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WO 2004/ 030705 PCT/ US2003/ 030666 -1 BARBED SUTURE | N
COMVBI NATI ON W TH SURA CAL NEEDLE TECHNI CAL FI ELD Thi s
WO nagfsi7oh rel ates, in general, to a barbed suPOT/®@S2003/030666
useful for connecting bodily 5 tissue in various
surgical contexts, and nore particularly, to the
optim zation of the disposl-tion and/or configuration
of the barbs on such barbed sutures. BACKGROUND OF THE
| NWARBEINSVANURE INSCOYBINA THON WETHRURGIOYLSNEEDEE
have been used in the past for closing or 10 binding
toget her wounds in human or animal tissue, such as
skin, nuscl es, tendthﬁc rgans, nerves,
bl ood vessels, and t ?hgégiag?%:gpe0|flcally, t he
sThig éowentioy ralses, in ganerl,dak barbed dhmramseful dor cnbenting dodily
conventional suture é&hl ch can f a ﬁgoot.h. .
tissue fRpFBHONS SHRSHE! SAMUERLR AR MO RATGULaTy. o e Py mieign of the
dlspos'ittﬂgq énhdﬁﬁ%%n%&r%&%ﬁhé/bﬁﬂs SPARAIVARGRTFsOf the wound
us se the wound cl osed. Whet her the wound is
accidental or surgical, loop stitching is the nethod

15 often used &Wéﬁg m ds. The

sur gi cal needpéiﬁg @Eﬁy iﬁﬂgﬁgﬁ of the
SYhH6® sk @cdlir®dhodsRipt@ingy/suthrthh@lle HeeRGéed!ifi ti@epast for closing or
overhand throws to forma knot. As is well known,

bindingdpgesharivenads i humansor aainah EsHE. sish-2a Bkior Basles, ieadens; temal
organg X glglsleéa Dlog d Vel§Se1%éh&’ P‘ie 1&8' 516 Shec ch% lﬁ)gcpg Ql}/xjg?(ghemaﬁ [l%esa surgical

or can bi"0- absor eri suc
needlOWite eh atached dop@htiomeil Sutﬁx@dw(hﬂ:{h@:lay e asnwoth mohéfdamentdr can be
pol ymers and copol ymers. 20 Since the tlngFOf t he

2 ISR tOrpeTEm MEEHSIE Algimately O PRRpsied acs RE 1 gunghang s sew
the wlATR1osBR! &7h&hs: tAS woRRY S '&E(fx 84 o ‘éﬁl’#&@ ’loc\kg‘s‘(ﬁc}ﬁﬁé Ritedmethod

numer ous advant ages over cl osing
often csedyespedialiafor sutfaneasounds. b’Ehekmnialsaltrmecﬁe istbemthegovad and the ends

el ongat ed body t hat e bar

of the ghuEHAT .nsf‘etezvly%lﬁ Rt Hoe B0 e v g hOBRgo S fore Elzﬁ}
| aRgL Well ThewRoRFerffoRal sBfur&NAR Be bP nah-hBWRdSSAS®rif such as
the barbed suture in one direction t hrough ti ssue but

silk, nybesi pelyegernpelgpropylend, or h@ttdmambw bowaf piceahserhale material such as

s RERSF b ST BB PO o 0o

aBinck 4 teme AE e Gofdpion, bardee dutsitts wiish dee gmeranlwa ¢hetsame
be knotted, |ike conventional sutures. Like a

materialrAscARY BIANAlSYRIIpse have oé@rqsierwlrsqmﬁ@va%gﬂswex fletipg wqunds
I
with éﬁﬁ%&tl&hiﬁ ﬁl %'&g 1%3% H.g%qgélu%§§g reg)n gt‘ség rb!ogi gﬁgﬁaﬁ one or more
spaceé@babgatiddh pajett from thdBodyesirfage long thefHods tengith eFlee bales are
cord as a bod o] and .shar p. S
arrangsg e AlOR PaISaRA SHHC PibRY SR Bo Ry Qrocpn dhsogopisuS Bl resist
movefn@htaéf li¥EbdrBed ffurBdthe opPSsit @iB&SbS ULt SthE AhiPRIvaRAES 8fbarbed

hrough tissue in one direction, but resists novenent
uturels ihas beendhppwivisiondéfraaoni stip atipnte0 A4+ g0 barbed sutures do not

have to%T/kLr%é CP %/kg%gr?ventmnal 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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-2 Sutures with barbs disposed in a bi-directiona

arrangenent, also called double-arned sutures, are
wa@baa3i7ns U. S. Patent No. 5,931, 855 t o Buncke pemuUkRo83/030666

Patent No. 6,241,747 to Ruff. More particularly, the

suture has barbs facing toward one end of the suture

for about half the suture-2ength and barbs facing in

the opposite direction toward the other end of the 5

sBitured Wit bdrbedispdsed ihabitdicdctibhed afaigeheent, atsgtchlledl' thouble-armed

arrangenent__al | ows t he s to nove in
suturegy; %ﬁftqvwn&é Seg%tﬁntrl\i% ée"gtl@&é tq Bupgke add- SsPe}tﬁgzﬁq 8@41,747 to
Ruff. 'N,%rg ptaﬁﬁ;u At fhe@ﬂgl élgﬁ%ﬁ)s Sfbﬁf?%togxfar@ nd NS thelfelbke for about
-dirrectio barg sut ur es not onPy are especi al ?y
half tksuutuadaleagﬂxcandd:laﬂmfaxgng indhe dpposite diredipasowardribe tther end of the
eparatio t al so t he needt sec ut ur e

suturegnRe offse Bk OF e vos RBEh o b BsenEopa e Lol Bupe jombve in
the sal%ls' rdﬁ@@cﬁﬂl RBUhth %ﬁ&tl?@hﬁﬂk e‘ﬁ@ﬁ’i in@éﬁédQHtoNHe fisst AfPseBdr Ales of a

Sul amani dze and M k | ov, published February 2,
woundz OSJJph hileliievtéehal barhv:d?@ﬂﬂ@)@@/cm@)ms esigaoiabllyissitaide fos cla@ing

woun B35S BRIEah -G pgody Ay RE Ree LgrPeky “wariseds

mgmh@fWQHgﬁQn&ﬁmg@ﬁtla||y along the length of a thread and
oriented in a direction opposite to that of the thread

t O &nterast inErrppesePelishethibaes dnpdistiardN o <L.0B, 348 Aptonot

Sulanlaﬁlt%er é@fﬂhﬁq% g %ﬁg@%ﬁﬁe&ﬂf %gﬁ' 3@9@3 (%;%d fﬁkffc?[ﬁy%/ooz&

(publiplaides WOHIOVEL 638 ohrsepietibens, 2060]), peotityab RS 99IHBf7.’BII (M@xfch 3,
positioning a re in_order t ose

ed sut
1999) Tﬂléwh sV ?%ca? g%‘gﬁ AR S%ﬂweuwd[wo @'9 ngth ?feactgo ‘%?Hﬁ‘@d
orlent?d ﬂaaf AeAisy EE%@SH&: Q@glap(sfqugﬁﬁgdytel%lép V\n@x h@dﬁ%ﬁgé FetlvBen barbs
acilitate I pulation of the device by the sur geon.
being iﬁhtelesi;srtharliSGhn@em theeadslianestemmended 20 for use with a

rbed.suture t t bei ng, i.nserted
BRSSP by N6 St RoR i Bt HERE ah Shserton
devncéjﬂhﬁte@ k&0l @ pbﬁﬁ&’ﬁh% @Barb& GituRUh BFRS ty1bse PROEBRI. The insertion
opposing the direction of insertion are also shown in

device Igip@ troulmubddy foneecelivingladuredsubie.ahil pprdereblyslsarigs a handle to
facilit t%trr?agi e?%ﬁ)geo%qg%&)egscga%%q l{rgg nh g@reﬁgsre%l n &eQ/rc%(%sr ?etcgglmended

for usém/ﬁtﬁfal Hagheensuture apefRdthagited pofontaity mbkirtedelmﬂlliﬂes ibedhd ERSng a
t he stralght(gull tensile strength since the effective

directignoppesedita st drectian efeiBpesiaie SuchiGiiesyith baihs eprosingiige
dlrectﬁHlolf 11*3@13@'11'21?6?1 S Mﬁnog ¢od@eed suture shoul d be

e m ni mum not pull strength of a
C?Fhe/ distlosuras ofsalt patent{ andnmtenb apiiiedtionstuergjonedhere are incorporated
accordance with the United States Pharnmacopoei a since
by refe1gn¢c,r e of conventional sutures (which have to be

k pRlat S b3Ds M6 b niBHRilaAndit raeﬁumﬁs{wg thB Bhtb du a&uh Geduces

strength) occurs nobst frequently at knot due 't
the stipigbt palkedsileogrghgthisings she affocogrt@zolfgseter is decreased. However

the strggﬂ };L)J %Ft%gsglie s%r%ggt% 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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-3 To optim ze the performance of a barbed suture, it

i s advant ageous to consider varying the barb geonetry
w@ bamio3wwet angl e, barb cut depth, barb cut | enptTySi»as/Bo666

cut distance, etc.) and/or the spatial arrangenent of

the barbs. This should not only enhance the tensile

strength of a barbed suture3- but al so should enhance

the ability of a barbed suture in holding 5 and

b mpainiderthe pmﬁormaadsgei‘sa beolret suarre, ithsladkantegpoustot doosider

sy b el LRSS A S AL Pl s,

etc.) aﬁ%?fh%%ga&u b Seente@0 B fhe btk € ThREHUIM ndt &n? chifice the tensile
Optim zing the disposition and/or the

strengﬁomlfa opubeat subure gfut atshehddd bsh:mh@thedtbtli’m pEé barbed sutumin holding
i ncr.ease th ffectiven t he.ne ar be sut in

and A IE IS LTINS SR GBI plRTer oy Wah PHES igaons

directfyodt MRl 1rfols, BlrBBA siithRes W Eile RIGR the tdkidNEoh@itHe®kcdred suture

particularly beneficial for promoting wound heal i ng.
1ength¢\|oﬁ@1 ewnbhalpegithdengsthl Optimizens hhdispesiagiprrskerthe eonfiguration of
i C 0
the ba&li)s @18@9(%%?6%{&/ '{’u\{l%lgru 1élcpep L otg ﬁéc%tvg;le% g)f %%Zneewsl%agl%/erdas{l&re in

maxnﬁiiﬁh gttﬁ)e hélgingelitn gt taad Ringnizibe ﬂefgabfoﬂnﬁm@htaﬁﬂlgbue Wb&nd edges.
bs. The new barbed sutures woul d be especially

The lﬁlﬁtf«éfslﬂarthqlaﬂé’LheQ%ﬁl?lé‘stV\B@ﬂé’uﬁgr‘l‘f"r‘i‘i’% Bealt§ of scarring is

[ Vi

L Pt SO A EPRTEI Rl ARl cp R, w38 abprobfutc

tens1cﬁuailga®raye dlstomcnmfsmmge atyd helﬁthrthﬁ?Mu@-’scﬁiHﬁ g dEDTHeQNIf-retaining

Accordingly, the esent vention i des a_ bar bed.
benell et By Hisghgt | Tiegp e APFCCA L R Ce oSkl gl i
surgeh@sr Ve ﬁHﬁlHﬁ?atﬁ)ﬁ'H? ké388g QQm%leﬁﬂgé‘ts§Q1 ROBEMBBY §1R8erd, as well as

first end and a 20 second end. The barbed suture

in surperves hvéherecspape isdiamiteal, plthaalendqﬁcmlc bangbry qymoiceeseigaty- f r om

the body. Each barb is adapted for enabling the

barbed suture to resist novenent, when in tissue, in

the direction t$eMNMAROPPDISTHE INVENTHEONII rection in

whi ch that barb faces. The barbed suture further,

c drepeidingdy. thepissanb i1 veeiioigPrayispos babemsutie fpoepneing human or

. di.spaskt i I e [
animSRE° o BRORESERL D AR § SHANR SRy HRES i o
seconaéndii 'S‘p@Bzirb&:cDSutuIe fﬁﬂhiﬁi@mn@hsdseqﬂﬁﬂahty ofhartsgitjectatg fiosa the
ereof . Faor the stalg ger ed. di %ﬁOSItI on, the tw st ﬁ ut

body. n’éqlqh. hartisadaptad foficapdme theharbedsiere 1@ Frsist BAFNEHpAgN In
tlssuedinst99§frédtl‘aﬂ th&tli‘@olgﬁ) dl{? frﬂﬁyth@!illrec@%n iRGhRE thQWafraORl Yrhe

one o first second ends. Alternatively, the
barbel autbeedugthénmoempriags the berbabeing alésposedfanr the bp«b)r ini aodispostiioa selected
second rtion, ere th ar bs rst _portion
from § Faeiae Spastitar a NPRE S uPE el AtpopRon aae e
dlspoﬁﬁsmc}ancﬁﬂn BQF&dlﬁ’éh A BorhBightishs ewresrd t he second end.
in an alternative enbodi ment, the present

| ﬂF@é fthe siacgared idipesitionathe tviss Lauy meuliiple spigh Hesppsifign, and/or the
overla&pbn ﬁgg%?peoaﬁ{éo ggxehgg%}? f]ré%é %@ 5%:61%] g)g%%) éﬁﬁ/ &%‘H‘%“th@ first 3d second
ends. PETMS2R03MRB0AB&] 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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-4 first end and a second end. The suture further
conprises a plurality of barbs projecting from the
whoany/03Eexh barb is adapted for enabling the sSPCT/US2008030666
resi st novenent, when the suture is in tissue, in the
direction that is opposite fromthe direction in which
that barb faces. The suture further conprises the
barbs having a configuration selected froma barb cut
first eﬁﬂ’lgidei Sechbnd &y Tig sutweefuathetitorighises @ praaisty od babe ptojdcting from
rees, a barb cut depth with a ratio of cut depth
the bosib Eagh fpasb i askapled rfOIrG&ﬁélﬂ%gthF PHICAB defist QySER!, Hbey the suture is
in tissde, §n 12 dg;%&é?o ke 1s%ﬁg(5§i'te otnhth@ t%(ﬂbln%hlay {@eﬂgg&e&ol“he
suture er rangi n roma 2 to about

suturetfaitRer edinpeib&st the berbvhivinga cmﬁtgu@atnfn seletted i@ barbtcat angle 6
suture dianeter ranging fromabout 0.1 to about 6, a

ranging rqmy gbaus d 40 degrees taabour 74 degises ahagecut dapthiwith aiasigof cut

depth ol su%?rP% Oal[ﬁg%%rgrﬁﬁglhg ﬁroff%a{bogfl& BE dﬁ{ %%%ﬁgpgm%ﬁe %F{g P%th%&! £ratio

of cut$¢ﬂgth’iﬂol sijure dangtee rarggy fomfabouwn (e auibobt 2ledyaeiesuttdistance with a
about. 25 deg rees For the overla p| ng, di pos tion, it
ratio qf§“h@§ﬁ‘?°®ttﬁéﬁtu£ﬁ dipmgtef ngafB‘}I%é \§ a corrugated
underiS RASRY MBREE \)91;9?% EJ 5| R iIEtRNE BlereoPur i ng
escar pnent o s, the overlapping is created
b¥fom thea tvais( icuie mulﬁiﬂﬂe scpwa}r disppdition, be bharleei mgures pefqatdy has a

into the topside nther 15 adj.acent barb (i.e.,
spirality,g aaslsrrf%%%ﬁ @aa%s)lt FRIosS 40 BP0 Ra E&ehar t t()f t he
t pgsile %ﬂaithﬁ]ﬁe 6s11 pe(d 1@%{) n %Qné?sleeﬁart\tvoozidﬁz{c@ﬁt barbs are

underS| pplng SO0 on
disposatitwherd hee ovatdpamlm omyeldu Bposg B$0arpmdnlh of ber tmriguitthe overlapping is

createg\}gltr ?g)p\aé z'et en%tgglagé\ﬂg &)l&% e 1?&1 ggcra?;}? nd 50: gxe ﬁ)[pside of another
adjacénf3 rlﬁfrlh (ioé teeblanppe %ﬁfbgnﬁlncp ab on. VH&HcBaBart dfNtheaB 1@é of the
he

for barbed sutures, cut di stance between
overldppedbarb be¢amdsarant quhe un_ii@gmdﬁ ofzbe pwrkipplng barbe tipé po on. Thus with
th t t
e oGRRPLTThros Bl BAE AV GuaPR e an e

ovelldpﬁé@bﬂatm%d/\&}bheﬁthﬁw ﬂg& Kb@ﬂj cirgeskte of \Ml‘t&ra@péd‘l&:cond barb whereas,
combi nation conprises a barbed suture attached t

in gengial f9rdarbedsutes, thr:ﬁ@rtsw distange hefives §vabarps aitha lpqr? c‘étflength
bﬂ{ gﬁllgln%‘tfe?té %{F %%a?hegg&a@%gnt%d rJ\]/ 'snzgrb@rbfeﬁrﬁﬁure for

end ‘and a seco I's ad
conneem%gathﬁgntlmeaﬁl_Ma]lrtESSUﬁ) in esinsinavione witht a smi’@mltﬂmdle, where the

suture is.in ﬁa{aﬁag 25 in d{we dlrectlonlthg.i_lls ;
combiAIEFArRPHSES A CRTRE dEAtiaghed 19 adrgifalingsdiend pp Stesomprises 2
plural-w ®f rb%l;ﬂsoprefecﬁﬁ{? froﬁf'ﬁrg leﬁﬁ%;at@@ %@hﬁ‘ hghﬁg%t Bist Eﬁﬁ bLRE a second end.
ture dianeter preferably is about 1 or |ess.

Each mbusm@tedafny enapling Iﬂ@ juture to regtst mﬂvg]@gntswbgn the suture is in tissue,

in thegﬁscr Ind%%@%ﬁ{g%)%y .F%Edt ached t $ a > f*%se eihe ratio of the

surgical Aed @neler @@e 80Res diaRRter %fef&ﬂaslyﬁﬁ asmt:s 1 BVRH. | Qitably, any
showi ng a barbed suture with barbs disposed in a 180

of thea@@néée Barhedyeiteigs dpsberhheremayhe attarhed tea swgicabisgrle.
view along line 113 -1B of the barbed suture in Figure
| A, WD 2004/ 030705 PCT/ US2003/ 030666
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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-5 FIGURE 2A is a side view of another enbodi nent of
the present invention, showi ng a barbed suture that
WO 300di03cdnF ecti onal with barbs di sposed in a 18BCTIEs088030666
staggered spacing; FIGJURE 2B is a sectional view
along line 2B - 2B of the barbed suture in Figure 2A
FIGQURE 3A is a side view of5-anot her enbodi nent of the
present invention, showing 5 a barbed suture with
bEKHéRElmﬁpmaesuﬂa view of ﬁm)thiﬂgmb@dﬁnag gétlmdarespatanvmrtlon showing
GURE sect i on vi ew al o
a barbge) e s Bt BopH IS Groscii b deaestiieed spacing:
VERYURE 2R 6NeEH GHPAS TR gg 186 2B1€ 2B R Barbdakaitird fiFigure 24;
show ng a barbed suture that is bi-directional wt
bEIBER Hi3spissesidd view of 2ipthegméwdinen 9é thegrespaicinvgtion, showmg
s,a,secti.ona Lew al o |ine.4B - 4B of

o barb S 410 T GRE%SeH P o oS Sirod BREEsn 15 o

SFIBURESHE Rfa seOfnaBvieR HRAGI 1R B OB BN %&fa@‘&é@l"bﬁture in Figure 3A;
invention, showing a barbed suture wi th barbs

dFEPOBEAA is acsidaniiew of enotherlenhorimens iof e m¢ssptdsmnt1@m showing
s . 0 B S I R 2 o g s

VFESURE @Qtafseétlcﬁﬁbﬁéwmfg 1 4B1e4Brof SRy Barbodw@iiré fiFigure 4A,;
show ng a barbed suture that is bi-directional wth
|

bEFBIRE pissetids view of aprathercgibogiment of theqyseseny mlﬂaltllon showing
s SRR CEHTRAGPs bt b eho AR, 72

| FIGUREGH Bnaskctiondbviewelongfling SBar BBf shet barteed sahure i Figure 5A;
nh%ﬁé“ onal wi.th bargs di.s osed i.n a tw st cut
I Alsiaside Yipw 9banqtheseny ot of fhedsesgnygition; showing
a barbgdi gMhR B4 is prltredtlbhél%lﬂﬁga?gs (‘hgpcﬂ@d 8 AFisesh ﬁx%ﬁwl@gb]raj’zo
GJURE 7B is the sectional view as illustrated in
dlSpOSﬁ?ln(gure 7A, but rotated and clanped to align the barbs

FPIGREER €% B VPR o e kel et s B P zor oA

PERSERE 7A0eMN et ®dhal §BOWeRDIA balsydRaehrs, Wm&ﬁls%-ﬂhe&lﬂfnbﬁwnh
in a random disposition; FIGURE 9 is a sectional side

barbs gispesedfin afvisheut metbpldispieat disopsitipe lilse Biedatber syiare indfigure 6A,

bar suture having a barb with a
but 1lla§ra§e!?i°‘§"tag “@F e?esg(?tg% "ed under si de; FIGURE 10A is a

SEK}UREaﬁB pehsgpetdnal sidy vitw aittusietedEintioglira® AL b@tfrofabedl and
sent _invention, show n bar bed s%t ure having a

Clamps%l;%alwr&the harbe For gasuIpRER: O gf#hlmmél%ﬁe gtweer Herhaghsal
tPR}(QkEfB M2 &WMQiev BEaRA R RFbS N of fhe %!r&eﬁtqnae%on Showing a

FIGURE IOC is a cross-sectional view alfong |1 ne
barbed @umefwiki garbeuﬂmndorﬁﬁlsﬁbsfﬂmmi 10D is a cross- sectl onal

R AR LR Rt Pty fon,
show1ﬁ¥ 8 321?%% 52’1\%{1{2&@@ a BAPWithG dridghted dr Sesadaintbisiiebar bs

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;



10

15

20

25

30

WD 2004/ 030705 PCT/ US2003/ 030666 -6 FIGURE 12A is a
sectional perspective view of another enbodi nent of
w0 b@4fsEsent i nvention, show ng a barbed sut uP€T/WE1003/030666
barbs in an overl apping disposition; FIGURE 12B is a
perspective view of a portion of the overlappi ng barbs
of the suture of Figure 12A 5 FIGURE 12 Cis a plan
view of the portion of barbs of Figure 12B; FlIGURE
1PIGWREA 24\ id @ sedt®nal peedpectiyel vieve of 2idther RIDodimefit glithe present
12C,_ and FlI ES 13A, 1 B, 13C, aqd 13D show. vari ous
m"emgﬁlv ghavang ad Ut i, %Fb%la{’r Py erlagpipg dispSIign: ached
t PrcE@RA r A h
{ FISORD 188 R en e iRy iy o e oTHABIHARELLT S surure
of Fighimd@Aat i on, severed tissue or accidental wound in

R B2 et VBt et Com LR A B TPl whor o

SHIGURBA2DSHk @R|deRGow leng Nge 20 —of2rRoOtibee 1LCS ate
connecti ng devi ce nay required. Al so as used here,

t REGUREM 134, $3Be13G, aed mshow_s yarigus syrgical negdlesgwhere a barbed
n fat, fascia, bone, nuscle,

Sutured?ﬁtgaﬁﬁ ﬁoerz\(;légurggra?rbqe Sd vessel's, or fibrous tissues

such as tendons or | ITPRSERIBTIONr eover, the term
"poly as used here generally |ncludes but is not
Amuﬁ@dhqr@ the 5HD py@pwrgpgans @@sﬁalgﬂ%ﬁww@ Gbh lageraippysryered

tissue tgFe ?%gcilenfa‘r]‘%%ﬂh ﬂﬂﬂjrﬁée O anff zgré& g> ﬁfnﬁﬂ mmal bodll tissue,

mers, et ce Icatlo
or oth¢rdendnion ifrahbiven opardmal Whert auturidg, stqullngmifrthe steadf Ianother tissue

i ncl ude all 0ssi bl e structures of the material. These
conneging davifedaay beiegyeed - pyt  are not linmted to,

' %@stoaa%tdsé:d het¥ e RI-ActikGe” ﬁf&%d@?ﬁﬂ@fptﬁfl B4 kE Sissues such as
Al though the sutures are described belowin a

skin, fpt édseiar bohee nhisde meginsyvarvesaochlpedivessels,or fibgous dissties such as
tend he suturFs coul d al so have a non-circul ar cross
en O%Se(iftﬁgaﬂ’gp shape that could increase the surface area

aMbrésel, thd &8 ‘bbxfymfemmise@mr@fgeﬁdm}bﬁ&maes Buie hoCk@REd to,
sectional 25 sh apés nmay include, but are not limted

homopelymensa¢opol ymegn (flueh asbjoel. €rafp sandomeansislisenating FoRRiYDeId).
terpolgf\ggrgb 8|c|gter£ ahd E%%‘S an%%?cﬁﬁ@z{tlo%g %hcelréq?r ﬁhrtﬁé}]q#&e{' Bhd tlahﬁ'

polyﬁlbﬁtshhlaﬁqchﬁﬁmllfmﬁsiﬁé stoycteset bfigie @natersdln @‘hésedtr&ctwrefs hncﬂude but
circular cross section, and thus, the cross section
are nopHmited 19, jisosartine syRfiofacie aaf randory sympeetfigst s what

r @&Mbﬁ nthgléﬁﬂu&g ASHER BRIV B 2 mméaremb%&ﬁﬁéﬁm a circular

dies C custom nade wth any desired cross-
cross setion,ahasutsiespenld kiso heye 4 e -¢ieqular cdosa wedttionAl saspaﬁhetobould

increalgc? trh% S{J&aclenatrga anddfamﬁtate o f(g&%tlgrrl P the Barbs. lo%ﬂeqtclgosgfsectional
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.

Hence, the term “diameter” as used here is intended to mean the transverse length of

the cross section, regardless of whether the cross section is circular or some other shape.
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the cross section, regardl ess of whether the cross

section is circular or sone other shape. WO
wQo@4/0880¥05 PCT/ US2003/ 030666 -7 Suitabl e di BOEUS2083/030666

for the inventive sutures described bel ow may range

fromabout 0.001 mmto about 1 mm and of course, the

di aneter may be from about -B- 01 mmto about 0.9 nm

or fromabout 0.015 mmto about 0.8 nm The typical

dSaitatle diahrge for tednvailios sutufes Aésorbed belatvandy @Anpge from about

The length of the suture can vary dependi ng on several

0.001 myp e pous 1apmpangdof cruese.dhgtigmgisa msy bedpomabsut Difd mgda gbout
I f u
9 mir obftoft B3(ECh.0 15 it WS008 Ik "Bhd QpfiGl HBBRF ranfietrom about
0.01 nerigbsutOeihgen. f Terergio uf thi sotwrd canalaoyidepeBding on severa factors
r riy fro out 2 to aboyt 22 c The .t
such B3 JeBtn s (Loth of Do gEatFi 8 DS oFLtherihées ] Hssvaiohedpied. the
locatidiPof tE wHuABOR thOMkeO ITypRAI Qfu@ "Ie@gtﬁs‘&%ﬂé@fr@rﬁ Gbbit! 1‘5‘6'1131i ?(Sj about
to nmean that the suture has at | eéast two sets of barbs
30 cot, e particularlp frogetbowd 2 ¢mrt@slpmxl:2210m each other, where
t irst. set is, ali.qgned . i tudi, nal t he, syt ure.
e s slBtar” B PeSSringh B e Rt i R S8 dfiTion of
barbs 8HbhiRue Bétin@ndddad ehep® E&Eﬂfé'sﬁtﬂr@ﬁastdi’ 1daBEwUbtdloF bai@hat are
cutting transversely through the suture and

offsetivwithetiespast forich pheh adereghe Arssseths aligned orgitadinaliypn the gufure and
the se?cﬁatd égpfs ?c% loéglﬁlcfrﬁa?lﬁl Sh‘é@%‘g@%b‘?‘g];a ptsl%r fp%?%gﬁlg faﬁ{(j the suture

and cﬂtiﬁgltrensbeﬂylyahrdﬂfgh the siituge Ry interceng ths besesgfasedb of the first set
e intended end use of the barbed

n

will n%‘i}PE?F%Ct '%‘5?’8 f bar eldpesrcond 5&s  may be enpl oyed. In
969EhAlbs tl)bg&g?{ P’p@lé Q§teﬁ5ﬁsﬂﬁ€§ 0{5111’1?- SaRtEdd onl vHhiBR f barbs are
certain es of tissue such at tisste or so

dispogeids Qﬁ@endﬁng v theonterdedread dise etk berbet) autbse, harbs nf)dléferent sizes

suit for ini ng, ot her t i ssue, such as
may b SN donenerl uLon heSh bR Shislor B 4 S0P eilis of
tissue¥80h :k%efaﬂﬁéiﬁe bF QUM fiRGe. SONMheBLE HaRd SmiASSh ey are #%bre suitable for
maki ng conventional |oop sutures. Any particul ar
Joxnlngh»&@etvmapémsae, stigr ast dedlagrar deaek Bsstier e depends on the

styr.engt.h andfl I|t Mor e
S pAes &1|o d ab ba¥J ? Hreg aa/rbeqn;}ée r%tﬂfe SATAS dnzft?%%s gsed for
maki o@nﬁcbﬁi@)hblabb sutddeer Aay pifiatilar @Hds&y\ﬁaateﬁﬁl R theRriied suture
grade and thus to be absorbed over tinme into the
dePenfi$ Q%Eh@ signgthandblgrlilithegugemeriher al | y, bi o- absor babl e
ol IE%: c§f1<9a l%o é};i@{;dréés T%nge gﬁﬂ@ﬁ @og‘gab C?Go?(?rg%blte material that
allows thletshmre/\tox,dagrada g thuf robe #dsotbed bvemnhtuﬂt@tha\msue% the wound

heals. ?ﬁ él&yegéq ?lgl;ls%&ag{e o o ggrg :Pg yglgbl the Gy %%de 5 g lHlIé enp%trt?csular
polynRAkdIEbd, tHAld PO f?méb@%b)@éﬂn@ ey E%frﬁauonf:i HiRith Wver 24

are not limted to, polydi oxanone, polylactide
monthso[Tg luge of blg@bsqjmw«t mpteonla@llan@ateghq n@qypmyyqucmovm g the sutures
from ¢ herte%f Comercially 30 avail able exanples are
1o éﬁ"éxanone (sold as PDS Il, a trade nane used by

EM@h@@ﬁblBCHbsorbable 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
selling surgical sutures), copolymer of about 67% glycolide and about 33% trimethylene

carbonate (sold as MAXON®), a trademark registered to American Cyanamid for surgical
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selling surgical sutures), copolynmer of about 67%
gl ycol i de and about 33%trinmethyl ene carbonate (sold
W@ r), a trademark regi stered to Ameri CBEI/US2003/030666

Cyanam d for surgical W 2004/ 030705 PCT/ US2003/ 030666

-8 sutures), and copol yner of about 75% gl ycol i de and

about 25% caprol actone (sol& as MONOCRYL(r), a

trademark regi stered to Johnson & Johnson for sutures
suture&)n anGetpolyEnertg abhie ) % dhacdiield asd bboue 25 Veecdprdlacbones (sold as

bi 0- absorbable materials are useful in a w de range

MON@fJRaf;ip@,. a:tamde@wsk regisjegefl to; @h%ﬁorly& Johwsoiefor sHUTRsdad ﬁquoe
netes e d LA APREP AR Bl Rl hE oo 6 R e

ofapph@auq@lgl ypropyl ene pol yam de (al so known as nyl on),
yester (such as pol yet hyl ene terephthl ate

aﬁéﬁléw@lbe arhe gutyes npaype forseg @P@@P@BF%@W? m@egial, which

o 4505 SRR, L T i

(also l@ﬂl\&yleis h@rtorﬁ,sﬁodfyes(es (snbh &Spcﬂpéthjdammr@hthla/thlabbrelvxsat&dimrdﬁ)s

PED), @8 densat I or}}Yiqnérﬁ%lc {aﬁgéaéﬂgcgfaqlgt'egﬁ hgquetﬁx?l oy gfngg%gfeed here as
ePTFERAH &4‘&1}3 P dote E@Gbﬁtﬁ@x% e@%étﬁe_];‘%st@&lﬁc@g@p&%bd&s%r which is the

urgi cal; conpanies yco, under
condehd@tlAE bb(wﬁe,nzmﬁnmckf dimethyl tem‘[bbmmwg pobgetetneatiederdecether glycol, and

e A 0 oo
ownedr"]% 'S?%(? luP(I:l ﬁ’zﬁm{rﬁ , AI‘IE@Q 'Whléht i§ %ltgaderﬂgrtkarb%l)@ﬂe{%ﬁg ’Pirﬁeerican

ton, et ceter )
Cyanalniill €or shibgibdl $t1tunfs) toln pob'arddﬁdes Aﬂtﬂﬂmevdy,sthel seedbdoehaie material

are descri be ving th ends hein oi nt ed an .
may bF getile 8 SRelpg SOV eIt (e b1 Potiut 8 Geben G the lke
PMVRIsEOMNEe bluDed Sututel dlsSussEPHEISNRIAIREBduaks htal?i%g‘%lﬂléi'ﬁerfdfs being

the barbed sutures may conprise a surgical needle. In
pointetdhing formredadiameaierial shigicivarlp edff s tllove farpierdiagtieshef dt is

{1 I h ' .
oL P SRR Rl o s
embodlﬁféﬂi end B¥rbddsBRIE isQidaptBd CorltaktaSiifent 20 cihd @CWg RYannel

ing is well described and is ty i cal

wrappatg: gmﬂsh@w@ag ko evﬁstéhtead;lgg te e syig ée@ﬁﬁj%/OF HisgrtioRdnto tissue.

SR RS eRRY o kohes LRFLANORH 8RS e

the suhﬂé elhi?mtb tﬂlélshllg&dl h&ﬂw Hd]ﬂfilhﬁaisll(ynglmﬂmamn dispowdd af ofidwnd of the
foll rrF %the resul t ant aa lflt t he

surgwﬁler@efi@ ey s ltq%%\tlasﬂﬁen ditent Enpiudipgiyriaig qug epA QL the needle),

fouo“gggbg_ pifeBdlr&sul it ah&gﬁpé hogad 1é>scf ﬂh%tst‘l'i@ suthteSiQ se R@&to the

ical” needles wt ongi t udi nal hole 25 in one
surglcehcbed]eefohmatmsm it ksstok e Alsohesne hagicalrmeetieawitbarlamgitudinal hole

PR ST TR T

to attaSh ki wilre REQEk@BIRARNRIR. AdRiARlly MondeQHEEA] AbedIEEh LB,
and the suture is laid in the trough, followed by

channelragpsiugh at ene endeandethe psursis laidintthe fraeghs Gelipvead bynaeapiag to

I e a n e
secure SR 68 lcBPo ko BN HE B g o R Rl e o
hole trage @kl dispsiedirsenelnd s 6@, subtital ac&ll®eduld also be used, but are not
preferred for barbed sutures. For the present invention, part of the discussion below regards
surgical needles swaged with barbed sutures, but it is contemplated that any other suitable

means of attaching needles can be employed.
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30 preferred for barbed sutures. For the present
i nvention, part of the discussion bel ow regards
W@ awogiodEhs needl es swaged with barbed sutures, BCI/US1003/830666
contenpl ated that any other suitable neans of
attachi ng needl es can be enpl oyed. WO 2004/ 030705
PCT/ US2003/ 030666 -9 Attadhnment of sutures and
surgical needles is described in U S. Patent No.
3AR&hn#AY of sﬁ@fry&kﬂ, sut$iGil nPadlesnt déderib& n84.S0B&entaNo. 3,981,307

Borysifg, -5 SeptensiNon 1N 505580t beinath 108 en M SaPRATh Ebringet et al,
U.s. PE%BFJSB% 9 ScQQ}ré%Er EpalD@f@rIea?ént Ro. 9'50@ 99“033(318@1%@5& al.,

to I gan, U.S. Patent .
U.S. PhienfN6 £5/222,991 talColligandUL§. Batehit Rat Goit2, Nﬁ toeasmes @rzta& amd UsS.

paent 55 1835%h 8 bite T K oo AP LSS B Ry nodiss
describbdIn 3.8 Slgatérﬁ N%' 3K3803Rko RIZWet BEFurthbr, itSs RGkE @ha& fRtsubdial
surgi cal needl e may be coated, the coatlng al | owm ng
needlefroay bdepatrele theeoating ail@wmg/‘émtlnwreeedbrﬂﬁ theainveniive s;gm@ir@apn
ed suture serte ti,SSu
sorgic{|GEEUE SAREd R ' Pegnedryp BEe YibaadOie BTHE Y ibica
needleGR@t A6t cobR. aPelcbitthg MYy Bea E olpfley, 7B insthide, h BicamMeRsin&oating.
- silicone resin coating. 10 For exanple, an inproved
For exginpleg gm;rgg@vgdm]gcpmedﬁgl@g@qaé neqeda thp@qqxplfeé§1gn1flcantly less force to

effect 11 f %s%gl Ehé fﬁghla g}}aa 3 e}ndgxrdcs?héognzeﬁ fctal ﬁéeﬁ Fd@s%pi%(ﬁ fhtﬂ}%n Patent

I'coni zed 'surg nee
No. 5,28%013 tocGrahgerdt 4. Patent  No. 5 258 013 to Granger et
al . The barbs are di sposed in various arrapgenents
t Ree Bshy At ispRESIST VR &S APRBEERFISON ﬁlﬁ;bos)é of B FuBTS, sfla?gbafbs

may b@%&ﬂ'lfsﬁl%laﬁ %&%%eﬂhﬂ&lﬁ‘lah@lﬂgﬁ b&%']ﬂ&dﬁ%l gbx?ging, cutting,

nmpI1 ng, tl ng, [ aser the |1ke.
laser, atr&ijhe tike. oWnt]nthgarg to cuttigg e gaie;ralpp;jlymemcp thredds eatikangents are

fila ts ar ur chased, the the barbs are cut
P”r‘:h%ﬁ@&nﬁnlée“ftﬁ?E?Fgﬁ?rel‘f&}%}“to q??& Ymay be manual , but

UPRE ciltBing ﬁfﬁ? lbe 'rr[h‘hﬁﬁlsbﬁﬁhﬁnéjlaﬂ&t in@Asive Bhd e tdoMLToAVEET Y

suitabl e cufting machine is disclosed in U S. Patent

Applercaitiiable @@tmganaoﬂwe is 0iotloaw! in33S Rptens dgpicationg¥erial No.

09/94%52%%@%}?0%/% %&g‘l 8?31%{]1 sC 'ﬁ) %lllhﬁ%dd(?ag ofﬁ%? %3&%& 13’1 E%Qﬂ éthetcps%losure .

of whiSH &dlindorpbiatddtey reRedticee iRk adupingmadchiny has a pluaality of blades for
escargment of barbs onto a suture filanment. A typi_.cal

escarpsent PHRATABRINP ASUIET lament ot DRGahguting mIskng fir patacturing
barbed'Sulthile n% ﬁﬁhi’)es %Lé'ilg g%eg &flvis@ oKk BemoR Wady as%ﬁleﬁ, ﬁ?fsometlmes a
assenbl 1 es, "an Ide for the

onetinmes a tenplate or gu
templdit arlgside Torehesbindase The lsamenfilaimentpis ataeed inthe hed pebhad dy the
vi se, e transverse

. held by the it h ction of .. .
vise, e g selerin 3 Y blagEugrPRTY FlsDpied e i L veRe dircction
of the ght‘hﬁ?ﬁl‘aﬁl@n@ﬁl et BRuBMPMERI ) bf ATBNS spatddl WMBIEdispdRed B tHR

plurality of axially spaced bar bs dlsposed on the

exterignafersutyre Gtamengut ure filanent. Wth r ef er ence now to
AR A L RRE R R e
corresBENMBARbr MiinEWSeleBBRYthrouHoUOHE Sevefnl iviewa, §hodm in Figure 1A is a side
view of a barbed suture according to the present invention and generally designated at 1.
Suture 1 includes elongated body 2 that is generally circular in cross section and that
terminates in end 4. End 4 is illustrated in one embodiment as being pointed for penetrating

tissue, but it is contemplated that end 4 may comprise a surgical needle (not shown) for
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view of a barbed suture according to the present
i nvention and generally designated at 1. 30 Suture 1

w0 pai08g85 el ongat ed body 2 that is generally cPET/UBZNN3/030666
in cross section and that termnates in end 4. End 4
is illustrated in one enbodi nent as being pointed for
penetrating tissue, but itjors contenplated that end 4
may conprise a surgical needle (not shown) for WO

insertidR ko Gi3ue0 FTIRCTthe#S2AASNE3A6HREB.) ALD, sunsel tndditdes plidality of
tissue. (The other end is not shovvn Al so, suture 1-

closely gpgcad barbp(7u? agranggd &t a 5@82?5@1 Wl%@@@l%d&@ﬁ%&mn gMore
speciffgliG Gty PoRa TG SLE Pl b EE! AP sPURRs e
stagger@diwith kc;sped‘t naagally sjaced bak8£)9 Jeigt babs 7,rficimggointed end 4. First

staggered with respec]tq to . axially sp c%d g@f}bs 9, with
set of Bagbh dpfinga plag Hgt som stanfially gomlatas with the plae dgfingskhpsecond

S

setof s, A% AnRiaBRL, Dbs 250 R TR SPU LY (BERER e phletuc o the
radlaldﬁﬁslegmemtrhr;geniemr bs 7, 9 define substantially the sanme

P b D i fscrpres Sseital Geweleme il B S RRAReE | e
1A, moR cledB ﬂlfjst?z{ﬂés%glejx ' r{arﬂ:él)?%@adlhlﬁ 80_’3@?,1%6 %hﬁ%én’{ent of barbs 7

illustrates angle X, nanely the radial 180 ree _
with fmpealrtgéwéww s dhsrdag be sg@l whmiFigure chthetst;Pmimgdﬁug.ratmhat first

.50 .can. seenfro 113,. the stippli
barb PG R dlosEg ot Rl QUpEstbiyngIfE 1 b it B aspp o be
largernmmﬁaﬁﬂelﬁi%y‘flrétﬂﬂlb $ bOWaIbs 9, duedo te sidBleridg) dA tflSverse plane that
seens to | ar ger than fart her away first barb

is perppadisylag to a%retb@df Rand thal iderserds thpbasepi ope pad 1o ah?ébs 7 does not
g.ﬁgggg 0 suture body 2 and that

mters%cjan?{eerbsag%?f) he %ggt 2ne barb 7 of barbs 7 does not

i Steires & ataytbeendda skthod cuatiyg ackinOthaf pilodudes tWo sdts ofSbidrbis 2, 9,
usuallgé)lng sgfa?gglapgim\,?\g stt&g%qugSHUt%t iq%g a&‘]nacéiyggl?e hs%tgh flq %ﬁ&ﬁg&l‘éﬁce
descn%&@&g{ﬁé ebRARIdd QRiafNBNGH/SM, 1 FrolGendVE bt 45 the cutting

device described in the above-noted Serial No.
0PirsuBs G‘H&Ibso7 Gerateal et plading Fid lsaldiggn sofurdfilaoen?in the vise, and

then, l‘?‘lﬁ gg@? g)éad)é% cl ﬂ%ﬂgt&?wggcig%gtgf gpd]fé%%lzxgoeth%s{lﬁ%e fl ltamiegt at an
angle BE1BEI6d ﬁfdﬂ:eﬂ@ﬂarb@m ?bﬂmng Ph bEceirdcAb® tdwited §bﬁhtéﬁ%nﬁl41 BB set of
at an 20 angle selected to create barbs 7 pointing in

barbs Gnecighied smibwlytabigaeidsoisiathe bladpylongitugieadlydtas@eatp the staggering)
, ' Iy Fewf [ t

approglﬁga%gg %fill(f)?{g ?%{%itqflﬁiyméltﬁ%ﬁéey ﬁvée%t @ Sft%g{bté e7nigld Z;l]s% rotating the

suture:’ﬁlamemi abatiel 80 deglcks of thehasd, oingihtib diuippeddtd ateumaodate first set of

tween two of barbs 7 and also rotating the suture
barbsﬁthaé@gerﬁreggbaqt 180 degrees on the vise, which is

Hb»@ %ﬁreaf& RIEIRASYE, WhiER is a%‘é{hepémb&ﬁﬁ@ﬁt of tﬁé‘ﬁﬁesé}{t e

area 25 Shown in Figure 2A I's suture 10,
inveniien anbs hige senteold iexneept thaf sutire lpnebleahtectlomaIe Sutuml(atmtludss

I ik uture 1, ex t. at suture .10
ctonsipd fpdild friiSiec sl FFL U™ o BRgHELBOGolR egintes in
first ah@ dcohd pRRRAleAls Y4, oot péHetrhihLiRES 386D, ita8corfebBplafiesht one
body 12 term nates in
or both ends 14, 16 may comprise a surgical needle (not shown) for insertion into tissue.
Also, suture 10 includes plurality of closely spaced barbs 17, 18, 19, 20 arranged in a

staggered bi-directional disposition.
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first and second pointed ends 14, 16 for penetrating

tissue. Also, it is contenplated that one or both
wepag/01095 16 nay conprise a surgical needl e (nBCT/ERINBIN30666

for insertion into tissue. 30 Al so, suture 10 includes

plurality of closely spaced barbs 17, 18, 19, 20

arranged in a staggered biktldirectional disposition.

WO 2004/ 030705 PCT/ US2003/ 030666 -11 Mre

s pbare Sparitidajly, phlimatig oftaxiadly sgxoedlblaybsslﬁ acechddlylsrahdedoabout 180

[ d, ab 180 f nd
cegrets g aptl ORI RO FOFCtD PRI b £yalbt e Epitys L attiparbs
17, 19RERS plaﬁned/\énhmkfam omlaz (a%y%t BﬁFbﬂﬂe Iﬁéh' EH)%@' s %)4 §Milarly,

a portion (about [ engt h) suture
pluralgy of kxiplly spacgl lmr‘as 1& yreaﬁdlably ardnged pbmmd 80 degrsesifforanmad

staggspd b oshaiunf AR LR BEERiey Spetr oy 2 rairiaey 15 20 esiee
pointddedndsl 6385 antHel p@ﬁfoﬁ%aﬂﬁoxﬁ%té‘l?ﬂie%er Rglf BF 8 lgﬂﬁh)]@f stlﬁlrre 10.

anot her g;rtlon (approxi mately the other half of
First sebpighanls b, 18 defimesa plone that issubgantialy coplaies vmﬁl thg 8lane defmed by

seconglgétnog%an%fsﬁ%g%f A?Q eéglg,najﬂiﬁ}m nt I L$ blg(:g@de 55: su talghaﬁly%he

same o@espllaﬁe duad tb tlﬂéfrabﬁ[ bso dagreelﬁrang&nexa%f diedtisévof barbs 17, 18 with
subst anti al | g the sanme one plane due to the radi al
?

respect 89segend &k ohPathhd®rdt of first set of barbs 17, 18
W'F‘ gﬁrelé’s [ EAB5 sebforf gﬁqﬂalér\%t lnfg 2]?a'2%sofjs§%1rg 9(% 1%HIreGZA

IS a cross section Vi e
more sluanhy Blut@ating ahplgux, maﬁkly thﬂmachalC]ISGafegly:e latrhugenteat.i Dge to the

staga it fist b g e bmba 17 Hlotersapaicd Lod 1 Gidsghan puizure B), and
thus, Qp@ﬁ@ ‘]argé% R f@}tﬁg AN thée apRlo shewss 14 ag sﬁﬂﬁ&rzﬁ}&tby @Qd

thus, appears |arger “than farther away Tirst
stipplio. Bealrisverss plage that is Ipeysndiaulediomypturs bod)&sl%nncmbhu ingrseéts the

o LT NN S N

Likewh&, B $radshefbe §fanb Mat ispeRpsiRiduldr i@ siasoal 1824 d Bk hidrSc@f the

barbs 19. Likew se, a transverse plane that is

base b @pp B 18.9f Rarbs d 8 sigemat lw@@thIQe base of it barh 28108 barbs 20.
8 d
| SFur B8Pl b S IR I Bl BB 80008, oy cuing

dev1ce1tﬂbsnﬁl)edhﬁ tiredbe vevinbied tSe € alSIBEONIMB 138 go BREGV @ aBSexedptulieh the
such as the cutting 20 device described in the

followé%%“ﬁ%t%‘ﬂa@efﬁregrlowo 09/ 943, 733 to Genova et al.
exsefiist Wk bpit Jl?ectl&gil g%s ng, P@%.Flglgthé th}egﬂﬁTghtf 1§?fab%and held
a ar

For first set of I rection
in the vse, therblades S‘pﬂlbawahta first qittirgeattian thtb epptoxinmtdlipdali iof the length of

ades splice w a first cutfin tion
the sulgiE B RAED. a7, e bt P ih ohy deiston W@ pob e, Next,
the blddek anaBiatddol 30T AleBs QPThRSthdy alfe%'v&n&sﬂdﬂe@ﬁ)ethg bpfssht Afection and
toward pointed end 14. Next, 25 the bl ades are rotated

over thegmcyk bl befsthe lfngﬂilatTheHéa}dea exe thewallivedde @plhqenntonbe other half of
v RRERE S AR A7 o BUREAIE IS BB B e

opposin¢ ie¢ctioaltéwatl poinel dnelnigt h of the suture filanent with
a_second cutti n% action to create barbs 18 facing in
t Iext, the blades are oifset longitudinally (to create the staggering) about half of the
longitudinal distance between two of barbs 17, and also the suture filament is rotated about
180 degrees on the vice, which is equipped to accommodate first set of bi-directional barbs

17, 18 that are already cut. Then, for second set of bi-directional barbs 19, 20, the blades
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opposite direction toward pointed end 16. Next, the
bl ades are offset longitudinally (to create the
wGe@ggardhg) about half of the 30 | ongitudi naPCT/US2003/030666

di stance between two of barbs 17, and also the suture

filament is rotated about 180 degrees on the vice,

whi ch is equi pped to accomi?date first set of

bi-directional barbs 17, 18 that are already cut.
sphce'Kh&na fifsocutdfg adtibndeto apprdsimatelydrtfi thekehgihaofhse d@yre Zlament to

bl ad WO 2004/ Q30705 PCT/ US20Q3/.0 .
Createst&r s@&aﬁaﬁﬁa IOne; fgge@tl%qu poiat 8 :iﬁt %g glﬁ%takﬁtlﬁgtaétﬂcgﬁ is
follov{)@ltfg I{)&ﬁn% ﬂ{ég}lghegﬁor%ﬁ}gd@ﬂtlﬂf‘[ﬁ) &d #r&ﬁ%mt datt?he Ca'iéa\grg\? dgposed in

acing in Irection toward pornte
the opbbsiteldirection sid evet thenglcat:halﬁ)of theslengthl Medthdoy areahat altogved to

splice gy ty Siggaalf The ehetha shrsiobre SAREN rofi aronst g tion to
create%%étldﬁ&ﬁgﬂf the t&ﬁ{)&ﬁt@%@ctléﬁl%wﬁf sedbfd ihen al | oved

S splice into the other half of the Iength of the
s mn an altefrpdtiveenbodimednt fnot shwv fcubltdlregtlalml setpret ), the portion of

9 fa in.the o e dir i 0 .
soror IERIR0REF 17 o i oo i PRBRNp R B b i portion o
suture( TOOWits BB 8 fzo)rmby h&liertB&rh ifad toSdtdp&@ntt end D, MALH thRRn
of suture 10 with barbs 17, 19 may have them faci ng

variaticgwie parhsil sutaee werld be ingseed Ao Beste M appinsestion deyicegsuch as
1.1 , t OWVBY: '

that sl e Qi Sy TPl SRR 7030 B, RGN o

that, 1ﬁ\d¢slndd Jarbsnagy beeghcampedsd thastherenhiynbetwd pratois \mnh barbs facing
V|ce such as t he above- not ed

one e nemgmqgl vl tzbgg%}chlgﬁﬂmpthe%@m PT ¥Papqrijons yith garbs facing
one eﬁkpfuﬁidtw ?ﬁons'\ilt}fj@ﬁbsr ﬁgmg%&ﬁeﬂ'@ﬁi Bk s%stﬁla(rngﬁﬂlo%) a“étthus if

here may be two portion§ with barbs facing one
a portmmobfduad)s ponatifaain g\ﬁlrlemubw trsl tbazdndgtlmkmbawb:hm: aéjadent,cihen the

WO porti wi t h barbs faci e end. and two
barbe SpRGHQIGPE iNoBARLENT SR HA PR BNEe and so on
( 2t ady RRUSY of AREbddHuSure hhvid® a fBadilB0 @BgRE aR Ak fetnchBwiiRt
faci ngnt he suture end to which those bar bs are
staggertijeae that thetl§@ degret spachngrib eaddy fabricaigd oh delpievel yisaplf digmeter
nt o n VI ce advant a
ftardg S b S el PR G TR nf oo o PG e
tissueYvhére aShRAQGESkITE id @esirhlﬂé thdStad e IR @Rreenpading gérierates
readi |y fabrjcated on rel ativel y smal | dianeter
effe“%"elaaﬁ@ﬂ"@ PsHErmdEest aggeri ng i mproves anchori ng
p i
RGP EPERCE, Pl dplcltidls B8t Al SRR URD crbEIHEy: gure
accordieg tethe ppacntigvepeneraataesncrelly desi gnatedaan stitorei 3y Suture 30 is like
rformance. rnin ow, to Figure 3A depigted.is a
sutarF oW B Gire LRoDirer: BBt OB TE ot SR 020 fedtris
insteati%ftl@@d%@e%%ms dnowanbf Qilureand general |y designated at
suture Suture 30 is like suture 1 shown in Figure
| More pagipulatl hesuture 80 inediidgs clopaaehbodiod2 at igigengaly @rcular in

Cross %ec?mn a %eﬁ}grmmat%St e@%{n‘%ﬁ § 9% gcfrgtlpge %ﬁisg I%fs ue dg? is contemplated
that efd 3N @Al eempastya s%zglmateedls (m@ﬁdsxahj 0 tBatrthdlbidiireicAn be inserted into
tissue. (The other end is not shown.) Additionally, suture 30 includes plurality of closely
spaced barbs 35, 37, 39 arranged so that all face in the same direction toward pointed end 34.

Hence, the disposition of barbs 35, 37, 39 is uni-directional.
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cross section and that termnates in pointed end 34

for penetrating tissue. It is contenplated that end
wQ@Zooamgo7ednpri se a surgi cal needl e (not shown)PEDUB1IA1/030666

the suture can be inserted into tissue. (The other

end is not shown.) Additionally, suture 30 includes

plurality of closely 30 spat®d barbs 35, 37, 39

arranged so that all face in the sane direction toward

poAlso.ediad sphcdibarbsidh ere, radinBy dirarged iabowir 20fde paebfro@and

ti | . 2 04/ 0307
stag g PRSP DS GOHRY PR APt S kAT S RCy epgs bos 20
degree@ foa dnd sBiobaRd S9thabIekt t%%lﬂ?g’{)fc%a bhfRBoa 'Tﬁ:gce axially spaced

staggered wth respect to axially spaced bar
barbs @9 azé: alao errarzgtilaboyt 120 dapgesiiramont] stiggered &gﬂlafespef:trto raxially

oo B9 L ek GRS o kBB TR0 1%s e
substadt tHe?&nféQﬁlé%@a%ef §RBh AR 0B bABOST B&kinY stubstaﬁw@%o&ler same
axi @géhS spaced barbs 35. As a result of the radi al

one piang; vé sefrof Aadye A8 defing substaniially siifl dnathies s@Be orsfplane. Thus,

sutur?3 g@ gg%lgsa#u 7t an%ﬁsa d %gaﬁ %t?gg%?edsuélﬁe ire ho&ag Qa(gciegr%endgsposmon

t Hiigwte $Btis @fcrdﬁﬁﬁebﬁloﬁﬁ Vﬁ’@ﬁ loBg HHOSBaBB af dutursB30lih Figure 3A and
anot her sane one plane. Thus, suture 30 has barbs 35

shows withuors PAEKHHLY ek ¥t nagerdy ihe rasinl LA degraemEnEament of barbs 35
with f!:@ cffo @Jrﬁsoﬁs 'oEn‘bg Ry V\F gx%lé%%cg’t% Halsosaj CLAPES ﬁ?% Wﬁgiésge% to barbs

w al on suture O I'n |gure
35. 10 shows vvlth nore particularity angle Y, nanely the

" ok Buseen oG SCalinen B R 7S S S perteuieo g ageering, is
close?’% poRited Bl ﬁﬁ(n%Qlev&tﬂn rﬁ?&@ 8B), ta‘i’ld }ﬂﬂfsb§err§50 b@‘f’ar er tttl)an farther

ill'ustrated by the sti first barb 35 of Darbs
awayjsst tadr Alieicbaohs 3 eAboacggtelvarh g7 of barbg Bhglue to theptiggeng, is closer

to pof 8 4180 PP Pl B By i BB P S R e e

away:ﬂrst b%klﬁw off harisd 300K lradsvetde phileBat Wpergéfﬁhd@artta Suture body 32 and
staggering, is closer to pointed end not shown in

that lme@seffté thempse afrnetiaths35 @%@ﬁhs 3odase nphmgeésrect thabagafrany barb 37
rEh r

of balfb"él 3t7 i’ilﬁ\)&fm@x tJa}é%‘%Lsﬁ%ﬂ“§|‘§§ %)}E) rgg'{dgc?%ﬁg% a&u%é%@ﬁ&% aR& that

1ntersbd:tathe| nkeokeettard Beobasts 3 dan elobﬁltebseﬁﬁtlﬁfbakh%fhﬁqy%b 39 of
es.. i ntersect the base of any barb 37 _of barbs

barbs% Sﬁ_];nﬁ

Y- @drangverseplanedpatds B?@ﬁléilf‘ﬂ%\rtto sgtuFRbestynth and| that
intersk&s ﬁ{ét%E@omg%a%B@Gﬂba{r&a@ 48 s Bt Bls&set ﬁxetﬂatgeh&aﬁg b2ib 35 of

one barb 37 of barbs 37 does not I ntersect se of
baﬂwéﬁy barb 39 of barbs 39. Sinmilarly, a transverse

58 S RIS o S B B i

dev1cB @bsckiBt®nSBE hbdvRehoRasseri Nanyo/bas, 13330 @énovb 8f 41s T88 cutting
Suture 30 may be made with the same cutting nachine as”

machiigrigpew psedsfgdroduse tiee sal of aghs 355 34639, venaliy Soe s¢aba fime, in a

ial No. 09/943,733 to Genova et al.
stagg%ﬂ%&p@gﬁ rl?%ggérgrg% |%:(1)e is now used to produce three sets

ofFilstgeb of Bybs 3Yis cBedisupihdiyg amehaldingatsuturé filnent i the vise,
followed by the blades, after having been adjusted to a predetermined length, splicing into the
suture filament at an angle that is chosen to create barbs 35 so that all are facing in the same

direction toward pointed end 34.
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staggered position along suture 30. First set of barbs
35 is created by placing and holding a suture fil anent

wo poottioan705 se, foll owed by the bl ades, after he@i/ng2003/030666
been adjusted to a predetermned | ength, splicing into
the 30 suture filanment at an angle that is chosen to
create barbs 35 so that alll4are facing in the sane
direction toward pointed end 34. WO 2004/ 030705
POEAt) 8206 2de8 3066 8sct lohditiinilly tderebte aldzaﬂageﬁng)‘ dppedximately half

(to create the stagge

ST
degre@sedﬂ"ﬂ%@ Risk Wohieh i ske%@ﬁ% ad%l)ﬁlﬂlodtaﬂ%ehrgﬂ e POBIMbd 5 ﬂhgt[ }t’f’agfg diready

about 120" degr e vise, which Is equl ppe
been autcamdhtipsheseeorfd ses of Isagbs 33? isloagabegl B2 strhider rhaoner.al r eady

b n cut nd, t hen sec rbs 37 i s create
vt Haten Ao i e etingt iU rae She LRy Rn
approsalfrﬁa‘%ay hhiP B lbhl%td’dﬁ{ah Mlsfatn@e Baifel P d & BRHRABE bAd o the suture
approxi mately t he |ongitudi nal di stance between

filamenpes rofatdskablout B, degrags ah she tisee whidhus equippddatomaconumodate both

b rees on t he, v

atready P 58 sFt3P Birbt SR AOTET G sRppebalft stk A bact S F Ffonang thsy
10ng1tb@1hﬁ1&n3\'i_bn§?dﬁd alﬁi fofRidy, it ssesTWALhs3Otis Bfeate@iWg siddilar manner.

Fol |l owi ng the |ongitudi nal novenent and rotation,

t Iraferablys eash spegepsvesoarp & esearaedd 4 ppsiioniahputak20rAgarsey around

r.gf

suture b33 A bre SR NP RRORY BoReRap BiBIRE REABb, 7

t Wﬁtlpfeéﬁeldjen@wharfbgtﬁl dAddbstried isawveairt 40, atother ampoditriear of the

reference now to FEigure 4A illustr [

presem RO oEutaWo‘%%lé PR 6‘aﬁlﬁ’éfﬁt3oo?"°€ﬁtetha‘p%“8§% 3<% Hrecionat.
Suturé ﬁl(y ﬁﬁidd@@elo%% 6 d§Q12' fRags ﬂe?a[llytc‘?rcﬁ}é} H @rogsosect%‘np that

hat suture |-d|rec i onal Suture 40 1 nclu
tennuutetsng érmdnd)mndzomtwaitends4@6116§papdrrﬁtramrrg:u1ﬂsa¢ Absocit ¢ uss

TR S T
order kSbe BSHATROAQE. tdidire A0 urdier RRAIHS 5ﬁ§a1ﬁ§} of él@sé@)! aced barbs

conprise a surgical needle (not shown) order to be
47, 48, 42610, 84, 5Zﬂrcang¢<tmuesta£@rq¢rte-d¢©ctfwt d»leposntm udes

g?g{a %Og%%aelggﬁ tﬁe gengfyofss%ﬁgg g%l a_% ced b gr urr%%‘lfentially

ered #5°%6ma d| sp03|

arrandedrabalxd20 dagtets ﬁﬁmtdﬂﬁ slaggﬁtadﬁ v@i’l rsslpéw t6 adid]ly apicad byrbs 49,
spaced barbs 47 are circunferentially 20 arranged

Whlcha?a% trdiabrrgagidkabout #MWS&O&@M%&%@W%&%@@E toy gially
Space@BmIS B{deg&ggeerg@u ?ﬁalff?ﬁaé@M}Qs ?f %8 aﬁg' ah% dae[broﬁpgﬁfjdegrees

about st aggere spect to
from andi mggyredszﬁ&mespebamimwﬁly spded dathadfit IT)h;us axpaatidry ofsypaigedO has

bs. 5 d about 120 d f d
ol of Bithg S S e B Bt readrnion ot Badgs a7
TFHlstihe BtHRP hhlk Qf‘th@flerfo‘eﬂ o Qinft 40 3Xial B! dpaQdd AAOR aﬂz radéa‘il,y

faci ng in the same direction toward poi nted end
arran@d apoiit 12Rdegrepeiromain! sekgerbe with mgaphctdf) agigtlyspacad) barbs 50

|l y, spaced are.radi a ed a
whiet35h Pkl SRR R PP T Lot o Rl o ses RSB BEp R Ry
spaceé pabe dZ.b@bﬁﬁeqﬁ&tly, 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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whi ch are radially arranged about 120 degrees from and

staggered with respect to axially spaced barbs 52.
w@eovgmsprent | y, axially spaced barbs 52 are al sBCT/US2003/030666

arranged about 120 degrees from and staggered with

respect to axially spaced barbs 48. Thus, another

portion of suture 30 40 haslal|l of barbs 48, 50, 52

facing in the same direction toward pointed end 46. WO

2004 ﬁ&ﬂ?ﬂﬁh?ﬁiﬁﬁdﬂszo d8¢108 afffpemedt fifS set ofdartstd7 048 ﬂéffne

r adj 120 degree arrangenent, first set of barb

SubSHF AR e e BB PEPTSect PSS, éﬁ@egp%ﬂ@staga@bf@other same
o 38 B 153 o4 By 911 BT S RELAE e
S l]’h@traABL whicy iS4 tiokss saetoiee vieseatenliee HB 2B ofr‘s'ugne éO Aﬂﬁl gure

a, Ll Bef T dmsRe rhihloD e @l wi arpirpveiniciy.

As ill&R by the sﬁﬁﬂin%' flﬂsggarﬁrélﬁ%@g% Y, W &c}aoﬂ{t%ﬂﬁ%rsta genng, is closer
specificity. | lustrated by the stippling, first

to POlmmdb'tnd #4 dﬂot@hw&s lml?lgutm‘%)c arwlithtis, appeanelasgea yefantir aivay first

0 ted e S B
barb £ ke 45° D00 B ERu Spfaiheinr b Jos} Bitos 4 R gosepro
pomté#ﬁerﬂf 44@@6@@0% in Nigige DBY; ahs thudf appbs $dragdRAn @n fArtHes hway first
barh 49 of barbs 49 is closer to pointed end 44 (not

barb Hlefiarhsd IFi gure 4B), and thus, appears |larger than

eve

i rAa ﬁ%l&géljgg ﬁfapg\r{]@%srpeﬁ?e%dlc&%; Q)Zsrug.\rg %P(S?I}F 4? %cpélfatsl%terécﬁ the base
of oneélBarhAd of baﬂbs Mﬁitdeesmtusteﬁsém tlh:ﬂﬁxée obinyolseeb BOODbABs 99. Likewise, a

47 dges not_ . inter segt t Be bas of ~any barb 49 of

tranS\%gs?ag)ian&ghat 1§ Reé*m:r?écul%f to syt Redy S ag él}?é intersgcts the base of one
barb %ﬂ?ﬁﬂﬂ' 49”&0%5 nBtCIné'rkteH{ tﬁe Bad¥%f %12)6915}@ 1Nt RSE! $GhlSly, a

base of one barb 49 of barbs 49 does not
transverﬂeeﬂamcthatnhperp@tgbcwbﬁr ta ﬂgtut@sholdy 92 apfl theairserséets the base of one
i 'I rl a 15 t ans ane, t i er.pendi cul ar
bard 3Tl doBag s ERE PR e bbod A RaPae Ao, grgnsverse
plane l@lﬂﬁ 3 ;ﬁ%péhﬁild%ﬁﬁ lB$ siadrethOB§ 4D @hd tHAl RESGSGEs thd BadRast %n@f)axﬁnﬁg of
barb 47 of barbs 47. Also, a transverse plane that is
barbs 48 deesvent dniersectithe kase of anyksuly S0 of bards 6 %aLﬂﬁewmr g rensyerse plane
that 14%&&3&% a?ft%gm re%%ﬁg Pégmc? htlet g?er tsﬁg Egs%soé ongarb 50 of barbs 50

sec ase arb

does 1idt kerelis&e theebdse ansesHe 5P bﬂbkﬁ*bs shasiniikrlges pemndess pRihe it is
ture body 32 and that .intersects the base of

perpepgiFtfarie Ssfite,Bbet SORa BgiFp Ehei e plers barh a2 BEGEDY2 docs
not m?eﬁlgécmglgaé%f%l%? bhfg(ﬁ%arbglé@ larly, a transverse plane

IS perpe to suture body 42 and that
i Sueres4@ sy bhendda yethahe samee Gatite hackifie basunse 3 2sudhes the cutting

. hot i.ntersect, the rh. 48 of barb
ceviesgi B4 P E T crnL Nor ML 6 CRPHES R RIGRR! wigh he
follovaHg Uiddgd in Bl did&tbhe cutting device described in the
above-noted Serial No. 09/943, 733 to Genova et a

ef@}é@{st it of bi-digectipgalfbgrbs i 4183 aﬁthlamg suture flamgat is placed and held

. i recti £l of di.rectional

in thei)ég l%%, 'bPa'ae% ﬁ)gfcg Ex{l{ﬁlraeﬁ%s qutt n%gnqctmn th Approximately glag oé{l-ﬁ length of

the sutirefilansdt to dreatd baded7 $alincia ont Hheéhd‘nl to@hrdgpdlidtedend 44. Then,
action into aQPYOXInHte|% hal f of the | ength of

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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the suture filanment to create barbs 47 facing in one
direction toward pointed end 44. Then, the bl ades are
WO 0u0a0af03180 degrees so that they are now di spPCEUSI003/030666
t he opposite direction and 30 over the uncut half of
the Il ength. The bl ades then are allowed to splice into
the other half of the lendgbh of the suture fil anent
with a second cutting action to create barbs 48 facing
| Nekththe bdgpjes atet effsdi loegiltlicii:malllyc(tmardatp dienttpgeng) fdHabodChalf the
'2(8 A]/ 030705 PCT/ USZOF?E/ 832,? 16 Next he bl ades
longitigrgal ghstance DebyRsPERPRBIPS (184 als8 ety At d Toiggd about
120 déggées%mﬂé vﬂg@'&mgﬁ% eqh@?gdl foHtAatmoglhis FRAGE: dH% BB dndPbarbs
ot barbs , also the suture filanment 1s rotated
47, A8ghatare altady degr'Bes, fon s¢doad vétof pi-dineationaldadmp A9 pedhe blades

splice ifis BPEouf Pt sppnanately e ot dicieadf offhe sufre fifiment o
createmarB@'SU%&h? pbndBfLBofdwadPpoihied ehl a8 eThorish bhtﬁﬁ% ‘A&tid?l is

first cuiting action into approximtely half o
followedrbgtrptabng thedlades dB@ degreesise mlnattﬂcay ac¢ new dispasddsn He: OPPOSIte

one Qn b end..46. .The
aiectp Al Sytlf R b ot el By TnFIbHEE s 8 oter e
of the drgess the QutdediigsntSwith iaeetcoﬁ@ evttiag ectido Gteaaseiok 49 facing in
the opposite direction and over the uncut half of the

the opgpgiterditestipmipaiard poipisd epddth splice into the other half
o‘cl“h%r{1 &hd lﬁQ?ésrﬁré)il%ﬁlg?fés;é? iedﬁgﬁu%hAIWQ Eremettﬁe ﬁa%ﬁ?ﬁ)gfor about

ng ac acing in
half thedpugiutimatidisaatd anweﬂmmwapmrbstéig d A&hhhaiAHy Tthe sytutelfdament
bl ades e n of fset l|.on dinally (to create the
again Sy 3G oRg) REICEES 6 Dertives NPt ISP Raforameqauigeady cut

first s&‘ﬁf‘ﬁﬁﬁﬂeéﬁ@ﬁaﬁim&%ﬁ&S 4dd al%ggtch%%r{&’set bhg- (ﬁfgcﬂ&?al barbs 49,

ament again is rotated about 120 degrees on the
50. Fvlﬂ%pgm lohgltuﬂnmii mqypmdnttzmd a@t@mmmldamedabtr@abdgdlrcmonal barbs
first .s and alr

51, 5t gk Bk ne st RS P RRCHORGI B oG i ppiHately hat

of the & ngJbM tRE stitif: filamght td dtdar) batBRVEINEEh c #NEnd Atetibd owdrd Bointed
third set of bi-directional barbs 1, 52 are made by

end 44w aVhenigrst ersting action is frlloped By reratang the Hlades i 89 depreastsp dwt they are
I
now dfsgﬁageda}ﬁ?ﬁe?@pg?té% {11¥ec|tt;igl1 nd gy_l_er#}na ncﬁpl%gp%fﬁge (Ejlﬁ?rec grlﬂ%ﬁt They

next spowEinth the btheehalf enttie %gthT&f&hé sutsie fitathédtRgtageédcond tdting action
foll owed by rotating the bl ades 180 degrees, so that

to creqtp Byrbg pd fa%wndh% pRROsHe diseqtia t‘bwemnéedo%détﬁt i on and
OPflrerbbg, 43R Yhodagdife @erL Ao cfdjz{tea };Io's tfoHBBbut léb%glt%gsearound

next sprice into t f of e | engt
sutureshotdy A8 ffonh thegmecedingtbagb swiatvesl nctlﬂvbrla;gwahtany) othet barb

crea barbsS f.acin th 0|tedrect|

* i GhepaieRE eaerient thobhaay 57 sk ol Gl thg porion of
suturebm"l&avirfg REA089, Al may PARIthdrR PacfOidlvakfbifed ERES6 and the

around ~ suture body 42 fromthe precedi ng barb and

portiog @& suthigt4 Odvaeingdynriyg 48 5832 ahkavelikemp facing tgward pointed end 44.

with B AR VF: RERGHLIRIN A OGN L% fls 4 LEGLERNR evice,

ron o avi n ar

such aé_t’hat 4Rowibih theybhaviertéErs. Paehiigo.t 934 3V 6o iRiifE dAﬁﬁdon’-hﬁy, it is
and the portion of suture 40 having barbs 48, 50, 52
noted ghafs ihdgsired RarRsrRRY brysscainad e that hetsqnanke B 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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Wth this variation, the barbed suture would be
inserted into tissue with an insertion device, such
w@googlat7oshown i n the above-noted U. S. Pat ent MNOT/US2003/030666
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 30-If7aci ng one end and one
portion with barbs facing the other end, or two
thus, ipapbitonsof Wattl idactifscing theisoigreenel thaxdhesedatbsargadjhdeat) shen, the
wi th barbs_ facing, the other end, and so on (not
barbe%ﬂam)wo% ge w@mﬂo@@%wb@ﬂ@g@mﬁpmeﬁee -17

Lol G480 ShuD 3RS Bl {6 gt e
barbs exﬁrufoecamuhmle distinctpdanee that cdroplinmes lﬂt&ChNDthdSr gsultingér t i on

advant.a a bar bed ure th a,radi al
maxirhigHh it Bt G GUNEAL P SUBTAVSe. ALARBL AT e Fpguing
enhantdt dnBhGedieforahcep! anes that conpliment each ot her,

resulting in 5 maximzation of the retention force of
t Herming nove toligned JA, shewn it andtheb embodittiest ofi the greséntgnvention,

e AR PR SRS THEGHE RS b R A e
spirall BMRRS 60ihcludedélehgadtéd IRIPeRf lo¥nddfIsy SRl Rdrddk séddloH! Elongated
60, with radial spacing that 1s in a tw st cut

body %wm@la@s ix ppinted end Gt derepegeirating|tiseess Alboribiscentemptpjedghat end
t
64 ma%é:o gﬁ% l%éécgl %eceld a(h?tcsgxgvc(/ﬁ%jﬁ)g%s]pﬁrbn 1ggﬁg{lglget %ﬂlr&lgng&gysuture

60 indhides pRirall 90 clokdly Ispaced) birbspY atrabetl hlati teistlcut %lﬁﬁy spiral pattern
rise a surgical needle (not shown) for insertion

aroungl 93@‘/ 0% and fecing ip theesapg dgrectiqitoward mntr:% endifes
F’ng?é 5BYs a?fniogg Q3 bl §f%§p£9na%ﬁ{ebﬁ3 68t gﬁg@gb 1an1§ure A. Due

twst cut I'e spiral tern aroun
to thefrast ug mtdtlpllaspsairthsmsmentaadmrdsmvawd bpbi 6Tt seeime tudbeﬁsdcnaller and

smallc-afag ef1ul's a | Sralilff f—gﬁrtgxgrr%%g/t rc?r%%lg_1nte£en@?4 (Hgt slthlmr;/gtn? E{ﬁ_ures?l%), the

1l]usld?ildftsizﬁld@ffe?@ﬁcfeadelﬂ§ iBRQSkdd Bthe WlnffeSpeCt ive barb 67
seens to be snmaller and smaller as each is farther

afutufeap@ mey ba\@alystmmt@dw\%pm msléldmewﬂtlmmemne attbeirispeh for making

Fi qure he . 1.1l e diff Ieng b
suture # %ﬁ%} zi,sgtﬁg 8utb§}g {i%\gc es%rgl‘l)ed Ha the, Se{?tomz gotgg eNo %‘9%3 733 to
Genodiait. I WathetkwidtichitigShéthd B babb bY ity b@gﬁbumd ﬂﬁmhlﬁ@le spirals that
used for nmaking suture 1, such _as the cutting device

preferglly @Fg greefed ﬁt the sarah Bie 2p Sresytuge filagienig hesbytgippanyg Mmsiegd of

bemo?cg)[at@gn\@{éh in \(theg ﬁ dwi st cutting nethod, barbs 67
“may be pro Ced P tlple spirals that preferably

aiMore paalbeldrly,t a $utére Sdameertt itk iscabotitiEinshdsu(abBoltill7 & mm) 1n|length is

hel d f b
lonOitE%p? Sttdve}%téa g«grraérogécgnsct) ¢ élﬁwg ‘larfglgl&,gs&r Ot 9 tuga%ﬂgf a port1on that is

about f4I ﬁMt(aEdﬁ@tl 14 ﬁm@hﬁ Wke shrirBdhgth. (BRR Uﬁn éni8s 88¥redNand the other

length, is ngitudinally twisted for a portion of
end istgnespsdiand @tat@ch deegsmrﬁﬂhtsm@sg SQ thma;ortﬁmofahpartuneddammw

. 1,s . 25 about .4 ches (.about 14m‘r)ofthesuture
tWISteldéWﬁPﬁh s s tgllﬁn Bgaecf@ésheegcﬁ 8°Vifid the other end is
gTasfRE padterabbl is pedord@d xbae 5O eHnes Sghdih#EBe peiforinB@ more or less,
portion of the suture filanent is
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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tw sted when the suture is then placed and held in the
vise. Twisting preferably is perforned 28 to 50 tines,
wae@4os070He perfornmed nore or |ess, such as 1BCT/OS203/030666
tinmes. Suitably, twisting may be from about 2 to about
17 twists per inch, or 30 about 3 to about 15 tw sts
per inch, or about 5 to abd@#t 13 tw sts per inch (per
inch being per 25.4 mm). WD 2004/ 030705
PNEKUB&Oﬂ@de@Bﬁ&B Baving Bediendjystedhe alpraitesmirtitergth aimulgneously
been ad ust dto eterm ned | ength,
splice g S LAyt P R FUhrTB ke i &0 P e 67 paghat all are
facmgCJHttltlé ﬁgneacﬁl;écﬁ!?n M@R&H&a ch@ 64! AP 1WA & nfiltiplo s;h&%arbed
are facing in the same direction toward ‘pointed
sutureéﬁ)ds elcasgd from thewie andtntwisted, plabs i aratlispeseth dumubipleispirals on
60 is released fromthe vice and untw sted, barbs 67
suture s g sposed in nultiple spirals on 5 suture 60.
Tqrnﬁn@ndwm Figufed @usBoRfis SR embodRRhDEN the PRAEH idRhtion,
_of the present i nvention, which is general l'y
whichde gengreltyedesignated etisusure 0. Sutuge €0 BEfiagwist cuf multiple spirel
dlspomiI L}F@' tEBs Is1r ag‘ar tg Ptate eS‘éOt gﬁ@gt stu?uurgI b3 ?Iec ecfglo% Suture 70

mc]u(ﬁsléllcbhgltg@bodyn’ﬁl t&dﬁs gﬂh@ﬂ@%lﬁﬁl@ Qd&ro?ﬁsebh@’( andSthat terminates in
nerally circular in cross section and that

first aﬂ%f@?f)ﬂcap@§tqdr¢n4@74,u7ﬁsf9r RETGLrAEEHEUS ot it @it tcapRiaied that quge or both
of em{) h’P@Hxﬁ& %3@?8%4& éL@‘%M?{ nek&le '(ﬁot%ﬂ%ﬁ)'%k %%ofx Bab {1@. or

nprise & surgical nee
( SomresT{bﬁum)hef mx:lwdaspﬂntalmnoﬁ aid)srel;t spasadebarlBUT Y78 aﬁt@nged in two

| f | 7
respecyiye 3Pl AGRT Rt BEINg BSHUIE oRiral Gt DBRY £ ¢ REDS Al i
dlspoﬁﬁ'o'ﬂgm@d@ﬂo}tﬁcm PIPSRA fhpREQHRARIPY %hzggapﬁ%(ﬁﬁatgl} ’76Z§m) of

are disposed on mddle portion MP th
suturegf$h wvaihueﬁdt eidp@tipmERe$ swtampmbcmgahaelbafre%l\/fm paticdlsrly, plurality

uture 70 h, end tlon EP S re 70 be
of barfr bEiE abnetind FRPIecHTaRR STl BisyS 7o Hiefng BBt Sofnica
end 7AF® aPaftaARRA hh!f) & diddlel folr@orSPIPY Abn gQﬂé leﬁhﬁfh ¥sttur@y0. Similarly,
barbs 77 facing toward pointed end or a part

plurality pbbarbh 38 fre asanggdiig aanpéple; S@ﬁalmattamo\ﬁ@h tlh barbg f§ fasings toward

pointezltélhﬁr’/% féxoanoﬁle?‘:qu{ll (t]hx iothep %1#{ %}ﬂr}ay < l'?\fltp %ﬁ&ﬁ%ﬂg E?t?c;ng%l})baéong the

length?c&sﬁamm(g t owar d p0| nted end 76 for another part (the
ot her proxi nate half) of mddle potion MP along the
lgué%éé) S BFrosy fegtienay ylewrl @t&l@f-‘e@ i §BLISpYss G IpyRAA- Due

to the&ﬁwgkﬂgﬁ cbhﬂ&r@tﬁ)n e&% r@%)e%‘\;é*ﬁa?b 69 séc?ns':tb P Ralé an@léﬁlaller

I'tiple spiral figuration, each respective
as eachag farther wefaﬁhdrcawtae fomppdieted @nd 74 mdtIskown aeFigaetdB)sas

r farther away from pointed end 74 (not
ﬂlum?ﬁg&ﬁﬁf &SUPPU& e 6B), as illustrated by the stippling.

28ufok 70 May Be ARMe REthITRE Sanid dulitidd R aSARBasCtirk BY, SuBlE Bd 1he
as suture 60, such as the «cutting device descri bed in

cutting Hevigmhdsseribrstia dhasghovemoiqd Segal Na.9) 138 tE&iea9er @al., but with
the fofdwing Mhngih 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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the follow ng change in blade direction. Using the
twi st cutting nethod, barbs 77 may be produced in
wordosiopi7es spiral s that preferably are created BCT/UR®03/030666
same tinme, and then after the direction change for
the bl ades, barbs 78 may be produced in nmultiple
spirals that preferably 30-8e created at the sane
time. Thus during the cutting, the suture filanent is
hdlgle speificng) ¥ sectins dffdund. 5 hedheg (abotiel lidnmy\@ length of a suture
2004/ 030705 PCT/ US2003/ 030666 -19 More specifically
filament isfpisterh sueh apntfmes for 2 sutHEesaborbbinches(abeniyl 78 ﬁlm)elﬁd@rrgth
Thus %B gﬁd Est’gee%%% ua{nd_}l?t?ﬁtg r dndl (1% gfogl%e%%?g§8t% d%ﬁO%g%tre{i%@§ ¥, so the
tw1steﬂilxekst1onaﬁ tlenghturs fdanant hais abantl8 2Ie twiksi3ger #ioh (pes 2@ Hasm@ tvhen the
rot.ated 360 de 39 tines, so the twsted

e
sutur W%trfs HTentl?]Blaé‘?ﬁ%dg fq indBerise-has about 8 2/3 twists
p
PSP R, o O e o
such gsrl@fte7@limesi Sujpehl§,awintig 2B ytbe f5On abors 2, to abelit i ywises per inch, or

erfor nore or. | ess such as to 70 tines.. .
abou §3p BT Fii-Sod gty 0T T FomHOLD b3 g g (e ingh being per
254rhfﬂbStS per inch, or about 3 to about 15 tw sts per

i nch, or about 5 to about 13 twi sts per inch (per inch

béieﬁg theblades aftemiipving bepexejusicddosl prgdelermined denigthyisplice into
approg?rgz{r’t]%gﬂz}g‘ts%fft%e ha§P$0x ?‘gt?ﬁ’te ar%@&?ﬁ%p'm%? %ﬂel’ys’%J | Irﬁ)e lelngghoof middle

portioha¥IPr efxiheRipptoxindficlym. 5 |1ﬁd’lg(d2)pﬂfxnﬁht€@| El4 pa)t twadiedvBectibn of the
the approximately 4.5 in proxi mtely 114
Suturet B el BHlEg 20tR Wid he RAdes PN Lo 4o farbs 77 so that
b t
all arééfaz'itr:%gqg §>ﬁg leQ 10W' tBQin]tdqg)rugtE g@‘? Z]Era:ﬁre]:{}%ln eﬁ%lénr é(gwtv 915)291?/ Blades there
are ot dwaaruﬂtiq(g)mtlade sandi héw. mbey atbs rvg an desivedyaleye lniu@dl%one cutting
. there e cutting. machi ne and how many
motion 1 TPy RES TGP ity OEBCBBAE Ut FPAYOS AT BImigns antl the
desire@Wunkt ofHRST 7 e %&dﬁ%ﬂeﬁ@ﬂ%‘%@rﬁ{on &thé BRLR MEYelRe
repeated cutting notions until the desired nunber of
bdhes therblades asg vdntpe d80 degyess spdhatitey @€ nowelisposad ie the opposite
are rotated 180 de SO
dirctioh POey i SRSt S PR AIE ST RPE BB B length -

of mid@i€ perioh MPef ﬂk@brdﬁﬁhﬁte@ﬁ 5 RRhAPRIrOXhIRI 21 V4 ﬁlrﬂx)rthli‘sted section
length 20 of middle portion MP

t el
of thefﬁltttr; gl)l(;aﬁg%t gﬁﬁ@ﬂa@w arg, t!aen ke gdaiepiplise e dioyotharhalingn a second
cuttm% ‘%ﬁ&? %t?ﬁel‘ﬁg b(Hohegp ng% Y5 t%ﬁefal[el ?zﬁg?%ﬁ F;nﬁatbilﬁgr%sfaglr g in the

hen al' | owe I'n a seco
opposaeltdirectg)naOWaﬁhpmmbﬂ ehﬂl g6b|apesdinglon tgwcinbsy bradey gidfecare on the
bar bs, 78 t hat are facing in the opposite
cuttingjaghinp Gpd ?‘BMF’%}’Y thi SR g UrSEp BRI PG U iR et to cut
all ba%sa%a%lrﬁlm?d'n%m?sﬁye AHERCmaG Wel | atgécclﬁhﬁ% ABANOVITBIRY desired
bar bs are desired, thefe ma one cCutting notion
numbcrmfdxatbSZB aa¢ eschipethntT 8 psitivn| of #ireesmtigk filanoantt her e may be

o P 7t SRRl e Sl 1 e Ten B end
untwited, aefifst 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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When twi st cut nultiple spiral barbed suture 70 is
rel eased fromthe vise and untwi sted, the first cuts
w@pa4oBigosecond cuts result in barbs 77, 78 beP@mUBSI03/030666
two respective multiple spiral patterns on two
respective portions of suture 70, the two respective
portions 30 defining mddl e2@orti on MP of about 3
i nches (about 76 mm) in length. Mdrre particularly,
polydiexaaoad (vhidtsis acyhthetid dbspibabkputuad mateainle A divindtce sf A0€0.018
[ [ [ r of
n RO kBl s S0 s SR, i s
o e A B T e shear baar b e ER e
specificaivns ef the fUndtbd Statdd. RibBnadopodia (GBBUt 0. 457 mm) is

slightly larger thanp,t ize O nt.heti c absor babl e .
S dth oty Rafliteaa o0 o T Back inRdtecit b HDBRRC D MRl spiral
pattern® aRRAY thebirB AR e ALRAHRN SRc¥MHe bat B suture was bi-directional,

sBeci fications of the United States Pharnmacopoei a
the bgrbispyre divided inteulafir grospwithi3Addrts disposdd af a figt petibs of the suture

introduced. i t respective .nul tjple spiral atterns
and a5t BRUG R Sl EREE PO oL R s e hogroPRpproshE he
directdd! Sfafle sSthbtEBupaSDhe pprBkimANmiddle bi@e BRURS THRIBecific cutting
divided into a left %r oungmth 39 barbs disposed on a

machineregiployseitiad A3 bladeh elhus tor gachagrgupof 3Ybarbey tesip ware hogong
- har . S I .
moti Q3R 1 e SRleh bl Sk PG r S o P {Buting
moticmppr oxi mate m ddl e of the suture. The specific cutting
1 chi ne enpl oyed had 13 bl ades.. Thus, for each
g?ﬁ@gﬁswrwsggpb Y I"FR%%(éb%é &8 Jum)jongnghe mrfdlppertipn MP was
o . b . . A
oS Yo e L S5y e o
suturabloten? Exiehbsg alodthel3/@cim(jo mor) dparbEH enidilld ghoetiopdviPivaeme two

b 3.1 nch bout 7
nbarlist F5F peaflORHEP SEMBSPOE Pt eTier Tebks BEAes PRt Hanm) e
Depefdih gl bf tHel Suif@Blrechigus NeHens bBaYQRS of R b%rﬂeﬁ%htugg RayBd

_barbed m ddl e portion MP were two unbarbed en
sufficirsitlyipoigedemdaigid fas issgrtinneintotiissuaaor sag zompabow stratght or curved

. (about 51 mm) |ong. Depending on the suturing
Surgl‘ltagg ??%ue, one or both ends of the barbed suture may

b&hestiéddil bEMt ltyispoit/1? @@h AT i) ibdrbled@ sutufserdsiteted Bt @vo
tjssue, or ma nprise _a straight or curved surgical

co
methqgise §ng .nﬂ"fzkwdrw‘%g a$traghy el denste étrftgr\gﬁsftestc\ﬁitth a Pnjveesal Tasrg and the
other @1}1"?@55&% i $hy :pglsfo ck i?ﬁ%{ &¢n %Fg wo nethods. One

was a strail ght pu tensife strength test with
a Fonihestrsight fudstersileateingth encasdrheentyesthogiwaaserfurmied using a Test

ViV erf qr.mance  t i.th, dogs. For .the rai ght pul |
Resoyist RGPS ERGE RITHEL O R VSRR 86 TP O hisurements
made $&i d36h Rind@F butuReF Ae668e Mt YiRY :dbe TR B! andVBH e C%Q%Q’l son

The average reading of 10 repeated neasurenents 2

unbarpedigitgres. each kind of suture was recorded for the
b@’ol?r?p%rigé’lnt Wbatbed rggtufre%rwetrg Solgfglrg)ggr{c;nse%]onofilaments (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



unbar bed sutures. Conparison unbarbed sutures were
pol ydi oxanone nonofilanents (a synthetic absorbable
W@ aod/08070®Rt eri al ) of various suture dianeters BET/ERIING/030666

0.018 inch (about 0.457 nm, about 0.015 inch (about
0.381 mm), and about 0.0115 inch (about 0.292 M),
whi ch 30 are respectively sRlghtly larger than the
United States Pharmacopoeia sizes 0, 2-0, and 3-0 for

mm; gige,£19ehas @ digmaeseryangecofabourb30 mimtcsabout QAR mmyiand size 3-0 has a

cOpo ecifications for
diaméfBH ﬁﬁ%% A ix) 5’@ a0 F(;) géé&ﬁ !

synt e a SOr e Sur ze 0 has a di anmeter
r dagk bafed batute Wa hiceasR etd bPbS AP hM@ v ing i
PCT/ US2003/ 03066esess%ﬁl-pgzatal . si ze b 0 %as a g{u)ﬂdﬁgggsmﬁpaddmg mn
two respRefyeSerraise Javso Whereaneach uabarbed wtw@gvmpacruataazteem By being
5 0. aho
Wi S TR VoA Lot BP B, bl Tl AR Hsg rét Botaing
the urtharhegt shmlrezi; todatbid ctreds agasﬁ@&tnsmddl ng in two respective
ﬁr ws,. wher eas_ each unbarbed suture was
g hB;ES oo SACHSUSHA SPRFITBER brjween W\eé‘ﬁﬁéﬂpm%mlmsmm about 5
he$ e@@t% ] .
inchef @PBACIGFimd APRhAN, Sfich o (R &R8 of (RRRH LS coffofreHicenire 3
U“me&ﬁ@Idm@péﬁGﬁmﬂmdﬁhéﬂp@Dnmmn of each suture speC|nen
b en the two qgri es was bout 5 inche
10 T o st o B By i T Bt achss (Bt 38 mim)
per mﬁmtdllﬁr&ﬂb RMAIBEFed. NEheSftak §ad3vas! 4
bar bed nfddﬂ% port?on E!il%taEac 3ggg§§%§%i§gseHﬂ%gﬂ$uHQ&mﬂe
strengfiyngi t udi nal | 'y at a rate of about 10 inches (about 254

e 25, VAL o RN R ML TR 90 e

USP KﬁcoEpmlé&Gﬂ ﬂnﬁnmnm lﬁquﬂ‘m{elnlﬁﬁr thvERR R @ﬁb%le@)"éutxﬁ@éjmfaﬁ@from a
col unm denotes the USP knot pull test

t

15 Symh%?ﬁwﬁﬁ q?%&@#?@hents for conventional (unbarbed)
sutures made froma 15 synthetic absorbable nmaterial .
Table 6A (Tensile Strength) 20 USP M ni nmum
Requi renments Barbed or Unbableéd Suture Size Straight
Pul I (pounds) for Knot PuII (poundsz Unbarbed 0 17.72
8.60 Unbarbed 2-0 11.86L St bed 3-0 8.82 3.90
25 Barbed 0 7.03 not appllcable As can be seen,
escar pnent of barbs into the size 0 pol ydi oxanone

20 nonof i | ament USP Minimum Requirements
Barbed or Unbarbed Suture Size  Straight Pull (pounds) for Knot Pull (pounds)
Unbarbed 0 17.72 8.60
Unbarbed 2-0 11.86 5.91
Unbarbed 3-0 8.82 3.90
25 Barbed 0 7.03 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

30  pounds).
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reduced the straight pull tensile strength by

approxi mately 60% as conpared to the conventi onal
wandvanobEos si ze 0 pol ydi oxanone nonofi | ament ( 7POBUS2003/030666

pounds = 40% of 17.72 30 pounds). WD 2004/ 030705

PCT/ US2003/ 030666 -22 However, the straight pul

tensile strength of 7.03 pelhds at breakage for the

size 0 pol ydi oxanone barbed suture (which, due to the

e dhawayae iie faighin pulb sembide stieagthaof 7603 womhdy &t breﬁl@gefcﬁlthe size 0

{ hat i naller an the dianeter of e conventi on
Polydem‘ag? 'gq sytge EVQIP% JS%%W@SC%WW&} W&% g%ﬁ an Hecive
dlméggrwgﬁtgpkmalmrgm ttH@dﬁh{éte‘?‘éth%Bn glbnwnbmlb@& bizE BB Rdioxanone

0 pounds for the size 0 pol ydi oxanone
suturej@nmalteﬂdm\ajrah]yl bfatﬂlbh@munmrreUSMtdott pudinaduistoenit ghg.6p pbinds for

stren th t r erformed on additi onal
the Slé‘?@ oﬁ?ﬂ‘% 89(‘éﬁ1i‘g‘ b‘mﬁ?ﬂgﬁ‘{)%\lrﬁr es, as di scussed
bed fl¥idnal é‘fﬁi?%lﬁ $uil Kenbde stké'hgﬂﬁ@ﬁ@ %té’ﬁkrf&r&@d oE'aQ&iﬁ@ﬁal &Re0

and 7B. For the in vivo performance, 3 nongrel dogs,

polydM@hommbedlsmukgs aydiseussesetlovon Bades 7K-0Zdtsonfiection with
i n% pg were made at the thorax (tw ce), thigh
SUIPY @@§ flank, ventral nidline, and paranedian, each

ofFok i ik vivﬁcﬁeﬁbﬂﬂ@cbaymﬁﬁgr& dogs, &kch ab@jtqaudgsewateh@éd On each
The length of each incision ranged from about

dog, 7 weisiquabisie made & thedhoray (Bwsen th4gh ke f{@bowtrﬂb@ldhmr and
pararr?e'agan %zﬂ:ﬁ o‘f‘?rl%t’hmgfcsw%?ﬁgwhg‘f' ’5' ?) c\ﬂ%ﬁr srltgg H?ée eH%th of e%ch
supef

I cial bér oneum
1n0181emtamge($fr()m| dbotne(dl & irfohanbsit 22 5@nr|ﬁ9)toyaljo()b(fahmhs (about 101 mm) and
ites were closed. For

nono rrent 24 of 15t
the degp fiaF H}?ISI thas &g th ﬁ@eg}ceaiéieméo e FSBIPIRRPY
VaFdiRiBe GhBEB L@ lres %Al?ﬁﬁd@froﬁ%%%dl%d]@ian‘éﬁ@ ﬁfoﬁsﬂlament) 24 of

sutures (1 site wwth size 2-0 al ded filanent
the sitsk wese elpseld. For z@nﬁartsonych@ renrabmiog sitesrvesre cloaeiwith szam@s dlameter

sizes RGP BT oo BU AT ai 2 ais P ot Ba s with

size Zt@nffloﬁ BTl aaR4lt, %ﬁ@?@ﬁes iR side 3D YRy @oXmdhé ﬁfoﬁgﬁﬁﬁiehb}; which
nd then subjected to euthanasia at” 14 days. At the

were Enpttedné\lwlosi@&oﬁwteﬁ was perdorsicdriscanding te g aingamezed scheme.
WG &E}%%&l%toré/c\f dcﬁz\l?lg rgﬂﬁgn Eu% ec rd tguﬁthang'slc’ 5514 c{ags At the

InCISI n Size 1ons O

time ﬁpﬁ@&eﬂl\e\m&lhoﬂimelﬁ iexgufted ﬁiayﬂ)ls@p@d%ﬁlye Wllﬂﬂfdgéﬁl s WaHb@Stissues,
Stayed c| osed and appeared to be healing normally

Incisipmpy Pigery A locgtgms pa t]@pag,o gsorkdies aprased pfétpl sizg\l polydioxanone
barbed SIHLRE S @d Pﬁgéﬂ{)z{n%dagga—ﬂ?@cr E)' HeShed ﬁ%ﬁ%ﬁl&%&lﬁ}oﬁ@%m the 14 day

convent | arb sutu he s
obmxappmqedodZmehhhaﬂMeomnmmént|onal unbarbed

di. oxanon tures also he
P i AR R R R e e it Mk Suritss A0 e gites apposed
with the BbisdhtiShal an@rt»&spdwm%om §hureD 8158 heBedwill WythoR
monof i | anent conventi onal unbar bed sutures, 3 sites

complisaiiops.t Ng dghiseana¢ oeauriednpl et e suture | oss, apparently
d Y iR 6 8blcal 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.
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mutilation by the dogs. Knots in the conventiona
sutures possibly caused disconfort by 30 creating

wo owalodwesl pressure, and ani mal s cannot under sSPERUS1003030666
t hey should not mani pul ate the sutures. Thus, barbed
sutures should hel p obviate the problem of an ani nal
mani pul ating and pulling as the sutures. WO
2004/ 030705 PCT/ US2003/ 030666 -23 In summary, the in
v iliy surp@aifyQ tHeen 0o perfbiirarse pLthe siye |0yl pi aximoge babedshitures was
sutures was efficacious when conpared tq the size 2-0

efficagiopx whemeerarpred fodhe pige erfbalkiagided;tigpeat unbyebed;syirgs, the size 2-0
t ' 5

nyion B O RO L RRR P ALARR S0 BB ndlnGih e

unbmbhianma$|ve enbodlnent (not shown) for bi-directiona

<08 &9 @%el?taatWH {%r??ni E%%@&toﬂ%e gecf??lgﬂﬁﬁvﬁﬁéiﬁlﬁgﬁkspiral
suture7'70 ftl?egﬁdi‘ﬁon 8%&9 708hWedh 8 ﬁﬁgzgéd%%stﬂ%gfﬁéde%&fﬂ facing

70 on which is disposed barbs
towarld @pbmedk&df%ﬁcandghet eationl opoitere €8 oervchidhlis deDIslect tarlss 78 may have

t . Id b d t
barbs /R et e BnRens 1oV HLGisearoto Mo atBela Rin ity be
insertédBtGRAVE witBt@dnddrtion ddidRadiRAtas At sHowaA 1B Sbdve-idwd U.s.

Also if desired, it is noted that barbs may be

PatengNeat, @%3%0th Alspéf @Sl’f@@; ifye noted dhat baihs nwiythe esearped so that
h
oer GAELDS LAl BRI ATLBREOR A8 Ml o

end, oz 2poitioreNaEthbadrbs fagihBinfead | laiitgz pbgions veth barsd fac1ﬂg1dlef‘oﬂ1e@ Bnd,
(not shown), and thus, if a portion of barbs is
and sq g (0 shave) st s, dtipariomaf a5bs s gk Ecingrihe sufpie end to which

those @gﬂbgﬁteergd%acuﬁeﬂreﬂ He b?@é@ Qﬁu&%&ﬁ@b@ﬂﬂéﬁe&iﬁnd 5%85 @vﬁg an

nto tissue wt i nsertion device vant age
insertwh devisar bed suture having a twist cut, nultiple spiral

d|s |t|on st such .a barbed su af f
o b e BT AR R e b sitioags that

such Q%E&?sutl%@ %ﬁ%fhs%ft&e\goﬁl‘dtﬂékﬁnv Jhebiied %mﬁréd‘t@tthé ) degree
cut, nultiple spiral pattern results in groups

5pdce@barrba¢1 bgureh alhesagsingsrthat tl@mwae o mgltaﬂmSppraép@chrm tesults in

o5 EHEF: Ry ST E R 0 BRI TR s

provideSingiPewe aabhotingSeidal thé ituretié BStikSus UTHIs ddandrats ésg&ﬁzﬂﬁj useful for
whi ch has fewer connective fibers conpared w th other

tissuerspefeas fat tisspe.gdhieishasdfeweneannegtiva fiberssompaeedrstiepthpigipes of
t1ssue£ (%Ccﬁat g?’eage?ﬁhﬁl?ebrle%n 1}% (gcg %fdggl?ﬂ) ee now to Figure 7A,

i°s a sec ona e View o bar bed suture 80.
Bémtderbfae:maermw@ Higizre ﬁIAu sladvit ig acsﬁ:ctuimlssaﬂeyvmpzacfeﬂrﬁaa rsbisire 0.

1o re bod 2 _of 25 general |
Barbed oyt £0 R Duedeli iRy et Taeee o oty podss2 of
nerﬁ!?&’i&uﬁfr%r&%é&@nl 221 15&1‘5“8[‘@!&13 b@¥ kip 88: SRHH R gﬁlﬁ@% tudinal
£ length L, barb cut depth % barb cut angle I%Ii e
axis Ag whtudi dikmetee S, barbpengs Lt yarangl depth, D charb custangleydt, estsdistance P,
. .CD, e}nd tip T of cut-oqut depression CD.
spirality angle o, cut-out depression CD, and 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
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Figure 7B is the sectional side view as illustrated in
Figure 7A, but rotated and clanped to align the barbs
wo oro4eEsur enent of the cut di stance P bet weenP@EUBR03/030666

81. 30 Barbed suture 80 is a twist cut, nmultiple

spiral, bi-directional barbed suture, like suture 70
in Figure 6A, but illustratXdd as an enl arged section
in order to show nore detail wth respect to the

diamet@1$D, @Hll‘bélbh%tﬁ 19 barbaubdepBd Dy barb @uv/ark S0t dt istance P, spirality angle
| ongi tudi nal axis A, suture WO 200 /030705
a, cutmrﬂmma@/wozﬁ@aenmaus Yiohpust syt dgmessixar GD| engt h |_

S{orr%fs C§ﬁ§1 sg\[/)érgptw(}% gmu?talglﬁ %@8@1 lgﬁbeéu ugﬁsdwere rflanufactured

from ﬁx@ﬁdﬂlﬁl{ﬁént-lépﬁﬁ frott pydioteBhe &sd BVirfd diRE®r of about 0.018 inch
several twist cut, nmultiple spiral,

eci fical
(bout Sbmm athictuis Shehily merhatthol ISP rpvismenefotd S fbsmthetic

o g N S
patterh@Buidide UpbhmhRaghce efBRtsufuds. SinSd the barbs Wk 1Bit di€ectional, they
absor babl e suture). Each sut ure contai ned 78 barbs

were dipided giie adeff aropp SehaoasbsAnda ishé sequprvath 3Hharbeeaeh group

oppos@%‘f’tﬁ@ glvréér?lg)n%k E%%%{é@%ﬁr%{&%@p% OxiN e% qu:/ﬁdgeccg tﬂ@%ture Each

suturel vedstabguidUinciaest (ab&8 1638 nbs) langl Ehe nfdudle portiop wak tboud 3 inches
bar bs, ch grou OpPOS| he direction of the qther
<ab0ub?<{ﬁ9ﬁﬂ@? i Supwe a%mﬁﬁn%d ¢ .# qanbs that Wepeseaipgd anto g syture

flldméh@ Ek't%h’(ﬁlﬁg BEForARBLIE inChi(P6 RED) &%&%ld@%%dﬁ@n ﬂo%%ﬂi eabR Suture

| e porti'on was about 3 i'nches (about
end Wfsmws»umbmbedmmﬂ p@m)m ofgtie suterefsamanbksatwm eanbrabout 2 inches

o ERSS T Toshie bt St BB s PTO AT Pl i artea

suturMiWE@sufﬁﬂ%tW&nan& AbrIrfoeths@fion RAb tikeRSordhay &8nprise a
suture filanment that were each about 2 inches (about

Stldlg@Pfﬁﬂ@\'ed@ﬁgﬂe Dependi ng on the stitching technique, one
5 r

ol PRk oG Bl 18 SataRRar b L, BEVpRG: Zogp 00 custom
microbdops weth both 1Ay awdbaekilighting wat tsdgbdetioer mmra/ednma@ti ®ideo

In order to characterize the configurati on_ of
camerg {n oigler (eFneatEssleced ey Sl Gk by eragattispeomfreR e@@h ﬂf the left and
nght%‘bu and back lighting was used together with a CCD

d video camera in order to neasure sel ected barbs
8Thatverask. @am@mﬂa‘td:cbﬁxr i1 mep‘eat@mms:hemﬁnts ke frbefthe Bfidgroup of

20, ri.ght gro er age was caI at ed for 10
barbs 338 BB O RUEioHB AT BEPED R e e pEtiimate (gt cut
angle @Qﬁd euff deBfh Dh Bkt Afttan gk Was%ea{%@lreg?rdﬁ{‘tﬂetlﬁrﬁ&r@f the cut to the
suture) that were nmade for each of cut angle O and

outer suurfacel e‘pbzbrb@l suBare80c Wartaey Idepth E)va/as neasmercbaiomg mmnpbm:hcular

from t@ﬁ{’{fﬁ%gse% ce ggﬁ%@&f‘}tg@%ﬁo‘ﬁaﬁd g (g&) bg?l suture 80.

The nReHREREHIS e adledZat fhM Tt taﬁoemalc@natwﬁg‘u@g@e @511&@59 €stmula.

suture 80 toward |ongitudinal axis A of barbed suture
80. The neasurenents enabled cut length L to be

cal cul at ed usi nthzh]cS/{fstlarll h%/i_%?} f or mul a.

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.
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L=D{ Sin (180 - 0)} 30 Also, angle a of spirality
was mnmeasured m croscopically on various barbed sutures
w@0004a3070®1 | ons. When the tw sted suture fil ane@t/USB03/030666
gri pped by the vise during cutting of barbs 81, the
vise |leaves a very light mark designated as line M
i npressed on the suture fil-akent. WO 2004/ 030705
PCT/ US2003/ 030666 -25 Thus, line Mw Il be parallel
Thust hﬂetMeVlllldwg)ata]hﬁ tmethe Iovigitudihaltais of itsevishivhide tHeawistdsdubte
t he vi se.

hel d |
flamg il 8 b boh tiecuitre. H 0 Gie Sort ol v mbeoapk on the suture
filambit BER he M BRIbd dod@ndhedan e 1t(1§gﬁrﬁffélri§ d 1inB cbiRktihgd thewo
paraIIeI to a line connecting the two respective
respeetéyerteriguy T of thertéquesum@gsm demressions CRkefirie ssiucnisody 82

vom 58 SEL b 3558 o BT DG S TAATE. Bl s

sutur® 80 Badleasediftiig tOviscSandainased sb iefslthR 30 158 fRR0then line M
untwi sted so that suture 80 lies free, then i ne M

spirals o saiuse balysia aipenddealedsRtuae 8dfarming beglesuol spiaBe,

f | fi
et PRy s rctniting B sale o Bl 2 oo misgoscope
was s@i \‘F}ftﬁ’ Hi80 B8htiNBs @%d‘ﬂa&l@h éﬂtﬂl% at b&ﬂe‘ @arﬂtﬁr@ol(ﬁnﬂlsj%aﬁﬁagmg

l'ighting at coarse and” fine 10. I magi ng
analysin aysgern SOﬁ\yalteemssméd v&nmlr&gaml glrsedvas Bpinrmédstiseddegleenahe outer

wa hen asur ed en the outer rface of the
surtagi bSO R 00 B M o Eragg oy Galeatsdar Koo
measfi@nedd (5 eRaAHS %ft Qi%ﬁ? Bf BAHBS Brfd £ Bofd @BV fggﬁ%ﬂo@ﬁ bt Qefrﬁéj&l the same

of barbs and 5 fromthe right group of bs on t
suturgdare suture). Then, barbed suture 80 was nounted in a

t t|n th one f.sutyre 80.
ko UES ol nRE G IR skt 89ieivisp Bnegnfitiure s0
clamp’e@tlﬁlh €ded PodinsRr Thd Mlhélt enﬂr(b‘f shtuRADFas BlatiBloSndt R @ntll barbs
Next on barbed suture 80, |ongitudinal cut distance

81 wazapligned. Nt %Pg@@qﬁ §utu@§,0bg)nglium chiedistaneedP between two adJ acent
I L
barbs S YRTEARNEE rlroR MR PhiVech R (uBRTEMEERIL TSty ovo

succesditarue-onodypr&ions QD leftén esiof iide 8L fAfm thaksc BPREMSFitve
barbs 81, The average was cal cul ated for 10 repeated

succepiligsbrenht She areraes tas alcylgted dex l%wa%e%mewmer&h@ figom the
left glfohgmms hh @B ot UM éggt %ﬂaﬁg; BB Bs ?#ﬁle%g@aqu}égf The

results are summari z oW n 7A 7B,
7 @he agsulty Bxe suaipdrized i ths [fczlbvﬂng)a‘aﬂﬂemAmBer aRaDo of
D, L, or 25 P over Suture Measurenent Units Left

Right Dianeter (0.457 nmm) cut angle O degrees 156 2

157 1 not appl | qablee] A Wzt dRuii P 15+0. 02
0.16+0.04 0.3
Ratio of D, L. or

P over Suture

!

Measurement Units Left Right Diameter (0.457 mm)
cut angle degrees 156 +2 157+1 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 090+0.17 0.88+0.15 1.92
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cut length L mm 0. 36+0. 03 0.40+0. 10 0.87 30 cut

di stance P mm 0. 90+0. 17 0.88+0. 15 1.92 WD 2004/ 030705
WwWEOH82003/ 030666 -26 Table 7B (size 0 bar beRCHUB208)30666

Ratio of D, L, or P over Suture Measurenent Units

Average Standard Deviation D aneter (0.457 mm 5 cut

angl e 0 degrees 151 1.642 A~ applicable cut depth D

nm 0. 215 0. 027 0.47 cut length L nmm 0.446 0.042 0.97

cut di stance P nm 0. 92b.7B7@iz2 Olbarlsqai sualré)t y angl e a

degrees 20.833 1.602 not applicable 10 Table 7C (size

O barbed suture) Ratio of D, L, or P over Sut uRgtio of D, L, or

Measurement Units Average Standard Deviation D apglg

(0.457 mm 15 cut angle O degrees 154 2.870 not Pinef Suture

Measagepientabl e Units dept h A¥erage0. 205tmdadiD&istimnc uDidmetest (0.457 mm)

L 0.469 0.044 1.03 t distance P 0.975 0.103 .
cut a“ﬁle’rg] spi r al9F8§cangl e algiegr ees 109. 3@5‘@ 506 nothot applicable
cut dépRPbi cabl e 20 Table 703 415 ze O barbgg,guture) Ratig,y;

of D, L, or P over Suture Measurenent Units Average

cut lesgthhdar d Devimati on Di afe44ér (0. 457 mB)0425 cut angl e0®@7
.degrees 155 2.390 not icable cu pth D nm 0. 186
Cutdlg?‘g‘fgﬁo. 41 &8 Iength ﬁ’o 0.437 0. o@é’qg. 96 cut 21
spiraldy 84 886€ P MEyRed66 0.4p/ds32. 11 spiralgoby angl e @3¢ anpiican
P d%gr%es 18. 83 %. 137 not applicable bt applicable

Table 7C (size 0 barbed suture)

Ratioof D, L. or

P over Suture

Measurement Units Average  Standard Deviation Diameter (0.457 mm)
cut angle 0 degrees 154 2.870 not applicable

cut depth D mm 0.205 0.033 0.45

cut length L mm 0.469 0.044 1.03

cut distance P mm 0.975 0.103 2.13
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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30 Also, sone additional neasurenents of angle a were
perfornmed on a few additional bi-directional tw st
wa@ ao4/0801b3 i pl e spiral barbed sutures with a di BOEUSI008630666
about 0.018 inch WD 2004/ 030705 PCT/ US2003/ 030666 - 27
(about 0.457 mm slightly nore than the USP
requirenent for a size 0 sy2it-hetic absorbable
suture). The nmean average was 16.87 and the standard
(aboudi 85 Aoy slighly n®r@than Aedi$F mualrbmentrfons size 0B nitketaf absorbable
arh cut angle O, I th L, barb cut depth D, and
sunarg), 1P ifon 306k s D6 R Lpacstingia S2iation pamad 55
bi x i . . Do i
SRR D8 cutelienls et T apCbPLaD 1 ENRE Lt it D, and
cut distboest P @eftliesformed of aldditioftal 29-direetionahivat cug mutiplg bpikal barbed
re than th #ﬁg.req irement for a size 3-0 synthetic .
sutureH g sHEGS s By AN o iamptes el ADeR e DL binck fbogt § 232 min, which is
slight i iz¥ 3-
e ELE 01901 Rt 9 240 D35 UL R0y
meas@rembats bf bmiraitiangle bavedve perfordedton 2Dpf these 3didaitnalebarhed sutures.

and spirality ac\r‘igl e a were performed on 3 additi onal
Also, greagireients o Rirbiowf angle dbarbdengthdi. dadyeut depth &, Ik digtance P, and

iy B85 L BBRULHEE B b B aTR ln PlyREti
barbetl Batires Nige biSRrdsSPUbESWEN dibBkte o A¥dut B:005 SWALRSSUt ©.381 mm,
absgrbabl e suture). The results are summarized in the

whicl 1§ slighfl ygoredharethe HSP rpguirepmsnt fou a szze 2-8spnthgtic abgpibeblg Buture).
The réité Sre3u R - ' 700 7. OVEr
© rSut ufgrg %uﬁ}e asu rp(g ?{le%? tfﬁ}ol%glrslé i%@?%% @{ g@d Z\ir:IbIﬂoD%r\’/Cl1 J’Z\){ ion
D ameter (0.292 mm) cut angle O degrees 166 1.651 not
applicable cut depth_D mm 0.107 0.007 0.37 20 cut
length L mm 0. 443 0. 04gble 7EAsize 3,0 bar ep nm 0. 956
0.079 3.27 spirality angle a degrees not tes%%Ei @ L. or
appl i cabl e not applicable Table 7F (size 3-0
suture) 25 Ratio of D, L, or P over Suture P overSuture
Meash{bfisutrzemt al t:n,gA?/Zra e Str agdggd!ﬁ}/[l at}lggPl[z)llmaertrgt(&rzgz )
cut an2d i cabl e gegbedepth Qggm 0. 106 PgP6 0.36 30 :
nf%ength o L 4t 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 6 degrees 164 2.055 not applicable
cut depth D mm 0.106 0.006 0.36

cut length LL 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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cut distance P nm 0.959 0.074 3.28 spirality angle a

degrees 7.329 0.547 not applicable WO 2004/ 030705
wEROA8P00D3/ 030666 -28 Table 7G (size 3-0 barbkerus2003/030666

suture) Ratio of D, L, or P over Suture 5 Measurenent

Units Average Standard Deviation D anmeter (0.292 nm

cut angle O degrees 165 1.0&®L not applicable cut

depth D mm 0. 104 0.009 0.36 cut length L mm 0. 390

0.035 1.34 cut distance P nm0.975 0.103 3.34 10

spirality angle a degrees 7.258 0,636 not applicable

Table 7H (size 2-0 badBRlg {1 sizer0 batbed suprep L, or P

over Suture Measurenent Units Average Stand

apgh;
Devi ation Diameter (0.381 mm) 15 cut angle O %g&?%@%dﬁiﬁ

160. 2 1.320 not applicable cut depth D nm 0. 1B2ve: Sidtfire
0.40 cut length L mmQ.449 0.0Q057_.1.18 .cut d'l stance P
cut ar%lijesém not apglicable 23@sTable 71;0g)ze 2-0 barbr?dilap]?licable

ture) Ratio of D, L, or P over Suture Measurene
cut dépth Ds Aver agemSt andar d 004i at i on @0égret er (0. 381 MP.36

25 . cut angle O degrees 161.0 1.707 not applicable cut
CUtIeHz‘étBtcLh D nm G158 0. 014 0%’{91’1 cut |éﬂé§h L nmO0.489 134

cut di%af&4p 1. 28 gyt di stanggy nm 0. 9§2pH. 054 2. 52 '
spirality angle a degrees 7.96 1.0/5 not applicable

spiralB@ angle o degrees 7.258 " 0.636 not applicable
Table 7H (size 2-0 barbed suture)
Ratio of D, L, or

P over Suture

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

cut length L mm 0.449 0.057 1.18

cut distance P mm 0.944 0.098 248
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 2.52
spirality angle o degrees 7.96 1.075 not applicable

Table 77 (size 2-0 barbed suture)
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Table 7J (size 2-0 barbed suture) WO 2004/ 030705

PCT/ US2003/ 030666 -29 Ratio of D, L, or P over
weaad0s070dVeasur enent Units Average Standard DeRCBUBSZING/030666

D anmeter (0.381 m) cut angle O degrees 161.0 1.506

not applicable 5 cut depth D mm 0.154 0.017 0.40 cut

length L mm 0.474 0.058 1.22- cut distance P nm 0. 973

0.068 2.55 spirality angle a degrees 6.53 1.755 not

applicable 10 Additional neasurenents were pRafi@ofBdL, or

on several other twist cut, nmultiple spiral, barbed

sutures manufactured from nonofil anent spun f r Segver Suture

Meas@Rinédi oxanongyand havigg: Cﬁiﬂ&ﬁ&_ﬁ%ﬁmouﬁ'%e@éﬁg n)
i nch (about 0.171?57 nm |ce i'S SITgQ 3 1gipre t g8l mm
cut angBM0 requi r elepmres for a 1$ilde 0 synte6i c absor babhe applicable
dsgéﬁre) and thus sim!| %L%o t he above-descri bed 15
cut depEsPed par bd¥Msut ur es, ept thatOlhese ot her bar b8d0
cut lefigthdl €S ver gugut with g gigf fer ent%@%ti ng machine, {54
nanely a machine with one bl ade that noved
cut distanggi R udi nalohp al ong t W9MBwi st ed 0.068 anent bet ween 2.55
. .cutting strokes and that_was controlled with a )
Splrah&%ﬁ'b%}ieg? t 0 IEEES t he v%rﬁous cut 57/pdr the escarpiisaplicable
of the barbs. These other barbed sutures were also
tested for straight pull tensile strength and for
chanois cloth closure strength. (A discussion of how
chaympis 20 cloth closure strength is rformed can he |
= ke ey ok B GRSt e CBAS AR Gut, TORiRE spiral
barbed B&tufed shtntusactiRéd frbRSEorNEherd? §%@?ﬁoﬁ%&9’dﬁ%&fﬁ6& and haying a

. sunmarized in the follow ng Tables 7 Table 7K
diameteyjof aboutiQIanchs@beirt§)4 5Ramino whichis slightly 250rPttemehe USP

- nt o Units Aver age (St andard Devi atio .
e A B o VEEOUSBTERL aDbhi PEA, D B00B DR Ghlesoried
testedrbatbedppluresqbtpCiitt thepobhePbaibe@ sdiddes Wedd dutQvitBa digfétent cutting

length L nm0.479 0.022 1.05 30 cut distance P nmm

machige 7gupely  mgching withysne biade yhas mgived ongiidisally alongthe. twisged
filame}? be@REA Eﬁtﬁhé §trokes 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
-T2

Table 7K (size 0 barbed suture)

Ratio of D, L.

P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457 mm)
cut angle 0 degrees 152.6 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

spirality angle o degrees 12.9 0.453 not applicable
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WD 2004/ 030705 PCT/ US2003/ 030666 -30 Table 7L (size O

bar bed suture) Ratio of D, L, P over Suture 5
woek@gosEnent Units Average Standard Devi ati on BXBIE1083/030666

(0.457 mm cut angle O degrees 152.4 0.947 not

applicable cut depth D nmO0.216 0.014 0.47 cut length

L nm 0.465 0.024 1.02 cut -8i-stance P nm 0. 774 0. 015

1.69 10 spirality angle a degrees 13.2 0.349 not

applicable Table 7M (size O barbed suture) Ratio of

D, L, 15 P over WEufe .Nq)s rement Units Average
St andard Devi at i L cut angle O
degrees 152.3 0.576 not appli cabl e cut depth DREb of D. L
0.227 0.015 0.50 cut length L nmO0.489 0.034 1.0/ 20

cut distance P nmm0.796 0.018 1.74 spirality algdver Suture

ed s 13 O 193 fi E able 7N (sj
Meas Iex E@E sut 1ts25 %{']ﬁ%% 1§ lDee E er Sutur 1ame(t)er (0.457 mm)
cut aﬂmeur ement ddaiecks ¥Szer age St eodard Deviation Di B hSplicable
0.457 mm) cut angle O degrees 152.8 0.612 not

Cutd@ﬁph cabl e aum depgdBlD nm 0. 20740. 007 0.45 30 cut 047

cutlehgtg hl.L7gn’nnS(])18i4?2| th[&516 0. 99802%t di stance P nmm O. 73%2

y angl e grees 13.6 0.560 no

cut disgaptd Babl e \Win2004). 980705 PCIHYS2003/ 030666 -31 Tahlgy
70 (size O barbed suture) Ratio of D, L,
spirality angle o degrees 13.2 0.349 not applicable

Table 7M (size 0 barbed suture)

Ratioof D, L.

P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457 mm)
cut angle © 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 0.45
cut length L mm 0.453 0.016 0.99
cut distance P mm 0.798 0.017 1.75

spirality angle o degrees 13.6 0.560 not applicable
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5 P over Suture Measurenent Units Average Standard
Devi ation Dianeter (0.457 mm) cut angle O degrees
wa 40300549 not applicable cut depth D nm 0. 1881r/0SD2§030666

0.41 cut length L mm0.413 0.030 0.90 10 cut
di stance P nm 0. 787 0.024 1.72 spirality angle a
degrees 13.8 0. 270 not appl-3cable Table 7P (size O
barbed suture) 15 Ratio of D, L, P over Suture
Measurenment Units Average Standard Devi ati on Di aneter
(0.457 mm cut angle O degrees 153.1 0.655 not
applicable cut depth D nm 0.204 0.007 0.45 20 cut
length L nm 0. 45381049 e%barﬁé&su%ré ance P mm 0. 792
0.018 1.73 spirality angle 13.6 0.410 not
applicable 25 Table 7Q (size O bar bed suture) Ratibof©f L
D, L, P over Suture Measurenent Units Averag
St andard Devi ation Di ameter (0.457 nm) cut an%l—g@’ﬁéﬁtm

Meas@REBES 163 Unifd- S0Bvéiste aPRha£aPe0iafln CUt dept

Meas e 013 e Qiaffn i%a&é@ép(o 457 mm)

0.54 cut Tength L nm 0. 842 0. 045
cut anglg 0 di st ancealePreasn 12274 0. 000.54969 WO 2004/ 0307 Gt apphcable

PCT/ US2003/ 030666 _ - spirali angl e a degrees 10.
cutdﬁ@’%[ 9 not appPPi caiﬂ'les%zTabl e b'ﬁtl%/sn ze 0 barbed sutur 9)41
Cutle{:‘ggtﬁilo of Byml. Fpver Sutgpgy Measurenment Units gggp )
Aver age Standard Deviation Dianeter (0.457 mm cut

cut digtagtest’ 0 degrf@l@s 161787 1. 126 B6R4applicable cut dept .M

splralﬂy ang(;]le233 eéglr7eeso 13 0.270 not applicable

Table 7P (size 0 barbed suture)

Ratioof D, L.

P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457 mm)
cut angle 6 degrees 153.1 0.655 not applicable
cut depth D mm 0.204 0.007 0.45
cut length LL 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)

Ratioof D, L

P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457 mm)
cut angle 6 degrees 163.1 0.505 not applicable
cut depth D mm 0.245 0.013 0.54
cut length L mm 0.842 0.045 1.84

cut distance P mm 0.774 0.009 1.69
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10 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
wmoedao4appbi cabl e 15 Table 7S (size 0 barbed sutPCBEYS2003/030666
Ratio of D, L, P over Suture Measurenent Units
Average Standard Deviation Dianmeter (0.457 mm) cut
angl e O degrees 160.9 0. 7083%ot applicable 20 cut
depth D mm 0. 240 0.014 0.52 cut Iength L nmO0.734
splralﬁly@ﬁglebc 61 degkezdilﬂ.&nce P mou@9774 0.009 1.69 not apphcable
spirality angle a degrees 13.6 0.312 not appl i cabl e
25 Table 7T (size O barbed suture) Ratio of D, L, P
over Suture Measurenent Units Average Standard
Devi ation Di aneter (0.457 nm 30 cut angle O degrees
154.6 1.434 not dpableitaBiz 0 abedd@pird) D nm 0. 210 0. 009
0.46 cut length L nmO0.492 0.026 1.08 WO 2004/ 030705
PCT/ US2003/ 030666 -33 cut di stance P nm 0. 538RatiopfD.L.
1.18 spirality angle a degrees 12.3 0.223 not
applicable 5 Table 7U (size O barbed suture) gagt%e—%&g&
Measmenient P ovdmitSut Ukeeradob aStandaré Bevidtibn s Aver ag@iameter (0.457 mm)
dard Devj ati on anet er 457 mm) cut angle O
cut r@iegé]ees 152 988168309 1ot appl ig%l e 10 cut dept h "ot applicable

cut ddpireh2 0. 014 {},,46 (ng:.; | engt hylp#m 0. 464 0.026 1.01 (4
cut distance P nm 0. 530 O. 01% i 16 spirality angle a

cut ledgthdees 13. Tf. 41D. Tt appl i ¢85 e 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 0 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 0 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
cut depth D mm 0.210 0.009 0.46

cut length L mm 0.492 0.026 1.08
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15 Table 7V (size O barbed suture) Ratio of D, L, P
over Suture Measurenent Units Average Standard
woenwiasizoh Di ameter (0.457 mm) 20 cut angl e 0 BPEDUSES3/030666

153.4 0.903 not applicable cut depth D nm 0.221 0.010
0.48 cut length L nmO0.495 0.023 1.08 cut distance P
nm 0. 537 0.012 1.17 spiral33-y angle a degrees 13.9
0. 605 not applicable 25 Table 7W(size 0 barbed

cut distanca ) Rat imomof M).538 P ov@01Buture 30 Measurenentl.18

. Units Average Stan d Deviatiqn D anmeter (0.457 mm)
spiralityanglg of o O%ﬂgrﬁ?seegf:;iSS. 2 0. é@&not appl i cabl e 19t applicable
depth D mm 0. 202 0.008 0.44 WD 2004/ 030705

PCT/ US2003/ 030666 -34 cut length L nm 0.483 0.017
1.06 cut distance P nmO0.789 0.031 1.73 spirality

angl e a degrees 6 28 not applicable 5 Table 7X
(size 0 barbed S@MM P over Suture
Measurement Units Average Standard Deviation DRagEtL.eh 1.
(0.457 mm 10 cut angle O degrees 155.5 0.799 nmot —

applicable cut depth D nmm 0.200 0.010 0. 44 cuf’ dven8ttare

L nm©D. 484 027 1,06 cut, dis ce.P nmO0.79 . 017
Meas%r_e%np Spi r a:qgl];s a éﬂega%q d%%p@éﬁ?ﬁg%. 362 not Pameter (0.457 mm)

cut arib i cabl e dd@ees 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 0.411 not applicable

Table 7V (size 0 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)
cut angle 0 degrees 155.2 0.829 not applicable

cut depth D mm 0.202 0.008 ’ 0.44
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Table 7Y (size O barbed suture) Ratio of D, L, P over
Suture 20 Measurenent Units Average Standard Devi ation
woe@amsens (0. 457 mm) cut angl e 0 degrees 155. BCDUSB03/030666
not applicable cut depth D nm 0.196 0.008 0.43 cut

length L nm0.471 0.017 1.03 cut distance P mm 0. 799
0.019 1.75 25 spirality angb4 a degrees 11.8 0.496 not
applicable Table 7Z 30 Barbed Suture Straight Pull

cut leBgthdngt h Chammi s @.48% C osuf®1Btrength (pounds 1.06
(pounds to rupture Sample 1'7.29 11.23 WO

C“tdé%BQﬁ 30705 Wer/ ULt/ 03066803135- (Tables 7K - 7ML73

; 8. 1 (Tabl es - 7P) Sanple 3 8, .

spiral 35416 0 (Taélg%%g%éﬁ-ﬁ 79) San81§2184 5.92 9.27 (Tg‘&?%%Phcable
7T - 7V) Sanple 5 7.69 9.97 (Tables 7W- 7Y) 10
Al t hough all the above-noted neasurenents were
performed on bi-directional, twist cut, multiple
spiral barbed sutipRsrx ES?% @gljgélasrﬁ desirabl e
ranges for neasu th L, barb cut
depth D, barb cut angle 0, and/or cut distanceRatioofD,L

should be the sane 15 for the various other inventive
bar bed sutures described here. A suitable rati &-QYersypre

Meash@Rghh L t o hakbeds wifdd es@h@BDRViaibh ' anges fHoMeter (0.457 mm)
about 0.2 to about Z, nore preferably from about 0.2

cut antgde Bbout 1. AegreesentSadr e pref @78®ly from about 0.n8t applicable
about 1.5. However,_very sui e barbed sutures ma

Cutdeﬁ’@b@ a rati 3Bt cf290%ngt h Lbﬁgd) barbed suture b4

cutleﬂ%tgmeter SDpfhom st 1 dowpppp about 0.2, whereby | gg
the ratio of the highest possible

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)

Ratioof D, L
P over Suture
Measurement Units Average Standard Deviation Diameter (0.457 mm)
cut angle 0 degrees 155.4 0.560 not applicable
cut depth D mm 0.196 0.008 0.43
cut length L mm 0471 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
Barbed Suture Straight Pull Strength Chamois Cloth Closure Strength
(pounds) (pounds to rupture)

Sample 1 7.29 11.23
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20 barb elevation (the elevation of barb tip 85 above
suture body 82) to the suture dianeter SD
waeoeomespoendi ngly ranges from about 1 down to aPOTUSIINR030666

(The hi ghest possible barb elevation is the same as
the barb length L.) Also, a suitable ratio of cut
depth D to barbed suture dBameter SD ranges from
about 0.05 to about 0.6, nore preferably from about

(Tables TKt-o/Mbout 0.55, even nore preferably from about

.4 to about 0.5. 25 Regardless, length L may be
SamPgeeéi rably varied depe%d‘?fg on the intended end 14s¥,
(Tablsd TINe 1pr ger barbs are nore suitable for joining

certain types of tissue such as fat tissue or soft
Sampl¢ 3sue, whereas snal | &5 barbs are nore suitabl @.3%r

LObRI ng ot her types of tissues such as fibrous
(Tabl%}slng 27%)As di scussed in nore detail below vis-a-vis

ue.
Sampé gure 11, there will 53250 be instances wheregypsbarb
configuration that is a conbination of |arge, nedium
(Tablgh§¥ or/ Vanal | 30 bar bs di sposed on the same suture wll
S desirable, for ins e, when the barbed su i's
am en%l oyed in tissue that "has differing | ayer 5%76
(Tablet TWctTYes. WO 2004/ 030705 PCT/ US2003/ 030666 -36 Cut
angle O forned between the barb and the el ongated
suture body desirably would range from about 140
degrees to about 175 degrees, nore preferably would
range from about 145 degrees to about 173 degrees.
THdthongh alpthefabpyedotedimeangtmeifls fvote mirforinad bs bi-aingeional, twist
fro about . 150 to about. 170. For instance, for a
cut, myHTk o ke Bub G he ftigrancisd desip domsemfor eogbaents fo
barb Bn@A8,, b&r6Rut AP bAHARY 2B 6, AhIoE Bud '
th%t_ the USP requi rerrentadfgg% ’zf s;?nt%e(??tgﬁée?ggsﬂé)}%da%rtgggame
for the yanigus otfer s1iveeti G barbesl teéedesedbddarepe.| engt h L woul d be

0.45. h b d . D | d be 0,2
B T Tl B G sl iaD 1gexsgmabey 02 ©

about 20 A@kd preferaly BBACIHAL BLLYRSIU 2FY e fInbR RSte]
ener aIIMIgy ef}flect ed with the ugoa eof 10 rifg%a"?lr?'gfr%lg about 0.8 to

about fethy Hewewey, very puisabilpbarbed sntigres mey avaua mtioaridut lsngth L to barbed
f ' il f th rbed ture nchor i

sourd A0 S 0 R Al bR LBE o, THL 45 o BePB posive

barb edpated (thaskhaionagdath tif 85 shife sAEIIdy ) ERAPRGhuYe diameter SD
decr.eases. Neverthel ess, if barbs are spaced too

corresppriinely ranges froatsiony I dpw frabout ) 3mé ke Pighess possible barb elevation

is the SBAPRY s BES 1o | Bl farbdl

s o EBPR AL BELIIDLED AR o601 R B LENISRTY

diameteg %3} tangesstiremgbdut 015 Gabeutdl.6, ymora pseférably! feoni abéud 0df to about

cut distance P to barb sufure di aneter SD ranges
0.55, ?VPBIWO%BEE ra]?}?’fr%a%%@%t@ag%loéqpr eferably from about

OR8gdr@lead) %ﬂgth“L hay®éeRsi P }évﬁfeﬁfd%géﬁily%éﬂ ﬂ’i@int@pc%ldten& ulk,

. to about 3. Very suitabl’e barbed sutures may have a
since lagger bathg aggumordissitabie tor foinimg chdaib éybes of tissmediicnet far tisSE: or soft

. f o down to about. 0.2. wherepy cut . distance
t1ssue,ﬁ51‘r¢%a% %gu%lgxi'bal%wrg og glﬂ{%l%% fﬁff _}Obl‘gpg P\‘?)ﬁ{ _E}%F%/O tbﬁsue.(srf,gch as
fibrouseyubapRidikguzad b REROEAIER ow WL L s FEg e 3 URSRAviilRlso be
instances where a barb configuration that is a combination of large, medium, and/or small
barbs disposed on the same suture will be desirable, for instance, when the barbed suture is

employed in tissue that has differing layer structures.
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20 nore detail below vis-a-vis Figures 12A, 12B, 12C,

and 12D. Additionally, spirality angle a forned
whedmosr1od i ne M and the | ongi tudi nal directi onPCDUS1008030666

el ongated suture body for a twist cut, nultiple spiral

barbed suture typically would range from about 5

degrees to about 25 degrees36-nore preferably from

about 7 degrees to about 21 degrees. The npst

piCat engle  farmgddbetwéanrthabirblaad ks dongatedwiugire body desirably would

S N ETIENLR TAEROR A
t
5 A R AT iy o

aboutdﬁf)%tdzﬂnrout moer oss  section. El ongated body 92
termnates in first and second pointed ends 94, 96 for

pEREMSENEH dor & palydiexanppe b@ib@(bmt@ﬁp’vldt ediatieter 06 aleouop.018 inch

(abou gh%ﬁ%“&%h 1? gl % %tstﬁ? %§§ 1%2{'66n? e%",ﬁi}p ?t%
absortsablaisueur8 Of kize Dyitie @reﬂélwcﬂidrﬁ Jengfh Iglw@am Be GaRaRd th@g&ﬁ:@red barb
%a{jé%g)\gg in a_random di sposition. W) 2004/ 0307
depth hyp pavged the profengd hamb ogpanels wesldhedkd 3vdegtees. he
S {Rgifufifd] Sac t@@e aa?xlyttgs 391@)9\1'@%62%15&?1&56?1%2%5 \Wittl &S goal of

such as the cut escr |
creatn@mamwba‘ds Semsablel\ekhongﬁﬁé Q4Gre/aAR ik @ faroiviaheibiligl of the barbed
conbi nat| ns of the above- descrl bed net hads for
suture e R R B e RBOF Y o RGP i
anchotif® cdpQitg chfr&%eéj' 8 Q\Qﬂhtelew 1f(b%i°gs%@ Spasld to%Q:)losg: Iﬁéénty of the

the tw st cut mul tlﬁ e spiral 5 dlsp05|t|on
filamegp may e j@pprdizeds Wwhishsauidreadao akendenay oftthy bads dh)p&dbhadk and

alsotc%ﬁ&’c?éds{au%htur% t?r}%ti% 't{‘pg_, The advantage of the random

osition ny barb angl es provide

s Gpacraldy, a00hisIE kA dfitut SiSEHQSP &/ bhrbdikunat URM G WILFneEs from
wound_ hol di ng properties. Wth the random
about {118 3kt G FOTE Biefasalt Si@msahout @ Svp abatt Be, evenemordréftably from

sboucAPHFOIED 90 0900} LRI EE ey WL Sl R
barbedmltmetchnmﬁgaﬁlﬂ fitom :Ebogul 6 ddwnababeutios2, avheebdlyicandiktafided®may be
100 which is another

rbed.s
a5 1oWghag R DGR (BT B NPT 4RRRE b ATIDGRIgns i is discussed in
more ddisil BEl6® viI- %&@1@lﬂe§iﬁ/¥rﬁBbQ§@ A2 orpf generally

circular cross séction.” Al'$o, -suture body 102 has
didgitisaalyompirdlitpangle nfbired wiweanl loeaVynd piecledgibalilds direction

fth 1@7. Each b 07 has a barb configuration such that
of the iRzt e tedy Tarciia Pl SBiFel Darbrd GRtEty pioaly ppuld

range RO LD §108:r6RAS abART ?Pé@s)
s genet rati ngg ti ssue&gr%g%lg [ éngféﬁpﬁ?érﬁﬁlsqéﬁ?%%%@gﬁlggrges o
about Bbtéereesy ’J&)@nmst pefeneslwng]ecmfor aHbdite o@mlbmstsho\Mh)luﬁl@E iral
nsertiqn int; ssue. Suture 100 may be nmade with t%e
barbedssé‘rtfge% Uh L‘i?‘ﬁe‘ 8as the above-di scussed sutures,

above not e% Iﬁsigélf%iaf amo%vgg%%gﬁg%&%qs 2 nov%]r1 hadiment of the

presenBHantlcﬁﬂ Svave 90 iscudea e gatad body ABthaOB geseralbhtiesidsd iR ¥ross
ﬁatln(g of é;kmllatlng

section. ongated’body 92 terminates 1n 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

shown) for insertion into tissue. Additionally, suture 90 includes plurality of closely spaced

f

barbs 97 arranged in a random disposition.
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20 the cutting blades of the cutting device when barbs
are being escarped into the body of a nonofil anent.
wo 2oo®3470% ended t hat any of the barbed sut uresPOf/Us1063/030666
present invention as described here may have barbs
with a configuration that includes a serrated or
corrugated underside. Wth3t-eference now to Figures
10A and 10B, depicted in Figure 10 A is a perspective
ZFSINLire\‘RD army héep:itdat\enth ihe sking outeing GRchine as thembyi@diseissed sutures,
%> .sut ur.e %chh I s anot her = enbodi nent of the
such a3 the SWHing Aewirs ‘E?ﬁ“ (heabpyernpice SgeakNe) My 63 to Genova et

al. \Kﬁﬂhtddﬁ‘rﬁ)n%@i@)is dilthe ‘ﬁf)oveg@e@&‘il?el lrﬂetﬁécfsgw Bhkink e S?)ecfeitgret%rhlsposmon

Al'so, suture body 1 i sposed on It°~a p
(suturss 1, H))otbe IlQO dpzce dlsp@wtlum (hdtorea 80] 40), mav/dr the peistlcl? n{lﬂlﬂilﬂe spiral

s R it By D e P B b
obtaiRRl Thd havintagdidrasd ddif dispo§ibtsqhd Qﬁjé’méﬂygbarmﬁglgg provide

both suture ends (not shown) are pointe
superjs gaehosing Ay tissussaral thanafford sumn@o moeng helidagy prhpﬂrtlm eWith the

’ randol%l &gﬂlﬂ}’% (A 8rb[e?i ggwie%a@%% %@%m@éggshe%l&mn) 1nsert10n device,

such Mﬁt@ﬁ&@ﬂ% h3266¢e-notdd UES. utedb NS 05 3 8N 87 6L R d@f e
cross-sectiaonal views respectively alo % line 10C -
108 thFrgard terégqre@ shpp ipp smt@mlél%oae PF jerbed 3@@ealf, which is

anothé'toé?m;ddiﬁlgﬁ El‘ileét #leitlog\a rS%tlﬂ‘% ?(}(? g%ﬁ{(ﬁgg eloﬁ%}écﬁ%@ﬁrﬁ é)ody 102

olng fr om owar ur e
of gerlmaigl aifctibar tMs setion.C Alsol mguxﬁmhy me2 B difi®sed on it a plurality of

BN T T R 7
108 15@%[’@&@ O%Eoﬁlh%até@ G QAR eljr&sls(ng%o%r)] @fe&%@ﬁtgd hase
Wth cuttl ng

9, the cut device Is provide
penetmlag gssupjandh itas d@lttmplated itigat coe oelsypb ndiyrghpriae e wadgicalmdeldle (not
ect toﬁggguate base 119. It is intended that any

r
Show%ﬁsfﬂﬁpﬁg? 8%Pures of the present invention as
d8stid DEFmAE be madd wilthddhe: RAERSmHiIE & RO Thd QWi bs‘l%g
ou

that includes an arcuate base. The arcuate base s
suturesnivgh aetheicyting danich descrigedin tho apaeottedSeial Nat 09/9431@3 to

I d f. t he, bas
Genoﬁfé:t%l r]g{%r'geaigﬁ 51?1§121g as%:rrate cﬁelvgefdg 1? ggkﬂ?{edft}yoﬁp ﬁHg ga?scﬂlatmo
the custhatdsticoaf tig, cu&ﬁlgtmtce(iﬂiéh Barbd @fd ASLeschipsd tato the body of a

ggchorl ng.. Shown in Figure 11 is a sectional side view
monofjfament, it fsdgteaded that amyzal thesbashrskshties|of therprsaeniementen as

desan&Fheﬁ‘E G 'Navé BYB iR coﬂﬁg\igﬂ% thlals1 H&f Q%ér%tedtor &oxbru%ated

desi gnat at 120. Suture® es el ongat e
undergig® t hat |s generally circular in cross sectlon

E ated body 1 term na n end.1l End 124 is
OT T BHTISE SOME TP (A b . SReiCler 17 Bl G i apetipective

view ztdd&ieplcﬁﬂdn F2Aur& OB SO V&Y 8f bl Gilre 186, Cleﬁcl( gptnother

shown) for insertion into tissue. (The other en
embodiment of the present invention. Suture 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

and it is contemplated that one or both may comprise a surgical needle (not shown) for

insertion into tissue.
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I's not shown, and al so may be pointed for penetrating
ti ssue and nay conprise a surgical 20 needle for
w@eovensEdi ng tissue.) Also, suture 120 i ncl udeBCT/US2003/030666
plurality of closely spaced barbs 125, plurality of
closely spaced barbs 127, and plurality of closely
spaced barbs 129. Barbs 1253&re relatively small in
size with a relatively short barb | ength as conpared
t FigaeA 27 10D acrrassesect@nal views yespetidelynalong 15iezZ®C — 10C and
. it h relativ edi u arb le h, as conpared to
tine 1§10 56EEirs T P gomss o ana ObaRher e ihet drsl A hepomes
narroef %diﬁ%fr%ﬁl Bask mto_wr@ggmt h. Suture 120 may be made
with the sane cutting chine as the above-descri bed
shutire d 1Queay beenkele vaticthe sand tiatingibéehine aethe @bove-discussed
described in.the above-noted, Seri al No 09/943, 733 10
suturge S a° B tingp RRTETRGS thoe Shotiroe Seralaw. RYOdant t
Geno¥l4letl ANIT6 UERIERIbdrB Y 95 Ravisslhdtifte bhdeATONhe chﬁﬁg_dtst?ige RafBvided
cut length is nade |onger or shorter, as deSired, to

with quiting blades veiticends thas pretdeeresiondinglyeareuaté withrespedi2s archii®@ base
119 and 129 being of a size different fromthe others,
"where the varying sizes are designed for various
s U igiiteded pidtiag abf B Darbll Sulads f HezRed®RYindb VA d¥sYBed here
2004/ 030705 PCT/ US2003/ 030666 -39 in the transverse
may have Babs 3ith agoatigpsption thapinelydpparcaraugje beses Abearcugischasmshould
: b ically. is.
enharPt U R0 BucRffhe b EAPRALTRTs abe Bodf bR TBplABLAF bt birea or
the base st Bnaimular ek avilywhigh vaugeresiiafros canieabeapedbdres, hothat could
d %s%ni ng fgt .and soft tissues, whereas relatively
e e iS PG ¥ B ar e desirabl e for joining fibrous
t iSHEWR S Fidake Pf isa s%ct?d?ﬁpéi&@&ib@%f%“b&&ﬁ%ﬁp@ﬁ% {4%hother
and/or small barbs on the sane suture helps to ensure
embogdignenhrointhe prasentiimgngoopedthag ss ginenllpdebgsitakat 120e Suture 120

. 1.Z of,ach tiss l.ayer. Onl two di fferent

el SERUEF bod IR0 bt GGl mPiseatelt Hinedinf oy 122

termiigitdsUh end 02, B2 12407 podiéll fot PétRtrad §ssQE alk®t BScdn@plated that
shown) with four, five, six, or nore different sized

end 126may cprantisery wegicalingedle srotishowmitfonineertipbn intg gisgieoThe other end
i gscarped into suture .

s ot SRONH i g W oAb e o RN B RS ARl Bt Srgica
needlé forr pockectiegdsausd. Al so, al though suture 120 is

iIIustratgg M. th the barbs being unidirectional, it

i $190n P Ul O RRlides Al wakity ol elosely shiced baehs 35 rpivrality of closely

space@BaYbt 927, 3hil ?leéﬂfty B Ebékeg? s%{céc? Barbd 1 3¢ Cﬁ%x%@ g§§ alwr{:llati\tléﬁ small in
i nvention af'so nay be bi-directiona ar bed sutures

size wath arrglativety shorbbatbdertgtir esconrpaamlyto bhrbisH@7 owhieh ateveRritélye

. barbed sutures. descr.ibed here. 15 Fi gur 2A 1S a .
medlu%%’lnssbzeec‘ﬂ%%r@?t@(ﬁ?}b@eg‘%’telﬁél? Fe@ﬁ%o?ﬁ ‘?Pé‘?ﬂgar?fftot spP@s®hich are
relativielViefte i@ Bize walhQWe G vaIgNHfchasbilerEMm. 130 having el ongat ed

body 132 of generally circular cross section. One or -
bethrest A0 ey bveradg wih thehmawe)cutting mashitteed theabove-described
' fl d.it is conteml ated th 0 or
o e TR
09/943,833 iorSeolvh enali Bylfetif the-amount of blade movement during cutting into a
suture filament, then the barb cut length is made lon ger 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

the varying sizes are designed for various surgical applications. The barb size may also vary
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Suture 130 further includes plurality of barbs 135
projecting frombody 132 such that 20 at |east two
wo eovgiosarad nal | y adj acent first and second bar bBCT/BS2083/@30666

di sposed on body 132 where first barb 135 overl aps
second barb 135 if first and second barbs 135, which

is readily apparent if bar¥s 135 are laid flat on

body 132. Figure 12B is a perspective view of a

in they:tmrlsvewse dlfectwe,rw]m@hmge batblbeseliBsy bé shtore mediven,|oa pgrignand

p [ rbe ure 12 and
rogargle S 1R biuspPhs8 Mipicanly et Fod ae? elige bty irady
FIF@H Rtahed) rél%tlif’el? e, 'b‘éﬁﬁtateodh@iraﬁdé e Jaing{ggfa{ ar{wso%t?d%sues
e
12D of Flgure can be nore cl éarly seen from

whergzp gelpteely grmaller b@rbs amldemz@le t‘mn@mglgésluammuets dfsewéinbs

combjiipn 8 e’ BN, syt Bl BBt I BEF ShARe P f Rdie
maxifim dioRdringf propartésiehehDadh sigdkait sipeHize€ tadc8dsie lbJer. Only

becomes part of underside_ US of overlapping first
two diffgrent sizsd sefg offhrbs (gt shpwm énad\k@rqsmfpd@tcm@pm dody 22, or

addltlbneﬂ sptg Eb&zl’bdg ilgcg %fl gvé}ag \gf?tq’g/re S&r r%f(ﬁrg kc)i.bféerr%nt éhzteg sets than three

sizes hsalmlgttl'atm:f foo\sets bﬁbﬁbd 12%doncnbdeh rriaﬁﬁae eswdipEEiato SLitLﬁre body 122
eral f barbhed sutures, the barb cut distan

as de VB SRCT qgé)ylggt ¢ intended spq use, 1 Alggy apihoughnssiyg 920 is illustrated
with tﬁ%ﬁﬂa@%ggglugﬁﬁ)@@@onal 40 iRl thPBAHES Shtfe F&l@g{rag%sgﬁvmg a

over | appi ng barb di Sposition, very suita
conﬁ@mtmneef vagging Bla&semalco:(atlan@e efithttheinyantboncalso m'ay babhicdirdctional
barbel B8 ez;}rlgeollldsutur rreter fr abou WB%J

4 B fRer SR e BB & aplo” Mot inventipaBed Suures

descrid&d aeut 0. 1. (See di scussion of Figure 7 for
coments vis-a-vis the barb cut length and the barb
cdiguie 24 mfc:%apﬁ)rsmrwe vigeraf appﬁhﬁxgerabqﬁll@pmisqf ttlneopremnt mwsntlon

show1ﬁ19 rbar(;of: g_?ﬁl? %%55 n%tegt%ﬁg%l .agf cve gg)é:br%il 61f %%snsectlon

One mlbethtsanhe ends (dotsshenfp alegoiMeantol Yenddarti RS tissut Bd Rag Sorkdthplated
Al so, although suture 130 is Tllustrated with

that 05%?%&*1 oS BRIz eP IR i WEHGH Aegdle (not show) ferraeattieminto tissue.
| BGhidesd elsfﬁkfﬁﬁg%%lﬁ&llyo%r l%%rb(fﬁa%mr[g;rr%rgg d tl:i’,lzr seuch that

invention also ma ecti‘o
at leagigwd tkmgitil&hedllﬁ aadjaacenftﬂrsFmgiHeem(ﬂMbs 1BByre B Posednd bbaip132

|caI e where a parbed _ suture ]
wherd G B F a8 e GG (HSbHISECH GR35 Bhich i readily
apparéraeﬂidﬂs@mdr@q;ﬁaﬂwhbd&yqﬁzl ssue, the surgical
needl es may be coated with a polyner, for instance, as

dEwurg badlisghparepegiive vewiof a portdn dﬁ@tveﬂﬁpphtg bashPES, @ 18

ovr g ANt TR AR RLDIR AR50 M i

of FiguenPB. URipi@! 128 i& @@kdsoRe@ivtal iew aichegmaansl 1 Y216 of Bighay 12C.
in cross section. Surgical needle ﬁ as pointed tip
As carype fgre lparby teB dromnEiglites 3Bel An@nd 12D, duringrmsparpment of barbs

135, o$9ﬁ%iy%ﬂél?ﬁ%?q3% r%ﬂg%ﬂ c%lga?{e &%ﬁps‘?@e %‘g@SQ%{%BPe cond barb

135, and saohaParedf sipside &'S 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,

whereas, in general for barbed sutures, the barb cut distance between two barbs > the barb cut
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including, but not Iimted to, any of the
above-descri bed barbed sutures. Additionally,
wa oogiodEhs needl e N1 has dianeter D1 in the traPCUEsRE3/030666
direction, which is illustrated as a 20 relatively
thin dianmeter, such as about 0.02 inch (about 0.51
. As discussed above vis4@- vis swagi ng, surgical
needl e N1, after having suture Sl inserted into hole
length-llParﬂIalylaﬁy forathé mzmﬂtpplylg dhdbdigpodition ped viiiehetebdd nalres may

nave e e BuBinshSiamiegpind %ﬁ%ﬁ@rﬁéﬁ%&?@ﬁ DN 5 dghn to
abouﬁi ONGRERRE PR @h@dlbtﬁnéelTﬁ a#’ B0 fowAdnNBbudl. ﬁéegﬁrcﬂ&?onl of Figure

that is generally circu N Cross sec
7 for n@gg‘jeetsms has thQBarb@uhlBEgthtan@ th'EZDalecutlcﬁBimch) Orhi$ 6ve@lapping

h hol dl e N2
dispoptip i S elytaiRE atani s 135 ) Dodnihgna Doicsh dosubs 135
are thenltabl e8mPared BAWREHHS Bhil &1t SRtdnSe %t%&?ﬁ%@a‘fﬁéjﬁ fhe barb cut length.

|nclud|ng, but not limted to, an
alfye-aitheush watre B30 alusttatadreith ba&dsj L35 being byidirectional, it is

i as dianeter. D2 in the transver
imten i o VAT el £ a0 e R S e el s oy e i
directibralbirbéd situkehis asscabediher®. 032 i nch (about 0.81 M),
but not as thin as dianeter 30 D1 of surgical needle

NiFigyses HAcl38s d3C a8 D shewavagioys m@ﬁh@edb&r\@m@a barbed
t inserted i.n
sutur@ﬁ%%&qehpto e?cfh Sﬁ{‘%%ﬁ %&&f‘? ﬁl trh'é % ‘r?%c&]ét t%rnésg?téoaxoxa{o tf‘f(%‘llee%he
surg1¢£|2 neemild'mhzny lmxtdateel Vﬁﬂ'l a polphlaf; émf instateead desstibddrabbge vis-a-vis
[ Ssm\%&ig @8 4/ 030705 PCT/ US2003/ 030666 -41 Figure
- et 8 angeedfi2k N3 that is a curved

elmpagat e SH@@Q&Lﬁ'ngQI ﬂe@@le NOMg & Y32k Qbﬁfgl%d %@dl@nﬁitl‘e

that is general Iy circular in cross-section.
lonmt,ué@@] @iraqBomasd thabisigeeatally prc'[fBarﬁm crosyseetidmn. oﬁuncmabneedle N1 has
so._has hol e needl e

o T35 VA 0L Sl 67 SRS B e
as attdAEDedc!s i by Svaddng, 595298&1 §J‘t'ﬁr€' 8. PArbed s@tul?@g bed, SHbd Siture

5 including, but not limted to, any
includipg, \pat petdnitasle, arardséle W@rﬁé@nbﬂdmrbcdmauﬂey Addltlonally,

s P S P S B it Al Ry
rel atlvﬁl R diametciiciasgs ﬂhﬂUO O@ 119'21 (hlﬁtﬁiﬂ O(Sf':l hamh. Qs akciBdd adVe vis-a-
scussed above vjis-a- vis surgi cal needle

vis SWGITEa i g b i g visE SHSESE Sareried Ut bple gy
cnmp@@ by StahdRE rJ&édtﬁ%@&#fﬁ[ HoPHAGE R LRl %lftm Eﬁi & &og‘%utunng tissue.

hold suture S3 I n or use 1 n sutu
t le?)B:slgmsesutgaﬂ&hcﬂ/ls I\Iszuhgumbtraaglacﬂkm gbl@dtnhane irstha
longit &l# gecﬁ tﬁd need in tgl'r' | ongi tudi nal direction
sitiinalqiee “?‘%g@; %trlélgFQFf D SR 1 ¢ofs S56Won; oyrgigal needle N2 has
pointedUpITZ fr iMeRBnani¥isti@SandRoHa8 Holel HR2. T§urfvf&51 ﬁeréﬁlgrl\? J I%Allustrated

into ti ssue and al so has hole H4. Surgi €al nee
as attqcaed |qubs48rtmse\diglrmstodwlmwwre S2cBadsd bytuea/\&@lsmgqarlied suture

t ed. suture
el ER R s SRS oo B T
surgicabee¢dledes s cbzﬁﬁetbian Qﬂth@ GitaH§ R Fse d‘ﬁ‘éélthéri WKH ¥ illustrated as a

g needl e N4 has di aneter in the transverse
su1tabﬁy g)cti:lfuaﬁter WhGheas abguy . @%?smpla{z@gutdgiﬁ hmm), but not as thin as diameter

D1 of surgical needle N1. As discussed above vis-a-vis swaging, surgical needle N2, after
having suture S2 inserted into hole H2, may be crimped by standard procedures about hole

H2 to hold suture S2 in place for use in suturing tissue.
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suitably thin dianeter, such as about 0.032 inch
(about 0.81 nmm), but not as thin as dianmeter D3 of
wa oogiodEhs needl e N3. As di scussed above vi s- a- REBUS2003/030666
swagi ng, surgical needle N4, after having suture $4
inserted into hole H4, may be crinped by standard
procedures about hole 20 H#4Ito hold suture S4 in place
for use in suturing tissue. Needle tips Ti, T2, T3,
aﬁgu"r'd 131@ ehrwzdmmg’tzil aatdly N3l thatss natvedd abnpaedhed]e Buke
I ﬁ gd W? wn, sur cal needles conme w th various
ongituding liﬁctlﬁ%? L1 |gﬁ%er CIFF RS 1) Gi96Y Se5BPMt Surgiggkpeedle N3 has
pomt&ytﬁﬁ T %r iRRtorPRi Hssuc tid 4 dl%gha% F9% 1l §E§%ﬂ:gl RRUNG fsNiBstrated
i ne, and | ancet point, isintended to
as attjched, udeh agohjt swegingp o barbac st 83. Eatbedtsutmrm&feml &bdrbgalssuture
t aper and,

di
inctogiFE Ry PP ey D PV gPrb Brbeunduchoi 31%3{1431%
surgidapheart 198haN @8metBSDB $n WR! thankoWiteltibi ewlﬂéﬂ s 11'1‘1?3%‘3{39

di aneter for surgical needles used wth conventiona
relatl\(qu @iun digmister.lseel) assahout @62 inchdelpmsit 8 eumhinAsgiscdsaedt above vis-3-

s BB BB S S BREL R Bt A

crimpsdiby Isl@ﬂdiarﬂ eagbaured SRt Ble H3oGOMVRMikE 833h pﬁlb'é er%se in suturing
dianeter is 4:1 or even higher, such as 4.4

tissuetpwever, with the surgical needl e/ bar bed sut ur e
CefRIA E I v f
SRR D O sl HEERE e hMEARS00 el e g
longithdhiealsdiregiicaindthetdh geriesallyt disnlar iheroseeetig. ef e piabl rﬁ:e@lham has
i.cal needl e/barbe suture is, with the desire

. .th
pointedipiT L ingeaiogrn oA aesRoBsasa s dpstrated
as attdeRéd) Quél‘r‘ésm}esrwa%ﬁ% NP suftie Kk, Elglgfetﬁ %gt??ess%jﬁ% &%Cﬁla%gture

suture di ameter, and it is possi
includiiga ot et limtitedite a0y of thetribonedesctibed barbecartived Adnmmmuy,

.'a [ In.eerl.frthe ent in
surgicHLARTY bGPt B aasuRe Gerhen oS Sispdesane
sultabB}JﬂhiH cﬁaﬂnéteméﬁ@h B Hoer AOIEintR (aRBP0.OX iR, bikthdk h?tﬁ]‘x’f?as diameter
when stitchi ng a wound closed than 5 a relatively
D3 of sigiqel seadi NI Aadisanssed h‘?@&d’eﬁﬂa-\mtswaglrigambglualwbdﬂc &4, after
roing il SBRB TREOE 5 8 YLD B GBS

H4 toenkgrasgmmsu lrof)lac&)@fb&ih%utdrﬁglﬂl@sueand therefore provides
ﬁ, r cl sure strength to the approxi mated tissue

e Ha% beleh TSutnsh Bhae schsmeatisally Hvatrgppaspaipted kysps is well
f
o) SO {400, A0, 8 A e
cutting,ibgH lpemtt rmttldgaasig@mnmd poirdthi tile, add lanbet poédt adnidviels ¥ntended
ortant feature for

to ot S8 il s et i SEREUTRER TodBGR QiR pacebing and Higmond

point &8 pREereiicddR tips fdrabgidd) BesiléAisc@vitAaea sHiuflyet er
shoul d be of sufficient width in order to nake a hole

ofss & welhkimeyn inrihe #re nepdle diamestterfor sirgichlinegdles usedlwitw
barb uture into .t
comvelnal A3 n I a4 if BB Heseaib Sl Dot By Rk sungica
needledian@té rvmhnmmecaﬁeemmﬂﬁ shfh@es%ﬂélgtrﬁﬁihe@@tﬁ%ﬁurﬁcaﬁ ‘hhédle diameter

surtable as Iong as the ratio of the surql cal needl e
to conygtiopilespture digmeter is 4:1 or even higher, such as 4.43:

However, with the surgical needle/barbed suture combination of the present invention
(for either a straight needle or a curved needle), the thinner that the surgical needle is, then

the more preferable that the surgical needle/barbed suture is, with the desired needle diameter
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barbed suture diameter is about 3:1 or |ess.
Accordingly, a desirable ratio of surgical needle
walc@amsEns t o barbed suture dianeter, for eithePeT/ES2003/030666
strai ght needle or a curved needle, is about 3:1 or
| ess, nore preferably about 2:1 or |ess, nost
preferably about 1.8:1 or ss. Furthernore,
particularly if channel needles are 20 enpl oyed, the
beingrthinner apfl thinneyi asal appeaadhes thé barbedsuttre divendien amlit isr @ssible that
1 or . .less, or even

the nedy AL Sére Tty BE % thilieAfon feGine gl diaBgRE apout

083 Eer¥iallfesthe pRise@Snven@vh, aSre RO tﬂn%ué’gkcal heatd dttaPRed to a
appreci ated by the person of ordinary skill in the art

barbeg gpfurecis more preserpble for aparosimelingfisexe wbnewchmg a woesditlesed than
a relaﬁ\(?elzﬁn&?sﬁgﬁﬂ r%regl'é ?hr%&%d%@%s I Qarl):ieééﬁ g?clia]s%rhm t% the

relati el pahin surgichlengtle aﬁﬁcﬂeh it Bibed @@hrerbﬁmls%r orBRbenl3aYdriGt of
a ratio of surgical needle dianmeter to barbed suture

barbs g ssueenddhgrelons rroyiges better plogure ﬁtfemg’ﬂb émthie @pprowiarated tissue that
th
has béeﬁ%hu adztt% Lﬁré\lghg% ﬁpgé@gﬁ&'e%iog Itlg Cé:lé? dw g@?qﬁ avptﬁlgﬁl%agart as

compmhd tkthe sosofe sabngth pBovedddrto @pprotimakéd @ssaBthaneisthehlbutured with
h '.t% 3. und, h Vi H% a length of about 1.25 inch
t ere}(g% gt S‘ffﬁjca first specimen was nade from a

PITRE SR indAARE @aﬂu?eaf‘bp ffe Binbatatibh Bk AR dspl%g%tl H@Jdlé Rfiched to the

respective edges of the wound wth a
barbegd swtgteaathan ﬁ@dslugw;al nesdildiameB2 SouAd bepuf aiffisiet Widtrin order to

make fflof R RRAL! e Sonth D47 B4E e bk Boarosonabthe baed

suturedihiogthe hole ®F tHehafiel.t NevdReRa¢ a§ %Heudil?%%bzﬂtn@e&l@ BiahRed iR reases,
hol e, the needle was crinped about t hole to secure

the supgieal pagdieis ssillsuiteblelay long asthetratin efighe afrgisal weefllectiimger to the
barbe% %JLR&I%%JHH&CW? ldr)]gut ?t Pgr lﬁé £Ce of chanpis |eather was

angul ar “shape of about 3 inches (about 76

m@:cwrdlrﬂggn gtdbsnib}e atio ot sdkgﬁEl ried@lReBarh@Bodtbarbéd Rilird dlameter,
dth, where the stitched wound was in the mddle of 5

for el%‘f e JUesigt Reedieion 4 aiksrbhesdle; abaptdy: b or Ieke mnse areéerphly about 2:1
or less, %Rﬁf prefé'ran)tl by a al%{xrt\{%dl SHUE Cl:gl%t cgé %agrt?’éu§%lyg ke ¢ %nn?l neeflles are

circle) I'engt h of nmm an
emplotyed, mhﬁdlraan@f elurgm:hl mdk&tdlﬁnﬁéﬁolbladj&d sraboditm@ted afmk as low as

usi n stitch ho , a second
about JICGHeS"bieh I 0T it Cht 051 G656 r0x ShaRap orless, or as
low ad ®BUN@E: 1DYt Wi bEAHpAGiHQDS) ﬁ%lgefshﬁ of 6RRERY lsRﬁﬁ ift gﬁeﬁt 1Rt care

t he wound, usi n‘% a 10 dri'l end surgical nee
should e tekemwith ggamela tiunethesed as toameidrateshpospibility of localized

Wemgé§PQ$ﬂmﬁh%£ d+Q%nﬁ%q%mm1 59f barbed suture, i.e., the

surgi ca bout the needl e hol e,

aCIoeurel sasRgth iod thi®burkieel &aﬂl‘@@ oAl 4 @ of Breital foedle0
secure the barbed suture durlng stitching. For the

dlametgé o baib gip%léqrﬁg}gmqtq{éuﬁq_kg@fcg thgaRresent iyentiqaoimas tesigd vae follows.
2‘%%61% 1edr3n§n Sgénlgan{ﬁgs lglatﬂfe u?é I;A}y\qshe ﬁngkq%gg)o B‘t]orlda) having
a thickpe@34 abowtH).§ ab(mbtbut(lS&]mm) were cut with a wound having a length of about
1.25 inch (about 32 mm).
A first specimen was made from a piece of chamois leather by stitching together the
respective edges of the wound with a drilled end surgical needle (item no. 382077A

purchased from Sulzle Company) which was swaged with a barbed suture. In other words,
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15 mm), although not as thin as the dianeter of the
needl e used for first specinen. Each barbed suture for
weawh/03peti nen was a bi-directional, tw st cutP@OTUB2008/@30666
spiral, polydi oxanone barbed suture like suture 70 in
Fi gure 6A, except that each barbed suture had a
di aneter of about 0.0115 i m¢h (about 0.291 mm which
is slightly larger than the USP requirenent for a
after wiseréiof-ofthebatted sitoreaibtothb ablde Bolt theheedlwheatingdd @out the
suture dianeter of about. 20 0.018 inch (about 0.457

hole torrgeurglierbartid v furkiestiohanss St Brilhing dlesed tey wound, the piece
of chathdik taefr GRSORIS a%d’t’iﬂk&% "sﬁarp%%%ta%&ltfﬁﬁche l(@ﬁ)‘d{ %6 mm) in length
esources ester,

strensgph using a Test niversa
by abpiidle?5 DO, (alEart B2 sprkineidthyahereghé piteliedoyoundowas in the middle of
respegtive serrated j.aws. en, each speci nen was
the leB%tfllagg ttqagsnva{smlbq Wéjlﬂf‘yﬁéet neggpervgﬁsea t&PerePBS'ﬁt cujyed; sysgieal needle (3/8
of a cek), Withid RngkPUboirR 24 niaRE b 18l ity Ba} i
Cr up%urle. Trhlé 25 p%ak | oad inrpo%gh}lfgg%hmga&%%%aom inch
(aboué@ﬁéln@vb wound di sruption was recorded as the closure
S ) e ts were that the first specinen
(el A St e WElRg: € Bt LSt R Fom another

piece bétlaimoieleyithehbystiteian® togethef thabebdeclvdedbel BEthe vAAH using a
ounds until wound disruption

. .51 mm) took 5.88 p
.dﬂﬂeﬂg e‘aﬁﬁwgaalawadle (e peclSBnl d prichased feam SplataCompany2swaged with

the saﬁieﬁ&ﬁ‘@of Wd%@&r&,h%,%ﬁ%@?ﬁ%ﬁ)@ﬁ%% R cﬁiﬁ{ﬂig% ?lg/c‘ﬁ? ﬂ?e nneedle hole,

stitched with € nee a su
after ighcatien eff thobarhbd situ.ifB2hSRole 1o Becuab tetbafbeBbutii diritg stitching,
as, the pneedle for the first specinen) took

t hi
For th $hegho spefiee e accalf 115 4 HECHASUR GUBie PUBIORb ReeIRI el & circle)
with SIBREth e Bbdid bb @l aR@k “sui%ﬁé%him&i%n&ep%&o%gb%pgg fck g%'u{ §.81

are sumarized in Table 13A bel ow.
mm), pipugsno0ay th3oB6k: diamateT abthe nedHe (Ehidfonfisst Gheotrhen.

U e rengt.h eci nen Need].e. D aneter . Barbed. . )
St} e R eat PR NG | LI AmSRAT (s g Bplipl spral,
polydidx@idheibathed Quidielitkd sutilte 10 it FrauR Se&ef tbh @34 BAMS2Y suture had
0.0115 inch 2.78 2.88 *Ratio of surgical needle

a diamgterpk pboutO Id ainsdd akait Gr29 1 aimmehish is MAgbty largeritbarsthe USP

. i : ihn. dstitched for testin
requlrg#lgl‘r?rtoq?re Qéllz,lér g-ltOC th@iﬁsg)rebé#fgssﬁgu@g gx&&:ﬁip a Blgtpﬁ:ecgametelgof about
0.018 snchy(nlesit 857 ebhpws. Three freshly kill ed

Sgrglgtﬂe-.Dawl ‘E%Fr ats, each about 600 to 700 g, were

uSat the-fist apd,the seeand ispecimens@fistitohed shameis aloflewensdesteshfor

losurt B@ ksifd 2 §8G i Was
clos 0o i TS Ko SRS AR i 2050, A v
grippeddyHwoaespediine sefrateth gawsnd heosads spersmed waepulivdtibngitudinally at a

e o B B R RO S bt e, T
peak lgz.&glg!zfﬁiuﬂ?geiﬂfgg Stgﬁoge (§f6mprlr§‘rt)8 W&ﬂg g? s?i%;giéﬁ%gléceo?{i%%ggh’é closure
strengfha@}e 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
inch, about 0.81 mm, but not as thin as the needle for the first specimen) took only 2.88
pounds until the wound disruption and the specimen pulled apart back into 2 pieces.

The results are summarized in Table 13A below.
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poi nt needle tip where the needle tip had been ground
to a 3-facet cut to approximte a taper cutting
woe@dloao7vip to facilitate penetration of rat tPEHUS2003/030666

The needl e was swaged to a barbed suture. 20 The

ot her of the two wounds was cl osed using the sane

suturing technique, but wit4d-a drilled end, curved

surgical needle that was a Sul zle item no. 832679A,

which was 3/8 circle. The needle had a |l ength of

about 18 mm and a_ dj aneter of about 0.026 inch (about

0.66 mm). Al so, lable I34c@ihampeisClothClosys Stigngth) need| e

tip. The needl e was swaged to a barbed suture. Each

bar bed suture for each specinmen was a bi-directional,
Speciimenst Needigidibinplee spiBasbed Subibre asneteox an®adob arBeadds to Rupture
. suture Li .Ssyture 70 in Fiqure.6A, except at each
First har bed QL??@F@T’had a di arrepg)lrilgﬂn‘%‘bout 0. Ollé‘{]i nch 88
Secodd@Pout 9.0381,dgm which is glgighidey | arger 3han the Ysg

requi renent for a size 2-0 synthetic absorbabl e

s URatie pf surpstlesddlefdiamatert toberbdd antetediameteabout 0.0 18

i nch (about 0.457 mm). For each stitched wound, a

ti ssue specinmen that was approximately a square 30

MERS! VaABusAREdEE oftra BkiX wRROt aftd GHlch¥d £oh tdshfg 8t bfd\@ekical

wound in the mddle paralleling two opposing tissue
needlesizyeaged wakh haghedisaivees dsdellevosure strength testing. WO

2004/ 030 . UsS2 / 6 - Th [ open

ATt O R SRR PRI R e Mo D PORE I £ B BRa. Two
full-thivknesd Sah inckgsis&vere Madebn g2Mack bbgach agthio tieatU@ounds. Each

speci men, the two edge aral l eling each stitched

s
woungyas dbow ecrprLisp gl an Pf"lﬁ‘ﬁelttwe_rsé’érﬁect ive serrated jaws
C’fFo'i‘ Egcht gtst)ﬁ{ of tFQ?\Do v\%ﬁﬁgfk ?&eﬁbﬁﬁ%%@éd lﬂi,(f e%q curyed surgical
longitudinally at a rate of about 2H hches pet mnute
needlb tHahbasit SElzlamenpeo. 3828UdA) whinh was 8(8nptcdt. eTreuebdliedad a length of
occurred. The nmaxi .force encaounter ef or
1S G REIeB AhEO T D 0Up 70 0RIE Or BB e 8 s PEHES G Bk per
point SEERDEH hetBe h&SIW &S hiebden Y& d 3LBLOMLI® dpbfokim®Bh taper
of three wounds closed with™a needle having a
cuttingingede éip tofacdbatapeiti@ion phehtifsmbolihe Oedsile wad svaaggd to a barbed
‘ swaged to a barbed suture. Also, the results were
su ureéiveraged fromthe second set of three wounds cl osed

Wt othe @€ the@wBariungs was dIBsedi (RITRLtRE s@he al@idg Bciidue, but with a

inch (about 0.66 mm and swaged to a barbed suture.

drilleqrged. cunigr surgigabnendimtint wiser $uizivalsmenct $82¢) e whidswas 3/8 circle.
| sune S

e g 2B I PSS LB P10 0.

Also, TheueetilerhaBatdiatiofdopoistnet die Rpp e @cedie mwat swadedabd abarbed suture.

022 i . inch 1. .47 11. f 2
iO gbzlng%; sq(%Hrg: grlcl_:ar%g specjmen was 2? bi-gief‘gc%rc])gal?gsistocut ?nu?tip(fe gpiral,

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).

For each stitched wound, a tissue specimen that was approximately a square
measuring about 4 cm x about 4 cm, with the stitched wound in the middle paralleling two

opposing tissue edges, was retrieved for closure strength testing.
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20 *Rati o of surgical needle dianeter to barbed suture
di anmeter. Thus, the lower the ratio of surgical needle
wal2@a®sEnst o barbed suture dianeter, then thePORUSENN3/030666

the closure strength when suturing a wound closed with

a surgical needle attached to a barbed suture. In

general, the thinner the suf#fical needle, the better

the cl osure strength, 25 particularly for delicate

t i Bhauferce th oprsveach Wagnd e ghtetrhinsdigsing 8 dekt annncss:Umversal

t r...needles a referred. Thus,

Teait Mo 3Bh0, ok B R B e HE oo rUEbrEict Stiched
Wourtdwerk nuntedhi theQivoSOsPRMN Rrrhfdd 4 HF tHeteBreri S that the

rati o of surglcal needl e di anmeter to barbed suture

di HifBt each spsinen pes awiag:loggitndinally @b s raterof ebopt %i@hed)ﬂ)qr minute

the pre i nvent i
oy ) MBI NI T LA o Bomers
before mbmpletd wourekd smpadcy westeoeids® il the efostifeetieAMgNt i on, it

uld be understood by those skilled in the art that
eJeHOE WeRE aYfgrsediton theifirstispieof; thige tquads elosadiwith a needle
Vari
i Ly i ———
the reshiés wérs eversgat] Eomabl seeondsset of thiuw ourls erdsédl With a needle having a

e n m 1t h |ngs and advant ages of
ciamg GRS U b R bSbotio o mumasd sessep oo vlosaRe. - 46
Pateiredul i bleYsuhiindri A tn Dbl *ﬂ?be%wO' ng teachings. For
i nstance, the barbed suture of the present invention
can be used alone or with other closure nethods, such
as staples and/or skin adhesives, to aid in holding

the position of the tissue. Accordingly, it is
i ntended to cover all such nodifications, oni ssions,

addi tions, and equival ents as may be i ncl uded W thin
the spirit 5 an&@bdé@l&ﬂ_ﬁﬂé Glosree Sirenptll)s def i ned by
the follow ng clains. WD 2004/ 030705 PCT/ US2Q003/030 QV
ﬁi | spchaiaed | 1. A harbed %ﬁ?ﬁﬁ%_ggf_gﬂxb
Specun%Zs oc e%e Iy\gl%‘éte —%&Mﬁ nat loyRds fosRupture

First &toﬁmr gi cm021eenl e, said comikmgih on cqnpri Si ng a 119
bar bed suture attached to a surgical needle,

Seconghigt fih t h82& inchr e conprlsQQIé"ﬁmurallty7bf barbs 8.1
PERLESbE et HMLAR ARG BP0 ANLAG.R T1 1St end
end and a

and a seco ianet er, eac b facing in a

direction and bei ng adapt ed for resi sting novenent of

t syt ure e n _tissu in an opposite direction

f 3’5}1% gﬁ%{o‘wm@“cﬁt@r{’f SHegiE apedi diamstss to batbed syt diameter, then
the betBeiRIclbshtestEMEGI whdn H8EH L) RasnPcdid®

ratio of the gur gi (?a negg‘? e gna(r;rlg%er %tg tmé%t‘gd%ged&e attached
to a barhed pwurg; dmm@’fa]otheetbmmr tBe surgical assslle] Ghe2betfEh élehﬂdsdu&dstrength

i nation _accor

d
pric B8 IS oL ST, 03 50 b, ke
needlasere peefdreade "BHUsatwﬂlaﬁi@ﬂﬁﬁbbrt&ﬁ,' RGhRIEsE bOMHeler HeMHRdle 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.
Various modifications, omissions, and additions may be made to the disclosed embodiments

without materially departing from the novel teachings and advantages of the invention,



consi sting of swagi ng, channel w apping, heat
shrinking, and eyelet threading. 3. The barbed suture
war@4m8070gF cal needl e conbi nati on accordi ng to BCHUA2023/030666

wherein the surgical needl e has a polyneric coating.

15 4. The barbed suture and surgical needle

conbi nation according to cl-4-m 3, wherein the

pol ymeric coating conprises a silicone material. 5.
partichieel yiadightoitht doregsing teaulig s aforrinasice, te @ﬂfédtsht%?e of the present

according to claim1, wherein the ratio of the
invenigp fjap a]?e Hesslapleng)ios Mt othep clasurepmethods.stchras sirplpeeed/or skin

bad
adheééiers Stfaga%? mﬁhec;ei tlllee ?t}]ogxt ?fgﬁéeté%g% r C&‘ang[}? lxtaig gntgnded to cover all
such MdlfleaﬁnonSZGInisbmns awddmoni ahth eqlﬂuailgmtc aé mag &ehigleticanwtteh the spirit
d (Eg}barbed sutu |ane% kils about 1:1 or less. 7.
an S“T(PP@ ayeripn s éle Llowingelgines- conbi nat i on
according to claim®6, mhereln the ratio of the
surgi cal needle dianeter to the barbed suture dianeter
is about 0.9:1 or less. 8. The barbed suture and
surgi cal needl e conbi nation according to claiml1,
wherein the suture is nmade froma material sel ected
fromthe group consisting of a bio-absorbable 25
materi al, a non-absorbable material, and conbi nations
thereof. 9. The barbed suture and surgical needle
conbi nation according to claim@8, wherein the
bi 0o- absorbable material is selected fromthe group
consi sting of pol ydi oxanone, polylactide,
pol ygl ycol i de, pol ycaprol actone, and conbi nati ons
thereof. 10. The barbed suture and surgical needle
conbi nation according to claim38, wherein 30 the
non- absorbable nmaterial is selected fromthe group
consisting of a polynmer, a netal, a netal alloy, a
natural fiber, and conbinations thereof. WO
2004/ 030705 PCT/ US2003/ 030666 -48 11. The bar bed
suture and surgical needle conbination according to
claim10, wherein the polyner is selected fromthe
group consi sting of polyam de, polyester,
pol ypr opyl ene, pol yurethane, polytetrafl uoroethylene,
pol yet her-ester, and conbinations thereof. 5 12. The
bar bed suture and surgical needl e conbination
according to claim1l1, wherein the barbs have a
di sposition on the body selected fromthe group
consisting of a staggered disposition, a tw st cut
mul tiple spiral disposition, an overl apping
di sposition, a random disposition, and conbi nati ons
thereof. 13. The barbed suture and surgical needle
conbi nation according to claim12, 10 wherein the
barbs are in a staggered disposition, a tw st cut
mul tiple spiral disposition, an overl apping
di sposition, or a conbination-thereof, and the barbs
are all facing in a direction
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toward only one of the first end and the second end.
14. The barbed suture and surgical needl e conbination
wa@ce@ansing to claiml2, wherein the barbs ar ePCTU82003/030666
staggered disposition, a twist cut nmultiple spiral
di sposition, an 15 overlapping disposition, or a
conbi nation thereof, and thé47-barbed suture has at
| east a first barbed portion and a second bar bed
portion, wherein the bar GLAIMShe first portion are
fa@hng in a direction toward only the first end and
t e hgbisiedaigiedisie second portion are facing in a
diy eqf hABed QL f&%dﬁn&é&{ig%%%@%mailﬁssuyﬁg R ion with a
suture and surglcal nee co nation according to
surglc;all aveedld,2sai® Gombiangom camhprissigg harbed sdivepasiched o a surgical needle,
udes a first s bar bs bei ng radiall )
Whergi LY gPTiSeics DG B Tor B e b amaB ol ghealebody having a
first S d@-a skBond &R ART PEHmBLE, LHa@h BE‘I@ ﬁéiﬁ ﬁﬁldn@& | zﬁld being adapted
conbi nation according to claim 1 erern
for r@u@ggemetbmﬂm mfsilht:l&uturt,nwhmms tlasu‘el, mstansqtposvrﬁe titrectlon from the

s DR ST 1 P g e
of theb@lf Salebdlg diaashta@! th YheXRrisclaa et dlafidter L2 AL INESTekr om

ird set of the barbs. 17. The barbed suture and
s@r gFeabarhedaiterecadisirenal opedieewnbinaigon @Szcotdmgmlc;_lalm 1, wherein

e WERLAGTELAER 0, b NS Hoc bl RGP o s

consmtutglﬂfewhgingnﬁmhnéiawapgng, heetr sihhﬂﬁmghzﬁtd dyslet iir&dda. f rom
inch when the barbs are

k;‘u]tF to?ffbout 17 tinmes per
c atiselarbett tvgend spigical neqdireqmbingliopedceonding 9aalaje!, wherein
the stfr&ﬁt:b’irrm%ed@@laélggolgﬁﬁn@%{)&ﬁ% suture and surgical needle

nbi nation a Ing toclaim 12, wherein the barbs
arde The Barbend sntulctmdrsutglaaphaedﬂ;qocmnblnatnmoﬁdnmoamdni hewherein

ture has a spiralit angl e. a rangi ng from about 5
the p@i@?g%gw?%lg %‘EIPS%J %%@P e f\ﬂ% 2004/ 030705 ;
PGT/ ﬂm&c@ﬁﬁlﬁ@@nd'sﬂ&w%?neeﬁhﬁcchﬁ‘t’iﬁﬁﬂm%&b%ﬁloatBQ:Ialm 1, wherein

sur?| cal needl e conbination according to clal "m1
the rajip of Biersurgieal apede fiamgteatyythe barbed ngtese cﬂmmmeatsouhout?z 1 or less
bar bed. sut u a

degr. 1 20.

ssﬁr gfh%a arﬁeélg gﬂ erecagéﬁ}lﬁg‘iaf%edéec%o&?laP‘ﬁtbont %C‘Er%ﬁhﬁo Wherem
the ravib ef ehersutdieal apédl@biainéter ioihe barbean@ase di ERBReAROMbULL2] or less.

degrees to about 18 degrees. 5 21. The barbed suture

arld KherRared subwe dpd sergiag] nepdicorpralinaian asgondingctp #laimi® wherein
the rahih %f] ﬁl'eréufé?al hasdis ﬁfn%te'r tb @8 bgfﬁ@fl Is ?Pe'bﬂgrggt'els ﬁ%a)ﬁtl()oéll or less.
acen ne béi'ng

suc hat” for at east two a
a. Ghherbaalppi supurb ant smgttabmed@omgmﬂmomvabéxamgad chmbl, wherein

t he .over g barb h gs. a erside and the
the S8 iF GBSl Hemibe (EOWR FEnSEing 6 a bio-absorbable

matertil Ge{ohl AR oMhable BRaterM e‘fnld%ﬁfﬂbﬁﬂmgﬁé' {etedr.derived from
part of the topside of the overlapped barb. 10 22. The

b&r Béd betbed setuzmnandswrgicat atedieenthisngtombicnardingrio claim 8, wherein
the blgcégé)orgé egma?enai 18 selegted from the group consisting of polydioxanone,
polylactide, polyglycolide, polycaprolactone, and combinations thereof.

10. The barbed suture and surgical needle combination according to claim 8, 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.
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wherei n each of the overl apping barb and the
over | apped barb has a barb cut length, and the
wor@nioapps ng barb and the overl apped barb haverPer/bazo3/030666
cut. di stance between themthat is less than the barb
cut length of the overl apped barb. 23. The barbed
suture and surgi cal needl e -4®&nbi nati on according to
claim1, wherein 15 the barbs have a configuration
s el le Cihedatredrutuneargt songical anedls tombinafior dccomlinatolzf#ht 10,

whergla eyt R4Sl FB SHUBCAPSIFITE o DPREEAco pObEer,
polyﬂgég%}getzrf‘egb%lgﬁﬂméné gboﬁﬁ@crasﬂﬁb _eﬁn;iéxngggyithé@&wr nﬂldfcroﬁ%lattiﬁns

to about” 0.6, (i11 cut  1engt
thereef. rati o of the barb cut length to the suture dianeter

o 20 e DU R0E a7 efoft B ppbinstion Pesbusls t ok, wherein
the b&ib§ B LdidpBRIRh AQhé O &E:cfeﬁqmlﬂﬁ{%%ro éonE@tiez%’gﬁb%tr ggered

. (v) a corrugated barb underside, (Vi n arcua
dispopisig, a twisti du} maitiplespital digpositéans awbvdrkapbmgwisphsitienta medom
. aving a barb size different fromthe barb size of
dlspoplﬁ}e%’o ecromg’élﬁtlo %tgle \9f’i i) conbinations thereof. 24.

The. hikelvacbed WhithkEari Milr &t abed cHEBRh@OLRIBIINR toQ@Mhim 12,
according to claim?23, wherein the barb cut angle 0

whergip thedaarbs @i slaggerersdispagitionsa twistans multiple spied despesitions an
T . [ I j nat i .
ove BTSRRI S U G UL NGB, GPLR AL Bfccon

towandamdyesnd ofahe filsoemd dkidhedegorésnd.0 about 170 degrees.
gi cal. needl e combi nati on

26. e barhed suture and su ( i
agéo P&‘P r‘i’aﬁiﬂa SRuLs 3R ﬁ?gwﬁﬁ%‘?ﬁ? rompjgatiof 3cgorging: A &l abmarl3,

vt 5y A L L AR SR o

overlappin] & spwittsinnat 4 comEsgmndhergof, endthaibart2é sutuvdies et leasthefirst

L N NENT T R T A

in a dREFH ISR Sh3PBRGirst-cnll add the HASLSF RS M wrﬁp@[ﬂr% ?facing ina

~surgical needl e conbination according to claim 23,
directjgetpwiarsl e theggefendgindt he barb cut | ength to the suture

di f 0q4 . 1..7. 29, .T
SRS SR ol R e 2.

wherei derstigagret @lisposition Ziludeda W ket of thiarbPbidigy Abiall8paced about
barb cut length to the suture dianmeter ranges from
180 degyges frome seePndisstiof tha bagbs.30. The barbed suture and

SO TSR bRES i R BTG QT e 0
wheredw therséaggemdelispositiam gebides ofivsh beidf ti: tarbsobeirsadiall¢ spaced about
120 degrees from a second set of the barbs and the second set of the barbs being radially
spaced about 120 degrees from a third set of the barbs.

17. The barbed suture and surgical needle combination according to claim 12,
wherein the barbs are in a twist cut multiple spiral disposition and the barbed suture is made
from a suture filament having a portion that is twisted from about 2 to about 17 times per inch
when the barbs are escarped into the suture filament to make the barbed suture.

18. The barbed suture and surgical needle combination according to claim 12,

wherein the barbs are in a twist cut multiple spiral disposition and the suture has a spirality

angle o ranging from about 5 degrees to about 25 degrees.
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10 31. The barbed suture and surgical needle
conbi nation according to claim30, wherein the ratio
wo@bkooioso7bmr b cut di stance to the suture di anet BECT/US20G®E30666
fromabout 1 to about 3.5. 32. A barbed suture for
connecting human or animal tissue in conbination with
a surgical needle, said coa®i nation conprising a
barbed suture attached to a surgical needle, 15
WhE. eiThet hﬁbsd,ltsuﬂu&a anduigies edle Wombihationl adearddse to claim 18,
ectin on1an el ongat ed body having a first end,
wh er%znéﬁf‘cwh gleyp epngesiframeabent 7 degreestiaabout 22 idagreen a

PN TSR s SEABLIR BRI by
wheréih @ §;heh§1 ARt & edhged ﬁ*or‘ﬂhib@ﬁ‘t I @bk o AR $8 d¥iessei n

the barbed suture and the surgical needl e have an
at3lac Arhenbarberk seigreednd surgicah eregdlo igpmivmationt aaegrdiig to claim 12,

e O SISy AP R RSP A M PN s,
one béir@rﬁht(ﬁférlh%piﬁg Barb ahd Ondbeihd n S¥irTip g@d bd?B, ecﬂé Sverﬁbﬁﬂ%tlﬁafb has an
to the barbed suture dlaneter of out 3:1 | ess.
undersigie apdy dhey yerdanpad ebarly hag ohriemsiden g histaraert o@f &m pagdlerside of the
' N ' . I I said
T R S
SLB‘Zgl e mmﬁ syturennet @urgidah eesdlt Woenbigdtioh i @:eérdﬁo to claim 21,

arb o ecting froman el ongated bod
wherfi i, of s VpiTiEethedieb 45 e CREI bagh 5 Birhifet nith, and the
overl &t Babind % @\g:rl'aﬁpéﬂ % BV @Bal@% Bgtang p4RBLE Gxefno{hat is less

resisting novenent of e suture, en I'n tissue,
than téﬁbelpbpmt,lmetlmfrt@:dwedappaddmrb he direction in Whl ch the
rein the arb are jn.a sta
a8 dR D A LB e Te SEbinan HsQaTeE fradaig L. wherein
the b&tbWBYER cVhf; *hrﬁhc?n%él&té@lf fr&ﬁech§ %Ecgi &Jnsi@ﬁl? Le 89'21% €t angle 6
to the barbed suture dianeter “of a bout 371 or |ess.
rangigfrgr, abAub kbdagreeatapout 375 dcgram: {ii)regbdrbi mmndapth aithmahtio of the

ti.s in,conbination with a i cal_ _nee ai.d
barb i 3BB tok SRR Fetrfhs Mg e e PlosT6 rheep St lifina barb cut
lengtl$ Wil £ 8dtioNGre@E Sarb YWHGERIA té AR Sithr BaROBPFInSRS ﬁom about 0.2 to
plurality of barbs projecting from an eIongat@

aboutr?a\magl R\ diownE3en 3 m@r/o gz0e8) 080éisBNCe ®1th‘c|susnre diameter

n a ch. ba facin
s omBeBSE81% 80 o9 3551 4 Bl FSPUPTD TR b e
(vii) afledshievcssetisfeharbs\eith bathtseShdleng & BarBliZRRB@&AE rom the barb size of
irectign fromthe direction 1n which the barb faces,

the othersebiaRd (i) epqpbBationg thegeof. twi st cut nul ti pl e spiral
dipgpoght 'B%Poe@n%:tﬁlléeands Eﬁﬂgfcgl hasué C%Hftbfr%t_lbltl yac@cﬂ‘gln% ?0 . glaim 23,

rangi ng from about 5 degfees to abo degr ees,
wheraiih Eheebarb Guttahgle Sunnges dormatelk @45 dsgreesdo abmitar3 e gr’eesa '
2% Hﬁpeurglcal needl e di anmeter to the barbed
a iDg sutge apgdospreigal) negdle cembimtion aceprdizadto claim 24,

where?rﬁrlr'%rb%ral{ 8{; ﬁﬁ%@{éﬁrﬁg ded Qrow:ciﬂgoglt ?50 8%9& to taBGQ‘ lﬁ%e?{g‘?s  on
C@ﬁpr The ﬂgrl&dbatttlireChrﬁlumtgﬁalahé@ﬁél edmbﬁlaﬁofé el to claim 23,
Whereln ﬁie ratio of the barb cut depth to the suture diameter ranges from about 0.1 to about
0.55.
27. The barbed suture and surgical needle combination according to claim 26,
wherein the ratio of the barb cut depth to the suture diameter ranges from about 0.2 to about

0.5.
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wherein the suture conprises a plurality of barbs

projecting froman elongated body having a 10 first
wenad/ozn7second end, and a di aneter, each barb PEURZ3/MB0666

a direction and being adapted for resisting novenent

of the suture, when in tissue, in an opposite

direction fromthe directiof0- in which the barb faces,

wherein the barbs are in an overlapping disposition

sish (That barioed auturel e tuttgival adpdle edBARRDE, aRBRIIRE S Glaim 23,

an over.l appi barhh and one bei ng an overl apped barb,
whergip ghe tatip |°§8&q?%gb B%&HB“&%%@O thg Saﬁ%g@m@@r Eges Er@m about 0.4 to about
1.7. overl apped barb has a topside where part of the 15

undersi de of the overlapping barb is derived from part
of2% hdhe dpsbhadeswiret frel swgidahmpedle kambinatian cacob@il Fo claim 28,

. sur.gi cgl ,needl e has a dianmeter with a ratio of the
Whef"éﬂ 12l of e b cht dpRECi 10 1 sUFredigmeise ngas frem about 0.8 to about
1.5. dianeter of about 3:1 or less. 36. A barbed suture for

connecting human or aninmal tissue in combination with

a 30surdg§e durbedesitiine, ansh st givalrinkertie icombimuipn i ®cowding to claim 23,
wherdRARE R HHE ol R Elpt R BR8P e aRisparibam about 05 o
aboutphe®j ecting from an el ongated body having a first end,

a second end, and a dianmeter, each barb facing in a

dictediif BArbash sutps; ang suigigsl aerdiagombinatiostaceedingve otaith 36f

. . i o ti ' n,.opposite directio
e STl Bl Echin Ly ERIER G HRERTT o sou
3.5. the barbs are in a staggered di sposition, and wherein

t urgical needle has a diameter with a ratio of
t HZ éﬁ‘?aé‘?e@aﬁUt% ICeNRFCHAS hemag gr ypimahiisspein enpmbinasion2wth a

surgicdll Ad¥Rlee Eai@f:orﬁpiﬁﬂﬁor?’é(ﬂnﬁ{sir{geas%rbed suture attached to a surgical needle,
wherein the suture comprises a plurality of barbs projecting from an elon gated body having a
first end, a second end. and a diameter, 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 barbed suture and the surgical needle have an attachment
selected from the group consisting of swaging, channel wrapping, heat shrinking, and eyelet
threading, and wherein the surgical needle has a diameter with a ratio of the surgical needle
diameter to the barbed suture diameter of about 3:1 or less.

33. A barbed suture for connecting human or animal tissue in combination with a
surgical needle, said combination comprising a barbed suture attached to a surgical needle,
wherein the suture comprises a plurality of barbs projecting from an elongated body having a
first end, a second end, and a diameter, 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 are in a staggered disposition, and wherein the
surgical needle has a diameter with a ratio of the surgical needle diameter to the barbed suture
diameter of about 3:1 or less.

34. A barbed suture for connecting human or animal tissue in combination with a
surgical needle, said combination comprising a barbed suture attached to a surgical needle,

wherein the suture comprises a plurality of barbs projectin g from an elongated body having a
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first end, a second end, and a diameter, 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 are in a twist cut multiple spiral disposition and the
suture has a spirality angle o ranging from about 5 degrees to about 25 degrees, and wherein
the surgical needle has a diameter with a ratio of the surgical needle diameter to the barbed
suture diameter of about 3:1 or less.

35. A barbed suture for connecting human or animal tissue in combination with a
surgical needle, said combination comprising a barbed suture attached to a surgical needle,
wherein the suture comprises a plurality of barbs projecting from an elongated body having a
first end, a second end, and a diameter, each barb facing in a direction and bein g 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 are in an overlapping disposition such that for at
least two adjacent barbs, one being an overlapping barb and one being an overlapped barb,
the overlapping barb has an underside and the overlapped barb has a topside where part of the
underside of the overlapping barb is derived from part of the topside of the overlapped barb,
and wherein the surgical needle has a diameter with a ratio of the surgical needle diameter to
the barbed suture diameter of about 3:1 or less.

36. A barbed suture for connecting human or animal tissue in combination with a
surgical needle, said combination comprising a barbed suture attached to a surgical needle,
wherein the suture comprises a plurality of barbs projecting from an elongated body having a
first end, a second end, and a diameter, 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 are in a staggered disposition, and wherein the
surgical needle has a diameter with a ratio of the surgical needle diameter to the barbed suture

diameter of about 3:1 or less.



