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WD 2004/ 030520 PCT/ US2003/ 030674 -1 BARBED SUTURES

TECHNI CAL FI ELD This invention relates, in general, to
w@2dvanbsado sut ure useful for connecting bodily PEI/UBRSHE30674

in various surgical contextdq,- and nore particularly,

to the optimzation of the disposition and/or

configuration of theBdRBEDSUEURES ar bed sut ures.

BACKGROUND OF THE | NVENTI ON Vari ous surgical methods

enpl oyi ng sutures have been used in the past for

closing or 10 bi ndi FECHNYECAEFIEIINCS in human or
ani mal tissue, such as skin, nuscles, tendo

i rithésy maqmuo@rrglat@g, ingenerals to Hparbed suumsarseful &ﬁ&om?étmg Redily

eg f.i
S N T I
dispobi€ioR aBdreptdhiigaibh bﬁﬂ‘i@ﬂiarh%bn%lh b&bedisutm}ekl filament)

to pierce the tissue alternately on opposing faces of
the wound and thus sew the wound closed. \Wether the

wound i s acci #@@g hing is the
nmet hod 15 oftg%{%g(? espemFOﬂLIE or sur ge wounds.
Thearkus girgidal meeldﬂsaemployimgrsunEMel begrouseti én theghest fof closing or
the suture are tied, t ic I.ly with at |east,thre
bindig ERSAEMOHE MG OF fistie. sen P%S%I”P“Sﬁ‘r‘?émtzﬁ“‘ﬁms internal

organ%oﬂb\ég tbl%B&Iv E‘lts n%sth@ﬁﬁe bﬁ[o?é sﬂ%@ﬁrcﬁllpy?’ Qﬁ@ﬁ%e@m%ﬁs’e@ surgical

on, polyester, polypropyléene,
needle eitithoam, attach&i:hm)nb@txmhaltaumra bsbich gat be aramepth anomléamqg or can be

coI| acid nmer s, an nmer s
o mulffi3herd SRiediol e suineaD e TRE (fenal e B pfa thus sew
the w%ﬁﬁ@@l@ﬁécp NWHeBHeP 8~ watindi & Socid¥ntt br afrsicale patitchindfis tHeemethod
sane materials as conventional sutures, have offered

oftenmaerk eenesiadlfamtuages wovrds. Jihesirgicakpeatizis thgnigmoved and the ends
t
of o RBE B P b B BRERE R Py ORI Bl

WA SR vﬂ”ﬂmﬂ%ﬁtn tomenfidiel badies sbil baotnal- ah%grb“ahle Mdyal such as
| ength. The barbs are arranged to allow passage o
silk, nylen. poksaigT. P9l PreD lenc o Aifop eRitGaB he OR PioraiorrklE &%ﬂt‘m&‘ such as

I.Sit
kBT Pl DGR O UM s,
S Lﬁlticfea&e h&& difel&ﬁr ¢dﬁ1€eplr(myb&beuh su:tﬁrea, witioh stei generally of the same
attri bute. ordin ed sutures do not have to
matcfigs o GRNERIOT REVEDRALH PG PUSHI g vantaes oger IO Wounds

with &Qﬂf\éﬁﬂgd 2 8hires UnWaPbedBuRRE Hﬁ%&k‘ Bﬁ' Eﬁ")ﬂ% b&E thASRE bRE or more

Into tissue using a surgical need | NSt ance,
paceld HarbsPathehtpriject fBori B8, Ay stn:fatﬁl aiamgathéé)gdy leh)efsh élfhe barbs are

d d f
arranggc? §v %ac gazgayf rl}a?tlﬁq g:&é%lgﬁlr?u ss%e lgul'% resist

movddRdP 8f theatiRa shitge frtBéTd T}%}ﬂl@ﬂ@ @ﬁ‘b’ctﬁin 2 (501 Qh@mgin&ﬁivantage of barbed
relative to the body e barbed suture can be passed

sutur@mln&mbghn thesoesion ofm somskipaitine. Ageordiaglys P%fbﬁ%%%ﬁ ¢lo not
have -tchbe otpegpﬁﬁ?e (%o%vgﬁt{o?lglt §uﬁﬂ63 %tk ra%%}l%nttlgnzﬁﬂ[lgﬁ‘e Q'b%%ﬁ%gture

i Tectiona arrangenen
may BOiRbeedin Piksus tdinlg Ewrgﬁﬁmﬁﬂmwn I n U.S. Patent No.
5,931,855 to Buncke and U S._ Pate Elo g 241,747 to

For instance, U.S. Patent No 3,123,077 to Alcamo escribes an €longated cord for
sewing human flesh, where the cord has a body portion and sharp-edged, resilient barbs
projecting from the body at acute angles relative to the body. The barbed suture can be
passed through tissue in one direction, but resists movement in the opposite direction.

Sutures with barbs disposed in a bi-directional arrangement, also called double-armed

sutures, are shown in U.S. Patent No. 5,931,855 to Buncke and U.S. Patent No. 6,241,747 to
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WD 2004/ 030520 PCT/ US2003/ 030674 Ruff. More
particularly, the suture has barbs facing toward one
wenw40805ethe suture for about half the suture PENY$1V03/030674
and barbs facing in the oppgsite direction toward the
ot her end of the suture for the other half of the
Ruff. Mbmr;mrtlicemgtw theBotuse has tantselaeing taw drdwse ehdobiae isyturefor about

he sa |rect on _as.each res ect t
half the g mgpma e P opER g i o] B g0l Y of the
suture¥OH B ot RUYHA1 FRIF 116l SuBGE 1R8] RishadnSemdt QBO\O@fherﬁst ta h®ve in
especiall'y suitable for "closing wounds wi th edges
the saprealieection seqah atspestjvelsuturagnsbis mwﬁ@d inte te fagtegdpsgcond sides of a

eS8 3B S RCAE 988y
wounas Q?tﬁ clded ;‘N}né 18 septhSRBUCAS Shdatbiitehrel avsechreiutizd entls

February 01, derived from PCT/ RU99/ 00263 10
togcﬂ(@p&bth@@éddmpm@ 00/ 51658 on Septenmber 8, 2000),

RU 99 7 2
C ol yEonery ARDLGe EURRE RpRisej BT Rb. LOPp & 21
Sulan%fm&etahﬂ agdthans, pasliseed Bebruary2, d00% dtii vedl fmmp@ﬁ]"ﬂ/ﬁUQB/OOZ&
that of the thread tension, with the di {Jaggﬁg ﬁge)‘ﬁ n113
(publbb«?Cb@ WELP0(§1¢RSton Saptenntes §. 40 @)tl?f%%%Yf 32 (Marc
1999)5 %1 tsiu}%/sA!)r? 1f rﬂs%xeaﬁg ﬁer{'&a vvs g%@ lehgth ofathre'jl_% and

nt S n inséertion
orien@@\ih & @irtdtivh dpposisab what fod theﬂhﬁ:ladi temsiongwith eer diggdnasitetiveen barbs

. in order to_ cl os%‘ea (wd The insertion device has a
beingmab lss thag defy timgt the dgpd f13ge% var bed suture, and

PrekE Bfﬁ’n éfesftdlé? §?§teﬂ Ih@”ﬂ%@l 31 tofragt. | Thigp&tent shows an insertion
mani pul ation o devi cé by the surgeon. The

device tise i iiseful (ﬂ«avposmanmgraémlmtbmdﬁd in @rdpr f@sdosgiarwoumndp g dertion

dev1cpg1€u A gg)\é\l@qgipgg c}e}égq%thvgrrlga Baﬁ%%ég a%cg%reﬁera rly %ﬁ? has a handle to

ose

fac111gl'té ﬁlﬁﬁlgeﬁtl&fl of MO By t}@%@i’geﬁ)ﬁt %S&ls‘éttidﬁ degich $s recommended
oSl O direction of insertion are also shown
for userwftlsaeanbod lefe withe thei sgmr@mmt@g bemgansertpainehides hags facing a

atent a cat i one I
e SR BERLLE L B05 ST SP APt SoL RS PABLAL e
djrecﬂ&P@f‘théfﬁo@ﬁretdl@éhatvh1ﬁtﬂ76demdff reduces the strai ght

pull tensile strength since the effective suture

di Baredisglosusescd o pateats andippiepbrpplications aendioped e ajsingorporated
b re%e QSI |l e strength of a barbed suture should be conpared
y e ni ni mum knot pul | strength of a conventional

S UEdeafpnieat bbbarbainies noubdfilaajent, demn:lmghmihe basbtdut ¢pgh, reduces
Uni t ed _St at es Phar_rraca)%pegﬁa si nce fdal # e 8f However,
the sgatyal tehsile sigrath soce ChivR WG dEnleidt fegieaRy Howe

the sﬁ%igﬁt Eﬁ?ﬁ%nﬁle%% SHY kBRbel 's'lllt'uret @B8id R SRRt hgmihsm knot

equently at the knot due to increased |ocal
pull stengthsof a3@nTentopal swiwe (2 - b@bﬁbwﬁlﬁﬁb@l astordasgrwidhythe United

Stateﬁ g’i'igrrngaé@h(téeth ?nf%ée}{grtea eggﬁe& 18mﬁbar esgavthl a%('h 'E]cgl%é ﬂgotted and
mustGidet heRdirium lllﬁét%tﬁl%ns‘i’l‘e%h@xﬁ%ﬁ) occBfstngst aﬂ&q{lmlytaln ¢he knot due to

spatial arrangenent of th arbs. This should not only
1ncree$ﬂddncﬁé8tr¢ﬁé tensile strength of a barbed suture, but

0 Stggﬁlz'e%eeﬂé‘ 1RGNS AR i, iBisRRAVARLLBHE Y @nbiler

varying the barb geometry (barb cut angle, barb cut depth, barb cut length, barb cut distance,

etc.) and/or the spatial arrangement of the barbs. This should not only enhance the tensile
strength of a barbed suture, but also should enhance the ability of a barbed suture in holding

and maintaining wound edges together. Unlike conventional sutures, which place tensions
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and mai ntai ni ng wound edges together. Unlike
conventional sutures, which place tensions WO
WQOM408B0520 PCT/ US2003/ 030674 -3 directly atPetEsS2003/030674
knots, barbed sutures can s@ead out the tension al ong
t he escarped suture length, often evenly along the
directly aigthéy kn@,tbamezll sppreshean dpgp@ ot the fenaied /afmgtthe escarped suture

et A e B REAES REHLE 55 i o

the barBX bFuld ﬁ@retfdsle el imge8t (RGOt widsyBitherhew barbet sutgapin
formati on al ong the wound edges. 5 The |l atter is

maxipéging Selhatding semeth aidaninieizing theetn fRgmabemalong Hie weyyind edges.
e kR AR O SRR 5 T8

di Slkoysutipfew baibies Stt@res 3hcuild @pyrokBnaw tissue zlelckl;awnlh Hl[@propn ate
due to the self-retainin benefits inparted by t

tensiqyy ﬁH%Vlatqfhi@t%ﬂn phHisEe @Qt%em DHBImige prardasdup i thy Self'fetammg

benefit3 ?lfnp:liﬂé(ﬂ) 91%5 | fc WG bEbd Bl Qat/du?cf‘b@ %ééflaﬂg 'u@ul' 1ﬁ
i mpe suc cosmetic surgery

surgesigs %Eﬁe&ﬁln‘ﬂhﬂaﬁaors@fmmrlg i$ 1mpdrm:d/e smhhus aesmetnbcmlcgqny,cas well as
sur.g erK or m crosur SUMVARY OF THE | NVENTI ON

in sugerey Whetg spaceihimye S a3 PROPETFURSBY PHELCTES Bt He d
suture for connecting human or aninmal tissue. The

bar bed suture conprises an el ongated body having a
first end and aSUBMBECRNOEAHE INVENFKN suture

f the ri ses rali r ect
aSCoRastS" Bh ofra Brro R att et A gbednuBis b ik Blioan or
amm@ladsbséi Bl b6ed RtulrE SbiHipridBR A ?ate%@@y hzli\vmg h Fisdiend bid a
the direction that is opposite rromthe direction in

secormnclh Ttménarh@érsbtuf@@et@er qqi@pnssaa phugalifyiofipacbs grajeraing from the
vy GIBR LB DR P e LoERE TR HOEBEAR fopn o

tissud,\Wh e direbtioRhhi 1@|09p§dﬂtle fadm eHesi@Siidr drwhialn thav barbdpg@sNThe
20 di sposition, a random di sposition, or conbinations

barbad-rerpure furtiyes compises tﬂ&‘g@éwe*a?lw digprsee pp he hady ip fickypoptipn selected

rom BRI bR AP AT R

dispasitidnoh rstnldemfdwmmtl@ndomnmmhuoemmreoﬂl ternatively, the
bar bed suture mMay have at | east a f ortion and
o o pASEEEA, SRt ks (it 54 BrLgle SPiFFS E1SpR i pndlor the
oveﬂ%@? %gﬁbﬂﬁu&‘?"iﬁé HarbOendyl diSbe ﬁ@ﬁgﬁﬂ@aﬁd"&ﬂ?%@%f @ﬁe ﬁltéfv‘and second
portion are faC|ng toward the” second
endsAlAdtematmelanthaIbtaézedautumerremm atelnast atfiret mg@ mld a second portion,

o S5 B SV e R o SRR B e e

portiSh SRAAAE tdwRA tiraetdi@ énd. first end and a second end.
The suture further conprises a plurality of barbs

pr B]secini alilgﬁhﬁmﬁve embodipgyt, theauesepbinpentiongaayideya baped suture for
conng&ﬁl%rﬁurr]rga ﬁllilal VSt \th£1|%§ﬁ$%utﬁfg\égfﬁggg W"égl gta{E% body having a

I tissue

first &&Dﬂﬁll d @cf)ﬁdkfﬂdt ithedute€ further comprises b ptdirﬂityhﬁbb)rbfs aegacting from
suture further conprlses t he barbs havin

the bogin et ridSBPa araa R TsinG SR S g EIeg when the suture s
in tlsélgeir,]%ﬂ 8 dflr%gt[fqrﬂthw ; hﬁ%&ltg N g dﬁl@ct%Cthw}ﬁglg’t}ﬁ?%ﬁ €30es.QThe

cut ratio o
suture further comprises the barbs having a conf1gurat1on selected from a barb cut angle 6

ranging from about 140 degrees to about 175 degrees, a barb cut depth with a ratio of cut

depth to suture diameter ranging from about 0.05 to about 0.6, a barb cut length with a ratio
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depth to suture dianeter ranging fromabout 0.05 to
about 0.6, a barb cut length with a ratio WO
wWQ2MIIBRH20 PCT/ US2003/.030674 -4 of cut | engediI/us2003/030674
suture dianeter ranging fromabout 0.2 to about 2, a
barb cut distance with a ratio of cut distance to _
of cug lengihego diranediemetearrgiging frora b LA togibout 3 adigpueutalistance with a

ratio SPE{ SRR R o DG RS el RUFL SR o PO i cBiriEted

undefsidd, ah atusR ®ad, v@Yingt s pardoabiiibhs ﬁleﬂabef erably has a
S5 spirality a angl e rangi ng from about 5 degrees

abBert thzstva&tgfa@emultm sphdl @ispositiqipithe hﬂtr‘%eﬁ‘oguttmeoarefqr@bly has a

i SRl om0 e 55 B, o

esp& HeEHferRppihbedifissiion, ‘iﬂq% Meadtl dapPianJedss twb ! RGAcet barbs are
by a barb (i.e., the overlapplng barb) bei ng escarped

dispaspd ovllereeoneotp\éﬂ@es gt othent tﬁmnn&a@ﬁca@mm phhs l(arbSe the pygslapping is

rl apped .bar
creatF% Y, %E)gr (lteﬁ 'ﬁ?i dwg{r}gﬁ;;ﬁlg% A))bar r?éslgpar to]ps1dﬁ of another
admdéﬁﬂ@ﬁfb' de.,ofhet heerlaygdd BEP),Nghd8s lon. &mhcs 0p&ae. ofTﬂhHStDp51de of the
t he overlapplng di sposition, the barb c

oveﬂ@pmdah?é'é prOIGS PATtOR Ehegislersigsinf e Pveriapping b@fbeand so on. Thus, with
e UTBAARERDE0ARTRY 0y S1OTA B LR L0 B0R b o on
overlfappedizart ﬁdayshﬂttshbﬂsr thmhmetharlbcm U¢ngth of avur}appm seeend bavb, whereas,

. barbs > th bar b Ien In still ot
in ge@ﬁqabf} %tﬁaespfﬁsi’é P e bRBTROTY B35 s by cut Tength.

E@llfa%'btheg-%n%ﬁﬂﬁ&ﬁ' fHE PRSI ﬁtlerﬁf(‘ﬂnn"ﬁ}ovidéséj%aﬂféd suture for
co ination with a surgical needle, where t
connedirly hamarorc empral Sssuea iip apoirin asion uwish aa tsaumm] nesdle, Whele the
surgi cal needl| sut ure nprises .a

comifefia Gruet t AP ol e arey By erdt Ag° A iqmerises

plura*h‘i‘ﬁi oﬁ'BQrb@ p6eaitth 8BAh an EREHERHEY Badf@Rt BEt AT and a second end.
enabl i ng the suture to resrst novenment, when the

Eachsharyissadapteid for ¢nabling thej syture &0 @ﬁ\sb@pw@menth‘g[hem the suture is in tissue,
in the?ﬁgr ?tiac{n]etgg I orgphgs%fgrom ?lbl (2 gﬁchﬁn \{\r,p %Q&al tﬂgtt z?:eg a%ﬁg ratio of the

eed|
surgighit weﬂledilﬂﬁabﬁfo the ht@fedibyeies pridaubly3s 1b<§i1t 3| ESSless Sultably, any
SUI tably, of the inventive barbed sutures

of thy @SV@FIFY%'@PI Sé“‘?fﬁ%/d%éﬂ‘a‘ﬂ hesmaay De afadge &¢ 8 sireirabpgedle.
BRI EF DESCRI PTI ON,OF THE DRAW NGS FIGQURE 1A is a side
vi ew of one enbodi nent of the present invention,
showi ng a ZBRIEF DES CRIRFIONVOFTHE DRAIWENGSed in a

180 ee st er.ed aci ng; .FI QU 1B i s a sectiopal.
"Bt LW of g emperimpst et Bispnt arieRten ghpwing a
barb&ﬁsutut%lvﬁljﬁgargsoﬂlb sBd & A0/ &@g{‘éeos‘.‘ta%fgdréﬁﬁmﬁgbom ment  of

the present i1nvention, shown arbed suture that
i sFHFURErI&cisiasnetional vlhwkadxvﬁgslmu 1HodBafithe barh@sugergirBigure 1A;

B SR LB Al VA i
a ba%b@siﬁﬁre:’tﬂaﬂ i$ bﬁdﬁédﬁ@nﬁdlvﬁm &frb@dﬁ@pd%@d ireATbguldepRed st@ége&dﬁﬁpacmg,

present invention, show ng bar bed suture wi th barbs

di Ef&dRE 2hisa Sig@n@b@ﬁwl@“tgdg@@ﬁeu 2B 94 dhenfeprber) SORE i Bigure 2A;
Isafﬁ}ﬁﬁﬁt&ﬁ:ﬂ%l sn:‘l/e \g% %If grrllgchéxj e%o%ﬁncnt %?th%fpréstéﬁt Q}@Elpc?oql, showing

ure I gure
a barbed suture with barbs disposed in a 120 degree staggered spacing;

FIGURE 3B is a sectional view along line 3B — 3B of the barbed suture in Figure 3A;
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WO 2004/ 030520 PCT/ US2003/ 030674 -5 FIGURE 4Ais a
si de view of anot her enbodi nent of the present
WO poogfsisen, showi ng a barbed suture that is PCT/US2003/030674

bi-directional with barbs dissposed in a 120 degree

staggered spacing; FIGURE 4B is a sectional view .

alFBOYRIE 4ve ivkBside diBwalf ahbtbebamietimenttafitie prasemt quvertiappshowing

FIGURE 5A is.a side view o not her. e i ment, of the .
a bartgp SUGH ks BreERiOnE B R0 BRRoBAin g 0 Hr AT apisRd bacing

bagQeRYE 5P RSELclithal vieW AbnElite /8L YRR fahEPArbad suture in Figure 4A;

di sposition; FIGJRE 5B is a sectional view along line .

5 BIGURE B4 it hedbriehed apother embodimenfiof shespresent ngopEors ghowing

is a side, yiew of anather.enbaodi t of, t.he sent
a barteglsBiFs Hh Ve RgEead AL o gav e spfigh diplfosfiof
biFF@:t TRECEB QN pdechbidl vRA Alngliisd SIS eGB of the biavbed swiute in Figure 5A;
mul tiple spiral disposition; 10 FIGJRE 6Bis a .
s FIGUREAGA vs esidaviswoofl anpthesgnbodimenffoltthepIsaes dayeatien sRowing

in Figure, 6A; .. FIl GURE 7A | . . Y i a
i e g P R
dispositioposed in a twist cut nmultiple spiral disposition

sogliisosed i : Itiol iral di g

l'i ke the barbed suture in Figure 6A _but illust rat%d )

i FIGWRIN6B igepcaral Vs alPnglirgeoh 5 GEsof the barbed sefig 0 Figure 6A;

Sl a . r r: . . .

OB TSl B EbpHEE o ilarpbaptdand v
barbs@idposddsinansast et mekipld dpérabdisjusitidal {BdREe Barbed sutsiede Figure 6A,

_Vview of another enbodiment of the present invention,
but ilkaied i &n CHAEBHEHCE0lure with barbs in a random
digg 781 %}E | Gl aikidcSvitw 28 fllsRRRH i Fidre/ £V Rrotated and
anot her enbodi nent of the present invention, show ng
clampedaaralign thetiadsdohaeasugerser af thewiut distanesdhatweern g bawbs;

serr under.si de; 20 Fl GU 0A i sectional .. .

G Y SR Amene B Bu mem O e PiRet P hRujgn. showing a
barbdd WRRL WA bafRQih RehRnPdsRAHichyt ure having a barb with

an arcuate base; FIGURE 10B is a sectional top plan

vi FIGURE 9 liea bestibeal siletvigve of anotheggmbodigmnt ofthgprgsenigeyention,

is cl 0oss-secti.onal i ew al on ' - .

o o bR TRl U IFRIACE s 1000
al eRE N6A 19Psectidhdd pefspbitiianeew &idithed enfblodishint bi thespresent
sectional side view of another enbodi nent of the

invensiopsehewingy Brbpditured Ry NS P With BB @ SaeRESwi t h bar bs
Of gy Y883 £ ?&'tioﬁél%{gﬁﬁé r%i%é»J | S e BEBLd g{taée in Figure 10A;

perspective View o I ment the present
| NVIEFURPNOCShoviosgsaxtibadl vidy slohgtiee WE k- 108} dfFiguredOB;

over |l appi ng .di sposition; FlGURE 12B.] rspective .
B GRE 0B b pione-etctoRd vivearapindOBar ¥ of P 105
S UHSRE 39 108 sdctignt1 SidkAsw bF SAdter LabbdinfenoPiha rase@nvention,
of the portion of barbs of Figure 12B; FIGURE 12D is
showangi tabed swuzl vattgbdrbsef vi@ious sizgd of Fi gure 12C, and
FIGURE 12A is a sectional perspective view of another embodiment of the present
invention, showing a barbed suture with barbs in an overlapping disposition;
FIGURE 12B is a perspective view of a portion of the overlapping barbs of the suture
of Figure 12A;
FIGURE 12 C is a plan view of the portion of barbs of Figure 12B;
FIGURE 12D is a side view along line 12D — 12D of Figure 12C; and
FIGURES 13A, 13B, 13C, and 13D show various surgical needles, where a barbed

suture is attached to each surgical needle.
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FI GURES 13A, 13B, 13C, and 13D show various surgica
needl es, where a barbed suture is attached to each

W@ 200gi0dEko needl e. WO 2004/ 030520 PCT/ US2003/ 03P6TUS20085030674
DESCRI PTION As used here, t{the term "wound" neans a
surgical incision, cut, laceration, severed tissue or
acci dental wound in hudBSGRIBRIGA skin or ot her
hu r anl agi ot |
a ggﬁ%e% ho lgatﬁ%}tf g’ﬁgér{de ﬂs}% lé% surgg%al ?&chﬁ%n %’8{] ﬁialcg aﬁlgn ﬁvered

tissu®br asetdchel wousd Hﬁlurﬁammﬂﬁﬁﬁllsm deiet (hufmy ob Emmal bodlly tissue,
required. Also as used here, the term"tissu

or othercopgidien imghuipan apanimRhvherg spgring; siapling, %rdla%u%@sof another tissue
, 0 nmuscl e, organs, nerves, or
Cmn%%%%ak%géég%ﬂ§z ﬁhl&%rous ti ssues such as tendons or
| i Aowniused e, elmyverm “tiksmeT ﬁfcmde@ dbluyrmrot haﬁtedmdlsklﬁs 8uch as

a,IIylncIu but is not
skin ?f@twgaﬁ smu‘%fgwrwéf%erreéuw g msafjﬁs Or&baqtts tispues §Beh s
mnd&ﬁ3>%§&ﬁé ting copolymers), terpolyners, et cetera,
and nodi fi cati ons thereof. Furthernore, the
t eMuoredvpp Ithyentert “pdlgunier’] ascisedlera lgbngaltsinbludes brtis ot bmited to,
of the nmaterial., Thes structures i nclu
homopRlyRers %Oaafymrs isgléh Pi‘:k gifh a?fﬂpab%nd@qtegw&ng SRR
terpoIHEBLét 'c@t%ra Ahd H@Hw‘aﬂdhﬁocﬁﬁ&dﬂo% tHRffd Fﬁﬁl’iérﬁﬁ?e ed i
in a eferred enbodinent with a circular 15 cross
“polyeert’ |sgadl inchide all posséhle sioudtareapEibe meaieriad. Abesesimetytesrinclude, but
C hat ,coul d increase the surface
are nf Red £ 1ol SREBRREC Ae Rt B VSRR E oy be. Gt har
cr Aﬁﬁm?h(lhé Qutates afdREToSdRY] WG dllﬁiefenbdtenﬂibﬂnﬁ@ﬁ w1th a circular
[imt oval , triangle, square, parall el epiped
crosy Segfinl dreputurehenid rlgo hb‘@rﬁ la@b%m%ﬁm sectiopglesheps fipt could
1ncre§ﬂidthg Igl?rfzgéeka?efa aﬁﬁ%aﬁt thF] Hofh f th%lf)taéi m(ﬂhé‘ cross.sectional
pol yne een tornmed by extrusion
shapessmagirghudiecbwiatdnat ]mutedub,arval; It@;ﬁ@leZ@qtﬁﬁ@,tpammele@qﬂd trapezoid,
thus, the cross secti of the filament will be
rhombpoidh enfagon, §eXagap, Graci aplhiglike. Typicplhyy baghsgre cut into a

poly@é{lﬁﬁﬁn%t tHAPHEMRER fﬁﬁea;@m Hugbfﬁ ﬁéa dl;eewﬁyatcﬁermapa%ss

any deS|re Cr 0ss- I ona ape. Hence,
sectivm rand 'tidisathetcers$ sersion ©F thehdrmentswillteemdekir,tas tinad amwhzhtaresults

transverse | th of the cross section adles
doring D B U B Tgn Ll S B FunvoTB e A esived cross-
secti&hABRape2 Sui table dianmeters for the inventive sutures

descrlbed belom1nay range fromabout 0.00 1 mmto

angmcelthmrna rriiametet ‘oasrused herp és inteaded wrmeanihe srangverse length of

the C{ogs %C&%P O%‘g%r e oﬁw@é‘{{wr tge om rlrél% gc?r:cng ﬁlggly %c*me c%ier s%e
abguitablddidthe 18 fo tlﬁbﬁvﬁnu@e §utﬁf€s déeibb@belblv iy falﬁge from about
suture can vary dependlnghon several factors such

0.00% g F%ﬂ@vh aHB/ B of epire.dhe dinmetss uey bedrase 2Raus S, mllﬂH-@ about
0.9 ntn¥1p B&tﬁ@]}@r&ﬁeto Bblﬁ?p? nﬁ&eﬂ:r)botytaf}ﬁﬁtﬁl ABtePfan Qﬁfefrom about

yplc suture engt rang
0.01 ahﬁlﬂdi atiouﬂ: MStrama Bithetlength of the suture can vary depending on several factors

such as the length and/or depth of the wound to be closed, the type of tissue to be joined, the
location of the wound, and the like. Typical suture lengths range from about 1 cm to about
30 cm, more particularly from about 2 cm to about 22 cm.

The terms “staggered” and “staggering” as used here in relation to the disposition of
barbs on a suture are intended to mean that the suture has at least two sets of barbs that are

offset with respect to each other, where the first set is aligned longitudinally on the suture and
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30 cm nore particularly fromabout 2 cmto about 22
cm The terns "staggered” and "staggering" as used
weeoa/030520 el ati on to the disposition of barbsPONUS2003/030674
suture are intended to nean7that the suture has at
| east two sets of barbs that are offset wth respect
the setandesetls atighext Longiugﬁealtylm the putires byt 4 plang pegpeaglicular to the suture

and CLL;%TE E‘ég%é%%ég@ﬂhtt t g lélgeﬁ' (:FCY\Q %%godé/s? 8‘9% é%b of the first set

will nbOineHricdeinB dhdeyofbarhef th@tswdﬁd st a plane
per pendi cul ar to the suture and cutti ng transver selg
t mhg bgltbwtme@u?mm thegAterionsufase of ihsguiuie Dedisen which thgbasbs are

.I St I f

cispoiig PAGpZbu SR jaisHied e of LERREN shORe. WARE R foren ives
may &)%ﬁilbﬁ{d Ih iebRe 8, Riger Berbs uteumnercbaityble forvibinédy ctelntsanhgpd:ssaf

are di sposed. Dependi ng on the i nte ded end use
tissuetshgh bsaﬁabwug QF éﬁfetlssﬁﬁr 0 thy olie hdlcipal ey Dabs %Ofﬁéultable for

I are nore suitable

Jommgg?he%fp%s r? % B%Sgl?’{]szlcﬁ a§ CAplgarggl?P erRt@ FIESZHS e such as fat

t I&&uﬁecbdbosé)fﬁaﬂtddmums 10y bérmade frem thesaine swteiiaksrused for

_barb tabl e f i ni t her. t
deperEi"élr g?‘?"o&%%‘ hd ng}?lce:tgq@(ggregﬂeg{p the same materials

use ntional |oop sutures. Any
padbne(spécaﬁcallyobabedraﬁmles alayfbeforntee foem lddo-gbgoghable material that
depends on.the str t.h.an I hil.ity
slow g & 4 R 08 et b enloFfy WA i ound
healsb(ﬁnélaﬁQ rRéab& bRl e matialshad polnbA¥Sint Rep&ding ¢h the particular
degrade’and thus to be absorbed over time into the
polymdérssigetedsthe Hegragatiod tinhrsial the wepmbraapes,TompiabodsBPHARP gVer 24

t rials re ol . .
mont %r CLE,?F g 1% b\éﬁ% a‘i:[e Zﬁp ?l I’gl%%ﬁgﬂe é?%&%{%?{ﬁﬁm%ﬂ%the sutures
fromltm;ﬁdlﬁentwound ranges from about 1 nonth to over 24
nont hs. The use of bi o-absorbable materials eli m nat es

t héarines bipshsprbeblernohynets gnclude, Byftag Bt mpifcspt pRlydioxanone,
polyléc%tdeﬁ}gc%ly$lv%l d%gﬁ(%lgéa?)gggagﬁég )%g(!rl] g rﬁ@lﬂép?g 'E@er%c{:f ¢ tg%nerpi‘éfly
availdti¢ ¥yonysied dré @olydixynaer(sdldas BDS, 11 aﬂchde(mmeym By Ethicon for

seling g ﬁeﬁfﬁgﬂ%{)ﬁé%ﬂe Lt e T ehycofacin gt Febaripghylene
carbo%%{e chﬁg? 1} U3s (&j@ ?j’gt @ﬁﬁ%‘ﬁ‘?&t &gé&'foeﬁﬁlen@éﬂ@}a)ﬁﬁﬁ‘id ¥ surgical

3% trinmethylene
sutur€5] fanapelyes bilatvsmit MPEQWaolide and alae BiTkcapegacsirer esdld

Aneri can Cyanam_ d for sural cal sutures

MONGEBIG o tremBtheepsmetpy bR e Ssah it md suture
needl‘r:egg f B rg‘ecdt s( 1319#9&81‘?1 s Wgn Ble n?atéﬁeﬁgmﬁiéful in a wide range

ere nson or sutures and suture
ofapgﬁxmmﬁdles) Barbed sutures made from such
i 0- absorbable materi als_are us

in range. .

of AdgiHpnaliys bashed sulrgs maa{r%fpsf/ne%f%% o8y @Pa?rggblﬁw%ﬁél which

may {)(9 15 g&gnfeg °§ﬁ<ﬂl }gﬁ?m&@%&rlﬁ)&b bt FBLS! lidted WS proPH¥nd HoByamide
Suc mers 1 nclude, but are not'limte

(alsotkcnowp @b yiploop pobester (sotly mcdgethylene terephthlate, abbreviated here as
PET), polytetrafluoroethylene (such as expanded polytetrafluoroethylene, abbreviated here as
ePTFE and sold by Gore as GOR-TEX®), polyether-ester (such as polybutester, which is the
condensation polymerization of dimethyl terephthlate, polytetramethylene ether glycol, and

1,4-butanediol, and which is marketed by Davis & Geck and by U.S. Surgical, companies
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(al so known as nylon), polyester (such as pol yet hyl ene
terephthl ate, abbreviated here as 30 PET),
w@eigoatse@f | uor oet hyl ene (such as expanded PCT/US2003/030674

pol yt etraf | uor oet hyl ene, ablgeviated here as ePTFE
and sold by Gore as GOR-TEX(r)), polyether-ester (such

ownegisbyshyopburtdes thernametNON AR L@hehichomd endemarnegistered to American
pol., rization of_ di t erepht h

Cyanﬁ&@f@ﬁ?% PR ‘”éP gwye&%oﬁﬁe@ﬁavetlx the BoR-ahoghagle material
BOThPNER, LrSel TRy Natded ifD clf1kaBsttday etdefRra), and the like.

1Y Sirgi NG 2 co?rpp??n es WO 20041 038‘&&?13(?/ e B0 6 o gy g the like

- 8Mowird dihdalyarﬁ'gdtmturam dhecustserdebaiumermmid(as)havm itletic gngls being
emark.re

poin§ipb BEPRL 4f BATSal SIS GPGE KAl BB RaE gy ehe
contéh@;ﬂat@@ a0k RRknEs BPﬂhS bhibed sif@Yes @@ayr&ﬁﬁ'}insé @ sOrgica$ h%ﬂé ,In this

netal alloys, natural fiber (e.g., silk, cotton, et
embqﬁememtayhe barhgdshiard isledaptadar aﬁaclmmt saelbesbysswagieg channel
d. bel ow ar b n hei
wrepfae BT ST K Bl R0 TR Sl PR B s PR fp e

st Aftﬁchmnaby owadifg isphEr gdsbabdd zﬁﬁuetypidany &ccomphshed by inserting
contenpl ated that the ends of the barbed sutures

the setgramidgatoghe sirgicakneedledwlesthal i lengitydinaby, digporsa et orferf‘éld of the
r t
surglgvﬁva ngelgcgla ?\&E&lﬁgﬁ %Hgﬁlo?e\j\d}?agrl)o%?rh glffﬁeh b&%&ﬁ?&ﬂ{{ m[%%%reﬁg OE e needle)
followvbd &adiingigatht kukan gbowtlthaeedlechdl®so thasthe sutare is s«taMed to the
tissue. Attachment by is well cribed and is
surglf:ymee%}r: 9r lam%mt%e&e bé?son SQIRe wglcal1't?e§1ﬁ%\vé {preigdgpal hole
in onk2h@ afd R a8 MrikGRE t@%@?ﬁa@ aRH Bt @ik :if?er 11%@91&11%'tﬁ@4u|t%e in order
ngpOS at one en surgical needle (usually
to atuabiet}hcshmrmmsthdasﬁglcd}meleldbd Actdrtgbrlallw soael sytrglml ocgties fevd a

of the needle), owed hy. cri npi esul t ant
chanti) gt oo ine: 476y oS SHeakiatd g ibets Tl G Wipepige o
secufeltfe siftiedb ﬂfél sufg&4 nBed1or Siu%ﬁﬁ[ Qs ivilftoa Ednehifonal byt type of

some surgical needles with | ongi tudi nal hole in one

hole gmisvarselyhbmos@hmu aqniegb @f th@tﬁ@gwaﬂu acedg eoti@also bh mﬁmk but are not

prefist T e oo e RGP R WBshia® oTar IR SRy reganes
surgihllidegles swaRdivath havel auured)dne ks ntdniglatgd tiat a@ﬁ@th&fﬁﬂutable
and the suture is laid in the trough, foll owed by
mealwqi@ﬁpcﬁgng eeedles can be emploged-ure to the surgical needle.
t
S92 65, ] LSRR, Ry s i 1
Bory@E@dJI 8. RoedtNa b 0341063 lﬂ«SK@nhbﬁﬂI Uy, Patent No. [, H12341r8etd Gramger et al.,

d t F t , f th
Us. dateatNe; DS Crgact o tbgd Subupayo-etbios] 3 hedisest o al.
US. wa&a,'ﬂt h@rmgzb?w w@(ﬁh U tpdiche KONE TPL8S RFRDRL gamy and U.S.

er suit mean of "attachi ng needl es can
Patemtrhd. ©yk63, 94816 Estemest abf Asuathwdior drednsfaiteralof mengitiabreedles is

I, e I bed i ) Rat ent . 981, 307 r 0 .
desctifed FALS . 3: 53 I3 R Sk R U aoRg e syggica
need® ﬁ%@bé‘é&t&p tHe' RRGES al®dwidk for théJne%dlé:’@ﬂtB@ InvBtive combination

11 to Granger et a U S. Patent No. 5,500,991
surg)p@l r@gd]aﬁ)@med@utum to bedpsaged 1ntp;§t§@mw1phgles$fomhgglf_ tl@ebsurglcal
needgo\aera%gp éoaggts e’ll’,he ctﬂgtrllrtlgsmil% ge ai)élzyim ,Efg nEee \éesslrc%neA%sm coating.
For d¥abipRd af ahplohed TResHi 2l suf Schesdlé giac uﬁ@mglﬁﬁcmly less force to

descri bed | n U S Patent No. 5,533, 982 to Rzk et al,
effeqttipgugenetiagion shancy sé@d@ﬁbqﬂ@qq)ézeg@p@l%peedle is described in U.S. Patent

No. 5,258,013 to Granger et al.



10

15

20

25

30

needl e may be coated, the coating allowi ng for the

needl e of the inventive conbination surgical
woe@dioaoskar bed suture to be inserted into tisSPEI/Wb1003/030674

| ess force than if the surgioccal 30 needl e were not

coated. The coating may be a polyner, for instance,

siThedwrie aredisposcd it vem;aus aﬁ@mgeermrsmrethe hady pipthe wigre. The barbs

oni zed sur e t I
may 88 o0 b gy TReERmf BEE 1 dIRY i biBdimg sampping, cypine.
Jaser,tdn@Rhelilel aWHREchasd 1o cubitgZ Bdodhierag] pb&;l'mérﬁﬂﬂik@ds or filaments are
‘described in U'S. Patent No 5,258,013 to G anger et
purcl@Bed wal theo dredBaisae PATNUShed320a0dPdyY. - 9 The barbs are
in.vari
RTEE et 5 8 PR R R R
mi& e, suitault vetting malahme tid discloselidn LS. FSatcﬁitr]Alppgcatlon Serial No.
cuttin | aser, and the |ike. Wth._regard 16 lh%
091943 s leapya ok seetemersin Qi Sieghoal. Tl dneest 4 2001, the Hisclosure
e
or ]SSy, KBRS SO0 Rt N pa by s o
escarpMehtdidarbis mﬁlmsmae&ﬂahlmlt Actygtca}eélfmng rrmehmci\faremqnufacturing
suitable _cuttin chine is disclosed,in . Patent .
arbqglpsblfqr%sd%qh@ﬁs g@lllt?gg%% a VigHe PR e HQEE %ie@ 1eg4 angl sometlmes a
temp %esbrgéﬂl‘?(fesfol' &e@-}' Vdneb Yedbw@le filkhbRds ﬁlé%tﬁin tﬁélbec?QQﬂheld Bethe

I sclosure IS 1 ncor porate y ref erence.
vise, Sutthhatrmstvensn glrem;cimqf ¢henlzlgdes ggmmléy disposgfl iy ﬂ@d@@smw direction

o SRR R0 3 < bR Al A BLES e

extertfriof b%&%reaﬁlgﬁll%ﬁﬂ ng bed a Vi se one or nore bI ade
assenbl i es, and sonetines a qﬁlate or guide for the
bl Wabgefemee sow @ dwefdra\memwhese Pkexederengs numerde desigiate
t he VI se h dj t o
corretsl?]Oél%H]%od égn qtél\eh dglu tholgtehé prv%{zﬁ Rf%%vrsa%]}{so\% 1|nq:n 19?: 1A is aside

viewdf a®atte@Butuf acbbﬁinﬁdJﬁoLtheplfelsérﬁﬁl’BA&htlon ﬁncbgaﬂlefallty@lesngﬁated at 1.
plurality of axially spaced barbs di sposed on the
o xithteqk Meides jonanad Bady ZAtis ST HICUER 6 BRESeAgp nd that

termltélgteg E]ne %ﬂf‘%ﬂ&? is WG&F ?ed 1'11'%%3 eﬁlbePl%%? % gtl)lﬁted for penetrating

corresp ondi ing or simlar ef‘enen
tissud _mnougd'l@mterﬁﬁle{eé ehm ead 4 mz@/\mmpsllso weuigicaFnapdiee(nbshios/n for

inserfiy G0 HEe AP Ry B G At | SgRleHes DTS of
closély §ldE5arbl P @éﬁfﬁge@ ROY stde e urdi i QBMEHR Hisffos%drp L!{/I@fe

I’n "Cross sectio nd that termnates in end 4
specifisally, lawmtly apadd barbs fere radidiyrasmnngetdsationt by dag o985 é@nf @ird

enetratin 20 .ti ssue I at ed
stagd WO AL St itk B (B e +. First
set of B&BE Y defind Hpland thasidQubdtdtiRllgcbglan@RatH te I@Qtne slbfiet By second
Al'so, suture 1 includes plurality of closely space

set opbaths 9, 2ndgonseauenilye bams 4, L ¢ grantiallydhe eapg mlane due to the
sitio [ specifically, axially spaced barbs
rad1a$'1§@ CHFYR 2}nlg’yl\/r%f‘?f?tr anged about 180 degrees from and

st Biggfy KB] whitthisreasegatctichabxieal alongdirecidl- hBrdfsut@re lNlrt Figure
barbs 7, 9 facing painted_end 4, First 25 set of barb
1A, mogeeiealy iHusstaiasangleat nagnely e raghigl 180 Ay eie grransamen p prbs 7

| Fiane $EO meh lﬁ'E 18RS iBpliAustrates that first
w1thtr&§)g££ tggﬁrtbgg Ag Obc)é? % ﬁpffr? ne ubst ant'i a?‘lD yr%? he sanme
barb 0ot bIafbaﬁ’es dlmeertto pbhmaed end 4 (not shown in Figure 1B), and thus, seems to be
Jarger than farther away first barb 9 of barbs 9, due to the staggering. A transverse plane that
is perpendicular to suture body 2 and that intersects the base of one barb 7 of barbs 7 does not

intersect the base of any barb 9 of barbs 9.



10

15

20

25

30

radi al 180 degree arrangenent. Figure 1B, which is a
cross sectional view along line 1B - 1B of suture 1 in
wO2@u0a0s2dA, nore clearly illustrates angl e X PCEHDE1093/030674
the radial 180 degree arrangerent of barbs 7 30 with
respect to barbs 9.. As al so can be seen from Fi gure
1§uturhé raay spinadegwith R gyiting meashingdbatprodyces vy tstspf Gprbs 7, 9,
s RS 55 85 i BERHES 50 b0, RN Bty gvic
descri¥é@¥n fHer2bbvdAstEd Se@dl N 0bB43,738 i@ Geflovtahe abt aggerl ng A
transverse rgl ane that 1is perpendicular to suture

2 Eirstiset Rhbarbat éy reated by placimgsad bpldinga Hips flﬁalaﬁntts%\ﬂ‘@s“se and

e e O

angleﬁ%leﬁﬁd@o viehtd bartB Ut pdimihgiaohe ﬂﬁe&tfmttowamlctlmlﬁed b4 sSdtcsmd set of
of barbs 7, 9 usual l y one set a

barbssh isgeratadpipday afés odisege diertlades ion%tuewnﬁg (PREas e ﬁ‘ﬁggenng)

one NS IS S BN, S g ons
sutur€ fitatedd atut pBG dégreesaomdhé olsd) wigicl issaguipped to h@nnmhodat& first set of

the vise, and 5 then, the set of blades, wth a
barbsyt babtre AlFPHYFU-engt h, splices into the suture filanent
atgiyin it 'Tg%d?e s8lie %tﬁ& 100 whi @Ak SnRBERSbOIRAEROF Bk liré‘sent
one directton toward pointed end 4. Second set of
inverbbianhad & lile soheat eekeeptrthdtantuye ¥ isdni-dofeftsenat.i Pgfutehl® includes

cton 50y UG B S St P GRRAAE 12 s i
first Qﬁit BT folfte®@Enddaub$6 fordRMetddting tsleat ARG, it ieconfdiplited that one
| ament” about 180 degrees on the vise, which s
or boelq@ncb plédlﬁ wayconprisasszicalmeedleérotshownpfos #spgion intdissue.
S

s SR K OB o BT LS S
stag%ﬂﬂ Blfdu‘ed:tffcﬁxasai&ptfsﬁnoh except that suture 10 is

i-directional. Suture 10 includes. elongated body 12

t hidorq spegifigaliaplupality of axialty sprced bards $éats faﬂlaﬂEP%Tg@&%iééom 180

t

ey ST 4 S SEGA ok 05
17, 19¢£ﬁ1ﬁg‘lpd>1ﬁteddnd héforangorion Gbotidtall efrtbislehdth) dbsurerg 10. Similarly,

nprise a surgical needle not S i nsertion
pluraligy §f Al feaced A, 18 (! cﬁrmg?ﬁ%@t E%f‘%ﬁfﬁ:‘-’ﬁf“’é‘? and
| o

stagE RO TRRE REDINAIRPof okial ipac hafles B, LMGRGDS! 18, 80 facing
poinspend 16 éal alnyl;heppozmah (&pprmﬁmawl}mhb }bﬂsphdé df hadength)of gutare 10.

r adi out , 180 rL,om.an
First Sgtt Dt d Tl § AELTSTEEe DS PURHADY aoPISHAr S he plaps, defined by
secoPédpof Bbs 19,100, Doy D%sul2 QI bf barb8 17218, 19, Imdéﬂr%d;usﬂﬁhtihﬁy the

for a portion (about hal f of the |en th) of sutur

sameSngiflanel dpe tetherradipk 180xiegepeiamiangemei O Hh sotps bagps é? e13 W1th
respegf'% S%'(gg%’das%[ rﬁ?]aqgs d,abgut 180 degrees from and

respect to plurality of axially spaced
baFllg&reZIB isvd drbssﬁééthﬁaﬂ&ew&ﬂbﬁg&ﬁie@ QBIGftsetﬂlrceIﬁ,lm]lﬁglﬂmQA
anot her portion ( %g pr oxj ma
U}

tely the other half OfIS
morq degghnjlugratiag angle X mamely; the facgaét §]de gsf pwanggmeqy Due to the
stag%ﬁé%&ﬁrg@% 22 %g;z'{}ﬁé 17 8§ GO tAsYih@l k)d €2 Rl RBRSWMA MghReB), and

thus, appears larger than farther away first barb 19 of barbs 19, as is illustrated by the

stippling. A transverse plane that is perpendicular to suture body 12 and that intersects the
base of one barb 17 of barbs 17 does not intersect the base of any barb 19 of barbs 19.
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25 second set of barbs 19, 20. As a result, all of
barbs 17, 18, 19, 20 define substantially the sane
wop@4pbEne due to the radial 180 degree arrangReEn$2003/030674
first set of barbs 17, 18 wiltith respect to second set
of barbs 19, 20. Figure 2B is a cross sectional view
Likewlsngyrinsyersg glane #R! ¢ pespandicalar (o suiureihgdy d22nd thagiressects the
I t [
base g& &;?ée !ééég rll,%gg%é{?g r%? %Sﬁ‘}{lﬂ nﬁe{ﬁcetrﬂ%&ls of Q@r B%g ’26 %%%s 20.

baslhtuﬂenooﬁqaja Be h&d& Wlﬂh&h@é&hﬁﬁfutﬁﬁg mctmﬁee@h e 14s1;(ch Ql's the cutting
shown _in Figure 2 IEfears | arger _t han

devigegdoseriheddndie 4 how@m@ﬂrssn&ld%fo%%ﬁ 3319 Gegevg & al., except with the
ti ppling. A transverse plane that
fOIIO%ﬁ%a{ahgé %IQ aélﬁ:t%goéuture body 12 and that intersects
t hBor fixsiseet of blechfbcbanefb barbs af/, IR afier the satoesfilamient is placed and held
mtergect t he base_ of_ any barb 19 of barbs 19

in the yigay the Blades ive WIhGFiPAGEEACtion intppprRKgRately ha halfof the length of
the s%%%ﬁ%ﬁfeﬁ@to@r@dﬂ@b&rh@h fa%hr%eﬁl RRE Ai:E o?lrtoﬁlgrdsggﬁﬁjté@ elﬁpfw Next,

Intersects t base o one
the bitsie sre I8tathdelSOrdegreen SCethaem:y aﬂeelobaélepqséd ant;he loapdmit2 @ireftion and

over piroRHo e e TR 87 e bty DR nuhe offr halt of
the 1E29E 61 tAE gut‘ufb filgcAbONea @&toﬁg c§t@i’h§g %Etl&lpto Q&OBRby BB fecthg in the

Genova et al., except with the 5 follow ng change in
oppasitedisection sewardpoiniest erfdi k6st set of bi - directi onal barbs
17 8 ftrth cedad
R LS el Rt SR e o R BR pofl fr or e
1ongia:§d1ha1 Aistatice bapeXxoBE Birks MAlahd afsotthesdteredtlimert is fdted about
suture filanment to create barbs 17 faci ng in _one

180 drareesondhe Yisowarkiclhtsi aquipgred Fopceammqeiie firstsgbofitisstionag barbs
17, I%QBé?cta?éjal ?gggtg 8RR, séclaﬁa %}Q)?%l afr R)?l\c/l\{ lga!r ﬁ IJhF blades

thé opposi irection an over e uncu
sphct: fneithl aﬁ‘ngt tuttidhactiohastesipprogirhdrely }ﬁlﬂtbﬁl\MgﬁhCDfS]né $ut1ﬁe ifildrdent to

the other half of  the length of the sutgre filanment

creatijoprps 20 aEBR T e dTCAEOMIOM: %pelateére@gtlé B 8¢ Higst atting aptigy is
|
kRSB RERIAREI LR 00 PR BT U3ty o

the dppesiistchnggm mgi)owbdletunbutl Halfaff tlhehken gﬂho Athe blecies ale then allowed to

.dis c rbs 1 and al so the, s
splicf e b el e o £ shBird Blprard Pab O ST Etion to
creat\eﬁm 1052 8R! i PIRedp &1t§%ﬁ@£ﬂ8¥n%€v§rdfﬁdi§t%d erd 19f
bi -directional barbs 17, 18 that are al ready cut.

Thbmn #ligratizre ortrodisnent fnob shasym) dert biedieeictipral petugeol 0, f@, portion of

0 P D e SR A58 8 R porion o

sutued 0 wikleBdrBs P&rAsmaPhdvecherg factheao®atl pdiated end 1PWarith this
poi nted end 16. The first cutting action is foll owed

van%lynfth@ hatbad suthee Wowld b inseviefl intritissas Mthpednsesiignedayicggsuch as
that %R) ih I?l?eyab%rv nB%\H@ Sspﬁérﬁ%d 3 321%3&7@% ?ﬁﬁo SA&cﬁtl%nallgfhlt is noted
of e l'ength. e

ection an over the uncut
that, bff desized, datbstoigrbecdstapedisd that thixeim®y bentwe fdrgomst it birbs facing

of the length of the suture filament with a secon )
one engrant gge REIoBVih,baTRs B5ING theether or. %fewwmwstwéh " Barbs facing
one é?ﬂ%a't\‘ivs Al RS Wl@lrbafr&vﬁ&q %B{?:' cﬁltl&q:nﬁ ng,dkd-on Cfﬁotas‘Plown) and thus, if
al ternative enbodi nent shown) for bi-directional
a porsign of barb®|s ndtagig the @mtuuaf end to which those barbs are adjacent, then, the
barbed suture would be inserted into tissue with an insertion device.
An advantage of a barbed suture having a radial 180 degree arrangement with

staggering is that the 180 degree spacing is readily fabricated on relatively small diameter
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suture 10 with barbs 17, 19 may have them faci ng
toward pointed end 16 and the portion of 25 suture 10
wowrah/obmebs 18, 20 may have them faci ng t owar dPEDUS10031030674
end 14. Wth this variationj2the barbed suture would
be inserted into tissue with an insertion device, such
filamguts andhihe stiggowing improeesabohasingpedarmuuge. Favsnn thup and delicate

. 5,342,376 .10 Ruff. Add th | £

issucyabftmaler sy oRUChl, B bt e Rt g Rhales

effecﬁwarﬁﬁéﬁﬁg)?&f oMrafcdar bs facing one end and one
portion w barbs facing the other end, or

pdkurhias sovi toFigae B4, flemistpdisaosidnuew nd anpilet %b%m@mdﬁ@ suture
accor Hltg\%ﬂ;ﬁ%rﬁg%en }:Vglgtlg gncgéeg%# I?Qfés gﬁ:ﬂ d§ su‘&ﬂg Qggu]fure 30 i 1s like

suturé Meh&wi i Bigefed] A, @xeéyit ehint tﬂm@abmbmg amesu&d‘b 3060120 degrees
then, the barbed suture would be inserted into tissue
insteqg ofhl 8Qulereseas isshowrigrsaturah advant age of a bar bed

2?&[31; @a?@églé}gl ?%t{lfedi(ﬁllncl%ggs eggga?e% Hd %QQﬁmpéen\% éﬁ/ circular in

ee spacing 1srea
crossfsadtidncaid eliat aerntirdted invpeintedseral 34 for peretmtiny\ @200 /10 &Qﬁaﬁplated

PCT/ US2003/ 030674 -12 fjil anents and .t he staggeri
that Gl STRSECORETTB ASHEE L AFEH S ERE ROV S (1 FI IS S inserted into
tlssuéj e(h*he 3ltker ehd %@ shagaﬁr A RitRHNRIY, §htud SO R 1 dRs Eﬁﬁaﬂftfgf Sosely

st aggere 180 ee spaci’ng generates ive
spaceail‘rtarb};r35|1@7 ,pﬁ@r:frmnlgad]sxethaﬂ' all acaip thewnn@ dFegiondoB#d pointed end 34.

depicted.i.s a.si fan r _enbodi nent of a
Henc§u$ﬁﬁgpo%tl%8@? g%ﬁé/égvésﬁ’é “Bf ﬁi‘to? vention, and

geARb Axial sﬁ&‘éﬂ%ﬁfﬁs 88 a8 ra@iillyafranédd aBYhiI %) RBrdes flohkehd

suture 1 shown in Figure |A except that the radial

staggs@domﬂgresmct mxwalb/ @@Cﬂdsbaﬂ@@ki é/@rcéreage radigdtyetiepnged atwgt 120

oSS ER I Bl LIy Ao AL oy e

barbsC39 £UlaRb akngddl MBSt BXCAdgfaRs &’@% zlrhiaita&gEfeﬂlVﬂ&i &Spdchto axially
poi nted end 34 for enet rating tissue.

spacmw aheyresyly of ﬂ@tm@ﬁldl?@@eﬁrﬁty aermﬁm% firsisgh g laabs 35 define
subst?iﬁtfaque[hé Dffe 3‘1{&%\@) c}? otnri] @et Iﬂgrb§ 4h lﬁ'eﬁmgm s&‘ﬁtlblﬁ‘fﬁ{oﬂ?eq same

I Ssue. er en I's not
one phatedt hmcbtrha‘dlsyt ofshattsr3® @bint sebsuaieisl philt addther safe ohepkahy. Thus,

aced b 35, 37, 39.arranged. so that. all
suturg 3 hnboRiPS.6ts FOAT SRR aag%gﬁr%fau@r%wg&onal i2h 3@@6@ figposition.

di ﬁgﬁﬁ%‘?atﬂ R c?f)ss%@étﬁﬁlal?’ﬁlew%ﬁngef%eB% UQB ‘At 3(Pfﬁqi1gure 3A and
Al's ar

, axlal spaced re radially arranged
showabdth mé@Ppadeglaiy afiglon, amelyShatadipd éP@ degret hrrangepent of barbs 35

with ig3pégl b S BeTs e s R Sa BB Ry eppect t barts

_ respect to axially spaced barbs 39. ance axially
spaced barbs 39 are al so arranged about 120 degrees

f remlhmatgd by @msé@ng, Hirstdbaett oft harksd Jabegause piibe gtaggering, is
closeg? ) %0ﬁ%t§§rgn@§4 ?i %nolf*"lfgu% éjnéghasl %Qelﬂse%rb%qarger than farther

awaySfileshah BT af byrbk BE A@d@?flﬁsﬂ Barb|3aneE baftR BT Dduét@tthmﬁtamhhg, is closer
37 defi ne substanti al ly another same 20 one pl ane

and
to poiHed ends (ngt shesphia Fagurg dB).mad dhinsssegrsitabe %rg%rl thgn éven farther
P 32
o 00 039788 S Iy 4 3R PR B 8y 2
that idegycer titb e of bnobarb 35 of barbs 35 does not intersect the base of any barb 37
of barbs 37. Likewise, a transverse plane that is perpendicular to suture body 32 and that
intersects the base of one barb 37 of barbs 37 does not intersect the base of any barb 39 of

barbs 39. Similarly, a transverse plane that is perpendicular to suture body 32 and that
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Figure 3B is a cross sectional view along line 3B - 3B
of suture 30 in Figure 3A and shows with nore
w@aootiosnse@ar ity angle Y, nanmely the radial 120 PEQUS®03/030674
arrangement of barbs 35 wtk-respect to barbs 37,
barbs 37 with respect to barbs 39, and barbs 39 with
interseets plm;lpasc of beg bab 399f B&bs AS dpés| ng)ggmmsq:gg theybase ef any barb 35 of
barbss”{% ppling, first barb 35 of barbs 35, because of the
aggering, is closer to pointed end 34 (not shown in
F' Qi@ 38Bhay BiaddWwith (eaRiR cufingendchi@es shivdé 1 fsach Aethe cutting
way first barb 37 of barbs 37. Also, first barb 37 of
devwsaﬂpwbsd in ﬂxq@bwﬁ -nofed §91a=§@8>r ORG§4347 %3 éq Gergva ot gl. pHlierpuging

machl“:f‘rga 15 8§Wt(‘~}%§é to wnc%e at ﬁ g gﬁbf;‘f@ 35, h%ﬁalgﬁ(g‘%% Z\tqa tﬂﬁe, ina

stagg@@ﬁtiﬁ)maanafbngrsaﬁ]ﬁé/wse pl ane that |s per pendi cul ar to
suture body 32 and that intersects the base _of one

b FESt 5% 0 phiba 595 saleg 8% Pengiand Bpkitng 2 syfareiHamenjin g vise,
b
follo?%@a Py ?h bl%c{res e%{ ?gﬁﬁz b 61 sEe?i eto % gg&f& anegiq?r%ltfi‘,%llclng into the
suturt fil @nehe et sn ﬁﬂg& thatsie chbsennecieate baibhs 36fso hlzat laHl a8/ fadimgsn the same

not intersect the base of any barb 39 of barbs 39.
directippfqwgrd poinediengfdyer se pl ane that i s perpendicul ar to

S uN%{tjgtgg gg%ﬂgg %rg%ﬁett lg%tu\ﬁ@laﬁ? Qd/ B304 stag genn%) approx1mately half

i ntefsects the base o
of thbmngltﬁﬁnaifdldjmmbeﬁﬁaedo‘ee ofibarbs AS. eA@@cthetfﬁentrasercmdte@mlyout 120

35 .of rbs 35. Sutu : if.h, t
degrega R AT IS RARBPSL i QP EOYA S e id TBRE BupeiTinye dready
been @8 hEEtHIRS6InARE: dfbalRS7aDENEEAN £GinIRE ninnd0-

09/ 943,733 to Genova et al. The cutting 5 machine is
nowkgm@d, the bladetiare @gtins pé@etéemgtwfnaﬂaﬁwr%e thg ptaggering)

appr(lgﬁsx 7 a{jk}y IEF?{}?[S et 1tial{;1 nl 1stan(%e bepw%n t %%%grb% %(‘:5 ?éérgdt glgcpo@)? suture

filamhig rétgted Iaﬁoﬁt(ﬂZdlngreas Snithevisef whizRenquippeldhe avéos@modate both
foll owed by the bl ades, after having heen ad usted to

alreagdy piteliyst et ﬁfn basbs poangt ﬂreaéqbwtéﬁmdﬁﬁwf Rales 375 lﬁthn%vmg the
lon OIftddu?dg‘ﬁ%btveﬁtenar eq'pgiluSn tH{I?Il %t%f 821%§§6 1 1(8 %E@?r{ ??lgﬁfapﬁlaﬁéer.

acl nt
t obvefedlatilp, catle dlceeﬁl\&%arﬂ\hktcarpdwt blp@shtBSn abeutdRbslegrees around

longitudinally (tog create the sta

suturg ;?Bgﬁb R+ Frapethg Dfeseding Gr 476 oswttogrgﬁ % By ghegbard.
bejatretaRe Abwha Ffrd2A, Musitated REufurd @(Weaﬂg)thblserﬁg&ﬁﬁl‘égt of the
about 120 degrees on thé vise, which is equl pped

presemt ovembahat Sutfiiedtis sistilanfo suturb 80 35ceptabatisatnee 40 rse]adiyrectlonal

sutugtf 0t dveatadimey T2hTi e By Priin s SENHhe
termidhifes 8 fitsOReH $cdBhdpdihted Chs 44, a8%6r fdnbirStdaasnd. NAlko, it is
approxi mately halt the |ongitudinal distance bet ween

contemplated thea phe oBmth apdp 44, 46 maAyconprise @ surgidabpgedie (ngt shown) in

ordet t%tb%ﬁgseg@{f gn% u%s%% gg{rg 2@ ftﬁﬂme} lﬁ%ludesc' turd VI\{E& ?spc %el% e[%ac%? barbs

acconno ead

47, 48p4RNS0381, 6mnahgm@ba smgtgeﬁeetb@ﬂdeaﬁmamlsmﬁm 37.
Fol | owi ng the I ongitudi nal ment and rotation,

¢ PForcibeehabfofishe lsaEthoptisuytice 4 @ty ADaced DAL 47 P ferentially
arranged about 120 degrees from and staggered with respect to axially spaced barbs 49,

which are radially arranged about 120 degrees from and staggered with respect to axially
spaced barbs 51. Consequently, axially spaced barbs 51 are also arranged about 120 degrees
from and staggered with respect to axially spaced barbs 47. Thus, a portion of suture 40 has

all of barbs 47, 49, 51 facing in the same direction toward pointed end 44.
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20 Preferably, each successive barb is escarped at a
position about 120 degrees around suture body 32 from
w0 b@4psiseedi ng barb and does not overlap with BEHUSI00&030674

barb. Wth reference now toikigure 4A illustrated is
suture 40, another enbodi nent of the present
| rﬁmmha aher Halftafitee BOgihof siid 4. akially apased babs 4§>a¢erpatiially

t su 40 is bi-directi 0.in
arrangrEnodt L et i SRR orpe e By snenL PG o,
whick %tm&lﬁll?ﬂﬁaﬁééﬁtab&gt 10edeE R84 B8l aﬂdfstaggére@%h%@éﬂﬂo ax1a11y

poi nt ed ends 44, for penetrating trssue. AlSso,

spacadsbartesdit @qnsawdﬂym:allmea@ﬂ bodstdZenel élsqma%dr&hyut 120 degrees

rrom i Bk ied Wit reipe e PO} G C8 bt napeT ancthtilorich Ssuuure

40 hadlatro? bbby 49f 50150 8diNg HBE @ﬁn@&&&%on%arﬂ%olrd&i erfdl46.51,
52 arranged in a staggered -directional disposition.

Fohs atesult ofidiefradinl mgﬂmngﬁm@mfuﬁteseagf bags 41, 14¢ define
substg:gtbqjlsrqliezb%rng%a}e epé r{e;" F.egdr%ﬁg %%fogtﬁ)gl% '4@' %CP' defﬁ% sﬁﬁsﬁ%ﬁﬂt@? another same
one pradedbdd/theraaeest Bagistsd, 59 defn\ﬁﬁubktaﬂtﬂlyrsaﬁlaabihyr mmam@qﬂ

about 120 degrees from and staggered w th respect

axirigrieytB, Q‘ﬁ%ﬁg@é alsEess seatpnalcde aRug e B o 4B of pytue e @gure
o, SRR TP TS LER0G Ay a0 20 Aegeesyn g iy
As ilrﬁhmsted by prerstipphing) ffirsiiarty 47 dflbantassd7, ah lacafunbafi the smggerﬁ@ is closer

to DOpF SIBA B0 SI PR D) o8 ST, SEPASHEE Hah GG away firs
barb BQH? bbs &9 eA:ls%gﬁkﬁhsefof et cBerhtl, fiRtbAH 40 SIPRERMUPRIRzer to

are radia arranged apout 120 degrees from and
pomtsti and)é4 6ot shawn incdSigaict4R)parsithad, lappespelotgsr BanlsyersByuther away first

i re radially arranged about 120 degrees from and
barb??&gg@%%glwth respect to axially spaced barbs 52.

Conspasende plancakhdh byrpeBaask toantise Sodlyasr2eandl th& intersects the base
arranged about 120 degrees 5 from and st ag(ger ed with

of onedspett oft tarlsd adeoy n@b@é@@ﬁCb&lﬁ@@S%@ anyhaeh, ¥hefdhaplesr49. Likewise, a

ortion of suture 4
transg%ré? Blén? ﬁla% é)elépae 1c§I I ec Ibf)gx .}?gﬁcp ﬁm}q %té:é?eg%s &ﬁ%ge}se /-st one
barb @9 o€ Batbt 49 Hodd ot idtelisadt tHeZIQasd efaBebab Shngbakntl. Binmibdrdy, a
set of barbs 47, 48 define substantially the sa

on
transyerspplang thebispespendisplap i pure hody 42 aed thabinigresisthe pase|qf one

barb g'i]?)!i’ B%s §gg§a ?\'Iltpﬂs@a‘?h g of W l?arﬁ ey oPbarB ﬁ?s A?sjo’ a ﬁ%nsverse

I ne 'su y Stil ano er same one pl ane.
pland:lhgulr‘s @e@Bndminllar:fa) susura body42 armkibbi iotealectsithabask ofignd barb 48 of

arb%ﬁl‘%J ;i%e%\%o‘? {{gq?éﬁtcg rl{%ﬁé(s)q: Ny b%i%;go gf? é\’g‘)}%mgﬁs‘?h&? trz(lenasvex)ée plane
that iQ @eﬁ&lcﬂ&eﬁ)‘ sfuhf-ié BMd%ﬂ)@nd thhigtekRERAhdWask BE 0d bRB IS0 barbs 50

on account of the

doessma:glgwmch@l,e base @ﬂ anydrarb 52)6frhﬁrbﬁt ¥4 Simdlady, 4 wytsveRoplang that is

perpefqd?cg.lﬁar tg E\?;tgrej}g)%gﬂ pg@&p grrs%‘ttéglr Ak ah Q éaq{ %{'gfr b2 does

not ifteAGE8HE Pae of bhp barBaslvr48reisgbar bs 49 is closer to 15
poi nted end 44 (not shown in Figure 4B), and thus

apwaresﬂq mpybe meHe witbvbnsaes QENS MARYNG sy wiure hasghisy the cutting
dev1%fde§c?ﬁ eu? éﬁ Gé% S{\[Z% é%re g]tl‘% %794%%% tb %]heﬂgﬁngt%j QJH:Ieﬁ{ with the

Intersécts t
following change in blade direction.

For first set of bi-directional barbs 47, 48, after the suture filament is placed and held
in the vise, the blades splice with a first cutting action into approximately half of the length of

the suture filament to create barbs 47 facing in one direction toward pointed end 44. Then,
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of one barb 47 of barbs 47 does not intersect the base
of any barb 49 of barbs 49. Likew se, a transverse
w@k@ae3tshat i s perpendicul ar to suture body 32PERtiS1003030674
intersects the base of one-20-barb 49 of barbs 49 does
not intersect the base of any barb 51 of barbs 51.
the bigilasi drfardtgotpd 480 tegress\sertsas thslyzane nowalisposedga tireoppiogits drection and

e RS0 Pu B SREb R P A o
the 1eRBthRdF4ife Rl #Dgert HithA RLondEcltliRdNHRHIE creﬁﬂeaﬂﬁ)stﬂﬁhcmg in the

perpendicul ar to suture body 42 and that intersects
OPPOSI lwas@wanﬁ]mlb@ﬂlﬁndé%f bar bs 48 does not

L eéc\h tgeé f)latggste z}rg ?fﬁset?%negatbl gl%e gtg%?%a?{ thQ ?'{ag erﬂm%r)] dor abPut half the

longifudirl Hidfa8cdBshvedPtvanst Baiit47, ai@slse ﬂie%utdﬁ@ﬂh&ﬁaﬁt Bfrotard about
barb 50 of barbs 50 does not intersect the base of

120 dgmigepen thesisegvhishyipequippeddp @moammwat%ﬁf% 861 OF B-digeqhioppldarbs
n I 4 h
47,44 RS pledtre R BTk rBf scbhPist UE 1SRN0 oS 4579 e blaces
sphceﬂ@tth larfirstrcheiily dcl‘ien hﬂs Eppif)xmmyelja aulb ofithe déngiiaobihe 4@ure filament to
Suture 40 may be made with the E%ne %& iﬁ machi ne as .
create; parpy a0 iamrwe [png Sre¢fiondQaidRPIIeH eRELR- ¢ ErYtingiaqtion is

follo&la?cfl,afflg%ggéméw Bgﬁéte{]gga&efgg#éf s9 %a?ﬁﬁz%?@n&v@ d@g&‘ég? fle opposite

ow ng change in
directdon st dvan theRocuf halsdef thesutafe flamentr dbey thealspher ibto the other half

fter the ture fjl ament .pl aced and hel i ..
of thg ke i e G el v Reotd TEE FEPE S B atps 4o lcing in
the o@ﬁsit@ﬂlré&f& (BRRIIPoited 8ddadral f of the length of the
ture filanment to create barbs 47 faCIQékln one

di Freot therpladesvarechgpini affsedloagigh dinplly Kieereatphextazeenrgopabout

half tE% Cl Ugﬁglggl/ C{O ﬁgfc%tdﬁ}%we]ég \tggf%@a%ld 2202&@ 1t{o%5%§96 s"u%)re fltlament

againtik F&tefetl @Bo@dNA0 deyeEs M’lﬁhe winelvhitalif eqlipgedao h@jwirhodafd‘lzﬁready cut
bl ades then are allowed to splice into the other half

first st of bikdiracpmpl bads 47 S ans aleady pytaaennd sah efipiligedenaybarbs 49,

A : : hath
0 S O o e s
51, 5Q|a&d1ﬁ5de-?\lﬁ)ehz£iiﬁ1f sthk blasgiplicd iwieh d firs( toting saiog ihtoapproximately half

staggering) for_about half e _longitudinagl distance .
of thelsnaibeat thpsise SRR o Greots e S JS0RE M CRe ITEChOR g pointed
end 445 ’Irh%tfﬂ'iédt tt ch% a%lg@%? S??otﬁ’ﬁhéth@ blde€1 80 obdes is§ that they are

equi ppe rst set” of bi-directional
now ﬁﬂpdﬁ&d idtthe o@@o:tlteailreatlm ai&mdyheout:ut heifeof thd sutursdidament. They

bj b 49, 50,..the bl.ad
S AL RO Sy PR i
to créali@balrﬁﬁgi Pichis ih R SppobiteditdchiBAesarll foikedcen@atioe bar bs

facing in one direction toward pointed end 46. The
f i P:sferah]y,tqanlg supeedsbie biagh isfeatarpadeal atppsition abpuid 20 Wegrees around

sot KET T B BE BrEEnd Bl "B BT Mo RN LR RERE A, o

S UInLHnQaltfei'daﬁKT@ BinbodifR)it tbeshosa) If@ﬁ)lldihfeetldﬁae satufeeto, thelportion of
of the length of the suture filament with a s

suturg ¢ thiawig g Retisdrl» 49 d meat kave dhess fastn g tawprdpainfed F‘Pf%“g and the

! L o thw teli BRd 44,
s BETLLE 5 00 195 MR 0 8 ST e
With&hﬁg@ﬁﬁﬂldﬁglhef rbealsatire would be inserted into tlssue with an insertion device,
such as that shown in the above-noted U.S. Patent No. 5,342,376 to Ruff. Additionally, it is
noted that, if desired, barbs may be escarped so that there may be two portions with barbs

facing one end and one portion with barbs facing the other end, or two portions with barbs
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hal f the |ongitudinal distance between two of barbs
47. Additionally, the suture filanment again is
wWO0 exabad2@bout 120 degrees on the vise, which P&I/US2003/030674
equi pped to acconmodate alrgmdy cut first set of
bi -directional barbs 47, 48 and already cut second set
facingénebinddind éwb iportains athdarbsFacing the qthgrendi g setpa (not shown), and

l.ongi t udi nal., movenent and rotation, .the ' f
s, 5 Ao ™ s sttt 30, ke oot R Rkert hen, e
barbel kaERSw SR e 8ndktbdirdo fibsus tvitltnt inggti@c8évage. i nt 0

appr oxi rratelg hal f of the length of the suture

f iAraatyantagoola barbed pvssvitna radial AZ0 degrenarayigement is ghat the

to d _pointed. end .44 RPN [ j 1S
barbse B Kl Fos PR o blbab b s de Bl i
maxith@lo@éLthe p@¥htibnsBRs A thesutdie o0gRIbS Als@mottidrabotd, die stugdering
over the uncut half of the suture filanment. They next
enhangps anchofing pefQr@apéher half of the length of the suture
fi i . o) i i OfF . .
Ry fn SR ShARARHA D EE B Einvenion
whiclpiigah&dll ¢ tekigfatedRrt efitareedil, withaadial spacimglitveinemisticst multiple
. escarped.at a positi gn gbq?ut 120 degrees around. 1 d
spirals e O dngjudes clongaied RedyS 2 RbeRnAER N A6 AR EOBoREtipHy Blongate
¥ [ i ! ti{ ¥$htemplated that end
oy SR oA ST ey 05, KPR,
64 miheorpmiseiacurgifal nseitle (rot d@virafonigsdstion intd Agsug9 Fushermeye, suture

BRI R -
arourdd By (62 Gh 8 Gadi YR tHe PRhNAiRE ISR Ebvidtd poMitddenidass

variation, the barbed suture would be inserted into
t iF§gure 5B itk caoss isentionali \dew alongdiae SBsugh ohsutpref10 igKggie SA. Due
in.the above-noted U S. Pat . ; t.a R
to the it e RN R abosTispe bRyl B 3y ihiater and
smallBLaeseRIPRAh&unt Fathdr Aeae fishypdistet wad BOHdt@hswmirt Figure 5B), the
 barbs facing one end and one portion with barbs
illusipmef sige diffsrepen being Hihstraied bydhedioPliB®s with barbs WO
2 CT ; - faci .
23580, SRR ISyl TR BER S sing
sutur@, (hks geawking dnite deduibed irf tha apovd-natad 8érid) AN 694943,733 to
not facing the suture &28 thgt _Lhos barpbs are . crals th
Genoyaphdle W1t p ¥t CHHRE MEMOBERATRLE LMY RE BIY UER! nfuwfiplggpirals that
| | i | L Stufleiafnt BiReRIGYABhAYEindkad of
prefegﬁg?g?%ggégﬁéy}}g&v%nﬁ?ﬁirgé%%%a g‘lﬂu120 degr eeear r angg‘rgfe]r?t eaco
being wtdidrhtwhich ¢he Gty takeseplaret force in three distinct

pl.gnes tha onpl i me each ot her esul ti.ng. i . .
eSO B BTGRP RBEER Paro Byl Breegyy B m) intength. s
longi QB Al twishSd 139k PEtRIAQY ehe Sultfe SnB S 39aB&TOLS portion that is
anchoring performance. Turning now to Figure 5A, shown
about 45 amahieh Ebosinblddnm pf thefsutuselepgibs diws, ameadts sguredygddhe other
.is_general l ' t.. sut . Wi i Aale .
end 1 Gp paied OGN EE, sk, 4 fi pPriel drfd AR ament i
twistSivieetRQuivae Isubaspletedngdheld inaklyvie of general |y
circul ar cross section. El ongat_ed body 62 t eeg_gi nat es
i rTyisHng seeferally sy parirmsd A8 AP FiRgs+andanyy bepegiormed moge or less,
; e . j . .
e SERSFIR) 6P 01 B RAa T SOTELE R BMEEIT s per o
aboufBlEd furDS ewisspetlineh, @Qbbmd toddsuipl Lvasts per ioéh @eomeh peing per
spaced barbs 67 arranged in a twist cut multiple
25488k al pattern

Next, the blades, after having been adjusted to a predetermined length, simultaneously

splice into the suture filament. The cutting action makes cuts to create barbs 67 so that all are
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around body 62 and facing in the sane direction toward
poi nted end 64. 15 Figure 5B is a cross sectional view
w@bk@ag3dseme 5B - 5B of suture 60 in Figure 5A PCIIES2009030674
the twist cut nultiple spical.disposition, each
respective barb 67 seens to be smaller and smaller as
facing actheissme dirtdtam tawdrdfmnth@ench«WayAftemiq;t@hnmedipdmspi@hbarbed

( tsovvn n Figure ion.o
sutur BF R BRRAS i i TP it 3%@&6%9%% B afs %ﬁr%ﬁ%m rafigjegspirals on
suturBomay be construct ed with a simlar cutting machine

as that used for making 20 suture 1, such as the

C uTurhimg mi»wﬁod“égute $4y; stimerh isranother erbbadimantt afdheSpresealt inNention,

whicly i grgatally detiensset Ay REe % S Sirmtety s 3¢ kit eft Pl spiga

dispdsfi@dh anBfiRisgs SRdidar & §ltlﬁ'5 60! Sdem!thdtRBtEAN®istHi MBredorial €Suture 70
suture filament is held stati onary, instead of being

includes clongatedttodn 72 Hkat duganeradlytciiceler il cress. sepimeand that terminates in

first tgh(% S ltﬁ%fnc}s { zﬁ gcgr%)'eln? ﬂltgélts? af,]gl B Lf&?pc[ ulzi;ed {Pl%pgne or both

of enﬂngst%dnép&oxﬂpm@ratguﬁgicﬂheédm@(@utswvm)lfsﬂmtsémoﬁ ueh t1§éi1639
times for a portion that is about 5 inches (abo

11autm¢)70<fmthWem@lud%rréunabfrygkfwlosqiw@acedrbaéwd7 7, 48 §1éérmeédn two
resp i {1 BRQERS, pfiithelifh SRARRRCLAN AL ANEbES) 2 IABITP M are
dispdsid 61 ﬁﬂd&l@ gﬁrtiohEMB tiat iseapipfoxiitetelyd ackel @pprokehately 16 tnie) of
suturg 13, iy 150 BB AT 0 PEEe Do e Mo Ber g I - plurality
I
of baﬁt%o’m ﬁ?%rr %égtngg F1)15éurlt1 IWS]%HI g;gtténgxgﬁfalgﬁatggé Z‘%g&&%ngztotvgrd pointed
end Tdviios b pa €xbounidif) ofmiddiie lpbrti'mntMPahmgtthdR:ngtlm oftsetuper0. Similarly,

o 574 S el 9, R 22 T B HR 85 v

pointe BHA 76 REQAUSInk: pﬁptth@@thb{ﬁ@réﬂ“ﬁaﬁﬁaﬁg 8f fiiddA&B&on NiP&long the
cutting action nmakes cuts to create barbs 67 so that

lengthlof seinee YO 2004/ 030520 PCT/ USZOOS/ 030674 - 17 facing

it \r,:f %Free (ﬁfﬁeﬁﬁq%,{sggéﬁog%‘ \tpg}\’,\yaaggl'gﬁ ﬁng Sp{yre &; % gure 6A. Due

to thé ﬁiuﬁﬁﬁ@g)lf‘aﬂ EHRfdhatitinG Each Rebpectival kﬁlﬁﬁw sé@aﬁ{stts b@ Zm@ﬂ& and smaller
di sposed in multiple spirals on suture 60, Turnin

as eaﬁl@w fegheriagd ferttenawen fiam pointadeahéd (sl mrnkigee GHeas
111ustP£t§&3§£{ %@q{l on, 5 which is generally designated at
sutur h‘?’(?.

%re 70 is of a twist cut multi pl e spiral
di Syrafei 10 1y ba thatid usthitlse sintd dusting mactihaigsesubfe 6@ xsnelphs the

that suture 70 is bhi-directiagnal. r i ncl udes
cutting drygea dsgomRsdyn the abRugnpsd Gerah - |Qf97%4i% @%ltgﬁqnﬂvac?t sbut with
the félﬁfvtflhg gh?r%g it Bﬁhe Hﬁ‘*@éﬁoﬁaq}%ﬁl te tfisf éfttll@gleﬁl%ﬁo&gbs 77 may be

poi nt 6 for penétrating tissue.
produ@dtm mpilgle dplta‘iathaoptefanablb atelvreavéd @ribes sandk tlr?lﬁ, amdyhen after the

cireef R BhES SGrhe PSR PaRE 79 e TR SEH af DULPIH RO Pegpreferably

are cRiatedl £ AR MrRABRKE ATIRAIRFng 7he O, BrRNGAHe FilinbdMis held stationary
resgect ive spiral patterns, each being a multiple

insteahpf bingratated! body 72. Barbs 77, 78 are

More specifically, a section of about 4.5 inches (about 114 mm) in length of a suture

filament is twisted, such as 39 times for a suture about 7 inches (about 178 mm) in length.
Thus, an end is secured, and the other end is grasped and rotated 360 degrees, 39 times, so the
twisted section of the suture filament has about 8 2/3 twists per inch (per 25.4 mm) when the

suture filament is then is placed and held in the vise.
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di sposed on middle portion MP that is approximtely 3

i nches (approxinmately 76 mm of suture 70, with each
we@pah4080520 on EP of suture 70 being barb-free. RMIF/ES2003/030674

particularly, plurality ofigparbs 77 are arranged in a

multiple spiral pattern with all barbs 77 facing

t d\mastmgqneﬁetz&)diy s pednungU2§ or50ipes; and miay be Phlébrﬁi)eddﬂore or less,

s 3 5% SR, S B R Bl 2R s nch. o
about@’tbtab&lltel 5Rlidi@perRAdH, 8f Motk 5o abdut hafwRts#r ir&ﬁl(ﬁ@ 1nch being per

toward pointed end 76 for another part (the other
254IamerOX| mate half) of ,mddle potl on MP al ong the

tihg];pég’cf F,n%fFeéél%vmgé%ur eaélmsltje'rdZtoG %E@d%%n%ﬁm%td' lgﬂ?dltﬂ)lice into
appro%ﬁnét@lytﬁh@f Hfﬂﬂe' @_y@oﬁﬁl‘afe@‘ 301681?5 i(@pratiately §6chm) length of middle
respecCti ve seens to be smaller and snal |

porticaaP o%theaanph@ﬁmawb' #&rinple (appreximRiehnl b .nml}eaWJéWé smtlon of the
B
s il R ok G856 Y % A TR o bl s 77 0 o

all ar8BRRigia e dettibretodrd §<biﬂh:d%1df7l4€ Daighdling@ndmw meny blades there
described in the above-noted Seri al 9/ 943, 73%

are odhoviting machinend Rgv manysarie’t 819 éwrﬁg tRteaY o one cutting

mot1c$17t%%%t Ql%%gr% b8Mim n@&s‘i %r'il’l(gréb ?lﬂetrbﬁ&téaeé m@t%r%imtll the

roduce rals that preferably
des1r%¥ Rinttieg of Bﬂﬁatﬁ hi%eess:arpm mt(meomnd of trersufre Gtancng
|rect|oncangefor t he, bl ades 78 y be .. .

orldeticis biadesarpicd 1585 degregs i, yat ﬁ%@%ﬁ‘r 331 giepgieg in the opposite

dlrecﬁ&{egﬁtfg\fe{i‘tthé BeSRATE of ’[H@'%tpp&ﬁ%ﬁat@}im ReEht Bpréxintatdlg 76th@) length

ture filament 1s held stationary instead of being
of nnddleqtoe%n BIP dfthe agpexinfatataklSyincka (appraximatelr 1 dopny twisgd section

T e W NN A W
cuttidg"&diRa WAR O bihd& MakinktutefROtbate bhBESTS 86 tiechlli &re facing in the

Secured, and the other end is grasped and rotated 360
Opposj@gdlef@gon sovaripeintesend He  Depgnskingior ey Banyoblag¢sethere are on the

cuttlr}igl;mgélﬁ*g Iqlﬂ‘:‘lge\{l] ha@?%a%%ﬁ?tééarg %éf%d%tﬂe?et ﬁlfag g% 0|h§ Enﬁthqg ‘?ﬁdotlon to cut
all badbgl Fsekighultanddielyy iof @herOn2P Bé/ RpeeDd chEing usa@@&/ 0:306thd desired
18 Twisting preferably is perforned éﬁnto 50 ti nes,
num@ﬁ af herps BB ascseuperbd i PTigp of gesuturg filameat 19 to 70
% g twidt élﬁ%&{fn%lﬁ%lﬁh 'bQﬂ)eH@ﬁftug@%d fsq 2Ra%on? iHeQiR0RHT
Sts or abou ut 15 tw sts per
untwismtlhthedfrstadmmﬁndﬁhé secabdaits 3ultw barbs Per7si hm:rtg ihpwo respettive

b .
Bl AL U cPn eRN PTsa SHEG BT TeaPRC b fortons

deﬁn?r% é%ﬁbﬂ Migb{ ab%tlt 3 iRh&PRP&I I 78BEA) o BngtACH

ppr oxi ely 76 l ength of mddle ortl on MP of

t hMoer}pnmmlmiiy sbxeratl t®ist n@thnvglap]@r&mahb@r@pg sutaees ffygye manufactured
on of .th

tromepdrgRet e draE 31 See> AR toshlo 357 kbiang spun from

polyd8kRond ZWﬁl@h idhadyntrit aB§cﬁbsz@@$d’ﬁ&elﬂ5]at@mﬂ) dA ldgahéterof about 0.018
toward pointed end 74. Dependi ng on how many bl ades
inch {dpene0.457 mm) is slightly larger than the size O synthetic absorbable suture which has

a diameter range from about 0.35 mm to about 0.399 mm in accordance with the
specifications of the United States Pharmacopoeia (USP).

Each suture contained a total of 78 barbs introduced in two respective multiple spiral
patterns around the circumference of the suture. Since the barbed suture was bi-directional,

the barbs were divided into a left group with 39 barbs disposed on a first portion of the suture
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10 are on the cutting nmachi ne and how many barbs 77
are desired, there nay be one cutting notion to cut
W@Pbdo4lo305kEs 77 sinul taneously, or there may be PEPES1003030674
cutting notions until the -desired nunber of barbs 77
are escarped into a portion of the suture filanent.
and aTigin graupevith 3karbape a senoad parti@Ef degudus, eaeh groap appresing the

dlrecfjlﬂré OQ?‘E gﬁwﬁ gf)q?u% ¥o|n? h}}eréégpd?(grggtlﬁtgﬁgﬁﬂe og ﬁ'n%tshﬁﬂ a’?ﬁle Qpegfflc cutting

machi@hsls et 13 tﬂ&ie@'ﬂ‘)l“hhﬁ figitdach %ﬁ)u@bf@?@dﬂﬁ thofetwas 3Mattmg
of the appr oxi rrately 4.5 inch roximtely 114

motigngi(3 Keld g%)n, wih tlast blaggs @m&gf@e\f Wltgﬁéﬁt de %@CBMM @teng

Hmu&ﬁen allowed to splice into the other half in a second
cutting action with the bl ades making cuts to create
baFdeh sdfirsWwas iwdut Alinchas @bbdatci 78gmini 1dnige Theppidgletpertion MP was
direction toward gﬁll nted end 76. Dependi ng on how nma

aboub} gngbes (eherd o) bneend cogtaed H@ mwmawe SERTBRIPO the

sutur@ Eﬁ'ieﬁﬁenzs eﬁiﬁqg %E%&QL}gé Q‘fﬁc‘ﬁ #ﬁ‘&l 1Hﬁ’ WQ/ere two
et fx arbs 2 G aneous or t

unbarberl&ad pdrtion$ EP g thentubwe thatiwetd each abmiﬂﬁl inclots (ahambét rmuﬁ) long.

rbs 78 are.es ed into a portian o sut ure
Depepamgr?@ﬁ e SURRLRE e iinue, gpe ﬂﬁ'?‘%t fis dihe %@I%%fg%%f& KR e
sufflczgntlfp&ﬁlsg as@fofaremnkdgoN iR tl%@ oAy Ecth al @i éh't bS&urved

cuts and the s8cond cuts result in barbs 77, 78 being
surgical needler especti ve nultlple splral patterns on two

CSRESELLS B LS, O 10 e LA LTRSS

methb8¢ NBfe feeHtvada sEFHi)ght ]!51111 @ﬂﬁterbtreh@ch Qesp fithi LUhidEdsHL, Tester and the
several twist cut nultiple spiral, barbed sutures were

otherrraethodwes PR viPe PRHfIMABeROFstviedegshavi ng a di anet er of

0 f

por o et leR Wnels AR Eo B or e Blmec poing T

Resoﬁﬁie@ Ulm'sble}sal TeSﬂér@NRﬁélf’)Oﬁ)Q anmﬂveﬁxge I&hdirighsf 0(rapeitdd measurements
is slightly larger than the size Q synthetic

madea’@g @@@éﬁn@o%wwévasmo&?d?faéthe@@rbsddvté}rﬁéta@fl f?f §EOMPEHFOn
unbafR@¥hnPes3® M to about 0.399 nmin accordance with the

speci i'cations of the United States Phar macopoei a

( USEi)lpa@n hinbarbed suteenhvarapdydiotatoat nwhoffBnizatsi(a synthetic

ol eS8 LSR5 Sl B P AiscR R D37

mm) bajRed 085 idth]abRs 0 BR1 Airh L ahd Qlﬁﬁllt 0 011151 ﬁwhgﬁlﬂﬁn ¥208 mm), which
divided into a left group wth bar bs di sposed on a

are réspectivefyotlightiy lasgertthan theUnited Mt@(jﬂmmjm@g@a sizes 0, 2-0, and 3-0 for
PCT/ /030674 19 .and a_right up with 39.ba .

sy AR B Brfcsreeine St bt Bl Ppstisomig Sleffpasions

for syiBeticbk®hbIE Butdfes! e @hier didmetep rdne BT hisut e@gnﬁﬁm tmab@ut 0.399
m ddl e of the suture. The specific cutti ng machi n

mm; sigp 2y kas lgmetsr mngel @%abophgéo g to gkt Ogd @ﬁnoam@gze 3-Ohas a
ions (3 x 13 = 39),
mam%? %%?ﬁépgﬁﬁ%ggbggﬁﬁggﬁ®k Q?Q&ﬁ%h a guide for each of
t hBach badiedi sngird wap piippesl. at Eauhrensl tblybeeng/igetd with labrkYgasket paddln gin

i nches (about, 178 nm |ong. The m ddl e portian
tWO TEBREGH VST AW - AfsERas ﬁecmbarhﬁﬁ@umwe%ameééa ChdEnigpy being

wrap?@(f BRubd@bo 1¥sp&etive Qé’ﬂspa%qollal g,%pts h €apstan rollers were used for holding

the unbarbed sutures to avoid stress and distension.
The portion of each suture specimen between the two gripped places was about 5
inches (about 126 mm) in length, which, in the case of barbed sutures, contained the entire 3

inches (76 mm) of the barbed middle portion.
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suture filament. Extending beyond the 3 inch (76 nmm
barbed m ddl e portion MP were two unbarbed end
wW@eootioanss0 EP of the suture that were each abouPCRUS2003/030674
i nches (about 51 mm) |ong. 10 Depending on the
suturing techni que, one or -B&th ends of the barbed
s (Hagh epevaryebeas pulfedilongdingllp et ataselobatwut 1 Qinghésofabout 254 mm)

per R B B o B a® b RBB i o s Sy 6 s

stren@Ht, 7 inch (178 nm) barbed sutures was tested by two
met hods. One nethod was a straight pull tensile
s tThengiults pestunwiarized inkable pddiel avesand thesfsa righfecolurgn denotes the

usp GyRTER S PP P BERGRHEBIG AR Sl madefom

synthBBASHSoRBR matb€4t i Ng was performed using a Test
Resources Universal Tester, Mdel 200Q The average

readi ng of 10 repeated neasurenents nade for each

ki nd of suture was recorde he bar bed sutures and

for the conparison unbar bdrfb?er Ares. 20 Conpari son

unbar bed sutures were polTehsidx8anghonofil aments (a

synthetic absorbable suture material) of various

suture di aneters of about 0.018 inch (about O0.457

mm), about 0.015 inch (about 0.381 mMM,y8PanalRYth Requirements

0. 0115 inch (about 0.292 nm, which are respectively
Barbad ordbinbaybddarigure tSiaen tStenigh PudpSimises PhaonKoopldl gpounds)

sizes 0, 2-0, and 3-0 for heti c absorbabl ¢

sfhaged | n aclor dance vvitrfytﬁted St ates 8.60

Phaysigcipoei a sgecificationg gp for synthetic 59

absorbabl e sutures, size 0 has a di aneter range of

aldduttaried35 mm3-6 about 0.398.82mm size 2-0 has 390

di ter range,of about 0.3 to about 0.339 . a
si@agg%‘fo has a® di amet er raﬂé)gmof about 0. 20 %%lca&%

about 0.249 mm Each barbed suture was gripped at each
end by being held with cork gasket padding in two
r eApean hesser @seapraentjod ecbs wte thesiza polydionanane aengfilpngent
I d ch.e '
S R R P
conv¥Riodalsddrifedsize 0l bl yiiotdnendlmbastiathesLt703gouhds @U0Vbf 17.72
stress and di stension. The portion of each suture
Pounéi)eci men between the two gripped places was about 5

Lglﬁg\ggvegﬁtpg Whai él%gjumns.ﬁlg ﬁ@%@ﬁ Br 7.8 gsgnds!a'ﬂ b{\letisa%é?%{et#?r;size 0

ures;y contained tfe entir i nche
polydibxdrioae babbeshituieddhizhpdud todhe esdDp2ERYHBO 52Ms, has an effective

. PCT/ US2003/ 03067 -20 E [ |l ed .
diampigh et QAU §hihe S GRS HUTENTON HENBE (s polyignanone
suturBYdomRe&d AVEYbE Wit the nRHERKA IS FORSH HUR fequiBBeREHS. 600F8nds for

was recorded as the straight pull tensile strength.
the siZh @ pobslidasorr eonyentivanl unbdrtied sTwid.e 6A bel ow, and t he

i ML e MRS e Gotalf vt TE R AE O B lifona sie 0
polyditk4HoRS bAMEEsiftiRE) 28 discussed below in Tables 7K-7Z, in connection with
Figures 7A and 7B.

For the in vivo performance, 3 mongrel dogs, each about 14 kg, were used. On each
dog, 7 incisions were made at the thorax (twice), thigh (twice), flank, ventral midline, and

paramedian, each of the 7 incisions havingil, 2, or 3 closure sites. The length of each
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syntheti c absorbable material. Table 6A (Tensile
Strength) 10 USP M ni nrum Requi renents Barbed or
wQndvanobseo Sut ure Size Straight Pull (pounds) fRCT/KSD3/030674
Pul | (pounds) Unbarbed 0 17172 8.60 Unbarbed 2-0
11.86 5.91 15 Unbarbed 3-0 8.82 3.90 Barbed 0 7.03
incisiotrangsdl fraabbeut OAsinclfrbost Eeemm)esehowrfenthasf(alymt h81 mm) and

' th O f.i duced th
ihe detheht 5 BRIon WA VB BHUEH By iy B PRRPRT Y 00% o

COURAL @k BLbddWit@Es GUMNARRLICH 8ize orﬂowdaﬁongﬁezﬁoﬁofﬂamem) 24 of
pol ydi oxanone nonofil|anment (7.03 pounds = 40% of 17.72

the Sﬁm@rg)closs@mﬁwomnaﬁeors theiegiainipg sites W@mt:lp%edswlw@tqus diameter

sizes og lcgla\oe tlglﬁ% %%rﬁF%% Sl%k?urgtee \?V\%glzg 23 Ostlg( l%r%tdf:chglament 6 sites with

size %Q@ﬂdiﬂiﬁﬁﬁofﬂﬁm&ﬁleam Kifes Wighsigd3-0ffoglionaBonehindidiighent), which
that is smaller than the di aneter of the conventi onal

Weredwotat%e@l@i%@gmfﬁtww%m acrosding fed rangapized gcheme.
f @é @%SXN&% tt&%drﬂt gg u'B&‘ateg%* Huhtnﬁa‘aﬁ'aﬁﬂ%%s At the
. or Si ze pol'y

oun I OXanone

time ©0 ﬂwtntth@nﬁismm ke d exhhsad dihecrofdgicall pnWithsie paid gb vvarotlsl tissues,
tensile strength tests were performed on additional
incisiqnsgzeg, Iﬁdpgﬂ@toa&%Httélosérat}éae%eﬁn%%mtatheml@e&;g%l&@loxanone

barb&xe%ﬁWeé &ag&pélgs%déﬁﬂ Ztﬁpeaféa t6 B8 '?l gﬁr{ rgg{brtﬂ'aflg thrgt!hﬁ%ﬁfﬁﬁe 14 day

For th VI VO per nce
obsedmgen pedah N dettiscbAckgrcumed.e used On each dog, 7

si.ons were e at the thora
(R bR SDp Pl iy gt ed N SEdves bnll BR sites apgosed
with ﬂte écﬁ@er?ﬂdnﬁpthrﬁia%éa p&%)atmn&ne s%tur@i aldo ﬁéa‘PédJ\Fvﬁl with&s-
length of each 2004/ 030520 PCT/ US2003/ 030674

COmPIZ?ﬂUDlFScﬂﬁttéﬁthwcan@fe@Cﬂlfroin about O. 5 inch (about 12.5

t out 4. i nche de
Cakey B Bl SRR St R L i3 affof andrS B} fulentionan
unbaPte¥di st Bsithdsd ihgbitel HaRiul bﬁ&)rﬁplét@rsﬁﬁlrf( k4, appdently @ to self-
size O poI di oxanone nonofil anent), 24 of the Sites

muti{gépe by Iﬂtﬁs@cgs Kaptsdp thssgongemionghaitirenpossibhycaspeddisqafert by

f t
e R DR S LB 0, R bt
the shiiuredmdihiug, Hartsidtsatras shbulslihe® @bviatasHeqirobiemaltiah anmdl manipulating

and 7 sites with size 3-0 pol ydi oxanone nonofil ament),
and gilhipgoutfhs BWEHt t ed. Al closing of sites was

Pey éﬁﬁﬂtﬁgyaﬂ:lg % Fhp ge&&rf’anE@Qm@sfzg@ p%@}to‘;r‘oﬁnone barbed sutures was

efficacious when compared to the size 2-0 silk braided filament unbarbed sutures, the size 2-0
nylon monofilament unbarbed sutures, and the size 3-0 polydioxanone monofilament
unbarbed sutures.

In an alternative embodiment (not shown) for bi-directional twist cut, multiple spiral
suture 70, the portion of suture 70 on which is disposed barbs 77 may have barbs 77 facing
toward pointed end 76 and the portion of suture 70 on which is disposed barbs 78 may have
barbs 78 facing toward pointed end 74. With this variation, the barbed suture would be
inserted into tissue with an insertion device, such as that shown in the above-noted U.S.
Patent No. 5,342,376 to Ruff. Also if desired, it is noted that barbs may be escarped so that
there may be 2 portions with barbs facing an end and 1 portion with barbs facing the other
end, or 2 portions with barbs facing an end and 2 portions with barbs facing the other end,

and so on (not shown), and thus, if a portion of barbs is not facing the suture end to which
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The dogs were nonitored daily, and then subjected to
eut hanasia at 14 days. At the tinme of death, the
w0 p@ite3BeE wer e eval uated macroscopically. W tPCT/E§03030674
to various tissues, 10 incixi-on sizes, and | ocations
on the dogs, all sites apposed with the size 0O
thoseplesirsidre rejaoens, them, leaibarbe e staaybll imberteddntarihsue with an
inserﬁg@gar.ed to be healing normally throughout the 14 day
YUY on peri od. No dehi scence occurred. The site

appAa $8vhntdelbflaRrieaRMend hamad a uﬂb@dub,aﬂulable&Fﬁam difRsition is that
and the sites apposed w th the conventional unbarbed

such gdaghed sutao aldords betfas vaand holeding eapabifity asgoppgrad toshe 120 degree
' |.Qns; hi rred. . For .
o OOty R SGERES P GH S Gt BBy o
groupDfHarbsaB donGétuEn sicesdive ahdpasdedhgubupses badbsswhieh tends to
exhi bited partial or conplete suture | oss, apparent]y
provigigdmpepved prehoringwhen it susyre dia tissies . Thimisarire i espreially useful for
tissu& Qlfb\ﬁea@tfﬁt%%e SR RS RPSToRheiGaEBEd cEJ@QI%Hf\H{H oth¥ types of
creating localized pressure, and ani mal's cannot
tissues) dethat gredtet hiatiretrbieytiehfoutedis dediratseni pul ate 20 t he

suf ures, Thus, barbed tyres should help obviagte the
prﬁ%herﬁfea?ncslﬁogﬁp Fagure A ﬁm“gk IS Agectiongl Sﬁfﬂ Ylpwg%arfbeg fature 80.

Barbed 5tti£80 Ha g?ggigﬁﬁrdf cldks)ngl? S}éﬁbeﬂ ip4fbs RE ' X SRAEA sBfurd B‘@dsy 82 of

size 0 poly one d sutures was “efficaciou

genevdh]gmilcohpanoesjsebtiom.hﬁa@it_md) 21 bassharlx tipBai dew_ﬁ iatesswme longitudinal

s SR LS L L2520 LT LSO e,
. ' I ive

R T AGRESS BT DT Vo

nmuFiiguid 7B Bih¢ sdctionaltsidesrietd as ilustrged tn Biguef7 A8 butiregatddand
on which js disggsed barbs 77 may have harbs 77 faci ng

clampegh oy i g $hebas 1ok dnepsirgmant Hdhe it distance f bebivgsndaths &dn
{OREPS A o S P T MR SRRl i PRLIB e
suturs JOun &igunaib A, e 1Bastiaresles tie dnlarged se¢tmuie ovder ho show more detail

.. insertiqgn deyice, such as_that shown in the. .
with 565 et i atiomat s Rbyios-a st ardOpsiiginaf axiny guture
diamefer 485 bi®dendth 1) 5arB LA B! bABRSaTRY0 RE1 ESEAEPBLpRAlity angle
that ‘there Tay be 2 portions with barbs facing an“end
o, cuddodt deppessiondTD vdndhetp@nissT bacutrgt tgewidaefD. end, or 2
portions with barbs facing an.end and 2 portions with
baMese spseifically.ievasaliaiist ae multite spigl drredotugerowpne manufactured

: i . . . | .
from Hibhdiiifent'spurPtx B ot oS e Al nellOdin B BEatAE0.018 inch
(aboutH{4¥ inar, bdicrie shghthoeote, tharthe USPheqinaamizend ferut sizee) synthetic
d be inserted into.ti e wth an .insertion ) ,
absoffablesatirey, Kagh SHim ngrned Bl nEad e d i ot aEre mlinde spira
pattefitlarodfidl the Blréurdieldneé oflihe Redid. | ifcd the bR®E webdiBildifectional, they
bar bed suture affords better wound hol di ng capability

wereghividethinde e teft groupaith 39 hachrand a right geovpdvihadbheatbs gacl group

The .reason is.that, the twist cut. miltiple. spitral
opposinghs fFelion Pt ey Efvupdlrdp e Rimale Mo BTt qorure. Bach
sutur® WS B St VEInaiNE (H5RE @U8 REn)J60E PThdidid PsitioMkdias Bbdig Bdfiches

to
(about 76 mm) of the suture and contained the 78 barbs that were escarped into the suture

filament. Extending beyond the 3 inch (76 mm) barbed middle portion toward each suture
end were two unbarbed end portions of the suture filament that were each about 2 inches

(about 51 mm) long. Depending on the stitching technique, one or both ends of the barbed
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provi de i nproved anchoring when the suture is in
tissue. This feature is especially useful for tissue
wG@omh/03s2d at ti ssue, which has fewer connecti vECT/UR®N3030674

conpared with other types oj3_tissues, so that greater

suture retention force is desirable. 10 Wth reference
suture 0wy bosiFEtigiehgy péintesmdmigidsfon irseaionom@ltissued er niagawt)mprise a

bar bed sut ure 80. Barbed suture 80 has plurality of
straighi F<CEIy? §ﬁ§@éd barbs 81 on el ongated suture body 82 of

g Nin) 8fc§¥ {cy c %‘Hz@ kheCdoRFiduf6h bPParb&8E An W5t Em FboRRE00 custom

barb t hown are suture |ongitudinal axis A,
nncrosaﬁparvetlﬁbcﬂMg randSDacM@iblng@sragmhed_t,ogtthmel@mﬁ Cddpbrangyideo

cane o B3R e Wl IS5 S BB R Sefg et n

right %}QUBQ_S Figure 7B is the sectional side view as
I'lTustrated in Figure 7A, but rotated and clanped to
al'ﬁhgraweﬂage bas baictﬂamd iﬁ@alélmpemﬁ megfsurementsu® feim thedefs gpoup of

barbs ko SR gt 9o room o B er it s g b Miadp g ach of cut

angle%ddfc%t aébth DY FB&H 8t a@r%le B s tﬂebﬁﬁéd abedhasurale ONtRIGERH the
section in order to show nore detail wth respect to

outer stufaceari badped atiuon8bf Biohcbsdepth i \@asanmsered @tqmgel perpendicular
from F@%eﬁug}fn%g é}éttsﬁzfléaté%%'l %I(BJ %wars o&g m%r?éfs A 8'19 gar%f:d suture 80.
The a6 RRLAtsRnalibd E@dlléd g%th 2116 1be caleGlate@Wbm@Uhe REPHEsSTodRUla.
CD, and termnus T cut-out depression CD. Mire
specifically, several twi st cut, nultiple spiral,
bar bed sutures .uf fr om monof i | anent
spun fron1po|ydm§?aEg?€ éﬁ%shgﬁlng a di aneter of about
0.0 18 inch (about 0.457 mm which is slightly nore
than the USP requirenent for a size 0 synthetic 25

abisleo zableax gmmmah)y W&mhasymdun@rqsgmgall’yem vagiogg birged sutures 80
L Nntr

a5 ol Ve e e E G 1+ g BY i Visg ARipeiylins of bars

81, tl{%a\ﬁ@eﬂ%ﬁ q v@hf l‘ijgfft %i%{rk a8dnatdd¥@Yine We ipfdksed@adhé RltGredilament.
group w 39 barbs and a right group with 39

ThquLmdM wnélatwtpagzrlksm the hpngéshdigakaxés ofithewise viilpthe thasted spre

! raup from,t.he appro ddI r

oGP E T B RBL CHLFEL e T e e SeEil

filam@htdtHef liRO@M taNbd\@eralined 1n3hatﬁ€31b @aralifl toaldietcorfieching tiaftwo
the suture and contained the 78 barbs that were

respegkiveatieaius Atab then@vosiyeeasaive eni-eiheapressionsdrd lsiginseisn gody 82

d d
rom P bRER R e 8 BT AR P 00 A 0 b
suturs 80 iy elchsddafinamn the Visd amblrﬁwsmdl”soab:{tuumie 8hbérclsee, (lwbdlmb M

spiraronis e BAGESDAOT LD AP OBAB DM TRDS: of T
Cglﬁ:ulilz 912% éoq?’OGaZ%m%%éq’rlaﬁye zullg?e ke te?ﬁ'ﬁ&n‘ﬁ' I%Btchéftom microscope

rmai Ion 1 nto tissue, or

was S’é@Wﬁh i@ Ifhtifig hE6OAHd Back tightgdatreade e2 ahdfine d@r Alﬁb imaging
characterize the configuration of barbs 81, an Optem

" analyESoNsEOGOBWSteOwS YHeer SEEUPE AEIE K et ther measuapibasieqn the outer

d .t th
surfage b Bt e R ML Fhe S el BIHRRE P 4P e
measiB@ntd GatdR thef 16 B @HT bafbstane 5lfednh tientbht group of barbs on the same
suture).

Then, barbed suture 80 was mounted in a twisting device with one end of suture 80

clamped in a fixed position. The other end of suture 80 was rotated to insert twist until barbs
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ri ght groups. The average was cal cul ated for 10
repeated neasurenents (5 fromthe |eft group of barbs
w@ea4H30se@m t he right group of barbs on the saP@I/US2003/030674
suture) that were made for each of cut angle 0 and
cut depth D. Barb cut angl e28-was measured fromthe _
81 wergrafignesl. dfextlon bathed sbtureel, ionghudiaal el distanse Efbepreandwo adjacent

syt ure 80. rb_cut .depth.D asured. along a
barb S M P e D G e VARG B BEaR L plipg ove
succe3bive etedd depragyidnsdlTD dft BXGusuirdbedy SBFroeths BicdfEndiR of two
The measurenents enabl ed cut Ienqth L to be cal cul ated
succagsiva§atbp81ls dhe avarage Vay ¢aldudated for 1Pyr¢msated meguremgpts (5 from the
0 I i Lali
eft fpBor AR g3 Sy TR st nt T DR TR e gypre
f oTheonssults\e surhineri zed if tiedfol bivingel dbildsamg 7B, 7€, aid Tiped
by the vise during cutting of barbs 81, the vise
| eaves a very light mark designated as line M
i npressed on the | s, line Mw I
be parallel tot PHIUTE it D ed suh f the vise while
the twisted suture 20 filanent is being held iRaticfD,L,or
vise. If the vise does not |leave a light mark on the
suture filanment, then line Mcan be _determﬁé?élgi—élml—re
Meadui@hedi! 'S PEh#d | €l torgline coppgeting tPentdiG (0.457 mm)

respective termnus T of the two successi ve cut-ou
cut adglpBessi ons d@rdesft i nlSutlre both7 82 from hétepplicable
escar pnent of two succ I ve bar 81. After cutting
CutdSPtﬁ&r bs 81,™then bar b@igi%(pur e(g)-i@iil(%o‘f\el eased{)f%%om
cut 1df3fh /i S€ andppnt wi st edp 80 @ Syl BP |ies foge,
then line M 25 spirals on"suture body 82 around bar bed
cut distenge 8 80, fmnmi ng ang0.80 & Wf7 spd.BaKA1S Speci f1.82l 1y
for nmeasuring spirality angle a, the Optem Zoom 100
custom m croscope was set with ring lighting at 60
and back lighting at coarse 12 and fine 10. Al so,
i magi ng analysis systemsoftware was used. Spirality
angl e a was then neasul#ie RBi(siee0 batbed suibre) surf ace
of the barbed suture and |I'ine M The average L
cal cul ated for 10 repeated 30 neasurenents (5 f rom e
| eft group of barbs and 5 fromthe right group ofP over Suture

barbs on the sane suture). Then, barbed suture_80 was

Meagpserpenid i n aUil§ sting A2¢R8e wi tpandasd Heyiagipngy tg0.457 mm
ed in a;fixed positkipn. The othe d of su .
Cutaﬁ%‘g\/@gs r ot at%%r%g insertllj?vvi st until nggs WO w{zﬁ)phcable
cut dﬁgﬂc}j 030520 e/ US2003/ 023874 -24 8lppetre aligned. 047
xt_on barbed suture 80, |ongitudinal cut distance P
cutlggiheen two 28} acent bAr8 81 was ne@8Ht ed 0.97
LLropcopi cal by between two respeghbye term nus
Cutd!)g{&tcgg two 'successive g'tugt%-gout depr esg'ib?)%s CD left i%-'l
spiralitit dngte dody &grdesom t h@ogssar pment of 1.60® succeast applicable
barbs 81. The average was cal cul ated for 10 repeated
nmeasurenents (5 fromthe 5 left group of barbs and 5

fromthe right group %alﬁ@'?@?si%‘oﬁﬁ%eﬁmﬁm ure).

N

Ratio of D, L, or
P over Suture
Measurement Units Average  Standard Deviation Diameter (0.457 mm)
cut angle 0 degrees 154 2.870 not applicable

cut depth D mm 0.205 0.033 0.45
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The results are sunmarized in the foll owi ng Tabl es 7A,
7B, 7C, and 7D. Table 7A (size O barbed suture) Ratio
wW@R00D030520 or 10 P over Suture Measurenent UnP@BUR®NE/030674
Ri ght D aneter (0.457 mm -est angle O degrees 156 2
157 1 not applicable cut depth D nm 0.15+0. 02
cut lepgthd+0. 04 0.8% cut | er}f62 L nm @-®@@+0. 03 0. 40+0. 10 1.03
0,87 15 cut_di stance P, 0. 90+ 0.88+0. 15 1.92
CutdLﬁ?Bf%P7B (sin?él 0 bar bedo'su ure) 'lgﬂléo of D, L, or 2?013
spirality@¥8le oput Ur@grebpasur enepss Uni t s 14508r age St andar bt applicable
Dévi ation Dianeter (0.457 mm) cut angle O degrees 551
1.642 not applicable cut depth D nm 0.215 0.027 0.47
cut length L mm 0. 446 ? .97 b2 utt di stance P nmm
0.962 0.073 2.1 spiral 1z £8290. 833 1. 602
not applicable Table 7C (size 0 barbed sutureRaRabfD, L. or
of Db L, or 30 P over Suture Measurenment Units
Average Standard Devi ation Di aneter (0.457 nmm) Ib@yer Suture

angl e 0 degrees, 154 2. ot Mt
Measiidhy 0 CINEER on el a5 hett0.457 mm)
cut angéecut | engiegraes mm 0. 4665 0. 044 12080 cut di st ang& dpplicable
nm 0. 975 0.103 2.13 spirality ang)l e a degrees 19.333

cut d4ptB® not appmi cable 5 @aBbe 7D ($H%2€ 0 barbed sutur@}l
cutle%@nlr]gg()f D, r{fl}glror P ov8-§1378u.ture o ?surement Units 0.96

e Sta d Deviatton D anmeter (0.457 my) cut
cut dBR@teP0 degrges 155 2. 399660t apploigyabl e 2.11
spirality angle o degrees 18.833 2.137 not applicable

_

Also, some additional measurements of angle o. were performed on a few additional
bi-directional twist cut, multiple spiral barbed sutures with a diameter of about 0.018 inch
(about 0.457 mm, slightly more than the USP requirement for a size 0 synthetic absorbable
suture). The mean average was 16.87 and the standard deviation was + 0.85.

Additionally, measurements of barb cut angle 0, barb length L, barb cut depth D, and
cut distance P were performed on 3 additional bi-directional twist cut, multiple spiral barbed
sutures like sutures 80, but having a diameter of about 0.0115 inch (about 0.292 mm, which is
slightly more than the USP requirement for a size 3-0 synthetic absorbable suture), and
measurements of spirality angle o were performed on 2 of these 3 additional barbed sutures.
Also, measurements of barb cut angle 6, barb length L, barb cut depth D, cut distance P, and
spirality angle o were performed on 3 additional bi-directional twist cut, multiple spiral
barbed sutures like sutures 80, but with a diameter of about 0.015 inch (about 0.381 mm, |
which is slightly more than the USP requirement for a size 2-0 synthetic absorbable suture).

The results are summarized in the following Tables 7E, 7F, 7G, 7H, 71, and 7J.

Table 7E (size 3-0 barbed suture)
Ratioof D, L, or

P over Suture

Measurement Units Average Standard Deviation Diameter (0.292 mm)
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10 cut depth D mm 0.186 0.026 0.41 cut length L nm
0.437 0.039 0.96 cut distance P nmm 0.966 0.071 2.11
w@pionabisey angl e a degrees 18.833 2.137 not appltT/Usdb& 030674
15 Al'so, sone additional neasurenents of angle a were
performed on a few additional bi-directional tw st
cutaogle § nul ti pldegsgesr al bat®fed suturdstSdith a di ametret apflicable
aboyt 0.018 inch (abou 457 mm ightly nore th
C“td?lﬁg SP r equfenent forb:}8gi ze 0 sY 7Ihetic absor babl %37
cut ISdir.e) - Thegyppan aver aggqyas 16. §/p@nd the standardp 5o
déviation was 0.85. Additionally, neasurenents of
cut distanoe Eut anginer 0, barb 08AGth L, @07 cut depth D, ahd7

.aﬁo cut distance P were performed on .Q%Sijitional licabl
SPITa{y. ARgeet | ondRSTER st c APt OHET ¢ | p‘i‘c&agé]i‘ € bar bed Dot apphicable
sutures |ike sutures 80, but having a dianeter of
about 0.0115 inch (about 0.292 mm which is slightly
more than the USP requlabde@Risifad-0dbadiedsudsd) synt hetic
absorbabl e suture), and nmeasurenents of spi rall'ﬁt}/ fD.L
angl e a were perforned on 2 of these 3 additi gpaH2ol2an Ol
barbed sutures. Al so, neasurenents of barb cutpanel Ruiture
0, barb length L, barb cut depth D, cut distance P,
Meagmetner®5 spi rHhits y angl Averager StadafdPavidtion Diameter (0.292 mm)

additi onal bi-direction twi st c [tiple spiral .
CutaBglF@ed sut ur &89 ke sut {5%5 80, bt?tto%n?h a di arretr}é)?a%ghcable
cut @by 0. 015 jpch (about 0GQpg8l nm o ady ch is slightlygag

re than the USP requirenent for a size 2-0 synthetic

cut lerigiobbabl e summure). Th8.3Pésults &@Zsunmmarized in thads
foll ow ng Tables 7E, 7F TH, 7 nd 7J. 30 Tabl
cut nfg}fﬁze 3- 0™B4r bed sut 8195? Rati 0 %?74%, L, or P ove?‘28

spirafiif #ipf o Measygeemnt Uni tgodver age giandar d Devi atiig@Bpplicable
Dianeter (0.292 mm WO 2004/ 030520 PCT/ US2003/ 030674

-26 cut angle O degrees 166 1.651 not applicable cut
depth D mm 0. 107 O.OO?EQﬂB;Qqutegggth # Qn%9.443

0.042 1.52 cut dista : : 27 5
spirality angle a degrees not tested not appligaR &D,L, or

not applicable Table 7F (size 3-0 barbed suture)
Ratio of D, L, or P over Suture 10 Measur enent PignesSuture

Meaé?_llvﬁgrﬁ ige Stangdard Devi a&%%g Bl £la H1286n ™Dian®r (0.292 mm)
165

&0 degrees 164 2. appr T cabt €

cut angle 0 degrees 1.031 not applicable
cut depth D mm 0.104 0.009 0.36
cut length L mm 0.390 0.035 1.34
cut distance P mm 0.975 0.103 3.34
spirality angle o degrees 7.258 0.636 not applicable

Table 7H (size 2-0 barbed suture)
Ratioof D, L, or

P over Suture

Measurement Units Average Standard Deviation Diameter (0.381 mm)
cut angle 0 degrees 160.2 1.320 not applicable
cut depth D mm 0.152 0.019 0.40

cut length L mm 0.449 0.057 1.18

cut distance P mm 0.944 0.098 2.48
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cut depth D nm 0.106 0.006 0.36 cut length L nmm 0. 395
0.042 1.35 cut distance P nm 0.959 0.074 3.28 15
wa@pionabisey angl e a degrees 7.329 0.547 not appPCT/ERI003/030674

Table 7G (size 3-0 barbed swure) Ratio of D, L, or P

over Suture 20 Measurenment Units Average Standard
spirabgwaregié an Di depeeasr (0. 2920m)  cutl.éifgl e 0 degr eewt applicable

1.031 not applicable cut depth D mm 0.104 0.009 0. 36

cut length L mm 0.390 0.035 1.34 cut distance P nm

0.975 0.103 3.34 25 spiri@k b7 %iRNID Barbed SULRES 7. 258

0. 636 not- applicable Table /7H (Size Z-0U bar bed

suture) Ratio of D, L, or P over Suture Mea ' L, or

Units Average Standard Deviation D ameter (0.38
30 cut angle O degrees 160.2 1.320 not appli cabé@nl?é%ﬁm

Meaﬁﬁ@h@ntD mm Oyapg 0. 019AQe40e C8tandeRIAbEidtidiM ODAdRter (0.381 mm)
0. 1 0. 944 0.098 2.

057 1.18 <cut di st ance mm
cut apgieAy 030520 @TT¢dgS2003/ 060674 -271.%pi ral i ty anglmotapplicable

e es 9.40 1.606 not i cabl e le 71 (size 2-
cut dﬁB‘%ﬂEd sutur®P Ratio of %%%%L Qo'a-gjover Sut ure 0.1

Cutl%urerrent Had ts Aver agegbt andar d.@evi ati on Di anmet ef »g
381 MM cut angle O degrees 161.0 1.707 not

degppicedabl e M depth DOR620. 158 034 0. 41 cut | eng2h2

489 054 cut di st P mm 0. 962
Splrab%‘%&%?f‘z“sz Q‘iﬁf?eél i ty a#&% a degr@@@% 96 1. 075 Hfy@pplicable
applicable Table 7J (size 2-0 barbed suture)

Table 7] (size 2-0 barbed suture)

Ratioof D, L, or

P over Suture

Measurement Units Average Standard Deviation  Diameter (0.381 mm)
cut angle 6 degrees 161.0 1.506 not applicable
cut depth D mm 0.154 0.017 040

cut length L mm 0.474 0.058 1.24

cut distance P mm 0.973 0.068 2.55
spirality angle o degrees 6.53 1.755 not applicable

Additional measurements were performed on several other twist cut, multiple spiral,
barbed sutures manufactured from monofilament spun from polydioxanone and having a
diameter of about 0.018 inch (about 0.457 mm, which is slightly more than the USP
requirement for a size 0 synthetic absorbable suture) and thus similar to the above-described
tested barbed sutures, except that these other barbed sutures were cut with a different cutting
machine, namely a machine with one blade that moved longitudinally along the twisted
filament between cutting strokes and that was controlled with a computer to make the various
cuts for the escarpment of the barbs. These other barbed sutures were also tested for straight
pull tensile strength and for chamois cloth closure strength. (A discussion of how chamois

cloth closure strength is performed can be seen below in connection with Figures 13A and
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Ratio of D, L, or 15 P over Suture Measurenent Units

Average Standard Deviation Dianeter (0.381 mm cut
wanghe3BG2adegrees 161. 0 1.506 not applicable ceReT/UsNI030674

D mm 0. 154 0.017 0.40 cut lemgth L nmm 0.474 0.058 1.24

20 cut distance P nm0.973 0.068 2.55 spirality angle
13Ba Hegesds f6r thaselotiGDarted sapypdsi acablnemAdlztdtin oireafollowing Tables 7K
_7stasurerrents were perfornmed on several other tw st

cut, nultiple spiral, 25 barbed sutures manufactured

f rom nogghle FaRN@RE oSk dfstRePol ydi oxanone and having a

di anet er of about 0.018 inch (about 0.457 mm which is

slightly nore than the USP requirement for a sRato@fD.L,

syntheti c absorbable suture) and thus simlar t theSt
above-described tested barbed sutures, except g%r UHre

Meabilie®entot her Pmithed sSustdpeesStiRiaed Deliavbd N a di T f Bighdter (0.457
cutting machine, nanely a nachine wth one bl ade that
mmlpved |ongitudinal ly along the twisted 30 fil ament

be en cutti,ng str and t was controlled with
cut a@ét‘?pvfter to Pf%&‘éest f@&&gri ous 612\11%5 for the escar ﬁ‘ﬁa?ﬁp%cable
cut dpthtbe bar bsppfhesg pyther bar®egh sutures were also (43
tested for strai ghf@rzggull tensile strength and for

cut lengtlrbi s cl ot Mgl os strengt®02% A di scussi on of howl.05
cut (ﬁsf%gnrggips cl ognr}ncl 0$ufeh St rengé@lg s perforned can be 171
S ° | g .

een bel ow i N connection with ures 13A and WO
spiraii@pédgg)@»&wo HEkE4dSA0QB/ 0306740 4528 13B.) The resubt gpplicable
for these other barbed sutures are sunmarized in the
follow ng Tables 7K - 7Z. Table 7K (size 0 barbed
suture) Ratio of D, L, 5 P over Suture Measurenent
Units Average Standard Deviation D aneter (0.457 W
cut angl e O degreggbldFL.(6iz0 0 bibeaQhtuapp! i cabl e cut
depth D nm 0.221 0.011 0.48 10 cut length L mm Q.479
0.022 1.05 cut distance P nm0.784 0.015 1.71 RatioofD.L
spirality angle a degrees 12.9 0.453 not applicgab]
Table 7L (size O barbed suture) Ratio of D, L, iqm

Mcasurement Units Average Standard Deviation Diameter (0.457 mm)
cut angle 0 degrees 152.4 0.947 not applicable

cut depth D mm  0.216 0.014 0.47

cut length L mm 0.465 0.024 1.02

cut distance P mm 0.774 0.015 1.69
spirality angle o degrees 13.2 0.349 not applicable

Table 7M (size 0 barbed suture)

Ratio of D, L

P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457 mm)
cut angle 0 degrees 152.3 0.576 not applicable
cut depth D mm 0.227 0.015 0.50
cut length L mm 0.489 0.034 1.07

cut distance P mm 0.796 0.018 1.74
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P over Suture Measurenent Units Average Standard
Devi ation Dianeter (0.457 mm) cut angle O degrees
WA 44332047 not applicable 20 cut depth D nmm BCRLS2003/030674
0.014 0.47 cut length L np®.465 0.024 1.02 cut
di stance P nmm 0.774 0.015 1.69 spirality angle a
spiralit9@nglesx 13. 2ePred491ndt appl i 6dbBe 25 Tabl e 7M (witapplicable
barbed suture) Ratio of D, L, P over Suture
Measurenment Units Average Standard Devi ati on Di aneter
(0.457 mm 30 cut angle O degrees 152.3 0.576 not
applicable cut depth D nm 0.227 0.015 0.50 cut length
L mm 0. 489 0. 034 Tabler7N ¢site @babedigguie) nm 0. 796 0. 018
1. 74 WO 2004/ 030520 PCT/ US2003/ 030674 -29 spiralit
angl e a degrees 13.1 0.193 not applicable Tabliat—*ﬁ—}l@ig'L-
(size O barbed suture) 5 Ratio of D, L, P overp Sirufure
Measurenment Units Average Standard Devi ation Dianeter
Meashferden?  MV) Units angbverage dStandard Dey2at®n0. 612 notDiameter (0.457
applicable 10 cut depth D nm 0.207 0.007 0.45 cut
mm), ength L nm 0.453 0.016 0.99 cut distance P nm 0. 798
7 1.75 pdaal i angl e @ glegrees 13.6 0. 560 icable
°“taa%€|éi cabl o FBreE, 15288 (si e ees sutur e) P!
cutdgfthD, L, Pmwer S0207e Madfl0dnent Units Average 045
St anEard Devnla%tl ono.%glmster (0901 57

cut length 0.99
cut distance P mm 0.798 0.017 1.75
spirality angle o degrees 13.6 0.560 not applicable
Table 70 (size 0 barbed suture)

Ratio of D, L.

P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457
mm)
cut angle 0 degrees 152.9 0.549 not applicable
cut depth D mm 0.188 0.016 0.41
cut length L mm 0.413 0.030 - 0.90
cut distance P mm 0.787 0.024 1.72
spirality angle o degrees 13.8 0.270 not applicable

Table 7P (size O barbed suture)

Ratioof D, L

P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457
mm)

cut angle 0 degrees 153.1 0.655 not applicable
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20 mm cut angle O degrees 152.9 0.549 not applicable
cut depth D nm0.188 0.016 0.41 cut length L nmm 0. 413
wO2®3033200 cut di stance P nm 0. 787 0.024 1. 78CRBES2003/030674
spirality angle a degrees 1308 0.270 not applicable
Table 7P (size 0 barbed sutu&g? Ratio of D, L, 30 P
cut deptbD Sut ur e mieasuPéfent Uni 000Aver age St andard 0.45
Deyiation D aneter 457 DI cut angle 0O degrees
cut Iepgfi ;™ \” 655 AL ap%lgﬁg%:abl e w854 036226 0.99
cut dREGHhcAB2003/ 038674 0780 cut deyglg D mm 0. 204 0. 007 0.#U%3
_cut length L nmO0.451 0.019 0.99 cut distance P nm
spirabtyzmgleax 018 degr®@s &pbral ity &fd0e a degrees 13. 6n¢.applicable
not applicable 5 Table 70 (size O barbed suture)
Ratio of D, L, P over Suture 10 Measurenment Units
Average Standard Deviation Dianeter (0.457 M) cut
angl e 0 degrees 163.1 0.505 not applicable cut depth
D nm 0. 245 0. 013 Tabde7Q(siz¢ @ hagbad putys®) 0. 842 0. 045 1. 84
15 cut distance P nmO0.774 0.009 1.69 spiralitﬂmﬁp 5L
a degrees 10.8 0.449 not applicable Table 7R (
barbed suture) 20 Ratio of D, L, P over SuturePover Suture
Measurenment Units Average Standard Deviation Diapeter

Memmgﬁ MV) Units  Averagé Standard Deviation Diameter (0.457
mm)

cut angle 0 degrees 163.1 0.505 not applicable
cut depth D mm 0.245 0.013 0.54

cut length L mm 0.842 0.045 1.84

cut distance P mm 0.774 0.009 1.69
spirality angle o degrees 10.8 0.449 not applicable

Table 7R (size 0 barbed suture)

Ratioof D, L

P over Suture
Measurement Units Average Standard Deviation Diameter (0.457
mm)
cut angle 0 degrees 161.1 1.126 not applicable
cut depth D mm 0.233 0.017 0.51
cut length LL mm 0.721 0.035 1.58
cut distance P mm 0.773 0.010 1.69
spirality angle o degrees 12.6 0.189 not applicable

Table 7S (size 0 barbed suture)
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cut angle O degrees 161.1 1.126 not applicable 25 cut
depth D nm 0.233 0.017 0.51 cut length L nm 0. 721
wO2®353268 cut di stance P nm 0.773 0.010 1. 6BCT/US2003/030674
spirality angle a degrees 1216 0.189 not applicable
30 Table 7S (size O barbed suture) WO 2004/ 030520
PCT/ US2003/ 030674 -31 Ratio of D, L, P over RatgaD.L.
Measurenment Units Average Standard Deviation Di
(0.457 MM 5 cut angle O degrees 160.9 0.708 n%m
Measaphdn€abl e  Wnits depvéral: mMerAd24OHifibh 0. 52 cutDiageer00.457
L mO0.734 0.037 1.61 cut distance P nm0.774 0.009
mm)j 69 spirality angle a degrees 13.6 0.312 not
Cuta@@g i cabl ep%\%ge}?gi .gT (siz 7Q)gbar bed suture) R@ét'agglicable

, L, uture 15 asurenment Units Avera
cut dsitgmdar d Devipat | ong Bygnet er 1457 MM cut angle 0 (.52
eglrees 154.6 1.434 not applicable cut depth D mm
cut lepgtilp 0. 009 MM46 c@i34engt h 0.0%rh 0. 492 0. 026 1.08 26l
cut distance P nm 38 0.01 18 spirality angle
cutdgga (r:eegs 12. 30 2238'32% appl i 3?3 e Table 7U (size O £69

spiralP@dAeR Ut Ur®pred® R&bi 0 of D312 P over Suture not applicable
Measurenent Units Average Standard Devi ation Di aneter

(0.457 MV

Table 7T (size 0 barbed suture)

Ratioof D, L.

P over Suture
Measurement Units Average Standard Deviation Diameter (0.457
mm)
cut angle 0 degrees 154.6 1.434 not applicable
cut depth D mm 0.210 0.009 0.46
cut length L mm 0.492 0.026 1.08
cut distance P mm 0.538 0.011 1.18
spirality angle o degrees 12.3 0.223 not applicable

Table 7U (size 0 barbed suture)

Ratioof D, L.

P over Suture
Measurement Units Average Standard Deviation Diameter (0.457
mm)
cut angle 0 degrees 152.9 0.809 not applicable
cut depth D mm 0.212 0.014 0.46
cut length L mm 0.464 0.026 1.01
cut distance P mm 0.530 0.015 1.16

spirality angle o degrees 13.7 0411 not applicable
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cut angle O degrees 152.9 0.809 not applicable 30 cut
depth D nm 0.212 0.014 0.46 cut length L mm 0. 464
wO2®2036201 cut di stance P nm 0.530 0. 015 1. 1PCT/US2003/030674
spirality angle a degrees 1327 0.411 not applicable WO
2004/ 030520 PCT/ US2003/ 030674 -32 Table 7V (size O
bar bed suture) Ratio of D, L, 5 P over Suture
Measurenment Units Average Standard Devi ati on D aneter
(0.457 MM cut angle O degrees 153.4 0.903 not
applicable cut dgglé7® (sime 0badbkdQuidd) 0. 48 10 cut
length L mm 0.495 0.023 1.08 cut distance P nm 0. 537
0.012 1.17 spirality angle a degrees 13.9 0. 60BatigefD. L,
appl i cable 15 Table 7W (size 0 barbed suture) '
D, L, P over Suture Measurenent Units Averagm
Meagtemeidr d DevlUaits on ADemget StanddrddBdviathd) 20 cut DBiwgheer(0.457
degrees 155.2 0.829 not applicable cut depth D mm
mm)y 202 0.008 0. 44 cut length L nm 0.483 0.017 1.06 cut
' nce P 8 031 1.7 pirality angle -
Cutag%%fre:es 12. gae .%%89?1%? appl i cog%932 25 Table 7X (g?tzaé)pacable
cut dopthd®d sut urem Rat D@20f D, L,0.01® over Suture 30 0.48
Meagsurenment Units Average Standard Deviation Di aneter
C““‘(“@ﬁhﬁ? mm)  ©t an814§50 degr d6¥3155. 5 0. 799 not 08

cut ddBRIckpabl e  mm 0.537 0.012 1.17

spirality angle o degrees 13.9 0.605 not applicable

Table 7W (size 0 barbed suture)

Ratio of D, L

P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457
mm)
cut angle 0 degrees 155.2 0.829 not applicable
cut depth D mm 0.202 0.008 0.44
cut length L. mm 0.483 0.017 1.06
cut distance P mm 0.789 0.031 1.73
spirality angle o degrees 12.6 0.328 not applicable

Table 7X (size 0 barbed suture)

Ratio of D, L.

P over Suture
Measurement Units Average Standard Deviation Diameter (0.457
mm)
cut angle 6 degrees 155.5 0.799 not applicable

cut depth D mm 0.200 0.010 0.44



10

15

20

25

30

cut depth D nm 0.200 0.010 0.44 WO 2004/ 030520
PCT/ US2003/ 030674 -33 cut length L nm 0.484 0.027
wa22@®4/03i5e¢ di stance P mm 0. 798 0.017 1.75 spiPEl/U$23003/030674
angl e a degrees 11.8 0.362_p®t applicable 5 Table 7Y
(size O barbed suture) Ratio of D, L, P over Suture
cut lelpthdlur enent tomi t s A¢8F age St &34rd Devi ati on Di anet e-06

0. 45 10 cut le O d es 155.4 0.560 not
CUtdéﬁ‘BF‘?’gabl e % de%?ﬁ*go m o?%g 0.008 0.43 cut |engtf
spirality bR #71 Quddlebs 1108 cut diggfgance P nm 0. 799 Op@LBplicable

1775715 spirallity angle a degrees 11.8 0.496 not

applicable Table 7Z 20 Barbed Suture Straight Pull

Strength Chanbis Cloth Cosure Strength (pounds)

(pounds to rupture) Sanple 1 7.29 11.23 (Tables 7K -

7M Sanple 2 8. 732 I (siAbo hABBA SuA) - 7P) Sanple 3

8.5 9.22 (Tables 7/Q - 7S) Sanple 4 5.92 9.27 (Tables

7T - 7V) 30 Sanple 5 7.69 9.97 (Tables 7w - 7YRatignfD,L,

2004/ 030520 PCT/ US2003/ 030674 -34 Al though al lPBI\?ee}Suture

above- not ed neasurenents were perfornmed on —_——
Meaddkerlint €ct i Onghits t WASEragé€ UStan@diDdigicnPi r al  bar breheter (0.457

sutures, the bel ownoted desirable ranges for
mm)neasur ement s for

cut angle 0 degrees 1554 0.560 not applicable

cut depth D mm 0.196 0.008 0.43

‘cut length L mm 0.471 0.017 1.03

cut distance P mm 0.799 0.019 1.75

spirality angle o degrees 11.8 0.496 not applicable
Table 72

Barbed Suture Straight Pull Strength Chamois Cloth Closure Strength
(pounds) (pounds to rupture)

Sample 1 7.29 11.23

(Tables 7K — TM)

Sample 2 8.73 12.14

(Tables 7N — 7P)

Sample 3 8.5 9.22

(Tables 7Q —7S)

Sample 4 5.92 9.27

(Tables 7T - 7V)

Sample 5 7.69 9.97

(Tables TW - 7Y)
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barb length L, barb cut depth D, barb cut angle O,
and/ or cut distance P should be the sane for the
WO 2004080520t her i nventive barbed sutures descriPedUR®NE030674
5 A suitable ratio of cut l-eagth L to barbed suture
di aneter SD ranges from about 0.2 to about 2, nore
pr Afthoughl a}l the obovabwiad I@ea'&utemeatﬁomre petformasdeon predizectional, twist

g T Ve D R E L S

barb hentgih p%@@ But RPIUD Sath aiRhSk 65Bhd/bPENtRMice P HBUM HeQhe same
about 0.2, whefeby the ratio of the highest possible

for thmrdmoeds othat 1n0mt(\delberteﬂeu®1tﬂscﬂ¢smfbeddnctc tip 85 above

od {ot t
bl tingyut BbBT B iHemsbhi Tuisist Sorags fro about 02 o
abou( E hRofRl ;ﬂé}%ﬁbl}pﬁérﬁ'abblﬁ 0t aRLEY.L dvefl mdré pkdféraBl§TRoriebout 0.8 to
he barb length L.) Also, a suitable ratio of cut

aboud &pt rﬁwc@rbwb etdtabl@t harted syfupremay h&a ar mg o ctitrlength L to barbed

suturg %iani\e&e a§§ lf‘lrtom gi dgvg fo %ci,u 0%; glﬁ‘l %/;: 113{18%% %ﬁgﬁghest possible

barb Qle?raﬂi(ﬁl ﬁ@l@élévz@loﬁ of Basay; 5#559&‘6);\/6 hlﬁﬁ@tﬁbdly 8836 € suture diameter SD
desi rab vari ed dependi ng on the intended end use, 15

COH%P@T@@glﬁmj@?S Bamgpbout bdown w ahopt &8| £Thahighest pesseple barb elevation
is thet ?alﬁeaﬂerhé zﬁgﬁength frn;f Hg zgéh"f%bl%%ngc?gf édt %iglﬁﬁ trgtﬂ l§a9l$etd suture

ere s are nore s
dlamjemt SD’lgngHsffﬁTm aypes. (x5fto tabews 0 nsote Predsrablfyi fiono alsout 0.1 to about
tissue. As discussed in nore detail below vis-a-vis

35 vgh more preferplly drogg pous PLdogoutilnst ances where a barb
013%&&1@@ ' Fl@th})]f‘ﬁ{gg'bﬁ dBsif® J«zm%ﬁ'& enczﬁn &{&eqmeﬁ&yd% use,
an ar

di sposed on th suture w
sincdﬂﬂrg&ebmbabﬂeenorbeultahhsfcmnmemowhﬂmnttmshndtlbmd sectt asrfet 1us§ue or soft

. 20 enpl oyed i,n tissue that dlfferln ayer .
tssug oy g AUG A DATE Pt b TG SRS GITe, WES & ssugspuch as
flbl‘Ot.lE' Bssek O 'AQ s Rs Y i8R BIES) VADA-YisiapE 117 ABRSWIraNH be

about 140 degrees to about 175 degrees, nore

instapeasfvdreabi barmmguratn@ethatr ismcatbination 6 ladgey medismy,nd/or small

about 173 de rees f rred cut _anagle, 0. for .
baro§iRbised £ RSB s R Bty 4B it 70 gopgfuture i
emploféd @neue that ha dpmpd 1@9@@&{1&&& bed suture with a

di anmeter of about 0.0 18 inch (about 0.457 , wWhich

i sCult arxglﬂ § formgd @eﬁweph ghe hanle andSthe ebapgited watire hasty dgsirably would

ran B Poh 4P REsa Rt 87556 R. PRE TPy oR ElifhES T om abou
145 &Jeeé@ééa t@awiﬂ g3 a@%@eSZ TRImA Prelidifodiue hesle 0doPAl barbi#anges from
angl e woul d be 153 degrees. Longitudi nal spacing

aboub &f@gerabautyi 700 bar bs i s generally effected with the

goal .of 30 reat rbs as , possible alon

O PBorattane, fos 3epoldRorhon BroRSutite S Saipeiss of HIP0.018 inch
(abothB) BLOMmd Wy HICR if QighG NREerttha SHEESPRE] BrefRh MR RN etic

firmess. As barbs are Spaced farther apart, tiSsue-
absodnableautung of sipa, thypméan‘eée\mdslengléxlewph@ bel43 mm; it preferred barb

cepb 3 BE5E07 Berrulbias oTeh i Wkt hanidhe 152 ogses

j eE&?giﬂlUﬁﬁUspa‘dﬁngJétv%éWaﬂy k@@ 8arb isdednenUig REM e vdiﬁh&he goal of

barbs to peel back and also to a decrease in sutu
creatingrasimanydarksagtpgssible along the suture, and is a factor in the ab111ty of the barbed
suture to anchor tissues while maintaining firmness. As barbs are spaced farther apart, tissue-

anchoring capacity decreases. Nevertheless, if barbs are spaced too close, the integrity of the
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Generally, a suitable ratio of cut distance P to
bar bed suture dianmeter SD ranges from about 0.1 to
W@bwu30620 nore preferably fromabout 0.5 to abpei/Ug2083/030674
even nore preferably from -3sabout 1.0 to about 3.5.
Very suitabl e barbed sutures may have a ratio of cut
filamgnsman be jd@paxdizbelr Wwhidh sontldleaddp anetdencySss the banba boprel back and

to a cut distance P may be as
also }oo%ﬁeggea%mu %eiensﬁ%qnémarl y for the overl apping
bagzne a0 distRile ratdol Flut diStafleSE LSISRBEd Jhtur8Bl2@nct@{SD tanges from
bel ow vi's-a-vis Figures 12A, 12B, 12C,  and 12D
aboupgdite nabwala ylorcsmefeaably fmm@ost QSft@ ey 45 EVRemore prefenbly from
udln C f t he .el gn
abou E% L} %%3{';9 {é?ry Sup %I%t)arg cisuq% {rfag éw%%ira}tho g? %gt&ncePto
barb&ddutire diniit&esIh Yrovabotlt 1.58008 tb apsntaIm) bﬁheﬁebtf}etﬁf gietin¢OP may be
about 25 degrees, nore preferably fr om about degr ees

as lowps ahe B LZ’EfttF@bﬂIb’ef@r thrplpaeappinghash émb@@lmﬁﬁg |vé11@h lﬁélpscussed in '
more Jletmpgerlgxff VIS t%&%ofﬂ& 12?J igbp%ﬁr FRyral  barbed

suture 1s nrng now to Flgure

8, Aﬁ&@dﬁallyﬁ sﬁbﬁliﬂy ende o, feRh&dbdtw el 16 an@ThOh pRitin A fdirection

the 15 present 1nvention. Suture 90 includes
of the bl@ng@tﬂé sutbsdypdy For Hitisticst, g@ﬂ@plalswalcharlzedlsa?um typtoay gvould

rangg Fr% Iaut gd?%ge@st gbg@?ﬁ (%ére%f rn%re %?rgt)fgl f%r{l ?BOLR IQ7ddegfe‘tes to

secon poi n gr pene Png frssue
about 31 gent&NTItRtR6kt bRedérréd o o B&Htdl tRmskSordAtwiSCubEiultiple spiral
conprise a surgical needle (not shown) for insertion
barbﬂ:dmubumllsmt 10ei abownkB°l y, suture 90 incl udes

hidianeplofiehe s, Yhaiotess 30 i) bamnBaecHptmEnof e

prese%@ [Hifeﬁ&'ér{ | SiduEONhAadac]dliatcaou s oditisse h@%&%@raﬂyk%ﬁlﬁr in cross
such as the cutting device described in the

secuarboE@ngait:@bocSeQZ termiyates mmmgndmgon@p@ew@\ﬁad%% 94Ifor penetrating

ol R o BB R ] o

showir) %rﬁﬂ&r%ﬁfnﬁﬁhﬁh& pAﬁditlloﬁﬂl)(, sututy FBinddedlhralinel dbsely spaced
the twist cut multiple spiral disposition (sutures

barbg )7 arr@geé@r} ar%@pmsmﬁttwme 90 with a very random barb

di e

ra § ﬁlsclé {gao%%{?tngbﬁﬁqne rg%ﬁéa‘g gse[gg fSPée‘}sé discussed sutures,
suchpag dlel dﬂﬁm@cﬂﬂ?&fel descrﬁredlmethemgovmnmes Saes N Ao F3afté Gedova et

superi or vvound ol din rties. Wth th ndom
al. ‘M}tﬁ porsbinAdens Qi P BSceibid stk fef Beking e D deBe gisposition
(suturésSE 48), \ihe DZOadﬂﬂ: (ﬁ%dsﬂf&n‘dﬁﬁﬁ&? 30, éﬁ)zcc{?ldﬁﬁ‘ tﬁMlst%ﬁPfMllﬁple spiral
i n the above- n Pat ent 342,376 to Ruf
dispasitidn (sefgeas@0t 40, F&Og);,lhad)e@ sumkm%wnth aa/esyetalndmmddarlstﬂlelw)mtlon is
Vi f barped ture, 10 30 an er .
obtaied T aRRRBES of e b Eioh dspdilisitts e TRl fnetes provide
supetiBEArnéH8iSn EinaNGadseshd ShitsUFRrd ahéridPw o hcﬂ&ﬁ% 6}%ﬂe)‘tles With the
circular cross section. Al so, suture bod has

randetnskixposition,the barked buthrel wauld be msetrt%@rq/tl%spweth apanssetion device,

such]aOZI'bat 31?}} 59 al}o%g\{b%éd g sb%t?etgﬁ@fé CLoRAls Rt L h t hgtr

serra or’corrtugate

bOV&ht}ﬁﬂdgarﬂeo Eigige 9bbwa hoywectian siieividve df babed/Mture 100 which is
2004/ 030520 PCT/ US2003/ 030674 - 36 (genet rating tjssu
anothgs gmbodinent ghthe pEPssRIRVEgN. SHEIS F0Ginehidags] oagﬁﬁsirﬁugge Rody 102

of ge?lgfa%/%ﬁ'kulgleﬁggsese(:ﬁ%. Also, suture body 102 has disposed on it a plurality of
closely spaced barbs 107. Each barb 107 has a barb configuration such that barb underside

108 is serrated or corrugated. One or both suture ends (not shown) are pointed for
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shown) for insertion into tissue. Suture 100 may be
made with the sane cutting nmachine as the
w@bovesdeecussed sutures, such as the cutti ngPCBEUSME3/030674
descri bed in the above-noted6Serial No. 09/943,733 to
5 CGenova et al. Barb 107 having serrated undersi de 108
penefratingjsug ad Hys eankrarlatad thef ovser batiamay gomprise & sirgicabneedle (not
| i ng device when barbs are being
ﬂm“mg%%ﬁﬁgﬁé?%ﬁﬁéﬁ#@gbody of a nonofilanent. It is

| nSemeberdoihay bamydewvith i dagtchvdinguhahese afthé Elﬁ)vﬁrcﬁsi:ﬁﬁﬁed
i nvention as _ descri bed here may have barbs wt

sututey, $pchy s the cutbing dgyice describresinghe ébqvatr@épdo‘ier@pru@%9%7 33 to
[ L
Gend{%qe? Bfé eﬁialfrg t1 ég hl}Nnﬁl gsérﬁrt&f L?Bﬁ%l&%8 if g&j&%\é&@?@ V}QxAtlﬁlggvr oscillating
the ct—:mmigMee bﬁtﬂlelcnttiﬁlggiwﬁe ¥@Bn barba atedjzing evoapéd L‘rﬁdj ﬁﬁd)ody of a
ture i s anqt her enbodi ment of th

0 A R R S BiSgR deyention as
descﬁbgd’rfe?e Hl‘ag lﬁa@é-@ag@g witd %Qgﬁﬂ%dd{tl&i thGUhehdss eP&%]- lcBRugated
urality

sut has |spose on It a
undemide cl osel y spaced bar bs 115 havi ng barb tips 117 (one

h f 15
B RnaeRet e ROR I FifTn L ohe B e iieaun ik 10 835 geespective
viewRAl RlediéRdiif FRI QO & a fof vieH HF BarbQN00kd 410 Q0B cRYs RBEHRr

suture ends (not shown) are pointed for penetrati ng
embedimsuieof thgmpresant inyeniion. e¥yitiatidf indhedes stngated saute braly 112 of

u cal eedle n nse
eenefifT b oS Rl caMEGR e B0 2R isngled ab BEROHARD of
closewy smaecr Bapetty Naliye Barbfigs I 17 end Barb 1 H0EsBewh fo2PulpoRss of

- 10D of Figure 10B. Figure 10C and 10D further

brewar)arﬁar‘g/ 1 %51'&48 FRebigyrp op SdBranrcuata hasad 19 yhevedarh bk is attached
to Supﬁg BOd;,l | %gﬁ&ﬁlg%%ﬁr%é: ngésj &I[%FI e (%.)élgv e-al lgtgg SS g)%n&'r&tﬂng tissue

and is mtoomemples;ed:hlaaenet drébodiiinky DEMpesE Lairgiesiatebdie gndthdwe) for
above-noted Serial No. 09/943,733 to GCenova et al. To
mser%l%i"éﬂ’lgssb‘ﬁf b 115 havi ng arcuate base 119, the cutting

deM 6Rs 16CPhabPefe &%s%fvgéchoﬁatvﬁeme%eﬁ@a%mohg 1i§096C — 10C and

that are Correspon I nNg arcuate wt res
line K ud0P df&Sgure 10B. Figuré $0C abd beIR durtteaiclasifiy that bztrbélS becomes

bar bed sutu t he pr nt invention as descri bed
NATTOXE 010 V’nbh ‘ﬁgrt%%tws]—f( configuration that
| NShtides 03RayPh S HadEwhR SR saH&%uﬁfn%Hﬁé&n&%%Qhé%\’lb-‘éhscussed

enhance tissue anchoring as conpared to a flat, |inear
suturpy sech aaetgac@ntles devipg dessripast indlessabord-nioted %@at Ne. W43, 738 to
oni cal

| a which would r I
Genogﬁ ae éldC%)aac ievt angthagglélaacua A Carsgiiél t{lff 1@ evice 1§ provided
with aﬁtﬁhg bladgs Wﬁh @Wﬂs that dré Q@t&@p&ﬂdlh%y&r&ﬁfet Wit sp ot EearkhA¥base
of a barbed suture that is anot enbodi ment of the

119-pr esent invention, and that is gener ally designated at

L0 Uy L SO0 B R AR o v
may A2 DAMDsA0ITH! A 0GFHR Dat G ThalSRE 0B QB Abclrite base. The arcuate base should
enhance tissue anchoring as compared to a flat, linear base. Regardless, it is not desired for
the base to be circular or oval, which would result from conical shaped barbs, as that could
decrease tissue anchoring.

Shown in Figure 11 is a sectional side view of a barbed suture that is another

embodiment of the present invention, and that is generally designated at 120. Suture 120

includes elongated body 122 that is generally circular in cross section. Elongated body 122
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-37 termnates in end 124. End 124 is pointed for
penetrating tissue and it is contenplated that end
wda2eb4ms0p2€onpri se a surgi cal needl e (not shownpCT/082003/030674
insertion into tissue. (The3pther end is not shown,
and al so may be pointed for penetrating tissue and nay
tennmmemnlaeé 134 sEndjil24is pomgedifoz peustrapeg @Smmarndgt it ps@@mpwﬂﬂ that

end 154 73y copgring Ggice] e GrBbEM i fosehir Sty RARE fgper cna
is not@hb‘\ﬁlﬁll dnﬁydléafm@ B’esl%lﬁtea @&C@ﬁe@ﬁﬁ%&ls&?egand%ﬁ}b@mﬂ&ﬁe&fs@r ical

relatively sndl size with a relatively short bar
needlbéorgtetleta&tlngdmaar)ed to barbs 127, which are reI atively

|um e wW.th a relative umb

nled e B ety gl s pEbSFE) SR Brosery
spacetl 'baﬁis 287 Wrddplaralis cFtdioselysphedadbabiri29l @hﬂishl 253696 i?dlbitiifl’e@ small in

may be nade with the sanme cutting machine as the

size vaﬂba/é'—laﬂerslyrahbetd)arlsl@ngrh@s copmparediqiarbs {Zh which aye relatively
tt
a5 4105 SRS FLRF o R RRUFRBRETE BRI, Mt re

relati W] U@ gdBMEABRIth dwlamlyzmhgrba@ lemdth. @ suture filament,
then the barb cut_ length 1s nade | onger or shorter g
deuityre d 20 mayhegnade Wih e spme gptting gaching s therabows-dessriped

sutur %ﬁere %?a?ie s%rclﬂ %él% A6 Qlegfce AeshibBd HH fhE SHEL ncftécpgéﬁdq No.

arying sizes are designed
09/943g133a0 G}eauvq:;etraal Byrahbmmhe amuntTdfé)ldnhnbo\s:mt draw@dustmg into a

suturg Bl ez ot REBTUTHog [ 9RLer SRECT FoUR AR g desult in cach
of thd llﬂ?eek%@fsg)f lBQﬁ)@ 10¥ Piggabld138diBSst 4 fanqiferut fr@)frﬂth@gthtaﬁewhere

suture dianeter. For Instance, relatively lar ger bar
the vmym caeeh nmilesighed fqro'ranowsgsur&cal applicaipns. t Theshpely size may alSO vary

wher eas r.el ative er. ,bar bs redS|r bef
in the s etce fraspbevbere®{e baaRE iy B56n oE iR griofs. and
regarh]%ﬁg the BIRSIbARyRBAIY05E 163582h aBAEtDS oPthelshRiIrS dimetyt Ur e
hel ps to ensure maxi mum anchori n%fgr operties when

bdfdy instanes, ralad vely dargen beelks dre desirable for paniag fayad Sofmrsyes

whergadsliicl? b daf a® Gl Be 43 oRnd A NG TRYE,

combadtidf of Nege, SN, atididi sioall barbisioviehe Sine sublre HBIpe to ensure
different sized sets than three sizes as illustrated

maxifyfm eherieg pm@%@s when bah pizey ag cysigmiad fpreach digpyseayer. Only
t
two ﬁ‘&%nts#ieldr S (i%rb%%got%g?\g%)’ ﬁgf?%g%aﬂka 11?(8%%?@15&8] Mt &

use suture 120 r's
addrtrdnhl_,@tsrcsftbadas (nbttshotwhpwith fing, fied, six, onindia differeansiked sets than three

~ is_intended that b tur wi th barbs having a
sizes ag S URATSIORAGT Doy gt s SUELIoHAt B AMER P P hody 122
as debie I ARBraah&Ow R YhehRtcRiediddakt . Q‘%l alt tgﬁ%ﬁ‘tu%uiw i§ #llustrated

or random barbed sutures or any her inventive
with tiarliadﬂ teintgumedirectienalr it tsedtehéfr(bthat}@ﬂﬁdgﬁultlﬁeslww bgrba having a

ers ive. view of an her odi rent _of the
confiBeift Phraringish e barbae wif HrandEEon bo SRS iRbgona
barbéer%%rés?& 12hd € BEbRN itukk OF A 1P6f tBE BfSr MeEhtivR barbed at®es
bot h suture ends (not shovvn) are pointed for

descrpimdélematr ng tissue and it is contenplated that one or

f gli;lg}nﬁg\g?\[ is 8%)6{88? esv?ev{?‘ of Mt RnpdG U of Hx%tpr&gﬁvm')/entlon

ti 'sSsue.
showing barbed suture 130 having elongated body 132 of generally circular cross section.

One or both suture ends (not shown) are pointed for penetrating tissue and it is contemplated

that one or both ends may comprise a surgical needle (not shown) for insertion into tissue.
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WD 2004/ 030520 PCT/ US2003/ 030674 -38 Suture 130
further includes plurality of barbs 135 projecting
WO e@aobsely 132 such that at |east two | ongit uPCTIEE1093/030674
adj acent first and second bagbs 135 are di sposed on
body 132 where first barb 135 overlaps second barb
138utnre ¥30rfyrtheriaclydesabieralierrad Sarbsd 35 piojedtiniggrare Addy 432 such that

g r 135. are | aid fl at body 132.
ot eBPRT Bkl ekt g Bnalpefits C3 7 BiSpiipn Boay 132
where fieét/bafpi 3o RaAkpSset 3l Bdrb U BS if MY EmdapRiriithaehsSIBSS vhicBfs readily
barbed suture 130 of Fiqure 12A, and Figure 12Cis a
appageppif haghs 1P ae laigh flatioglhody 138, Figure 12D is a
cr = i ' ' - . LEigur
SRR AR b 00P1 S Pyt Rahell 40 e
overlh@ifing dizgosi@6h batbed nguecanpFpte 0IA hadFgurd 32C is a top plan view
overl apping first barb 135 is _escarped into ofp

: 5 is ! t_of
of FigyigdiHe Figyitp 2BV A crgspeertiondorry Blons ling 12Bs5. P2 af Bigure 12C.

t ' : e e 5

As ol RBfclGily BB (i iR 1N I RRE ToPLBRNE AR Dbyt barbs
135, beertappBiy. firdtrhash 198 istestdrpediver paatpgti topsidi TP oS btdrtapped seeond barb

barb cut_di st anc tween first barp 135 and second )
135, 634 1 45 P4fh tBBS@“hEg obpVatthed treonh Py b3 breatgstpagol underside
Us 0@5%r15§591%c{ri1§%951(ﬂ3§qar b 135, whereas, in general for

bar bed sutures, the barb cut distance between two

baFlss, with tlee dreerlopping dishositony e baPacti disthanel betveen firktebarb 135

| [ barb di it i t.abl e bar bed
ot GO LRSS PPl Bl Gy B g s
whertfi¢ibambRd fSiWattied sdivddteiiRbafy QIdaRAKE bditwefl BN biBs > the barb cut

about 0.2, since the barb cut distance P maybe as Tow
lengths Pamisutarly far the geerlappighagh dispesitian, gemyesuitgble barbed sutures may

- cut | ength and the bar
e SRR B K ot D, BB LGB o B Do o
abouf 0.2, gha@shé YapaokiivgneeP yhapdehs 1ddas shodpody ($&2dis@nsion of Figure
typically, barbs 135 20 are thin, as conpared to when

7 forchmmeRisyit-dtviihe bareat agthesd theyparh srbdissneene Thisrcyedanping

- t t 1S, ak |1k yStriat ed. w
gy Ml AR S S50 B AL bl 15
are thincds cdmphiedito shitn tte hdfcutnliaawe beareeea twb bhrbk bahe barb cut length.

i nyention al so be.a bi-_directional barbed suture .
R RS0 Re e biea S B b e S S
inten¥&d foQHSu@HHel SGRhreN86 G Sorddi&L @ié[ﬁ tllﬁﬁi‘hg@rgion%?sg%ﬁﬂeea b

~attached to each surgical needle. rder
directigml batbad suturesasrdes@ibedhers. t i ssue, the surgical

needl es y te ith a polymer, for jnstance, as
G EER LIRLHE 407 061 i) BSouk Fitsigal R HRB G e ea

suturt @ dtlagidat egéh flrgicklingsdle. kBordsh@Viacifithidinsation 8RE Lissubl the
that is a straight elongated needle in the

surgiad pgedlecomanbe goatedvith A pahanarniar instinge e degoriped abpave|vés-a-vis
Ils'??ﬁﬁ$$§§:§ﬁﬁhbqg(h§§&?hfﬁ! needle Ni has 30 pointed

Or rnsertio O tissue and al so has hole HE

SuFigure dB Arghedks uiiiical feddld N tiaaisedstasgtatloaghed ne&lich ths
by swaging, to barbed suture S1. Barbed suture Si is a
longigiinal dtesiion aad thates gAYy coeilanigicrpsstegtion. Syrsigaypeedle N1 has

pointbdfp T WEMIGHEH 1RE HsRB2RE H1sS HhMRAS T AN ik AMRLAY N1 is illustrated
as attached, such as by swaging, to barbed suture S1. Barbed suture S1 is a barbed suture
including, but not limited to, any of the above-described barbed sutures. Additionally,
surgical needle N1 has diameter D1 in the transverse direction, which is illustrated as a

relatively thin diameter, such as about 0.02 inch (about 0.51 mm). As discussed above vis-a-
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surgical needle NI has dianmeter DI in the transverse
direction, which is illustrated as a relatively thin
waelr@amwseseq) such as about 0.02 inch (about 0.51rPEmS2003/030674
di scussed above vis-a WO 20§/ 030520 PCT/ US2003/ 030674
-39 vis swaging, surgical needle N1, after having
vis sveaging; eurSical meedletel after kaving witusié Slrm%,cnbé inte hplmi@d

cimggh B2 S 5 AR Pl AL 6 B

negellr€ 138 shd\ad surSica rebdR NDhthatk QRE AR cﬁldeﬂletlﬁl the
l ongi tudi nal direction and that is generally circul ar

longifuding} dissstion end tat 15@11@&]&33{:1@@:@@11 300 ) seh:,ggn éurfggqah peegle N2 has

poneld o s RRab ekl FRBP S, SRR f s
as attﬁ:‘he@,)éu dﬁﬂwagh@g kabkeed §liﬁ;u*érﬁ @arb@d’uhﬁé Sgud ab&rb&Psuture
is a barbed suture |ncIU|2g but not limted to, any

incluging ttieneidimisedios ami Wl shaveuigsaibed badbed Agresi &ﬁi&moyaﬂy,
surgi Gt RGN HEP e l¥F AR o] UL EKe BediBnt Dfich IEMBNRIFas o

sultatdy &Ik HRinetcd UGiah as asda® OI03Q ifshAabare 0. 1ahmi)t bud n8ﬂasrthi1 as diameter
but not as thin as dianeter 10 D1 of surgical nee 1%
D1 of\surgied ngedle NYs e @%wd\ﬁbgvﬁ‘amasw% FHAFAG, SuEgicag negle N2, after
n

v 53l MRS g SE SRS SR Dl o
H2 toHidbld suttm@IS:IZ mqilad:eéoﬁ&enm su:thmtgnésue use in suturing

tissue. ure 13C sho | cal t ha

cdigEa | é%ﬁ@‘éﬁ SHfEiaERReEIeN THES 4 R GrLtene et
long@rfﬁjnai Bﬁ%atﬂoﬁ afH& ﬂ%’i Al %?ieﬁll b therésk Q8ctone Shfo%hl needle N3 has

urgi cal need 5 pointed tip T3 fo

pointedigp ﬂ‘Blfmnsentlon mttssuiee andlalad bes hrde Hao[Sergisal n@tﬁﬂ@] PN&as illustrated

a5 0% b7 sk AP PR B P Bt s

mclu@iﬁg bR nsUEMIEd to, B sithe gboveldesdriedIbafbeigdiuied, AdtyticHally,
he above- descri bed barbed sutures. Additionally,

surglsa]l ngédiaN3rhee diameng Dieia the tipmseise pgeqtion; which ApHkEe@as a

i 6 WP BB oo 2L of A e

vis sWiagifgl S6@itadhedd®: NB Safter RAvig SutiselB ingerteslin@ihoéd Hhomal be
N3, after having suture S3 inserted into hqgle

crimpgd byctandprpragedates shatdiol ¢ eubeld sulpovt MR f;g%ed" suturing
t1ssu%10| d suture S3 in place for use in suturing tissue.
igure 13D shows surgical needle Nd that is a curved
el l'aggatleﬂ) sheedlsergical hdedle Norigit isedeuredd elomgatd rerdlana the

s o U P R
pomtEJi ﬁg 48 ePfhsation 1rﬁé‘§s§ﬁ@|aﬁd o haVh&lk ¢Bl. Siegidiiebtle INgt is illustrated

strated as attached, such as by swaging, to barbed
as attaozhedr picB4s bBawbgdg,sm tbarb@d saufesS4 Barbbd snituistSdrie a barbed suture

et S5 Cpr L 1 iy o it SacARA M 1 s, Addivonally,

surgi&i et da N4ANRE dindN Ihpm tHé aamdverse Bivedtion %1dhr1§1ﬂﬁi$ﬁ'ﬁt3@ as a
direction, which is illustrated as a swtabl{ thin

sultablljyéhmtdea:metgru suehas ahows :033 indp(abpetf). %hg@@t by aqﬁlp}n as diameter
D3 oﬁé}rglgs noe%aletﬁg %g‘ﬁﬁgus?&eng%(/e %% éDgls%()va Mg%uggrkzg:}%g(‘l% {4, after

I'SCUSs€ ovVe Vi's
havirnpeelire Shénseitd &ito hole H4, may be cnmped by standard procedures about hole
H4 to hold suture S4 in place for use in suturing tissue.
Needle tips T1, T2, T3, and T4 are schematically illustrated as pointed, but, as is well

known, surgical needles come with various kinds of pointed tips, such as taper point, taper
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having suture S4 inserted into hole H4, nmay be cri nped
by standard procedures about hole H4 to hold suture
w®doom3qskace for use in suturing tissue. Needl BCT/URR03/030674
Ti, T2, T3, and T4 are schemtically illustrated as
poi nted, but, as is well known, surgical needles conge
cuttmg,thall\pgmtmgtmg 9¢igs, Bamewesi peial thln pse, z@gé@cgtqunatp apd it 1s intended

to 1n€181{i$,itbﬁlé %1 L r}ﬁ:t))eéilztﬁt zﬁ B%%leg Eg U?%p%?ﬁ 3 pef’cutpﬁg,taﬁxd diamond

point are refariel herakaipsgor smltrglcﬂﬁﬂedllbs u&dlvﬂﬂﬂfﬁwi suti@es.
i nclude, but not be |limted to, all such needle tips.

Tapéis Well known apibe attutﬁteﬂt@gilara@tar for almgr?@l ngedles s with
convgﬁt‘r‘{) fal ;%S tu&rﬁgrgle&’) A@g.lhﬂés i %fnils%{l:errgd ﬁﬂlnﬁ'aﬁﬁ §1§1 &%e%%\gg( tfek surgical
needbhsamansed wid thitlgogiveretlonaletliressuch eltht tid fatid of surgieal neetr! diameter

, unbar bed) sutures i s considered unlnportant

(i

to Cogwtwlewt% dpngefgrag4d o gvemhigheregiphas 4di3el-used wit h
t hHBW%Q V&ith él?é@rgﬁéi%‘éé&é/bﬁ%%ﬁ st cotrﬁlﬁnzftﬁ)'h'o‘i’ ¥ present invention
surgi ca "nee aneter to conventlona ut ur

(for eitlemetseraightsneédlt opia cemed nhedjée the thinabr thst the idgibal needle is, then

t he sur | e/ bar bed ut
the rRRBHRPS P Tt o bl RS AR, {1 Hieclep s negcle diameter
bem? iHimhegRhd ﬂﬁﬁr@r Qs Rrapﬁroﬁéﬂe‘é et e Slure hendidY EE 1stﬂ'b§§1ble that
he surgical needle is, then 10 the nore preferabl
the nepdie dianeeterumayl eadven dguihes/thear the arbed sutore Gametet.h t h e

d d di t .t hi d, t hi

g b pR Bt bVl TREu B e faghit o
barb@DsiEhRi€mobhdprefckdife Rt appRxFhAIBIREuSWienEitE@NSNa WotiRdElosed than

than the barbed suture dianeter. In general for the

a relgpvshethick; syvienl peprle threased withed Barbad sytuar Fhe masereisdhas the
relat%éfatﬁ[he&r gal%eeag%?fc% V\g t’g zyf)z?rb%cf %dtRJeeallgcvgffc?%gq‘p%tgr Jn agement of

barb$ hetissud, ana tHeeéfatel previyed tuttekclesurg ls@éﬂ gtineetie applbf(m@dﬂ&ﬁtlssue that
with a barbed suture. The reason is That th
has hegn gtntegd|tg PraYER! e PRRAsHIS Sidss Of Eheplesed eynd éroaa Plfipg gpart, as
com E&'foethélc gtﬁ% sfr@ﬁegftg pf’o@t&ﬁ t§ Eg_@ggfiﬁ%[ﬂéd t?gs e ﬁﬂ{ f?a?s Be@n sutuﬁed with
I ssue, e provid ter closure stren
ﬂwrtbﬂ%ﬁgﬂaﬂpmmynﬂamedet|ssue that has been sutured to

prevent the o es of .the closed wound
f’fl‘? ﬁ@sgggppg&géatu%fﬁb FEamOFIafifR Otﬁ’ﬁsﬂ’fgéc t‘tFF‘Ched to the
barb&.[ Qi{m@%@thtapth@ @@fg@él RRdaRAihins@H ghduliBbe S'Ps%f@&&ﬁ vﬁHfh% @lder to
20 the relatively thick surgical needle.
makm boleuoma@hmmd inf thacn,dr eucﬂolpy ditilding ootallnwtfonimserfion héthe barbed
¢ ‘%tﬁ glnee e att o, t he .barbed sunﬂ gﬁ s.that

su urFH‘é R &88‘?“& 8 glesy Rd fiegupacal peedls fiapjelggncreases,
the sWgiltall néddlOFs QAT shiabléT®Bn@ad Bl @atly ofth€ Bdieal ndefllet difmeter to the

end, such by drilling, to allow for insertion of the
barbeshsuirg diaaterrie abont 3:k ordessol e or the channel .

I .
R

for eltherQr st ghi @edddd ora @irvddneeedldl Giabaht N eflless, @Im(ﬁerpte%ralblty about 2:1
the barbed suture dianeter_is about 3:1 or le

or lege BOPUPTRIGIAPLY 8Dk di8: gyl lessr AlurBemnore, naghuarlyié Elprizel needles are
emplgblr T t15 3t gﬁg&@pne%bffe%ﬁn E ed slll‘t;lﬁ’«ar gintet%g Eria‘:} be as low as

t nee or a curved nee a out
about édqr lasmrqar gyee fsveafoy imataacd, aBoudt 0. 9 1 or less, or about 08:1 or less, or as

low as about 0.5:1. It will be appreciated by the person of ordinary skill in the art that care
should be taken with extremely thin needles so as to ameliorate the possibility of localized

weakness, which may compromise tissue insertion.



10

15

20

25

30

or |l ess, nost preferably about 1.8:1 or Iess.
Furthernore, particularly if channel needles are 30
weppkoyse) the rati o of surgical needl e di anmet BCT/US2003/030674
bar bed suture dianmeter may -la@ -as | ow as about 1:1 or
| ess, or even lower, for instance, about 0.9:1 or
| e@@sur@rstrawbtof tén gurgical regdles drottabavingewasio aisuigical needle
.0 t MA| ia e erson of
diamgyep i aphéd e AP PRBLERIE S TpO et mBRRRFE s gstgdns follows,
W Vb!n@i‘stpi&féE by ciidnidis Re®el @sansiachfied By WS CHARRCoft F6rida) having
possibility of |ocalized weakness, which nay

a thl“d@ﬁ@erfrﬁbQ‘ét 0.6 ¥s@BoytAS S Mg wergentpgtug ws@mlzkmvmg a length of about
/H%g [ 674 -41 Closure strength of thin
125F€E caQg§ ‘es, both having a ratio of surgical

neAdira spektlmtwears nizdle frnbe giese! bﬂcflﬁndh:ﬁlé&f&l&i’b}sﬂ,titﬂﬁbg fogether the
faor the present invention, was tested as

respegiy eqaes of theavound Vit eiiked engishegical nesrle gmv@&%wm
purclgl %1 frﬁq}lzﬁ[g%lg t@ﬁb%ﬂﬂg@%ﬁ@ggﬁ%dﬂwﬁtlﬁh 6'&‘%8& §1&8{] EIH %H{er words,
after irsagion offtheatheobitd suburd iri26 thenedediedioty) the&iéeﬂil&)was/%nfmpedtabout the

[ de fram a._ pjece f cha | eat her by
hole & seg i i DR gL TP HBE Sﬁlf@@ﬁgcﬁ e stétalg*gé clgpeq fhe WesaHlgthe piece
of chWrbft 18atBEr WdsQeht ﬁﬁzgreéééﬁ Qlaihaeg Sfjilﬁ)u{ 5 ﬁrﬁ:ﬂb@&boég%oxz%ﬂ\lrg length

pur chased from Sul zl e npany) was swaged
by ativat b24 imales fabout 32 wntien \wdihdsshere afet seutched seund gras af theheiddle of
bar.bed, suture into.the, needl e hol t he peedl e was
the 1RGNS iR (et o So w8 Fivet Atinh SR sUifiest peedte (s
of a @1d)N@ith hildip BBabobf 22 Mmns hid £R1ATB) MBELdahbBRr ¥O4¥t 0.020 inch
the piece of chanois |eather was cut to a rectangul ar
(abowlaplemss). about 3 i nches (about 76 nn) |n Iength by

s?ﬂ? é]hé%ﬁao (é.gl%%tl %t‘lrﬁeéod 211(‘%:0% specilﬁqenlv\éars] él%afﬁle o&n another

piecd cﬁfaihﬁmefsseathét@yvmldﬂlhx g tbb@haraRé lrespsasvee deaPel thp Wdﬁhd using a
curved surgical needle (3/8 of acircle), wth

a
dﬂllqdeeﬁétSHrgéﬁal a%f‘cslﬁ (tpm pA38Ad 1 Parbased &op $Hels Cameppayywaged with
c
e NG BEC AR 15 AR Br 20y T 8 e o
after ﬁr[semcmmftllmebarbq:d &Emﬁ‘e afto clieciadé, so bevatdube bhgbed butuehduring stltchmg
s of the und, = usi

For the TRepBg e, i Reaple N iteD e poFHEed s SygpRedle 3R of a ircle
with Qll’é obif £Mmavihtd £5HABRAMN diSNAERSE aohito. Oﬁf'ﬁqcﬁ #Bout 0.81

of barbed suture, i1.e., the surgical needle was
mm)calthtvpgldn@tm llI]lllntah eherrbadbter dithe neaﬂb adfetidor firssepetinmm. of

t to the hole secu t he bar be ;
& e Ban e R el Shobibentipast ' Grsb S il FnORUEBfpspirel,
polydiéeiioge BabedsitaRalkeRaivi 76 LHF?QreSBK @ik Gt tHAE @whq)a%*e/d%umre had
of acircle) with alength of about 22 nm and

a diaggter ghphout Ai04 13 inghvakaut 6 9émxwmcb BSZSIMgh@h la(rgﬁmhnn the ISP
requlg%mé%t %I‘t 4“&%&9?0 : 91%1th9ﬁ:‘ éﬂgo%agﬁ shﬁl? ar {)e %Itu}ehcﬁamet]er of about

e use Specl men. suture
0.01&mch (shoacOA8Tmag)s a bi - dlrectlonal tw st cut nult|p|e
spiral, .25 ond|oxanone barbed suture |ike sutur

i Beihghe %rssﬂld &% segomn ﬁmm@wf sHichpd ghasmpis Floth were t@sted for
closu?és?tg?%g : F’i{)}g ?@%tRer %O&JE%S%Q@P Vet aéO@'anéﬂeglmen was

arger than t
gripped by two respective serrated jaws. Then, each specimen was pulled longitudinally at a

rate of about 10 inches per minute (about 254 mm per minute) until complete rupture. The
peak load in pounds reached before complete wound disruption was recorded as the closure

strength. The results were that the first specimen (which was sutured with the needle that had
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requirement for a size 3-0 synthetic absorbabl e
suture), instead of a suture dianeter of about 0.018
w0 ph/og@bout 0.457 nmm). Both the first and t hePGEUSUA3/030674
speci mens of stitched champxs- cl oth were tested for 30
closure strength using a Test Resources Universal _
a relafTegy efin divobedr o ABQt OEROhnap eboutrB lvwam) tapki pPepounds upgl wound

. respective serrated jaws. .The ach eci nep _was.
disrupsQRIGEARTFSSH G BRI BAIed aPRhpAR RO RS 1§y g sooond
specitB&l %vfz‘ﬂi@t&‘ Was CRBIRL witp the HRL M6 Ehathads SUitahf thin diaReteg bBabout 0.032

rupture. The peak |oad in pounds reached before
inch, atmmp D& enmwbrridioti asthirpasi thenegslte fos therfitsispaeimendtaokeal 288

R S e e B M B
26944030921 Lahdd2d@@3Ti06TA betod?2 @ rel atively thin

di aneter of about 0.020 inch, about 0.51 mm) took 5.88
pounds until wound disruption occurred and the

e P e B PO Y ACRAPERSER SUEGES D
second specinen eedl e

that had a suitably thin dianeter of about. 0.032

inch, about 0.81 nm but not as thin as the needle for
Specimen f i Maedleddiameion) t dtsrbeghyusure IHamster o n datignt j Pounds to Rupture

First Wound_dipspRhiion_and the spegiBgRgpul | ed apagt back 5 gg
into 2 piéces. The results are sumarized in Table

SeconkBA bel ov032Tadd e 13A ( Chandi.¢liGliotth C osur278t r engt .88

10 _Speci men. Need| | anet er ngbed Syt ure Di aneter
RaRage opgfgifal ?Q?d&ﬂ?%fﬂ?tsr topgared sgruEBBaMgteR: 0. 0115 i nch
1.74 5.88 Second 0.032 inch 0.0115 inch 2.78 2.88
*Ratio of surgical needle dianmeter to barbed suture
di Al tvarioud fiedds f ratwhini wers cpli adetitehed farttessing of wmore swgical
and stitched fo esti of nore surgical needles
“eedlgﬁ/\%‘ﬁ%&?d\ﬁlfqﬁb@é rgms[}‘gggwg.s follows. Three freshly

KitH- &SN PRued @?Wrgﬁé/—ﬂa@‘léa ra@a&4thabeut60046 700 g/ Weretised. Two
were used.” Two ul’l -t hi ckness skin incisions were

full-thvakieese skin frecitorscvert nease lonitha back of pechtrat iRceria Wopsdsy Each

und s, about 4.cm. n | t parallel to the
WO““QSW??&%\% Fgm Le e g gtp,rglraéﬁg%ots © ?Iﬂge't wo wounds was
Cl sy eachtat, bnad ofl tHel tive dvcrinds wasiElossd] witli gideitibd emE edived surgical
that was a Sul zle itemno. 3 A, whi.ch_wa

. 82273 . s 38
needlgithatveas afidzle gemine- BRAL7aAL whishpvast/8 ¢igglen Rhgnegedle had a length of
L ARG ific 0. eXd at
5y A 0 230l 16 Bl bl o
pointieedle eiptwherdthd needa tighad beert groandtof at-Etcecant t¢ gpproximate a taper
_approximate a taper cutting needle tip,to facilitat

cuttingREAICR 1 RN ! TS e lcdiehls Sendgaged § wbarbed
sutur@ar bed 25 suture. The other of the two wounds was

cl osed using the sane suturing technique, but with a )

drThd @berarfdhe our weuhds wagictasbd nseglthe samatsuingsg secBoigpp dut with a

drilleldte%H] cql%led8 s%%ng:ﬁ%’ee e Ithcatg wva\l@g S%{z(?e i%elznrl (r:1|c>.e832679A, which was 3/8 circle.
The needle had a length of about 18 mm and a diameter of about 0.026 inch (about 0.66 mm).

Also, the needle had a diamond point needle tip. The needle was swaged to a barbed suture.
Each barbed suture for each specimen was a bi-directional, twist cut multiple spiral,
polydioxanone barbed suture like suture 70 in Figure 6A, except that each barbed suture had
a diameter of about 0.015 inch (about 0.381 mm, which is slightly larger than the USP
requirement for a size 2-0 synthetic absorbable suture), instead of a suture diameter of about

0.018 inch (about 0.457 mm).
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The needl e had a | ength of about 18 nm and a di aneter
of about 0.026 inch (about 0.66 mm. Also, the needle
whaw4m3de@nond point needle tip. The needl e waBRCHUAYPER030674
to a barbed suture. 30 Eachgbarbed suture for each
specimen was a bi-directional, twist cut nultiple
S [Hok 8hch stifuhey Sioaxdrmimudspebinensthbtuwas dpphimetelyr asqudre n
Fi gure 6A, except that each barbed sut.ure TH—]%\%I a line t
measefightont 4 61 B0 4 670 VAN e shtehadsrrund. B AP middie prlipling two
| r AABd FRQ1MGR stfepgwicgmgnt for a size
Oppoéﬁ%g%iylﬁt%ﬁ et%i‘gggrk?{sor babl e suteusr e),g ins{ﬁgad of a suture
diEneebee tobpabmah wolind $8s defetmipabosing @ T4gResayrces/foniversal
2004/ 030520 PCT/ US2003/ 030674, -43 For each.stitch
TesteqMage] 20001 SOl BIERIBRORIRA: MRALO S 53 TR fAef ‘Okched
ARASH HetoFBPEvE ERidFRPHSE the GflerWi th the
woun?ﬁ#l?%ﬁm&f vvounol-lei not ﬁ%émlddl e pa?al leling two opposing .
t i'Beuceael gperimomwas ptlidddongitudorallylabs mate oEahouh g dnrhes per minute

testing. The for t o .open each wound-wa '
oy e SU5 b Ru P BRSPS Fh0Pthoumere
beforé 88 1eFOW o@REM sfupBS Fa$ RR6IAIE Bs tHelfosuiestREgls

paralleling each stitched wound were nounted in_the

t Bherrespisotere eveg&qdeff@m theefist ss of theeerveaings closerbwith @gepdle
L

the r&QNPvBEcvErPE FrEmABE bcoad set Diehrsmwiotmds dlesed evith a needle having a

encountered before corrgl ete wound di sr ET’DI n was
diameter of ?hott 8826 ineh fakest,P 66 Jpbangt fyvage tOrﬁE %‘gls}fti“?' wer e

av eal%&ﬂtsfarre?mrﬁlﬁgﬁ{édﬁﬁtraﬁﬁtlsﬁfbeﬁéw.ee wounds cl osed
W a needl e avi ng

Ing a dianeter of about 0.022 inch
(about 0.56 mm) and swaged to a barbed suture. Al so,
the results were averaged fromthe second set of three
wounds cl osed with a needl e having a dianeter of
about 0.026 inch (about 0.66 mm and swaged to a
bar bed suture. The results are sunmmarized in Table 13B
bel ow. 15 Tabl e T8 (FR{R&KSkin Clasdrer $re®eiBngt h)
Average of 3 20 Wunds Speci mens Needle Di amet Qe o6 of 3
Bar bed Suture Di aneter Ratio* Pounds to Rupture

Wougdy of 3 0.022 inch 0.015 inch 1.47 11.9 _Secongd se
Specithiers 0. O¥eedleBiameter1 5 Babed Sutpge Biameies,t jRali” o Rupture

Firsttrégteoq'se di Yot © bar bed SyiyE g, fli amet er. 1 425 Thus, 11.9

e I"ower the ratio of surgical needle dianeter to
Secopakkast 3sutozs siclhnet er, t he®.01frehbetter t hd3cl osure 8.1

e e UL NSRS 2 Sur ot

Thus, the lower the ratio of surgical needle diameter to barbed suture diameter, then
the better the closure strength when suturing a wound closed with a surgical needle attached
to a barbed suture. In general, the thinner the surgical needle, the better the closure strength,
particularly for delicate tissues; however, for tough tissues, such as muscle and bowel, thicker
needles are preferred. Thus, what is important, regardless of whether the needle is thick or
thin or somewhere in the middle, is that the ratio of surgical needle diameter to barbed suture
diameter should be about 3:1 or less, more preferably about 2:1 or less.

Although 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



to a barbed suture. In general, the thinner the
surgical needle, the better the closure strength,
wasoiosnse@r |y for delicate tissues; however, fRCT/US20031030674
tissues, such as nuscle and 4apowel, thicker 30 needles
are preferred. Thus, what is inportant, regardl ess of
in thefagttha it itS et ingadédetol lgmit Hiecikvantiontihithe scccifeig mekhdimgntsrdisclosed.

s that the r 0 of
varif b e ptsaahs and Ao Ry B S B o° Sl qmbodiments
withSutkmSeriAlBSEepafiiprd eeaiowbl tkachiditidtand a&véihiaée@ 8Sthe invention,
Al t hough the present invention has been shown and
partigeledy itblightiof thecforagpingiteachingga Far instanesn the bartiegiguture of the present

imve P ET 00 BERHE oty LSRRt i

adheBiwEd lﬂ@&ﬁ(iﬁ/hﬁﬁﬁlfgﬁﬁe podidon 6f thBeisalel Addaidingly,iisis! ﬁﬂtbnded to cover all
intended to limt the invention to the speci fi

suchanediiFations.comipsiensosdditionsyand efydvaes 45 BaX b@amgluded within the spirit
<0 t he di scl osed
and %%%gf 91@%1{1%‘?13911 ?ﬂ {ﬂea%?é[ lgslﬁ%ar ing fromthe

novel teachings and advantages of the invention,
particularly in light of the foregoing teachings. For
i nstance, the barbed suture of the present 5 invention
can be used alone or with other closure nethods, such
as staples and/or skin adhesives, to aid in holding
the position of the tissue. Accordingly, it is
intended to cover all such nodifications, om ssions,
addi tions, and equivalents as may be included within
the spirit and scope of the invention as defined by
the follow ng clainms. WO 2004/ 030520 PCT/ US2003/ 030674
-45- CLAIMS What is clainmed is: 1. A barbed suture for
connecting human or animal tissue, said suture
conprising (a) an elongated body having a first end
and a second end and (b) a plurality of barbs
projecting 5 fromthe body, each barb facing in a

di rection and bei ng adapted for resisting novenent of
the suture, when in tissue, in an opposite direction
fromthe direction in which the barb faces, the barbs
havi ng a di sposition on the body selected fromthe
group consisting of a staggered disposition, a tw st
cut rmultiple spiral disposition, an overl appi ng

di sposition, a random disposition, and conbi nati ons
thereof. 10 2. The barbed suture according to claiml,
wherein the barbs are in a staggered disposition, a
twi st cut multiple spiral disposition, an overl apping
di sposition, or a conbination thereof, and the barbs
are all facing in a direction toward only one of the
first end and the second end. 3. The barbed suture
according to claim1, wherein the barbs are in a
staggered 15 disposition, a twist cut nultiple spiral
di sposition, an overl apping disposition, or a
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conbi nation thereof, and the barbed suture has at
| east a first barbed portion and a second barbed
WEeootioans20 wherei n t he barbs of the first portiPCI/EEE03/030674

facing in a direction towardtsonly the first end and

t he barbs of the second portion are facing in a
CLAMSction toward only the second end. 20 4. The
Wh:ﬁa}ggled sddj}sure according to claim1, wherein the

Sta 83?% di sposition includes a first set of the

banbg thebdikunadifed doyin&itiag Gdmah ot hnidB0tishagr sarBsubure Boprising (a)
second set of the barbs. 5. The barbed suture

an elgpgaediberdy Raying afisst and qndesspond ond apd Aphyeplagnlity of barbs projecting

fronf g PR 5 A AR 0 L R Ehah iR TR AR BB gpent o
the suituge, lyeitensn tissud, inhad opposirediietiornfrotnhike tiaedtion e ivhirh the barb faces,

radi al | y spaced about 120 degrees froma third set of
the hapks hayiseisfigRosition onHie Babislsticditye theraprisagistine ef atageered
. . r.ei . are in.a.tw . i
cop R L e SR P o erbfine PRbbfe o
dispesitsart, anécédmbiantémts thawofng a portion that is tw sted

fr bou to about. 17 tines r inch when the barbs
ar & 458 Bitbed sitPisscuHisedn el I Mg ihe o8 i P Eeered
dispSifed twist b'ﬁt%nulﬁﬁle%pirii@sﬂb@ﬁi‘%ﬁ%rﬁéﬂeﬁﬁﬁpiﬁ% aRp&litieh, bPa
claim1, wherein the barbs are in a tw st cut _
combmhti¢rptheregpiand thediaghsoae il dacingniad adirecion omardaslyone of the first
dsrgitﬁal i LY an(?I e a ranging fromabout 5 degrees to
end 2l lit SF8MAERFees. WO 2004/ 030520 PCT/ US2003/ 030674 -
463. §he bA®ed alitbRthcsoHIHEE 0 1610 WABrelrPthe IbaibPare invil Kedddered
_ the suture has a spirality angle a ranging from about
dispasitiry péwist £ raplgple spralqlignosision, an oveHapniag BEHoS e 08 a
- j i I ' s I
comBSGRLEA Mol BT s §05e AL W18l Bty BHAY B 8881 Eond
barbed pértiom hehdreinhielbabs off the figd portiongud taciigah Mdirectidietodiard only the
. the barbs are _in an overl apping. dispgsition such that
first epg ang the bads of ths sggﬁnéld&qtgorbgp lggqlnw cggqcﬁgn gmyvard only the second
end. OVerl apping barb and one being an overl apped barb,
‘the overl appi ng barb has an underside and the
ovér Tappadbed suthbrehwmsordmgtto phiind , whereen thastaggdred dsposition includes

. underside of the averl appi.ng barh js derived from pa
a et dhe GagfbainE BRI HEPERP R0 dsZreES (ol Bseoometof e barbs.
basbale patbbl SutBCRESHNG th@lahal Whifin ¥ %faggé}ea B{%pgﬁﬁ&?includes
are in an overlapping Tdisposition such that for at

a firdt getatf thmrbﬁp@@mi%]ampgqed@heuw@gmns bonyd sgopindhget of the barbs
o BB B LAY Rt RS B380 Fo i st ot e

barbparb cut | ength, and the overl appi ng barb and the
over | apped barb having a barb cut distance between )
t h&ém Theabanbed |seigize peeording doddim &uwheisiythe barbs [ee in a twist cut

mult@f@ rsé;?;ﬁ pcﬁéhﬁ)@ﬁirog'angﬁh& %‘a{b-gﬁesugﬁ‘é t?$ giaﬁg T 2AGERE dt‘hQrgnellitohaving a
al , erein the suture 1s nade rom a
portion that is twisted from about 2 to about 17 times per inch when the barbs are escarped
into the suture filament to make the barbed suture.

7. The barbed suture according to claim 1, wherein the barbs are in a twist cut

multiple spiral disposition and the suture has a spirality angle o ranging from about 5 degrees

to about 25 degrees.
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materi al selected fromthe group consisting of a

bi o- absorbabl e naterial, a non-absorbable material,
w@na4080520 nat i ons thereof. 13. The barbed sut uP€r/US2003/030674

according to claim12, whereig the bi o-absorbabl e

material is selected fromthe group consisting of

poBy diho)barhgdeptup@agcloaﬁng theclaipol ywhsreinl theleytugkOhas a spirality angle o

ol ycap ct one, €9 i nations thereof. 14. The
rangﬁ'%.% aé 3({?5559868? :?gegfi:eé'r m 12, wherein the
nogy: %@a%@lsﬁtﬂ@&%ohﬁhg 'tosclaﬁI?ISeﬁlE%gtufré 95§ 3 E‘ﬁﬁrﬁft? gﬁ’gle o ranging

consisting of a polyner; a netal, a netal
fronnahoutmdégr&mrtoa‘amﬂlsccbgteenatlons t hereof. 15. The

bar S re accordin o claim14, wherein the
o iflrdne arted sitonccoring hin g HAUES BoperRsiein g overlapping
Qs‘yll&iamcﬂecp?t%f ¥R sqrtwo Re d&{t%seﬂﬁe bﬂﬁ};léHrcﬁf'éfl%ﬁmg barb and one

ol yt et rafl uoroet hyl ene,” pol yethér-ester, and
bemg @rrioverdippod barfohéleexyErlamﬁng parb Anbaiusiersideaibihe overlapped barb has

conn n or.an tiss sai.d .suture
2 R %ﬁen@m P Jhe e o3t 9% SHGPRES R & S fipr part of the
topsﬁﬁ%fa]e&ﬁ,@ggﬁbegnﬁr@nd a dianeter and (b) a plurality
barbs projecting fromthe body, each barb facing in

a dily dbe bmbeéﬁlaiumeacngrdatgatpt@nﬁm vereieiedrarigare in an overlapping

vemnen |nan

cisp iR Re Bt R P aglOER efe. o Wine il SapRRRZELAS and one

beingh@r @ledapidd) bdrbeedeBrdIshé averlapp ﬂigslﬁlﬁslahdctﬁe @IVelﬁzt}ipe@@dtb having a
selectedfromthe grou conS|st|n of a staggered
barbefju feagihe p@c}]the@vpmp@mg B@rbr@mlttlpepq)\@rgppqdah)arb\bavmg a barb cut distance

benAORAARATRY ICTLARRONARUAONTAn x4 Slcspgmlaan. an

Ispositron tion, and
conbij Hﬁﬁd bﬁlﬁed h&me@faccoadldg (tblc)laltrhé MBMn Inlaa/eutare is made from a
conflguratlon sel ected fromthe g i sti.ng of

a
matefil BeIBeled 4i9g) eceTPHRGPRYSIECh B BBLAPSRRGb RGHA! aghon-absorbable
maté%?%%d%éx%bgﬁ%ﬁ%ﬁreoﬁ a barb cut depth with a ratio of
the bar

cut depth to the suture dianeter ranging from
abadt Tﬁe 0&rbtd Slabmulcccﬁrdﬁxg ta chamd 2cwhereimrife bioantishrbable material is

0 the bar b cut th toth ut.yre di anet.er
seloq G iPrthe i 430t et PoPgicdapine: Do el oielyealide
poly@hp%ﬁ%ﬁe%ﬁ*&oﬁbfrﬁhbl% @brebhe barb cut distance to the

suture dianmeter ranging fromabout 0.1 to about 6, a

codfudhe barbed swarecoerdmgdp gimdd, whengi the bar-gbiseibable material is
b
seentf g o P P DR Ry s old bln F BN SbrA i Balil er, ana

combhdticythéBat i ons thereof. 17. The barbed suture

accordl ng%tro claim 16, wherein the suture is made from
a begeuire @acardingte Iskaigr W Whewnia fthe polymeF isaselected from

e bi g?mﬂ}b S%rogﬁptkrf‘g mejger bgllyam?de[]onpcﬁpés‘fgr,batﬂo‘fypropylene, polyurethane,
polytetrafluoroethylene, polyether-ester, and combinations thereof.

16. A barbed suture for connecting human or animal tissue, said suture comprising

(a) an elongated body having a first end and a second end and a diameter and (b) a plurality

of barbs projecting from the body, each barb facing in a direction and being adapted for

resisting movement of the suture, when in tissue, in an opposite direction from the direction

in which the barb faces, wherein:
4 the barbs have a disposition on the body selected from the group

consisting of a staggered disposition, a twist cut multiple spiral
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15 material, and conbi nations thereof. 18. The barbed
suture according to claim17, wherein the

whr@4abser bable material is selected from t hep@r/osgwo3/030674
consi sting of pol ydi oxanone,47pol yl acti de,
pol ygl ycol i de, pol ycaprol actone, and conbi nati ons
t hereof . 19. difhesitherr bard oxerdappengadisprsitiony @ orapdiemn ndigposition, and
wherei n the non:ab orQﬁblq?na erial is 20 selected
fromthe groﬁ%nggﬁiggt AG of™ pol yner, a netal, a
et al alinoy, th baabsiizve of doaeiburaflbl sel6@BdP bRt theSoup consisting of a
thereof. 20. The barbed suture according to claim19,
wherein the pabywiangle Ogenging &antabom 14hdegyeasup about 175 degrees,
consi sting of

polyurethane?lﬁgg%ﬁgggs@fﬁﬁh%gz%ﬁgpgﬁﬁg¥Bﬁ?%xgﬁaﬁh‘D the suture

pol yet her - estiRinetdReh g RbMAHLANG.0% ReLAIRAE 0.628 bérb cuflength with a
barbed suture for connecting human or ani mal tissue,

sai d suture tasiopefithe harb qui)length & thegwtusel dismepjertranging from about

first end, a cond d .and i.ameter. and. (b).,a .

ol ural ity of O2arRe ot o B0 AR P T & whoaro cut disance
barb facing tdthe sdivr€afahfferanhiRefros Adapdacofalbut 6, a corrugated
resisting novenment of the suture, when in tissue, in

an opposite Bibedtdetsifes ap et batbdess. o 1past tip Ghfs aftharbs with
b.ar b f aces, \é‘ﬁb‘ﬁr & He'bvir%a gérlj sgﬁediﬁaregtsfr \fre Blarg size of the other set,
di sposition on tfe bo conprising a staggere

di sposi ti on, andewnlfihhtjorks higerbdr bs have a configuration
conprising, (i) a barb cut O angle ranging from about

1439 1 Eﬁ%gﬁeéd juwre acgqryling te, a%aangét WhIBIH DG sYtHreds g from a

e 08 P50 SOCHBRORE o

mategiad und 0odbinntorsibertof). 6, (iii) a barb cut length with

R EETRC TR SR S
selecitt! fronSh@Bfofp Whhdsti oAb B dRfxahbiR, P@l&ﬁcﬁ%@, f@i}%ﬁ}%@ﬁ@é,t g

the suture dianeter - ranges from about t'0 "about
polysapzolactond @nd eembimntiens thencolconnect i ng human or ani nal

| Ld | 8 | dy . .
hadonahs bRy e e SOTRAL R 13" Sher®fh s BREALPHaRE Hareria is
seledt®) frampthé! pup oy dtingdAapol i £kt heamildiea aeal fiber, and

each barb facing in a direction and being adapted for
combiggtiessithefeofapyvenent of the suture, when in tissue, i

an 2g.p ﬁ‘i’l%ibtaﬁ)eqi shftfed 'aQ&I%B g :{% E{%ﬁ-gd]{?r %%fegrp tﬂen%&@ﬁlgpis s%{nyéted from

barb faces, wherern arpbs have
the digsqmsi tcongistong t lvé bpelyamiiepr i Rilyagted, t wobfprepslene, polyurethane,

mul tiple spiral disposition wth a spirality angle a
Polyrﬁéﬁaépgfgetﬂw RP-A9beEhes cpisr. 488 a?mbsi,atl%ew&ﬁ?rwfy the barbs

haye 2 6aBEd LA foP R oS Bl o) ﬁ‘n:i(i%f Bue $hidbuftf28 lcBrmprisi

rangi ng from aboJ} %40 togabou? 1?%, iﬁ) a %arg cutCmprlsmg
(2) adeghorigateidtbody hazinga firfst ek absacdndcentd atelpd Hiametdarhad (b) a plurality of
barbs projecting from the body, each barb facing in a direction and being adapted for resisting
movement of the suture, when in tissue, in an opposite direction from the direction in which
the barb faces, wherein:

@ the barbs have a disposition on the body comprising a staggered disposition,

and
(I)  the barbs have a configuration comprising (i) a barb cut 6 angle ranging from

about 140° to about 175°, (ii) a barb cut depth with a ratio of the barb cut depth to the
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suture di aneter ranging fromabout 0.05 to about O.86,

(iii1) a barb cut length with a 15 ratio of the barb
wW@ei440805gt h to the suture di aneter rangi ng fr oPCHDS2003/030674

0.2 to about 2, and (iv) ad4garb cut distance with a

ratio of the barb cut distance to the suture dianeter

r anges dizroctemtrogingOiramtaboutb®0f t6 abeg. 0.6\ (idk dHearbseit Jength with a

f Orais OE nliJ]egéarE gjlp %ﬁg@l tg :]ilé a?%lgr%l)dd%rbgt%g{%hﬁ%agl @%@guteo % to about 2,

ﬁﬁp@ﬂda &6l caidstanddi v h edtiofeTahd Barbauplidtaaté t@’th@fsutu?d)di ameter
barbs projecting fromthe body, each barb facing in a

duraegftsfmmahwt@el tpbadept ed for resisting novement of

§2ms %&hgargé ﬁI% flor Fgﬁrﬁff@% h{ngﬁr‘? '35 91?1%%? tItSSJed IS?\%\IE %hiu?é" comprisin g

(a) aﬁ |e)ontgﬁl%d kb%ﬂ?fhaﬁﬁg% farsOérsp @Ssb&drﬁrbrﬂmnﬂhedlhﬂﬂ;er and (b) a plurahty of
onprising an overl appi ng di sposi tian, and 25 é
barbs preJdsHns sropuihie bady ash brip Sacimminaahifselian arfl peing adapigddor resisting
mov&ﬁ%7 Cu%u(:t‘u g\?ﬁé E}t{;]srsgénrlré ?Poﬁg?s}téﬁléfe tlﬁgﬁlgtnt ﬂ% ghreétﬁdn) in which
theuﬁﬁﬂmathEmudlaneter rangi ng fromabout 0.05 to about
0.6, (iii) a harb cut length with a ratjo of .the

cuﬁﬂ | enipetbaths hate adhrparition Paﬁhﬁladyrcgmﬁlgfarwt&ﬂbﬁwhmle spiral

P ofshSSAEHER & spipBR0ad gt b Bnitfd Broftiogtlt & AAEGIS Dl
30(1[)an gge lfaﬂﬁma&baw‘onﬁﬁ afién edipprisifg (124 bard chﬂﬂhﬁ@le ranging from
suture for connecting human or aninmal tissue, sa

suthaue lé(@fnqgrabgum@ 5°( @) adarbegus depth gutlb@ﬁsmom\thmgarh cut depth to the

first a second. end, and er_a

ol ke g PSRt PR o ARG Big Do teneth it
bafd@iof(ﬁcth@galbrbualéﬁgﬂﬂ@tth@ ButarddiRekieg r ﬁéhnfdbbut 0.2 to about 2,
resisting WO 2004/ 030520 PCT/ US2003/ 03 -49

no9ch@nk a barb chedigignesr with atietip efrthe bady it dlsﬁﬁnﬁﬁ toe Fyturediameter
dlrectl tion in which the barb faces,
whet'erht OTT%B?%}PE Q%NF 'ave a di sposition on the body
COPPI iASbired stitBRORMNcOhERAAE husan ofndimd] ltispud, Beidoarie comprlsmg

have a configuration co r|S|ng (i abarb cut Q (Ia
(2) apgigyigatpdrhogdshasing sofist angb 24 s6¢ femefer g eﬂa%a plurality of
barbg H{o&%ﬁiﬂg ?rg‘#%%hgrb%d ﬁetéilhlﬁg P r_fc{l)ér?n EPJ (lﬂre%ﬁgg q&@ BQB% Qdiﬂﬂ&l for resisting
movélinélilt)ofahds) sutbre¢ wheh @ntgshe Wintah oppositt dm:ctlbn fioen thardnrecMn in which
Ienglﬁ the suture di aneter rangi ng fromabout 0.2
?Bnland (iv) a barb cut distance with a ratio

; an% 25 ?rﬁg %a%ggﬁ%étaa fsg)o%ﬁgxb h&n .StH& Up&iydic3fptiSig an overlapping
disposition, and
(I)  the barbs have a configuration comprising (i) a barb cut 6 angle ranging from
about 140° to about 175°, (ii) a barb cut depth with a ratio of the barb cut depth to the
suture diameter ranging from about 0.05 to about 0.6, (iii) a barb cut length with a
ratio of the barb cut length to the suture diameter ranging from about 0.2 to about 2,
and (iv) a barb cut distance with a ratio of the barb cut distance to the suture diameter
ranges from about 0.1 to about 6.
24. A barbed suture for connecting human or animal tissue, said suture comprising

(a) an elongated body having a first end, a second end and a diameter and (b) a plurality of

barbs projecting from the body, each barb facing in a direction and being adapted for resisting
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movement of the suture, when in tisshe, in an opposite direction from the direction in which

the barb faces, wherein: '
) the barbs have a disposition on the body comprising a random disposition, and
(II) the barbs have a configuration comprising (i) a barb cut 0 angle ranging from
about 140° to about 175°, (ii) a barb cut depth with a ratio of the barb cut depth to the
suture diameter ranging from about 0.05 to about 0.6, (iii) a barb cut length with a
ratio of the barb cut length to the suture diameter ranging from about 0.2 to about 2,
and (iv) a barb cut distance with a ratio of the barb cut distance to the suture diameter

ranges from about 0.1 to about 6.



