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MULTELAYER TISSUE THICKNESS COMPERSATOR COMPRISING RESILIENT
AND SACRIFICIAL QOLLAPSIBLE LAYERS

BACKGROUND

[ogai} The present examples relate to stapling instruments and, in various smbodiments,

to a surgieal stapling instrament for producing one or muore rows of staples,

[Q002] A stapling instroment can Include g pair of eooperating elongate jaw mambers,
wherein sach jaw member can be adapted to be inserted Into & patient and positioned
relative fo tissue that is o be stapled andfor mcised. In various embodiments, one of the
jaw members can support a staple cavtridge with ot least two laterally spaced rows of
staples contained therein, and the other jaw member can suppott an anvil with staple-
forming pockets alipned with the rows of staples in the staple cartridge. Geperally, the
stapling Instrument can forther include a pusher bar and a knife blade which are shidable
refative to the jaw members to sequentially gject the staples fromy the staple varteidge via
camming surfaces on the pusher bar andfor camming swfices on a wedge sled that is
pushed by the pusher bar. In af least one embodiment, the camming surfaces can he
configured to activate a plurality of staple drivers camied by the ca.riridgs and associated
with the staples fnorder to push the staples against the anvil and form laterslly spaced
rows of deformed staples in the fissue gripped between the jaw members. In at least one
egmbodiment, the kaife blade can trail the canuming sirfaces and out the tissue along a ling
between the staple rows, Examples of such stapling Instroments ave disclosed in UK. Pai
No. 7794475, entitted SURGICAL NTAPLES HAVING COMPRESSIBLE OR
CRUSHABLE MEMBERS FOR SECURING TISSUE THEREIN AND STAPLING
INSTRUMENTS FOR DEPLOYING THE SAME, UN Patent Application No,
13433,163  entitled  METHODS  FOR FORMING  TISSUE  THICKNESRS
COMPENSATOR ARRANGEMENTS FOR SURGICAL STAPLES, US Pai
8.113,865 entitled STAPLE CARTRIDGE COMPRISING A LAYER, USRS, Pat. No,
5433419 entitled TISSUE THICKNESS COMPENSATOR COMPRISING A
PLURALITY OF LAYERS, the cutire disclosures of which ig herehy incorporated by

reference herein.
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FOOU3] The foregoing disenssion i3 intended only to ilustrate various aspects of the

velated art in the field of the invention at the time, and should not be taken as 8 disavoseal

of claim scope.

LEIRY While various kinds of devices and misthods bave been made and used, 1t s
believed that no one prior to the inventor(s) hay made or used the invention described in

the appended clain,
BRIEF DESCRIFTION OF THE DRAWINGS

{005] While the specification concludes with claims which particularly point out and
distinetly claim this technology, #1¢ belioved this technology will be better understond
from the following descripiion of certain exemyples taken in conjunction with the
accompanying drawings, 1 whick Iike reference numerals identify the same clements and

i which:

06} FlGs, 1A-1C illastrate an example of g prior art collapsible tissue compansator,
{8667} FlGs, 2A-20 iHlustrale oxamples of a two-laver construct comprising a saorificial

collapsible layer and g resilient layer,

[aoas) Fitis, 3A-3C illustrate s schemtic view of an example tssue thickness

conipensstor having a multilayer construct,

{009} FIGh 4 illosteates & schematic plot of presswes va. compresaion for compressed
materials as well as of one example of a resilient layer and sacrificial layern
{0010} FIGs, SA-SF lustrate confijpwativny of a Hasue compensator using ong or wmore

gxamples of & construet described horein.

{0811 FIGL & iHustrates an example collapsible layer comprising a malti-layer comstuuet,
gl FIG: 7 illustrates an oxanple collapsible layer collapsing under compression.
{0013} FIG. § illustrates an exampls collapsible layer comprising 8 micro molded or

micro-machined construct layer,
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{3014} FIG, 9 illostrates an example collapsible layer 120 comprizing a fhuid-filled shell,

and/er more thant one fluid-filled shells therein.

{015} FIG, 10 dlustrates # staple cartridge having an example fissue compensator
atiached.
[0 6] FIG. 11 illustrates other example geometries of layers that can be used ina hissue

compensator.

{817} The drawings are not intended to be limiting In any way, and it is contemplated
that various embodiments of the technology may be carried cut i ) variety of other ways,
including those not necessurily depicted fn the drawings. The accomparrying drawings
incorporated in and forming a part of the specification ilustrate several aspects of the
present technnlogy, and topether with the deseription Serve fo explain the principles of
the technology: it being understond, however, that this technelogy s not lindted fo the

precise arrangements show.

DETAILED DESCRIPTION
{6618] Numerous specific details are set forth to provide a thorough understanding of the

overall structure, function, manudhciute, and vse of the embodinmonts as described in the
specification and iHustrated in the accompanying drawings. It will be understood by these
skilled in the art, however, that the cnmbodiments may be practiced without such specilic
details, In other instagees, well-known operations, compongiits, and elements have not
been described in detail so as not to obscure the embodiments deseribed in the
specification, Those of ordinmy skill in the art will understand that the embodiments
deseribed and ilustrated hersin are non-limiting examples, and thus i can be appreciated
that the specific structural sod functional detatls disclosed herein may be representative
and Hlustrative, Variations and changes thereto may be made without departing from the

seope of the claims,

{8619} Thie terms “comprise™ (md any form of comprise, such as “comprises™ and
“congprising™), “have” {and any form of have, such g5 “has™ and “having™), “huelude”

{and any form of nclude, such g8 “melodes” and “including”™) and “contain™ (and any
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form of contain, such ag “containy™ and “conlaining”™y are open-ended Hinking verbs. As s
vesull, @ surgical system, devies, or apparatus that “comprises,” “has.™ “includes™ o
“containg” one or move elements posseases thuse one o more elements, but i is not Kmited
o possesaing only those one or more clements. Likewise, an element of a system, devie

or apparatus that “comprises,”™ “hay,” “meludes™ or Ycontaing” one or more featares
possesses those one or mpre features, but 18 not Hivited 1o possessing oaly those one wr

more features,

H0020} The terms “proximal™ and “distal™ are used heveln with réference 1o a clinidian
manipulating the handle portion of the swrgical instrienent, The tesm “proximal” refecring
to the portion closest to the clinician and the term “distal” referring to the portion located

away from the clinieian, I will be further appreciated that, for convemencs and clatity,

ﬂw I S

spatial terms such as “vertical™, “horizootal™, “up”, aud “down™ may be used horewn with

3

respeot to the drawings, However, surgical instraments are used in many ovientations and

positions, and these tevms arg not intended to be hmiting andfor absolute.

{0021 Various exemplury devices and methods are provided for performing laparoscopic
and mintmally invastve surgical procedures. However, the person of ordisary skill in the
art will readily appreciste that the various metheds and devices diselosed hevsin can be
ased in numerous surgieal procedures and applications including, for example, in
connection with open surgical procedures. As the present Delatled Descriplion procesds,
those of ordivary skill i the st will further appreciate that the various instruments
disclosed hereln can be fnserted inte & body i any way, such as through a natural orifice,
throogh an inelsion or puncture hole formed in tissoe, efe, The working portions or end
effector portions of the Instruments can be Inserted direetly into a patient’s body or can be
inseried through an aceess device that hay a working channel through which the end

effector and elongated shaft of a surgical instrument can be advancad.

{022} Many of the above-listed patent applications dizclose vavious layers which are
used in connection with a staple cwtridge. When staples are deploved from the staple

cartridge, the staples can caplure at least one layer and implant the laver, or layers,

against the tissue, Provided below is a brief description of a surgical stapling system, The
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staple cartridpes and the layers disclosed heveln can be used with this surgical stapling

system andfor any suilable stapling system,

{8234 A surgival stapling systemy can comprise a shaft and an end effecior extending
from the shaft. The end effector comprizes a first jaw and a sccond jaw. The first jaw
comprises a staple caviridge. The staple cartridge is insertable indo and removable from
the first jaw, however, other smbodinents are envisioned in which a staple carlridge i
act removable from, or 8t least readily replacesble from, the first jaw., The second jaw
comprises s anvil configured o deforn staples gjected from the staple cartridge. The
second jaw is pivotable relative to the first jaw sbout a closure axisy however, other
embodiments we envisioned in which Qg jaw iy pivotable relative to the second jaw,
The surgical stapling system forther comprises an artienlation joint configured fo pernut
the end effecinr to be rotated, or articnlated, relative o the shaft, The end effector s
rotatable about an articulation axis coxiending through the srticulation joint, (ther

embodiments are envisioned which do not include an articulation joind,

jazdy - The staple cartridgs comprisey 3 vartridge body, The eartridge body inclodes a
proximal end, a distal end, and a deck extensling between the proximal end and the distal
end, Inuse, the staple cartridpe 18 positicned on a first side of the tissue 1o be stapled and
the wuvil is positionad on a second side of the tissue. The anvdl is moved toward the staple
cartvidge 1o compress and clamp the fssue ggainst the deck. Theveafter, staples
removably stored in the vartridge body can be deployed info the tissne. The cartridge
body includes staple cavities defined thereins wherein staples arve removably stored in the
staple cavities. The staple eavities are arvanged i six longitudinal cows, Theee rows of
staple cavitiss are positioned on a fivst side of & longtindinal slot and three rows of staple
cavities are positioned on a second side of the longiudinal slot. Other arrangements of

staple cavities and staples may be possible.
¥ ¥

{0025} The staples wre supported by staple drivers in the cariridge body. The drivers are
movabls between a first, or unfived position, and & second, or fived, posttion to gjuct the
staples from the staple cavities, The drivers are retaived in the cartridge body by a

retainer which extends around the bottorn of the carbridge body snd includes resilient
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[6026]

[0027]

{028}

members configared to grip the cartrbdpe body and hold the retainer to the cartridge body.
The drivers e movable between their unfired posttions and their fived positions by ¢
sled. The sled is movable betweon o praximal position adiacent the proximal end and &
distal position adjacent the distal end, The sled comprises o pluradity of rampad surfaces
configured to slide under the deivers and U8 the drivers, and the staples supported

thereon, toward the anvil,

Fuarther to the above, the ded is moved distally by a firing member, The fiving |
member i configured to contant the ded and push the sled toward the dstal end. The
longitudinal slot defined in the cartridge body 18 configured to receive the fiving member,
The anvil also inclides a slot configured © receive the fiving member. The firing membey
further comprises a first cam which sngages the fiest jaw and ¢ second cam which
engages the seeond jaw. As the firing member ts advanced distally, the first cam and the
second cam can control the distance, or Hissue gap, between the deck of the staple
cartridge and the anvil. The firing member also comprises a knife configiwed to ncise the
tissue captured intermediate the staple carttidge and the anvil, It is desivable for the kit
{0 be positioned at least partially proximal to the ramped surfaces such that the staples are

ciected aliead of the knife,

Various embuodiments of tissue thickness compensators having sacrificial layers
are disclosed. A tissue thickaess compensator of this design bas al least one resient
fayer and at least one sacrificial collapsible layer. The sacrificial layer collapses reducing
its thicknoss when the tissue compression is high cnough to damags tissae. The sacrificial

collapsible layer thus decreases the over-compression of the resifient layer, alleviating

undesirable excssive compression of tizsue,

Figares 1A, 18, and 1 illustrate g prior art tissue collapsible tissug compengatoy
100, Plgwre 1A shows a staple 10, which can be a surgical staple or a fastener, tmplanted
frto tissue favers 11 and 12, Surgical staple 10 can have a fonmed height “h™ that exeeeds
the optimum o compross Hasue layers 11 and 12 9 a conywession fevel thet prevents
feakage.  Adding o tssue thickness compensator 100 coanpresses tssue layvers 11 and 12

to the optimum level to prevent leakage and promaote fissue connectivity and healing
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1291

10036]

However, choosing the proper tissue compensater thickness can prove difficuil.
For oxample, a tissue thickacss compensator that s too thick for the given tissue can
compress the tssue 0 a higher than optimum compression level when staple 10 I
applizd. Figurs 1B illusteates a staple 10 having o formed height “h™ that 1z less than the
optimum formed beight for the vombined thicknesses of the tissue thickuess compensator
100 and the tissue layers 11 and 12, The amonnt of pressure applied by the crown 110 of
staple 1Y, and through the compensator to tissue layers 11 and 12 may thos resolt
tissus ischenna and necrosis. Av the other extrame, Figure 10 illusirates lssue
conpensator 10 that s not thick enough o compensate for thin Hissue fayers 11 and 12
Pressure applied 1o the tssue may be lower than optimam, or even, as demonstrated in
Figure 1C, the fortued staple height “1” may be grester than the combined thickness of
tissue compensator 100 and tssue layers 11 and 12, Low presstre between the Ussue

thicknesses can result in leakage, msufficient joining ol tissue, and britation,

A multiple-layer tssue compensator with at least one sacrificial collapsible layer
allevigtes the stapling issues Hustrated in Figure 1. Fipuves 2A through 26 Hustrate
smbodiments of a twvoslayer construct comprising a sacrifictal collapsible layer 120 snd
restlient layer 130, In this construet, the collapsible layer 120 comprises & material that is
relatively vigid at low stress levels, while having high compressibility at higher stress
fevels, In wse; the stresy that the material s exposed te 18 dircetly related to the foree
applied o the material divided by the area over which that force 1s applicd. For insfance,
the stress on the material divectly vader the wrown 110 of the staple 10 s the foree that
the staple 10 applies © the foam divided by the projected aven of the crown 110 onto the
material.  The force applied to the material iz also directly related to the smount of
deflection to the matertal. As previoosly mestioned, the matevials of the sacificial layer
120 and the resilient laver 130 exhibil 2 deflection-force curve that iy characteristic af the
material, Therefore the sacrificial layer 120 and the resthient fayer 130 exhubil a reachon
foree wihich is proportional to the amount that those materials ave compressed. Therefore
the stress that a given material 18 exposad to iy greater when applied by a staple 10 where
the formed staple height “h™ is small than that when applied by a staple 10 whers the

wed staple hedght “h™ is large. This is becavse the material becomes more highly

deflected by the staple 10 with the smaller formed staple height “h”, hence the reaction



WO 2019/087171 PCT/IB2018/058724

[0031]

{0032

foree of the nwterial {s higher and thus the stress Is higher. The material of collapsible
fayer 120 may or may not return o Hs ongingl height after removal of & comprossion
force, An exampie of such a material s Surgifoan Absorbable Gelatin Sponge material,
gvailable from Johnson and Johnson in Remmerville, NI The Suwrpifoam Absorbuble
Gelatin Sponge materdal ts made from oxidized cellulose. Other suttable materials may
be, but are not himited to, Poly(Lactide-co-Glveolide), Polycaproplactone, or poly-3-
tydroxebutvrale or stlicone, polyisoprene, and rubber. In various embodiments, the
svathetic  polymers miay comprise  oxpanded  polytetrafiuovosthylene  (oPTFE),
conunercially avatlable from W. L. Gare & Associates, Inc. under the trade designation
GORE-TEX Soft Tissue Patch and ce-polyetherester wsthane foam commsrcially

availghle from Polyganics under the trade designation NASQPFORE

In one gmbodiment, the sacrificial layer 120 and the resilicnt layer 130 may be

held topether by the legs 103 of staple i In this cmbodinent, the legs 105 of staple 10
are of an unfired length such that when the crown 110 of staple 10 I3 contaciing the
sacrificial layer 120, the leps 105 extend through the remainder of sacrificial layer 120
and at least partially through the resiliont layer 130 ag shown in FIG 9. ARernatively,
sacrificial layer 120 sud restliont layer 130 may be bonded together by an appropriate
adhesive, such ag, for example, an aliphatic ester homopolymer or a cvanoacryvlate ar they
may be joined by mechanical means such as heat staking of the two materials fogether.
Other embodiments include other methods of mechanical joining such as riveting,

sewing, or other mechanical joining means known in the art.

Figures 2A and 2B represent schematically the application of & Hght force,
resalting in 2 low comypression pressure on the construet of swerificial layer 120 and
restlient faver 130, o Figure 24, the construct rests on a support 200 A compression
member 30 is displayed above the construet. Moving compression member 30 to apply a
tight force on the construct, as shown in Figore 2B, compresses resilient layer 130 while
leaving sacrificial layer 120 relutively uncompressed, Removing the light foree en the
construet by hifting compression menber 30 allows restlient layer 130 t return to its pre-

compresston thickness. The construct also returns & Hs pre-compression thickness,
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jo833] Figures 2C and 2D reprosent sehematically apphication of 8 moderate foree on the
gonstruct, resuliing in a mederate wompression pressure,  In Flgure 2C, compression
member 34 applies a1 moderate force causing both resilient layer 130 and sacrificial layer
120 to compress. Removing the moderate foree from the construet by [fting compression
meamber 30 allows resilient layer 130 and sacrificial layer 120 to refurn to Hy pro-

compression thickness as shownin FIG 2D

{3344 Figures 2B, 2F, and 2G represent schamatically application of a high force on the
construct, Ccausing compression pressure in sacrificial layer 120 to ehimb above the level
at which sacrificial laver 120 collapses,  Figwre 2B shows the constuet in the
uncomprassed state. Figure 2F shows application of the high force and Figure 2G shows
the removal of the high force. The high fores removal leaves sacrificial laver 120 in the

comstruct of Fgure 20 thinney in the collapsed area 125 where compression was applied.
However, resiliont layer 130 hay substantially regained i3 origingd thickness. As a result,
the overall thickness of the constraet within the collapsed area 138 is loss than the

original thickness before an application of the high compression foree.

o6

w

5 Figures 3A, 3B, and 3C show schematically a tissue thickness compensator 200
having a multilayer construct.  Compensator 200 comprises @ sacrificial fayer 120 and o
restlient layer 130, Sscrificial layer 120 may be collapaible, and an adhesive or other
vesns deseribed above may  attach sacrificial Jayer 120 to resilient layer 130
Compensator 200 compensates for any varying fissue thicknesses of tiseue lavers 11 and
12, Surpical staple 10 holds tssue layer 11, tssue layer 12, and compensator 200 in
compression at a compression pressure. The amount of this compression pressure varies
according to the formed height “h” of staple 10, The compression pressore can also vary
a8 a result of varying thicknesses of tssue layer 1 tssue Jayer 12, sacrificial layer 120,
and resiliont layer 130, The compression pressure may also vary as a result of varving
sompressive properties of tissue laver 11, tissue layer 12, sacrificial layer 120, and
resilient layer 130, Surgical staple 10 may be applied to compe mmm 208 and to tissne
layer 11 and tissue layer 12 by any number of snrgical staplers, among them may be, for
example, Eohelon Flex™ Powered ENDOPATHY Stapler of any size and length sold by

Ethicon in Clnoinnati, QH,
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0036} Figure 3A demonsirates the nsefiilness of compensator 200 for thin Ussue layers
1 and 120 Such tissugs may be in lung parachmmyal tissue, for example. In Figure 34,
Hasue Javer 11 and Ussue Jayer 12 are very thin compared to the fonmed height of siaple
10. Thersfore, without a compensator 200, tissue layer 11 and tissue layer 12 wonld be
very Hehtly compressed or even uncompressed,  Compensator 200, placed between the
crown 11 of staple 10 and the tissue favers 11 and 12, is slightly compressed under low
stress. However, the preasure on tssue layers 11 and 12 {8 above that needed o pramote
healing and sealing, and less than the pressure that would cause tissue damage. Al low
stress, sacrificial layer 120 is substantially rigid snd compresses very Rttle, ResiHent

layer 130 is compreasible at low stress and moves elastically wadsr the fow siress,

00371 Figure 3B demonstrates compensator 200 used In a situation in which at least one
of tissue layer 11 and Ussue Jayer 12 ave thicker than issue layers shown 1o Figure 3A
In the scenario of Flgure 3B, moderate conpression pressure will resiliently compress
both sacrificial fayer 120 and rosiliont Jayer 130, However, both sacrificial layer 120 and
resilient fayer 130 will refurn substantially o thelr original wncompressed thickuess if
staple 10 i3 removed.  In thiy case both the sacrificial layer 120 and the resilient layer
130 are only compressed within their elastic range, which allows them to retumn @ their
arigingl sive when pressure is released frony their surfaces o 1o partially relum fo their

originad helght depending on the amount of prossure being applied to their surfaces,

{0038] Figare 30 demonstrates compensatoy 200 used in a situation in which st least one
of tissue layer 11 and tissue laver 12 e sigoificantly thicker than that shown i Figure
3A. In the scenario of Figure 30, staple 10 will exert enough pressure on sacrificial layer
1200 to cmuse # fo permanently collapse. At the collapsing presswre, additional
compression of saorificial laver 120 ocowrs with very litte or no added pressure.
Therefore, the pressure applied to tissue layer 11 and tissue layer 12 in the scenario of
Figare 3T is pot much greater than the moderate comprussion pressure applicd in the
scenario of Pigore 3B, Compensator 200 reducss in thickness because of the
coppression pressure applied by staple 10 and the tissue layers, suerificial layer 120
compresses much move than resilient layver 130, Resilient lgyer 130, al tugh pressures,

has less compressibility than ssorificlsl layer 120, After compensator 200 veceives a high
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[0639]

[0040]

10041

11

corprassion foree, sacrificlal fayer 120 can be permanently comprossed and can keep iis
thickness if compregsion forge is removed,  In ove embodiment, the compression
properties of resiient luver 130 and sacrificial layer 120 are selected such that resilient
fayer 130 comypresses to nearly o solid height prior to-any coropression in saerificial layer
120, With respect to the above, the solid height of a layer is characterized 1 that the
material of the layer is compressed o the pomt that the matedal reacts fo additional
compression forces like an incompressible solid.  In a second embodiment, the
compression propettios of saerificial fayer 120 and resilient fayver 130 are selected such
that sacrificiad fayer 120 bepins to compress alier restlient layer 130 axperionces some

amount of vompression, but before resibiont layer 130 reaches its solid height, Iy yai

another embodiment the sacrificial layer 120 experiences nom-elastic (permanent)

compression before or afier restlieont layer 130 reaches its solid beight.

Fgure 4 shows a schematic plot of pressure v, compression for compressed

-5

materials as well as of one cbodiment of a resthient layer 130 and sacrificial {ayer 120,

Dotted line A indicates a theeshold pressure above wlich Ussue damage can
vesult, Tissug damage can result from ischomia.  Presswres typically wselul for tissue

spproximation can be, for example, about nine grams per square nuitlimeler, Al pressures
betow this, the Ussue may nut be well gpproximated enough o heal or o meistam g seal.
At the pressures above this the Ussue may be dawiaged through ischemia which would

also negatively impact the abilily of the Hssue o heal.

Line B schomutically illustrates, in a simplified lincar way, a pressuresdeflection
gurve of tissue thickness compensator nsing a foam resilient layer g5 discussed in the
embodiments above, Ta Figure 4, resifiont laver 130 alone beeomes over-compressed in
the aveas of thicker tissug, resulling in undesirable excessive compression foree at higher
amounts of compression shown at point B, Typical resiliont foams, such as, for example;
bvophitized Poly (Lactide co-Glycolide) (PLGA), bave a pressure~detlection cwrve that
increases with Increasing pressure. Az shown in figure 4, this pressure-deflection curve
can increase lnearly or in some cases the corve may increase  exponentially,

fogarithmis ﬁi* or by some other function.  In cases ag deseribed above, where the
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material reaches a solid height, the prossure deflection curve may also become vertical ad

that point.

Line € schematically iHlustrales, in a simplified Huear way, a pressure-deflection
curve of a sacrificial layer 120, Typical sacrificial materials bave a relatively high
stiffness st low pressures, reflected by the steeper slope of the curve at low pressures in
Figure 4. At higher pressures, the vollapsible material collapses, and the pressure ve
deflertion curve becomes very low, iltusirated schematically in Figure 4 by a change in
the slope of Hine C at point F o & very low slope. Thus, at higher preasures, sacrificial

laver 120 collapses and compresses & luge distance for a small ehange In pressure.

Ling D schomatically illustrades, in a simplified way, a pressuve-compression
curve created from a combination of a resthient layer 130 having the properties of carve &
and a sacrificial layer 120 having the properties of curee €. In embodiments of a
multifayer tissue thickness compensator, presence of a sacrificial layer 120 lowers the
maximum amount of pressure versus the amount of compression, preventing undesivable
exeessive pressure at higher amouonts of compression,  In aress of thinner Hssue, the
resiliont lavers 130 of muli-layer tissoe thickness compensators provide enpugh

thickness to avold forming & pap between a staple crown and fissue,

An analogy may be drawn 1o two springs conneeted in serles, one a sofl, low-
spring constant spring and & second a siiffer, high spring constant spring. v such a
system of springs if one spring i substantially stiffer than the other, the stiffvess of the

softer spring predominates. The system stiffhess thus tends 1o be that of the softer spring.

Constdering Figore 4, a soft spring’s low spring constant would be illustrated in a
stmplified, linew sense with g Hne having a shallow stope. A stiffer spring’s bigh spring

constant would be ilhateated in a stnplified, lncar sense with a line baving a steeper

slope,
Turning o the lew compression side fo the left of point ¥ i Figuee 4
demonstrates function of the construct gt low pressure. At low pressure, sacrificial layer

120 is & stfl spring conpared to the softer spring of restlient layer 130, It compresses,



WO 2019/087171 PCT/IB2018/058724

[0047]

{D438]

13

to continue the spring analogy, deflects, little compared to the stiffor reailient layer
130, Since most low-pressure compression oovurs in vesilient layer 130, compresston of
s the construst vreatad from a combination of sacrificial laver 120 and resiliont layer 130
ocours in resiien layer 130 and o stiffness of the combined layer, Husteaied by the slope
of the low-compression side of curve D, is closer @ that of surve B, Resilient layer 130
works advantapeously 1o spply optinun prossure 1o Hesue while relatively uncompressed

¥

erificial layer 120 fills the gap caused by overly thin or casily compressed tissue,

’fJ

Tuming o the high-compressiom side to the vight of point F i Figure 4
demonsirates the advantage of sacrifietal laver 120 in the vonstruet. At bigh pressuve,
sacriticial layer 120 becomes 2 muxch softer, low spring constant spring, lower than the
spring constant of resilient layer 130, The change in properties from a stiff sacrificial
fayer 120 to o softer saceificial 120 is illustrated af point F. Because of the change of
properties of sacrificial layer 120, the slope of curve D o the right of peint F more
closely matches the slope curve € than B as the system takes on the properties of the
softer spring. Therefore, at high pressures and tissue thicknesses Httle additional pressue
ix generated for the additional conpression needed by the system. Much more deflection

cann occur before the presswes reaches 8 level that s disadvantageons to the tissue.
Therefore, the range of tissue thicknesses and compression levels over which consiruct 1§

available is increased by the addition of sacrificial laver 120 to restlient layer 130,

Materials useful for the construet generally have aon-Hoewr pressure-deflection
curves, however, desipners can design coustrusts by (:-Etmosﬁing collapsible materials
having usefol properties of stiffhess at low pressure and eoliapsibility at higher pressure,
Designers can pair these collapsible materials with compatible resilient materials to make
the coustruct useful over a wide range of tissue variables.,  Additionally, stiffness
properiies of the construct may be vavied advantageonsly by modifyving thicknesses of
fayers, modifying geometry of layers, modifying the numbers of Inyers, and by moditying
the manufacturing processes oreating layers.  Although two compressible layers mre
shown in the above embodiments, three or more layers may also he employed 1o the
construet 0 obtain specific presswe-deflection curves.  For iastance, (we or more

sacrificlal fayers may be employed, each with a different pregsure al which they begin to
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collapse. Two or more resilient layers may also be enployed to adjust the pressurs

deflection corve as additional conyression is achieved,

Plgure 10 shows g staple carfridge 1335 having an embodiment of tiysne
compensator 200 attached. Staple cartridge may be, for example, o cartridge deseribed in
US patent mamber 7,934,630 entitled STAPLE CARTRIDGE FOR FORMING
STAPLES HAVING DIFFERING FORMED STAPLE HEIGHTS herein incorporated in
it gutirety by reforene, Tissue compensator 200 has o stft saorificial layer 120 lying
next to the surface of cartridge 135 through which staples are ejected. One surface of the
st sacrificial layer 120 may be affixed to the surface of cartridge 135 with adhesive, or
with & mechanical attachment. A surface of the second resilient layer 130 affixes fo the
sarface of savrificial layer 120 (}pp@sim the surface aftached to the sweface of carbridgs
135, Staples within cartridge 133 will pencirate the tissue compensator 200 and attach
compensator 200 to tesue to be surgicslly stapled while stapling togetber layers of tissue,
Because of a unique, designed compression curve cawsed by the combination of
sacrificial layer 120 and the resilient layer 130, different Ussue thicknesses may be
stapled without concern that the formed staple height will be insufficient o apply the
appropriate compression o the tissue 1o prevent feaks or that the formed staple height “h”

will over compress the Hizsue caunsing it to exhibit necrosis.

Figures SA theough SF illustrate configurations of a tissue compensator 200 using
the deseribad construct, Figure 34 shows a two-laver tissue compensator 200 comprising
vesitiem laver 130 at the tissue interface and sacrificial fayer 120 on top of resiient layer
130, Rexilient layer in Figure SA iy sitested fo distribnte load on tissue, while a staple
crown may collapse only the portion of sacrificial layer 120 directly under a crown of a
staple, wmbedding the staple crown inte sacrificial collapsible laver 1200 This
configuration may be sdvantageous if a tssue compensator collapsible at a low foree s
desirable, for example, to ereate enough force to bold an atfachiment into place. Because
the avea divectly under the crown 110 of the staple 10 iy small, the pressure to collapse
collapsible layer 130 will be renched at a low force levell In an alternative embodimant,
foant or solid pledgets such ay those shown in LS. Patent No. 8499993 entitled
SURGICAL STAPLE CARTRIDGE, hereln fncorporated by reforence, may be added o
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the crown 114, The use of these pledpets disperses the staple force on the sacrificial layer

120 over ¢ las rger are ¢ ud reduces the pressure on the sacrificial layer 130

b

{0031 In another embodiment, shown in Figure 5B, a surface of sacrificial faver 120 s o
the tssue interfice and restliont laver 130 is adjacent the surface of sacrificial layer 130
apposite the surface of sacrificial layer 120 that v adjacent the tssue. In fhe
configuration of Figure SB, resiliont layer 138 s swited fo distribute pressure from the
staple srown over a wider area of sacrificial layer 120, Distribuling pressare from the

staple crown over a wider area Collapses collapeible Iaver 120 at a higher force.

6082 Figure 5C shows collapsible luyer 120 sandwiched belween two resilient layers
138, These resiliont lavers 130 abut tissue and 2 staple crown allowing the foree on both
the sacrificial layer to be distributed over a larger area and also allowing a resilient layer

1o he in contact with the fissue

853} Figores SD and SE both show a fissue compensator 200 having a non-collapsible
and a nore-restlient lnyer 140 away from tissue and next to g staple crown, The non-
collapaible and porerestliont layer 140, may be a plastic film suitable for mplantation
into a human body, for example, Blonate, manufactured by DEM or SEAMGAURD®,
wanufaciured by GOREY, Nos-collapsible and non-resilient layer 140 distributes load
fromy & staple crown over a larger aren so sacrificial collapsible layer 120 does not
collapse o s Hmited srea wnder # loss thaw intended foree. FMgure 513 shows vesilient

layer 130 adjacent tissue, whils Figure 8H shows collapsible layer 120 adjscent Hissue.

484 Figure SF demonstrates a collapsible layer 120 encased within g resilient laver
K A E

LHIREY Figuare 11 shows other geometries of layers within & tissue compensator 400
which are possible, For example, a tissue compenssior 400 could have a pyramidal-

shaped collapsible lnyer 420 sifting stop a resilient layer 430, Ruch geometry variation

can vary the presswre-compression profiles of sacrilicial layer 420 snd can create
advantageons  pressure-compression profiles of fissue compeusator 400, For the

pyramidal layer mentioned above, when a force is applied to the saorificial laver 420 the
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pressure at the peak 481 of the pyranid 480 v initislly very high dus fo the small aveq of
the peak 481, As the pwamid 480 compresses or collapses, the contact area of the
pyranid 480 increases. In this way the force reguired to collapse the sacrificial layer 420

increases as the wnount of collapse of the saerifieral layer 420 inereages,

[0034] In cortain embodiments, illusteated o Figure 6, sacxificial collapsible tayer 120
comprises a muti-layer comstract having bve or rure substantislly Hat layers 1204 and
1206 connected by collapsibls intorposers 120c, Substantially flat layers 1204 ov 120b
cant be woven oy non-woven, while collapsible interposers 120c¢ can be non-woven.
Layers 120 and 130 may alse contain hemostatic agents, therapesiic agents, sealanls,
growth factors, anti-microblal agents, lulwicious components and the like. These
components and agents way be, for cxumple, silicone, stearates, or glycerol. Other
materialy and medicamenty are deseribed in Unted States Patent $.211,120, enbitied
TISSUR  THICKNESS COMPENSATOR COMPRISING A PLURALITY OF
NMEDICAMENTS

herem ingorpursted in i entirety by reference.

1057} In one embodiment; 8 bellows-lke or harmonica-Bike corrugated construct 120d
serves as a collapsible interposer.  Corrngated constraet 120d mrovides some resistance,

hut collapses under higher compreasion, as shown in Figure 7

[OU38} In some embodiments Hustrated by Figure 8, sacrificial collapsible layer 120
comprises a micromolded or micro-machined eonstruct fayer 122 having pins 122a which
tightly £t and frictionally engage dnto apertures 123a of layer 123, Under a higher
compression pressure, phns 122a move in apertures 1233 collapsing sserifieial collapsible
fayer 120, At Highter pressures, friction betwesn pins 1228 and apertures 1232 overcomes

the compression pressure and sacrificial collapsitle layer 120 remains wncollapsed.

{00591 As shown in Pigure 9, sacrificial collapsible layer 120 can comprise a fluid-filled
shell, or can comprise many Hoid-filled shefls within collapsible layer 120, These fuid
filled shells are resifient undey low or medium cempression, but burst under higher
compression to release the fuid and collapse, The fluld may contain therapeutic agents,
and can be encapsuhded mto closedwwell foam.  In zome cwbodinents, the collapse

releases the uid into joterstices within the foant,  As mentioned ghove, the fluid filled
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shells way contain hemostativ agents, therapeutic sgents, sealants, growth factors, anti-

microbial agents, lobricious conpenents and the like,

It should be wunderstood that any one or more of the teachings, sxpressions,
smbodiments, examples, eto, deseribed hereln may be combined with any ong or more of
the other teachings, expressions, smbodiments, examples, ete. that sre described hersin,
The above-described teachings, eoxpressions, embodiments, examples, ete, should
therefore not be viewed in isolation relative t0 cach other, Various suitable ways iy which
the teachings herein may be combined will be readily apparent to those of ordinary skill
in the art in view of the teachings herein. Such modifications and variations are intended

to be included within the scope of the claims.

1t should be appreciated that apy patent, publication, or other disclosure material,
in whale or in parl, that is said to be incorporated by reference hercin is incorporated
hereln only to the exient that the incorporated material does vet conflict with existing
definitions, ststoments, or ofher disclosure material set forth n this disclosure. As such,
and to the oxtent necessary, the disclosure as explicitly set forth herein supersedes any
conflicting material incorporated herein by reforenve. Any material, ov portion theveof,
that is said to be incorporsted by reference herein, but which confliots with existing
definitions, statements, or other discloswre material st forth herein will ondy be
tncorporated to the extent that no confliot arises between that incorporated material and

the existing disclosare mutertal,

Versions of the devices deseribed above may have application jo conventional
medical ireatments and procedures vonducted by ¢ medical professional, as well as
application in robotic-assisted medical wreatments and procedwes. By way of example
anly, vartous teachings hersin may be readily inecrporated tnto @ robotic swgical system
such as the DAVINCI™ gystemy by Intuitive Swrgical, Inc., of Suamyvale, Califl
Struilarly, those of ordinary skill in the art will recognize that vartous teachings hergin
may be readily combined with various tsachings of US. Pat. No, 6,783,524, entitled
“Robotie Surgical Tool with Ultrasound Caoterizing and Cutting lostroment,™ published

Ang, 31, 2004, the disclosure of which is incorporated by refirence hsaein,
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Varsions described above may be designed 1o be disposed of after a single use, or
they van be designed to be used multiple times. Versions may, in either or both cases, be
recomditioned  for reuse affer &t feast one uwse. Reconditioning wmay include any
combination of the steps of disassembly of the device, followed by cleaning or
replacement of particular pictes, and subsequent reassembly. In particular, some versions
of the device may be disassembled, and any munber of the particular pieces or parts of
the device may be selectively veplaced or removed in any combination. Upon cleaning
andfor replacement of particular parts, some versions of the devics may be reassembled
for subsequent vse aither at a reconditioning facility, or by a user imediately prior to a
procedure, Those skilled in the art will appreciate thet reconditioning of a device may
utilive a vardety of technigues for disassembly, cleaning/replacement, and reassembly.
Use of such technigues, snd the resulting reconditioned devics, are all within the scope of

the presens application,

By way of example ounly, vercions described heveln may be sterilived befne
andfor after g provedure. In one stertlization techmique, the device 18 placed in a closed
and sealed container, such as a plastic or TYVEK bag. The container and device may
thea be placed in a field of radiation that can penctrate the container, such as ganuna
raciation, x-ravs, or high-ensrgy electrons. The radiation may kill bacteria on the device

and in the container, The sterilized device may then be stored In the sterile containey for
Jater use. A device may also be sterthized using any other techuigque known in the i,

mcluding bt not imited fo bela or ganuna radiation, ethylene oxide, or stean,

Having shown and deseribed various embodiments of the present invention,
further adaptations of the methods and systems described berein may be accomplished by
appropriais modifications by one of ordinary skill in the at without departing from the
seope of the present invention. Several of such potential modifications have been
mentioned, and others will be apperent to those skifled in the arl. For instance, the
examples, embodiments, geometrics, materials, dimensions, ratios, steps, and the like
discussed above are llustrative and are not required. Accordingly, the seope of the

present vention should be considered jn terms of the following claims and I8 anderstoad
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uot 0 be Bmited to the dotaily of structure and operastion shown and desoribed n the

specitication and drawings.
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SLAIMG

1. A fastenser cartridpe assembly for a suwpical instrunent, sald fastencr cariridge assembly
comprising:

8. @ staple ﬁ-amidge fashioned for ejecting surglcal staples into fissug;

b acollapsible compensation layer;

¢, ul least one esilient compensation laver adjacent a siwrface of said collapsible
compensation layer; and

A asurgical staple movesble between an initial position and a fived position,
wherein the fastener s vonfigured to vompress at least a portion of said at least
one resilient compensation layer when said fastener is moved to said fired

position,

A

The cartridge assamnbly of Claim 1, wherein said vollapsible compensation layer is

aftixed to g surface of said staple cartridge with adhesive,

s

3, The cartridpe assembly of Claim 1, whereiin a surface of said staple carlvidge is wneven

and said collapsible compensation layer is tailored to fit onte the tneven surlace.

4, The cartidpe assembly of Claim 1 whersin said collapsible compensation layer is

compressed @ a predetermined prossupe,

%, The cartridpe assembly of Claim | wherehs saitd vesifient compensation layer hasa first
pressurs-copression curve and whersin said collapsible compensation layer has a
second pressure-compression curve, wherein g first slope of said second pressure-
compression curve is greateér than a first slope of said fivst pressure-compression curve at
a low compression and a second stope of said second pressure-compression curve is Jus
then a second slope of said fisst pressure-compression curve at & compression highsr than

saild lows compression.
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The cartrldge assembly of Claim 1 wherein said collapsible compensation layer is
conprised from one of an open celled foam, a closed cell foam or & woven bioahsorbable

fabrie.

The cartridge sssembly of Claim & wherein said collapsible compression layer is further
comprised of & phavality of liguid filled shells; wherein said liquid filled shells ave

configured to rapture sud refesse saidd fludd at o predetearmined pressure,

The cariridge assembly of Claim 7 wherein said fliid containg vne of @ hemostatic agent,
a therapentic agent, & sealant, & growth factor, an anti-microbial sgent or a lubricaling

agent.

The cartridge sssentbly of Clairn 1 wherein said collapsible compensation layer

comprises two substantially flat layers interconnscted by collapsible interposers,

The cartridge assembly of Claim 9 wherein one of said flat lavers further conprises ping

extending perpendicular to said substantially flat surface and wherein second of said flat
layers further comprises apertures for fictionally veceiving sald pins of said fist of said

¥

substantially Hat lavears.

A fastener cartridge assembly for a surgical instrument, the fastener cartridge assembly
COrpRiSig:
a. atissue thickness compensator compressible 10 a strain lovel, the tissue thickness
compengator comprising
i @ resilient compensation layer having 3 first pressure-compression curve
#, & collapsible compensation layer adjacent said resiliont compensation
laver, said collapsible compansation layer having a second pressare-
compression curve, wherein a first slope of said second pressure-
compression curve IS greater than a first slope of said first pressure-
compression curve ot 8 low compression and & second slope of said second
pressure~compression curve 1s less than a second slope of said first
pressure-compression cutve at & conyression higher than said low

CONPIESSION,
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b, a fastener moveable between an initial position and a fired position, wherein said
fastener is configured to wompress at feast a portion of sakd tissue thickness

compensator when fastener is moved to said fived position,

The cartridge sssembly of Claim 11, wherein said collapsible compensation layer s

affixed o a surfice of said staple cartridgs with adhesive.

. The cartridge assembly of Cladm 11, wherein a surface of sald staple cartridge is wneven

and said collapsible compensation layer iy tatlored to fit onto the oneven suwrface.

The cartridge assembly of Claim 11, wherein said collapsible compensation layer is

compressed at & predetermined pressure.

. The cartridge assembly of Claim T, wherein said collapaible compensstion layer is

comprised front one of an open celled foam, a clossd cell foam or a woven bicabsorbable

fubwric.
The cartridpe assembly of Claim 13, wherein said collapsible compression fayer is further

comprised of a plurality of lquid filled shells; whersin sald liquid filled shells are

confipured fo ruptare snd refease said fuid at a predetermined pressure.

. The cartridge sssembly of Claim 16, wherein said fluid confging one of @ henwostatic

agent, a therapgutic agent, & scalant, 8 growth factor, an anti-microbial agent ova

lnbricating agent.

The cariridge assembly of Claim 1, whereln said collapsible compensation layer

comprises two substantially flat fayers interconnected by collapsible interposers,

The cartridge assembly of Claim 18, wherelivone of said flat layers fusther comprises
pins extending perpendicalar  sald substantially {lat surface and whevein second of said
flat lavers further comprises apertares for fictionally receiving said pins of said fisst of

said substantially flat layer,
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. An applivator for a surgical instrument, the applicator comprising:
a, a tssue thickness compensater refeasably attached to the applicator, said ssue
thickuess compensator SORPrising
i @ resilient compensation layer
#. acollapsible compensation layer adjacent said resiliont compensation
taver: and
b, a passageway for a surgical stapler, said pussageway facilitating release of said
tasue thickness comprusator from said applicator snd sitachunent of said Ussue

thickness compenaator to af least one jaw of said surgiest stapler.

b
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