SELF- RETAI NI NG SUTURES W TH BI - DI RECTI ONAL RETAI NERS OR

UNI - DI RECTI ONAL RETAI NERS FI ELD OF THE | NVENTI ON [ 0001] The present
I nvention relates generally to self-retaining sutures for surgical
procedures, nethods of manufacturing self-retaining sutures for
surgi cal procedures, and their uses. BACKGROUND COF | NVENTI ON
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[0001] The present invention relates generally to self-retaining sutures for

surgical procedures, methods of manufacturing self-retaining sutures for surgical

procedures, and their uses.

BACKGROUND OF INVENTION

[0602] Sutures are commonly used for closing or binding together wounds in
human or animal tissue, such as skin, muscles, tendons, internal organs, nerves, and
blood vessels. Sutures can be formed from non-absorbable material such as silk, nylon,
polypropylene, or cotton, or alternatively sutures can be formed from bio-absorbable
material such as, but not limited to, homopolymers and/or copolymers of glycolide,
lactide, p-dioxanone and g-caprolactone.

[0003] Sutures typically consist of a filamentous suture thread with a needle
with a sharp point (attachment of sutures and surgical needles is described in U.S.
Patent Nos. 3,981,307, 5,084,063, 5,102,418, 5,123,911, 5,500,991, 5,722,991,
6,012,216, and 6,163,948, and U.S. Patent Application Publication No. 2004/0088003).
[0004] Self-retaining sutures {often referred to as “barbed sutures™) differ from
conventional sutures in that they possess numerous tiny retainers (often barbs) which
anchor into the surrounding tiésue following deployment, thereby eliminating the need
to tie knots to affix adjacent tissues together, and have been described in, for example,
U.S. Pat. No. 6,848,152 and European Patent 1 075 843. Such retainers protrude from
the suture periphery and are arranged to allow passage of the self-retaining suture when
drawn in one direction (with respect to the direction of protrusion of the retainer)
through tissue but resist movement of the self-retaining suture when drawn in the
opposite direction. Retainers can reduce slippage of the suture at least in a direction
along the suture and can optionally obviate knotting of the suture.

[0005] A selfretaining suture may be unidirectional, having one or more

retainers oriented in one direction along the length of the suture thread, or bidirectional,



with a sharp point (attachnent of sutures and surgical needles is
described in U S. Patent Nos. 3,981, 307, 5,084,063, 5,102,418,
5,123,911, 5,500,991, 5,722,991, 6,012,216, and 6,163,948, and U.S.
Pat ent Application Publication No. 2004/0088003). [0004]
Self-retaining sutures (often referred to as "barbed sutures”) differ
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retainers (ofLieflyPRivie) ondhr Ghbr8 RARRE:S oREMed HEoUdifRHAHAIBAS hipBfRHOR of the
fol | owi ng depl oynent, "thereby elimnating the need to tie knots to.
af fi x adj acehtead,ifeBares! tyogwtdiengre satadndravacribekbn adetber (offien opppsité)afirection
exanple, U S. Pat. Na. . 6,848, 152 ng Eur ope Pat ent 7 43. .S

et ar nor s prédEr QAT RBHRT oh Lo AR B JerrBHER RaF P 8f AP P ern Do
al | ow passageit N&e selifsssehsi B9, 780 ur RNRGR AhyaWimb&t 6N Sequential or
direction (with respect to the direction of protrusion of the
retainer) tHnetmittenti configurptians of sqtainersprearpstibleothe minst easnrion &rmi invalyes 2
suture when drawn.in th osi;t.e directi.on. Retai.ner r

sl i ppage of l}eﬁ‘zlesaltjtoﬁlF el ’t?qq@ggg blyngegf’sdﬂoé%:?lfl%ngg?%ngm%h@%sq}ff gl(rgle{&gl}léh ©
can opti onalttansieiby beihe(deRatid MBipeint)t dTahS stirste & rcheHRASdtALS Bhdsitloatpinitig
suture may be unidirectiaonal, hayisgg one or npre retainers orjented
in one di r econBEuralicsRy barbs revergs Koed 180h &.cs ke basbe ¢ Bay fachpe in the opposite

bi di rectional:,. .- { cal js r A4 i d, i
one directi gdﬁregﬁl%ﬁgloaggﬂé%e?%# 169 %@ thﬁtrléegaz‘é&e ?l%{e oﬂmégéf%lggg%n @rd ér?%?ned
retai ners oricedited thé oppadith esnd( Tht adiscbyzprsidfegll gatems tand npatane rappheations

remai nder of the thread (as descri ?ed in the context of barbed
retainers i MPHGICPIFARATCNBRIPBAGE DY BETCRKY 6, 241, 747). Al t hough any
nunber of SGRuft Al S ddRcAbi S EAREQ YIRS 00 Blchig! Al NALSHA &
possi bl e, the nost co n forminvolves a needle at one end, followed
by barbs pr gogdtd teqlloeygyétratiooand pessagectitoagutissut whive dtamartsi the ond prod ant
(often the mdpaint) of .the suture is reached; at the transition.

boi nt 't he. coMPPg At iBh msfidsa e et Br sEemeirte o oL TRedind Paias i
are now facipgit nibvbhentIRAS kitBredi ARGMARR]Y, di-aRetNE B B MilpOsuneBd tdn
of the suture thread before attaching to a second needle at the
opposi t e endnclifrereinsey geuncd gndextandingicaadiedion apagsne pefsion ot tieiseyee
nenti oned herei n _are incorporated reference. . NI

150061 8 gl - gioPRiftisAREE BB EC uftl o GaBler i orpaying disseian wgne anfher
that is poi njoehnt 6F th lseturep eWties ahplafitedRE tind dSOR ot i cfughidetSae enpdpdiny
drawn by the end and an opposjte end that includes an anchor for |
engagi ng ti Site, fie rethiaers gt jegist mpeapant ofthegitve thrgugh sspe wsitBsrsiiectim.
the suture. rnatiwe Ri 5.4 9'%&@ lofwitied e SN RESicE &0
i ncl ude ret a[imr)](seﬁs gro\épge%gegnémg)x%gnﬁ}' g !%&gﬁem I rect icon al ong oﬁe
portion of thee swictlrosrfdarogpos cangber ahaltiffiaseg) mupede thiedissctagtnoiately omn

an opposing directjon gl on not her portion of the . suture. Wen
il At od SOTPAREE BOTHIgruTEg P e arows Sose TAGHATORHIETEnt AfitelF

retainers C%afnﬁ% SrurBPUEHRI tPélod GBIk WBhbvBHHY dah SRR HreBlihf e

direction. [0007] A surgeon may use a surgical needle with an
attached sutsalfectginfrigchutiram bieaightdimeqiatiems wadhi dsarrgrig, omd cauviliesan patierns

mul ti-filament) t ierce.the tissue alternately on opposi ng.faces of
2 wound 1o Subl e RGO Sat e SRR oagtpEimty A BRERD B A KR!
sel f-retainip %pﬁﬁ&t&'ﬁlﬁﬁsub]@oﬁt tiSsub SvheR: BERIEn® wolkthd\th roGRILRE kudkOANBSmEtRN
i nclude threading the self-retaining suture in straight-line patterns

such as zi g-speagry efribe toe. wietk, gedamipator dhoresicgaian asopg plers si nusoi dal |
and corkscr surg ; l. f - i nj o
position angwg%giport ﬁ) és}% gﬁ%\}\@grﬁg %éiflt‘éerrt'3 fzl%ldsg %u%ﬁr?\%génﬂ(;g? ﬁ%tgﬁégsggﬁrﬁggl and
such as cosnebp Gusdidalfryccdircb i@ ha@ens BeT kningddel GBI REsinGr wobadsaatairing
regi on anong ot hers. [0008] Mbre specifically, self-retaini na sut ures
can be used TaumatipdpipTies o defsets.cioapngs tipyrt eehien (uingings ssVATH FaYS Bitd

approximation, closing an anatomical space, affixing single or multiple tissue layers



traumatic injuries or defects, joining tissues together [bringing
severed tissues into approximtion, closing an anatom cal space,
affixing single or multiple tissue |ayers together, creating

anast onoses between two hollow (lum na') structures, adjoining
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situations where suture renoval mght jeopardize the repair or where
t he nat ur al corepdsehgf prtgueslycolisragist polymers sug popdlymperavadischcisypalymers and

suture material unnecessary, after wound heal i ng has been c | et ed.
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heal i ng may be expected to be protracted or where the suture materi al
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anast onbscspolybutylene or polyethylene terephthalate with polyglycols or polyethers, metal
alloys, metal (e.g., stainless steel wire), polypropylene, polyethelene, silk, and cotton.
Degradable (bioabsorbable) sutures have been found to be particularly useful in
situations where suture removal might jeopardize the repair or where the natural healing
process renders the support provided by the suture material unnecessary after wound
healing has been completed; as in, for example, completing an uncomplicated skin
closure. Nondegradable (non-absorbable} sutures are used in wounds where healing
may be expected to be protracted or where the suture material is needed to provide
physical support to the wound for long periods of time; as in, for example, deep tissue

repairs, high tension wounds, many orthopedic repairs and some types of surgical

anastomaoscs.



[ 0011] Bi oabsor babl e sutures can be nade of materials which are broken
down in tissue after a given period of tinme, which depending on the
material can be fromten days to ei ght weeks. The sutures are used
therefore in many of the internal tissues of the body. In nbst cases,
three weeks is sufficient for the wound to close firmy. At that tine
the suture is not needed any nore, and the fact that it disappears is
an advant agqpoBg t her Bidabsdibalfl©fnRurg cditieanidd! ofineftérialnwhidk atdieobmdiown
and no need for the patient to have the sutures renoved.
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form ng bar n sutures by cutt n to a suture .bo
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one or more relatively rigid barbs at its opposite ends; the presence of the barbs just at
the ends of the suture would limit the barbs” effectiveness. Sutures having a plurality of
barbs positioned along a greater portion of the suture are described in U.S. Pat No.
5,931,855, which discloses a unidirectional barbed suture, and U.S. Pat. No. 6,241,747,
which discloses a bidirectional barbed suture. Methods and apparatus for forming

barbs on sutures by cutting barbs into a suture body have been described in, for

example, U.S. Pat. Nos. 6,848,152 and 7,225,512. Methods of manufacturing sutures



[ 0014] Provi ded herein are sutures for use in a procedure applied to
ti ssue, and nmethods for form ng such sutures. In accordance with an
enbodi nent, a suture includes an el ongated suture body and plurality
of retainers that are spaced apart from one another and extend from

t he el ongated suture body between first and second ends of the suture
body. In specific enbodiments, the retainers are bi-directional
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bvent ron,  SHEVTBIPRU PR Pt Aot SRR B an bGP e
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of the present invention, each bi- directional retainer can be

col | apsed i FodhePr Sormi suilt sutpiesnsin srepirteny it pon cmhedipeite @ fuie
in which th I

an enbodi mﬁ%&ﬂgig @lron %?ﬂgjr%rggﬁ?}épse H&tﬁt}% {réng{Sl tgerl]taag% oag?t?gﬁt rﬁe
direction i nnmmlhertahé erehd fmerthe slodgqjlécbwui'eﬂ}bdy)hqmen fistiend e ends

retainer is | | apsed due to ai ner_being de ed throu
{seuo 1 n aof e SHOE Jogr FLipecifEmPamenr Moy R BE LEHRTHPTY FFBR: ¢ o
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tissue in the second direction, the retal substantrally yreld
to notion oﬁotthaeeepmdgamdectmﬁmmenbﬁgﬂwenmltﬂmm the tissue when the
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[0018] I n acapétiend Geiieh cai b@wmtpgeaemeémﬁibﬁ% Qir&tiohd) QlePéRIRR Mpon the
invention, a suture includes an elongated suture body ‘and a plurality

of conical diegsed in evlachmélresreéq@@azelel damalmd fhreughomssuaindn egordange with an
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extend fromdidigerdsl Q@;ﬂo?éd thisugh Qb OadAP edlaingt R BBEFKe@Adé @F tHeh@tainer
angled walls of the conical shaped retainers.
being deployed through tissue 1n a first direction, the retainer will substantially yield to
motion of the elongated suture body within the tissue when the elongated suture body is
drawn in the first direction, and will resist motion of the elongated suture body in a

second direction generally opposite the first direction.



[ 0019] The details of one or nore enbodi ments are set forth in the
description below. O her features, objects and advantages wll be
apparent fromthe description, the drawings, and the clainms. In
addition, the disclosures of all patents and patent applications
referenced herein are incorporated by reference in their entirety.
[0020] The details of one or nore aspects or enbodinents are set forth

in the descryppifjon belpwecoldadss witgah 'éfn%éahnﬁﬁi §Cthe p?é@gntarﬁ%%ﬂéxﬂgles%aﬁlé bt
be apparent from t he description, the drawi ngs, and the clains.

addi tion, t heclgicedtasar straksfogingd paitberof tanthapatranicpendplz upan tlt@rthrectlon
referenced her ncor. reference in their e t|r

DEsoR: Py o i el D Shtoad Brond® LERENEncela Wity BitanGived in,
of a self-rahaidtiuddo $hH rfatneR 66E dbplBycddandngie TRAE iR fivst Aredtion, ME eaeMEr
i nvention, which includes bi-directional retainers. [0022]FIGS 2A-2C

are front vivalsubitantisly pieldiia metioropiathe clongitad petuistbody @ithin the tissue when

the clongated suture body is drawn in the first direction, and will resist motion of the
clongated suture body in a second direction generally opposite the first direction. Once
a retainer is transformed in shape due to the retainer being deployed through tissue in
the second direction, the retainer will substantially yield to motion of the elongated
suture body within the tissue when the elongated suture body is drawn in the second
direction, and will resist motion of the elongated suture body in the first direction.
[0018] In accordance with alternative embodiments of the present invention, a
suture includes an elongated suture body and a plurality of conical shaped retainers
spaced apart from one another and extending from the clongated suture body between
first and second ends of the suture body. Additionally, tissue engaging protrusions
extend from the edges of the conical shaped retainers and/or the angled walls of the
conical shaped retainers.

[0019] The details of one or more embodiments are set forth in the description
below. Other features, objects and advantages wiil be apparent from the description,
the drawings, and the claims. In addition, the disclosures of all patents and patent
applications referenced herein are incorporated by reference in their entirety.

[0020] The details of one or more aspects or embodiments are set forth in the
description below. Other features, objects and advantages will be apparent from the
description, the drawings, and the claims, In addition, the disclosures of all patents and

patent applications referenced herein are incorporated by reference in their entirety.



according to various enbodi nents of the present invention.

[ 0023] FI GS. 3A-3H are cross sectional views of grooves in the

bi -directional retainers of FIGS. 2A-2C, according to various

enbodi ments of the present invention. [0024]FIG 4A is a perspective
view of a portion of the self-retaining suture of FIG 1, prior to it
bei ng depl oyed through patient tissue. [0025] FI G 4B is a perspective

view of the self-retaining sy (ﬁ%ﬁ’;r 4A), when it is
initially being deployed thro 1%5;] patlent FI ssue 026]FIG 4Cis a

perspective [00HW of t REGsel - peép@ttiiengickubilae patiofr| 6B a lsclfatdinfgChuturdA
and 4B) aft e%corélng 6%(8) al]?leee %0%?ménct) o%qhé gﬁeggn r}n\Pe?l%Ié)I? nvtvhlE:lll S11?(:,[1Judes bi-directional
retainers,

[0022] FIGS. 2A-2C arec front views of the bi-directional retainers of FIG. 1,
according to various embodiments of the present invention.

[0023] FIGS. 3A-3H are cross scctional views of grooves in the bi-dircctional
retainers of FIGS. 2A-2C, according to various embodiments of the present invention.
[0024] FIG. 4A is a perspective view of a portion of the self-retaining suture of
FIG. 1, prior to it being deployed through patient tissue.

[0025] FIG. 4B is a perspective view of the self-retaining suture of FIG. 1 (and
FIG. 4A), when it is initially being deployed through patient tissue.

[0026] FIG. 4C is a perspective view of the seif-retaining suture of FIG. 1 (and
FIGS. 4A and 4B) after it has been deployed through patient tissue.

[0027] FIG. 5 illustrates that the bi-directional retainers of FIGS. 1-4C can be
deployed through patient tissue in different directions.

[0028] FIGS. 6A and 6B are front views of the bi-directional retainers that
include protrusions extending from edges of the retainers, in accordance with
embodiments of the present invention.

[0029] FIG. 6C is a perspective view of a suture that includes one of the bi-
directional retainers of FIGS. 6A and 6B, after the retainer has been deployed through
patient tissue.

[0030] FIGS. 6D and 6E are front views of the bi-directional retainers that
include protrusions extending from edges of the retainers, in accordance with further
embodiments of the present invention where the protrusions are corners of quadrilateral
faces.

[0031] FIG. 7 is a front view of a bi-directional retainer that includes vents that
prevent air from getting trapped by the retainer.

[0032] FIG. 8 illustrates an exemplary extruding and coining machine that can

be used to produce the sutures described with reference to FIGS. 1-7, in accordance

with an embodiment of the present invention.



[0027]FIG 5 illustrates that the bi-directional retainers of FIGS.
1-4C can be depl oyed through patient tissue in different directions.

[ 0028] FI GS.

6A and 6B are front views of the bi-directional retainers

that include protrusions extending fromedges of the retainers, in
accordance with enbodi nents of the present invention. [0029]FIG 6C
I's a perspective view of a suture that includes one of the bi-

di recti onal

retainers of FIGS. 6A and 6B, after the retai ner has been

depl oyed thro&gﬁ patient tissue. [0030]FIGS. 6D and 6E are_front,

vi ews of thd0

extending f
enbodi nent s

di r ecFienhillusigates #esemplray famant et gndicrrredussd using the

rnqﬁiphﬁgg)@ﬁ@_f&the retainers, in accordance with further

0 e present invention where the protrusions are coners

of quadril at[@03] face§FIGE.0031] M Bustvat¢sshosy 4 moht orndievandfe wwed to produce the
" : I . )
bi -directi Onsgturersedte?clrlj?)gcrl w&tg%éfellerqgel tlél %?88.V16-9 %rcsamt tgg hlament shown in FIG. 9.

[0035] FIG. 11A illustrates a self-retaining suture that includes uni-directional
retainers, according to an embodiment of the present invention.

[6036] FIGS. 11B-11E illustrate alternative retainer embodiments for the self-
retaining suture of FIG. 11A.

DESCRIPTION OF INVENTION
[0037] Prior to setting forth the invention, it may be helpful to an understanding
thereof to first set forth definitions of certain terms that are used hereinafter.
[0038] “Sclf-rctaining system” refers to a self-retaining suture together with
means for deploying the suture into tissue. Such deployment means include, without
limitation, suture needles and other deployment devices as well as sufficiently rigid and
sharp ends on the suture itself to penetrate tissue.
[0039] “Self-retaining suture” refers to a suture that does not require a knot or a
suture anchor at its end in order to maintain its position into which it is deployed during
a surgical procedure. These may be monofilament sutures or braided sutures, and are
positioned in tissue in two stages, namely deployment and affixation, and include at
least one tissue retainer.
[0040] “Tissue retainer” {or simply “retainer” or “barb’) refers to a suture
¢lement having a retainer body projecting from the suture body and a retainer end
adapted to penetrate tissue. Each retainer is adapted to resist movement of the suture in
a direction other than the direction in which the suture is deployed into the tissue by the
surgeon, by being oriented to substantially face the deployment direction. As the tissue-
penetrating end of each retainer moving through tissue during deployment faces away
from the deployment direction (the direction of the passage of the suture during
deployment), the tissue retainers should not catch or grab tissue during this phase.

Once the self-retaining suture has been deployed, a force exerted in another direction,



prevent air fromgetting trapped by the retainer. [0032]FIG 8

Il lustrates an exenplary extruding and coi ning machi ne that can be
used to produce the sutures described with reference to FIGS. 1-7, in
accordance with an enbodi nent of the present invention. [O0033]FIG 9
illustrates an exenplary filanent that can be produced using the
machine of FIG 8. [0034]FIGS. 10A-10C illustrates how a nold or die

G e oo g B S MRS o NG B
sel f - r et ai NicBgkes HtdHEs fohfbtdléﬂlﬁkb&' dem Mk deidy@sdnt Pokddions of resting substantially
along the suture body and causes retainer ends to penetrate into the tissue resulting in
tissue being caught between the retainer and the suture body.
[0041] “Retainer configurations” refers to configurations of tissue retainers and
can include features such as size, shape, surface characteristics, and so forth. These are
sometimes also referred to as “barb configurations™.
[0042] “Bidirectional suture” refers to a self-retaining suture having retainers
oriented in one direction at one end and retainers oriented in the other direction at the
other end. A bidirectional suture is typically armed with a needle at each end of the
suture thread. Many bidirectional sutures have a transitional segment located between
the two barb orientations.
[0043] “Transition segment” refers to a retainer-free (barb-free) portion of a
bidircctional suture located between a first set of retainers (barbs) oriented in one
direction and a second set of retainers (barbs) oriented in another direction.
[0044] “Suture thread” refers to the filamentary body component of the suture,
and, for sutures requiring needle deployment, does not include the suture needle. The

suture thread may be monofilamentary, or, multifilamentary.

[0045] “Monofilament suture” refers to a suture comprising a monofilamentary
suture thread.
10046] “Braided suture” refers to a suture comprising a multifilamentary suture

thread. The filaments in such suture threads are typically braided, twisted, or woven
together.

[0047] “Degradable (also referred to as “biodegradable” or “bioabsorbable™)
suture” refers to a suture which, after introduction into a tissue is broken down and
absorbed by the body. Typically, the degradation process is at least partially performed
in a biological system. “Degradation™ refers to a chain scission process by which a
polymer chain is cleaved into oligomers and monomers. Chain scission may occur
through various mechanisms, including, for example, by chemical reaction (e.g.,
hydrolysis, oxidation/reduction, enzymatic mechanisms or a combination or these) or

by a thermal or photolytic process. Polymer degradation may be characterized, for



retainers, according to an enbodi rent of the present invention.

[0036] FIGS. 11B-11E illustrate alternative retainer enbodi nents for
the self- retaining suture of FIG 11A DESCRI PTI ON OF | NVENTI ON
[0037] Prior to setting forth the invention, it may be hel pful to an
understanding thereof to first set forth definitions of certain terns
that are used hereinafter. [0038]"Self-retaining systenf refers to a

sel f-retai niegaanﬁlﬁ,t gig% %f/iﬁ@e‘rr]nfl@‘{tioﬁ‘ &&Iﬁﬁﬁ%}g%ﬂyo(eﬂﬂpw%mﬁoﬁm Bt Bl fimer

into tissue. Suc e means 1 nc W thHout |limtation,
sut ure needinedcaila rodshehargep Hayne eroside aind dsealidowve| Degmadshié futurcematesial

9,0 500, Sharp,onds on the SULULe LISP! (.40 BRNCLLA! GUL BN oy

require a knglyefler-8sters (e.g., copolymers of polyglycolide with polyglycols, polyglycolide
with polyethers, polylactic acid with polyglycols or polylactic acid with polyethers),
copolymers of glycolide and lactide, copolymers of trimethylene carbonate and
glycolide with dicthylene glycol (c.g., MAXONTM, Tyco Healthcare Group),
terpolymer composed of glycolide, trimethylene carbonate, and dioxanone (e.g.,
BIOSYNTM [glycolide (60%), trimethylene carbonate (26%), and dioxanone (14%}],
Tyco Healthcare Group), copolymers of glycolide, caprolactone, trimethylene
carbonate, and lactide (e.g., CAPROSYNTM, Tyco Healthcare Group). These sutures
can be in either a braided multifilament form or a monofilament form. The polymers
used in the present invention can be linear polymers, branched polymers or multi-axial
polymers. Examples of multi-axial polymers used in sutures are described in U.S.
Patent Application Publication Nos. 20020161168, 20040024169, and 20040116620.
Degradable sutures can also include dissolvable sutures made of a dissolvabie polymer,
such as a polyvinyl alcohol partly deacetylated polymer, but not limited thereto.
Sutures made from degradable suture material lose tensile strength as the material
degrades.
[0048] “Non-degradable (also referred to as “non-absorbable™) suture” refers to
a suture comprising material that is not degraded by chain scission such as chemical
reaction processes (e.g., hydrolysis, oxidation/reduction, enzymatic mechanisms or a
combination or these) or by a thermal or photolytic process. Non-degradable suture
material includes polyamide (also known as nylon, such as nylon 6 and nylon 6.6),
polyethylene  terephthlate, polytetrafluoroethylene, polyether-ester (such as
polybutylene or polyethylene terepthalate based copolymers with polyglycols or
polyethers), polyurethane, metal alloys, metal (e.g., stainless steel wire), polypropylene,
polyethelene, silk, and cotton. Sutures made of non-degradable suture material are
suitable for applications in which the suture is meant to remain permanently or is meant

to be physically removed from the body.
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suture anchor at its end in order to maintain its position into which
it is deployed during a surgical procedure. These may be nonofil anent
sutures or braided sutures, and are positioned in tissue in two
stages, nanely depl oynent and affixation, and include at |east one
tissue retainer. [0040]"Tissue retainer” (or sinply "retainer" or
"barb") refers to a suture elenent having a retainer body projecting

fromthe sut body and a r.etai ner _.end adapted to penetrate tissue,
Each ret ai néwj“%i adapt {élautfi)d‘?@g‘if’étref?ﬁﬁ/@ﬁ‘_g%%awtef ﬂfgthg EP%F %fatﬁ"ﬁ syfure. It is
direction otheE uhdtefloddBatdi VaBielyl FRutuft MU Ik e Sl Wil thS sl @c%éﬁrgibcd

into the tissue by the surgeon; by being oriented to substantia
face the depkersymant thati wiibst the rermAkliantetert issftee apmniptedatiiing cieovdargieriplacy)

t ai j h t duri.ng depl t f : f t
Geproyment ot PapeRaRcraed BRFEPS: S ERulERy S R R &
during depl Qufpty oft & bik §.UeSﬁt@I=eaisﬁﬁfg5is5|3&!éh hdAt digREER OUni#d@Btates

tissue during this phase. Once the self-retaining suture has been
depl oyed, a PhamesorsiaflUSE™) desianatioree! sityre sizt ovns fromyOttery isuths taager irarigey
opposite to i lqysent, direction, to affix. the suture.in positjaon
causes ret aia%&;relsglﬁ g ]lcnle s 3%% 'f rraggﬁ’tlﬂetlﬁ? Sl SRRt ﬁggglfclrotﬁ% VS,fuc

resting substgsdih@tieyhyphanagdizbe, iisthialedabelyitad diLatd e The ab@ilndmRadS
to penetrate into the tissue resulting in tissue being caught between
the retai nef SHWEF WHkdepgad prths suyre afoual] sopBatabnway eonEmples aspBreet size
refers to c j ' fl r.ef-al | -NC S
such as si thﬁ !érﬁg%g%lé %ér:bfl %%%1 %ﬂgtr{%gtaegrh?ﬂg?ﬁg {:gf &gg(‘i‘ﬁ’g’g” %11('1;5 r %uhl'!&gsrhﬁ@egu glrge
sonet i mes absoe USPesieedetignation "Hoamiade aififa gyntlgetic cadsdrbable material or a non-
[ 00421"Bi di recti opal sut ur.ﬁ"ela ers to a self-retaihing suture havjng
i

re .
retainers ofPYRHAEY PHOGHE Sk g fred Tedhbimith o Theeteichen of Bitirertzed
in the ot he"fordz%j b%ﬁ%ﬁl%p%o%r@epeﬁﬁq{poﬁqgcm@ EhE Al ARN8lor I HERe 1tS be

typically armed with a needl e at each end of the suture thread Many

bi di r ect i onawturedtand dlse imgpoatancet ofagosnttioermiccrasgrliivt snhablcntwrarch etaybemdrhe

two barb or iegqﬂt)z%tla{n?prfl?dted through tight surgical sites and are associated with less scarring, the
tensile strength of a suture manufactured from a given material tends to decrease with
decreasing size. It is to be understood that the sutures and methods of manufacturing
sutures disclosed herein are suited to a variety of diameters, including without
limitation 7, 6, 5, 4, 3, 2, 1, 0, 1-0, 2-0, 3-0, 4-0, 5-0, 6-0, 7-0, 8-0, 9-0, 10-0 and 11-0.
[0050] “Suture deployment end” refers to an end of the suture to be deployed
into tissue; one or both ends of the suture may be suture deployment ends. The suture
deployment end may be attached to deployment means such as a suture needle, or may

be sufficiently sharp and rigid to penetrate tissue on its own.

[0051] “Armed suture” refers to a suture having a suture needle on at least one
suture deployment end.
[0052] “Needle attachment™ refers to the attachment of a needle to a suture

requiring same for deployment into tissue, and can include methods such as crimping,
swaging, using adhesives, and so forth. The point of attachment of the suture to the

needle is known as the swage.
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[0043]"Transition segnent” refers to a retainer-free (barb-free)
portion of a bidirectional suture |ocated between a first set of
retainers (barbs) oriented in one direction and a second set of
retainers (barbs) oriented in another direction. [0044]"Suture
thread" refers to the filanentary body conponent of the suture, and,
for sutures requiring needl e depl oynent, does not include the suture

needl e. The re t hn%]qﬁlﬁ\/b MR%aRe LRACT L rs'tlf%&}/ 0 %Ep1% sutures 1nt0 tissue,

nultlfllaneA [ 004 |Ianent suture ers

conpri si ng awlﬁﬂ:necimé anmeaip diffesait whapes, Hbﬁﬁdal{cﬁémaﬁﬂdéﬂﬂbﬁs d@hlcrs latajfvﬁ) main
refers to a suture conprising a nmultifilamentary suture thread., The
filaments i AYRSSCH r@e@lafp ératlwafé%a%edéwnfiﬁswwtrcyn%ﬂ%@ﬁ dddaumpagicgiegdies frve

woven toget h:ﬁ!mne[bqgﬁgl %o%e@ s de'éfgn%raﬁ‘(,eglpf)ﬁed%%pdrdte from the suture

"bi odegr adabl e | oa so
thread and are threaded on 31te Atraumatic needles are eyeless and are attached to the

suture at the factory by swaging whereby the suture material is inserted into a channel
at the blunt end of the needle which is then deformed to a final shape to hold the suture
and needle together, As such, atraumatic needles do not require extra time on site for
threading and the suture end at the needle attachment site is smaller than the needle
body. In the traumatic needle the thread comes out of the needle’s hole on both sides
and often the suture rips the tissues to a certain extent as it passes through. Most
modern sutures are swaged atraumatic needles.  Atraumatic needles may be
permanently swaged to the suture or may be designed fo come off the suture with a
sharp straight tug. These “pop-offs” are commonly used for interrupted sutures, where
each suture is only passed once and then tied. For barbed sutures that are uninterrupted,
these atraumatic needles would be ideal.

[0054] Suture needles may also be classified according to their point geometry.
For example, needles may be (i) “tapered” whereby the needle body is round and tapers
smoothly to a point; (ii) “cutting” whereby the needle body is triangular and has
sharpened cutting edge on the inside; (iii) “reverse cutting” whereby the cutting edge is
on the outside; (iv) “trocar point” or “tapercut” whereby the needle body is round and
tapered, but ends in a small triangular cutting point; (v) “blunt” points for sewing
friable tissues; (vi) “side cutting” or “spatula points” whereby the needle is flat on top
and bottom with a cutting edge along the front to one side (these are typically used for
eye surgery).

[0055] Suture needles may also be of several shapes including, (i) straight, (ii)
half curved or ski, (iif) 1/4 circle, (iv) 3/8 circle, (v) 1/2 circle, (vi) 5/8 circle, (v) and
compound curve.

[0056] Suturing needles are described, for example, in US Patent Nos.
6,322,581 and 6,214,030 (Mani, Inc., Japan); and 5,464,422 (W.L. Gore, Newark, DE);
and 5,941,899; 5,425,746, 5,306,288 and 5,156,615 (US Surgical Corp., Norwalk, CT);
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suture” refers to a suture which, after introduction into a tissue is
br oken down and absorbed by the body. Typically, the degradation
process is at least partially performed in a biological system
"Degradation” refers to a chain scission process by which a pol yner
chain is cleaved into oligoners and nononers. Chain scission my
occur through various nmechani sns, including, for exanple, by chem cal
reaction (e.qq, SﬂﬁCH'Z@ldﬁlvﬁtec@%@aihz%ﬁ/ PRl Rl AGATE e RGRANGHD
or a conbi nation of these I'C process.
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suture depl oynent end. [0052] "Needl e attachnent™” refers to the
attachnment of a needle to a suture requiring sanme for deploynent into
ti ssue, and can include nethods such as crinping, swaging, using
adhesives, and so forth. The point of attachment of the suture to the
needl e is known as the swage. [0053]"Suture needle" refers to
needl es used to depl oy sutures into tissue, which conme in many

di fferent shapes, sl ®AAACUEORPART héBAB -andBREE pdsiflor. WRIoWRVE, tWille 926
needl es, traumatic needl es and atraumati c needl es. Traumati c needl es

have channelgsavitntiohal |dffgets easlisv¢ tthdowhwardhpulb onothisefisslp aned ther anderlying

AL Bumat i o ERAPGE o dercatd il B PRl o, VoRERE 0 A Ty

factory by syRgi nes Wheriap Yadidl @issiétiblsgy. keliftgdrodeduric s rdesignddntb difisthese
channel at the blunt end of the needle which'is then deforned to a
final shape seggitplispueheand @raupes sranme of ranersgepsial clagsoisimedical procedure
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sutures, where each suture is onl assed once and. .then tied, For
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be ideal. [QRAHiRUHHR REFdaRnMRY al so be classified according to
their point geonetry. For” exanpl'e, needles may be (i) "tapered"

wher eby t he (A6l e botMedisalrdsvinel’ etridmplap? refers ppemtabject plagedgpithe body ifgr)

"cutting" reby the needl e baody .is fri | ar . _ e
cutting ed\é\gg% PR @ﬁ&*e?mt% ipg%s“’ll?’%l\?aelr sttty i"%dg?‘gm%%@rci‘g@ﬁgto ﬁgﬁig“’ms
cutting edgegicsiad Wik dehsi ded/of tephirinphgtaingd@inidged @ difcagpar egins and
wher eby the needle body is round and tapered, but ends in a small
triangul ar dissuesndVhilsinermaliygomepesheibiglegiplly apadligsyyheticimgeasals (¢.g.
tissues; (vi)_ i si Lo . Qr:." t i i, t .

s 1t on ChgiEkERMEHEIO0 e dnTRR L BuBOhBLE, pORLERH S RoBEERKRS
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may al so be of several shapes including, (i traight, (.]
Y implants include matee'ia S 'derfve %ro angmgls e.g., “genogra sJ’ )s

uch as whole
animal organs; animal tissues such as heart valves; naturally occurring or chemically-
modified molecules such as collagen, hyaluronic acid, proteins, carbohydrates and
others), human donors (e.g., “allografts” such as whole organs; tissues such as bone
grafts, skin grafts and others), or from the patients themselves (e.g., “autografis” such
as saphenous vein grafts, skin grafts, tendon/ligament/muscle transplants). Medical
devices that can be used in procedures in conjunction with the present invention
include, but are not restricted to, orthopacdic implants (artificial joints, ligaments and
tendons; screws, plates, and other implantable hardware), dental implants, intravascular
implants (arterial and venous vascular bypass grafts, hemodialysis access grafts, both

autologous and synthetic), skin grafts (autologous, synthetic), tubes, drains, implantable

tissue bulking agents, pumps, shunts, sealants, surgical meshes (e.g., hernia repair
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hal f curved or ski, (iii) 1/4 circle, (iv) 3/8 circle, (v) 1/2
circle, (vi) 5/8 circle, (v) and conpound curve. [0056] Suturing

needl es are described, for exanple, in US Patent Nos. 6,322,581 and
6,214,030 (Mani, Inc., Japan); and 5,464,422 (WL. Gore, Newark, DE);
and 5,941, 899; 5,425, 746; 5, 306,288 and 5, 156, 615 (US Surgi cal Corp.,
Nor wal k, CT); and 5,312,422 (Linvatec Corp., Largo, FL); and

7,063,716 ( He C r Y . r- SUturi n e
are descri b-e[%e,%g?sbrﬂéesilgn%{aqe}ffm{yg %ﬁl@itgﬁh{tm%_ S%‘ ?géﬁ%fw 5@%97%%%%1‘%
5,676, 675; amdrvort@Rd,dktR . spibhkfusivh deessdasyaidineliker ei n may be
deployed with a variety of needle types (including without limtation
curved, straight, long, short, mcro, and so forth), needle cutting
surfaces (ingcl udi i tation, cutting, tapered, and so
forth), ahd%eed?gﬂﬁ%@ Sut{nleg]echni qgues (including wthout
limtation, [#06H ] ed eSlelf-rataininpedutuaesd Goclfiding hbarbbtbr esowess) tdifer from

sutures described herein may thenselves include. sufficiently rigjd
and sharp e/fO&"eBHOHS SPYTS; lgﬁg?{stg‘ewp_f’??eﬁsh’éur?%ﬁﬂfi HSHR ATtangs (SEBI ‘E?yﬂ’?é"ﬁ)
needl es al t Q@i RLhor BT INRE@IISW R BbGhent a8 &t hBvidiGt dF ABRLGTe igf

a suture deployment needle at the widest point of that needle. Wil
t he term " dieaivgetéon opipesitsf to éhnt as whichdberttamerhiage,gherchyt elimipgingghensed tot

is to be understoqd Rerei.n to.indicat . Gross-sectio di. nensi o
hosoci ared o8 I8 aREL R OHOR) S8l 2a “ToRBE esuRd Ty HoFaine Ruot
refers to atghg Gksalatddr@epUitdtRné O clilrsdtdtl) ifud oMbt limited to (i) spitting

(a condition where the suture, usually a knot) pushes through the skin after a

subcutaneous closure), (i1) infection (bacteria are often able to attach and grow in the
spaces created by a knot), (iii) bulk/mass (a significant amount of suture material left in
a wound is the portion that comprises the knot), (iv) slippage (knots can slip or come
untied), and (v) irritation (knots serve as a bulk “foreign body” in a wound). Suture
loops associated with knot tying may lead to ischemia (they create tension points that
can strangulate tissue and limit blood flow to the region) and increased risk of
dehiscence or rupture at the surgical wound. Knot tying is also labor intensive and can
comprise a significant percentage of the time spent closing a surgical wound.
Additional operative procedure time is not only bad for the patient (complication rates
rise with time spent under anesthesia), but it also adds to the overall cost of the
operation (many surgical procedures are cstimated to cost between $15 and $30 per
minute of operating time). Thus, knotless sutures not only allow patients to experience
an improved clinical outcome, but they also save time and costs associated with
extended surgeries and follow-up treatments.

[0062] Self-retaining  systems for wound closure also result in  better
approximation of the wound edges, evenly distribute the tension along the length of the
wound (reducing areas of tension that can break or lead to ischemia), decrease the bulk
of suture material remaining in the wound (by eliminating knots) and reduce spitting

(the extrusion of suture material — typically knots - through the surface of the skin. All
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An injury, especially one in which the skin or another external or
internal surface is cut, tom pierced, or otherw se broken is known
as a wound. A wound commonly occurs when the integrity of any tissue
is conpromi sed (e.g., skin breaks or bums, nuscle tears, or bone
fractures). A wound rmay be caused by an act, such as a gunshot, fall,
or surgical procedure; by an infectious disease; or by an underlying
nedi cal condjftegd foaRdstir€ BloudRUE ebdatOfai R of Rirdvel AbMRSsid, ABd RicRlagoweald
event of healing by joining, or closely approximting, the edges of

t hose woundsstregsih eclftth(e tq wg@tufeclwezsemé’e@tedw Pl Sutuses QtskHeIw se
separated. e ca! | roHn St BhOSt Pk Rt I BPRORE R g RS P R

the tissue une new

formation rege i éhet £bsbidedgfetehifién Web&b%@@@utﬁf@&sta’\/ﬁ:aﬁﬂ@ﬁ&t @fsotpievides
wound. Cl osure can serve both functional and aesthetic purposes.

These pur poseBerionsy e¥e Bleinnfuigies-onWaen glosige sﬁaaf@enwhaépi@mﬁ?rnﬁm‘l% thife
subcut aneou Qi; al e

epi der mal alsaldgén rr%r%(-:}ﬁami%1§ é‘g%)l? g{a%eggr ag% gscglgprrg@s dlgno gﬁ% f)sr{eag |dslse81p ate
ever si on of tedsion Aagase chtitd IpthTofthe sutetcepmividiy pmdedd of Einchef eomitst o
a surgical procedure for reposgilonlng thsue frog}a | ower el evati.on
to a hi gher ®PesFaLe bretier inferrigicd rjwehEhich senfentaie edpnsit 3t dcrsiRfinte
to the direghiqn cglfceﬁa%ﬁ drib} -codfiGic” bt Qﬁd‘gaséénEQlﬁ@Bﬁa%cé’fthan?e bag® will
support facia t tissue 1n the nornmal anatom c position. However,
with age, graky’ ’[(a‘tpuﬂrthﬂougﬁ)f et)tcsnmhbat@k/womdogmnmum cpubé closedt(hirdes, arcs,

ti ssue and t.he f%erbylng I anment s, d f at descenda into the pl
bet ween t he JREBRAES) 4P Aot el REE Taln POEPETS R 00 AU o et e

tissue to sagnicFRAGEIH inﬁénn@fe@%ﬁﬁ%se?uﬁth@y sasingR et 1@d Ifhfd “thiR@Rfd” which
sagging tissues, and are one exanple a nore general class of

medi cal pr ooedﬁmerelqnmfoasn%nt@mmaenseqne&cmsdhp prorkeduneg, tradifoaal suturing
general ly, |ss vat ion. pLec dur rev e

Change t hat BTt Befi B0 PUBBEROGHEIEE T Moo RRRE s guring

temporal ef f@ﬁgﬁ (ivbl aﬁeycau S@pdrics Sl @rdo@dﬁagwhauq&oa@ug,@ Ebﬂeblﬁu@ﬂlﬁzeﬁﬁﬁult
It should be noted that tissue can al so be repositioned with

el evation; iSAcks@mdn seer a@unds of laparpsonisy ar%%%sp g Xy thext “é\nalpq ysed to
(avay 1 om LG oRrilld DR nolTBEH Aot W@ﬁmmecwghfy | R¢) 11 BB
(1 oner ed) in er to restore sy e reposi tioned such that

the | ef t anduﬁw@hﬁ‘oﬂd&jﬂsleohaﬂdﬂleg hmmatohﬂealkyhig)lt of G@p Platde@icads thkepeil@ie,"

or "inplant” refers any object placed in the body for the ose
O e or I ngbE 1 or Pkt dh e do PRGREIT S Rues iy B smaitpfroand
associ at ed WihfndiyS@assc @Jaéédgfesr Q]}P%hfh'oﬂgﬁe[x@r@ aﬁgeagredﬁmﬁqre%a a knot.

di seased organs and tissues. ile normal 'y conposed of biologically
conpati bl e sfimthte@qcuranmaﬁowals@f (eéalgng sniechsdalbeqrsa@éorsmanemogsé%scle%tes

titani um an her. net a ner uc urethan ,
SN IS S TRAR SR A A g M H%F%fmg) than
deV|ces and(hﬂgég@bﬁmhgguumgrmﬁh@mmgbs derlved fron1an|nals (e.q.
"xenografts" such as whol e ani mal organs; aninal tissues such as

heart val ved00&ft ur al Sslf-sueiningi wgprres 2 ach ol Chemselves dp fai eadichbpE enscielized
such as coll.a Y i r

others), nurbscasabr! terhe iR sBlapledh Tiuf MRS O Mere dssue
ti ssues sucHs amvbd ﬂ@ngﬁﬁbmlous kdcatign add fepasitoret irtos) neworandtomital eation
patients thensel ves ﬁ "autografts" such as saphenous vein
grafts, ski fthgyigftynica W&%ﬁamqq ig£RERTticrRIRcEHWes WARSpHERPEE. tipgicepvated

devi ces t hat ?qﬂ{e&qn "dslﬁgr Ie ogﬂlﬁﬁ’eg&ﬁ& 'O'P vﬁﬁpé utﬂgtngamm)ﬁ htlstsﬁ'@ moved
present invention inclu but are not ‘restrict orthopae
i npl ants (ardatci tecitadorfeot mtaﬁqnubalgamnn]s St rerdaons inchele é’mhftplbameﬂnﬁs,

and ot her inpl ang b e , gdental inplants, intravascul ar
i npl ants ( arteast C@%ﬁ%@ %ﬂ%@&lar bypass grafts, henodial ysis
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meshes, tissue scaffolds), fistula treatnents, spinal inplants (e.qg.,
artificial intervertcbral discs, spinal fusion devices, etc.) and the
like. A Self-Retaining Sutures 100611Self-retaining sutures
(i ncluding barbed sutures) differ fromconventional sutures in that
t hey possess nunerous tissue retainers (such as barbs) which anchor
into the tissue follow ng deploynent and resist novenent of the
suture in a direction,o site to that in which the retainers face,
thereby el i i i ng tﬁegﬁgﬁéallalagﬁuaﬂwwsbfdf tepongly BB o1 F Jare
together (a rckmpislofieficd il ARWiRtionBYord! thdch@h 0P theksiRite h¥aBSbr bidirectional,
associ ated conplications are elimnated, inhcluding, but not limted
to (i) spit ttymepllyshagiogdint oo mowhestancdrherigadunene déaetionyelagkanpiniopas thes
t hrough the ski ter.a subcutanepus closure), (ji) iLnfecti. o
(bact or i a atreis FRlovah S 8 o5 FRROR MR oot R epfiberkpheh SrebEh ety
a knot), (i iovdr fAE dhdiBES of eheSthetd {dsCREribRAMHIM baPbedSdialhcs AT S PA! Nos.
left in a wund is the portion that conprises the knot), (iv)
sl i ppage (kigPd.884an&162413#come untied), and (v) irritation (knots
serve as a "forei (o VAN ‘ und) . ..Sut Uk 00ps associ.at ed
o th kot o PUSET o PAR Rty bR R e er RS BB BN ot
can strangulratigers iagspigsibleda torminbn Breodvilh @ fidlche ofiegidpflloard by barbs
i ncreased risk of dehiscence or rupture at the sur_g(i cal wound. Knot

[

tying is al PBICHBE 2wt dpm e nepdie uptl the frapsition pointi(pficrr the gpdpoint) of the
per cent age (= OS] i : Lti: I

e o0  Shuld i LR, SPA S o St ol ey (UL 207 oo
(conpl i cat i AROY @uahsthati thebavbt ore mowefasipe it the ppj@rsitadesdtibekileng thbugmaihing

al so adds to the overall cost. aof the operation. (many surgical )

procedur es i"r‘lgn'e%ft%il‘?ﬂ"?‘ga ﬂ{rﬁadcll?g re ptachog fo  pecond, Bé% tﬁléerOHPPﬂE?teé‘dé’F"lth
operating tigEksuliMheSthe aARINGRR pHidN ESthOQhnuRN1% AL Q4 PEEMERE Scdrbst
experience an inproved clinical outconme, but they also save tinme and

costs associnggddal. Hut hnasharevade thesharkpeon leath Ehalvdsd loff evbidipectionmh setBritaning
[ 0062] Sel f-ret ai ning syste for und, closure also result .in bette
appr oxi mat i SRt p?]ﬁlg tﬁ%ﬁwanﬁ‘aggléqd\[\éév‘é’ﬂbya cﬁaélls&lf)ﬁu?egm?ﬂteléta‘élﬂgg JREHISBY g
the length aftersftescd®uiedet Ry eIgilRL eglldftabiiash efthdr Bad. can break or
| ead to ischem a), decrease the bulk of suture material remaining in

t he wound (8068] i ni naPespie Khotmyltitidel of ewflyeriagysi of pelrotaining exturessithere
of suture -] =4t ypi |y - - 1 he .
ki p AT oy neeg KT dEGte of 8BRS por e Qi bR NS o e | N
cosnesi s, abflcanasehsitatnl 0gh 5t ¢lemigittd.r el ati ve to wound cl osures
effected with plain sutures or staples. [0063] The ability of
self-retaining sutures to anchor and hold tissues in place

B. Bi-directional Retainers

[0068] FIG. 1 shows a perspective view of a portion of a self-retaining suture
100, according to an embodiment of the present invention, that includes an elongated
threadlike suture body 102 and a plurality of retainers 104 projecting from the suture
body 102. The suture body 102 can include two ends, or more than two ends (e.g.,
three ends, four ends, or more). The self-retaining suture 100 shown in FIG. 1 has not
yet been deployed through patient tissue.

[0069] As shown in FIG. 1, the retainers 104 can be generally flat prior to being
deployed through tissue, ¢.g., during a surgical procedure. As also shown in FIG. 1, the
retainers can be generally orthogonal to the suture body 102, prior to being deployed

through tissue. The retainers 104 may be referred to as bi-dircctional retainers 104,
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even in the absence of tension applied to the suture is a feature
that al so provides superiority over plain sutures. When closing a
wound that is under tension, this advantage manifests itself in
several ways: (i) a multiplicity of retainers can dissipate tension
along the entire length of the suture (providing hundreds of "anchor"”
poi nts as opposed to knotted interrupted sutures which concentrate
the tension.at di crete 0 e per.i C LC..
osul tand IEwEh B af dRUBloSed iy BRQHHES BuoRidRploda OB likition,
t hrough); ( Irbﬁst(‘;ﬁdiﬁﬁnl ﬁlathedoppas[feddlg@umt is el bamppeciatedsehn (tat rdiscasion
arcs, jagged edges) in a uniformmanner with nore precision and
accuracy t hasloganAgeanirgspesedhinptiows e spmberiad ol éiﬁ?‘%ﬁltoé%l retaingss)L0g ghay are
el ' m n.at e ”21[% lgggfjlrf She %llre&th:lq gncf'%dnu Cd? lBlSdl I:ituﬁﬂl rflﬁﬁbﬂ’s%ﬂ @bt ar
mai nt ai ni ng Bhdion acr oss e wound durl1 ng tra Ition suturing an
knot tying (deplopsceinetht opﬁd)sntpuhgeﬁomlmelﬁb depideil aturing annmgoﬁlqmi:de;ture More

rel eased during i ng); v) t hey superior ip procedures e .
knot tying |SEe‘i‘%“€f¥\lﬁ1 T t?/ ayﬂgfdpglgy%’f%gqylgﬁ tiggue; ?F‘Cgé’éﬂlrﬁ%’t?%lsre@}ner 10 is
| apar oscopi g Bl 80 WirEeh A8e Y bhottE Yir& AlrcBRorl R a tsBc R REH SR L ShcRdlG

hol d t he woun rior to definitive closure. As a result,
sel f - r et ai nioppositatthe Esst piirosticde Bawéver, qudlblfdgfectmnah@mmnrdélﬁlly dﬁplg}’ﬂd

or deep places (such as th abd n. .and t and mak
easier to aﬁ%PBéJ} %P%IWQ%gﬁgg%rﬂ “PQB%LCPB@@E “8“5&}&?”%1 retai“ﬁ’(/g)sﬂ@lg
procedures; s%étan\ﬂbnfgnéld Mbt’i& §0th§ eMfRed heureoayne2 wlﬁnuathk iBéuc when
G eater accuracy allows self-retaining sutures to be used for nore

conmpl ex cl oy dengatedshituasbadyd$dd isdrann &l féam@ttee@f the Srsheredhessond divegligns, and
defects or pu tr|n h h n
sut ures. [Od@g] %géfsc e a‘?fﬁtlﬁiggehosn %tﬁé‘ elgm%tl SO F@%gg%ﬁge hef Eedoﬁhterah &
variety of spemdairbapdsi ndi cations; for exanple, they are sw tabl e
for tissue el evation procedures where ti ssue is nmoved from.i

previ ous | 0d8#70bn andAﬁéﬁ’@J@F seeFfEm thet ong vicws IS4 2nd 286 g’ﬁ rgiginers
hi
tissue 15 Opoyare SRy Hae) (EPRPLt fulleny M Sapdih s vt AOER

wher e
"out - of - positb icorgodal $EIGE 2B, hmgmahaquafepanct thedder eEachaneairmmlﬁﬁlmclude

| ocation). Such pr dur es elifts rowllft bre

CFes, bt anaved 196 85t Srepd Bty fior e omst e 86 Hist besakprly St oF the
mey be uni digggki, Oﬂ%lgrogﬂewml camse Bl AB6R ﬁ&ﬁﬂie%hﬁ:rﬂ“h@%h@ge&gb BN&n
direction along the length of the suture thread; or bidi rectional ,

typically hadei CthOOtlEJO@B orgnisrmigeiati Gmmiardoﬁ@m edoerfnra@ne inglndes tintsrmittent

al ong a por the thr al
ori ent ed inﬁjﬁﬁg}‘ﬁ@?e ?S?Yeér%ﬁgﬁ%%?ﬁ %t? reg% Fon o(e} e’ r%(téoﬁ%s e%?m(l)
the thread (:8paflesskhions mcﬂ&‘r Hé@(hgfgrob%ad £1e4t3hd $indd tBne Matretaiers.104 are

5,931, 855 and. 6, 241, 747 00661—:‘1 t hough any nunber. of sequential or
i nt er ni t t entforsdf iNjoter 1esagrasves L3eathae phowar 8 TGS s2M2E can bediprbnAlSer #,

i nvol ves a n l n b

from the neditaioe bft el HoalRhFR O BR RAPRE Sl Al of
the suture isgdertgagdegboads, drilret bemsietsiderbypidadrodes. confi guration of
barbs reverses itself _about 1800 ( h that the barbs are now fac:fg1

in the oppodM@ldirecf ?%)3‘”&?’%@1?1?15&?%%? FIRYIVE SR fediongliportions @
thread befoleuablsaghl Ml Garfous RERBENRARUrtnAbicblS RIBPOBIChG-ARE: (W4 hiY

the result that the barbs on this portion of "the suture also face
away from t heoneasreityt pllameed;[@}; leiutt caniot fefarreddy as fire abdsdgendsidboidit and

"hal f bi - t t ds.th
i dd] e, wi t HIER HREnGA B DR SAGMONE It F et T KD oA St yeip skh 04
bet ween the?g n LM drbovs n@@déreas%saﬁh&m@ ﬁtmﬁBF %HI} tht QALY hide oPittiee

the nmultitu of advant ages of self-retaini ng sutures, there
retainer 104 can include grooves 106. Alternatively, as shown in FIGS. 3B and 3E,

both sides of the retainer 104 can include grooves 106. Where both sides of the retainer
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remai ns a need and desire to inprove upon the design of such sutures
so that a variety of common limtations can be elim nated.

B.Bi -directional Retainers [0068]FIG 1 shows a perspective view of
a portion of a self-retaining suture 100, according to an enbodi nment
of the present invention, that includes an elongated threadlike
suture body 102 and a plurality of retainers 104 projecting fromthe

suture body e sutur bod can include two ends

Than tui. endD?iehiHeS iy Be ferkgesved o Sh s iinpiny Comgasves on e Giher
sel f-retai nispg, SA&EdﬂﬁzﬁwéQO%l%BGélynl%%aﬁ'b@on]bo‘ﬁﬁ&d&oéf HE ket ozetﬁétoaeeﬂbt
through patient tissue shown in FIG 1, the retainers 10

can be genemn‘pymel aapther, a@canthw dppienigted dipioléd 2Chwbergbolid lsead(6 eepgpsent
ret

0ur1 19 2 Ul PR iF oBRe g PROUPR Bt by AR ESHLIS] e

depl oyed t hrtmam sihapesmhe ZR0vEEL8iin BIGS. M 30Tl Grdne iR shaf dfeheASooves

bi -directional retainers 104,
106 in FIGS. 3D-3F. A pair of grooves can be side-by-side, as shown in FIG. 3G, or
three or more grooves can be side-by-side to form a sinusoidal wave of grooves, as
shown in FIG. 3H. It specific embodiments, the grooves can have uniform thickness
and/or depth. In other embodiments, the grooves can have varying thickness and/or
depth, ¢.g. to allow for greater deformation near the center of each retainer 104. For a
more specific example, each groove can have a greatest thickness and/or depth near the
center or opening 116 of the retainer, and be narrowest and/or shallowest at the outer
edge of the retainer. While in FIGS. 3A-3H the grooves 106 are shown as being
generally triangular in shape, other shapes are also possible, such as, but not limited to
square shaped, U-shaped, and the like.
[0072] As can be appreciated from FIGS. 1 and 4A, the sides of the retainers
104 are initially generally perpendicular to the suture body 102. This also means that
the grooves 106 are initially generally perpendicular to the suture body 102. However,
once the suture is used in a surgical procedure, and threaded through patient tissue, the
resistance provided by the patient tissue will cause the retainers 104 to collapse, as can
be appreciated from FIGS. 4B and 4C. FIG. 4B shows the retainer 104 as it initially
begins to collapse. FIG. 4C shows the retainer 104 after it has been collapsed, i.e., in
its collapsed position, The grooves 106 act as fold or collapse lines, so that the retainer
104 collapses in a controlled manner. The collapse occurs in a somewhat accordion
fashion in that the folding along the grooves 106 alternates back and forth.
[0073] Each retainer 104 can be collapsed in either of two directions, depending
upon the direction in which the retainer is deployed through tissue. The retainer 104
can collapse in the direction of the grooves, but may also collapse in the direction
opposite of the grooves. In other words, if the grooves are on the right side of the

retainer 104, and the suture body 102 with the retainer is pulled through tissue (i.e.,
deployed) in a leftwardly direction, the retainer 104 will collapse rightwardly, as shown
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because they can be deployed in two directions, but once deployed in
one direction, resist notion in the opposite direction, as wll be
appreci ated fromthe discussion bel ow Advantageously, this allows

t he nunber of bi-directional retainers 104 that are deployed in one
direction and the nunber of bi-directional retainers 104 that are
depl oyed in the opposite direction to be decided during a surgical
procedure. I i @

each bi - dlrggF?g§‘F§%%%§?ng¥“?%ﬁ ?gﬁgggﬁgyaﬁfgﬁnggﬁgﬁﬁ??ssuée§E§§%%
a first direassicofi..gndedomddnda mghewdlgndlg@uen,athey rasppas i e Wlheccﬂlapﬁ

di recti on. n -directiona ain 04.1s de
ORI R i g s AR R s e e
bi -directi Orbtﬁe%%&-&eédcﬁ%amﬂ oasestsaihialideytiot SipdsiteQo PRIFERBLA in tWhEeh

el ongated suture body 102 within the tissue when the el ongated suture
body 102 i s thie eamdr is deployohtrafghttissuef i r st and second directions, and

ody 102 . 6 ° il
of the 1 rsUUBHL Secotioain HELTOISCS POUYb -l gk LB A iF i

front views jion shbdaatialf yaidh 18 BnotioReofTtRE BloRgdted hiddre Wby 62 Gthedtha tishid
shape (FIG 2A), or can have other shapes such as but not limted to

oct agonal (PriEn thegyuturp dQG ek ingbraitere deplelyrens diregtion ik esnsedihgieiaiper
104 | ud t.

outer per i pESIES et byoh f el e b i B3 % GRREEH offoukd e
conti nuous fsufmied aépaa)@x&m eurednont Ber xdingle, ﬂd:@lebe epprediated foli FIGOAC ithut ties

or intermttent (simlar to erforation ncludes internttent

hol es). The gHapsodEctaingg 18éﬁare:hﬁ reﬁqif&lﬂlﬁ%tqf@%% tisaesin thpadiregtion efifhe ausw,
scores), or Laed i a ,
2t the sane P REERES B ondh o Aol pRp SRS T el S BERT LS ol
106 t han shewn-direcfid@Sret@Aer24ciarcoligpsad dde todltlporctairsr demgrdepged dirowgh

each groove shown i 2A-2C can b e a ed with irs o.
si de- by- si dd m@Fb@ﬁ%%““d?mfﬂ¥bgﬁﬁfdﬂﬂﬁé?%{3@'B@DEWH@hbyggL&EHM1mlofﬂw
[0071] FI GS. Rftpaed sab€Body ioaswﬁfneth@Itfsﬁfenaﬁénvmqﬂ&@atea%ﬁ&t@ﬁ@dy 102 is

portions of the retai ners 104, show various enbodi nents of
grooves 106.dravaci thefirst disectionmnt avll resist g?@ﬁem af thy e]@mafﬁéd sugyre égdy W sk

can be referred .t irst and sec S nd r| si des
or"the 11 ke sesgds et iR osREGR RS R in, BPG BispRip A8 vi
retainer 104tigaionaelaitde 104 eaviRsdepRfed Y cithdr @ﬂtawumemdﬁb,%d odée duplby3H,
only the other side of the retainer 104 can include %rooves 106.

Al t er nat i velweldste mafiofrn ihe decmn igpvhiehythg eetaipest wasdegldyedthirqugh tissue, and
retainer 10 s of the
retainer %8%&?%% %%@gﬁ%g%%@é@ém&%@ymwﬁgeﬁyﬂ%%gu%%ﬁgne si de can

m nor the griognses on Shiératihing sshae. 100 thet iretude ehy bi- q:lrmum rd@mesald
be on both sides of the retainer 104 th do..not n or not her,,
as can be appP B psdeidiisgtioneilor b 'rema‘i‘/ Siimiander b vis wﬁﬁe@% ly,
grooves on QRE St A 1ﬁ?gutqf%§ hesl ildiRBSanl G haPs $DRMI & BRVESecAR &,h@low
ot her side. Notice t% t he shape of the grooves 106 in FIGS.

differ fr omptehﬁraahapmd pessaghehrgngiotisese \m@l drawkb@She @@aad: an mgmlttt eluf that
grooves can.b i de- by- si as. shown

or ooves. can R B SBYe SPURTPR R MIEAST AiCORRTS (RS By i B diice
shown in Fl Goindhb likdit HBSGhdnt Gf SEDQMIEENF SterldBE 181HO QB biCARRcHGMEy, more
uni form t hi ckness and/or depth. In other enbodiments, the grooves can
have varyi nghmnr@mnégﬁ therstfuer caepalinde eepcgnt araeedle 6w thssie ngnestation. In other

def ormati on ne f each retai 104. .. For a, nore . eC|f|c
exanpl e, each” 5b@§”@§ nﬁa gngc ggtes %c nggg:ghﬁfor 8e ¢ R
t he center Qrre@peni ng 116 of the retai ner, and be narrowest and/or

shal | owest at the outer edge of the retalner Wiile in FIGS. 3A-3H
the grooves [ are skonrenigndbyi o §-gisssdiongl|syifrotpmmgunire nglugp apsoup of

retainers cxtending toward one deployment direction along one portion of the suture
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[ 0073] Each retainer 104 can be collapsed in either of two directions,
dependi ng upon the direction in which the retainer is deployed
through tissue. The retainer 104 can collapse in the direction of the
grooves, but may al so collapse in the direction opposite of the
grooves. In other words, if the grooves are on the right side of the
retainer 104, and the suture body 102 wth the retainer is pulled
through tissuy directiaon

| ef dl
retai ner 104 Wi ‘%Hp Osm ra‘*%@“é%?%é%‘ip a%fi gXtt 1I£gn té’ward # ln%%elgﬁgn%.

However, if dﬁlﬁ&l(ﬁl&ﬂfﬁlgsdﬂbthblepd@@ﬁyoﬂt@@sm&cl Rl doi addvyntwhlbesbmfdaﬁ@m self-
tissue (|. ., deployed). in i ghtwardly direction, the retainer 104
will col | apgetaima Wélifﬂlls}du@ééﬁfﬁ%wﬂl pignet insoied bgiveccarihy tep erows of

right side %tal{n%& b Bb R wittiDéhch 05'1%\%11{] g&hﬂ:%?orﬁ?&é‘f {e\f;‘%rﬁhgﬁ{tﬁ%s?f% that
coll apses in a I on opposit irectionin
retainer is adﬁpgamylembeﬂdﬂtcomg heophigsit enf th@O&!hh@n@é the trtahl@tuﬁml lsegasanel when

position (e.g., as shown in FIG t.he retainer bstanti al
yields to w&?@lewngfhw&lr@ gt éﬁf%@a&aa%o% %Fy%mfétzlsﬁf iRt fhesutiee,

when the Subh tOfnbh o GLdbrHESkISNS SERLRWIR. sﬂb{geqﬁanqg bl

caused the retal ner apse, and resists suture 1
is drawn |nbaﬂﬂum&g@nunmmppm@mKESthe suture deploynent direction. For
hat .t he .c

exanple, it be appr ed fromE C 0
retai ner 1&@2}1 be rgﬂ@? lb’ulﬂf Hlamgoﬂlcgﬁwt %‘%@H@”l PP”Eth%tl G‘Q’r"@&ti"i‘”‘%b’of
the arr ow R coismsl s@mretainﬁ{g SuRIrkOR noDaldvafd §286EOF,. ORRLSITa8k b Gurfhf G
Stated nore general | once a bi-directional retainer 104

col | apsed dd@ethnaweé:r@malnﬁéutum|1$1tylaﬂég1e@sfe@idttm@iugwufacssme apchteghnical

first direc h relal ner anl

of " the' el ongari & HBlie B0 R mdthatrite FHSRERTLLE' filteia EersighpalRs
sut ure body nk§ 2ot awdysawat Ianodatien fdsired byltdreet ddfors Q{Mor\/apbﬂopﬁﬁs bBéptimal
notion of the eIongated suture body 102 in a second direction

general |y o§ﬂ6§FP§Pﬁ%%'$?&st direction. Mre generally, each

bi di recti ongg, n7§Ft ain P%tl&gﬂ' qpl?—r%%mngys%glr nl(ﬁj {hla{a {nﬁg{dgttﬁ\é)blt di(r)er(]:ti?lhal

di recti ons, once e irec
whi ch t he r edtanerern 04\/aserd®pé ti;eeﬂox’eimemu@hd ﬂeﬁcsmmes amﬁ domeaii@tad bivditdctonal n

the direction_.opposite the ment 1rect|on 0075]Se|f-reta|n|ng
sutures. 100 SHHARRE HEES, hoh g faugt | bﬂlaffcn%«t é’Fké?%me%ﬁs bl Hasd

uni directi ongddé RE bpﬁﬁéch@&aﬁ'r&Qﬁbﬂsylodf'Jan'b@td%BQ?E’d irPeﬂBﬁ:r Wiedion, but

unidirectionally, the self-retaining sutures can include an ehd (ﬁg%
i's pointed deplnad, esnemdianeny natheawepmpmslteotm thmdemia‘ﬂsageejtdimug}mr

ti ssue when dra 0Si that ncl.ude

ome ebog FURE AR st RRS N el AR bR e PRLE FPEY N o'hone
insertion p@idltM! @hblel & MRVE flfheqfataine@ 19Mtddh ®e cbilafsBd aneiRditRtHE by
used bi-directionally, nmore than one end of the suture can include a

poi nt or neduméng alt ot Pagwé thresndure hmough pﬁtwﬂbtlmlﬁ 1Mrf¢t§t diggction, while the
0 11 | SIS0 18 A L0 8. 19080 0 PSS e
sut ure i ncl ueevifs @& ednhigihg portion of the suture through patlent tissue in a second direction.
Thereafter, i.e., once collapsed, cach of the retainers 104 will resist movement in the
direction opposite to its deployment direction. For example, M retainers 104 can resist
movement in a first direction, and N-M retainers 104 can resist movement in a second
direction opposite the first direction, where the variable M can be selected on-the-fly.
Stated another way, the number of bi-directional retainers 104 that are deployed in one
direction and the number of bi-directional retainers 104 that arc deployed in the

opposite direction can be decided during a surgical procedure. This can be appreciated
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retai ners extendi ng toward one depl oynent direction along one portion
of the suture and opposing retainers grouped and extending toward an
opposi ng depl oynent direction al ong another portion of the suture.

Al so, conventionally a bi-directional self-retaining suture includes
a transitional segnment |ocated between the two groups of retainers. A
probl em wi th such conventional bi-directional self-retaining sutures
s that a syfgeaR iN@edsod @ M6, 5oBRtRARNNIIRE cdnientloasdiidatctRhall 3/ retaining
transitional segment when depl oying the suture. Further, if the
transiti onalsutegnwhtrei s tiansitidnel négheting inftynierdlysincluded betwses gwvargsoups of

| ength on one side of the transitional .segnent. be.shorter an.is
desi'red” by THETEHIEAR FHIYBRE T P S Bo Rrdl el S mhFelfiy Gine
mar ki ng of  tshRirds! WOIhdt inludeahdbi-dfecEOY R @D D4 Biransitidnelick@ad nes@hbt

retaining sutures is not always satisfactory, A drawback of current
bi di rect i ondic eluded.et Afditiorpllyyuther sane didiegtionle pai-wiaining duturorQp that

manuf act uri ng ,a chnj.cal. r t chi.eye s i I
the transit il%f%u%egi %rl?g Q]lf!ll}(rr:e? 1%1{3,? rgtlaﬁjr gnﬁs‘)??i%lﬁ %eoieﬁtyl&ng@ %@ %S‘Fév%;ég’ gléed
at a | ocati qbgail@sdsr €UthbYesiesd Aidrordgiingl sradsitéo hoappAdidisnatlg drthe suture

optimal for certain procedures. 100781Bi-directional se|f-retaining
sut ures 100 ipgiudesianpgedigertite epris af teUEH APAY St dAckE 8N PINEEVRT EaRion
the af orenmeny |C} i n ' b -di ﬁigﬁk@i’:’ i
self-retai nlrbﬁ?(%:]l{?snd 3% 3?2@6 qlﬁlﬂlg c?émgge%g%s\gggi%%wg’cﬂi éﬂgtl&eger} -r etweﬁhn?nr?g
sutures 100 delde anddlendehet: he ibierd] ne atatteniadw metchiof $ressutbel hasdreet @sed so
depl oyed in either direction, but once, deployed, resist novenent in
the f rect | G SpARstaraat drprier RO BHR Do be: M b e dys AN Sifer
suture incl %is%eﬁﬁ?&ﬁ%v@tp@ﬁtuﬂé%@hg%rﬁé%manaY"Gﬁéﬁnﬁﬂe%ﬂaﬂrhnﬁﬁbn
none (i.e., M where 0 < M< N of the retainers 104 can be col | apsed
i n one directgromntpyecdnsvihe drandilionosegprnt casf be heyvehgtauthe dokion welhctp den &
tissue in a fi rﬁt di rectiygﬁ t.vvhi | e t%\e ren&irni ng retainers 104 (i.e.,
N-M can be PR aRd 25 pYimE UEl5SEERe e RreEd ®on by drawi ng t he

remai ni ng pﬁmﬁmn of FiES. B MidesH Mustagd thaedhi @&thinkrs 3641 €arl Aclads goeatgons
direction. Thereafter, i.e., aonce collapsed, each of the retainers
104 wi || reslio8talang\therapter edgetdh dhagicradears. onThegysersysians 188 proyidecior Biprasprd
direction. For. ex I N j : 4 ¢ i Sy [ -
first dir ectein%ar%emgﬁqgo%ﬁdé]fegsﬁindéﬁglﬁﬁ%gu% alflle}r' é??gl?shrar%%rrent ﬁei Ilr?Pdg?em 104
second di r ecifi FIG. oppasict ¢t hirebédnr §éplalict eibtdugh, tissine red tchiapsed.i albloan Nbe

can be selected on-the-fly. Stated another way, the nunber of .
bi - di r ect i orfPrepigtedifiost {E@é@ fbﬂéﬁt}dﬂaﬁlguragﬁms}%%wr:ﬁ@ P3fied %%@Pﬁl%hop&ﬁate
the nunber qf¢ birsdl {hgr?r%tﬁﬁ?ns el BRSindO faticflisst Sord Glin@YBH cldd fulbBer
opposite direction ca e decided during a surgical” procedure. This
can be appr ecdisgitred to fnoeemdn @ thk dirsdtionopposite theRir@w. SAs fhopnhie FIGH6D dul
conventi onal _pi -directiongl, self-retaini.n tur wh .
transiti onal 6Es dinRegirugians; iC@Bmewow!?é@ga%ﬁ?wgﬁwﬁ\gfogri}&epgquplateral
retai ners thgtes @€ cArR RYRR BorhBoi@D BOSHoe ifl IFIG C4R. OB varink fhd difiension of
bi -directional self-retaining sutures 100 that include the

bi - di r ect i orsath quaddlatesal{andoppssiblynherabaidahigrce 6y aeffrren Sagl avometyies can be
included. Addjtionally, the sane bi-directional self-retaining suture
100 that indfUGE€ the bi-directional retainers 104 can be efficiently
and effectivebsojused Fagar dlveSsethat e releinkbik €04 aaa itiudep bhéred more vents
transition point. Additionally, if the suture includes a needle at
two ends of llRethatuprgyent wisdfomageting Bapned hyc hgrginerie 194 ahdher TedmngsH ket
at any tine L e For. d ! i

W th one nedat o ERERRARAARR K e Phis F AR ecchUelR} s SR hilhe
suture has bg#irmcaS@dresquidkay if thére idae trappedaiir hdhard it astdingt iOkc Hundemitlich
t he other needle for the rest of_th% suture. This is beneficial over
a suture hawenl§ Pvidsdariuathmmnchoringof gpticptisiiet ri cal transition
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[0079] FIGS. 6A and 6B illustrate that the retainers 104 can include
protrusions 108 along the outer edge of the retainers. The
protrusions 108 provide for increased engagenent of the retainers 104
with tissue. FIG 6C illustrates one of the retainers 104 of FIG 6A
after it has been deployed through tissue and col |l apsed. It can be
appreciated fromFIG 6Cthat if the suture body 102 were pulled in a
direction o teth arrow rotr ion | d

patient ti sﬁﬁ@ﬁ pr ovi %betq'l%‘?rs i\@ l?.err army eaéll\‘ljiqtIJ ac%@é’ﬁ%%?“trfﬁ
the directi ¢adpapR2Siead BAbRIIMON, cAth @ﬁ'lm\éﬁbﬂd&eﬁio@a rc@di}ma@do@l%ncmd&@ an
protrusions 108 can be portions of quadril ateral faces 610. The

quadr i | at er &pering &6 thegthravehy Thsasptuse bodyhdRtsen &s threaled rhmgh the FP@lngS
6E. By varyi go?lﬁgslrg{aﬂ%ﬁ? dANafy t E}&Q ndiagy! %n%g f’ﬂch@@ X OS ' c}oliiy 102

r homboi dal ) ace eren |na geonmetri es can

[0080] FI G ué¢l thatsthe adtaifers 184 afcepasslt dpan €fosn dAarder | Mhrﬂé@ﬁocﬁﬂéntoﬂle
nore vents 110 that prevent air from‘gwtr ng trapped by the retainers
104 as the retEFHe 04 Ardealiprisddn hnrBugoparlPensing agdbesivmi Exqnaplary

adyant ag.eousdﬁheggr%?l{ﬁﬁ éatn bé u@ﬁJ p! rr?(%etﬁpﬁ%rct h§ts ﬁﬁnt\% ltl) Qg%gaé%r tq h(e.rg.,

quickly if there 1s no trappe e retainer
t he vents pootylogendaonyldia)r tfibein scatdncy i gedptinf glnat ispnthetici dslueiroxypi@Bihithe

retainers 1 an, be prefor ned d.thereafter attached to.the suture
body 102. ?rd%rﬁ HIRSIRS weﬂtacgiea%ﬂ%rverh&lmmaarvrlécrrtewa?y peifvaicHetdbesiyrs
i ncludes an .ppeBiRGy k16 bHekRIrRIORR- thd Belysikivatte s, 10¢h Ccl@@lcgﬁc and

t hreaded t hrough theé openings 116 of thé retainers 4
retai ners 10aethparylibdumtivaalities acrylarhide,guethaceylvody, 11@Qn53ueﬂrd sthighe ttoaps,

retainers 10 S e f rom one anot her n enbod

the retainer il %Owllc%ﬁ%bteanaéﬁﬁ%féﬁe YRR e@iﬂ%ﬁ?é" %?‘cﬁ§?41§tl°a‘r{e g
adhesi ve. BExanplodtYightl besthvesighfatudey uleeegseﬂhérruahwd@s wHiéh dnebdWed
limted to c anoacryl ates (e.g., octylcyanoacrylate), fibrin

seal ants, np@;rr@ecnt syronet ToemNtamRErasy sdesnving @éhc@aeedfrcc radical
adhesi ves aggnegﬁ{n es%*s‘ﬁ zﬁ%en@gi ﬁérp%h!f %%d e 1&Xt1%ro”1%'r'e¥1b%‘@1ﬁne Y
as n e

adhesi ves ¢ suc rom merrza

groups, suc Inetaﬁeraaoy laecatesobedet thaiityte bbdfyu]mthyomallnng Itl&ﬁnetaar(b'rslll@ﬁlfﬂodﬂie
met hacryl am de, itacgnate and styrene group ch wil] exhibit an

adhesi ve quabtteybadyd2e i 9EisF @oF Wrgﬁdmeecfaeﬂrerertdwéqq t9rihg sutyre body
ul traviol et 1h3 9ff sffe gﬁmﬁm@mg hnd FRAHED TP WRVASLhed B MR saﬂe%%ay 62 by

whi ch can be used 1 nclude pernmanent silicone room tenperatur
vul cani zi ngfistieetbe vasners ﬂ%tqrtindrsmare lg:eimelroamsmg valihegs isudsass bn:trnom&mned

benzoyl peroxide and t | i ke. th nbodr t he retainers
104 ate art T HUHSEBE P Al BEGe b B erdy s baEeRdLdicARbe Vet
to the sutubgndeady tﬂé)gutuﬂe%c@lsrhfw vwrtaﬁamret}e tHeSfeiftes 30&% Qached to the
heat - bonded to the suture body . I'n sone enbodi nent s,

retainers 16utumgrbedat 02etmgi aqbvetnhe $Wmelmdmmbm1§b6ﬁssfousngrgp¢rhen of the

retainers 10 ure. bo 1 din uch ,..but _.not
T ted o, Mt ead0hint iGmRg i MR AR iR et T o B Bp g dteibity
retainers 1@ KalRet-Valded RoReadut dolipeosut ure body 102.

Alternatrveluﬁ]ﬁ the retainers 104 are attached to the suture body 102

usi ng a sol V0821 e. g. Altgspatiyglyn rﬂy: isfeineenifidetal by farmaslorsannigtegrap ppition of

of thereta er |ce 8

ot her words, r%t' hag U gjtégrh ér%%rggﬁ%grﬁ sﬂg @gl%%’(b%%;dﬁ] %lL‘ég utsh em ner%()l‘!i!fng
102. [0082] Md/er neddMgeches:sése rm@sr B8epsarti0404£a0Chbwilf Ok m&edas &Plain an
i ntegral portron of (i as_a one piece structure with) the suture
body 102, eS¥mp %lprr&ee%brtwgrl 8h 1seedP Aoy cag sel reieiate mytuEy Hidoaglude bi-

FIGS. 8, 9 ﬁfi‘&téﬂﬁrétgi% iih4. be used to explain an exenplary process
that can be used to pro uce the self retaining suture 100 i ncl ude

bi directional retainers 104.
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[0083] Referring to FIG 8, a nonofilanment 220 can be fornmed by
extrusion and coining. As shown in FIG 8, an extruder 210 receives
pellets of polynmer 212 in hopper 214. The polyner is nelted and
pushed by screw 216 through extrusion die 218 to formfilanent 220 of
mel ted pol yner 212. The filament 220 initially has a uniform
cross-section in the shape of the hole in the extrusion die 218. The
extruded fil t PasReR Ay 0%e. 81 RidorigARn2d YRS Sorhli@ bl ick RS and
cool s and péﬂgﬁgr 212 sol | |?ies §onewﬁ§t. %he extruded fi gnept fgb
is passed t @omdigniAxgphoae i Fé. 330 wirader X10Irenvens pdRG gaskewr BE2 indwnper
two rollers 2,..234. The fil amen y tiona be quenched,,. d

and/ or tenpéﬁgdr%@ﬂﬁkgmﬁﬁﬁ ‘BgsFiPﬂgﬁg%ngﬁWh h%@%&§g§?§EBP?QF§£§§g,
234 have a pait elAes: 306 bRERIMWNpSIDmRF @85 eThe Fantent 220 alitidfy hds! AERAfm
220 into the desired shape shown in FIG 9. This coining process can
be conduct edras-sective ip dreashegreeoft thahole dn st extrmsion dicghld oFhetdxérudrsl filamgnt
point of the polyner. In pref ed enbodinent h 4NN

i s conduct ed’agsFS ¥l5ﬂ’f)%‘r 4 ﬁfe@p %gv‘ghetr%egﬁgglgnf?ogﬁlss fgﬁzﬁﬁy}fngﬁ%gir g?clﬁd?@es
of the pol yrgherns. PRl QeruidiEilemsst220fis pRbdd BGohaIFeLdAin80 Wird filement
configuration illustrated in FIG each of rollers 232, 234 has

8,
heni spher i c&R0ipasren beivicom svo s8legn23% 23duThe filsmentamay eniionalln de qugnched,

filament 22 as t i1 tal t e

n G o (oo r RN R ahOt i e e froB e, NIETARE S5 RAG o
i nterm ttentpaheitd plreict Glichn pisdes 3he? BteriAb of ftnteat aAPpireeitiad debited ahape
FIGS. 10A-10C, a npold or di.e 250 can be uszp in. a %PIding and/ or )
headi ng pr osbewn ip FlHaBe Thisicaingie profess 28 depropdufied pha (Cmperature that is
bi -directio 31 81 i j t Gy
L7 The o e ST e Y R Yol e e
mol d or di e caifhg Eocassifs @nduaahatriedpdrathies tahever the glaseransitidpg temperature of
thereafter, e.g., usin bl ade or the like. [0085]FICGS. 2A 2 6A
and 68 sodts JabasaBt Pace e S PE AT, ArRbE 5 Fheottturslion
bi - di rect i onglshRlidh PRES, 04 of FRRSE 23, 34 WS hetni§eH A0 SifdchlaBos BB its
for the bidirection retainers 104, which are not neant to be
limting. | mutriserfacasnesthaioasHilpmenttZa8 dassics throushtthordlersrib fakpner the shape
are possible, and %ﬁfpin t he scope of the present invention.

[0086] The séPP"B@EChPng suture 100 can incl ude bi-directional
retainers 1Qdogd] di ff axesiows zLKIGWY, Cihe aresultiesiffnachtf D20 \has i intesmittent

surgi cal applications. For exanple, . i
hemispherical nodules 230. As can be appreciated from FIGS. 10A-10C, a mold or die

250 can be used in a molding and/or heading process to shape, coin or otherwise
produce the bi-directional retainers 104 described above with reference to FIG. 1-7.
The grooves 106 in the retainers 104 can be generated using the mold or die 250, or cut
or machined into the retainers 104 thereafter, ¢.g., using a blade or the like.

[G085] FIGS. 24, 2B, 6A and 6B discussed above illustrate alternative shapes
for the bi-directional retainers 104. These are just a few possible shapes for the bi-
direction retainers 104, which are not meant to be limiting. In other words, other
shaped bi-directional retainers 104 are possible, and within the scope of the present
invention.

[0086] The self-retaining suture 100 can include bi-directional retainers 104 of
different sizes, which are designed for various surgical applications. For example,

different retainers 104 can have different diameters. Relatively larger retainers are
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different retainers 104 can have different dianeters. Relatively

| arger retainers are desirable for joining fat and soft tissues,
whereas relatively smaller retainers are desirable for joining
fibrous tissues. Use of a conbination of |arge, nmedium and/or small
retainers on the same suture helps to ensure maxi mum anchori ng
properties when retainers sizes are custom zed for each tissue |ayer.

The periodicjt. f .the.retainer . .can be rand or organi zed. The
order of opéfﬁ§1¥aé’%c£°ra#9811?g1 atg es‘é%)%tsﬁlgs’g}”gffﬁ? FFE{;}VB% gp%%ré‘ataf“(?rs are
maxim ze ti SRUALRNERGSARBLALbISRMGLA. UsO08 4] bhidaBbRion lrse, AGA N or
made of the sanme matérial as the suture body 102, or of "a different

mat eri al . | smepeethinérs o fisodimewntuss helisdo ersuzd merimumOencheréngmogeriads vehen
mat eri al that, has a _higher el astic constant (and thus.sti.ffer).an r
o arger pl aeeER aRetird St iR o r R et PG ol iy einR LM
mat eri al freah vhiaglorh Beopriité® TRAYdetORodcarrbdand NeSe of IR Sdlpd ey be
body 102 can be nade of a material that is nore flexible and/or nore

el astic t harmltense traexdpizg tispuceRESERt $1§88tAet ai ners 104 are made.
Furth t ai t
urthernore [@dﬁ retal pgl ?et%x%s S A egrﬁl%?%%fe’(?lé Smd %H%gﬁf%%% gl?rpﬁegr]ﬁ%y

suture body to w thstand the excess orces ap
Al t er nat i vellg?, drioéa diffordnn evageridD 4An apedifidumnisudinenes, hedytaih®id 104archradende

of the sane type, of terial, but the retainers en forped can_be
Created to MHEhTE! batet higkarickeieeansipaag F@ﬁ@vﬁ%@@ andjor a lggger plastic zone
appropriate i ﬁgﬁ}, L I

cool ing at éﬁggﬁ?éa?iﬁlgr@%&g%&g?)(ta e r%?egitt%él?tgg %ﬁ:@ihﬂ&%ﬁ rmlg(gsl?%g S&u?er‘%dy
t echni ques d02ris raadet Alsd) tsssutiaelgidy 102 dan B nRde eht miseriabthe(s n®2@{lexible

which is incorporated herejn by referenge. 088], The retainers 104
And the sut GRUDHGIS TUBTE bl BECTRLABOBY MBIRD. MRpGUTEDI 0 orrd
exanpl es of puh&RoWehe BhaR¥isdrd ahowRe A Abe/ENBULMRLY thah B ERLAI RAY So
104 and the suture body 102 can both be made of non-absorbabl e

material, exatfphed thefexatns dandieg éorprsoappled teathome Altermatvdly, thoré¢teiners 104
enbodi ment S uud %, GRRERBE! To7 fih 6EMaBEoP:S- A0S RN Luckll bS 40 Setainers

suture body i'S non-absor Pa of "vVice Vv

embodi ment et Formell OMERS ir@ited tendreédsakiRar stiffhe:d and chtipt, B, WtappRphady
102 can be partially bio-absorbable, or a nunber of the retainers 104
can be bi oaBeisehepheslephgating e 2 CamHR MIPRFTAEe Andh spalingod agedaingtte) of the

052050 bbbl Lanelit Dol o ulG2 el e RSl

make the retAONORE vl is Grcospocsedieraaby rdfertiide: Di r ecti onal Retai ners
[0088] The retainers 104 and the suture body 102 can both be made of bio-
absorbable material, examples of which were provided above. Alternatively, the
retainers 104 and the suture body 102 can both be made of non-absorbable material,
examples of which were provided above. In still other embodiments, the retainers 104
can be bio-absorbable, while the suture body 102 is non-absorbable, or vice versa. In
another embodiment of this invention the retainers 104 and/or the suture body 102 can
be partially bio-absorbable, or a number of the retainers 104 can be bioabsorbable while
the remaining retainers 104 are not bio-absorbable. Additionally, the suture body 102

can be made of a material having a greater tensile strength than the material used to

make the retainers 104, or vice versa,
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[ 0089] Protrusions simlar to protrusions 108 can al so be provided on
uni - directional retainers, as shown in FIGS. 11A-11E. In FIG 11A a
self-retaining suture 1100 includes retainers 1104 that have a

coni cal shape and include protrusions 1108. In FIGS. 11A-11D, the
protrusions 1108 extend fromends 1112 of the main body of the
conical retainer 1104. The retainers 1104 yield to notion of the

el ongat ed syt urepogdy Wilhi Rehfi§sti SSue when the suture is drawn in
the suture 3%p+oyﬂEﬂT—§$TEC$run—represented by the arrow, and resists
nmotion if tHeosyture Potdkiann sintilaa tdiprewisicon 10pposi 4l bherevtet en uni-

depl oynment direction (a direction oggosi te the arr?\iv%\. | f _the suture
1100 were pulitegiprphieiingts atehosm iBppesi ted-{He B! tne sorotatias srure
1108 woul d sfyjpg hlchfateé)repﬁﬁérbeﬂfmghﬁ%lé@e a B4 SHaP 8 af PincRYE BrokEibRET 108, Tn
resi stance to novenent 1n the direction opposite the arrow.

[ 0090] FI GS. FIGB:- 11411 D) ths tprattusions kb0 8/extéralt fram sndinl Il @ todiitheemaib ipdy of He

retainer 1104 of FIG i.§ simlar t retainer, 1104 of, FJ G . 8
but i ncl .ude§°31°©1rr§fﬁl“§’f }ﬁﬁnﬁéﬁe rBtF‘mB‘iso]tlb%é(}egﬁtg rﬁ%%.o(%ﬁe(f ° %d S_UJ-ure body
i|lustrates gl &0 AAH Sheh thOSuRRFOLE UshWR Sin 1hEBsudlire t pIdyaicat Miestion
1104 can be different (e.g., nore or |ess obtuse) than the angle of
the wal | 11Xdprefentetebyc thei @edw,naidnrebisidymetiont Hethe sty dpp4in g direction
retainer 1104 of FIG 11D i.s sim/lar.to the retain f

120 but i noPROS B YRERABIORRABAPEgion VRIS SRR B v e,
i11ustrates ftibatyetdguilegtidianfecidddpaite theCdrisde SheOfBtr@dion¥D 198 Wadtild stick
1110 in the angled walls 1114, where the vents prevent air_ from

getting trappedatigntitisency proyiding Sr FYoufmter rsistapecaiorBpement insths | dipetipn
t hrough pati enit) i,fteiﬂ%su.%%W This i s advant ageous, because it is believed
that tissue WP REAT or e quickly if there is no trapped air behind
t he retainerfodgd4. FuFIG®ri1BtNE Niesias phewiadetidmeonfretrinbiel]0dndhe rétaiger

of the tissue. Such vents 1110 can be included jn a of .the
retainers 11084 of FPGE!B 13 Amile to %%ffffﬁaercﬁl??“aﬂfjs@%g ;B’PBWEL@&S Bysreater
form ng CO”'H%?%IZ@C}?!)@%@JH@T} RIS 0 iRER{O Rt Sflafc HOME PRotRbLRS | Als

The retainer ncl udes protrusions 1108 that extend
fromthe anglfelt wedinerd 1104 ah tehbfferomt (€al, e or bosigbtose) tthen the tanglaof the

1104. In each e di ment, .the retaine 1104 vyield to tio

el ongat ed sutdr gﬁgcﬂfgﬁ?/\f?rﬁ?arln W%%?ﬁh% Q{Jg’e\ﬁﬁtéwe‘%/ ?1@45 u’htf’r 'g?ﬁl%er grl Q%NR% ?ﬁG'a
first suturegdep gnimn GneainePni10A406 FIGSI KL SoulBhdladesid glehr Sufbcof
is drawn in a direction opposite the suture depl oyrment direction.

When the retpadtnisions 1108 Bl 130 dlesdillupfragescthatebe ramne g 84 iceeinchepy one or
depl oynment directi t he protrusinon 1 i i L0t i
tissue, pr o'gf ﬁ’@nﬁs gﬁi%\l/%ﬁwf Eh“%ﬁ evrvalg’eg%t %ﬁ%rgtb%van%%gﬁkﬁ a?rnﬂtgﬁe& %ng

di rection onﬁggédlsy thb ectsteal oyment thélictandrs a8 .cmplded trMiyhl ptittteisaeniThid
retainers 1104 can have a circular cross section, the cross &ect ion
may al t er natif edvaptageous) hacpisk dils beligved gt tistug avill disal Jaore guickly. if thergis no
noted that tfh ' th Fefﬂ&é&'l O£ p et Shelvchth REVHAIfT VMR anchbrifis of
possi bl e that %P‘%@Itge}%e dﬁa%ete i gur't]f:1er,e ’tlhe term clonfcg?%l%s neanl'?gto
enconpass f rthstigue ofichalents [100®2nTHedneledsl inenys oflth® detaaers b&04ofefIGSMEIA -
and thereafter attached to a guture . . .
11 Venting can also be provided by forming conical retainers from a mesh,
perforated or porous material. The retainer 1104 of FIG. 11E includes protrusions 1108
that extend from the angled wall 1114 of the conical main body of the retainer 1104. In
each embodiment, the retainers 1104 yield to motion of the elongated suture body
within the tissue when the suture is drawn in a first suture deployment direction, and
resists motion if the suture is drawn in a direction opposite the suture deployment

direction. When the retainers 1104 are pulled in a direction opposite their deployment
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body 1102. In an enbodi nent, each of the retainers 1104 includes an
opening 1116 therethrough. The suture body 1102 can be threaded

t hrough the openings 1116 of the retainers 1104, and the retainers
1104 can be attached to the suture body 1102 such that the retainers
104 are spaced apart from one another. The retainers can be attached
to the suture body 1102 using an adhesi ve, y heat - bondlng,

wel d- bondi n vent - bon tc t er.nati vel et ai

1704 oan bo irsiias e Rty JA0Epif i il O s g 3ra§1dalgdf%emnﬁaﬁer
structure Wirkditadch e mbldtic@t RAAY dikdk®8n ofpolite the AbpByBetk bi#&dtBA, nol di ng,
machi ni ng and/ or headi ng processes, e.g., in a manner simlar to that

described ad®#dlwith Wéfilertneenicad retiags 13040@ hfxe008icive onesk Issctioh, thee

o motton of o aep R EReRER B HubHEoT AR Sher e B Bl i

suture is diigMisield eNtheSuplb evallenh 0 BEIAE calive§GES Passwmhaemb§tarerrﬁtét@d1
if the suture is drawn in an opposite suture deploynent direction

The sel f - r etF8rthsTnie st popisalliy pgatdp erempassdiusiocionsabal  or

bi di rection f uni r u

can i ncl udeeigogzend thgl fegat"lbcggl]ﬂo d& h b a%fo{a&?e% t{m%a%c%ﬁ%cggd B4 Hiefig
penetration badgd 1péRs shgs erhbaligént} e/ WE thd e ittraMOdbinclibe @nchealng HNG
opposite en i hcludes in sone_enb dlnentatan anchor for enga

dt i ng
tissue at t ﬂer?tﬁtoygla Thesugpe bey Wrﬂan 6 thrpaded thypuebtia prwingsHd 16 of the
suture. |If Bimdltqssd QAR e et ?ex%q bg LRI da‘?t'a%d%’tﬁé ﬁt%lre]ﬁlogg 1§88 such that

include retainers 1104 groupe ext endi ng foward one pl oynent
direction alttergtagwes [ dre opaced apdrefremtancenather. ofipostangrs @ttd]enaetasheﬁi]tﬁ4

grouped and ext ndj r.d an 0Si N ment di.rec

anot her por tH%W E"G‘? {"t‘g(ellggﬂﬁ‘?%an ﬂ@%g?’ Wg’leﬁ'/te@%aéﬁ %’gu'dé’%tslas’ V8%%“
suture is "[’EBﬂuﬁﬁ\g e, &@érﬂat%@uﬂé r@tﬁtnéﬁthom%&ﬁb@f()@m@d‘%ﬁiiﬂ ﬁﬁdliﬁﬂr%n of
and the retainers can resist novenent of the suture through tissue in

ei t her di r e€itd.0M a onp pisce sirustude wish) the sethrededyd £0% asg., bemamtecthm tnloldang,
needl e at e of,, t uture thre A hidire t|o sut.

oo have a peufE Rk Rt bt EBo i 1 Bl R P B gRSHBES 4P
retainers. B4kiehe: EIGSI&t@CNi ng suture 1100 of can i ncl ude
retainers 1104 of different sizes, which are demé%exifor vari ous
surgi cal app#998ht i onsThergille ednthe aetamierst &H0dnarer anelidnsuch thabahe sefainerse
different c gqﬁq

desirabl e f%%ﬁﬁgﬁﬁﬁﬁggﬁg#‘gﬁ sof?éFPs 6§£é¥§#§ng§%$e %?ﬁﬁhPQM%mqhg
smal | er ret autmeris deaven thesder sublre dbgbymeit nimegndm bfdaussttmstmieﬁ thdJstﬂmeﬁs a
conbi nati on ,of Iarg medi um ﬁf [or s Ers on the sane
suture hel paraP® B8 QPROSHA SFHISHSRIOY SRS Ej’c‘b?lbp ciainge suBtres HidPsan
sizes are cys hﬁmréétﬂmfﬂo&r Raedibhas ue uha;f@ammhauﬂar QUL odhidth tttﬁres
retai ners 104 can be random or organized. The order of occurre %ce and
the size of cammcglde@p$ndrabﬂtbe paintedrce'ohasca mcml]entnz:élotw SeRGtEat N g erassape

strength. 095] The re rs 04 ca e, sane terial
s the sur ulEowbaios 5% oGy by Ye BRE a8 nnazoamteand HRE SLilE i some
enbodi ment s embéBmERS AnNSchorl We@aﬁmﬂ&%@u@fat adHiSdl BerkidR oM@ S0 Aimit
hi gher elastic constant (and thus stiffer) and/or a |arger plastic

zone (and tm9§ern@ﬁ@f;§leﬁrmﬁenﬂf1}1 @@ﬁb@nﬁhbh@}elfﬂmm&éﬂméﬂﬂ parf mokyde

whi ch the su ur e t he ur 110 can be
e of o wikthds 190 ofotDéa o BRieRain, BRecd) B Bt Fond Mperon ipBe B o
mat eri al fr pefivhiof hd hﬂm’é&tﬁldldﬂgéﬁnglﬂdﬁﬂnﬁﬁ mmmg@upéaJaMartWE tohk&rd an
retainers 1104 can have a greater toughness than the suture body to

wi t hst and t RPosiag deployeemidigctiograbang aapibey ratieroot the shturay eéﬁwdtnetyeWen
th t 1. 0 th
e retal neElPCh]HI l?élb@crﬁg{tﬂ%tu? oLt I:BPeqyté&t]lf%rl?ngaf l?gta q%ged{ aﬁagl(eﬁtg%%gee,

type of materia ere ai ners wh can
i ncrease t heid thetrethineg an aesbt sdovengithof the guturcliiroagip tissue i@ kRhardieaidnng

Also, a bidirectional suture can be armed with a needle at cach end of the suture thread.
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[ 0096] The retainers 1104 and the suture body 1102 can both be nmade of
bi o- absorbable material, exanples of which were provided above.
Alternatively, the retainers 1104 and the suture body 1102 can both
be made of non-absorbable material, exanples of which were provided
above. In still other enbodi ments, the retainers 1104 can be

bi o- absor babl e, while the suture body 1102 is non-absorbable, or vice
versa. In an > .hent,_of. this i { r i

and/ or the S;ﬁﬁ;i}aﬁ%etﬁ%ﬁfi%ﬁz&gﬁs%@ paar Q?@P{o&;agﬁegag tslgrr:ag%dgﬁgé@e%%&;é two
nunber of thgoupebaitonsiic®s.1104 can be bi oabsorbable while the

remai ning retainers 1104 are not bio-absorhable. Addition .~ L.he
suture body (8492 can Bae pelbectaning syred 08 of fan, inglyde, refainess z&d%/%frfé&?rém

strength th - hiak i i (ALRRT SFdrl Obbmpld, MffGent
ver s b, NaeehariR ofd [t O VBidRGri® BN, S e Bibmpt, S
[ 0097] The suttdinerstidd# ean havd difitrantreoss-sceoali dieoetab.oRelatizely Dageradeinefs

any suitable bioco i bl.e teri,al ., and may be further treated with
any suitabl éf@#%&%%ﬁ lﬂ“%‘nérrg"ctear“fiaﬁo?‘ RHEEh &P @#Wé{ e HE" 5%?“&‘?%3“6

strength, r EHEF AbRNFR joinRBABEE Y 1iss0Es. UsB VI aOLMUikaBR 1of Wirgh OmEEHiMhPad diér
sutures to fultill additional functions besi des joining tissues
t oget her, r epniittthioeisog thd sogsvturohelpt o sohirhmaxisna gehetiegprapertiesovhen

tissues. [0098] The.retai ners.descrihed above al.sp .in ]

et er a5 ERIEOREREPC S ONBIE B caE R Aama Porape i Bl 104
form ng the &hghatBém ofbrdahissdl ETIRNGAGDIBEIurRficRd itiRgsidrsfelid @bspsaady be
enhance the ability of the sutures to stay in place. One such cl ass

of tissue erifaigdenexipizatissuarpeagient §1e82fr e porous pol yners that can

be extruded orms re. i i ncl udi o) ]

pol ymers ano[hggoslf] yners H:ée?a ]g%g IE(ZAI! %a%&%ungacegﬁ%\?viﬂ?ehgagﬁb ﬁﬁgergﬂ?\gmﬁ*eéfsﬁgrre body
bi oabsor babligoprornoakiiféabsandetd e In sfeeifaicatodinennt thegtzmdrsviil0h asuodde
mat erials can have a three-dinensional lattice, st r# ture

t hat )
i ncreases t i QuBAte) Ak mehe highey %lés_élcéro%%a%ﬁ@dp%l‘%ﬁt_ cr} ?@é‘ﬁéa]afger plastic
infiltration,|nEa 4 itk Ea'éﬁnéﬁggt{?i kdfS§hable) A Shd AMicRT! i@oﬂ?gyﬂfm{ﬁﬁe suture

structure that pronotes success suture use. Moreover, _
optim zi ng pode 130228 mddebAddp, tetsuiungbaixt 1 02 aan bemedrwoafia mefedal thaiis mere

facilitating, anchoring of the retainers.i,n.the. tissue. .At tivel
pro-fibroti g]eé‘g’iﬁ PR TRQTe Slshg glaﬁglif’ ‘B@teﬂ%lgﬁmf B’hﬁhﬁﬁ%f%m%? ii(?ﬁ{? &ljagg'
tissue encapsihaiidRd lf refallrd eLAI Jhﬁrlﬁv@_ﬁq;réa?&rt@lﬁghh@sshﬁiﬂ e suture body to
engagenent. Exenplary profibrotic nmaterials, which can be used to

f orm r et ai nevithsR0d thenekcess behdion feraes dpoliehisl them. AHemativel dhesretainers 1104

0 O LSS A Sl 161 55180l B S RBS0E bl e e

i ncor por at edytegrieinkdayn be teited &Lincrease their stiffness and strength, e.g., by appropriate
annealing cycles (heating to a certain temperature and cooling at a certain rate) of the
retainers 1104, e.g., using techniques similar to those taught in U.S. Patent No.
5,007,922, which is incorporated herein by reference.
[0096] The retainers 1104 and the suture body 1102 can both be made of bio-
absorbable material, examples of which were provided above. Alternatively, the
retainers 1104 and the suture body 1102 can both be made of non-absorbable material,
examples of which were provided above. In still other embodiments, the retainers 1104
can be bio-absorbable, while the suture body 1102 is non-absorbable, or vice versa. In

another embodiment of this invention the retainers 1104 and/or the suture body 1102

can be partially bio-absorbable, or a number of the retainers 1104 can be bioabsorbable
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[ 0099] Onesuch m croporous polyner is ePTFE(expanded

pol ytetrafl uoroethylene). Self-retaining sutures incorporating ePTFE
(and related m croporous nmaterials) are well-suited to uses requiring
a strong and permanent |ift (such as breast lifts, face lifts, and

ot her tissue repositioning procedures), as tissue infiltration of
the suture results in inproved fixation and engraftnent of the suture
and the surrqunding ti.ssue thus providi ng, superiqr haqld. an reat er
ongevt ty o tRenF AT Gy aars AR AR PO - RSEpiHic o AURTTRRE S 4 e
descri bed heayogy 110y nde \bF 8 ethtaMal haveP@Shttt RASIcls@eiitio tHah ehdBabridJ
and prevent undesirable effects such as scar formation, infection,
pai n, and sas¢biotripkethe rstaingrs 1B84.a¢ viseprisshed in a variety of manners,
including for exanple: (a) by directly affixing to the suture a
formulation (e.g., by either spraying the suture with a pol yner/drug
film or by Bli ppiMygerianefosMatiifactitiod SalfRelyiry Setateg sol ution), (b) by
coating the suture with a substance such as_a hydrogel which will in

turn absor b [#48] conpodhe Fere fogdjesiapd; rmtaiieredsrrig dr dPHu caR Pomade o cay
thread (or %&‘?@?&'%@3& ?Enﬁ@' éatf:;?él”%qd' Hltaf B iR % Qg{hh_%ng ULHEGle
structure in the case OF nul'ti-filamenta y sutures, 6 y inserting
t he sut ure ibatcompatiilesmerial wivethbr totenhdnce shecannpes’ steehgtif, resdlience adrpdvity,

with, a fornulation, or (e) congtructing t syture itself with g
conposi t i onoF &th%%%é’g‘ 0 BHEP FrigyPufRs fg_cf%l?@ @H@&Pﬁlﬁ’?&t‘?aﬁ P?fﬁfe_s joining
anti - prol i f ekall ¥8cMBSRp3sitidihd (A0S HARALENAIRALS LB 1 ASRG! | Ve

agents, fibrosis-inducing agents, anti-scarfing agents, |ubricious
agents, echd®¥8i c agehbsietaarets deserilied vhatconay Agpancaporate matariabs that further

i nhi bitors, anal,gesics, and anti-m crotuybul.e ents. Far. examle, a
composi 11 on PR She e et Dbt domufe AR SPhRerat G raBsinert-
formed, so ?ahﬁtﬁotwgemt&ﬁh@s éa@t@hme%@ﬁtﬁmﬁ%fthéﬁalr@egﬁgét@ginsmﬁcfeamej Such
subst anti al free of the coating. In this way, tissue being sutured
contacts a @é&% O tiselef argagenCntipEcIBRtingr Bakgsials hae NereNsepqlEment theld odre d¢
but when the_r L Ner eS; . & - i
cont acts 1 ng el DR IaRAERIe, 3p08HE 8% e b RE o hets 1 B AR
duri ng for maid ba exifuded xdihrtaibbled (whdiiter bidabsebdble of munbisbysphable).aRetainers
fully-coated rather than sel ectively-coated suture . is desired. Iny

. . , et
anot her al t 8YHEsIZ6€, With suphymaicrigly Bl hay ectirepeliporsinnpbtpiidser it thang
or after fofRLiQniefe SRl SurPXe GXRORH POmAR! thsREnRififfd Eﬁﬁﬁﬁe%%ur@f
the suture to the coatl g. epartlcular pur pose to IC?I'[ e suture
is to be pubody itsdif thosrhesingizoprinay distoburei that ploetobsr suacdssful yutooaisd
or selectiv -coated suture is apprapripate; for, exanple, wt
lbr i ci ous SKIFNRRSDY PRTHEELRoTe ALy ABioblat o gt () oy HepMpeedy further
suture, | eayidfatidgQhchddhidNER rethiderstin BRURSRNARSMAN BMFrb A8 cRbatil}R or
sutures uncoated in order to prevent the tissue engagenment function
of those surgeaatesay bomsdded pgometpaiare fibrads tistue eotdpevlaiemef, the eeteinergand

such as those comr.i,si ng such,c ounds as,anti-infective agents

eui tably b TSEIPE Rt ARTIRE | FACBR, ROTRRIE il wich G e e 6
t hose conpr kgh@taidetdTASInAGHr FGedH danFRYpEldd BREMINER, ANRbEE tisCucdrbway
part of the suture (such as the tissue-engaging surfaces). The

pur pose of fifedisalesgd én Fh§- RBates Niet7elGhi X8, emled oMedinl iaplpnth gnd Aidiosiss
applied to : i L ~het al ni sut ures havi ng
anti-proli fEe@gfllﬁggé%lgsat%ﬁ&%ﬁmﬁmﬁég&cﬁnrﬁﬁ%{s}?ﬁ% t unmour exci si on
sites, whil ¢p09e] f -ret@hdi nguciut uhieopvtoul f ipblyakt NgiLoatATIIS Nayplided
used in tissue reﬁ)osi tioning procedures and those havi n%

anti - scar ri RYEEatvoehyiene) belisdaning: SHBIEhJINEPTBRHES oF e (4K melatad
el a1 SHEUGIHORE BlichhG SUWALHIBY b AU EAGERL NG0HPLAE pBthiEN! A"
of coating; for exanple, sutures havi ng an expanded se rent may

i ncl ude a f (docloas drdantdlifts, facec ifig) ot tatioar tepud Fepodti@dang erbcsdgednis tisue
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[0100] In addition to the general wound closure and soft tissue repair
applications described in the preceding sections, self-retaining
sutures can be used in a variety of other inidcations.
[0101] Sel f-retai ning sutures descri bed herein nay be used in various
dental procedures, i.e., oral and nmaxillofacial surgical procedures
and thus may be referred to as "self-retaining dental sutures."” The

above- ment i QR REPSEHE k@ Srel BRI G imRcdi:Q1iBPbnd brprifBflerk Of thersdhure and
surgery (e.g., renoval of inpacted or broken teeth), surgery to

provi de bonehawygrendiag Hisse thua puyeiding sypedgrdiold andraresterdongevitedigherifti es,

repair follqw trau e. faci,al . bone fractu and injuries)
curgi cal Ctr N "o MRt dbe g Rantonssh Eog R el B Roided
reconstruct iwigh sethgRitiods to efaste HRhlifd &fd plevéntaindeditble ¢Fadcat &ich as scar
congenital craniofacial deformties, and esthetic facial surgery.

Sel f - r et ai nifagnatient Wfeckior.upais, andysonborie gThid 8N deorccommplisted imgarsrigty of
and nmay typical [ ' r ) 9~ . -0 .
[ 0102] >éel ]}/p rn?eE 51!3%’1 @g&gﬁguﬁééghﬁ@%r? e@sﬁé}&g' natfﬁ)gy g gg %%u rfjgefan?lhlamn

ti ssue repogtki, bRicitdersiptingathe pitoaeeitdi e posntrdhigsilmyr be dippiegy the dutim
as "self-retaining tissue repositioning sutures”. Such surgica
procedur es i8I ymﬁﬁ@ﬁs&?m ips (B BYoepating dhe sutyres Wl’fir?e Sigap?et ch B8 Gy

lifts, thi ghbidlSwh@RGiR5ea%h abldd the c:%ﬁ{pgsiﬁﬁﬁ,&bﬂé)nﬂné%%ﬁ? Fo i AtbAL
ti ssue rep03|t|§n|ng procedures may vary dependi‘ng on the t1ssue
bei ng r eposicbated ddeadf(or the palyplee jtsedfbrmeksintoi 4 thrdady igar thamdufewstrittere in the

ts Fggﬁg;agﬁgﬁ:aggf %ﬁ&ﬁp@éﬁ%ﬁ _sEt{lJrleg,a B %yeirqgalrt?l}/ge%evgugur}e rir(;"‘rloaat Isl\égfleyorsr?lgsth
which is comprised of, or coated with, a formulation, or (¢) constructing the suture
itself with a composition. Such compositions may include without limitation anti-
proliferative agents, anti-angiogenic agents, anti-infective agents, fibrosis-inducing
agents, anti-scarring agents, lubricious agents, echogenic agents, anti-inflammatory
‘agents, cell cycle inhibitors, analgesics, and anti-microtubule agents. For example, a
composition can be applied to the suture before the retainers are formed, so that when
the retainers engage, the engaging surface is substantially free of the coating. In this
way, tissue being sutured contacts a coated surface of the suture as the suture is
introduced, but when the retainer engages, a non-coated surface of the retainer contacts
the tissue. Alternatively, the suture may be coated after or during formation of retainers
on the suture if, for example, a fully-coated rather than seclectively-coated suture is
desired. In yet another alternative, a suture may be selectively coated either during or
after formation of retainers by exposing only selected portions of the suture to the
coating. The particular purpose to which the suture is to be put or the composition may
determine whether a fully-coated or selectively-coated suture is appropriate; for
example, with lubricious coatings, it may be desirable to selectively coat the suture,
leaving, for instance, the tissue-engaging surfaces of the sutures uncoated in order to
prevent the tissue engagement function of those surfaces from being impaired. On the
other hand, coatings such as those comprising such compounds as anti-infective agents

may suitably be applied to the entire suture, while coatings such as those comprising
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[0103] Sel f-retai ning sutures described herein nmay al so be used in

m crosurgi cal procedures that are perfornmed under a surgical

m croscope (and thus nay be referred to as "self-retaining

m crosutures”). Such surgical procedures include, but arc not limted
to, reattachnment and repair of peripheral nerves, spinal

m crosurgery, mcrosurgery of the hand, various plastic mcrosurgical
procedures (&..0. I recons i.Qn ] r L e or
Peral e r opr oouuia AT By sERAIPHE Hohie R oy L BEPEEOO STk I S

M cr osur ger \engddiGy a8fit@).Cc The papoRSIHE bt rhdy AlsedetéralinCHERb® S coating
reconstructive sur eré groblens when ot her options such as primary.
closure, hedpat ipmpliedodaneuiny; fonexmmple seli-satsiping suipies Aaving artaprofifesiiive
m or osut Ur oS RaisS naY be AR IR he ¥ Reiith SECHHAL Cotr-RRip BhElofh Al
USP 10-0, adibraxing dnam'/@sarmyaiemaedi&dismeéﬂoeitioﬁing@rcrce&pesrmhidmlg)ss hadng dihey
may be degradahl e or, non-d graﬁ?bl e. [%04] Sel L-ret ainin utures a
described h&fBIRE FRAMNERMES BYUeA 1e5 weyndrolQpuiean the skipy parvallathgstvgigie o

ophthal m ¢ syl Ginf@map PR &8 cAGEe LSRR ST B&ihES BF ELAIIO sBRires havin
"ophthal mc self-retaining sutures”. Such proceddres i ncl uc?e but ar%

not |im tedanhexkewad egdragit yayciatlada e tijbresmsindiiging oorsposgionned the expanded

T o oSS BT 58 Ll 3 T UL B
correspondi Rglie S PHirkliGf cBpositiond Ot Ped dethePbddn difTeres &% of 8RR sheire,

used in a variety of veterinary applications for a w de nunber of
surgi cal andvhercaeratultinlp cempraséions parabr seigctadesathemior difeos Aphgss gsrchae

enbodi ments of ., the pr nt,.Lavent i n.shown and criped, in
detai | it hepapprRoSE bR MRS, SRE pBatEng SLefiSf ' AR e
invention, isynesdigicl ddfebr®. under stood by those skilled in the art that
it is not intended to limt the invention to the specific enbodi nents
di scl osed. Various nodifications, om ssions, and additions may be
made to thegdi schpsged @abodi ments without materially departing from
the novel t I dvant ages of the invention, particularly in
| i ght of th@0K00) egdnadditiemehihagenerficeamdi aeghise, andtsoftSissurt repadeabpiioations

cover all Sﬂgsrgriggdd {.nf t'hg %Eécgé}gg sections, self-retaining sutures can be used in a variety of
other inidcations.
[0101] Self-retaining sutures described hercin may be used in various dental
procedures, i.e., oral and maxillofacial surgical procedures and thus may be referred to
as “self-retaining dental sutures.” The above-mentioned procedures include, but are not
limited to, oral surgery (e.g., removal of impacted or broken teeth), surgery to provide
bone augmentation, surgery to repair dentofacial deformities, repair following trauma
(e.g., facial bone fractures and injuries), surgical treatment of odontogenic and non-
odontogenic tumors, reconstructive surgeries, repair of cleft lip or cleft palate,
congenital craniofacial deformities, and esthetic facial surgery. Self-retaining dental
sutures may be degradable or non-degradable, and may typically range in size from
USP 2-0 to USP 6-0.
[0102] Self-retaining sutures described herein may also be used in tissue
repositioning surgical procedures and thus may be referred to as “self-retaining tissue

repositioning sutures”. Such surgical procedures include, without limitation, face lifts,
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om ssions, additions, and equivalents as may be included within the
spirit and scope of the invention as defined by the follow ng cl ains.
CLAIMS What is clained is: 1. A suture to be used in a procedure
applied to tissue, conprising: an elongated suture body including
first and second ends; and a plurality of conical shaped

retai ners spaced apart from one another and extending from said

el ongat ed suicblt GfbOsywhEtsVaRsh 584, thoflibisdst BAS SeeTRAthigNEFureanstdtih B
engagi ng protrusions that extend fromat |east one of edges of the

coni cal shapeppsitieniignerpesdugss onash yite ddopending en thpdissusnpaing reprgiferpd; for
retainers. example, sutures with larger and further spaced-apart retainers may be suitably
employed with relatively soft tissues such as fatty tissues.

[0103] Self-retaining sutures described herein may also be used in microsurgical
procedures that are performed under a surgical microscope (and thus may be referred fo
as “sclf-retaining microsutures™). Such surgical procedures include, but are not limited
to, reattachment and repair of peripheral nerves, spinal microsurgery, microsurgery of
the hand, various plastic microsurgical procedures (e.g., facial reconstruction),
microsurgery of the male or female reproductive systems, and various types of
reconstructive microsurgery.  Microsurgical reconstruction is used for complex
reconstructive surgery problems when other options such as primary closure, healing by
secondary intention, skin grafting, local flap transfer, and distant flap transfer are not
adequate. Self-retaining microsutures have a very small caliber, often as small as USP
9-0 or USP 10-0, and may have an attached needle of corresponding size. They may be
degradable or non-degradable.

[0104] Self-retaining sutures as described herein may be used in similarly small
caliber ranges for ophthalmic surgical procedures and thus may be referred to as
“ophthalmic self-retaining sutures”. Such procedures include but are not limited to
keratoplasty, cataract, and vitreous retinal microsurgical procedures. Ophthalmic self-
retaining sutures may be degradable or non-degradable, and have an attached needle of
correspondingly-small caliber. o _

[0105] Self-retaining sutures can be used in a variety of veterinary applications for
a wide number of surgical and traumatic purposes in animal health.

[0106] Although the embodiments of the present invention has been shown and
described in detail with regard to only a few exemplary embodiments of the invention,
it should be understood by those skilled in the art that it is not intended to limit the
invention to the specific embodiments disclosed. Various modifications, omissions, and
additions may be made to the disclosed embodiments without materially departing from
the novel teachings and advantages of the invention, particularly in light of the

foregoing teachings. Accordingly, it is intended to cover all such modifications,
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2. The suture of claim1l1l, wherein the tissue engagi ng protrusions
extend fromthe edges of the conical shaped retainers. 3. The suture
of claim1, wherein the tissue engagi ng protrusions extend fromthe
angled wall s of the conical shaped retainers. 4. The suture of claim
1, wherein: the elongated suture body includes first and second

| ongi t udi nal portions a first group of said retainers extend
fromthe first. ong port| and s bst ield t nDtl

of the el ond5t&¥™s dElilF{leon 8§ Pl ey PR \A%W“ ’%ﬁhtﬁe 1t §t38%Pe°
suture body tthmdﬁﬁWﬂaBﬂcfﬁwﬁﬂaS@ﬁc fdné\mgbmnn@nd resist noti on of the

el ongated suture body in a second direction generally opposite the
first direction; and a second group of said retainers extend
fromthe second | ongitudinal portion and substantially yield to

noti on of the elongated suture body within the tissue when the

el ongated suture body is drawn in the second direction and resi st
notion of the elongated suture body in the first direction.

33



5. The suture of claim1l1l, wherein said conical shaped retainers

I nclude vents to prevent air fromgetting trapped by the retainers.
6. The suture of claimb5, wherein said vents extend through the
angled wall s of said conical shaped retainers. 7. A suture to be used
in a procedure applied to tissue, conprising: an elongated suture
body including first and second ends; and a plurality of

coni cal shaped retainers spaced apa€LAIM8&m one anot her and extendi ng
fromsaid el ongated suture body between said first and second ends;
wher ei n s@ihdt BMigRld ishaped retai ners include vents to prevent air
fromgetting trapped by the retainers. 8. A suture to be used in a
procedure applied to tissue, conprising: an el ongated suture body

i ncl udi ng fii.r st sagghees 80ds@NE % prédedure appIiecP‘toRisHﬁ@lcbﬁl%friﬁg coni cal
shaped retainers spaced apart from one another and exten %ng from
sai d el ongat ed @mbﬁmgmbdawubﬂKWgémﬂwﬁh@ﬁﬁﬁasdsamddsmt@mﬂiends;

a plurality of conical shaped retainers spaced apart from one another and

extending from said elongated suture body between said first and second ends; and
tissue engaging protrusions that extend from at least one of
edges of the conical shaped retainers, and

angled walls of the conical shaped retainers.

2. The suture of claim 1, wherein the tissue engaging protrusions extend from the

edges of the conical shaped retainers.

3. The suture of claim 1, wherein the tissue engaging protrusions extend from the

angled walls of the conical shaped retainers.

4, The suture of claim 1, wherein:

the elongated suture body includes first and second longitudinal portions;

a first group of said retainers extend from the first longitudinal portion and
substantially yield to motion of the elongated suture body within the tissue when the
elongated suture body is drawn in a first direction and resist motion of the elongated
suture body in a second direction generally opposite the first direction; and

a second group of said retainers extend from the second longitudinal portion and
substantially yield to motion of the elongated suture body within the tissue when the
elongated suture body is drawn in the second direction and resist motion of the

clongated suture body in the first direction.
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wherein said conical shaped retainers are formed froma nesh
material. 9. The suture of claim8, wherein openings in the nesh
material prevent air fromgetting trapped by the retainers. 10. A
suture to be used in a procedure applied to tissue, conprising: an

el ongat ed sait ur ehRQeMiré BELKEhM fheRdn and c%ﬁi%ﬁ’lnﬂl ﬁ&f?@tmﬁ@g include Yoo enfs to

plurality of conical shaped retainers spaced apar rom one anot
and ext endpryehtanfremi géttelgdrapatéby shetratamelody bet ween said first and
second ends; wherein said conical shaped retainers are

perforated or porous to prevent air fromgetting trapped by the
retainers. gll. e
conpri si ng an e %lﬁ%% ed Pﬁre ﬁ’ﬂe eﬂ1| ?auf@%ﬁ %@?@8%91&%%& Of

and said conical shaped retamers.

7. A suture to be used in a procedure applied to tissue, comprising:
an elongated suture body including first and second ends; and
a plurality of conical shaped retainers spaced apart from one another and
extending from said elongated suture body between said first and second ends;
wherein said conical shaped retainers include vents to prevent air from getting

trapped by the retainers.

8. A suture to be used in a procedure applied to tissue, comprising:

an elongated suture body including first and second ends; and

a plurality of conical shaped retainers spaced apart from one another and
extending from said elongated suture body between said first and second ends;

wherein said conical shaped retainers are formed from a mesh material,

9. The suture of claim 8, wherein openings in the mesh material prevent air from

getting trapped by the retainers.

10. A suture to be used in a procedure applied to tissue, comprising:

an elongated suture body including first and second ends; and

a plurality of conical shaped retainers spaced apart from one another and
extending from said elongated suture body between said first and second ends;

wherein said conical shaped retainers are perforated or porous to prevent air

from getting trapped by the retainers.

11. A suture to be used in a procedure applied to tissue, comprising:

an elongated suture body including first and second ends; and
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a plurality retainers spaced apart from one anot her and extendi ng
fromsaid el ongated suture body between said first and second ends;
wherein said retainers are perforated or porous or nade froma nesh
material to prevent air fromgetting trapped by the retainers.

a plurality retainers spaced apart from one another and extending from said

elongated suture body between said first and second ends;

wherein said retainers are perforated or porous or made from a mesh material to

prevent air from getting trapped by the retainers.
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