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WD 2004/ 030704 PCT/ US2003/ 030664 -1 BARB

CONFI GURATI ONS FOR BARBED SUTURES TECHNI CAL FI ELD
wdQabeog/08aTo£nt i on rel ates, in general, to a bar bedI/E81003/@30664

useful for connecting bodily 5 tissue in various

surgical contexts, and nore particularly, to the

optim zation of the disposldtion and/or configuration

of the barbs on such barbed sutures. BACKGROUND OF THE

I NVENTI @A RBr¢ ONF16UTUA THONFTHOR B3\ RBEDSUTURES ur es

have been used in the past for closing or 10 binding

toget her wounds in human or animal tissue, such as

skin, nuscles, tend M rgans, nerves,

bl ood vessels, and t eer?ﬁtﬁghgyngpeC|flcalIy, t he

s Thigenventay relstes,an genegil ctala barteddhairevitefuldnr edmectingdbodily

conventi onal . suture ich can.b nooth . .
tssue SRMFTNS SiHBHHa G e, 2 Mg RTCYaRy o R getin gl dhe
dispodifiéh dFsienabiShinRbEhY baBs ORRRH HbdiasieLf the wound
and thus sew the wound cl osed. Wether the wound is
accidental or surgical, loop stitching is the nethod

15 often used i ds. The

sur gi cal needpéiﬁgéﬁﬁﬁﬁhﬁ(igbggygﬁgﬁﬁﬁgﬁgﬂ of the

S Wiakibgs s 8 cdlirBdhods)epl@)ihy sibieh hadte BeRASbed 1|ﬁrtE@‘past for closing or
overhand throws to forma knot. As is well known,

bindinggagesheriverwads sUuRBsOTERIA disgie, pitsh-as5kior Batles, tardens, ytemal
| 0
organg AN e bl tesei b e G XEGESpec ANy PHORHEEF mad e a surgica
needlcgtv)zth ah iattached domhym&fl Sut&iﬂ%ﬂﬂn(ﬁayﬂierasnwotﬂ mohofilamenttbr can be
nmers and cqpol yners. Since the ti of thejr
a mul@ éﬂ@’éﬁm T&rPlefB%\F‘Bé&S‘éiﬁliﬁF@ée Y G Pewsgrgefa@fé:%ﬁ%q W9urtdr andi{pus sew
the wOHIR:10s8B! 8Fhahsr BS wolhY %QJC&IQ&%I &%h{%‘i&ﬁ lo%ﬁé’tﬁclﬁflé &t88 method
numer ous advant ages over closin
often uwﬂvmpml@lﬂnafor sutfapeesounds. b"élnd:muiglsaltma@le iishen dagoved and the ends

on bod; hat . h e or r aced bar
of the Pt Fr I SO O HEenS B brdRire RS v h By
| aRgd Q'ell khewRaoRsertfoRal sBfurénaa beod ndhlabyrPasSAGRHal such as
the barbed suture in one direction t hrough ti ssue but

silk, nytosi, pelyesernpelgprionylend, or hettdyapbesn bauafibie-abserpdpée material such as
glycoﬁ)c,p g 93 b %Irsr n%tcog%m-le-psuosr lacttla Qe o[fol\élﬁgr\é %H& ?gggol%jeljgar bed

ur es Peeh e prov
asirck et tﬁne étmefrdbmgawon kbafﬂéﬂ duﬁllﬁsuwﬁ&hd@e féeralljaf ehd ame
be knotted, |ike conventjonal sutures. Like a

materiliyAs SRRY SN an2lstiigisehavs qiterasnpmacioy %ivawagewq Flegipg gunds
with dﬁﬂ%&t@hﬁ%ﬂﬁlrﬁ '.A] g, 1?5% %%Q@gu%@ eclgle?on E@H b'oE? HRAPASs one or more

at ent canpb describes an
spaceé bmlbgawmdl payjatt from th8 Bodyeswirfage hlong thefHodyAengtin eTlee bdrles are

as a bod ortion and.sharp-edge resj.lient .
arrang) a0 pEFRER SR PHbIA MR AP Qrechin drolgiissus Bt resist
moveBhtefiteEbdiBed Hifurb e opp&ite WiLEEbrS UPHHs Sthe Mhid&dvaRASS 8flbarbed

through tissue in one direction, but resists novenent

sutures hag brendhpprovistondifragenistip attribute. Accordingly, barbed sutures do not

have to be knotted, like conventional sutures. Like a conventional suture, a barbed suture
may be inserted into tissue using a surgical needle.

For instance, U.S. Patent No. 3,123,077 to Alcamo describes an elongated 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.
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WO 2004/ 030704 PCT/ US2003/ 030664 -2 Sutures with
bar bs di sposed in a bi-directional arrangenent, also
w@ adosmsb7doubl e- armed sutures, are shown in U BCT/P§10651030664
No. 5,931,855 to Buncke and U.S. Patent No. 6,241, 747
to Ruff. Mre particularly, the suture has barbs
facing toward one end of thg suture for about half
the suture length and barbs facing in the opposite
diSoecdsi vaith bm'hadﬂpmdeé iro4 hiedirestidna fartahgeniens, il sor aalliéd dodlie-armed

sotury 6RO D BEoni Va7 o Mandbh 30 SCBlF v 6241747 o

Ruft. 9612 pARABEH] YR BHEER LARAS fhdin RARIA Bl b OF thESuhte8F about

and second es of a wound. Such bi-directional
half theesubud lengthuenedartstfacing in the eppczspe dira¢tion tewntdahé etheoend of the

suturol e e SR o P ol P B0 o P At bR B Bl Byt e n

the saeldirekiiGt ds@ch RAPSotivé Quite énﬂtlﬁfrﬁéﬂted intoHE ﬁ@s@ @hd second sides of a
Publ i shed Pat ent ‘EI i cation . 075,843 Al to

woundu Puheitdireetienad babreh sithsy notmnby arerﬁ:epiecraélyrsuaalgle for cmmg
f PCT/ RU99/ 0026 | i sh WD 00/ 516
wounfE Sl CAMESTLBLARLORA i H91BL o0 3561 SRR

togethdr with3@8ded MWop&h shovvs conr cal barbs arranged
se (}uentlall al ong the length of a thread and
g

[ dnfersel i Fugpngpn Eeblissed Bypusirrdicptéon Nat1.615,84%A1 1 ead
h
Solarfi 5% B4 Ml P LR T, B8 sy P bozes
(publmlmdeaséHO 00851458. onl&pernbef\& 20808 P pBHGORL BATF373T IMarch 3,
pat e shows .an. insertio devi.ce t hat usef ul for

19990 SRR b o GrBB g Bt eI GREPRS BedsRidi o Ueignd
onentﬂi‘f’h 4 Bis&kibh 8PpoHe b Bfit Bfe thrldh@n, Qﬁglythg Qfstarn%§ SétWeQISJ barbs

bar bed suture and preferably also has a
bemgmat:less than &. 5rtHn¢S|db¢ tir¢addighietthe devi ce by t he sur geon

panil EGHTE URebaSunD> SCRAPEE BURHTo et Facha igfeerton

devicé that Waesrubryr Posifiasihp @ barbed! lsrﬁtﬁfétrh QR PP OIS WBuAdIEThe insertion
direction of insertion. Such sutures wth barbs

devicohgsasiihgat lrréiy far reseitvingrp rbadrpybire.iand psaferablysdsostrewrhandle to
famhtat%?r?an%ﬁhl of tl%@gev%ei@ tﬁec’ %rg Th%I 1l15e9§<5 LAl geicogxmended

|ca I ons oné ere are | ncorpora

for usbyvnlheaf lﬁﬂﬂﬁiﬂkmtura Whegatae purertpoationisimiSinkdited 1ﬁcludes barbs facing a
. ponofil anent, defendln on the barb cut d@g reduces
directioReopgpsedite Hhe ditaciion ahiapgrion $léahgwwr%ﬁ Wik bR oRRGSEIE G

dlrectﬁ%dfﬁﬁseﬁioﬁrﬁé ko bifo i‘ﬁr? > Ru wever, the straight

pull tensile strengt ed suture shoul d be

cdl hp diselpsures ofall patentsramd patat applidationss mentipinhd béreare incorporated
b fconventl onal suture (a non-barbed suture) in
YICIEBGY dance with the United States Pharnmcopoeia since

f @kdadprBetiof GRIY Bith laQRGofiFdtidhE QR péith £6n thdbart Qut @8pth, reduces
knotted and 30 nust neet a m ni num knot pull tensile

the strgighbpigl tepsibosiipnsthrsinee the effpgime sufurgtdiameteiin decraafedt blowever,
the straight pull tensile strength of a barbed suture should be compared to the minimum knot

pull strength of a conventional suture (a non-barbed suture) in accordance with the United
States Pharmacopoeia since failure of conventional sutures (which have to be knotted and
must meet a minimum knot pull tensile strength) occurs most frequently at the knot due to

increased local stress.
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i ncreased | ocal stress. WD 2004/ 030704

PCT/ US2003/ 030664 -3 To optim ze the performance of a
wharobesh7sut ure, it i s advantageous to consi der PC/HF300310B0664

the barb geonmetry (barb cut angle, barb cut depth,

barb cut |ength, barb cut distance, etc.) and/or the

spatial arrangenent of the.barbs. This should not only

enhance the tensile strength of a barbed suture, but

airs @ptimaidl the petfianancd éte wibdd suyurefit i@ abedngdoasoluodsider

hol d| ng 5 and mai ntai ni ngl‘_tqui wound_ edges _together. Unlike
varyingdhe baibizepraetry (hath e anglei easb pricdsathy barbicyhlengidy basbcpidistance,

etc.) apalol‘ E’l% sb&?ag %gax?%ﬁ%ﬁgoistﬂg Bél%g ?ﬂﬂ sﬁ&]ﬁ& 26 (ﬂ'lﬂ/ 1;11%‘13‘106 the tensile

ensi on € escarpe ure engt

streng€VE&i arbddosugure it kleo ghduld Efance thenbilityef albapedsitinerin holding
and/ or the confi %ur ation of the barrs shoul d
and mawiaiwng woupd pegrs fogeticr o Yalke sRVeRY ?‘Wéfﬁ%s‘%hlﬁjlf Plapgtensions

dlrectlg/ﬁag’tlgq{n%?sdbacrﬂéélg uteBca éa’ﬁ' it B tE ‘?orﬂﬁlnﬁé g e§$a§§‘é@&ﬁ1ﬁ1r€

mninTzing the gap ormatlon along t
lengthe dfi@sevehly altve thaidneth. | Gppaizingthé dispysitiemafd/aith¢ cdndiguration of

tin ealin such n bar ut ur es
the be eGP e P Eairdhe BN D DS gt red sttt
maxirhi@Rg 18 holdink SUERALR afld R ARi2iRE HRf a? ifSrediBion %Rﬂgﬁﬁ‘é Roluft edges.

mni'm ze scarring, due to the se retaining benefits
The latuwpargaactubtylyth@eefnaatlkfgr proetingwobad bedingut ur es woul d be

eci al, | sfl'n ur rleswheremn
5 pikg e R sab Po MOLBEIR R R e B B Py priee
tensinBiHevﬁ@e dibtoitibnoftigQlel &5d Nﬂlﬁfcﬁmﬁﬁﬂl@z@ sb@nhg rﬂde&d thesdetiretaining
as endoscopl C sur y or mcrosurgery. SUMVARY OF THE
benefitn\ymartEORY %eymevwbaéb e WOH( ba esrsaialy dve b

surge s%e?g H’].Fﬁ Hﬁ%art o? Ec:sagr?r&p%(fltr%&gnbéjm z%rcoFﬁQﬁ@RJr%erg ac? well as

ssue Fises an ongat e

in surfaies Wheee dpacesis lﬁmd:dand:has Eﬁ)dcsemmn shrgery.or 'ﬁheroblmgb@d
suture further conprises a plurality of barbs

projecting fromthe body. Each barb is adapted for
enabl i ng the bahefARYVOT TRAE RV ENTIOXEM™ENt, When in

tissue, in the direction that is opposite fromthe
diAceatlingty, ithe prhseahinvh@ionaevidésac egbedihigure far dvadeungdnugian or

. rther, c rises the barbs ' [ d th
animaj 540 TLE BB S viepauiats o1 Qe st hedy By e & st end ARG
second eBPOBhd beeaed @tﬁrwﬂf@the@ dbmPHbesiap| &aBiyi of Blarbd ipSdiOctirel fédin the
an over | appin 25 disposition, a random di sposition,

body. déachdnatii mﬂam%fqrﬁeahémg thebarbechatuse dytpsiseapovement, when in

t1ssued1nstf1)é) 81r(%ct189 that hsﬁgpé)\%lf%frgﬁtthé%féch% f &15 Icé Sljéast b?.rb facest r’]l" he

barbed® Qtitbﬁe fnﬁheraioknﬂmeesf the bads being ﬁd;powdy)nahkebcﬁtfy inhedi§posiion selected
and second ends. Alternatively, t he barbed suture may
from gfpgeesgd dienastion, ¢ FWléft c% SRR sBif dizpasiighdn PSFHIRFHE

dispo i, S oo e econd 30 por (1 on-

aFer fileec islnggdrﬁ!/vdrsgoshhm Stbe dawibt exed multiple spiral disposition, and/or the
overlapping disposition, the barbs may all be facing toward only one of the first and second
ends. Alternatively, the barbed suture may have at least a first portion and a second portion,
where the barbs of the first portion are facing toward the first end and the barbs of the second
portion are facing toward the second end.

Also, in an alternative embodiment, the present invention provides a barbed suture for

connecting human or animal tissue, where the suture comprises an elongated body having a
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Also, in an alternative enbodi nent, the present
i nvention provides a barbed suture for connecting
whova030n4 ani mal tissue, where the suture conpPCBHES20831030664

el ongat ed body having a WO 2004/ 030704
PCT/ US2003/ 030664 -4 first end and a second end. The
suture further conprises a-flurality of barbs
projecting from the body. Each barb is adapted for

first endhand a segondhends UThe sitdre furéer sotmpmses apihiralitytod batbls@rojecting from

suture js. .in tissue, the direction that is
the bogfyp Sash Bith ipAHapisd 08 SrebRn e IRD TR ARR e whep dhe suture i

in tisshd), G tRMiRCRor Hal FQ@PSM‘*& &R &Ifeeu&ﬁmema@mangmﬁ faces. The
configuration se ed froma barb cut angle
suturer farthemrognfprices thb duitbs hdting e goeftguratmnadstrated ¥thn d bg:rbams angle 0

_barb cut deﬁth wWth aratio of cut depth %\o sutur
ranging; f5or pReut 4R graiges foabPabliddegress ayhgrb i dED® i th aTasigrag out
h
depth QAL UG e T SioufD.0F Wl B Ol DAY L R B with g o
of cutdersgtlatvcsmtwe ﬂtan&:terrrauglmg fomabbutd). 3 taatoat 2,0&1 sanrb gutadistance with a
ter rangi ng from about
rato s Ggaretio ey e s ediegn abfudel Bty Gg oppeaed
under§ifie, GARRIAR BRES/atIRE §9Es, od&brifhatione tHedott cut nultiple
spi ral dlsp03|t|on the barbed suture preferably has a
sﬁ‘pr ahd tyisk cah glmétlplan@mag dispesitiemoilie Barbksyselwss preferably has a
. 5 de the over ng disposition, it
spiralfig O fgfitaice SRR 1567 PHE A e (RRFEE ar e
d%pwgvm&gﬁﬂﬁg@s\f@éﬂ aPSs LRAnOHe at 1BMEItRG adjacent barbs are
escar pnent arbs, the overlapping is created
dispogegl vehasaphe pivertaps theethow eDluapgu esngriveen of s bajbs Shappertipping is

create{inbeyo Sf,hetf ébtgegl%g%‘?% a &ggg&%'%@lg’en?gf’ Jﬁg C%getd g\g? ?he*op%x&lb of another

adjacdr@siktsi€i.@f tHen @verﬁi\pgédl RN ah@risb Geclasms, l@dxfttofofhet td@side of the
under si de of the overlapping barb, and so on. Thus

overlqgpedh barb fhscerpesy pagipfi theyu egs‘j@%pﬁth%ﬁver{@@qg&haga @pd so on. Thus, with

the ogévre??ﬂgedlg&%%ﬁ?n g Sg@vtgﬁ ?tgéd%?lﬂ%ﬁ%ﬁ %U:b %ﬁlggltng barb and the
overldppad) binrbofla}olveeaiﬂoalppﬁﬂn sleciontl chiclehgth wh eveadpped sevoge basbalvhereas,

i g5l G Bt 0a0 U TELRATY G GEIRNCB Bepi5=3 P49 Pkt Hparb ot leng.

SR Ekher  SALRAAEAN e PUERA! RRCRIAN AR PR suture for
suture for connecting hurran or animal “tissue in
connectngihvatanoor wninhal atissue gncedeBawlnewmmersyrglh@ needle where the

i nation c ses a bed sut ur ac

comb{iich EhbrRgs §ibaTPedREL RO G RS eaf 1A s o sqmeries o
pluramer&a)aﬂfsomefétcnﬂg fioh® B dbnghted Pt hatiagdya ﬂ@v eN@ add fal de8énd end.

end and a second end. Each barb is adapted for
Each barhis pénptadiier suabling thesutersite resinb pravement, whem thepseiture is in tissue,
in thesdi'xteg{lc?r% {h§1¥ r#g%?eufg?lpgtg% P{)}en&flaﬁ 11\%1\%?%} hapliﬁrg qg's S The ratlo of the
surowﬁhﬂeerd&t diemefer tdthe saturg tinaletar@ectbrablyi iaabd@r3: 1 or Iebe Su1tably, any

uture dianeter prefera(}tﬂ%}e/]r is about 3:1 or le f

of the gy harbgd guturss descabederp maybesiagicd te asueig! needle.

descri bed here may be attached to a surgical needle.

BRI EF DESCRI PTI ON OF THE DRAW NGS

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1A is a side view of one embodiment of the present invention, showing a
barbed suture with barbs disposed in a 180 degree staggered spacing;
FIGURE 1B is a sectional view along line 1B — 1B of the barbed suture in Figure 1A;
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30 FIGURE 1A is a side view of one enbodi nent of the
present invention, showng a barbed suture with barbs
wale@posed i n a 180 degree staggered spaci ng; FPQUBRR00IB30664

is a sectional view along line 113 -1B of the barbed
suture in Figure A, WO 2004/ 030704 PCT/ US2003/ 030664
-5 FIGURE 2A is a side view-of another enbodi nent of
the present invention, showing a barbed suture that
| BIGUREI2 et W‘l'lewﬁof bndiberembdidEpas efithepresedBaveltign eshowing
st agger ed spaci ng FIGURE 2B is a, sectional view

a barbaqi étﬁgrq thafds BdlIeCZan%ifWIE}h@ﬂbsaﬁhE%He%H’t 3,180 dagran; siapgered Apacing;

f h

R b AP L RO SRR i 20

bHIGiSRHIﬂDQSaGSi’dd view of 2fbthegneedahan gé thedraspacinmgition, showing
E 3B is a sectional _view al on% |ine 3B - 3B of

a barb@ﬁ éutBrzi’r%’élangﬁ diseosed ikp 2 degige SlageredriRadingi s a si de
EﬁWJ'RE @ﬁta@%%tlcgﬁgﬁgwmfg 10fe 351€ 3B B BarbddVilir 'Hf'Fl gure 3A;

OW ng a bar uture that is bi-directional wth
bEI(E)@REi@pmsaeﬂdd view of aﬁbtﬂtﬂgmdmdsnag g»é t@@raaatmmgmon showmg

oot 5 B RS 05 e soscing

SFISUREM Rfa RORIHAETieRHRMD ITRMB OUBIIehd B @8R Yuture in Figure 4A;
i nvention, showing a barbed suture with barbs

d F@HBEcﬁA is asidenview of apothen emlmden@ﬁpf Hie piesspoigivention; showing
t | | B of
o bartpy SO, B bEHT PRSI TR L LR ORE el BipBiod” e

VEEURURE sBWRtaheetiaabodiviidis 1afe e SBrofsigybarbetvemire @nFigure 5A;
showi n a barbed suture that is bi-directional with
bEIBURY; &pissetds vey of gnetherurbadiment sf deqsesent inyention, showing

= bart SR R b ool B, SRR DR (VRN g
dxspomﬁora sectional side view of a bar bed suture, which is
di I th . barbs dis
i) B e b D e e o o
FF%‘U RECAA is Pdktibildl Sigk R&R\E&f d BhrBdl fAlral r\glﬁgh sasildieBiordPwith

GQJRE 7B 1s the sectional side view as illustrated in
barbs lansgused i Atwisticutmonltipledpaml dlispobitiop &idle the artegrsutineindZgirs 6A,
b “ ) asure nt oftthe cut di stance between the barbs;

ut illgg af%nsanleg s & ew of anot her embodi ment of t he

PRRSERE THERE bfiond RNV & ilRENEinTE e T AVblirobaddand
in a randomdisposition; FIGURE 9 is a Sectional side

clampgil gmalign the bethe foranensaiement ofdhe eweligsanes datween jmbarbs,

Zlgléﬂﬁ‘ﬂ Q% aasnPea\/ Q\%%{ E}éﬁgtﬂ& er 0 gﬂ&lt %‘f' %FQEE %ﬂvé})tlon showing a

corrugated or serra

barbed e@ttifeORiah bads fpeindwe diipewitiamot her enbodi ment of the

present _invention, show ng a barbed suture havin
b ﬂ@U&Et%mérﬁegtg%}ﬁlge BE¥ another embodiment of the presen 1nvent10n

showing a barbed suture having a barb with a corrugated or serrated underside;
FIGURE 10A is a sectional perspective view another embodiment of the present
invention, showing a barbed suture having a barb with an arcuate base;
FIGURE 10B is a sectional top plan view of the barbed suture in Figure 10A;
FIGURE 10C is a cross-sectional view along line 10C — 10C of Figure 10B;
FIGURE 10D is a cross-sectional view along line 10D — 10D of Figure 10B;
FIGURE 11 is a sectional side view of another embodiment of the present invention,

showing a barbed suture with barbs of various sizes;
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FIGURE | OB is a sectional top plan view of the barbed

suture in Figure 1OA;, FIGQJURE IOC is a cross-sectional
wo@woai7ong |ine 10C - 10OC of Figure 10B; 30 PCTBURHE03/030664

10D is a cross-sectional view along line 10D - 1 COD of

Figure 10B; FIGURE 11 is a sectional side view of

anot her enbodi nent of the pmwesent invention, show ng a

barbed suture with barbs of various sizes; WO

2 GUREOTIH i RSS20 DersPafio b 4iew & dnbBREMBEAmesit & the present
sectional perspective view of another enbodi nent of

inventipa, ShPWHEER barbe sre stith bapsin ap oxenpPBeHisnesiios; wi t h
b . v . i SRRl . .
BT 0 SRR e RIS o Ryl P e
of Figfre 1D&; suture of Figure 12A; 5 FIGURE 12 Cis a plan

i f portion of bs. of _Fi 12B; _FI GURE
VBt | 2R B2 lealiar s geimpRion oS as BB IS Hlgur e 12G
aﬁﬂGﬁl@%iﬂﬂ?é e Ji\%ﬁ’ aldmtSined e-éﬁb%? BN YR 2OURd

sur gi cal needl es, ere a bar suture 1s attached

t FIGARESS 1341 188, 13€ eatidd 3D1hoBERCRIFPTUrgiNal rkedies.edhdien barbed

the term "wouynd" neans,a surgical incision, cut,
Sutur??@é?&le%ﬁ?a eg\‘/‘g‘g‘ﬁne?qlgsue or acci dental wound in

human or ani mal skin or other human or animal bodily

tissue, or other condition in a human or ani mal where

suturing, stapling, orDESRIPIION anot her tissue

copn L0 evice.my .he required...15 A so as used
o DREl 09, B8 YorkP g b B sl g e gpvered
tissud 6, actidefiaiegoiidGh hagan SKhiimaf ein of BEH RumBs i MM PRy tissue,
organs, nerves, or blood vessels, or fibrous tissues
or othe; gpndidon ingrhywiag Qsranima) athsrr Biuss Haplene, of te usephynother tissue

N iy .here generally includes, but is not
com SORUERES iy S < oo oLyl vies, bt

ymers, copolynmers (such as bl ock,
grébe as usad dem tederal tTtassumdtinglgdesopaliynarla)ited0, tissues such as
. terpolyners, et cetera, and blends and nodifications
skin, %ﬂ}ﬁe"?%% bopg; myselen®isans. pryes. OF 20d p6Etsgitepriilypug fissues such as
tendon§6} M&Encakd pPoOssible structures of the material. These
structures include, but are not limted to,
i dorovdrcthe sormdipotyaudri’ a5 used dereagedenally ynoietes, s is not limited to,

Al t hough the sutures e, described belaow in. a
homegplyARHY Bopel e Gishis BloFk SR i PRdmAT Qlsudlingeopplypers)
terpolyfiRrs bt dei@ s, /8 Wlchda be@mdaMRafoRQRerEofl FkBEMEdOSEe term

sectional shape that could 25 increase the surface

“polygeeashal dndluge alk nagsiblerstraictugas il theomaterialy Adiesrastivsturet inelnde, but
e ARG ARG, R Mgl 0 0L

t rp@ngh the sutures are described below in a preferred embodiment with a circular
cross section, the sutures could also have a non-circular cross sectional shape that could
increase the surface area and facilitate the formation of the barbs. Other cross sectional
shapes may include, but are not limited to, oval, triangle, square, parallelepiped, trapezoid,
rhomboid, pentagon, hexagon, cruciform, and the like. Typically, barbs are cut into a
polymeric filament that has been formed by extrusion using a die with a circular cross
section, and thus, the cross section of the filament will be circular, as that is what results

during such extrusion. However, extrusion dies can be custom made with any desired cross-

sectional shape.
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rhonboi d, pentagon, hexagon, cruciform and the Iike.
Typically, barbs are cut into a polyneric filanent
W0 bai/obirs4 been formed by extrusion using a di eP@I/UB2083/030664

circular cross section, and thus, the cross section
of the filament will be circular, as that is what
results 30 during such extr{isi on. However, extrusion
di es can be custom made with any desired cross-
s @t niad teﬁhé’fﬂﬁme\ﬂr) 200584 (BBﬁ'dﬁ)AlteFfﬁEd WS2603(he 3 Sbrse-ldngth of
Hence, the term "di anet as used_here is intended to

the crigs-sRCt e re2Eess of %‘ethéhéﬁ Q56 SeGHRR iG1Es8dar O seme pther shape.

r &YRLEL @5Sne? M}%@ eﬁtnﬂé sﬁfu?éssde%?dea‘%gor {nﬁg k&i4k HonPibout

some ot her §£ape tabl e dianeters
0.001limmeo nbwme 1stny) amlsofot&mme; the dlaheltermayet;e framgbodtrOodih @mhotietabout

0.9 0 HaPT o6 AL i TRBOHEY £ S 0 VPR b GRI TEect Fgfh about
0.01 AROBLbO QLS nfi TR RRGMIOF gue%ufﬁ?é céﬂ"‘@ar%ﬁg;&éhﬁln nas%%rﬁffactors

ranges from about 0701 mmto about | engt h
such asfthe leagthandfos depth of reywolepldn b nlpserdh thretype af tlisac tobesjoined, the

. as the | ta/ordet
tocaig BEE i HIER B Pt SEiDe i e PRt i ghout
30 cofimdrb parveuiafly fidRfladdae2 kinks abditP2Gad. suture | engths

range fromabout 1 cmto about 30 cm nore

paiheitatisaplagedred mangb stageaingmas ysesdwsir inzplagan toyde Pisposition of
barbs o‘ﬁ A Rruré El%qgtt%h&edd d;ogu'?e%n t?&t ¥de gas %ﬁea‘é?ﬁx% &?{ i ﬂgnoasrtkéat are

€It 1 on to 'on o on a su
offseti Wut}emd@ﬂ:t tooeaok athet, hﬂieré the fBstiserie al@seddbndiedatally\wa tiedusure and

are set with resp ect to each ot her,

f bs th
the Sf\?ﬂecf %E tS??élgf*? gceﬂg%quriv o the segre ngq RlaRf PRAPNGIGHArig, e suture
and cﬁtﬁh ﬁnﬁ/@gell)ﬁthﬁ)ugﬁ ‘ﬁ%ttﬁ@ tnd ﬁltéﬂécgﬂgﬁl el FARObA é‘ﬁérﬁ Ak RE first set

he sutu Gt 'a plane perpendicular to the suture
will nahnhtar&etCt thadpase afreshaeh sbthg stdondueth t he suture and

EE e 5 DS S LR 050 BB

dlspoﬁ?&it Déf)@ﬁdlﬁa bR $hhRh8&d edd BB 0F IR taXellshiike, DHFtls 3¢ Qifffent sizes
the suture body on which the barbs are di sposed.

may h@eqmi@lyerdg I gemehiel lameeé hadd asrdomgsuitafle fargoipimatredain types of
tissue sl&% erlsaqat B?Sél? é)re : P 155 geg)r% ghe nct)s;ther all}d rgaé%z}lfére P%EP Jla oyrﬁﬁgrﬁ dhi?able for

_]omm(gefdﬁealtypet;)bpﬁ@‘su@fsuclﬁ hS&dRgEGsaEsdual tissue or soft
ti ssue. On the other hand, snumller barbs are nore

s disenedeaboye, bagped spRTergnet Premads, e thy samesagrials wesd fas
mahr%édn@&ﬁfbngﬂgﬁﬁ sﬁtln% u%ngi%rtﬁﬁfa?ﬁ’h&?ﬁ’ﬁﬁte ?Pﬂ%ﬁe B4t éJc{ s%%ure
y be made

materi al s use
depencle ou et stengih ahddkaxﬁmlitwmuremaytspartl cul ar chosen

eri al t he rbed sut ends, on th
R gty PR TR ey AL et Aea: & pgrabsotbable materia that
allow$ BRGufur& &) de)grad@ ahB ets3y be ﬁl?s%rﬁéﬁ%v@@tnfn@ iATB thef iR & the wound
bi o- absorbable material that 25 allows the suture to

heals.d&gnexaléy, ftabsorhnbieomigerialp wm@dnm end depending onttheparticular
ti SSU&8Shd he vg)ynd o
polymer s¢lected, the degradation time in the wound ranges from about 1 month to over 24

months. The use of bio-absorbable materials eliminates the necessity of removing the sutures
from the patient.

Various bio-absorbable polymers include, but are not limited to, polydioxanone,
polylactide, polyglycolide, polycaprolactone, and copolymers thereof. Commercially

available examples are polydioxanone (sold as PDS II, a trade name used by Ethicon for
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heal s. Generally, bio-absorbable naterials are
pol yneric, and depending on the particular polyner
W@ eleosi4 t he degradation tinme in the wound rBEIES2003/030664
fromabout 1 nonth to over 24 nonths. The use of
bi o- absorbable materials elimnates the necessity of
renmoving the sutures from-§he patient. 30 Various
bi o- absor babl e pol ynmers include, but are not limted
selling surgicel spdirex) acupokymer b hl;duaév Yoodycahidt wod glomit 38%, trimethylene
pol ycapral act one, and copol yners thereof. Commercially

carbonaje [ OLAsMAXINPe 3 trafem EF%frt%fﬁgFFbﬁ@ePé%ﬂ Gyananpeépr spreical

suture@c%ﬁ%g%@ﬁ%sﬁ%ggut%félg ﬁ?l?{]égaﬁlgulr)éé{?c%%oé@?glg&gye (sold as

MONOURY V®E4 tradenddiR wdgiferdd @ JohaddndR Jamtkon lﬁ@iﬁunﬁé’é’/and suture
trinmet hgl ene carbonate :sol d as MAXON(r), a trademark

needlgsp gBatbed sefures rmdérftoelaw ahfoebablsymaigrigls ez useful in a wide range
s), and copol ymer of about 75% gl ycol i de and
OfaMﬁ%gt@ﬁ2596caprolactone (sold as MONCCRYL(r), a

t Mdﬁfmaﬂy,rtﬁﬂjeats&fu%i rhay bbabrRsahfrémbotuonsabiofbable sudteriat,Swhich
and suture needl es). Barbed sutures_made from such

may bgiaRoAa’y §a15h gobymesy inglude. pupatg it limited) toy PRIYREODY leRgePolyamide

o PR, A0S AR L chec e e

PET), qn»llyyetefrﬂuoﬁm}iyl@ml (punhras ek panided polytnmaflaowemgtenh i abbtesz'chted here as
al pyl en | yam de = (al so _known n)
ePTF%B’P%@@é C?%ﬁ&%i’?'ﬁﬁ?‘@twﬁé% -aster 63yeh RS BP buteStef Which is the

condeFBRER SR TBSAREE ok PR AL PUURTRRL BN ETRe), v
1,4-bﬂtaredlcﬂsandeﬂiﬁétﬁsanafkstedi tly bavisdt Eeeals aﬁR' UBX (@ uygical, companies
such olyb ester, ich is

ownel By S s HE he B AL Hrchisrdrpmt SEF?{‘Pﬂt tgﬁé?eﬁcan
Cyanégﬁgféﬁ%&%@tsnxﬁ&@ Sor gﬂ%’[et%n\éc glt(gr%gigﬁly%trl]lg ngg—ta%&%gék% material

I'S narket
may bBungjalaalg,, smhpmanabslloysvmmﬂaltfybeTY@ 2., sillp dettort, leecatamk and the like.

AT B bl sfeams i pised Bl i OSTH B Cy vl their ends being

pointdAUnAYb ST mﬁkﬁﬁrsﬂﬁtcﬁéﬁﬂl_y)étlfftt@ U @Otﬂﬁ%fr@%ﬁhﬁ‘e It is
material may be netal (e’g., steel), netal alloys,

contemakamdahatfth@grds(oé the. bartyid| sntur@gnawmmmuse@@l@@l needdel Inhibis
L.l ke ) f the barbed sutures dis ed bel ow ar e

embofi s e WAl R G oo BRI R 4F BT Suoing Chine

wrappi, hest sﬁf‘mﬁng&ir@ybl@i thedalifnig @b eetsuyeisdl intédlé Corahdetivnfiafo tissue.
piercing tissue. It is contenplated that the ends of

t Wétappend pysimagingds way dessiped and is tynicadlyasromplished by jngerting
the subt én o &1%’%8 C(%‘f e Jl’ﬂﬁe bar ﬂq&%ﬁhﬂ{aﬁy 'd\rj\slpagﬁpatt Bk %@; f the

attac rrent y swagl ng, anne
surgicahmdedlel (ng.lallgrth@ly’(ﬂb ahs hden dﬁ'ﬁéd]g)ngmudlhm}smtcgmrmadndmédﬁl reedle),

far insertign into tissu t achnment swagj ng i s
fOHO“(Iéél bY HERipg %«itanﬁ 3§’°WE? B%ﬂ%ﬁ%/héﬁ () ﬁ‘ﬁF ﬁéﬁ%‘f‘g&? sdcured to the
surglc'aﬂ%%ﬁfe' o8 ms&tﬁ%n $Hb WE&ie€Ndsd, Bb:Re EliBicaIHBURR kwlfheael@hgltudinal hole

hole that is longitudinally dispoSed at one end t he

in one end are heat-shrinkable tubes that are heat shrunk after insertion of the suture in order
to attach the suture to the surgical needle. Additionally, some surgical needles have a
channel or trough at one end, and the suture is laid in the trough, followed by wrapping to
secure the suture to the surgical needle. Surgical needles with a conventional eyelet type of

hole transversely disposed in one end of the surgical needle could also be used, but are not

preferred for barbed sutures. For the present invention, part of the discussion below regards
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surgical needle (usually the hole has been drilled
longitudinally into one end of the needle), 25
wo odososeo4 by crinping the resultant about the PERUSM03/030664

hole so that the suture is secured to the surgical

needl e for insertion into tissue. Al so, sone surgical

needles wth a | ongitudinal9hole in one end are

heat - shri nkabl e tubes that are heat shrunk after
surgidalge@les 8Wagdd w1l babtdfitules) buk de¢ cont@nplbledciint bh oshst suitable

to the surgical needle. Add| tionally, sone surgical
meanyefeafiaaking acedles cah HasEIPIQYEL r ough at one end, and the

0
S0viEfinbid of Rl Aglch iR s [ los RS 1y LR 86, 3 81,307

Borysﬂkte edISe Bateh Mo.25,@3063d IKunhbfeVed. PatehyNe. H102,418 © Granger et al.,
ransverselé di sposed i n. one end of th sur

U.S. TRRG. 5aapd1 hkabrmecital, Uk bagrevmoy 0 U empresbpt ol
U.S. PRGRRD. §4bY 08F 10 €6fii émgjs g\ﬁggg\r ) gbgagg@@o ERBYds Ph1RE Us.

I ScCussion bel ow regar
Patenﬂ@a/wﬁmw DID6H4Es et-D. mmgho@formlaaaemm:faamgﬁduxgxaahneedles is

$ ture 0 ted that er.
descriBes aSo PHRRGNE. DE T3 Le iAo TRy Bt dnis ket B Sl
needl@‘ﬁfa?%g %ﬁﬁzd Qﬁe §(Hﬁ1H g%ﬁo»@ﬁ% fSuthg hédle He@diR2niive combination
described in U. atent "No. 3,981, 307 Borysko, U. S

surgldahnmdte/bambe@umid tc@B@mtsmddomomssue with Bss ﬂacaalrlntan Mche surgical

5,102,418 t \
needlg Wei-Fiah £uteQ) @ "%EPg &a@)ﬁ 2 P"U"é?r 'éét“és at“"ﬁoa S%Oé‘ﬁéesﬁbioa““g
For exd@npile rﬁﬁﬁﬁf{aﬁov@ﬂ sBconizéd SirgiPatebdle N réyuird?siBfitichmly less force to

Col'ligan, U. S, Patent No. 6,012,216 to Esteves et al
effectéﬁalqpegetratmtbm a gjgndagd 1‘@38019&581 qugglggtnéqgg isgdesgqibed an U.S. Patent

nuf acture of surgical needles is

No. 5Bt (o hrahdiE oA RO LT Ko 5,533,982 to Rizk et al.

Fdiht berbs ard dikgosediredhrionatrrinpements @hcke bodyeefdhesurarg. fae barbs

coated, the coati ng all owm ng for the neef(]ée of the
may herfouREd WRPEBHTHARIE G110 S RGH P IeABRRITEIh% SRR GHine.

laser, taﬂd b 1 SQ’(’fﬂ?gaghth chitig! 1% Shdh l;)@%%efri‘értﬁ%a&mrhlhlﬁeﬁtb fre

|ca needl’e were not coat ed coating nay be a
purchpmkiymekﬂqerﬁﬁtebartstaamae ona) tbe Filagmmébodysi n coati ng. For

¢ a0 e Eive Sy PP EMAL 5t naCS T s B malEoN b
p@neérpaﬁﬂtme the ﬁ%ﬁlaahﬁmamlo%bdi {icoy. Pﬁt@nﬁ}\lg}gidﬁﬁbn Serlal No.
needl e is described in U S. Patent

09/948y733 geBenovadt al. 1Bsigners kaRudl Medical, §lsdsbezusid h300b l!ilge disclosure
of whgcrh 1? %ﬁg@?&tgd Bg retfgr%n& q:%("aﬁfl {11!'1]1%? &H{ e hag Q glhﬁgﬁ@ df bIABs for

Sul I nc

escarpri¢rt ©f babs ohiot sﬁllglre $il gk Ny, tysivl tcufithg mdchiier for matufadtering
|ike. Wth regard to cutting, in eneral {nﬁg ymeric .
barbed gptureg ditilizesta me avse, qeré m&g@a adg assemilies, Apg sometimes a

templgfgro?rguﬂl'é?o Ebpardﬁéj Tl{éesutdr%ﬁ%t ?ngced-m fheBitlithg ‘ﬂel'a%\f/ the

nual utt 1o Mabor i nt ersi ve and not cost
vise, @fth ﬁtﬁtramverﬁ@dlﬁemen pf theiblages genewllyi digposetini the traissverse direction

di scl e . Paten li.catjon Se
of thecgafign BTapiest i Ot 4t &ty of EGlJR Specd bt ARposed on the
exteriVESE £@urefrldBshtAugust 31, 2001, the disclosure
With reference now to the drawings, where like reference numerals designate

corresponding or similar elements throughout the several views, shown in Figure 1A is a side

view of a barbed suture according to the present invention and generally designated at 1.
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of which is incorporated by reference. Such a cutting
machi ne has a plurality of blades for escarpnent of
wharks3wom o a suture filament. A typical cuttiPgI/US2003/030664
machi ne for manufacturing barbed sutures utilizes a
cutting bed, a vise, one or nore bl ade assenblies, and
sonetinmes a 25 tenplate or-fdi de for the bl ades. The
suture filament is placed in the bed and held by the
viSature Witiduded@ldngaes vedys2thdi iseehérally circulivan btagesction and that
general |y disposed in the transverse dlrectlon of the

tenmlmsup &ng Mﬂtls Ujustrefed 8t onegreRpdingenjag peing pgingsd for penetrating
s R p ARSI RCAT A8 MR, s oy

1nsertm1nent(e tisskee (Thté ethenemsl is noeshaiva. )dAimgmmIe 13601udes plurahty of
correspondi or simlar ele t hr oyghout. .t he

closelg ghased PR dnd argpgdin f §agEE aml irectonpl dispesition.oMog 4

spemf@é&[lpe&lﬁ %ﬁ@edﬁ%&r’ﬂ% 9a&1181}1 48l gé@§§dﬁtt 180 UERELGTorR AR

general |y designated at 2004/ 030704
staggdR@TMUB2EpBL 0B 6BUY spabed Barbsi P ewith barbk (02 facelgpogated end 4. First

0 2. that i s gener circul i n. Cross se
set of B Tine  pline S St eip o ek R e G gond
set of ARG méoxﬁé%&ﬁﬂf BalRIMY @6f1ﬁ@£ub§ﬁﬁ§&1fﬁhb Bfine bASSIHES due to the
but it is con ated that end 4 may ‘conprise a

radiald 3p glegrge aﬁé@ﬁf@n( not shown) for insertion into
t h , .
T T ST O R S

1A, n@w ﬂﬁgﬁ?}dﬂluﬁtrﬁe§ér%gfgﬁrlﬁdndllﬁthedhdhamfimfeed{lrﬁﬁ@@héﬂt @Nbarbs 7
specifically, axially spaced barbs 7

with rp%praqoﬁyﬂgﬁr a(hb%lgp candistsears O@EFQ gwed B p}*@,ﬁtlaw@ng illustrates that first
oy PR PA AR LR G, o

largerdiedn faether zpd/z@rfust Hmab 9iof bbb 91 duetto sltd syagpeph@nArtrans tdnset giene that
) | ane. defi ned .by secqnd . set of rbs 9, an
s perfRgQalidnevtgee oy Bang s iniepscrehe Dol BRIy phfarisghgoes not
inters€i endBREf %2&99%'Pﬁarbg-g radial 180 degree
arrangenent.” Figure 1B, which is a cross sectional
viSatwral amg Hei madeMBth a ¢Bting mechine ghal pioduddsgwp eets loAbarbs 7,9,
he rad

usual 358 56 F Bk ik SRR B Tl Tt AP bl device

describéd Bsth8 abAz-tEDS&RNNBEOFT9£N 73T @ GdrioghlE€allB, the
stippling illustrates that first barb 7 of barbs 7 is

cFissleset plobgss ‘hiscueabiebbyaplpging anhinlding s spiuge fikames) in thagise, and
then, th8 & of BF th Pfire 8fle alh1ic8! the? ilah®ht at an
2 of YERER i PErebeich AP AF b AC LB Pl Y bRl

aggeri ng. ransver se
angle ptlegied tohatate barbp & ppimtidp cub@r diteatisn towaed poitlyedZznddd Sebarid set of
ase_of .on 7 does not

interse rb 7 of harps
barbs P i3 %rlegtg lsu?li?éley tepoffsett] EB gﬁge%loagmggxpaégr (& cregfe (heestaggering)
approﬂ?rlét@? hamde tH@'lBﬁkl@ldﬁl‘ﬂf iR BERERE WO bafls 0HRSS ! r\%&tlng the

ts of barbs 7,79, wusually one set at a tine, In
suturesftla@getraémubt%l deigaes ah Gregyisa wiial i £qu8 ppstd tagcedmmadsie fll‘sg set of
vi.ce .20 descrl bed in the above-noted Serial No.
barbs gl}

%ﬁ?a} d¥8 Cenova et al.

Shown in Figure 2A is suture 10, which is another embodiment of the present
invention and is like suture 1, except that suture 10 is bi-directional. Suture 10 includes
elongated body 12 that is generally circular in cross section. Elongated body 12 terminates in
first and second pointed ends 14, 16 for penetrating tissue. Also, it is contemplated that one

or both ends 14, 16 may comprise a surgical needle (not shown) for insertion into tissue.
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First set of barbs 7 is created by placing and hol di ng
a suture filament in the vise, and then, the set of
whb@doesn7om t h a predeterm ned | ength, splices PET/US1008030664
suture filanment at an angle selected to create barbs
7 pointing in one direction toward pointed end 4.
Second set of barbs 9 is eclleated sinmlarly after
of fsetting the blades longitudinally (to create the
Also,stitgey £0 inehide@plusgbity ofkélowlyedpacdrbbdrboi7, t1Re19, @0girangtidriala
ot di?h gcetbe%@ﬁen two of barbs 7 and also rotating the
AggUgt QFAUPGHONRNtPosIiglt 180 degrees on the vise, which

I M@I‘é%b&ﬁﬁé’alﬁyo{ﬂ%%}i@ﬁmlgf dphéesitbapiit1704re réaﬁdlrysariang&ﬁabout 180

are already cCu Shown in Figure 2A is suturé 10,
degregiirem and staggerad withrrbspdetrie plurality of exiphe spaced barhw edtwitnbarbs

17 1R mhoul Gt 1465 e bl TR ot Mdachaliyed shdee iy gpimitrty

plurallt? of BRdally Spaed Ak It § afel raidll R brrhdked 2B6® 180GkkR@Bs from and
El ongat ed body 12 term nates in first and Second

staggered Middewmsetsto piurality of axialy pracedibarhg 20, wishibarbn\l 8,30 faging

pid O PSR 838 Iy Bk ol g 10

First sen bf)batrbs $TEL8 déEn A PIbhO BOT B4Aubsidn 483 Q08106 the plahe defined by
re 10 incl udes plurallti of closely sp

secon st Daibs 19520285 A5epult ikigeos 17 35 1 30 Geretpubbiantally the
same Bhe 9]aﬁ§8ﬁé f%r’[ﬂﬁl: ra‘éﬁ @8’@ Hé rQé"zgr%%E@sﬁtQ?‘ﬂrgt' $EAbf c}%ﬂfs 17, 18 with

plurality of aX|a ace are ra
reSpefar’m aevged samﬁmrbmae Z(bIegr ees from and st aggered VVI th

ATBEE 3335 Bt Flipat Sisof Hpa e 8 T2 ooiprp 1 Bigure 24,
more CRRAY HlL@ﬁfﬁtﬁl%ngnglehﬁ N200§ the r8di alS}StOLHegre%erra%éﬂlén@r b¥e to the

plurality of axially spaced barbs 18 are radiall
staggeitnga fighe Barklduaf begw ldégelesss té poinfedredd 141(agigboen imFighre 2B), and

s RS gb Bl HEAH el AL 59807 231 Bt b

stipplfn@l tA @ansiaiRe plxe iRt Blpérjehaicalah ey sufat bo®f 12 Bed than@tdddects the
of suture 10. First set of barbs 17, 18 def.ine a plane

base qf oae bab Kipfdaghsti7loey netdpleessetrthabask of key parkr8 of éﬁﬁbﬁ da.
L, 386G i O B9 1 e el e

base afroae phidnis cuflberlisd 8tdoes netdnt@tsediGBe biegrof anpbird Qgembﬁﬂbs ab.

first t barbs 7, 18 with respect to second set
ofuBss P may zleﬁde ﬁfléldh%sw Pting FREEEe Sy darichias e cutting

devic@l&BEbdd 1'ﬂQh@§>o’ve%§te@fSe§1%ﬂ N6 Sotsh 3, 733Ffb SenByvLEal. 55&r§gt with the

clearly illustrating angle X namely the ra ial
follovde@d@elganrrblﬁ@femqlonme to the 15 staggering, first

or flrsZse? lgf gmghgescg:é‘%al Ib&ﬂ)& 193 E{l g%teré(gxg élgtfugedﬁﬂgglggaﬁp%ﬁﬁé and held
in thefvﬁ‘kl fhe rblaalwyplfch fxgth iﬁl’sbcul@ngoicu@ﬂﬁrhﬁ apProxAfatél§ half of the length of
illustrated by the stippling. A transverse plane that

the sufuge fiamsah i @edtapaby 14 thcmgem@@wlrgczloaﬁgwmazomted errdsbhtlgext
the bléci%g aret}%‘?‘a?ecf){] regég(fth;g thgir) alt%%{o d1 ogosg&) ?rbthe f@posue direction and

I ntersect t any varb
over the uncut half of the length. The blades are then allowed to splice into the other half of

the length of the suture filament with a second cutting action to create barbs 18 facing in the
opposite direction toward pointed end 16.
Next, the blades are offset longitudinally (to create the staggering) about half of the

longitudinal distance between two of barbs 17, and also the suture filament is rotated about
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Li kewi se, a transverse plane that is perpendicular to
suture body 12 and that intersects the 20 base of one
wharod/03BoHf barbs 18 does not intersect the baBEeT/v520a31§30664
barb 20 of barbs 20. Suture 10 nmay be made with the
same cutting machine as suture 1, such as the cutting
devi ce described in the abone-noted Serial No.
09/ 943,733 to Genova et al., except with the
180 d&g}bésclm the vicB 2R Bieh iseddippde talhdcesiniodate sy sef off tatdigetioral barbs
-directional barbs 17, 18, after the suture filanent

17,18 télafrﬁfaé]é%ﬁdé{rﬁ?@t HEhea, fop seqord seteot pi-duectional brksiks 20he blades
|
sotce s Bl .08 AR RPN Yyl o

createf l:a@l'bsm!) ﬂaﬁmg ol difetiow towapdvpoidted@ndl6d Taa dirst 4uttiNgxttion is
the blades are rotated 180 degrees so that they are

followgghydrtasag & blades I#@g&fﬁ%%]illf £8Qyslegazasisp thah ey 35%/BeW disgosed in
the oﬂ{b@gﬁg ifRlibn 9d 6\?@2 %fr(f}]ﬁh@#eﬁgl‘ﬁ %lzfcféﬁ g?h%rﬁe\élﬁ)%ed to

o sp Ice Into engt
splicedntoutthe@othiet m}famﬁtha\wngtha)f $1m:mmde ¢lrbém g\nﬁm seoond autitwgeation to

eI R SO BB St (o
| Wgﬁ hiedhRtflel entolifnenk &R ShdWD f8f RABRLEHBH s@hRUio, Hﬁ:‘ ﬁortlon of

of the Ilongitudinal distance between two of barbs 17,
sutureal{tiwith arbs @, Kumay bavei therméaring oweant paistdd ghd 16 aminhe portlon of

2004/ 030704 P 664 12. 180 degrees he
suture RGHR BRER fs 10 pn R Ih6tn 8k o €HE F25 ufth i
variatlin; thelafieldQaake Watildbe 1ﬂs§rted-ﬁ1t(§ Hgdue i 2l iheEh davice, such as

Then for second set of bi-directional barbs 19, 20

that shayen 11 thelaovesottadcld-SaPetRntNe- % 342, F6tte Ruf- abddidenallyit ig1s noted
that, 1?2@551%5' BE?lS %JBX E@Jﬂ%ﬁlﬁp}g& sé» ﬁﬂg{hgre% e}; geetwc‘ &gﬁns{\g tlff‘[r}%gg facing

Crea acing Inon
one erlni)arfd @t pontonlwith biads facirst the othet exgl, actwoportisndwitlo bhrbyveting

e LR s e s Lo e L TS Beees S0
a port?ﬁ\gonfq)v Fﬁs i H% H&ﬁg%heréﬁ{ufre &fa fo &f?ﬁ%@barﬁ@%e th@&ﬁ #EE the

lice into e ot her
barbetl entgtehwodld bh emssrltcumeo lﬁsshawethtanmnserticm &eoond cutting

bs, 19 f t h t
P es SlERBosbRhE ot dned A 150 gho%e ABRRERepLvth
stagg&lmqglmﬁeme 180Qkg 2B opIngf i@ keddily @Iwri%ﬁt%u@n aélamaly&ﬁallammeter
portion of 10 suture 10 with barbs 17, 19 may

fllamm@dtheﬁﬁaggmnﬁgmpm$ anghering perfanunds s, mHbinpaddebente

tissue?\fgher% s%{afle%s({la etIJ1 e%%!ﬂg‘l%vtf[% Stt':lgé) r&ﬂ@d} ee slﬂggh%g%ﬂgr%%s X

poln svarlalon

effectmtaubla)ﬂmxgtﬂedohﬁanceserted into tissue with an insertion
devi ce, such_as that shown in the above-noted U. S
pAuEHRE RO (s Frgure Hyalepistad jf o sidgyigv Popethey embpdiment of a suture

accor@ﬁgrﬁgthn%%km 1h\f/en%%ﬁ | dnfd n&%ﬁfﬁ sqb%bég;aeaft Sohf F Cbu%ﬂ‘etBB% like

be two porti acing 15 oneend
sutureahshoseingogure dA, except thatr the rddiad ispayingfer satheer30ein d 20 degrees

. t rtions with barbs facing one end and two
mSteaﬂ\g?tlg@ﬂ%grﬁ?St% I%W§%ﬁwtﬁr§ he other end, and so on

( NMdre PRRMRIarly adielirk BY $nclides elongated body 32 that is generally circular in
cross section and that terminates in pointed end 34 for penetrating tissue. It is contemplated
that end 34 may comprise a surgical needle (not shown) so that the suture can be inserted into

tissue. (The other end is not shown.) Additionally, suture 30 includes plurality of closely
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a portion of barbs is not facing the suture end to
whi ch those barbs are adjacent, then, the barbed
wa@adou03070ul d be inserted into tissue with an PEBER100D080664

devi ce. An advantage of a barbed suture having a
radi al 180 degree arrangenent with 20 staggering is
that the 180 degree spacingi3rs readily fabricated on
relatively small dianeter filanents and the

space8 bayg 66, 379 39 afrtipedSo aln hid ficegn piershoeritactton (oivasd pdinted end 34.
thin and delicate t|s§ e, where a fmaller suture is

Hencey gy dispnsigioniof barbg 3§qh &d 19188-degiae 'spaci ng gener at es
e%l@& LM P ARG Wb B¢ &éﬂl%@gﬁ M@k 780 nggggeésqrcﬁh

depi cted Is a side vie not her " e ment o
staggesnadl with repbetac amaﬂly spctdbarhe3 prvasiendreiradielhy arvanged ahbut 120

degre %%glnégtgﬁ%ﬁesmfgl %?sggc%tég %}gg e 3064 b%rhscég (g)nc:ez%plpl y spaced
barbs %9 afd N1 £BngSH hbL 1§@dég§eés%fblﬂ§19c[ & '\%geréd"\%ftﬁ?éi p& td-8ally

degrees as |s shown for suture re particularly,
spaceg baulps 853 As |arredu11tdé sheatadiag hz(bdbgu@chr@gemhat fiiss sey ohbarks By define

substaﬁgiaﬁ}/ hﬁ sgwa ogﬁp g?s s%cgq%%lltsgg?taqﬁag)st I{l/aciqﬁ%xg rs{l?estqrélaﬁy another same

one plAGtAERhiAL &4 of Bibd PRllefBRGuB4arlTRNy GENMRNOHE AnWnBiptak. Thus,
needl e (not shown) so that the suture can be inserted

suturq 3} lpsthiagps 38, 37, PAarengrsrin arstpgizered yni-dinesiienyl 120 degree disposition.

B L e

shows3\¥1th %rcﬁpdrﬁﬂgelﬁky&ﬂglemtnaﬁiely ﬂha@:ﬁildtlrl 20 hiegﬁa ﬁﬁaﬁgehﬁﬂt ofburbs 35
oward paointed end di sposi tion

with rsscgegtstojngrbsﬁ bagbs ?’%WUH ,resapq:tég biargﬁ 4., and|bagps 3g)3«y1g} respect to barbs

35. Spaced barbs 35 are radially arranged about 120
degrees fromand staggered with respect to axially
s ré\ad Babtgedlhy (B stipphing Hiratr arb ablioAbarps a5 reogsel ofithelstaogaﬁd g, is

eesfromadsta ered wth respect to axia
closer3p T ng B DR AR PR ) S0 S SR e i i s ol farther
away 8k Qad I7aFHafhs 370 U’Ilsé‘- :Hi)st%ﬂf PES ﬁa‘ﬂ?sr@ﬁﬁge & R898EEing, is closer
with respect to axially spaced barbs 35. As a resufgi

to poipfediehd 3+ &uiit ahovirp(n I gepre&d) aandahigre neems, tofbedargergtben exfen farther

fi,n st ant i e sane )| ane:
away B B 0.0 g, B s BlabY el SRR aRGr B Sk poay 32ana
that irB@B&:ts BB Bagel ARAE baBBStdTibaths$Btdoed nhtahl e hepise v any barb 37
substantially still another sane one plane. Thus

of barhg,3 (s bikgwyisg e trisiverse ine Yt isygrpepdishlge tp suturg b@%é@ élr«de@at
1ntersé@?§ thg 'b5§ecc§f' oap %Lrblﬁoofq)%%s% cﬁ)'e H&sihl%t?‘é@t tBFBEﬁs% ?g E%Ijb§8 of

cross sectional view along | ne
barbs Bﬁ Sngula‘rlgl 3 fransvdrse phemashaniid perpendecuartd Blﬂuie&fokiy332aﬂ@ tteat

. Y, na the, r al_.120 ree arrange t of ba
interses (N D4 ot o3 b P AD SO Ses BorthleRod T Pirerob apiberogs of
barbs B&rbs 39, and barbs 39 with respect to barbs 35. 15

As illustrated by the stippling, first barb 35 of

b&ptyse Fbmapbe made wath théreans eiigreg inaching &s suture 1, such as the cutting

device described in the above-noted Serial No. 09/943,733 to Genova et al. The cutting
machine is now used to produce three sets of barbs 35, 37, 39, usually one set at a time, in a
staggered position along suture 30.

First set of barbs 35 is created by placing and holding a suture filament in the vise,

followed by the blades, after having been adjusted to a predetermined length, splicing into the
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closer to pointed end 34 (not shown in Figure 3B), and
thus, seens to be larger than farther away first barb
‘W@Z00af3d5e4 bs 37. Al so, first barb 37 of barbs BGT/US263/030664
to the staggering, is closer to pointed end 34 (not
shown in Figure 3B), and thus, seens to be |arger than
even farther away first bald 39 of barbs 39. A
transverse plane that is perpendicular to suture body
suturgfilameait A@ntapgle thaiisehosen o areate barbe3dso tatalbarelfa@hg i the same
i ntersect the base of any barb 37
direcfiH PRl d8T e Uhat is

Vil se, a transverse pl ane that

P aNgxe B Bldfiérard 6ffseldicaudiadly @8 cRaf thddhoodb e hisREliTately half
t he base of one barb §$ of Sngs 37 doesg%otgfﬁggréegey a

of the lgagifulinal gitaasg/besween I effbartsaidh sAlgg thesfilaineat isyrptated about 120

o AR AR R ROl PP 35 BuPRK iy
been bt farl tBéh shoesd ®OLE baAbeRD ﬁcdredtmnbm@ﬂafmamér barb 35 of
25 barbs 35. Suture 30 may be made with the sane

c Jik§rige. thecpdse argsagain fosét longitudinallis(te prsate ke staggering)
|
approgg;{%glghgggﬁét'lop qlr%rglhgdgt@mg? Bg@egﬁ) E u(??f%frﬂ)sa{ﬁ 214 also the suture
filamerows ws@el stoupi 20ddegpeees lonelke sied, svhich ibaqtnppétﬁt;o addommdBdate both
sual_l in a staggered pasition

{ . at {
areadf g st 6586 35 50 phreadly cubtbodnd BaphombssT Sralepete
longn*&}zhlnﬁi A6ldiRerRAgh Hﬁ’itﬁlinngnﬁ s%f'&ii'ﬂa?o f1d RERAedii ts”ﬁ]éf'n’?‘a%ner

| owed by the bl ades, after having been a Justed
a meé@éb’e panhrse@erssevxfgb&rb ls‘pslcanpaahgt a pﬂsﬂldnfwokiﬂ 20 degrees around

sutar B0 SRR Rt e e g oVegap b Svia R R 21

arith f:de:r@@:el iowt tlibeFl s@uB A, didsasied Nsub@¥a0 tandtieR bRBo&RRnt of the
34. Next, the bl ades are offset | ongltudl nally (to

preseRiABYRNEOR h SutsteaAfkis sty tappbea0netaspythatiuture 4 it fhedl rectional.
t. f,hbarbs 35
sourd 050, B8 PPN, BRSSO B8 2518 v

termindtesan firdtiaad séconeé goinppiecdt 04 aedforpadatend fidsaé. Aab, Pfs
5 that have already been cut, and then second

Conte@e{at%ift Bampor Bathieady 44 40apry spmaprise gistegicakapasds (not shown) in
order kd BEMsSRd ih&isAle2ARBuRUS f r'i‘néi’ﬂicfe§ rJﬂﬁg %Ehl%gély ﬁé;lcgd barbs

(to create the staggering appr oxi
47, 44, 6AgiQ, §dlj Yadradged mrmﬂagmtanﬁnmlmmmf dispositson35, and

t h t t ed t 120 d
o Ror i naES ik taogth & Bl BBl SRike WA @ st mgrentially
arrang@draBaetyl 20k gieby Hdme8H s&tgéél@dl Reth3espriido %kfaﬁ?g ac@HBarbs 49,

second set of barbs 37 ol | owi ng the | ongitudi nal
whichyasg easdiadly asmengedmbant B3 daghdes @roge&nd(ﬁiaggardds%/lﬁgreslxct to axially

spce 8831, G Bgio, Al Eke vy B8 B Rb i o tpo e
from atelgitapgsred mathnesprut toraRidlgdpacdad bhrsemyt MBupra hm@f RO 40 has

n es not overlap with any other bar b.
all of ﬁ@g%ggﬁ@e Shigingdn Hiegiame disgetion foyerd peiaigd ead %t ure 40,

apgt ME biRIRABLITRO tenBth & Riture 40, axially spaced barbs 48 are radially

arranged about 120 degrees from and staggered with respect to axially spaced barbs 50,

which are radially arranged about 120 degrees from and staggered with respect to axially
spaced barbs 52. Consequently, axially spaced barbs 52 are also arranged about 120 degrees
from and staggered with respect to axially spaced barbs 48. Thus, another portion of suture

40 has all of barbs 48, 50, 52 facing in the same direction toward pointed end 46.
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30, except that suture 40 is bi-directional. Suture
wdadoossl7ales el ongated body 42 that i s general PET/US2003/030664

circular in cross section and that term nates in

first and second pointed ends 44, 46 for penetrating

tissue. Also, it is contenff-ated that one or both

ends 44, 46 may conprise a surgical needle (not shown)

i Ms Diesldt oftthe helidl N36 de@de hingeinests test s@Wf baghs40, 48 define

further includes Iurallt of closely spaced bar bs 20

substappially ghe sage ogg plagg, segondier alnbpabe 4% 59 detingybs@atially another same
t
one p%ﬁg%ﬁ%%& QRaf balbs 8? St de s@‘fanﬂg@'1 %tgl?@{(;ﬂhe? aélg Bne plane.

suture aX|a y spac
ciHigurefiBy whtchad 4 yrosegecaoge d1e&bajuﬂ1g AR egBe(ﬁ’ssqurr@m) anBigure

40, ST CHOR Qe B TR IRt e B I “TR0S gt 846 B sapdficiy
As ilII§RRGES il \é\ﬂlﬁﬂlngeﬁﬁ@FG&b 49 oR¥hBb les or>RBGEH oP ﬁ{e*%%ag%énn g, is closer

Consequent |y, aXially spaced bar 51 are al so
to poiatadand ¢4 (adssbown 20Figeyrads airbihhis, appendlasgeatge fetheniawvhy first

v, L 0 SLo B IALESAE v PR
point&BdRl A (BChoRIRA ih %&@4@? lafd Bfhs ed'}‘)@eélﬁrlarg @thdn & eREMBler away first

hal f of the length of suture 40, axially spaced barbs
barb Jgofdragbsrddi al |y arranged about 120 degrees from and

st t X
ARS8 RO BR e e e

of oné bab gdof Barbs 4 doesie Gtersect lﬁﬂsé yf &) inplbgeds bﬁbb89 SPikewise, a
Consequently, axially spaced barbs 52 are als

transvgr%ea%@@d YpbRRIPasic U §p sgure ody 32 aRd that ag@r&%thwb@w of one
barb 4LSHRCAs 49%RE had 1bﬁérs}8ﬂﬁ§ fadaaf Qﬁ 6%& b?f}grb@ggt tS@‘éﬂarly,

portion of suture as all
trans ieasei phapei thattihperpaniicultirite smtumarbcﬁgma radd toat ntterdecenidie H6se AOne

004/ 030704 PCT/.US2003 066 sulLt qf the
barb §1ogh o5 s B PP G BRSO a0 PR SR TGP dBar e afiansverse

plane41$dt @@éér%‘ﬁ]dlcﬁl—h?% albicaoly 45 hgd ﬁﬁﬁﬁt&%tsﬂb@ﬁ%&: o? SR BEHD 48 of
se bs 49, 50 define substantially another sane

barbs dﬁgslop:*, mtemelamj tlnchlpasd of eny lodrb bAHbarbd S0.5Rikgwfisene transverse plane
subst aI I I ot her . sane | an

that PRI o bl ooty 37 Bhel il fTRecfiifg Bt onf b cfParos so

does BotlinteBect Ghd BhsEbOatyEbar® 53 8f b&HOIB. SEHIRIS! £akhNeABPlAe Yat is
nanely the radial 120 arrangenent with greater

perpeRggglpf fosuiuge bodystl andythatrinteesgets pherhee of <prp>dqam 82 of parky 52 does
not 1nP€1Q§th hé bgge &%2%&%748 Cgrbjﬂfs%um of the staggering, is

oser (not shown in Figure 4B),
adture 46 mambpaaads v\hmrtge sarhdnanuﬁgmbiﬁne avayurkill sich avaterutting
eri n first

devic, Jrgigsl e Aye et BT oo, %&3&?‘2\3@% 49X CRYith the

fonovﬁhg\maﬂgelfmqa@@irécﬁ)m and thus, appears |arger than
even farther away first 10 barb 51 of barbs 51. A

t FanBiseset of pi-dinestiphaltbaits 4ﬁe4$3 efidi thelseiure Hlamenuis ldsediynd held
i the b0 OB s S e B n o PR S B A apegenenn of
the sul@e Bisandht td-drk@¥Wb&®s 4@ facing in one direction toward pointed end 44. Then,
the blades are rotated 180 degrees so that they are now disposed in the opposite direction and
over the uncut half of the length. The blades then are allowed to splice into the other half of
the length of the suture filament with a second cutting action to create barbs 48 facing in the

opposite direction toward pointed end 46.
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transverse plane that is perpendicular to suture body
32 and that intersects the base of one barb 49 of
wharb®30v84 does not i ntersect the base of any bReDhUSH0®30664

barbs 51. Simlarly, a 15 transverse plane that is

per pendi cul ar to suture body 42 and that intersects

the base of one barb 51 ofl@arbs 51 does not

i ntersect the base of any barb 47 of barbs 47. Also, a

t MNes \tier sledesplraottset haigitidingéy (e odhieuhastaggering) o abdndylf the

42 and that intersects the_base of one barb 48 of

longiydinglistancs hebn oo Rt BRDBAT: TGI8 SEHTeAAgmE B rogiedfbout
120 dQ%’é&Sorﬁtﬂe V+Sb KEWLR S e ﬂﬂ(& gt% st Jepéitbl'cﬁrec%lonal barbs

perpendi cular to sut r ody I nt ersec
47, 48 thet dragkrealy onnh €Tl forsecomfl sbtarfbn—dﬁectit@labbe&hs 49150, the blades

i ntersect the base of any. bar
splicegyith p Gt utting ctis P @@r%quaﬁfé&héﬁ ﬁa&fm Fi g lament o
creatd &r@éﬁ%a@in@?ﬁ%né@ir&ﬂgn tRird gﬂﬁl?édse%ﬁu% e fRahue a@f‘@n is
barb 52 of "barbs 52 does i ntersect the base o
follovgadbybratating $heofladearlif8 dagreesSiunt thatsheboarmywbhsmctbmvtht bpposite
uch as

. th t t
airetiqiyraer Geynol PalSE Mieaus ATt B BHbMGE &P fog other haf
of thd‘l@n%tﬁ)gf i JuthA3filameFEWAN 8 s&lon@'cuhtm@é@ﬁ‘cﬁi toWrddle bd1Bs 4@ Pucing in

follow ng change in blade direction. For first set of
the ORHOSJ@H¢1€Q§tlp@mar@)aﬁlﬂi§?d¢ﬂd%8 after the suture fil anent

' %‘hﬁﬁ ‘r’Iﬁﬁ? af{ldarg ?,{{a(?n offglettl&%nﬁﬂhl%?l Ly gg %¥egxeatﬁ§ ta?%érln %ﬁ"or aPout

half tmduengmnmtdn distancé bétw&en’( tweoff bertAdcﬁu@l{a@l@I e l@aﬂhhsfﬂ‘ﬂﬁlent
ing in one dlrectlon toward pointed end 44. The
agamtl%@t%?da%i@gt brQdeesresoadh %@e,d@@%@gq@m%& aoe%gnogat@ already cut
| ‘
s AU FRERRRG S O S PR B0B YRS e
50. Fobowpigithelongitwdindl enaement dvall rbtatibn, thérthitdesegofrbiafirettienal barbs
utur i | anent t econd cutting action to creat
51, S 0 Y PAURRGS HdtapDGopae p e ah e dropr PG mately halt
of theﬂ@ﬂxf{ﬂﬁ B€lthe @Qtuf@fﬂa%%%a@égl%?% Plat{ndSg QQ@HQ&Q@@%W&r@!%omted

the bl ades are offset longitudinally (to create
end 44 hghe fisg gutkingggtionge fellsoved bb/abtfatln@ the HlagdegilBOdegrags so that they are

now AP SRR b oS ey BACBLAC U fbRE oy
next split€htd the ©€Her R Of the 1apesMme sitaref filambntSeith 88econd cutting action
bi -directional barbs 47, 48 that are already cut.

to crezigdatbs P facig rilie §pposye dipctignrieveiddeaedend6.49, 50,
t Ii"?ef@xlaﬁ ) ? sﬁﬁ! §€ ¥\ﬂ %) Fgeﬁﬁgct? %t a&?&sgt orﬁgabﬁglt 126%@1%9 around

appr oxi e suture
suturef bddzyniérfrom the precedtr% Haels hml dds hacovegap withreny dithie dhibon

oi nt ed e d 46. The first, cytting actio
P ] DR (1 BRI WabreatRU S, K portion of

suturet zttﬁwavﬁ{geoamvw |4§P53131%Q¥ hgwetthén@m?g%ﬂou%rd hihRAkh@l6 aﬂéithe
over the uncut half the suture fil nt. They then

portiogsif isetare 4 knvingebapld v, SAalX maphaveltberh éapgmgltoaxfard peinted end 44.
uture .fi n ith as cutt.ing. acti to create .
wieh i et BTG el T B Bodin BB v =b G i,
such #3QhditsBéwefitkthd 4bove-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

facing one end and two portions with barbs facing the other end, and so on (not shown), and
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Then, the bl ades are again offset longitudinally (to
create the staggering) for about half the
wo eovgiosarod nal di st ance between two of barbs 47PCT/US2003/030664
Additionally, the suture filanment again is rotated
about 120 degrees on the vise, which is equipped to
accommodat e already cut fik7st set of bi-directiona
barbs 47, 48 and al ready cut second set of
thus, #ia-pditicmaifibaizlis herfhcdnd the shtmr&énd thad thowi bagbst di€ adjacent, then, the
| ong |tud|nal novenent and rotation, the third set of
barbeg) ﬁutaxer%@t 1d b inserieg mio tissye with aaﬂ%seﬁwedweh aving t he

g%@%‘?ﬁ?ﬁ% ‘?Afea %F%a S%t‘%bt he ﬁcllé%%l{ Eg) (?é‘gtie z u élﬁent is that the

barbs kkérafoecet 1nttbree destinet fiarteb shab torhplimerg each other, desuhmgum n
manxif G A P BoRdg of e SEimierlb o g daioe i sisgeering
onhark b e AR St the outure T lanent . They 20
nd&xtnisphow ¢o Figne IAshowhés atudlich embodiment ehid)t prasénttimeention,
whictt gt g5 alsaph g O vith ot shes¥e B t-dE e cor muttipte

spiral! SWRREGPRICTidBE18AghtéBbody 6 STedRdrilly EiRclarTHE6E/8&Ione Elongated
barb is escarped at a position about 120 degrees

body 62 tpaminates im peiatedsig 64 20f peppirethng tisslese e‘éllusngt isepoptegpdated that end
64 ma %gnrp%g% agv}ér%{e n_gg%e\Met(ﬁPPs?%ggs S“?‘rms%ﬁ{c?t ogus . ec helgﬁ% e, suture

60 1nc§httlie|s ipRurdldy of bes¢l9Epiced bafbs 62 arrandedrie a4Rishantimgtiperspial pattern
47, 49, 51 may have them facing toward pointed end 46

arounghedf( ﬁ%andp%mgéﬁ thersamgrdireetiopionaid printsd epd 648, 50, 52
P d [

VRS i3 DT RELB VRPLI P BT Bfre 6id Bght¥ Sh. Due

to thettwsss ot mwltlpleaplralnhmosltlon edleh! raspective betb @issetimato bhomailer and
ahove- no tent No 6 taQ

smoallgs et ATiRpr 54 Bfteer i o painted g OWgR Eég%w the
11mmchleof%%aﬁﬂ@&@nc%%etrtgaﬁtlutmé@omx sBSplin0 portions with

barbs 30 facing one end one portion with barbs

f auviung6Q mey be lkenstexted vath a ml ipoeutiingmaciing abthebgsed for making

r{.i gn
surure P3P TAE oG 8076 AR eBR stV e e iF (B3 o
GenoRCH/USRG0 93966 ¢in grdethéd) basbs 67 neayRIfro@ite@fin Maltpde épfirals that
not facing the suture end that those barbs are

preferablly seeereated pihe sametimsas edusiie filananbis helbEationsey irsgpad of
beingir f%dt\k'l(?jéq Wi @%]ﬁg gﬁggtl on devi ce. An advant age of
a suture

arbe e radi al 120 degree arrangenent
i Marh @hrtlbhlﬁrlyh&ﬂb&eéﬂméntfﬂmt tseabiont T inches @beiiti 18 tmm) in length, is

tongitRRAI HHifte FOTt DAt PLIE Aatpis IR suoius 19 es fd agortion that s

about qvﬁlﬁ]@lllés (atidut 94 B AN EuthB FerZtAORIRIS! MendSS RARGES and the other
anchoring performance. Turning now to Figure 5A, shown

end isi ga&@n@amiarot@ﬁd)@@ﬁ d@weso?ﬂ times, pvp deaqertiomofehe swnte filamenttis

. ener al | dSI Wre. 60, wth radi al
tWISteg “Q’%Pﬁ@e '%%1 ‘fwc@td‘i Bt ple  spiral.
SutnistingGRefefablyLid @érf@xhﬂém 830k, £ Bhy BEP&Fdhled more or less,

circular cross section. Elongated
such as 19 to 70 times. Suitably, twisting may be from about 2 to about 17 twists per inch, or

about 3 to about 15 twists per inch, or about 5 to about 13 twists per inch (per inch being per

25.4 mm).
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10 body 62 terminates in pointed end 64 for

penetrating tissue. Also, it is contenplated that end
wo200amgo7eonpri se a surgi cal needl e (not shown)PEDUS2003/030664

insertion into tissue. Furthernore, suture 60

i ncludes plurality of closely spaced barbs 67 arranged

inatwist cut multiple spi-t&l pattern around body 62

and facing in the sane direction toward pointed end

6 Nexkitheibled&Bafter lmvirgd®en 8dj ust'ecbtmad pmdﬁmmhemgngﬂhnﬁnﬁﬁaneously

soli -wfgﬁgf suture 60 lp Fi gure to the tw
plcg RER aglﬁP"r Sl CP?‘bW tPé‘é??é%'Pﬁf%ﬁ’b%ﬂ that all are
facinS# hE S4the H@e&ﬁnﬁwbxhgouﬁémend%m%ﬁér £t @@ﬁﬁ iple @frhﬂfa&bed
and farther away from pointed end 64 (not %
sutur¢:6@ isrrelesgyl fronmthe vi¢d ansli votwioted sharles @il ﬁrheil&pnsml ib@iuitple spirals on
suturd g(lr)]ust rated by the stippling. Suture 60 may be
istructed with a simlar cutting machi ne as that

USR@nih® howak Fihre EML $HoWnlkis aSdiket edtholiliBert BE ¥Hejﬂes@§tvlh9§ltlon

~described in the above-noted Serial No.
Whlc}m sentialndesignated appethrea’0: jusyre JQs ofnegtwmttquomultnﬂw §18ra6 7

I f
cispoi RFLAFEGAed 8 UL SGRLAP B bPERE AR Yo 7
mclucﬂﬁsleﬁ)nghtad bod@Ty that ddeaadllptirculd@iin grdsobertiof andiRNtetMfates in
takes place. Mre particularly, a suture

first aﬁlﬂﬁ%ﬁ?@% PoRigatends T4 for Pefiel‘félh%%“f(saﬁo {itis gorgemplpterl that one or both
of emliseﬁlg%"m :y%ordg%igcgh%’%ﬁ:‘gﬂ*éaeéleég%&ﬁwgam r 11?seﬁ9orn i Q)rhsglﬁeh ot

the sutu tines"for a
i Suted 7@ bother ihchiden pheality abduogel yl dphcearparbf 71! hB Btihgedin two
' ecured, and the other end is

| th.. T , d
b0 s SR SO, TG B
dispof¥rdni RIIdR pdrtiéh B HhEs fabﬂaﬁfﬁ%ﬁely S ifMe$ Ea%grdmgtef ram) of

suture is then placed and held in the
suturgyfQs pathagiarly el’lldsP@’élDfl EPrefgues: Tobeing birbdee. Aote |pa1y1cbkar1y, plurality

of b‘ugg 5? glrb ”}?&n e 1&2} Sitle spgglsgz{ftsm \gB% alll tb b§g7 J%]Eﬁ towrd pointed

end 711 \Mr&ﬁ;ﬁirtr.’(@bout half) oﬂmddfé)p@b@uw&ubmv e QHothl &F Juirs 76, lﬁﬁﬂarly,
or _about 5 to about 13 twi sts per inch (per inch

plumlﬁé .OE barb@?iﬁ argmriangef in aqoubiplvaposomogPEith elbbob:s/78 FgsEitoward

e 1 0 RS e AL T S

]enc’t}smﬁsunmeﬁ)l ament. The cutti ng acti on rrakes cuts to
eat e :garbs 67 sq that all are aC|n% in the sa
d }gé’&‘i? 1 3 ORET oAb visd dnre ne 6B+ OB ofisifuse 6QmFlgure 6A. Due

to the WIfipIRkSira @bﬁﬁ"éur@@(;rp 84th re4fetfive B0 7% sée‘?lllsglﬁstmeaFl?rrgnltdr%ﬁlaller

vi ce and untw sted, barbs '67 are di sposed in nu
as eachps fagther and faghes ey dro@Opoiiedend g4 mmt/sh@wﬁurgﬂngereGSB) as

t her enbodi ment of the present invention,
111ustr§t£8\§“thest1§gﬁ S al | y designated at suture 70. Suture 70

| Sutafe 70 il BE ntide wAthl thé PAne SiidtiiAinactihe ROKdrt 80, 0K as the
thus is simlar to suture 60, except that suture 70 is

cutting deice Qeseribngdn thesthaye-woted Serial No. 09/943,733 to Genova et al., but with
the following change in blade direction. Using the twist cutting method, barbs 77 may be

produced in multiple spirals that preferably are created at the same time, and then after the
direction change for the blades, barbs 78 may be produced in multiple spirals that preferably
are created at the same time. Thus during the cutting, the suture filament is held stationary

instead of being rotated.
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i ncl udes el ongated body 72 that is generally circular
in cross section and that termnates in 10 first and

W@ ewansd7pbi nted ends 74, 76 for penetrating tiBEIES2003/030664
is contenplated that one or both of ends 74, 76 may
conprise a surgical needle (not shown) for insertion
into tissue. Suture 70 furtlter includes plurality of
cl osely spaced barbs 77, 78 arranged in two
r Mcme epécificAyi 4 adctipatof sbous4.5aactes ebionyl B¢ mik) ih R’Jngth of a suture

piral around body 72, Barbs 77, 78 are _dispos
fﬂam?ﬁt doivastpd suelyas 1\2:? ipggfor @éuta&pmer ?rﬁtcépsz(abomriaﬁégm) in length.

Thus (aﬂ%ﬂfi ?sxée@?feﬁl ﬁur i 5%[%1}? ar g&tedv%forheglae%g‘, ®Mhes, so the

‘portion EP of su ree
twistquiassettionudfahd wtumlﬂlarabmtt}ly\s atmfut B@Vi‘b $swik®h @t énchr(peiFetimind) vehen the

IeS|ra tter h all barbs 77 facing
Suturwﬂﬁieg 1%8 ack l‘ilB’rh%\V‘ﬁSrt (about haI f) of
m’[‘;i\q&tﬁl%ﬁﬁéfekéy?y e?ﬂoﬁﬁ&l 3% 50ecﬂﬁés aftf mg Jg}ed more or less,

Simlar |ty of barbs 78 are n a
such agil%to ﬁDélmsl rSallitalpiaI W\eﬂmg\mayfbﬁdrd)m fahols? t%&bbl&tclﬂrtg/lsts per inch, or

t.owar d oi nted end 76 for art t he, ot her .
about RS RSP Sp e & ShOHubr DBSIRSHeh et i being per
25.4mength of suture 70. Figure 6B is a cross sectiona

view along line 6B - 6B of suture 60 in Figure 6A. Due

t Nexhdhenlpladep| %efteg giaviag lze@nfarlgmedttpcm predaiehmined gength, \aplice into

oo ST SR S B TS SR B of i

portichheiBNofi the Fapgt:b"xemﬁtB)y 4581ntﬂ Ka.pﬁtdxalh&télybyut hﬁnﬁtw'lﬂﬁii lsékg}on of the
25 Suture 70 nma mad the sane cutting nachin

suture;dlagigpt ined eyt ot e& agfion Wi the,ades kg s Wegeate bals 74 so that
all ard fl\%m%q{?\bﬂe @%&%nh%%w{ﬁi’ P&lﬂted QR4 943 de%én&&, g dggé(l‘e}nﬁ{y blades there

but with oW ng chan
are oulitheeattiing machkine gintl Hew masy baﬂjst77ngem£ﬁnﬁtj thdramvsy Fer one cutting

. may be rodyced in nul spirals that preferabl
moticgtg iy bl 47 SEmURatitalt PrEeToHE bhereaiet GHOgRaObORs unil the
desirddi et Wb&ﬂ@mﬁrefegéarﬁéﬂﬁn@ BStR8on BEHESu(R fBMeRe

produced in rmultiple spirals that preferably 30 are
c Tdan.gbe bladesare setatedtlBidegFen s tuatrthq:bganemewcciisndscrgin thivepposite

oA R B AR SR
of ml&lle @bxftlloﬁfMP)bf the zﬁ@%}hﬁhﬁtel?}f 4.8 Dt (afproxinfted1 99 14 ﬂh@}lﬁwﬁt@& section

mm in_ | ength of suture filanment is tw sted, such
of thepyitigg filamed. fIde béa@r?étam templevedrto spdise éntp Absoothen fraf #ng second

cuttm? NeliGD itk the fes trg%kéxgé] glétla §% chér%(ltege §%‘b§ 3%%0:@?’ Qﬁs E?etr f]agﬂl% in the

s grasped an
oppodlmdﬂ'eettbrsmmarcbpomfedtdmd Toutikpending ameidw haay dixdes tHdre24r3 on the

ctin R SR B B S B i moton o

Il baftd 38 IsRAURIROEIRDLY tHee RN B n
e anay be plér for ms? oD tiete T F’ess@égﬁéh&gé@ggﬂlgﬁsgun@l the desired

numberi oférarbs S arapdoprpetl into tai pogfianenf thesutturerfilabeut 2 t o about
1?’Vhevr\1/I t\SNtls c teﬁluftlpfehgpirgf barbed suture 70 is released from the vise and
untwisted, the first cuts and the second cuts result in barbs 77, 78 being in two respective
multiple spiral patterns on two respective portions of suture 70, the two respective portions
defining middle portion MP of about 3 inches (about 76 mm) in length.
More particularly, several twist cut multiple spiral, barbed sutures were manufactured

from a monofilament having a diameter of about 0.018 inch (about 0.457 mm) and spun from
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about 3 to about 15 twi sts per inch, or about 5 to

about 13 twists per inch (per inch being per 25.4
wongo4/0300Next , the bl ades, after having been aPfT/ES®A3/030664

to a predeterm ned length, splice into approximtely

hal f of the approximately 3 inch (approximtely 76 nm

l ength of mddle portion M®-of the approximately 4.5

inch (approximately 114 mm) tw sted section of the

polydfontbntne (WhichTeRkyhthetit dbs6rbible sithiegadahl).0n didrhétet fabout 0.018
bl ades nmaking cuts to create barbs 77 so that all are

inch (phput A¢SY Auphis shEhtbelergsh than e dzedd s yitledicaheprpaple suture, which has
a dianl%%%}% 1o RALARY. & a%gﬁ%.%ﬁbe%ﬁa j}/@c@&rﬁargg willfihe
cutti machi he an ow many ar ps are desired,

specifidagons ofalie D@ited StatdPhatigacopartia QSR cut al | barbs 77
si_mul taneously, or there y be repeated cutting . .
mbeFHHEUIG FONtaineA@ tofghQfi ToRbRiRtRIucst iRy qysspeptigy multiple spiral
[ i he nSUtHdS, Kl -1 -
patterfp GO RE e e SnferBt of B iyt o S el Fos NG Rotional,
the banlmwwete sipodetintana teftecroygpwith 82 bardbs desposedronantirsopation bithe suture

o 3o 05 PR A5 So

directRRRIT e SBEEIYupHfrem! thE B8R RIaRh IRl ENthd dftuMTh Wh&hifcutting
b

section of The suture Tilament. The bl ades are then _
machiak emplayed bag pB blades. nttwst foe eavhrgsourhell 39 harbsw theee werg 3 cutting

oL 15525 e 3053 TR By G54

motiods.r ection toward pointed end 76. Dependi ng on how nmany
bl ades there are on the «cutting nmachine and how‘ma%
was

b&pglssupgreayas ahedt T iaghest(paug Liggpnpdong eThamiddiggpartien
t L m. .
oS30 (FRAE1 0 (R S IMRRE Bl L RS g

suturebidininsnt’ E xa¢religsiagone thei Ininch € 6pam) bambedmiddie psitiou MP were two

filament. Wen ist cut multiple spiral barpbed _suture
unbarbes §ng neef e gion Py b e sffé\_ abght wnsbed 20t  rpiiong.
Deper&‘di'ﬁosorﬁ{h@ shiting SSARRUE Wk of 851l dndl Bf BRHRDed CutukBmREbNY

In Two respective 1tiple spiral patterns on two
sufficreg p pointedeandargid tovgnseftiguiniortssii) or triag comprises gttt we curved

.ﬁpﬁrtigns 30 defining mddle portion MP of about 3

surgiqabpeedle: (aphout 76 nm) in length. More particul arly,

S qhEk@MngibSthe GWist B! 1 ineh €173 barbRa ki rks s WsBSl BABKRS

manuf actured from a nonofilanment having a dianmeter of
methagBo One meath@! warchstyaagls pull tensde stramgthatast veigum UnpvsrealAfester and the
/ 704 PCT/ - pol ydi oxanone
other %’\%ﬁ]ﬁgg&a?sagén g%}?ﬁ?ﬁ ggﬁ{gggegfgﬁgldggsg uture material). A

diFamte etraight plbtghsile. sEfigth inbaburémbmtites@ngdwds perforingd using a Test
sl i %ﬁt,l}y | ar ger thdan the sjize 0 synthetic absorbabl e
ré’er

Resougegs tilepen doded 200 @nthervaragigeadingpl Hbwaeatel meagyRments
made ¥& e%IB?HinQ):f SRBrd s {%c@rﬁg@fo‘f] iid slﬁltal.k&eand for the comparison

specifications of the United States ar macopoei a
unbarpdd3@ured Each suture contained a total of 78 barbs -

i nt roduced in .t respective nultiples.llral .
omparison unbarbed sutures were polydioXanone monofilaments (a synthetic

absorbable suture material) of various suture diameters of about 0.018 inch (about 0.457
mm), about 0.015 inch (about 0.381 mm), and about 0.0115 inch (about 0.292 mm), which
are respectively slightly larger than the United States Pharmacopoeia sizes 0, 2-0, and 3-0 for
synthetic absorbable sutures. In accordance with United States Pharmacopoeia specifications

for synthetic absorbable sutures, size 0 has a diameter range of about 0.35 mm to about 0.399
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patterns around the circunference of the suture. Since
the barbed suture was bi-directional, the barbs were
waloouaadod nto a left group with 39 barbs di SpoBETIUSIV03030664
first portion of the suture and a right group with 39
barbs on a second portion of the suture, each group
opposing the direction of _%ihe other group fromthe
approxi mate m ddl e of the suture. The specific cutting
mm; st 2B 6RE £ 8iaBERreYaR ofasout 8.30 rBAAS abditWs339 i, B@tdize 3-0 has a
group of 39 barbs, there were 3 cutting not i ons (3 x
dlamq@rangg:g)f abontt(:2Q men t9l ket 2 ME. of f set with a gui de

" R L35y b BackTBld B Neind AGR v HHERS: padcing i

two rd¥Pectid® serdftedijawd, wheb&scalih bﬁb&rb&ﬁsumﬁ: wae rggppemjat each end by being
contained the 78 barbs that were_escarped into the

wrappegtaguadftyp aﬁsm@tlvemwéwwo}isr HiRpo (hPpian rallarnwareuped fﬁxf)holdmg
two unbar bed end
the ur}%%{bggg%@e%gb g}/&?ﬁ{é&gu ur e Eg? wer e each about 2
| rmb @Srt(oabﬁl&hclﬁshtltr’ﬁ)spéc&ln@l bet@eqethditwg gappddysaces tmas abat 5

chni one, or h. ends of t bed suture .
inchep,Zbod TR hepgtbowf»l&%dn Apcras @ngﬁ[ SiFHEg CoRgHCH Hiegentire 3
mchegnggjplzl) Ogg,elmyoegqﬁqg&k 8rcfnStrai ght or curved surgical

The strength of the twist cut, 7 inch (178
m@cﬂo arebhnbrs\uawtébdmwéi&a]éyjatkwmtwwf abprett Wodshes Qh@ut 254 mm)

sastral sile str
per mipis e SRl G TR e SR ol Tensite
Strengﬂllvo per f or mance test vvlth dogs. For the straight pull
tensile strength neasurenent, testi ng'(eg‘ s perforned
A

udiha gesaltyarstsumpmensizad sEablie A beloay, amé 1 righ gelunpodpaptes the
a d 0,
Use {5 P B R ety o SO RO B AR M e e from a
synth&y dbeerbabie wigtsiand for the conpari son unbar bed
sutures. Conparison unbarbed sutures were
pol ydi oxanone nonofilanments (a synthetic absorbable
suture material) of varioug,git¢i e diameters of about
0.018 inch (about 0.457 nmj, apout 0.015 i nch (about
0.381 mm), and about 0. @Iddsile Sahngthbout 0.292 M),
whi ch 30 are respectively slightly larger than the
United States Pharnacopoeia sizes 0, 2-0, and 3-0 for
synt heti c absorbabl e sutures. |In accor difiRREimimum Requirements

aa_rb_eé?dai%a%%ﬁt Supodisee. b ERiP Gumag ™ o forgk i Bull pounds)
refi aboutp0.35 mMmto abggt 0.399 WO 2004/ Q39704
PCT/ USZOOS/ 030664 -21 mm size 2-0 has a dianeter
réh@erb@ﬂ aboutZQ) 30 nmto ab86t 0.339 mm and $§i%e 3-0
i amet efjrange of a 0.20 mmto abou 249
bﬁ%‘\’@ﬁ barb d suture vvasbggjgzlt pped at each end t?%
b@aagdhel d wi tth cork gasket7.@gaddi ng in not applicable

As can be seen, escarpment of barbs into the size 0 polydioxanone monofilament
reduced the straight pull tensile strength by approximately 60% as compared to the
conventional unbarbed size 0 polydioxanone monofilament (7.03 pounds = 40% of 17.72
pounds).

However, the straight pull tensile strength of 7.03 pounds at breakage for the size 0

polydioxanone barbed suture (which, due to the escarpment of the barbs, has an effective
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two respective serrated jaws, whereas each unbarbed
suture was gripped at each end by being 5 wapped
w@e@unsd7omo respective capstan roller grips. CaQBUSI003/030664
rollers were used for holding the unbarbed sutures to
avoid stress and di stension. The portion of each
suture speci men between the22wo gri pped pl aces was
~about 5 inches (about 126 mm in length, which, in
diametpethatis emeflesharbihd dsuneteres thecamyeitivad! uifbertedtsized ®lydioxanone

i\nches (.7 of. .t he barbed. i ddl e rtion. 10 h
sutur B R i BRGPE AT S ¢ nPFah R aeriior §gfiHounds for
the si2d0 ipbBARKah ARUShvedidnMnbaided si¥ufut € until breakage
occurred. The peak | oad was recorded as the straight

puhdditiensd siraightpuildensilp stremggh tests wers perfarned onadilitiodalisize 0

rrs 8 B P00 R S LT, HEBELRAAS, v

Figureomyenti7gnal (unbar bed) sutures made froma 15
synthetic absorbable nmaterial. Table 6A (Tensile
et i vivecpedopmicai hrinengel degsepashtaboutddriige tvees used. On each

St
cog, PRGNS e Bonly @SS, a0 b RTHR) verfey fjflne, and
paranieHiB6 e&chQ thdJhheished hdvidg 8, 820r3 A8surbsiBar Mae I gih dFFach
be seen, escarpnent of barbs

. . .hot i I As
SRS ot Son b et escarpeny SR b
the d%ﬂgﬁ/ oBtdchiigtilionWht rrbRNae L%gﬁ‘icﬁﬁ'&hhjslqéft h%ﬂg{]ﬂlt ely

% as conpared to the nvent 1 onal unbarbed size 0O
pdisiai the dathed swores(all swadnfro7if) pdydidsanrond @¥nofilahien?)224 of
.30 pounds). wever, the straight. pull tensile . .
the sie R TR 1565 BitinhoRa bR aE Yop ofed sibasgous diameter
sizes BPEOHH/eRXGHAD Bigb BB ahr&sUt Wite whithi¥iZe!D-0 diie biaRlel HBament, 6 sites with
escar pnent of the barbs, has an effective WO

size 250 oylop BurOLilaneTt, 983 G68L080B 6ize 3-Opolpdiarastose manafilament), which

|er he .di .. of th onventional. unbar bed
were BBl B0 s SRl R RIS kP R
t Hitherdogs Were rGRtdteDdail3yhnd thes vibjet@o edfhaBadOatDiLDES. At the

. f?f{ t he si.ze 0 pol ydi oxanone conventi onal unbarbed
time of fleghe the Apeipipnoviee e¥eluaied macEsropigablys i Wih sgarhigtarious tissues,

incisibf Siz8s, WRd RocRESHs YnhagR, Afdies 2Bpded With&ndsize 0 polydioxanone
barbed sutures stayed closed and appeared to be healing normally throughout the 14 day
observation period. No dehiscence occurred.

The site apposed with the conventional unbarbed silk sutures and the sites apposed
with the conventional unbarbed polydioxanone sutures also healed will without
complications. No dehiscence occurred.

For the 6 topical skin sites closed with the size 2-0 nylon monofilament conventional
unbarbed sutures, 3 sites exhibited partial or complete suture loss, apparently due to self-
mutilation by the dogs. Knots in the conventional sutures possibly caused discomfort by
creating localized pressure, and animals cannot understand that they should not manipulate
the sutures. Thus, barbed sutures should help obviate the problem of an animal manipulating
and pulling out the sutures.

In summary, the in vivo performance of the size 0 polydioxanone barbed sutures was

efficacious when compared to the size 2-0 silk braided filament unbarbed sutures, the size 2-0
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5 pol ydi oxanone barbed sutures, as discussed below in
Tables 7K - 7Z, in connection with Figures 7A and 7B.
WO-0004080504 N vi vo performance, 3 nongrel dogs, PEDNS2003/030664
about 14 kg, were used. On each dog, 7 incisions were
made at the thorax (twice), thigh (twce), flank,
ventral nmidline, and pararmdi an, each of the 7
incisions having 1, 2, or 3 closure sites. The length
nylonghorediddmerd unbarbed anunes nge thefsizeri-a ipolydidxasoriemadnafddoertt
b éZ to about 4 inches (about 101 mm) and the
unbarhed YUWEF- each i ncision was fromthe superficial dernis

t @n A GltARA eUMBIMmALS (A shd\en)TBF BiedirsttbiMl @ﬁls( @t!ltl mﬁﬁfﬂﬁe spiral

fromsize O pol ydi oxanone nonofil ament),
sutures7Q, gl postien ef serd 70 Porwhieinis dispesad, barbse77rmaﬁhwerhgrts| Klfacing

rowarf g udt R e PRLet e frEdS T b AR ed ooy gmay have
barbs 5i8|fifc1ﬁ)% tvied pbinteda 4. Wigi theSvanatibn, lﬁe BdrB& sttite WOuRbe
nonofilanent, and 7 sites with size 3-0 polydi oxanone

inserteghing® fissapravith) an ipgarden deyiseesueh @s thaiishown indheghavg-neted U.S.
Patenﬁ_ﬁg es 31@%@&)&&% ﬁgﬁoapé: %{59& 095 Elgte t%zﬁ%%@né dt)e e%agal})ngd so that

gsS~ were noni ore ecte

there giay ﬂfba aqmrtﬁbr&twmﬂbaibyﬁlcmghn bh@ and l p’ﬁnﬁﬂh vﬁi&ﬁbdﬂbs fabigg the other
i nci sions were_ eval uated macroscopi cal Wth regar

end, o ¢ BRGNS 4 th barky Esing ansad andh Pertisas Wltarberhséaca@g %@tlafﬁ end,
and sd &?(rg)@ Gowd inihh€SF ?gcg'ﬂéﬁ g Wrbdks Bt ire8hOsu éure ead to which

i oxanone 20 sutures staye ose
those bmbe areendljacenty d‘nehetzhb badpech ourtoml would he osghelintd thaud Wit ay
. rvation period. No dehiscence occurred. The site
msert’z%rf% &8 with the convent| onal unbarbed silk sutures

anth 4dhentaid 652 BRBQPRMre %\'ﬁlh;ﬁh mlsﬁ&ﬁvﬁﬁﬁip@ﬁraptﬂi%ﬁ% is that

pol ydi oxanone sutures also healed wll w thout
such & d %Jéwrp@ff@rdsmtt@le\h@s@éw&ng)cmbﬂ@ﬂ as aBnpraped tolike 620 degree

ki Ny t he
spacel BREFR i TR G0 SRS abo B el M o 0
groupe ¥Nbirbé 8t pahplementiceosid ﬁwpracgadlptrgeglb@ﬁ@of HagRawaithldhds to
due to self- nutilation by the dogs. Knots in t he

providegimpapradamahoring Wpeasthpgguiens in tisaus e Bhig fepsierdsgspedsglly useful for
tlssue%ﬁﬁ%g ﬂg‘ué Qg alhiée ﬂas&%\fgﬁiﬁhgectﬁ/@ ipRp é@p%{e%%ﬂg&her types of

er st an that t not mani
tissues,sb ua greatdrysturdetdnedn Sarteliselssisdbdall d hel p obvi ate t he

probl em of an ani I ni ulatin 30, and pulljing aqut
5@%{??%?%%@ novtogk *f%l B ?%labga? e dathsf suture 80.
Barbeﬁ@ﬁtu?é g®hik Netavel &m@% Rttt é@n%%ﬁl suture body 8’7 of

ef fi caci ous when corrpared to the size 2 'k brai'd
generdl]yl cirauter crosb agdbiod. Eachubarls 81 hhsebash tip 83 Gho@n 2601108 w@ﬂtudmal

-l e e e
o, cut-SHRBERBLiHED! &%t tip T of cut-out depression CD.

Figure 7B is the sectional side view as illustrated in Figure 7A, but rotated and
clamped to align the barbs for measurement of the cut distance P between barbs 81.

Barbed suture 80 is a twist cut, multiple spiral, bi-directional barbed suture, like
suture 70 in Figure 6A, but illustrated as an enlarged section in order to show more detail
with respect to the configuration of barbs 81 vis-a-vis suture longitudinal axis A, suture
diameter SD, barb length L, barb cut depth D, barb cut angle 6, cut distance P, spirality angle

o, cut-out depression CD, and terminus T of cut-out depression CD.
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In an alternative enbodi nent (not shown) for
bi -directional twist cut, nultiple spiral suture 70,
W b@4fs0704 on of suture 70 on which is di sposedP@EUBR0TT30664
may have barbs 77 facing 5 toward pointed end 76 and
the portion of suture 70 on which is disposed barbs 78
may have barbs 78 facing tédard pointed end 74. Wth
this variation, the barbed suture would be inserted
| Mare spestfitallyd deberahtwistser, mubtipld spiral charlsadcdutass wWa@tmanufactured

sho in the above-ngoted U. S Paten 5,342, 37
from IRB‘F‘%E“RF%SPPF frgaspelydioxaneng andhaving 3 et?éP’B%b%é 0&% inch

(abouf G5! gﬁg vﬁﬁcﬁ Rak; éhd}hﬁ&% ARV ﬁgﬁ% AR f & &é@@gﬁﬁhem

n end portion with s facing t
absortmbleesutiir®). dmth sutur@cqmmnadoﬁ’sbanbi intrbduded i Aséparata mlﬂlq;de spiral

and 2 rtions.with r fac t her end, ..an
patterg g R T RtGes ah echs $Mce g Bpdh e f-BipehEnlsthey
were d19idedl aftb A%eft BRUP Wik B Ak 4rd AVdIe %ro@hﬁ%%@%% eﬁ&?group

adjacent then, the barbed suture would be inserted

opposingt the dlrs@m qﬁatlnerpthﬁ gr@uls@pmutmaMImte Imddbmféhﬂ ag@reoﬂiach

b
suturergRFET Bt ppifi 78 bl TG itiasuEbatipBiode Pods Baches
(aboubm m{) omw@uhe lafldl BéhtGAGBIE 178 byirbd $het MEREREPEQ irth ehelsture

spaced barbed suture. The reason is that the
fﬂamqrw Eiﬁtea@nng baynd;the & ingpi(Y@mnpeharkadmmiddleortéon tewgrdeash suture
r
end ngfe tg%slﬂ%futbgg%gﬂ; 8%5@1{5 %ﬁﬁ%ﬁ%ﬁrﬁ g@illgve% geﬁ:ﬁda'bG% 2 inches
(abouﬁi]k:imm)llmg vibepentiing oalﬂhdmﬂchlﬁg teﬁhﬁlq&s vae oﬂ'blbtﬁ ehéwadfithebarbed
eci.al |y usef aﬁ faor, tissue suych as fat tissue,

Sutur%m%hgﬂg ciepthePOIRiGA ARd Figifd o ISerien dNAH SIS dORPHCPRPIES 2

SUmgmyggﬁn@ﬁnggﬂglssues so that greater suture retention
force is desirable. Wth reference now to Figure 7A,

shoomier ® chaseterizo thalcosfi gleratioreed mibsiiHy, be Dpsant doem800 custom

. Barbed, sutur.e 80 ura closel.y s d barbs
microg PPRR 5 e A Bt By aseroseyi Srith § Bl tat uiteo
camer@ 9 8flef RFhEMre fshehdbar 88t Ras 5 baiRiflchforBRomANBS Bk Geft and

suture longitudinal axis A sut ur€ di ameter SD, barb

right grewgth L, barb cut depth D, barb cut angle O,

S ?hé g{/ér%%et éa?cu%zﬁecf"for %ﬁ)l eqf_:gted %e%y%g%le&n Ig{,‘:P bmatpg lef% roup of

e ressi on ure e sectll ona

barbs ahdl§ fionetNeaipht lgﬂoup bf Bdrbglon theEla@lld Keture).thdd Werd @ad A eddttof cut
clanped to align the barbs for nmeasurenment of the cut
angle fijagd spicdepth De Badeeitigaglpd vgas mepyicddepns thesuefagpofithe gut to the

e I s di.rect i .
o 5% o o Tl 198 £l G RRALRIRLREL Bt
from ths oafer suifare @€ barded titome 80no®mdlelbngimdﬁmmﬂwcﬁ baededisuture 80.
30 with respect to the configuration of barbs 81
The mppsuremeits eagplad @it g & tndrerraiculstedusing bgdoliowing formular
SD, barb Iength L, barb cut depth D, barb cut angle O,
cut distance P, spirality angle a, cut-out depression
CD, and term nusLE Df{Stu¢l8outd)pdepr essi on CD. WO
2004/ 030704 PCT/ US2003/ 030664 -24

Also, angle o of spirality was measured microscopically on various barbed sutures 80
as follows. When the twisted suture filament is gripped by the vise during cutting of barbs
81, the vise leaves a very light mark designated as line M impressed on the suture filament.

Thus, line M will be parallel to the longitudinal axis of the vise while the twisted suture

filament is being held in the vise. If the vise does not leave a light mark on the suture
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More specifically, several twist cut, nultiple spiral
bar bed sutures were manufactured from nonofil anment
WG par/08a704n pol ydi oxanone and havi ng a di anmet er POf/US1903/030664

0.018 inch (about 0.457 mm which is slightly nore

than the USP requirement for a size O synthetic

absor babl e suture). Each sul3dre contai ned 78 barbs
introduced in 2 separate nultiple spiral 5 patterns

filamcajt abedlitd®] @inrteuefeeniied én thfat it epasallel tea life toRetthey the two
ar bs mere bi -directional, were divided into

e
respeqtjéfpttergpg,% RF the 0% SUREPEE e Ll 03%/¢qp§q§§1°§? Ghdetin FPtQ]@ body 82
A t f
o By B BB BRROSHA0Y b0 f )
sutures§il isreeasad f@bothe viseiand batwvited smthafls?(ﬁurm%)) lieo ﬁge tRdreline M
(about 76 of

m ddl e portion wa t 3 inches
spiralg %S@HEH%O@Y&%@I ﬁtbaﬁaffgautflfﬁe S0z gonmipg angle, actofmv%hty

ENEEL O BB R i B T or

was s@Uith fing Bglgtingett 60 indbaskipheag aﬁcﬂﬁrd@qlztdnﬁ fiae Qf) t ARo, imaging
suture filament that were each about 2 inches (about

analysgg sygm quﬁgare D@Bé?ﬁ% mpirehtytanglesy veg Hien gnqa@@hcfh befvsen dreecouter
surfac%rof Ot 0s%ture a%d‘ neblelr bﬁ’ld vg’r(lglxtﬁg ( % §a %,(lillgtgﬂ ut rr%hgnet:ci y

i nser
meas&émé)ﬂitls $53fram thé lefi gh\ﬁp O by Atich ﬁ@mdh@ng}ilt%rcbdp s dndthe same
characterize the configuration of barbs 81, an Optem

sutureyoom 100 custom ni croscope with both ring and back

| rgbyd i I

1A, RS HERT W hOBBIMIEH !4 g fep o AE e S puare 80
clampmigna fixedpositior. i atlzer knd df §iherel 38fwasandtedrio gisertgwisy pstil barbs

faor 10 repeated
81 wefudidht 3@&%‘?%‘%&8 dl@f‘%‘“@ﬁ%ﬁ” stansg FpgtWeensip agljacent
barbs Bl Wﬁ‘strﬁh%sﬁrb& Hﬁcr@k‘%ﬁféaﬂ’ﬁ b&%@x?th%rlwbrx‘ gééﬂ% t&%Hl‘iseT of fRttwo
were made for each of cut angle 0 a cut depth D.
succemtelrutott dapgissiots GRdeltemsiunedofly §infitoireths esdagueersfof twe

. cut .tao the outer surface of rbed suture 80.
sucoeilife i 11° ik Bt BACURGR I Er B Gt TR @ from the
left grofi® oPbirbs arklls fro@ehofighairbgsossiby ¢h B0 sivalttre).

| ongi tudi nal axis A of barbed suture 80. The

ne 88 fistie are susmapzedingbe fallominsTabless’ b/ B Cs andiyRd
using the following formula. 25 L = D/{ Sin (180 - 0)}
Al so, angle u of spirality was neasured

m croscopi cally on vari ous barbed sutures 80 as

follows. Wien theg tw sted suture filanment is gripped

by the vise durii@l—’lém&%ééﬁgm—e}% 81, the vise

| eaves a very light nark designated as |ing,Morp
‘n‘e_IVI_1‘II‘“gDvm e

i npressed on the suture filament. Thus, |i
parallel to the | ongl t ud| nal axis of the Vi Bevehbutere

=t

tnetvvlsted ture ment is ing held.in t
Measyreiigit' ¢ heMB se doe ot Ieav&@l i ght _ihqg&eteggstﬁgmm)
cut angléteur e VWO 2844307041 5CTHUS20034-039664 not applicable

cut depth D mm 0.15+0.02 0.16+0.04 0.35
cut length L mm 0.36+0.03 0.40+0.10 0.87

cut distance P mm 0.90+0.17 0.88+0.15 1.92



10

15

20

25

30

-25 filanment, then line Mcan be determned in that it
is parallel to a line connecting the two respective
wao eooriosnTs4 T of the two successive cut-out deprPCHUSINE3/030664

CD left in suture body 82 fromthe escarpnent of two

successive barbs 81. After cutting of barbs 81, when

barbed suture 80 is releas¥#d fromthe vise and

untwi sted so that suture 80 lies free, then line M5

spirals on suture bod{aBi2 78 Gimd® Hasrededtuselt ur e 80,

form ng angle a of spirality. Specifically for )

nmeasuring spirality angle a, the Optem Zoom 100Ratig pEl, L. or

m croscope was set with ring lighting at 60 andpQagKsuture

lighting at coarse 12 and fine 10. Also, imaging—
Measenenleysi s sydimtn sof t waiveragas usSthnd8diDeyfidtion abydmeter (0.457 mm)

s . then neasured between the outer _syrface of the

Cmanr\g%’%ed sut ufEEEF 1ine "M The aver agé'é\%és cal cultqf agplicable

cut db{ D10 repegt,gd 10 nmeagygents (5 fpepythe left grgl
efg’;t:hrbarbs and 5 fromthe rll ght group of barbs on the &
cutlesgthd. sut ureym Then, bdx4ed suture 80.042s nounted i 0.9

.twisting device with one, end of sutur 0 clanped i
CUtd‘%\ta’F‘fe)}éd posifton. The E}Q@r end of sQ%@?e 80 was 21
SDIT to i twisigggati|l barbs §howere ali :
P al{{%&?g&lg% bar gg%%ésstt ur eSZtSOO@I ongi t udi nél%b%ut di st ar\l%g F1>lcable
bet ween two adj acent 15 barbs 81 was neasured
m croscopi cal ly betwe th] WO I.e ctive terminus T
of the two successivjﬂgﬁt—ge{%@@é?ﬁéﬁ%é CD left in
suture body 82 fromthe escarpnent of two SUCRGESL¥D.L,or

barbs 81. The average was cal cul ated for 10 repeated
measurenments (5 fromthe left group of barbs adtover Suture

f %Hhe right..group qf bharbs on the sane suture). The
Measurre% s ar e%}nts (i Ze%I veraggheS?a%dgrgigﬁvgﬂeﬁgl I e?—rl—afﬁ%ter_?@;‘lﬂ mm)
cut angfe, ® and 7D. de%@es-rabI e 7AA4(si ze Ozlgagbed suture) pBasighicable

of D, L, or over Suture 25 Measurenent Units Left

cut depifgRt Di amet®n (0. 457 #8405 cut ahg§B2 0 degrees 156 0A5S

1° 1 not applicable ¢ut. depth 0. 15+0. 02
cu legtf 1, o 00 oM ' G oS o BOBEL 0 0370 46+0. 10103
cut diftaé P cut dinghance P mmdy590+0. 1§.10388+0. 15 1.92 30.13

WO 2004/ 030704 PCT/ US2003/ 030664 - 26
spirality angle o degrees 19.333 1.506 not applicable

Table 7D (size 0 barbed suture)

Ratio of D, L, or

P over Suture

Measurement Units Average Standard Deviation Diameter (0.457 mm)
cut angle 0 degrees 155 2.390 not applicable
cut depth D mm 0.186 0.026 0.41

cut length L mm 0.437 0.039 0.96

cut distance P mm 0.966 0.071 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
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Table 7B (size O barbed suture) Ratio of D, L, or P
over Suture Measurenent Units Average Standard
wDeotasi7on Di aneter (0.457 mm) 5 cut angl e 0 degr/E8m03/030664
151 1.642 not applicable cut depth D mm 0.215 0.027
0.47 cut length L nmO0.446 0.042 0.97 cut distance P
mm 0. 962 0.073 2.1 spiral i angle a degrees 20. 833
1.602 not applicable 10 Table 7C (size 0O barbed
(abous(lt467 ejm, RAghtdy gibreRhar the (‘USP Eqﬂi\tﬁnerﬁlfdbnﬂ gze (D/Eﬁﬁhﬂtﬁmb@dirbable
Its Average Stand iati D aneter (0,457
suture)s T@afneaﬂ 5}’%3%? ¥ sanﬂst © stag dﬁewa%m*pwsch[%hfié

Sop BT g3 B LRy 8. s,

cut distphded? vete fRAfglBedonI® gdditonal %1-aﬁ&tibn51&6usn @tlt ﬁmﬂﬁple §1lilhﬂ barbed
20 _Table 7D (size O barbed suture
sutures 1 sptusgsi8Qy But howing @iarasier dirbpyt 9&539@1 @ba%%%? mm, which is

shght@éb%?tgggthnot apgl]hrefgxg%l?ﬁyr acr%[%e %g p?r#ﬁ%&na@)g(%b%%lg §gﬁlge§ and
measitedhénts of spigiligh ngle ameete dforthe@38 2bfWese 6 uiddidionslaaetedRutures.

mm 0.966 0.071 2.11 spirality angle a degrees 18.833
Also, mepguements gf)barb@gibangle baf kagthde rba:@@d@pt]@ Daput distance P, and

spiralf5 il S ey SFRPESPT piitt fn Bl spiral
barbe®36i1RY IKHEHURS 801 bl vAthHd GERERE 0PiboaP0WL 5 thcH¥BHdRBB81 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)
cut angle 6 degrees 166 1.651 not applicable
cut depth D mm 0.107 0.007 0.37

cut length L mm 0.443 0.042 1.52

cut distance P mm 0.956 0.079 3.27
spirality angle o degrees not tested  not applicable not applicable

Table 7F (size 3-0 barbed suture)

Ratioof D, L, or

P over Suture

Measurement Units Average Standard Deviation Diameter (0.292 mm)
cut angle 0 degrees 164 2.055 not applicable
cut depth D mm 0.106 0.006 0.36

cut length L mm 0.395 0.042 1.35

cut distance P mm 0.959 0.074 3.28

spirality angle o degrees 7.329 0.547 not applicable
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WD 2004/ 030704 PCT/ US2003/ 030664 -27 (about 0.457 mm

slightly nore than the USP requirenent for a size O
wa@ymat7o£ absorbabl e suture). The nean aver apET/MAR03/030664

16.87 and the standard devi ati on was 0. 85.

Addi tionally, neasurenents of barb cut angle 0, barb

l ength L, barb cut depth D-2&nd cut distance P were

performed on 3 additional bi-directional tw st cut,

multiple spiral barbed 5 sutures like sutures 80, but

havi ng a di aneter of ut 0115 inch (about 0.292

mm which is slightlgg eﬁ59§ﬁﬁiy?hgfgéggﬂgéuirenent

for a size 3-0 synthetic absorbable suture), ﬂﬁgoofD L. or

measurenents of spirality angle a were perforne

of these 3 additional barbed sutures. Also, PoverSuture

nmeasurenent . of barb cut _anglg, 0 b.l.ength.L, ba
Measmeggeglt’ ot h D,%Q%t di st évggagﬁ, S]ﬁtgdarggglv thlopy g)}?jrlleeterafo%% mm)
cut ad@s @ performgtegn 3 addigsi onal bigsrectional twW§tanplicabl

cut, nultipleggpiral 10 barbed sutures |ike suturesflpplca ©

cut dgoh Dbut wi t mm di amet er0.8# about 0035 inch (about 0.36

0.381 mMm which is sli y nore n the USP
Cutbpgéﬁfrenentnpgr a size 2 synthe?bggabsorbable 1.34

cut distah¢t ). Thenresults g essumuarigggsin the fol | om Ry
. Tables 7E, 7F, 7G 7H, 71, and 7J. Table 7E (size 3-0

spiralify apgld osut udegredss Rati -3 D, L, @636 P over Sut una applicable
Measurenent Units Average Standard Devi ation Di aneter
(0.292 nm cut angle O degrees 166 1.651 not
applicable cut depthTRhRMEDER2-Ob8BId indré) 20 cut
length L nm0.443 0.042 1.52 cut distance P nmm 0. 956
0.079 3.27 spirality angle a degrees not testRatiohD. L, or
appl i cabl e not applicable Table 7F (size 3-0 b%QR%P&Hme
suture) 25 Ratio of D, L, or P over Suture —_—

Measifeasur enent Uditst S AvepagesSt Sglalaci Devit@ddd on Ddhaset €381 mm)
(0.292 nm cut angle O degrees 164 2.055 not _

cut anglg @i cabl e degieesdept h BORW 0. 106 b38d6 0.36 30 ciat applicable

mnd%ﬁﬂﬁ&h L nn%9n395 0.04§%%P35 cut08i§tance P nn10.9§%0

3.28 ‘spirality e a degrees 7.329 0.547 n

cut leagthlli cabl e mm 0.449 0.057 1.18
cut distance P mm 0.944 0.098 248
spirality angle o degrees 9.40 1.606 not applicable

Table 71 (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 161.0 1.707 not applicable
cut depth D mm 0.158 0.014 041

cut length L mm 0.489 0.054 1.28

cut distance P mm 0.962 0.054 252

spirality angle o degrees 7.96 . 1.075 not applicable
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WD 2004/ 030704 PCT/ US2003/ 030664 -28 Table 7G (size
3-0 barbed suture) Ratio of D, L, or P over Suture 5
wor@ssEpENt Units Average Standard Devi ati on BUHIBS1083/030664

(0.292 nmm cut angle O degrees 165 1.031 not

applicable cut depth D mm0.104 0.009 0.36 cut length

L nm 0.390 0.035 1.34 cut -#-stance P nm 0. 975 0. 103

3.34 10 spirality angle a degrees 7. 258 0. 636 not

applicable Table 7H (lsbk ) tag ie)e) Ratio of

D, L, or P over Suture 15 I\/Easurerrent Units Ave

St andard Devi ation Di aneter (0.381 mm) cut aééigggﬁ'l‘*ﬂ

degrees 160.2 1.320 not applicable cut depth P &% Suture

0.152 0.019 0.40 cut length L mm 0.449 0.057 1.I8 cut
Measyiomenhce P niB. 944 0/0%smge. A$jaxdardPeviation y Bdagheten(®. 381mm)

ees 9.40, 1. 606 not |cable bl e 71 (S|ze
cut rbgzgéed sut urdSEeRSt i o oflaegIEH L, 11§E§§)‘ver Suture E%tapphcable
cut dé\ﬁ@wremant Rl ts Aver qges4st andargolﬁw ation D anet gy
0.381 m) cut angle O degrees 161.0 1.707 not
Cu‘tleagﬁthlll-cabl e mmt depth E@ﬁﬂo 158 0.0684 0. 41 cut | endt24
489 0Q.054 1.28 di stan nm 0. 962 0. 05

Cutmfmggago spi P& ty angle a degree58§6g6 1. 075 not %55

spiralﬁ?ﬁhgl%%m e \WbrRB04/ 0307093 PCT/ US29§85 030664 - 29,d@bRcable
(size 2-0 barbed suture)

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
13B.) The results for these other barbed sutures are summarized in the following Tables 7K
- T7Z.

Table 7K (size 0 barbed suture)

Ratioof D, L

P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457 mm)
cut angle 0 degrees 152.6 0.718 not applicable
cut depth D mm 0.221 0.011 0.48
cut length L. mm 0.479 0.022 1.05

cut distance P mm 0.784 0.015 1.71
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Ratio of D, L, or P over Suture Measurenent Units
Average Standard Deviation Dianeter (0.381 mm 5 cut
wargkm3odegrees 161.0 1.506 not applicable cPCT/UBINE030664
D mm 0.154 0.017 0.40 cut length L nmO0.474 0.058 1.24
cut distance P nm0.973 0.068 2.55 spirality angle a
degrees 6.53 1.755 not appl-B@able 10 Additional
nmeasurenents were perforned on several other tw st
spiralitytangheuk t i pldzgsesr 82.9 bar bed.4$8t ur es nmanuf act urgs applicable
from nonofil anent spun from pol ydi oxanone and having a
di aneter of about 0.018 inch (about 0.457 mm which is
slightly nore than the USP 15 requirenment for a size O
synt heti c absorbable suture) and thus simlar to the
above-descri bed Tat BHd(dherdedbaldutures, except that
t hese other barbed sutures were cut with a different
cutting machine, nanely a nachine with one bl
noved longitudinally along the twisted filane
bet ween cutting strokes and that was controlIeQi%3{"§lr‘lg1;—u‘tz‘igg
Measugampant er t o Umikse theerami Stepdard Meyidtion t he escBipnaet(0.457 mm)
of. the barbs, Thes her bar sutures were al so
cut a‘?@%bed f or sqeﬂ%eﬁhfs% pul | Pgﬁgi l e strength andngt@pplicable
cut dGRRTPI s cl othcl osgis g strengply4(A di scussion of hoy 47
chanois cloth closure strength is perfornmed can be
cut lepgthl bel ow immconn@463 on wi t B.OB#gures 13A and 13B.)1.02

The results for th ot her rped sutures are
Cutd’ﬁ%ﬁﬁ%ﬁi zed i'H™ he ﬁ‘f‘} owi ng giﬁges 7K - 72Z. 25 Tabll?
spirai{f§ dnglez® O RREREH pupure) Rapizggof D, L, P overyy anplicab
P ﬂét urge I\/Easuréerrent Units Average Standard Devi a nq aﬁplca ©
D anmeter (0.457 mm) cut angle O degrees 152.6 O 718
not applicable 30 cut depth D nm 0.221 0.011 0.48 cut
length L mMmm 0.479 0.022 1.05 cut distance P mm 0. 784

0.015 1.71 WO Zo%m%zg@ﬁllg&ggg{eQS%M -30
spirality angle a degrees 12.9 0.453 not applicable

Ratio of D, L

P over Suture

Measurement Units  Average Standard Deviation Diameter (0.457 mm)
cut angle 9 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

spirality angle o degrees 13.1 0.193 not applicable

Table 7N (size 0 barbed suture)

Ratio of D, L.

P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457 mm)
cut angle 0 degrees 152.8 0.612 not applicable
cut depth D mm 0.207 0.007 045

cut length L mm 0.453 0.016 ' 0.99
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Table 7L (size O barbed suture) 5 Ratio of D, L, P
over Suture Measurenent Units Average Standard
wDeotasi7on Di aneter (0.457 mm) cut angle O dePCEES2003/030664
152.4 0.947 not applicable cut depth D nmO0.216 0.014
0.47 10 cut length L nm 0.465 0.024 1.02 cut
di stance P nrm 0. 774 0.015 1369 spirality angle a
degrees 13.2 0.349 not applicable 15 Table 7M (size 0
cut distanesel sut umen Rat0.@&Hf D, LO.OIP over Suture 1.75
. Measurenment Units Average St rd Deviation D aneter
SPIfal(‘éS.aﬁgl?%n degiees, é Ogdegr§'5g8152. 3 0.576 not notapplicable
appl i cable 20 cut depth D mm 0.227 0.015 0.50 cut
length L nm0.489 0.034 1.07 cut distance P mm 0. 796
0.018 1.74 spirality angle a degrees 13.1 0.193 not

applicable 25 T E 72 Ssi ée 0 barbfd suture) Ratio

of D, L, P over-38§ § nits Average

St andard Devi ation Dianmeter (0.457 mm) 30 cut db8sP. 1.
degrees 152.8 0.612 not applicable cut depth ﬁm’n——*“

0.207 0.007 0.45 cut length L mm 0.453 0.016 OP38ek¥uture

s REEP30704 BT URODNLO 0884 T i =t 05, B 5

cut arfigl®$0 not appenAbl 9 5 Tabl@s4® (size O barbed not applicable
suture) Ratio of D, L,

cut depth D mm 0.188 0.016 041
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)

Ratio of D, L

P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457 mm)
cut angle 0 degrees 153.1 0.655 not applicable
cut depth D mm 0.204 0.007 0.45
cut length L mm 0.451 0.019 0.99
cut distance P mm 0.792 0.018 | 1.73
spirality angle o degrees 13.6 0.410 not applicable

Table 7Q (size 0 barbed suture)

Ratio of D, L

P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457 mm)
cut angle © degrees 163.1 0.505 not applicable

cut depth D mm 0.245 0.013 0.54
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P over Suture Measurenent Units Average Standard
Devi ation Dianeter (0.457 mm) cut angle O degrees
waam40300649 not applicable 10 cut depth D mm BC/882003/030664

0.016 0.41 cut length L nm0.413 0.030 0.90 cut
di stance P nmm 0.787 0.024 1.72 spirality angle a
degrees 13.8 0.270 not appl3Zxable 15 Table 7P (size O
barbed suture) Ratio of D, L, P over Suture

cut letvithdur enent nuni t s 084 age St@fdard Devi ati on Di anet ér84

(0.4 mm) 20 cut l e O degrees 153.1 0. 655 not
C“tdlgtﬁﬁ?q abl e T¥0t ddbel D mm 0098% 0,007 0.45 out | endt

: 51 : cut dj nce P mm 0.792 Q, .
sPlraﬂit.y%ﬁlggf;i ralgie%gsaglgl%g a degrggi@l& 6 0.410 not qm%ﬁ)hcable
applicable 25 Table 7Q (size O barbed suture) Ratio
of D L P over Suture 30 Measurenent Units Average
St andard Devi ation Dianmeter (0.457 mm) cut angle O

degrees 163.1 0. ﬁQﬁleWgsﬁE@'Ba%leﬁtu;%t depth D nm
0. 245 0.013 0.54 S2003/ 030664 - 32
cut length L nmO0.842 0.045 1.84 cut distanceRgtionfD,L

8 0.449

0.774 0.009 1.69 spirality angle a degrees 10
not applicable 5 Table 7R (size 0 barbed sutuEéﬁgLJE@@

Measti@tdeit Of D, 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 L 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)

Ratio of D, L

P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457 mm)
cut angle 6 - degrees 160.9 0.708 not applicable
cut depth D mm 0.240 0.014 0.52
cut length L. mm 0.734 0.037 1.61
cut distance P mm 0.774 0.009 1.69
spirality angle o degrees 13.6 0.312 not applicable

Table 7T (size O barbed suture)

Ratio of D, L.

P over Suture

Measurement Units Average Standard Deviation Diameter (0.457 mm)

cut angle 6 degrees 154.6 1.434 not applicable
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P over Suture Measurenent Units Average Standard
Devi ation Di aneter (0.457 mm) 10 cut angle O degrees
waem403@0426 not applicable cut depth D mm 0. PGBUS2003/730664
0.51 cut length L nmO0.721 0.035 1.58 cut distance P
mm 0.773 0.010 1.69 spirality angle a degrees 12.6
0.189 not applicable 15 TaMl-e 7S (size O barbed
suture) Ratio of D, L, P over Suture 20 Measurenent
cut ddgth Ds Aver agemSt ar@arad Devi a0.00% Di anet er (0. 457 nmm.46

cut _angle 0 degrees 160.9 O. not applicabl e cut
Cu“ea%‘btlh D rm B340 @#% o0.52 &82? length L nm 0.734 1.08

cut ¥l 1. 61 gyt digtsnce P nypd; 774 0.009 1.69 25 ‘
spirality angle a degrees 13.6 0.312 not applicable
spiralftglahgle BT ( sidegres bExbed sutub@P3 Ratio of D, L, ndDapplicable
over Suture Measurenent Units Average Standard
Devi ation Di aneter (0.457 nm cut angle O degrees
154.6 1.434 not applicable WO 2004/ 030704
PCT/ US2003/ 030664 -33 cut depth D nm 0.210 0.009 0. 46
cut length L mm CabRZD(sH26 Harlpl suaue) di st ance P mm
0.538 0.011 1.18 spirality angle a degrees 12.3 .0.223
not applicable 5 Table 7U (size 0 barbed sutum

Ratio of D, L, P over Suture 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

Table 7V (size O barbed suture)

Ratio of D, L

P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457 mm)
cut angle 0 degrees 153.4 0.903 not applicable
cut depth D mm 0.221 0.010 0.48
cut length L mm 0.495 0.023 1.08
cut distance P 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)
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10 Measurenent Units Average Standard Devi ation
Di aneter (0.457 mm) cut angle O degrees 152.9 0.809
woodo4appbi cabl e cut depth D nm 0.212 0. 014 0. 4BCT/TH1003/030664
length L nm0.464 0.026 1.01 cut distance P mm 0,530
0.015 1.16 15 spirality angle a degrees 13.7 0.411 not
applicable Table 7V (size-3-barbed suture) Ratio of
D, L, 20 P over Suture Measurenment Units Average
cut angleadar d Devegtéon sBizamet er @829%57 nm) cut anglnet fplicable
degrees 153.4 0.903 not applicable cut depth D mm
cutdepttpP1 0. 010mm48 G2 | engt O-P0%m 0. 495 0.023 1.08 044
di st anc nm 7 0.0 17 spirality angle
cutle érLees 13. Sm-g 60 ?18;3? appl il((a:)-'ggfe Tabl e 7W (si ze Oil'o6
cut dibandecd®l sut umgph 30 (R89 o of [).0R] P over Suture 1.73
. Measurenment Units Average Standard Deviation Di aneter.
spiralitp augly Onm)  AeERe0412080704 PCAES52003/ 030664 - 3pokapplicable
angl e 0 degrees 155.2 0.829 not applicable cut depth
D mm 0.202 0.008 0.44 cut length L nm0.483 0.017 1.06
cut distance P nmm0.789 0.031 1.73 5 spirality angle a
degrees 12.6 0.328 not applicable Table 7X (size O
bar bed sut ure) 1% (spze Ojbarbedupirg) ey Sut ur e

Measur enent Units Aver age’ St éndard Devi ati on D? HELED. L

(0.457 mm cut angle 0 degrees 155.5 0.799 no

applicable cut depth D nm0.200 0.010 0. 44 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
cut length L mm 0.484 0.027 1.06
cut distance P mm 0.798 0.017 1.75
spirality angle o degrees 11.8 0.362 not applicable

Table 7Y (size 0 barbed suture)
Ratio of D, L.

P over Suture

Measurement Units  Average Standard Deviation Diameter (0.457 mm)
cut angle 6 degrees 1554 0.560 not applicable

cut depth D mm 0.196 0.008 0.43

cut length LL 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 77
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cut length L nmm 0.484 0.027 1.06 15 cut distance P mm

0.798 0.017 1.75 spirality angle a degrees 11.8 0. 362
woodo4appbi cabl e Table 7Y (size 0 barbed sut urBQT/RS2003/030664

Ratio of D, L, P over Suture Measurenent Units

Average Standard Deviation Dianmeter (0.457 mm) cut

angl e O degrees 155.4 0.56@5o0t applicable cut depth D

nm 0. 196 0.008 0.43 25 cut length L nmO0.471 0.017

Barbéd ®8urecut di st ancaraRhnBul) SEOSD. 019 Thamois@lottaCiokwyre Strength

angl e a degrees 11.8 0.496 not applicablz 3Q Table gZ
WD 2004/ 030704 PEIPUIEsH03/ 030664 -35 Ba d IC

Sampi [ @i ght Pull Strengthy 4ghamois Coth Cosure Stpeagth
(pounds (pounds to rupture) Sanple 1 7.29 11.%&
(TableTaAOHEMYK - 7M 5 Sanple 2 8.73 12.14 (Tables 7N -

P) Sanple 3 8.5 9.22 Tables 7Q - 7S) Sanpl e .92
Samié‘?%? 10 (Tables 7T - 87{?) Sanple 5 7.69 9.97 (é&gl es
T _ Al t hough all the above-noted neasurenents
(Tablés'YN R, : ,

were perfornmed on bi-directional, twst 15 cut,

Sample$tipl e spiral barbed.Jutures, the bel ow note®.22
deshir e ranges for measurenents for barb length L,
(TMMggﬁg—§§$ depth D, barb cut angle 0, and/or cut
Samplé $t ance P shoul d be tsg@ sane for the vari ousggiher
i nventive barbed sutures described here. A suitable
(Tables{T o 78D cut length L to barbed suture di aneter SD

Sampi@4§19€s from about 0.2-tg 9.97
(Tables 7TW - 7Y)

Although all the above-noted measurements were performed on bi-directional, twist
cut, multiple spiral barbed sutures, the below-noted desirable ranges for measurements for
barb length L, barb cut depth D, barb cut angle 8, and/or cut distance P should be the same
for the various other inventive barbed sutures described here.

A suitable ratio of cut length L to barbed suture diameter SD ranges from about 0.2 to
about 2, more preferably from about 0.4 to about 1.7, even more preferably from about 0.8 to
about 1.5. However, very suitable barbed sutures may have a ratio of cut length L to barbed
suture diameter SD from about 1 down to about 0.2, whereby the ratio of the highest possible
barb elevation (the elevation of barb tip 85 above suture body 82) to the suture diameter SD
correspondingly ranges from about 1 down to about 0.2. (The highest possible barb elevation
is the same as the barb length L.) Also, a suitable ratio of cut depth D to barbed suture
diameter SD ranges from about 0.05 to about 0.6, more preferably from about 0.1 to about
0.55, even more preferably from about 0.2 to about 0.5.

Regardless, length L may be desirably varied depending on the intended end use,
since larger barbs are more suitable for joining certain types of tissue such as fat tissue or soft
tissue, whereas smaller barbs are more suitable for joining other types of tissues such as
fibrous tissue. As discussed in more detail below vis-a-vis Figure 11, there will also be

instances where a barb configuration that is a combination of large, medium, and/or small
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about 2, nore preferably from about 0.4 to about 1.7,
even nore preferably fromabout 0.8 to 20 about 1.5.
wWhoaewan794 very suitabl e barbed sutures may havECHUSZN/@30664
of cut length L to barbed suture dianeter SD from
about 1 down to about 0.2, whereby the ratio of the
hi ghest possible barb el ev@-ion (the el evation of
barb tip 85 above suture body 82) to the suture
barbsdilsinMdem tBE)sarﬁ@ sutepaitidierdgsiyabie figra asthicenwabothe birbddwiture is
abqut 0.2. (The highest possible barb elevation is
emPl%f‘?Q I%Hﬁsé‘eél?ti‘hsedlﬁfﬁﬁﬂg F\‘gslt‘iﬁlcﬁllr‘is Also, a suitable ratio
of
IR bl B Bl SRR RE B it cho S ATRLEL b, SO woula
rangeéfhﬁmhb(ﬁrt 140 degrb&@itb abbut39 5 deyress, e prfahisly aduyd fahgeﬂfrom about
about 0.2 to about 0.5. Regardless, length L may be
145 daergpsftambyuwla?r idsgrege p Bt Devferrekcyt ingls delor alh Harps ganges from

Jbarbs are nore suitable for joining
aboutiléptg EE’es of tissue such as fat tissue or soft

t iF%$ Hidtan¥d) qspﬁ?o@areké@he BALES s WK § diateled l%r §bdu®0.018 inch
j 0i ni ng ot her es of tissues such as 30 fibrous

(about P48, @m)ASthhsle skghly langenibaicthe &ISE equednasmt fors- synthietic

ur f her St er e
sbsori Y bk s o ot B e PISARFEP ST, B Pffrea bar
deptham el/oard L mnVYEandARHeR0ré0 bafelt b@@ Q%QBI%@B degils.
bar bs. di sposed on the same suture will be desirable,

f drongifudingl éeam%@rvv@%awwe@@r@u% generally etfesied ayitiethe goal of

R D o
suturebmchylcld:&mssrmbIwyhdmnrﬁdtanm@@mrfes@ m\abatrbt art4Pactd dareies apat, tissue-

e e e e T L el ANy f e
fllam&{t %z@/rﬁe‘ﬁgolﬁﬁ’ﬁrz&f‘ WnEehQobRf 1@ bo apt@ﬁclﬂa?lcg/ %Pgﬁ%afﬂsqgheéi BRUL and

50 to about For instance, for a polydi oxahone
alsotbardbedassum &wterwmﬂeatrdmghreter of about 0.0 18 inch

UERRPal Y 4 SR b SL Sl gisngs b8 benbed R deilen 1 Figges rom

aboutSO E® dbout 6)endtt preTeraBl fRh Bbdi 03 10 abol¥orls & vBe mdrdHefBidbly from
t he preferred arb 10 depth D woul d be 0.2 mm and the

aboutd@foeabeif-ba N@%mtablﬁ@a@ed@wuu@pstmanlme @égﬁ*@a@fswt distance P to

v SO 0 BRFGOR, PRS0, ok P B gy

as lovbasr iimues. lpplﬁ*ﬁd:lhhrd?y ﬁirﬂ[ﬁ;}oﬁeﬁ&pxﬁmg biir® engbodinhént avl‘ilalﬁitsQﬁscugbed in
the ability of the barbed suture to anchor tissues

more (gfajl e]r‘?ﬁf ‘ﬁf AV ﬁ‘@uqurlr’rﬁeé%B 126, gad b&Par e spaced
f @[cfdﬁ Efraht& agrgr E)gfo?ﬂgéﬂ Bétbv@gn ﬁﬁ‘@ﬁférfdythg ) ﬁ@cﬁg:ﬁ direction

Nevert are sp aced too close,
of thei eﬂ]dir%fedtsytuﬁé bddyefoll b tist meﬂtlltlphysphel haelogalosuclire eghicali iveinld

range g oyt 3 dgitrbecoMEaretres maRITEiErbhy ERgehout T degrees t
aboutbgg F%g%leé.yTheamﬁ% préabl&d 5@%& Q £6f alpﬁ%rbéjbl‘?‘g BNSE, thQtiple spiral

sut ure I"amet er ranges
barbed suture is about 10° to about 18°,

Turning now to Figure 8, shown is suture 90, which is another embodiment of the
present invention. Suture 90 includes elongated body 92 that is generally circular in cross
section. Elongated body 92 terminates in first and second pointed ends 94, 96 for penetrating

tissue. It is contemplated that one or both ends 94, 96 may comprise a surgical needle (not
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about 0.1 to about 6, nore preferably fromabout 0.5
to about 4.5, even nore preferably from about 1.0 to
wW@bauo3@0b. Very suitable barbed sutures may heP@BUS2003/030664

rati o of cut distance P to 20 barbed suture dianeter

SD from about 1.5 down to about 0.2, whereby cut

di stance P may be as |ow a¥-about 0.1, particularly

for the overl appi ng barb enbodi ment, which is
showni ferinsertidn iinto tismiee Adiditminhllpeliove 90 mchides plufiligpofdoskRlspaced

B, 12C. and 12D.. Additionally, spirality angle a

besﬁgﬁﬁﬁag el\idd ‘¥Wﬂ%p%ﬁﬁﬁﬂ the 1ongitudinal direction

okuthese hﬁg%trﬁﬂie%m&h@ sRSYuthiRg nAckiNg 8¢ the YbovelMbdus®dSutures,
spiral barbed suture typically would 25 range from

such agiibeieuting) deyiesedesenibedtin the bBvetagied Ssrialbe. ®9(181788 abGgnova et

o T PSS A PG el 255 e
(suturB31 10D the $PO B&dree HSPRRIbNIsHtbides 30 MHLAdor HR: ﬁx@st%ﬁplir}\i}qﬂ_tipllqe spiral
I C

. 18. Turning nowto |%ure 8, shown iIs suture 90,
disposigom sy tuses 60s #B.0HD) rharedspturh @0 withasesny randomrbaitodisposition is
- Syt i.ncl S at ed. bod t hat i eneral |.
ot 34, 158 580 £ BLAL AL Ry Bl S50 bl
superibeamihoghg i figsués andltthanudfose spedop GotiERbleNdHr&frticA6 Wath the
enetratin tissue. It is contenplated that one or
I‘andOE]d{]

1FPOSies. G badhed sufyrecirmld pa insarted ingy) e Wb @n énseriom device,
such a%a% QQ&VAQ ﬁpt%%bc?@ﬁdt{%?@@b%{?ﬁ% §,3$2?37%*}8‘ﬁ1)f580r

insertion into tissue. Additionally, suture
i Méithggardpd Figire 9yshofvn i oscelipna paleadew babdabedsliture 100, which is
d i d di sposi.ti Sut 90 b
ot B Py B R RS S o e 30 A v by 102

of gerRRONRiBE HOSEECH. USRS, sunit 68d P50 R ddpbbddtth F8 %158
5 described in t hg above- nsclalt ed Se}?i al No. éﬂ)%%élcgggg%ég&fﬁgy of
closelysspased batbs $073| Eaojyharb t@hirisradtartpeenfigiiratios such that barb underside

. [ h f Ki he 180 d
108 133?12%1%% Igf ?&%rﬁdggfegu ﬁltre eog %ﬁt’h S%By?g?%gga%%gg g é)%%xrteede for

penetratisPissut bodit (StintrgHaidd thaf Sle ordtsih Blay h@phivd §§ur%ik’!51 needle (not
nul tiple spiral disposition (sutures 60, 70, 80),

showry denjaeerden @USYewi th a very random barb di sposition
[ ' t - d di,sposi tion
o1 e 0 AN A Sl RSS2
sutureg,rsottoad thg ciiting idsivedesanibed i wise sfovemdtesiLieeinl Nb. (993733 to

hol dj r rties. Wth the 10 random di sposition,
Genovaze ot Fash 40 Biip e Sirppiccprgerides OF s ertiated by paigpgng an aveillating
the cuftiig bR bi BB cHRMb Evice M @@mp i
ecuz_albc%ve- not ed 0's. gPa}qgeﬁt el\gbﬁgs %I%g;eé 6 to %{J]u]fnwt%\?\})?ﬁy ofa
monofilaggntd It is imendadgh® any lbthe biagbed samictsi afrtlad presenieinvemioncds

. 100, .which.is .. t.h nbodi t of th
deser RSB R b S g S i
underssdd ur e body 102 of generally circular cross section.

Al.so, suture bodﬁ 102 has di](s@%osed_ on it a plurality
oyVithgeferqnse ngwdp Kigaersy QA d1i®B, depieted imFiguold Aasa perspective

view ESEREGRH AR 0357 B A AEEE ) S
embodiinentrof tlaer gregeat imvextidnorSuture 110 includes elongated suture body 112 of
generally circular cross section. Also, suture body 112 has disposed on it a plurality of
closely spaced barbs 115 having barb tips 117 (one barb 115 is shown for purposes of
brevity). Barb 115 has a configuration with an arcuate base 119 where barb 115 is attached

to suture body 112. One or both suture ends (not shown) are pointed for penetrating tissue
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penetrating tissue and it is contenplated that one or
both may conprise a surgical needle (not shown) for
WO p@e/08G700n i nto tissue. Suture 100 may be nmadeP@i/UR20051630664
same cutting machi ne as the above-di scussed 20
sutures, such as the cutting device described in the
above-noted Serial No. 09/ 983, 733 to Genova et al.
Barb 107 havi ng serrated underside 108 is achi eved by
and it\is b@racmplgtedrthatmé bt bath mpy cohmpriseit sunggrabhepdis(nof shotva) for
insertS {JH% devi ce when barbs are being escarped into the
5@d§ * nonofilanent. It is intended that any of

ke IOTarfUion 8% cRdss58RioRRBASRE rdspERNELY AbrRSine 10C — 10C
dg?%rlbed here may have bgrbs mntﬂsg%?bnplgu a??on and

line 10Rat 10Ihef Gigees B dfigure d8Cand d 8Prfugbtrendarifs thay erbslild decomes
w to, Fi es 10A and 10B, depicted in
natro e‘gé}’"ég%ﬁﬁ" ¢! ‘6’&?&%%%?% view and depicted in
Fisgture 1 100Baly %e 2ndde Rvithi tBy% Rihe AR agihdiethd AbbveiiceBsed
is another enbodi nent of the present invention.

suturesy gugh @s theerufting dediies descsihedinehie Qbm{@r@t@b@l%nai Np. 89/943,733 to
Geno%%%?iaﬂ) éclﬁé&e%lr@'i 15 ﬁa%ql?rgg %?ﬁ:atté ﬁ«%e 1% t%g GOt }ﬁg rgngce 1s%)r0V1ded

osed” on ity “of
with aitinpeiladea mbﬂl hilS tHaa e mgrrb@fobdfrnggsardda_t’e wan Qesbéd‘tbo athate Hase
119 shown for purposes of brevity). Barb 115 has a
configuration with an arcuate base 119 where barb 115

| $; i@tdidrdeadhat ta@s/ StihE h&bRe gﬁigl]e% éf t Qgﬁes%flt ROLRo Lﬁts ldgﬁrl\l%ﬁi here

ends nOt shown ar e pOInte rat I nNg |SSU
may h@@@hﬂb@@?@t& de@fi 3@ 0BRANIROIG6s an a’i&lam’daslet Ths arcuate base should

h copt enp ed that one orﬁ Q ﬁco rls asur% al

enhang® B Bnliofine D GhmPiEd 4 MEL PaqRe fagt 5Py divised for

the bal®fo B ErchRPoRbeal GV RISH w%ﬁfdtﬁeﬁﬂlaﬂro%c%ﬁ‘i%alrsﬁﬁma'ﬂyse Llsy that could
along line 10C - 10C and line 10D -10D of Fi gure | OB.

deCfe@P@ﬁW@ anciorigd 10D further clarify that barb 115

SO A A R P e Y

embodlﬁlehh@f th® piteeerd Ilmuﬁ@ﬁ And SHat W RBeraByi@bsigfatdd @ 1001 Bhitage 120
vi ce described in the above-noted Serial No.
mclud@g p]gggatchgoc{yol 22@@:‘}{@@ gensrally|circylgr ggipsssscting: Elengited body 122

termirdfR¢iif 911(?5?4" aﬁ C A1 P%‘é?egl fg)g}z n%HLt{lr}thgsn gg Xl#(ﬁ? %5 contemplated that

provi ded

end 12dompye scpmpmiser@uyglaa’l aadle (nwit sliowSpeidtertion aft6 tisdue. PBother end
is intended that any of the_ barbed sutures

. 0 119. .1
1s not %tro“ffh &g, Plé%é‘}?e/ Bepeuied for Penstigiuag Ppsye and By compyishnsuagical

needldgj@[-p&lewaﬁﬂgﬁss(ﬁg?fl guration that includes an arcuate
base. The arcuate base should enhance tissue

afidseosutwg 138 lmim phutality oficlobely spdced barbs BAS elurality of closely
spaced SR8 FLE 34 oyball T of e Sisttp L 134 WrbiT Eomb adRively smalt i

size with apeldtivey bisort b ldwath &Qekfpared to barbs 127, which are relatively
medium in size with a relatively medium barb length, as compared to barbs 129, which are
relatively large in size with a relatively long barb length.

Suture 120 may be made with the same cutting machine as the above-described
sutures were made, such as the cutting device described in the above-noted Serial No.
09/943,733 to Genova et al. By altering the amount of blade movement during cutting into a
suture filament, then the barb cut length is made longer or shorter, as desired, to result in each

of the three sets of barbs 125, 127, and 129 being of a size different from the others, where
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15 decrease tissue anchoring. Shown in Figure 11 is a
sectional side view of a barbed suture that is another
weedvagsetent of the present invention, and thatP¢BUS2003/030664

general ly designated at 120. Suture 120 i ncl udes
el ongated body 122 that is generally circular in cross
section. Elongated body 12239-term nates in end 124.
End 124 is pointed for penetrating tissue and it is

the varyjimgeizp!s ateeldsighet fop @arémlsl stizdcaivapplicatiqursi Tae dabig @ay also vary

n gt e el SR Se bbb breomd

regardlBRCHhe dattBhst typiiafly & s My SYTRTA @ﬁh@sxﬁgxr ter, needl
for penetrating tiSsue.) Al so, suture 1 8 i ncl udes

pl|FHor #istange, g¢lattvedy Bk ger dpids etk deairide wgolnpi gfaiedridt spftafssues,
cl osel ) e arbs. 127, and pluralit closely
wherdi 388ty eb SBRTE Durs® kst Rl vaRing dhroistisgoesna e of X
comb#fatish &Ela¥del thediuhifladd/by&hll BH8E bn BRSRmE S hedSs to ensure
conpared to barbs 127, which are relatively diumin
maxigpmangharingproparaes wienybaregzesrarbarstorhised fa cadstisontigee oDnly

two difrBtspR 365 of Kb hePl o Bl b Siratpel 85ty Bod 1 ”

addltlw'lztl et bebsraﬁrmm‘: lgltidwn’)wmbf MRveAdix Ldtencte Aifferélf £ B&S than three
tures were ch as the cutting device

sizes %Se%leftr%%ﬂfor Aoty erb%b%* h&t.aad $29 maly brescagpedigioompirg bady 122
as desifRd %'&9&@35}06 %&}nh tﬁé’ nﬁéﬂd@& L ugeh eAl@(?QlﬂH&%%%I squ@?SO SHIIHstrated

movement during cutt Ing rnto a
with thé\barbabing lumdllrectgmlal fitds n‘mcdfaleﬂ angbirbed seies weth,baés having a
to result in gf the three sets of barbs

conflg_tlﬁglonlcgyaryé%s1{efgn BELOR “6‘? withdhe i ventronglsopay bepirdifgstional
barbe @ bilRBFc§ or WAL Bﬁ@e@@gﬂﬁéﬁgbgg oPhE/ 42 GRRAEROEEeq SU%I?I

the varying sizes are designed for various surgica
descriggsbhéreat i ons. The barb SI ze may also vary in the

t can e dlrect arb base may be )
L ERP BER T, ChE Sl e A e hotiacy OF i Teskninpension
showihy bhlfbadi kitutes1 30amSinchadhgaka %bd}'i#’ of gehbBRII§ 'éIrb'lElﬁr cross section.
di aneter. For instance, relativel Tar ef barbs are

One ogbethsyhreerds(nptenawayare apintaddos mrtetrmngmge andbit Nmnmplated

that ox?ee%%dtﬁlgﬁ A'}Péclnﬁ{ﬁls par szglc%'f ﬁee% s?ngﬁlng | ﬁ,eétéon Hto tissue.

rous tiss
nsdnumns(nﬁmdharmsmaésl punan@eofwrtts hes Wtﬁllgtﬂctfr@ bb@} PR §uRh that

anchorin roperti es when barb sizes
at leasf PO gt ar e GaTe Rt Dyl vy 132
where@ibif 2HL M 5 &&ﬁgs sebid gefrb has gtsf x&tné?ltd s§ Plch is readily
ody 122, ée §o

escarped into suture i't1ona
appardud ififsutisnid 2$¢11wd11)'latwntl:imd5'daz fi ve SI X, Or mnore
sets. t hree

dif fer . Size t ha

e P is3 e ipeBielidyy Shapuion o Svelspbmg Hirbe Ag5 atghne
overlaPFiBadppdsitith Barbed sit@rel80Ysf Fdstire PZ%A OgaiFSfe 12@ 52 top plan view

accordance with the intended end use. so, 85

of Figurgt13Be Hgweil3dDiip p genss-agcsignalwievh along lihg BB —bbam gf Figure 12C.

As Caﬁﬁ %‘o{) Zc?% Bﬂ%\%ﬂ fljo}n I'*"lguxje tl?é] dﬁg} c? rl 2]9 4 u%%% e%ga}rgrglgnt of barbs
135, overlapping first barb 135 1s escarped into part of topside TS of overlapped second barb
135, and so on. Part of topside TS of overlapped second barb 135 becomes part of underside
US of overlapping first barb 135.

Thus, with the overlapping disposition, the barb cut distance between first barb 135
and second barb 135 may be shorter than the barb cut length of overlapped second barb 135,
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configuration of varying sizes in accordance wth the
invention also nmay be bi-directional barbed sutures
woeomasifom bar bed sutures or any of the other POWER10Y/E30664

bar bed sutures 15 described here. Figure 12A is a

per spective view of another enbodi nent of the present

i nvention, show ng barbed-44ture 130 havi ng el ongat ed

body 132 of generally circular cross section. One or

wherdagtih gendrairfer barbied utats, sﬂmobmb cairdistpaderviebekehawo barbs > the barb cut

tengtl Rt LY Pon e amses bk Ry sap B Sl oA may
have 4 Pitiol JFRRY Ea!rlS’ Butl diishckitS ﬁ'}é%ark%g sekdEi8me P f&)HiT: dHor E) 5 élown to

I ncludes plurality of barbs 135 projecting from
about 132 siwe thetbagh cutalistinea Ptmayioe dsdngias aboutd). 1. y(Sael Jdacmsion of Figure

7 for GGRPnS P S QRIS T AL BRI Bargcasd Ny Oeragping
dlspoﬁﬁgn SN fdr BREAS pdckdng Wah ¢ Barb$ 1359@1%(1) lﬁPQ@H fcally, barbs 135
barbs 135 are laid flat on body 13 igure 1 s a
are thize As prsBparedtonzsn the barbwot dlrsf@ncecﬁetwmtwv@dmmgz tharbash afength.
Chub SRS G B AR S TS0 2
intencll‘e!dgcol Ir%lzli[k)ﬁ Bhalt gié@k:t; Ejé)hﬁ @chﬁci%}éé m%&hé ﬂ%igt%iﬁélsd/m@}l\'bahl(bﬂg
o lin - 0 i gure can be nore clearly
dlfe“@éﬁbqf?‘?ﬂﬁumf@ a¢ describl heyec, and 12D, during escar pnent
0 f
AR R 438, LS hHARG A ofiShe ARERNE00ES VRAEH Bitba
sutureli3 attached teeachBurgRat heclie. tla rmsdeﬁieao fasilndte dsertioapp@dissue, the
surgicgreles Fricpecomie i oUBBET FRUSS L i SR apPYT g
US. ﬁ%é@@@;5@9@013&?@%@%@W§%§ di stance between first barb
and second barB 135 nay be shorter than the barb
gﬁégf 0 2%{% '3131@? @7%24;13;35«/@ : 306 6?@' ) Eam&;na@;gam e ont theI
.20, er.eas, in n
ongiipat ARG i Tips 2ovstenp AR e it Crreaice. DuelaBial 1 has

pointddipI¥1 FortifRrtisriBtoCibsue ARNGddhas RBIL B EUS @l cvl A1t N s illustrated
over |l appi ng barb disposition, very suitable barbed

as attaghed; sBeh ey sWaging. ép basbecosugire Sthe Boghed suure 31 stabrreed syture
mclucfgg% Sp%&g%gelﬂatgre %g?&bg)(/e—d scgbgéj g%r{g%cil' ur%g m%dalﬁone}llc}lw

surgioaBn&HIuNl EasldlalhaeﬁDdllﬁ tHeSFinevere difecg o, &vlﬁcﬁlsflmﬁstrated as a
mrents vis-a-vis the barb cut | ength and the barb

relatiyg thip diamgtes spchras aboyt, R PP inchi(Alput 8i5d srm)-t A Aisgysserhabove vis-a-
vis svfagfngf:hfi‘g‘xgﬁlxke@a% RN QR BB iRALR e %?%sgﬁecm@ma&t@gn mggg be

Ica s 135 ‘are“thin, as conpare
crimpedby btandard ptocdiwesaamat balt o hblbsubae 158 it ptabefdramtmnngtussue.
| 1 ustr at

R 1308 SheSy it el A 2 paibd clonepikiagedin i the

longithdighltHRctibRinSHAUE @erge%ll}} Arcdfef H SRECR UG, hSlIrEFeal needle N2 has
i nvention also may be a bi- 10 directional barbed

pointegl iipyF 2 fog dnsgeipmrintedissiregngl. also has hole H2. Surgical needle N2 is illustrated
as attached, such as by swaging, to barbed suture S2. Barbed suture S2 is a barbed suture

including, but not limited to, any of the above-described barbed sutures. Additionally,
surgical needle N2 has diameter D2 in the transverse direction, which is illustrated as a
suitably thin diameter, such as about 0.032 inch (about 0.81 mm), but not as thin as diameter

D1 of surgical needle N1. As discussed above vis-2-vis swaging, surgical needle N2, after
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Fi gures 13A, 13B, 13C, and 13D show various surgi cal
needl es, where a barbed suture is attached to each
wa@ wogiodEh4 needl e. I n order to facilitate i nserP¢DOS1003/030664
ti ssue, the surgical needles nay be coated with a
pol yner, for instance, as described above vis-a-vis
U S. Patent No. 5,258,013 t4l-Granger et al. 15 Figure
13A shows surgical needle N that is a straight
having bmﬂg&ﬂ?&'ﬁhsﬁ’&’ﬁdhtﬁ hote HRemay bargrithpeti inadtartiardprioteduranbout hole

t ner circular in cross section. Surgical
H2 to,lp@@ioquéurm, A48 ac‘f)éirﬁ‘tseeﬂl YN USFYT | nsertion into

ﬁ%&‘@l?@ dhAsSQrfies n'é@&l@ N3 that%‘ﬁ Qh 84 el%ﬁg E@né%lé i the
strated as attached, such Ing, to
longltbdxmbbdirwumami tBat is Bamdml&iy &utuﬂaren &oss @camb aﬁhh*gnta]smﬁed}ed\IB has

point%&!/tg | ngw%g%&}%@q%@%mlgg hoﬂ?yolagt ?‘ﬂfﬁéﬂa geedg:d\B is illustrated
as atta%HE(ﬂ'sﬁéH as"l?}ﬁéu'apghﬂg tdBebel fmt 8. Partied shitge §3 ?srhsyﬁﬁéﬁsuture

direction is illustrated as a relatively thin
including ot rot,lingitacHo zanyaf thet aboveZescribbd babcxbsutmreMAddi)‘.lonalby

. di sc abave Vi [ sur
surgicgh REAROES nRGRe L B B ihefntVRE, b Sl A iefgy o
relative@y thed Hiaettr Qyicis hadbat d.oRiamaabsiRS.5akaMY. Ae R cirdsed Sbove vis-a-
hol d suture Si_in place for suturing tissue. Figure
vis swaggs fagisalsicedlicdhl, afiecdavingnptyre 88 inserted Bye belg 13, may be
cnmpg{ll 8? Qéh&zﬂ-d ﬁ?o%‘é{nﬁeé 5505"98 1§ fﬁil t‘ri}ri%;% ésﬁg&]g §§ nﬁ' gfa‘é‘é E&r%e i"}{“ﬁxunng
nsmmneedle hQ has p0|nted tip T2 for insertion into
ssue d al so has hol e Surgical needle N2 is
}Fvgyg? 13 shovargce aeRd I\}jsztbe%s asupygd §{;9§giltﬁ§ neqdp in the
longi tgéﬁgﬁqre%fi&ﬁ‘ Enf‘d B2t is %@ﬁé?@ﬂjy StdutHr&n é%sé sceC@%rp ag el aPileHleqN4 has
i ncluding, but not “limted to, an
pointealsgp/E4 fesuseitadntodisserasidls s hol!addéil t Sangaial yeedle N4 is illustrated

oGS P SRSl ). Tkl b B SA e

mcludi'h 25t £6t.1inSikeo Ay AMH atdvE.38schiBed bABEPHItu@s. 8Addibnally,
but not as thin as di aneter DI of surgical needl e NI.

surgicabnagidiecié BesgdiapeteeDe iin tfwtmnsve;sva@mqgon stivigi isallustated| g 2
suitab?yﬁt{hbn?éita%ﬁtely\f]ggég ? 44}3%%]) qgg%g S%QBHE/I (r)réj;ngf5 gr | rrx%%é' tllgr‘ri1 as Hgmeter

D3 ofStpieid hebds NG e Adrdesuaa ubodwl@a—viﬂsvtcﬂglﬁgo btgRul Iweﬂle$?4 after
in place for use _in suturing tissue. rlﬂ%ure 13C shows

having aletgsec%ﬂ inpgaiediiBogle Hismax becrimperkley wh Frhpregedyesbgut hole
H4 to'hB1d ﬁlre'sﬁnﬁkfaeé’fd?%eﬂwuﬁﬁ{ §q{§s&’é”d that is generally

circular in Cross section urgi cal needle N3 has 5
pOieadledips T, T3 Toand hi4 erd schcmatrdaﬁy ilissated angoiatedpbitass is well
hol e . H3. rgi cal needl e s.illustrated as
know%t*%ﬁ&‘“’%‘?fcﬁﬁ’nﬁs 13@ k}f&i s of BoipigAipg. Lk @f Epgpoint, taper
cuttmgaﬁah%lrﬁ%dﬂt’ir@g Sipel cﬁaﬁoﬁ’@g&ﬁﬁ tIHUHE Snd ik 1ﬁ19ancp1lt'§s intended
I'imted to, any of the above-described barbed
to mclsud@ thus sot bedimitecieatli such needlgtipsl Tansegoiet, Npehausting, and diamond
pine e Bl A QRRBE R B e B

alA@ g w@]l QAowi ehthé aliorded® ddmers) for AsrgfbiaPRdédRs dsabwite

Vi s-a
conventional (i.e., unbarbed) sutures is considered unimportant, and often very thick surgical
needles are used with thin conventional sutures such that the ratio of surgical needle diameter

to conventional suture diameter is 4:1 or even higher, such as 4.43:1.
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10 vis swagi ng, surgical needle N3, after having
suture S3 inserted into hole H3, may be crinped by

W@ t@aaanr7o4 procedur es about hole H3 to hol d sutBPCEUSBO3/080664
pl ace for use in suturing tissue. Figure 13D shows
surgical needle N4 that is a curved el ongated needl e
in the longitudinal direct4n and that is generally
circular in cross section. Surgical needle Nd has 15
pdiaweser, twith thé sfigical msdtetbaoied satwe tombinati@nsf tat pRsémsnvention

il lustrated as

(for e&g?rgac%l-rlébg %,g cal o ee%aﬁb tﬁe( Hier g@chg Sregieal ngedle is, then
the mB&Y ﬁi@féra?ﬂ’é ﬂ'l‘é@th%ﬂﬁfcaﬁn&ﬁf SUHIE s, %ﬁ@ﬂgd gé’édle diameter

not limted to t he above- descri
beingghinnersmd thiddert asompprqa,chesahc barbed sutmedilzend?tldr it is possible that
the trans e dlt&gctlon which is

the ndep i fEpPitpiayBe bVeRghines SHUfiemEisEn a
ahg 'gEneQalqglzthE%%eﬁtQH%th agrlaldﬁ%ly tﬁ’i‘ﬂtsuﬁéal ASedidhtthcASd to a

di anet er surgi cal needl é . di scussed
barbeg isuiyee ip |nsorapmf@ab,lwégn &p@rommatgmg:raasuwém glitpling afwomnd closed than

d | nt

sl PG R TSRS o RoPed Sl APl RS
relati \‘&;4y tHin phrgieal ﬁdéﬂleta&ﬁcheﬁ t6 U e GuttitesA 1ofks thie@dhter édgaSement of

T1, T2, T3, and T4 are schematically illustrated as
barbs g, fipRug rndyherefose proyidge better ielps g, strenitl it Kie approditaaed Gsane that
has b&d& sﬂ%u\f@d {o 3}*&6%5@@%8?851%&9% cf‘}l thd Bﬁsnetds\b'%tdtq%ﬁﬁ %B@aé ’apart, as
compdxreelmnmd cbasuret stret ghrprovide] toanpﬁrdxanaxedi ti§x0E fHat hwlﬁbehtsuﬂuﬁed with
h ndedtomgbeég?, but not be limted to, all such
t erek’é‘éﬁllyéhlﬂ(ﬁ%rglc? ®oint, taper cutting, and di anond

pCI'h@ tmc%f ﬁnlgfrﬁlfn?feﬁﬁl?e % %ﬁy SnttiRioh ¥ t}%usrugél&ﬁlne&ﬁﬁ gdtngited to the

used arbed sutures. As is wel nown in t
barbed @@tdreels dmti@tselrglcai megdle diapwier nhadd bs oﬂséﬁcmmt»hxdth in order to

ent unbar bed),. ur, s consi d
make RO Pre 6 5 eehiot By ingelo G gioE serian of degted
suturfallh% the adlewrtiie dhahielC DRVEMIADs tBfudsies neb@IR du?l?étertﬂ?@reases
rati o of surgical needle di ameter to conventional

the susgjeq| meedlp impilleuitplle 4s longas eheantip phthe surginat heegle diamgtet to the
barbe tggo(ﬂgrggtg{gaab‘gg yg gss/ 030664 -42 However, with

e surgical nee ed suture conbination of the

prAesexin glﬁ\a&msllrah]le raib@f seigidabhieedlesdisideghto baged! s@n@¢ didmeter,
%urved needl the thinner that the surgical needle
for eit gra $UFRAEN ffﬁe Ab# @urﬁf,(ép% [SAboHb3: lpﬁée%tﬂa(gp ®xgferably about 2:1

or les§1@Rsdt Ffe?&ﬁlﬁ? ch?lﬂtll'ﬂv £ of Rss. Jﬁ}ﬁhﬁ&edﬁﬁﬁéﬁgﬁﬁ %gérﬁlehneedles are

di ame bei ng thinner an I'nnef*as It “approac
emplayhe, thardtied! suntgmabn@hdMHmcl;er trishrbad sugirg dmsiebdr endytisetasJow as

o 2B e Tl B, 5 AT PO BB 1. o
low ad AB6RANDISON, Tt Hill BJ: Qﬁpr&ﬁbﬂéd bk Mo&'df @kmﬂ@r?‘ékm idtkhaaPedt care
to a barbed suture is nore preferable

shouldpprabgn Wethicngemplydhia ngpdles s astte hmqgmatwm nossitibied localized
Weakﬁaelé]% %‘g‘d&gt?‘gﬂlé&%t&ﬁglﬁ%lgl cal needle threaded with

e reason s that the
Closure strength of thin surgical needles, both having a ratio of surgical needle

diameter to barbed suture diameter suitable for the present invention, was tested as follows.
Various pieces of chamois leather (manufactured by U.S. Chamois of Florida) having
a thickness of about 0.6 in (about 15.2 mm) were cut with a wound having a length of about

1.25 inch (about 32 mm).
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relatively thin surgical needle attached to a barbed
suture allows for greater engagenent of 10 barbs in
wo eas0n70and therefore provides better cl osurePGI/UBIVGE/IB0664
to the approxi mated tissue that has been sutured to
prevent the opposing sides of the closed wound from
pul ling apart, as conpareé3o the closure strength
provi ded to approxi mated ti ssue that has been sutured
wiA first speeinnesl wbs medeyfromhiagliecs\of ghaadis ieadwr by sfiokingosgether the
i mportant. feature for the combination of the s Lcal
respess BB AR AE Ao w4 SRR UR s o s
purchfsbddidia SuRReObBp&tiyd WBIGI waNKeed Beth Afbaptldfshiie Ny MhHubrds,
in order to make a hole or a channel in the end, such

after ipgertien pf tha §arbed setutegntof the neeehale.ghe ofedicheaberithpa about the

sut ure.intq the hole.or . .the channel., .Nevert hel ess .
hote iR s Phthel M ionlePe” P Sltchl o B ingC e picce
of chdigsiglleathes was Eitlto 8 WedtaMuRir 8%ape @R @b 3liehek &boRt P nink)an length

surgical needle dianeter to the barbed suture

by abgtalaey iaghgsdabawe 2 men)ingridihe wheretbe wigtehaddvengidyvasdn the middle of
[ [ ' I [ ter to barbed
e e B0 ERER Ol G ol IR, S BB e s
of a cirtley edthneledgtd of aboa 2 whimAnd a@¢lati @8 thimaiagepsr of abaUp0Y020 inch
a@git 2)1’1 or less, nost preferably about 1.8:1 or
(abouf MEhrthernore, particularly if channel needles are
EMRERNR e thd'Sank it Ghifd method! |
barbed st ure di anet € na& Hg&%gﬂf§%%§g§1a ou%kfiﬁngPOﬁmr
piece péslmmais leathenby stitelring fogethentearspectiab edges Of e w@md, using a

R I ST NI T
the sa@fetinBoibasdd Sutird) ileh hdurgit NHee B RS cﬁﬂﬁl% dbiiR tﬂeaflﬁa%ﬂle hole,

with extrenely thin needleés so as to aneliorate the
after ipgpsEehef the Parbpd bwursl intedte heleaersesse thethadbedrsaure during stitching.
rani.se ti insertion, Claosure strength of n .
For 1A AT b L g IR A PP U Ry ST I o ciete

with dleggth ef a2 neh ah@ a Baitddeothgldinfmeted bAIBRIUED.03Yidcdlhisbut 0.81

for the present invention, was tested as follows. 30
mm)a\a/ﬁ?qwgbglogil%éésasahe dinmsist of theepdle upashion fiest spacEmeby

U ' f [ j thi.ckne .

o B OEp A RR T GO LR B TSy Y BB spiva,
polydicsanyine bafbed Bowte like SBure MO kn Fajneb A 3k caprjthat\éth barbed suture had

. 2004/.030704 PCT/ US2003/ 030664 -43 A first specinen
a diarggler %ﬁ%ﬂ&%‘&gﬂfgﬂ ég@%’@%g Hﬁlﬁluwlgwﬁé%lflrsélﬂng%& Penfedsr
requirgﬁgﬁtftireﬁ siz818-0 JYRRRAE bbbBoBAASFureY, ilh8d WP Hggt%ﬁ/&@ &iBlmBer of about

jrilled end surgical needle (itemno. 382
0.018 paahdbaw 8.457 emm¥Bul z| e Conpany) which was swaged with a

bar hed s.ut ur I n_aother .words, .. after insertjon of t

o SPfEHe B AP tersPeaNEecitiRhr 3 sitist ShavhOR Eleth Syeséd for
closure fsiréfieil ugh® W et Teesbulded EnilversslETeited, N168e12B00E Eash bpcinen was

during stitching. After stitching closed the wound,

grippadrRy tyiogewecipre seHalediav s eBicneacligpecimen wes aullescioagitydinglly at a.
rate oS 4HHRE l@{ncﬁ’&%& niindt %ﬁ)%ﬁt é% pez %nﬁﬁgé) ﬁﬁillcgﬂl%}elge rupture. The
peak load in pounds reached before cdmplete wound disruption was recorded as the closure
strength. The results were that the first specimen (which was sutured with the needle that had
a relatively thin diameter of about 0.020 inch, about 0.51 mm) took 5.88 pounds until wound
disruption occurred and the specimen pulled apart back into 2 pieces, whereas the second

specimen (which was stitched with the needle that had a suitably thin diameter of about 0.032



10

15

20

25

30

by about 1.25 inches (about 32 nm in width, where the
stitched wound was in the mddle of the |length and
wo ec@assEnse the width. The needl e was a taper POI/OIB2003/030664

curved surgical needle (3/8 of acircle), with a
| ength of about 22 mmand a relatively thin dianeter
of about 0.020 inch 10 (abBut 0.51 nm. Then, using
the sane stitching nethod, a second speci nen was made

inch, ailpant&A arinebut not ascthinods thmmadlesfot tetfiverspbgineh) took ionlgy 2.88

0 er th espect i es of nd, .usi_ng
poundg i} (G e R BnseE e MG b o 2 Bleces.

PUthe ResaRsl afersainsiz&éd f TP EIW belowaged Wi th the sane

ki nd of barbed suture, i.e., the surgical needle was

crinped about the needle hole, 15 after insertion of

t he barbed suture,j > et bar bed
suture during st%u* TC C e St §Sen n—%en t he
needl e was a taper p0|nt curved surglcal needl e (3/8

of acircle) wth a |length of about 22 mmand a
Specigignt abNeedlgiRiametgret e Bagied Sytuze Diameter i nc Ratigho Houndsto Rupture

Flrstm al hheyghynot as thin 6%1593‘@? anmet er 10§4tth(3re P(‘?Ig

eedl e used for first speciien bar bed’ su

Seunﬁbch sp@@Bﬁamhwas a bi-direouidinmh, twi st xy8 nul tiplge
SR ydi oxanone barbed suture |like suture 70
i n T“@j af %“%‘ﬁal ‘E’i@é dfanaterito barbpd pypetiagelttir e had a
di aneter of about 0.0115 inch (about 0.291 mm which
is slightly larger than the USP requirenment for a
siAdep, 3afousypitdee df mit siis vrebadlt end stithe) for iesst@aiimofe sargical
sut ure. di a 0.018 inch (about 0.457 m

of ab
( rwaﬂ%ﬁWﬁg?ﬁgﬂﬁ%EQngW&“§ﬁg%§g56hd speci nens of stitched

C ITarRRIfReskElyQd e /88 feBS ARy kRS, edsh ShRS HO@toﬁ(f(%" gxteli‘e used Two

using a Test Resour ces Un| versal Tester

full-tieRssspetingsionaste gripprede byl Olsabspde vievt womlat Beth
“munhaﬁ§abTﬂﬁQ ?@gnqﬁgﬁgpgg el\ttvaglepsulled | ongi tudinal ly at

rPfhut e (about 254 mm

p@br mcn umeeonemﬂrhé (e WplRiseydsWwdsdd evith B@&illedeal, du@ad sufkical
pounds reached before conpl ete wound di srup tion was

needlff BabyacySulgleisa v9-5SeEBA, g\f*ﬁ@hyﬁw/i%méler Jé@lnpgdlméacéd length of
18mnf Hf &ﬁﬁﬁlfe% Bﬁztibgﬁgg@a r epgéMHuP 5@@1%1112 é \%écﬁ B%ﬁ% tlﬁlPer

nee tive Pamet er- o
point ﬂee(dRiOtlp whére tl&dometile(ll;ﬂihdrb@:n gmmhd %o 88-fpaut nalsto Wppriokimate a taper
dIS t|on occurr%g and th% é? ggen pul | ed
cutting g Bs Phae PeTGHTRLIL Of Tghidssues Thepeedlectpr Wagpé g Hiibed
mnuﬂimhlch mas stitched with the needle that had a
suitably thin dianeter of about 0.032 WD 2004/ 030704
PEire m@zo@ﬁh@mmpundws ahesed usipg tite @n&lsumnngb@uhnnptb Iag with a

drllle(%g‘glg c@%gc% sﬂuggl% e tlﬁaé ! hergélll%? tgtgﬁt%?)ﬁ %ﬁk ﬁgh was%/ 8 circle.

The nserauaschardearuepgth log dbcﬂ@ aBimhatk aldiingetet dFiaBERD. 026T1h@h (2888t 0.66 mm).
summari zed in Table 13A below. 5 Table 13

Also, Ehewgﬁqup badp dignand peint acatle BprgThy 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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Speci nen Needl e Di aneter Barbed Suture D aneter Ratio*
Pounds to Rupture First 0.020 inch 0.0115 inch 1.74
wG2@8/08506ond 0. 032 inch 0.0115 inch 2.78 2.388 PADUS2003/030664

*Ratio of surgical needle diameter to barbed suture

di aneter. Al so, various pieces of rat skin were cut

and stitched for testing of4swpre surgical needles

swaged with barbed sutures as follows. Three freshly

kiHar eachSpitchgd evdDadd tyssuasecingachatabasiappiBOmately Z0Quere

were used. T 15 full-thickness ski.n incisjons .e
measi{ZEaie R bARaRT et DL Sy Riidn G R Rine oo
oppo¥iRE AsbudREcAORY refricvl kbt IR0 PP B33! | €l to the

spine. For each rat, one of the Two wounds was cl osed
wi e farcditd bpanceagh oousdimae deteumigédtading adestiResourats Weseraal

Syl ' : 2273A, .whi /8 circle. The.
Tester R0 203 EO el SR Dect B i kel mirlFneagh Sifehed
wound-Wb2€ moRfifed (@ BRUvoQespbeti)serr A8 faws! dfehéRedl.e had a
: tglg]%r 20 point needle tip where the needle tip had

b

nagh ApEcimeawas pulledtlongitudinglly pior e efeabeut? inghesrper minute

: ; = : ;
T e e A
beforoth@plef wblirl divapienimaSrev@dedChsaiedlodgicigendik. Same

sut ur%gglﬁz techni que, but with a drilled end, curved
s UrIgiTets jeerr eraged dropmibe dirssisptafdhice spunds clgsdeviga needle
. i € i T e |
il o5 B ST HESTA Rt SR B, ave
the reQulGGwermpyendgsbiromhiee seeed et bfifire wowns cibsgbivith ameedlé Raving a

. tip.. The | e S S ed to.a barped suture, Each
ciamiyes bGP GEmEn R BEpEDiRa A aRed 'S drttad s onal
t Winstrestlts aflubinMr2ed M Talle 13 8LYI. 0Xanone bar bed

suture like suture 70 in Figure 6A, except that each
barbed suture had a dianmeter of about 0.015 inch

(about 0.381 nm whjch. i.ght.ly | er. than the USP
30 requirenent fmﬂé—aﬁ@—p&g’ﬁmi e aé A TEZRS or babl e

suture), instead of a suture dianeter of about ARrf&8f3 Wounds

inch (about 0,457 mm). WO 2004/ 030704 )
Specipiens Us2 MeeleI2ismater - 4 Barked Susera DiemetehedRaeihd, Paunds to Rupture

: j e Spgei that was a L qately a re
FlrStgrféIteggﬁri ng&g%ou h4 cm X abo%ﬁg)ﬂéﬁa W th tf]lglt‘#:‘titcheél'9
Secombugnaf 3 n DlOR6MAcdl e par al | €lG15gndhvo  oppodi7T3g ti ssues.l

edges, s retrieved for closure strength testing. The
f%%@@of’ S‘Hﬁ’éﬁlt‘é‘?ﬁ k¢ dipsesier taRarbad eV Ha@esi ng a Test
Resources Universal 5 Tester, Mdel 200Q For each

ti ssue specinmen, the two edges paralleling each

stlibus, Hhellowen thredratie psurgiosinedle diantrterttobarbed patote digmeter, then

the better {h%tc?o%ukas\{t\{rséngtfh vshhe% sat%“;’itng "y '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

in the art that it is not intended to limit the invention to the specific embodiments disclosed.



Then, each specinmen was pulled longitudinally at a
rate of about 2 inches per mnute (about 51 nm per
worzowoag7ount i | conpl ete rupture occurred. The PERUANB/030664

force encountered before conplete wound di sruption

was recorded as the closure strength. 10 The results

were averaged fromthe first6-set of three wounds

closed with a needle having a dianeter of about 0.022
Varions otodifedabons, 0missions)and addisvegmey bomadbar the disslosed @nbodiments

il B BB B R S RS 5,
partlcqlaﬂ'y% ?hﬂff tRORIE g oth O&ehipeh FBﬂfﬁQﬂdﬁcé) 1R aPBR ARk of the present

swaged to a barbed suture.” The resul ts are summari zed
inventipn Farbpesused Blane oowith otlEr Tiabiire nicdi®ds Rauch 8k staples arxlioreskin

o T W —

such mY@ifidhteonsbrfbiofs ad@tionk, Bndegivaléis £ Bdpbd Hefuddd Qthhln the spirit
11.9 20 Second set of 3 0.026 inch 0.015 inch 1.73 8.1

and seapgof ghegpventiogiag defined dyitee Willawingelaims. bar bed sut ure
di aneter. Thus, the Iower the ratio of surgical needle
di aneter to barbed suture dianeter, then the better
the closure strength when suturing a wound closed with
a surgical needle attached 25 to a barbed suture. In
general, the thinner the surgical needle, the better
the closure strength, particularly for delicate
ti ssues; however, for tough tissues, such as nuscle
and bowel, thicker needles are preferred. Thus, what
is inmportant, regardl ess of whether the needle is
thick or thin or somewhere in the mddle, is that the
rati o of surgical needle dianeter to barbed suture
di anmeter should be about 3:1 or less, nore preferably
about 2:1 or less. 30 Although the present invention
has been shown and described in detail with regard to
only a few exenpl ary enbodi nents of the invention, it
shoul d be understood by those skilled in the art that
it is not intended to limt the invention to the
speci fic enbodi nents di scl osed. WO 2004/ 030704
PCT/ US2003/ 030664 -46 Various nodifications,
om ssions, and additions nay be nmade to the disclosed
enbodi ments w thout materially departing fromthe
novel teachings and advantages of the invention,
particularly in light of the foregoing teachings. For
i nstance, the barbed suture of the present invention
can be used alone or with other closure nmethods, such
as staples and/or skin 5 adhesives, to aid in hol ding
the position of the tissue. Accordingly, it is
i ntended to cover al
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such nodi fications, om ssions, additions, and
equi valents as may be included within the spirit and
w@e@pm3wh4 t he i nvention as defined by the fol | P@UI/N§2003/030664

claims. WD 2004/ 030704 PCT/ US2003/ 030664 -47 CLAIMS

What is clained is: 1. A barbed suture for connecting

human or ani mal tissue, saidl/-suture conprising (a) an

el ongat ed body having a first end and a second end and

a dianeter and (b) a plu@AIMSof 5 barbs projecting

frég,mthe hod each barb facing in a direction and
H@“ﬁd’&ﬂ?’@é? resi sting movenent of the suture,

en t f
o A PRRUSEAR (o ol ORPABLI At 0 AL copprias 0

an eldrgateddody ﬂufavgngraaﬁmemdcmwlm sesond)erd bad b demetamegldgbPa plurality of

ran m a rees to about ;175 degrees. . .
barbs pPE) ki frorn P G et Beclieine g b SRR g Bégg Gl s gessting
moveRRhPoftb safgd, @v&nnﬂrﬁg@% il AdppbBitAdiedttion 4Rnt 8R! BRLti6Pin which

about 173 degr ees. The barbed suture according to

the barb diaes,2vhextiorthe harbh ba\t@a& tonfigtrating lcemPrisiag gdwrtf cusrmngle 6 ranging

f ltl(}ao de re S c} %bout 170 degrees. 4. The barbed

romglfﬁ% 20 eerEes Pﬁ oyt d 72585551, wherein the barbs are
CONfHQUle6kd i@t acdRERE 18 ¥R &1 SheRffihe BHafb cﬂg n ee'i‘ranges from

barb size different fromthe barb size of
aboutsldt .degiBesto dboat b’éirctmnbesut ure according to claim1,

erein t suture | froma nmat er.i sel ect ed
i ﬁ?ﬁ’é‘rt&%éﬂ}}“%%‘@{ R0 i&m a“meael%ﬁlg&aaawt@ngle 6 ranges from
about"{%b%g@gs %Oaalj_’f_,ﬁe 'g)gcfe%;e(%gbl e material, and conbi nations

her eof . suture according to claimb,
wHerlherbatted sbiuge adsuiingiol obnimal, evhieadin ile baﬂmlaee:tcaﬂighradrm at

east (335, AR SE I i BP e BVl FBRB IS ied Bea PP gheet

t Bermefvarbkd sThie RabREsk SWdel, 3R IHRGuhRe KlRIdY f&,m a material
wherei n the non-absorbable material is selected from

sclected érogy the grawresnsistingpiofbierapssirhuiie matgriple o abn-absarbati¢ material,
atural fiber, and conbinations thereof. 8.

and cc?:lﬁi)m tlorbs tgereo

&t ure accor di ng to claim?7, wherein the

p@l YR battedseheciRerdin oim i 5, AheeiPthe HeaSIosBdbRgmakrial is
yam de, polyester, pol opyl ene oI yur et hane
Selectﬁ%fryﬂbﬂlﬁ 8?9”11?0‘106@?%8 fipol ydgﬂaqay@mqq eplylag é@ Johygycolide,

ol TR SRRk el barbed ol e sccorl

t e Thedyrtedlsettreatcbrding tolotaigrs) whetshmn thiesiohrays@balile material is
selecteé ?r%gq lhe groqlipscggssllstgrllgoo a paolygnvl\érsg m%ytl anrlljllettal moey, a natural fiber, and
combinations thereof.

8. The barbed suture according to claim 7, wherein the polymer is selected from the
group  consisting  of  polyamide, polyester,  polypropylene,  polyurethane,
polytetrafluoroethylene, polyether-ester, and combinations thereof.

9. The barbed suture according to claim 1, wherein the barbs have a disposition on
the body selected from the group consisting of a staggered disposition, a twist cut multiple
spiral disposition, an overlapping disposition, a random disposition, and combinations
thereof.

10. 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
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spiral disposition, an overl appi ng disposition, a
random di sposition, and conbi nati ons 30 thereof. 10. A
wharobesh7sut ure for connecting human or ani mal PCEHESM)3/030664

said suture conprising (a) an el ongated body having a

first end and a second end and a dianeter and (b) a

plurality WO 2004/ 030704 PCEI-US2003/ 030664 -48 of

barbs projecting fromthe body, each barb facing in a

of baghsr pojdcting droan e bofyadagt barbf facingriesd diréatign namd eveng addpted for

he suture, en in tissue, in. an og}goosite directi

reSistTEg R YGRRET O HELTUBHC AT SR i AP35 eCO Qg he irection

in wrﬁaﬁth@q;aﬁﬁfagés\,/ R el Hisatdve R &ﬁggﬁﬂaﬁweorﬁp&%ﬁgaa b cut depth

depth wth a ratio of the barb c depth to the

with satiorod thti lzare teirdeptirtgithegsuture dizaitertragzi Qs irom abboid.0Dtasabout 0.6.

5.11...The barbed sutur.e accordi.ng to claim.10 rein

C e T et e BioniBe S ape A0 whétehdte firer he'Sh® de depth
to thetHufI¥B RNt H8RSs fofMLRAPYY tdabout 0.53Pout 0. 55. 12. The

bar bed suture according to claim1l1l, wherein the ratio

of12t Hdelbartgd suturalzasotding to cldie lduwhewindiha masiocof theabagbsut depth
fr ut 0.2 to abqut . A3, he bar bed suture
to thelufh Bfiterdufael Aol 825 aisty g 210 PBLOSC

canf imhermatheld Buste actOrdia®icldimol 05 @hSreirthe Babe hrenFiBared in at
barb size different fromthe barb size of the other

least yq setsy gachryephaying i bark siza i faeridram Hy tagh drapftha other set.
}N‘l@! e HaflRd Sk &cbﬁiﬂg&%@ﬁﬂ'@ & helZR BE %&gfe%g h&GE 8m a
rom-t 0] roapl e

e group consi stithg a bi o-abso
matenid selectad from the graipsondisthigeof armo-abscabablaundtedialyhnoatbambable

t hereof. 15. The barbed suture according to claim 14,
mater\%\ﬁe‘?“é]icﬁm%qﬁ‘éat‘ﬁp%t 159rbabl e material is 15 sel ected

frar ﬁh'é%_aﬂfe@%@tu?é)&%bﬁﬁﬂgntﬂ PlimPal WHERKAMREBRY-absorbable material is
pol yl actide, polyglycolide, polycaprolactone, and

selected fitoimeeigoenp donsisiang of pbbydiTtweota pblydhcside. poly ghotideli ng

| Ct 0 gal Fi m 14, v\%%i n the pon-absorbable material is

polycgiolactong, s 18%%‘8”8 nsisting of a polymer, a
Mg6alThedarfeli@litusd Acoysdird 1Bldimald, hbRIn th8Ren-absorbable material is
conbi nations thereof. 20 17. The barbed suture

selectgd Eopyihg grouwp cONgiiRZE, 2 pohned A med, poriphelioy, 8 ngera diber and
combfrfaﬁﬁ}]s iBg proup consisting of polyande, polyester,
polypr opyloe'ne, pol yur et hane, pol ytetrafl uoroethyl ene,

pdl7y eTheeharbat artureaicordmgitb ddimols wHeegie dlie pdlmer Beselected from
bar bed suture according to claim 10, wherein _the barbs
the HHQWP o NSiSHRT tiYn BALYRINES: hoPRLY&SE e c tROWBTPRIASIChe POlyurethane,

ti ] t ' i.LFon, a tw st
polytéHaPHiBrdeyiine] f"gg"*tﬁ&- ééte?’ “31.98;’ g@ﬁaﬁgﬁwgﬂﬁ B%v erl appi ng

cut multi'ple spira
dil8pddi tbated seturcaavdonding te gt li0pwhemmincthe badbs hand @disposition on

the botcgles%ﬁagged from the group consisting of a staggered disposition, a twist cut multiple
spiral disposition, an overlapping disposition, a random disposition, and combinations
thereof. |

19. A barbed suture for connecting human or animal tissue, said suture comprising
(2) 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 the barbs have a configuration comprising a barb cut length

with a ratio of the barb cut length to the suture diameter ranging from about 0.2 to about 2.
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19. A barbed suture for connecting human or ani mal
tissue, said suture conprising (a) an el ongated body
whaniosp7ed fi rst end and a second end and a di aP€T/E620831080664
(b) a plurality of barbs projecting fromthe body,
each barb facing in a direction and bei ng adapted for
30 resisting novenent of th®-suture, when in tissue,
in an opposite direction fromthe direction in which
t ae IThe bafbrd esturadveogling fohdaibar fsvieesre tie 1006 bF gHertlh om length
nprising a barb cut |ength W|th aratio of the barb
to theéu'thfP @ﬁ@mrmg%%owbewé) foa#Roukt-7r angi ng from about

e T

to thetshfird dihineted tanigbefrdr@raboui(1.6 tce:ﬂg)hhl 5to t he suture
di anmet er ranges from about 0.4 to about % 7. 21. The .
barbdhe babed sntareasrAng to slaiindP pivberein i basbsare cenfigyrpd in at
e r. 28]
least r ostrchga %ﬁts&o&ghtgl %ogize Ellﬁge&ag ﬁ%ﬂ M_%_E;gfﬂ)‘ bar be ﬁ%ﬁ@%§
a@8oTte barbed swh@i accdrdingwb elaginrl 9 Wherbiarths swmre is made from a

o858 B e B ST s VoA Suflot hppafhotabl
materf®land28mbiAGoRAh&edr, sut ure according to claim 19,

wherein the suture is made froma material selected
f 2mlhp baped sigursasedrdingrig cim&3bivberaingbe bighibgorbable material is

seiec PR BiPe el fa 2P Reibralible o Qs BhPal BB
polycastolastone aind cohdinaiionsahereohabl e material is sel ect ed
fromthe group consisting of polydi oxanone,
pébyiThe ba%éd SHBIeAgrerdiigi te 6laimgg) ‘yb%rsmdh%%ﬁ@or%kz& material is
' [ f €,
e ESBFIALLAND LSS Bl LSRR UL, BFEBHALDS. e
combBrtiest therebf. om t he group consisting of a polyner, a

taI mstal alloy, a natural_fiber, and 15
Rbi Thethashed sufisr aggordiag to be%\{ B‘gﬂfeé'hf RO YBELISHelggted from
the gg?mf# al dPh&tinghgsrel Boltyglﬁlcfém YPBtYestes, S%Jo%?@ﬂ'lér{eompcﬂﬁ?rethane

roup consisting of polyam de, poly
polytqmlﬂyxpm@ﬂwﬂwna)olmhqrmser,mdepmbpmtlymsehcraofl uor oet hyl ene,

palLyet her - est and co 1.Qns, t her Th .
b37b S Bies sl BRoirg b SPER ST s SRS hiubf Fyed Haposion on

the bd¥§\seledted fDROE tok WD @Rsistill éﬂwst%gdbed&@dp@ﬁh el Jtmmchhﬁmmple
group consisting of a staggered dis osition, a tw st

spiral gigpopitipR.i 45| Qv erl@immgaqhsmsgpms f rangam Ch%P()él\"ﬂéN @ﬁpﬁoﬁ@matwns

i sposition, a random di sposition, and conbi nati ons

hereof. 28. A barbed suture for connecti ng human or

angmed baibed yatures fordosndcting huaniprarsiniigal t{s&e, aaid suture compnsmg
el ongat ed body. a first end and a second end

(a) anael@?gé};%ltt@pygﬁ&mg%tjlrgtg ‘H}du‘inﬁll 3 ggpon end and a diameter an (b) a plurahty

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

the:re({fl

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 configuration comprising a barb cut
distance with a ratio of the barb cut distance to the suture diameter ranging from about 0.1 to
about 6.

29. The barbed suture according to claim 28, wherein the ratio of the barb cut

distance to the suture diameter ranges from about 0.5 to about 4.5.
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25 of barbs projecting fromthe body, each barb facing
in a direction and being adapted for resisting
worenwe0s1To4 of t he suture, when in tissue, in anPCPPIRNNI/E30664
direction fromthe direction in which the barb faces,
wherei n the barbs have a configuration conprising a
barb cut distance wth a r8d-io of the barb cut
di stance to the suture diameter ranging fromabout 0.1
t @0. albbeitbafhed 3DNZSO. acd'dirdmlgafobddms 20U meheseis alied ratip ©D the barb cut
claim 28, wherein the rat éhe barb _cut distance
dlstartcs tq e sutyre Jiamgies FARges Irp @%t]f ihabeBbif- 0.5 to about

b%%@&/s%fé@é%ﬂaﬁg 32’89%%%@1‘}1\1\1%6 BRb3%re cHRR gurleg in at

arbe suture accor alm erein the'r
least oo dekb edtuhrsbt ltaving adbab anze ehffa:neﬁtlfmns thieaeb dreaofithedther set.

r rom about 1.0.to about. 3. 31, The harb
L AR BB A acBorginig B 25 Rt the S A from a

materfd) @élb&kﬂ £m the g up 8RS tidg W asb% -Sbsofblk BerifaY| 'nBlg-aﬁsorbable
barb size différent fromthe barb size of thé ot her

matersaf andgoginatihes therebbd sut ure according to clai m 28,

T R S e TG e U bRk BB S s
selecteBF®h Bk grauptOhsiABRATHRdIP)Fox afBAE hbBlactidd) oRMfRbnas,i ons
t her eof . 33 The barbed suture according to “clai m’32,

polycapretasionetand combinations hetsod material is sel ected from
t@gr @lrhg %Bll'b(ég thl‘thxieoz{ &dﬁ{g tB%& 'ﬁxaﬂé’ﬂ%ﬁ,t 91)13{ gs%‘i‘l’t)a%?e material is

aprol actone,

select’eﬂl élfoﬁﬁtfhe gishp C'Bl‘iﬁstbfgl’ dfeaobondﬁut & nReCL2 0 ﬁbﬂagallc@ & hatural 3iber, and
wherein the non-absorbable nmateri aI is selected from
combirRloRy 9gi5°k onsi sting of a polymer, a netal, a netal

al3l50Yph By AU Rlre fab &5 him gl"’lg 312%1181033? 'avin‘rﬁthrrééﬁ AR \/\#1(2 ?@?ﬁ fst ﬁ'?e%%ted from

The bar bed suture accor
the pgrbtyme reonsisteg eatfed pbkyamidelS pdfiyesgi‘roquod:xpnsp)éd:rieng pdlyurethane,

ol t I ur et hane,
poly SR SR Saer b Tested B P aE e e

cogbihabhded shthRy a%@(f)rdlr%GLo cTaJi‘ﬁ Ztgafvh&gmstH& s BGEOS @ikBition on
to claim 28, wherein the barbs have a di sposition on

the badyeselsoigy from detgealipfaoppistikgofyr mggemdrdssp@tsutmg ofwist cut multiple
S eddsost tvvlst cut ..mul l e . spiral.

spiral 35 GRSELF o AP o iR artsioR e chfffons

theredii sposi ti on, and conbi nati ons 20 thereof. 37. A barbed
suture for connecting human or aninmal tissue, said

s it urebabiehyutwe fRf copagetiag hemen garwimabbepye raid swgirg comprising

(a) an %1511}% eﬁ%@d? ﬂ?v @%ﬁ glsﬁ %ﬁ% Jg@(g I'S’t%gn ref(ii)#n Ql?ﬁ& glgmgﬂ:g aﬁ@éﬁ% plurality
of baﬂb&ptmécﬂamg figm the dody,reach barb fasing ned dl@cadﬁiaﬁidébblflg 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 configuration comprising a corrugated barb
underside.

38. The barbed suture according to claim 37, wherein the barbs are configured in at
least two sets, each set having a barb size different from the barb size of the other set.

39. The barbed suture according to claim 37, wherein the suture is made from a

material selected from the group consisting of a bio-absorbable material, a non-absorbable

material, and combinations thereof.
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resi sting novenent of the suture, when in tissue, in
an opposite direction fromthe direction 25 in which

w0 b@4loan74 f aces, wherein the barbs have a confPQUUs1008080664
conprising a corrugated barb underside. 38. The
bar bed suture according to claim37, wherein the barbs
are configured in at |eaststw sets, each set having
a barb size different fromthe barb size of the other
sef. ThE barbeé sinardaedordifolto @1aae 3ol Whagint the Bloadi¥oibéble material is
wherein the suture is made froma 30 material sel ected

selected dipm the SEGEENE S aftnohlieanenas, pelylastés. pabigdycolide,
' , - ah | mat eri al, and conbi nati ons
polye e?“%ﬁa"?ﬁg ‘\R%@%H%Eé‘g%g’%%/ US2003/ 030664 -51 40. The
bain b dthe Heitbed sutarctohidiig th @la@INwBEcinthe hen-abddieable material is

bi_ g- absorbable nmaterial is selected fromthe group.
selected fropsthe P UBICOPHFHAS of anebyaer, bg}e%l,aacmp@bglloy, a natural fiber, and
Aok¥ed werbf de,  pol ycaprol actone, and conbi nations
conﬁ&%ﬁre&%. hl. The barbed suture according to clai m 39,
wHigr €The thanleednsutura ascortialgl te chetnetli, atheresn tie palymet esdselected from

fromthe group caonsisting of a.polyner, a netal, a
the PP SONS5UNG ok L PalARYdser  DAUNGHE oI YRIPR YIRS,  polyurethane,

polytéthlueRiethyide, JdIfetRARRY, SdlcUrBiRRERA @bmer.t 0 cl ai m 41,
wherein tthe polynmer is selected from the group

c dids i Iaeibagped Sutprs aceonding, tostdimest wherejpahg parhp phemedisposition on
| yur et.hane ol ytetraf | uor get hyl ene, .. . .
the bR SHERAPRRE e Rl it A RER e REgpon g corppptite
spiralkBégeRion Ut tah@rA Akpb€ltitg ah@ c6mBinaliché thabe ei n t he bar bs
haveﬁf\bgia;fom tion on the body selected fromthe

gridu YH4IR forgonpecting dyerae @r anigpbssuponid wityrgicgmprising

o g api o i on. ; .
@ sl fo AP AU PR o o ARERE s o)  plprliy of
barbsguidjectengf fosm clarbodgs ¢ach batbnfacing in adireasion tahd beidg adaited for resisting
suture conprising (a) an elongated body having a. . .
movepentpf téﬁ guture, WBeTHind1ssbgy 1&&0@?%}t%§§qc@pn Ao Ehg)a%lrgctlon in which
[ JDar I 3 ase
the bagg? cﬁ%, Wier@h tHebaPR S e RIcBhE &Ik etlfohgin Hasg%%tnggg%’aé? 626 Base.

acing in a direction and
r ési dthe grbedovmtermerctomding thelamidds whenainathe barbs iasswafigimed in at

ot i SREEEHR: Ehiect oD e O S5 ot Bl 0
C QP Tk ibBhed ButdfcCdé 860 R1PAYE:, whereinlthe sBafdig thadb fidhea
accor di ng@t o claim44, wherein the barbs are

materia) ﬁﬂ'ﬁ@}_@fﬁ my the group|censisting /s aS]:éQ@lgsogl@@ha waterinla ¢ inag-ahsorbable
matel@ﬁfﬁdsfbﬁ%gglﬁ%se&gﬂ% fromthe barb size of the other
set. . e

ar%ed suture according to cl ai m 44,

WHGL aihe baibed Sututer R cordinsad el fimei6, aherehi the bi-atsettableataterial is
fromthe group consisting of a bio-absorbable
selectgd frop the grouprapsistheRtPabidioxangie pplylactide Pobwphtsiods:i ons

polycﬁﬁ‘x%[a%f?fne, and combinations thereof.

48. The barbed suture according to claim 46, wherein the non-absorbable material is

selected from the group consisting of a polymer, a metal, a metal alloy, a natural fiber, and
combinations thereof.

49. The barbed suture according to claim 48, wherein the polymer is selected from
the group consisting of polyamide, polyester, polypropylene, polyurethane,

polytetrafluoroethylene, polyether-ester, and combinations thereof.
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47. The barbed suture according to claim46, wherein
the bi o-absorbable material is selected fromthe
w@e@dp3woensi sti ng of pol ydi oxanone, pol yl acti dBCT/US2003/030664

pol ygl ycol i de, 25 pol ycaprol actone, and conbi nati ons
thereof. 48. The barbed suture according to claim46,
wherei n the non-absorbabl e gmterial is selected from
the group consisting of a polyner, a netal, a netal
al400Yrhe daftrl Yhidte {dcBRling BRAimUANRhAR BEBabERAROS di é(%ition on
The barbed suture according to claim48, wherein tlﬁ

the byl sgteetedifepns Hleeggrowmcdnsiotmg Glr stéggerpdaligposivion) stwistguomultiple

i B SGESFnB S SR SR Bl b S ion
there§ONDi nati ons thereof. WO 2004/ 030704 PCT/ US2003/ 030664

-52 50. The barbed suture according to claim 44, o
wiidr & barberbsuielfer ¢ravectmgdiugipo oF anigral tssuet ail sudety comprising

sel ec from.the _ group consisting.of .a sta d .
@ anfiifidleithogh BRI 185, LRI R iR ERRERER phuspfcy of
barbs@ojedtiie fedaR iietbddlys§eh ibhibofacing il A8idetiodiagQ B8inkia@fpte® A resisting
conbi nations thereof. 5 51. A barbed suture for
movegshhelcthe pEfutey rBen BY tisshe. dpn eppsite direction feam theglirection in which

the bR 7Rl ofein gl S AP AL AR oo itlsDfE Pkl Shegiis
ba2b&ghpbagbed sutnge docomtingte chimel)s,1, eaeleinxae batbaate@nfigured in at
direction and bein dapted for resisting npvenent of
least presclu PP e 3 ﬁérgisgg &ef?er?rﬁ FEQn BiSP957 tiee ofi the gff%w-
f rsaMHB8 @alell §6tutLA it b ChhimisewhaLh hashiire WABKE M a
t he barbs have a confidguration conprising varying bar
materidl zelected froBthe Fromplransigithgadtal @ absockabit mgtetial, e han-ab&ibable
\I\q/fier %i ng@he Jbar bs aﬁe configured in at [|east two
materiy and combinatgps PetFOhy a barb size different from the
baub The Berbell sttt KcbRlingstBllain33, WhereRpthb 8fb-SibaBle material is

according to claimb51, wherein the suture is made from
selectgd frignt te igenupsonsstingofpobydienasons: polylastdsipohighyobifle.a

,pOchgé]rgracoﬁg’rgﬁ%ﬁbﬂﬁtiﬁﬁé ﬁ\lel%epﬁ non- absorbable material,

i nathons er eo 15 54. The barbed suture
acso Mt bgrbed setufd 40coingWb eleinr531 Waekintha hspabable material is
material is selected fromthe group consisting of _
selectﬁg fr}()a] thg SHYREONHSing A gc%p@perp% py;bql ,yaC]@pqabgl’loy, a natural fiber, and
. ctone, and conbi nati ons thereof. 55. The
Combgfaakl%e Hélgbﬁre according to claimb53, wherein the
nok- alisdraolaxdsl siturataecardingite claml ¥ tvaetrdin oim pdlgmgr sugelected from

consi sting of a pol r,.anmetal, a netal alloy, a
the  (EIP0R oI COPPBRRE il PoBRisfor BRI ¢ FRETGBPRYIE, Thplyurcthane,
polytATREAefiyiche pAGAREtsRY, 4n@ cEmBInAiam thildgf.ei n the
pol ynmer i's selected from
57. The barbed suture according to claim 51, wherein the barbs have a disposition on
the body selected from the group consisting of a staggered disposition, a twist cut multiple
spiral disposition, an overlapping disposition, a random disposition, and combinations
thereof.
58. 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

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

the barb faces, wherein the barbs have (i) a barb cut 6 angle ranging from about 140° to about
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the group consisting of pol yam de, polyester,
pol ypr opyl ene, pol yurethane, polytetrafl uoroethylene,
w@odogmsites - est er, and conbi nations thereof. 57PCTNB82003/030664
bar bed suture according to claim51, wherein the barbs
have a disposition on 25 the body selected fromthe
group consisting of a staggss-ed disposition, a tw st
cut multiple spiral disposition, an overlapping
175° d@ Q‘Bﬁfﬂ R Rept® WIRIE R1Y (i S BOME baf eut ABFhAB TR ARk Wineter ranges
ereof . 58." A barbed suture for connecting human or
from ahoute).0% fosahost 0$alid) s baxr it tamgpy Whémdhe faip afrthe barb cut length to

the sz RBricn HASPBION FoH Ge1D SOuH 5 30T 635 BSah O diftiing where the
ratio f)f @B bhbE P QQYa'nc@ ffthe BROR didRdtBOrahfesardth b6&It 00Nt o3BEut 6.

bei ng adapted for resisting novenent of the suture,
wH®n  Arbarhesisagyre ifor amnogpxgshum;andw agmabtisshe,onid $sure comprising

di ' i.n, whi ch he .bar b f rb .
@ s sloBE S Do D P ey Bt eeophdSimand Pl e B o uratity of
barbsahejettindBrSd K B B4thait M&%Q%é QirB&ferh and@%mﬂaﬁaptédl for res1st1ng
ept

a barb cut depth where the ratio of the barb cut
movergeng n%thg SHENS vdheanattissue; mngegppos% giredsiontiran ¢ fﬂll‘ﬁCtlon m which

he bR ke B A ot G bl Sk AL i 196 o bou
175°f (i@ Mbamodt dBptd wir@ BRUALE of MBBakd Mk d@pthabRhCMiture diameter ranges

di stance where the ratio of the barb cut distance to
from taheut AN ocabdib Bt 6ii) azba@ecslt fangth wherstth@ratiotas thbbarb Bt length to

e R B, 50 |CARLES: P R BBl b e e

of thé @Hﬂbrkﬁht Aiskdncs tro emsutare&ﬁaﬁasr aﬂgesaﬁsmaavéuamtt@rab@mdé and (V) a
(b) plurality of barbs projecting fromthe body,

stagg@rggﬁls;gqugom -acing in a direction and bei ng adapt ed for
regj Ski , t
aﬁ@bp‘%OSI L?gg co%fn Etﬁl‘% lﬁ#ﬁalﬁ rraenC gptléspe sjmﬁds H.ﬁure ﬁ@mpnsmg
(a) arbalbbngtai:b@dy hdétigeh Iﬁlrithﬁdbﬁﬁd@&ldﬁ ane afd ) cﬁtlrb@élbarﬁi%) Q plurahty of
angl e r’angl ng from about 140 to about
barbs P BRI Ppibathepachiae faging én 6F“TF‘H@"b§F’ @eaatada@eﬁ for resisting

movetn%ﬁ Qﬁth\% léhéﬂlz' eﬁqﬁttﬁguber #Ngr ofsﬁﬁﬂ? i%Htfrrﬁn ) &I&CUO? in which
about 0.6, (iili barb’ cut Tangt ere the ratio
the bztrb dadegnihertih thebagbhhdve (1)taftmrlswtlﬂh&1 gt angihg fronaatgms 140° to about

,fromabout 0.2 to about v) a barb cut distance
175 v(ﬁle? barprfait dapth gvhess theﬁétlcbaﬁ o 84tb el Sephde tl@“‘-‘oSLtﬂFfé diameter ranges

from ?Uélﬂ 0205 3FRLED. 8 g?gg %afbrc%me?ng%s%g% %l;&é gau%b?gﬁ rb %gg length to

st aggere posi t1on
the siftome cmmtacﬁanggs fnorrebowtr0. 2 abalut 2 (s\ss)wsbarsauddlsmhw ahere the ratio
an eIo ated body having a firs

of the,SEBcem Remg® T s tesier et lOR Ut il tpyﬂbew "6 and () a
twist gﬁl{ Bﬁltﬂ%ﬁe%;ﬁ 'dg%oglflmﬁea %ﬁxg%ﬁr fﬁ%g@s?l%ﬁ né I G dul? Sa to about

ection "and adapt e novenent
25°. the suture, when in tissue, in an opposite direction
fromthe direction in which the barb faces, wherein
t 168 pAbBedspiire for conpegtimedivman errasimalr sy rigick susre comprising

(a) anaQBHéate]f@o&yohaQ/%%Ja 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
movement of the suture, when in tissue, in an opposite direction from the direction in which
the barb faces, wherein the barbs have (i) a barb cut 6 angle ranging from about 140° to about
175°, (ii) a barb cut depth where the ratio of the barb cut depth to the suture diameter ranges

from about 0.05 to about 0.6, (iii) a barb cut length where the ratio of the barb cut length to
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20 175, (ii) a barb cut depth where the ratio of the
barb cut depth to the suture dianmeter ranges from
W@bwun3@oH5 to about 0.6, (iii) a barb cut | enpthustves/as0664

the ratio of the barb cut length to the suture

di aneter ranges from about 0.2 to about 2, (iv) a barb

cut distance where the ratisa- of the barb cut distance

to the suture dianeter ranges fromabout 0.1 to about

the Suﬁ,lre dhutheter)rages tfiings hbat 0.2 | abopd B (Bpiartakb dltt&ﬁiﬂ&iohlmre the ratio

th a spirality angle_a ranging fromabout 5 to ab

of thez*@ﬂz gut f@atam;& tdhe sefuE digmeier sneebHARCANoRE O HuReatoB o, Gnd (v) an
said suture conprising (a) an
ovmk@pog% dﬁgody having a first end, a second end and a
di6ama°t barbadh dut@ha) foa cohnectihg hymeh or kaamhzﬂ tissue, eaitlisatré comprising

O o s A b o Sty LG T o
barbs %Qﬁ&'ﬁﬁg (ﬁ%gﬁg&rﬁg Q3bh BarflifA&S nCOdifdcABR Bﬁtﬁbéih%%épkéa%f fesisting

faces, wherein the barbs
moveinantofdhe s@umnghen nrangﬂun,gn fan@ppatiutiretdon fromathe lsﬁurectilo'a’ﬁl;n which

the befofsbrs ppersRp e TR g s GnaPEb o gasle HEHS HBEPoD: B t about
175°, g?) ?E tgg? %egaélllj t(x}h:efee% tg?ﬁﬁ%r&\)\%éj%%}%}}]ggw{h% sh&l?e Gdbdefr ranges

from &oUt UB3AO IbORABEAii)-Darb bet lenjthrvehetd eieptiis of drgesb tutdength to
about 0.2 to about 2, v) barb. cut di stapce where
the sufufg dfageiey ragges fipEm B‘éﬂ% 2o APk Aisd ot e difgrseavhere the ratio
of thedﬂ)cﬁ‘ﬂ%hﬁ&s{aﬁ&gﬁﬁthfersgmrél@%eté} r%n% E(pﬁl%oxﬁ 0. AR abdk And (v) a
over | appi ng di sposition. d suture for
randomadispesitiong human or anlnal tlssue, said suture
conprising 5 (a) an el ongated body having a first
end, a second end and a dianeter and (b) a plurality
of barbs projecting fromthe body, each barb facing
in a direction and being adapted for resisting
novenment of the suture, when in tissue, in an opposite
direction fromthe direction in which the barb faces,
wherein the barbs have (i) a barb cut 0 angle ranging
from about 140 to about 175, (ii) a barb cut depth
where the ratio of the barb cut depth to the suture
di aneter ranges 10 from about 0.05 to about 0.6, (iii)
a barb cut length where the ratio of the barb cut
length to the suture dianeter ranges from about 0.2
to about 2, (iv) a barb cut distance where the ratio
of the barb cut distance to the suture dianeter ranges
fromabout 0.1 to about 6, and (v) a random
di sposition. 15



