surface i¢ flat, or at least substantially flat, and, thus, the difference in tissue gaps defined within the end effector is a
function of the height of the stepped anvil surfaces. Other embodirents are envisioned. For instance, the anvil tissue
compression surface can be fat, or at least substantially flat, and the cartridge decl surface can be stepped. In other
instances, the anvil tissue compression suriace and the cariridge deck surface can both be stepped. In any event,
different gap distances can be defined between the anvil tissue compression surface and the cartridge deck surface.
While two gap distances have been iilustrated in FIGE, 10 and 11, more than two gap distances may be possible, such
3s three gap distances, for example. With further reference to FIGS. 10 and 11, a first longitudinal row of forming
pockets can be aranged within a first portion of an end effector having first tissue gap distance and 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 different than the first tissue gap distance. In some instances, the end effector can
nclode a thixd longitudinal row of forming pockets arranged within a third portion of the end effector having a thixd
tissue gap distance which is different than the first tissue gap distance and the second tissue gap distance. In certain

instances, the end etfector can inclode a third loagi

pudinal row of formaing pockets arranged within a thicd portion of
the end effector having a tissue gap distance which is the same as the first tissue gap distance or tho second tissue gap
distance. The reader will appreciate that an end effector can have different tissue gap distances and/oe di fferent

formed staple heights. An end effecior can have one, the other, or both.  In certain instances, shorter formed staple



heights can be associated within shorter tissue gap distances while larger formed staple heights can be associated with
larger tissue gap distances. In other instances, shorter formed staple heights can be associated with larger tissue gap
distances while larger formed staple heights can be associated with shorter tissue gap distances. Further to the above,
a staple can include a U-shape configuration in its unformed state. A U-shape staple can comprise a base and two
staple legs extending from the base wherein the staple legs extend in parallel directions to each other. Also further to
the above, a staple can include a V-shape configuration in its unformed state. A V-shape configuration can comprise a
base and two staple legs extending from the base wherein the staple legs extend in directions which are not parallel.
[0227] Various embodiments described herein are described in the context of linear end effectors and/or linear
fastener cartridges. Such embodiments, and the teachings thereof, can be applied to non-linear end effectors and/or
non-linear fastener cartridges, such as, for example, circular and/or contoured end effectors. For example, various end
effectors, including non-linear end effectors, are disclosed in U.S. Patent Application Serial No. 13/036,647, filed
February 28, 2011, entitled SURGICAL STAPLING INSTRUMENT, now U.S. Patent Application Publication No.
2011/0226837.

[0228] The devices disclosed herein can be designed to be disposed of after a single use, or they can be designed to
be used multiple times. In either case, however, the device can be reconditioned for reuse after at least one use.
Reconditioning can include any combination of the steps of disassembly of the device, followed by cleaning or
replacement of particular pieces, and subsequent reassembly. In particular, the device can be disassembled, and any
number of the particular pieces or parts of the device can be selectively replaced or removed in any combination.
Upon cleaning and/or replacement of particular parts, the device can be reassembled for subsequent use either at a
reconditioning facility, or by a surgical team immediately prior to a surgical procedure. Those skilled in the art will
appreciate that reconditioning of a device can utilize a variety of techniques for disassembly, cleaning/replacement,
and reassembly. Use of such techniques, and the resulting reconditioned device, are all within the scope of the present
application.

[0229] Preferably, the invention described herein will be processed before surgery. First, a new or used instrument
is obtained and if necessary cleaned. The instrument can then be sterilized. In one sterilization technique, the
instrument is placed in a closed and sealed container, such as a plastic 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-energy

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

facility.

[0231] While this invention has been 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 from 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 IS:
1. A staple cartridge, comprising:

a cartridge body;

a plurality of staples removably stored, at least partially, within said cartridge body; wherein said plurality of
staples are adapted to be ejected by advancing a firing member from a proximal end toward a distal end of the staple
cartridge; and

a tissue thickness compensator, said tissue thickness compensator comprising:

a first stapling portion;

a second stapling portion spaced apart from said first stapling portion; and

a third portion intermediate said first stapling portion and said second stapling portion, said third
portion comprising a thermally pressed region comprising a slot extending longitudinally between said first stapling
portion and said second stapling portion;

wherein the slot defines a tissue thickness compensator knife path for a cutting portion of the firing member,
configured to transect tissue as the firing member is advanced distally, between the first stapling portion and the
second stapling portion.

2. The staple cartridge of Claim 1, wherein said third portion comprises a biocompatible foam.

3. The staple cartridge of Claim 2, wherein said thermally pressed region is formed by inserting a space creator

into said biocompatible foam.

4, The staple cartridge of Claim 3, wherein said space creator is configured to melt through said biocompatible
foam.

5. The staple cartridge of Claim 4, wherein said space creator comprises a wire.

6. The staple cartridge of Claim 5, wherein said slot comprises a width between said first stapling portion and

said second stapling portion, and wherein said width is defined by a diameter of said wire.

CAN_DMS: \140291854\1 -67 -
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