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-1- BARBEDSUTURES TECHNI CAL FI ELD This invention
relates, 'i-n general, to a barbed suture useful for
connecting bodily 5 tissue in various surgica
contexts, and nore particularly, to the optim zation
of the disposition and/or_gonfiguration of the barbs
on such barbed sutures. BACKGROUND CF THE | NVENTI ON
Various surgi cal net BARBEMSUTLRIS sut ures have been
used in the past for closing or 10 binding together
wounds in human or animal tissue, such as skin,
nuscles t endons, inTECﬁHﬂIMﬂUEHﬂSD nerves, bl ood

el.s, and the like. ci fical t he surge
oy hdaves el el RSO (LA RN
nssﬁiﬂﬁ vaidus Sfglcaldohiek®, dndedpaaculhs, & heBinization of the
. monofilanment_or can_be. a nmulti-filanment) to pierce

dispojtion andéqy é"%ﬁ&“éﬁ“—‘:‘?ﬁ?%ﬁhﬁ beyhs Bhish baed st@es- of t he wound
and thus sew the wound cl osed. Wether the wound is
acci dental or surgical, Io%g stitching i s the nethod
15 often used,B nds. The

SURGHGER sufgs }necthbés & ﬁfﬁ%ﬁ%%a@@ @eénhﬁeaelﬂ%?e pa@ﬂcfo; Q8sing or
suture are tied, typically wth [east th

bindingtopeibad wonndsis huwarf esraninaal Kiswe, suplsaa séﬂmxmursclcksnmﬁpns internal
orga‘?xg qﬁ:ﬁ)gg 'b%ﬁlvescsws '“E{ilﬁﬁleqﬁ@ Rﬁm? %e&?faalﬁp ﬁl%rSQ@PLnernWﬁsg s@llglcal ‘

ene
needi@mtb Al amﬁch@mmnmuoﬂal buturea(bfbmh batbbeea smctoér mahofgarpdnt arscan be

a mlglrl)fﬁzgnén? tgﬁ Ci:gce%) e dltefha g:bs? gp '5%“’5% aces of ltlr%c Ol{nﬁ %ﬁd ﬁ'ilus sew

ners
the wmmde:ﬂrtsed) n W}tethebfhel “&uﬁdus @scidantal ohsxﬁgneal geqestmihhqg 1.ﬂ1et1ﬂeﬂ10d

o 3o B e LS e SR e S L o
of ﬂmnmmtre G680 kypidatly R at 18adp &ﬁ&b&ﬁeﬁuhw theows6 Fergeskmn

body that, has one or ac barb
Tﬁg @e‘tﬂ’ PSFRORY SBYERS cape o “é’?’gﬂb"‘%? H&Ewh a8
sﬂk,'r@ﬂﬂt ﬁbl{)e-Efée PRAPRPYRAE or SdtioRNEREn b oBbib AWkoRABR I RerRf such as
suture in one di.rection through ti ssue but

glycP’é%ﬁ'%‘i PAIYMeRs fcheoRplyBIers o dacke Adie gokymersand Fopofymeers.
opRfek e tﬂercmemence;m baﬂn@@sdﬁ?deé" bR ga&m} ofdfs DR

sutures has been the provision of a non-
mategialsas gorventionabautesn v offisree usteys edvantaghs cmtclosm\;@mdﬁ

Wlth%n#e%ﬁsﬁa? gut llek kﬁ béBEY ﬁﬁ%rg ?Eﬂlélesséﬂ éﬂ)@?ﬁted lbbgjg that has one or énore

conventlpna suture, sut ur e I nsert
spacethbarbg, whenherojedt lﬁgmethsbn@ soefhceradmig] the bdécyﬂengﬂs tTom barbs are

s AN PheslRot ol Sl by o e AR ER o e e

movement oh tie barbed siyturp du the oppaiteldisdréion- Ehigedie mapsddvameape of barbed

suta2 G e SR iSRS Aot S CReaaY - Baed g ey

have th bo badttell] I@uenventi@ABsuhire € Atik®N cordvehitiongSsutiis avabed®Ridire

in.the opposite directio Sutures with barbs di sposed
- mayjbg l‘Ee‘B?dIE{%rt@E‘{el“é’ﬁ‘ﬁla s%‘éﬂ‘&f@ﬁ’@ﬂt al so cal | ed

dopsY ifsticBR0LS. Pdknd N8 S3,189,7 735 QAo ebbribes BAdiGHateMNBord for
5, 931, 855 to-Buncke and U.S. Patent No. 6,241,747 to

_sewing human flesh; where the cord has a body portion and sharp-edged, resilient barbs

projecting from the body at acute angles relative to the body. The barbed suture can be
passed through tissue in one direction, but resists movement in the opposite direction.

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

sutares, are shown in U.S. Patent No. 5,931,855 to Buncke and U.S. Patent No. 6,241,747 to
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Ruff. More particularly, the suture has barbs facing
toward one end of the suture for about half the
suture length and barbs facing in the opposite
direction toward the other end of the suture for the
other half of the suture | ength. This arrangenent
allows the barbs to nove it the sane direction as

Ruffe Mdte pESPAGIY, iR sttitd a8 bBfaMgitd\eAd bRLendiif thetsherd for siout
and second sides of a 5 wound.. Such_bi-directiona

half thesplae lsngth pedsbarsifacing ity ppagisditpglianyjowssl thagther prgj of the

sutufe! 1854 B StheVRINF SheMutul 1BAIGE'S TRI:QRAneheACARKE iedarbsidiinove in
al so obviate the need to secure suture ends together

the saing idirketion t2e each eespestivifutyrp erd is dnsested interthpRmhand sprand sidgs of 2

X e _
oo S RS AR s RLEGAR oy b a0
woufidsomit REIEL RN ©62Bation (buf plehbhidie the asedADSGUIGIBESeNsH

ept er 2000), priority to RU 99103732 (March 3,
togc%ﬁg\ﬁ, vﬂ?eglv%oogﬁows coni cal barbs arranged sequentially

al ofithtéree id Bgican BibliahddRaead Applitatior Neri, 653,845 Ad to

suiapi oR MRS, urf P Ghadiz, . RODER BobiTRAH ROgo/td

(publikiEdss WE 0081 63bnWeppRbars, 20008 (pridfity toRAF 803732 (MaSch 3,

. Patent No. 5,342,376 to Ruff. Thi atent sh an

199wtk sty comod Sonvt arged Snaengially ioREtE Rpgied AatyEfeng

orieftad RO pbiite @ MAT of i thitedd RnsioN)RHiththe diandensareen barbs
devi ce has a tubular hody for receiving a barbed

being ot e thapled et e hEgad delFrhas a handle to

f agiidol dr ReGe T BUP AL V0. §844 36 18 RUHT Thiddpateheshows @ediertion
The i nsertion device is recomrended for use wth

a .
deviprthpieg uslitl fpreponitienis ¢ hrbed Autre InyBRaritp fofet WRiin 8¢ trisgftion
devik lé%l&%?)@ffoﬁ' %Eipﬁﬁﬁ bSu Gfthre OdPPIOABIY alsB hhd¥ehandle to

irection o nsertio ch sutures with barbs

facilgpip owinipylatine oPbe dévieedwitrsuegeon.nThy inpastiordexics issgcogpasiied

for uistg ?vétﬁtg%g%b%ﬂ sRHL:fe:wh-gQ%hedgu% ﬁé{ﬁ&ﬁ ﬁeigé in &e.d@lﬁﬁlﬁfé& ﬁar@@ﬂcing a

ications nmentio ere”are | ncorporated
dirediionroppesee nctbe dirstion pivesettionf Soelr Hurpwith barhoempbsingthent |
._dependi ng on t.he barh ¢ d , reduces the straight
dﬂ&%ﬁﬁFEPEﬂ@?Pgﬁ SPé‘BFH“S?#%8%$ﬁ2 effective suture
di Fhedetlodusesde all paardandjamayeiplicatidhs mbxeioned berghre ipoiporated
tensile strength of a barbed suture should be conpared
by 1¢f8fei¢% ni ni mum knot pul | strength of a conventiona

S UEb&fagarﬁéht BPtanidaGdndnutilaiRt, Hependia bl tie Gerbwiut depthh eeduces
Unite St at es Pharmacopoei a since fail urg of

the stigighepnl] tspsale senetfy snce thgritertiveayre amgeteqds deqreaged, fowever,

the t?lﬂ?ttens'i‘le WrtHgf P altafed Rithle sheil® bé Sonfifakete tHe)miatRuH Enot
nos requently at the knot due to__increased | oca

pull sirengdsof a3pnventigRal pyfire & perebasadisuiurl i accgidanceyihe United

bdeid i ibiPs1 GRS Btich NoAE Yd Bilcol&d and
s i eghbal in LR FRRBI GBS Al AL K B o
mustmeetiagriginym keot ipult tensilistrergtieoccure mestfraguentiyat th knot due to

. _spati al, arrangenent of the barbs. This should not only
mcr%a%‘%&afr?gaésﬁﬁ% tensile strength of a barbed suture, but

al Fo optimisedheepeifameance dfe Wabiedistipreoit ivadyanrthgedusiotconsder n
varylinn?gl tﬁtla Qg‘b geomeiry (barb cut angle, barb cut depth, barb cut length, barb cut distance,

~ etc.) and/or the spatial arrangement of the barbs. This should not only enhance the tensile

strength of a barbed suture, but also should enhance the ability of a barbed suture in holding

~ and maintainin g wound edges together. Unlike conventional sutures, which place tensions
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and mai ntai ni ng wound edges together. Unlike
conventional sutures, which place tensions -3
directly at the knots, barbed sutures can spread out
the tension along the escarped suture Iength, often
evenly along the length. Optgnm zing the disposition
and/ or the configuration of the bar bs shoul d

diteody ef th¢ ndiy) birbal sutunesicen sgreddet ekftasion wong e estfarﬂ!ekieuture

ne ar bed. syt ur .0 d| tre
tefiih ieh R i feleRarn PSliizf e dnemibon Rad i b8 hion of
the 8988 shouldth@etfort fulier rferdagd the etidotivénésgmies detd irbddgature in
ronnt|ngBmound heallgg]H Al.so, such neM/bgﬁbed suture

maHBARE hp Brldee fmgth and Suimigng fhe ganforRatgh g theyeund edges.
TheSBRdr Wpar@dut RNy ibeicficil ﬁn&?fcﬁﬂdﬁﬁ g Qbudd Ikslg;. and help to

mnimze scarring, due to the self-retalnin benefits

i npahls®gughyneprhartsd swures hould rpprasipase iesue guickly with apriopiate
teRIRE GliA iy didBRioH of | hé%ue SHé E&E bPRinIRE Soaffidl &Ueztakﬂe%@lf%tammg

scarrlng 'S |npera Ive, SucC as cosnetic surgery,
bepefits imparted by ﬁleshaxbgei‘heelsevv\bﬁebe@l syiyeas evquhi hejeppactdfy ugqf'elhn

su?%{}gﬂ#ﬁ%% ﬁlﬁnzsclg&ggf %mﬂpﬁmlﬁlﬁﬁﬁﬁ’\;egﬁfcﬂ as c&%¥%&? d.,;f el as

ccordi ngly, esent | nvention pr
inguigeri¢sevhesa ipaceds fimited; ownhes Bndugcctpmrgeqr Or IEinTOswIZery.
ti ssue. The barbed suture conprises an el ongated body
having a first end and a 15 second end. The barbed

sut ur e further csmmmw EFbI‘HEc’lNWENlHt)I\bar bs

pr oj 10 romthe. body. Ea ar.b ted f

R R N G R CREN b S R
m%ma:ﬂsme Mhe bﬁﬁe@uﬁ@@édnﬁphgéhgltegd@aiﬁ@ peB/ Haelgg r.':lg‘ﬂ‘sdtteh@ and a

irecti n i C t bar ac ar hed. sut ur

SePQTIckREr %E%%?ﬁ@&%mt HERs sPBE e A f%ht%%fﬁ@éta DERISRE Tt
bddf. Bach Iﬁﬂpﬁlaﬂép@dﬂ o edn@blirRthe bArSdd satusd ©GEast Bdvement, when in

di sposition, twi st cut nmultiple spiral dlsp05|t|on

tisgye, HWEF Hiagssion &a@e oweﬁeﬁpm.tbﬁ@mauqndﬂ dbishdhat bard fagesy, The

: ba?tfcdc'sgﬂﬁt% MRhreBRphidae IR Bhrbs E&lﬁg H360sed HPHEHEEY in a disposition selected

di sposition, the twist cut nultiple spiral
fron 8 s@searedisposifien. @rtwisheut myltinle snivel Fgpogitien sgiovedappinghe

S i i o B L B O 2 bed sutur e may
hav&oatthd staggered @sposmopouhmtwrst &ntdmaltr@@cm@l dispesiting, and/or the
ov@ﬂ%fp?ng& (Iﬂ?pogfﬁr 3 dgzirﬁshtgg%hlg tb@ﬁ'd%'hﬁr dgn%g%@l% my\ﬁ{ddsecrmd

he seco oftion

- ends.eAltanathglyt, Gwdatbed huﬂumemr’rt&veatdeas% ﬁrs; pontionm and a second portlon

Sk 2 o3 g@ E%E%Qd%tggp%%ﬁ%cg%q% g@ﬁgt LD ”“%}ﬁa QY 4€S5econd

‘p&ﬁmefacndg%mﬂmssdﬁh@em,conprl ses an el ongat ed body

havi first end . a second end. .The
ot 8, g it s o, R FRE IPYF o prgyides & barbed sutu for
coRhRIAE hinhigh driafiial tifiGe, RARYKS th&Eafkire Bahiprises arﬁél@:iga%d bb@y having a

enabllng the suture to resist novement, when t

firgt pngapd 7 secopd ¢nd. dhe sypare fargher WH}SF%EIP@HWH%‘F"F efowchng from

ﬂl@@(ﬂﬁls iHabh bdrOf® aﬁﬂﬁe&jﬂof &tbligfkhb E‘utrﬁ‘a 't&fésfsﬂﬁéveﬂ@ﬁp théi‘} fhe suture is

suture further conprlses bar bs aV|n
in @éwm ig thecdiretipngbat dconpasiferfom the @H@%IOB i whiaky fhat bﬂrb faces. The

su{ﬁ%‘ﬂﬁt@%ﬁ Jogng}g%% W%aﬁlgs[ilgvﬂ &9 rcglﬁigu%:agtof’i‘ D9tea ot §BEHRE5m gt o

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

depth to suture diameter ranging from about 0.05 to about 0.6, a barb cut length with a ratio
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depth to suture dianeter ranging fromabout 0.05 to
about 0.6, a barb cut length with a ratio -4- of cut
l ength to suture dianeter ranging fromabout 0.2 to
about 2, a barb cut distance with a ratio of cut
di stance to suture dianmeter.ganging fromabout 0.1 to
about 6, a corrugated underside, an arcuate base,

of varlyigtfgtosumwmmterwmgfam almut 0.8 er gofit 2, Edrrtt due distancstwith a

b
ro e o B o BB O P BRE 0¥ e
unddysidé, aﬁaﬂegebm \twymgmzas ATonib@htems thefeof. t he

i SRENE B ise? GpRlot R sol TP clhe By SR b has o

'sp@ﬂfﬁﬁaané%lfdngﬂ %emb@megfa‘es ioba@oﬁ@!i*&é%reéshe over | appi ng

IS created by a barb (i.e., the overlappi ng barb)
bei KeF ﬂ@c%eﬂﬁd’ﬂ%&]ﬂ@msﬁ@ﬂt §p§|lﬂ@ﬂbﬁha&ﬁbﬂﬁ'§fr twoy @fligesah parbs are

dispaded V&Herc ne ovBfag gﬁ‘er J)[?&pqgurpxg 0{5 e Harbs, the ©Ferla gpmg is
art of the topside o he 1 ppe barb’ becone

cregted tbyot betheli.on der sedepiins birk) bveg Iequmed gnioathp topsittd afcanother

adﬁ&nt& Sn a %ovérﬂgﬁgivﬁ&jofl%h% &H Sf? ét%afﬁ{‘ of ‘ﬂ{éhto%ﬁ? of the

cut et we e dverla

: OVMNCH}EFIEhfcmac@anmf tipennelbmside of thb bmlaplbmg babjandsb on. Thus with

t,l apped (o]0) whe r e
the, SROL ARNEIAAD IR R SRR oo B B8 Svpriristo B o the
ov&:rhpb&d bartt iney hﬁﬁﬂbrtemaﬂ tha iuld.cul lengh of bveﬂﬁp{ieﬁ &écond barb whereas,

o PR e S8 GRS LA AR BB e

combi Bl iafdthet éiboalirheht gtreqircsameﬂivamonk@bﬁd&m barbed suture for
conbi ngtl on conprises a_barbed suture attached t

conngriiec Mo 86 2BMat issus i, combipshon; Wil a surgical QP‘?"?“y Where the

colBinRfonRbApASEE 2 Marbkd Sl utfdhed @2 Rebibd dyediaVIHRGufird édnfrises a
end and a second end. Each barb is adapt ed for

Plugalisy, pf h"g’bﬂc projesting frame 33 ¢lengated bedy pdng 2 firemdiand a second end.
EadH b 8 aldspdd ol E%H fig the sBrube8 rédist ﬁl%‘iréxﬁ’é?lt PRh thSsuture is in tissue,

opposite fromthe rection in which that barb faces.
in-thp dirpciion ghapfs qppesiedropy thgidirastion de thish dhad batbefaceas o Thp eatio of the

' Urgi\d&lq{egt?.lg Hj%{ﬁ'éﬂe?fo tITHEt thife M retdrr Qgﬁi& isszgal)upi?'llo?ﬁs Suitably, any

e inventive
of e mmltb'e dvaltbed sutwras/ ddseritetl here sy be ettached o suegicah perdlee .
BRI EF DESCRI PTI ON,OF THE DRAW NGS FI GURE 1A is a side
view of one embodi nent of the present invention,
showi ng a ZBRBEFDES(}MPWI@N\MH'EHE‘H)MWSM in a

18 er.ed aci n E 1B is ect onal
o AR MRS of SRS e e g B bR 2
barbe%t sutdrd ﬁdREa:BAhtsﬁosad 51|m|2\dbg‘% ﬁzﬁgg&?@hhﬁfng?nbom msﬂt of
i nvention, show.n a_barbe uture that
W@%{S AReHongh o BlgblncchRsr paéesfg ?zari éeﬁmaggﬁlgew 14;
st FICRIL 5 RaGdidDiievr bfAd0kePSnblointens 6Cthé pRSnt iﬂv@ﬂﬁoﬂ' Qﬁamg
line 2B - 2B of the barbed suture in Figure
a bR yeferajia ig bidissciignal Wl berbs SiRpSPrD aéﬁﬁ%emﬁagwdtsmmg,
pr egemniRd Z_B/ﬁ'%tsb&ibnalsﬁ'&w’h!ﬂ linfs 2Rl ?gf b bitbEd Webid upﬁ
d| sposed in a 120 egree agger ed spaci ng; FlI GURE

Ghied: 3 Aoisa) sidei vaw of asathet ¢mphodi@nt of3Be presanh mvm;as!lowmg
a ba}H;dJsﬁﬁlré Rk b &sgﬁo‘ed in a 120 degree staggered spacing;

FIGURE 3B is a sectional view along line 3B — 3B of the barbed suture in Figure 3A;
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FIGURE 4A is a side view of another enbodi nent of the
present invention, showng a barbed suture that is
bi-directional with barbs disposed in a 120 degree
staggered spacing; FIGURE 4B is a sectional view al ong
line 4B - 4B of the barbed _suture in Figure 4A

FI GURE 5A is a side view of "anot her enbodi ment of the

Pr esIETURE AW &K dide ievs SO thgr erﬂboﬂ;rﬁlﬁt bﬁﬂe ﬁltﬂ:t;emt mvmttdn showing

bar bs di sposed in .a | ut. nu SP

A DUEBEITE 116115 Dfiesorignas Bih barhs istsr i 120 PBked pasasodispeeing
5B riciRi4B [shGehRntskve slbhE Bned 4B Em Bf @e DAbed ﬁit@eJREF@&re 44;
is a side view of another enbodi ment_ of the prese

i nVEBIRIURShIA isacsidervdew af gngtherembodimant of the prepent mventmn showing
a bQ(’chfjéu"n?Q Gl 'Bﬁllbf Ws%&ecpﬁra%mg btﬁlﬂﬂﬁtﬁﬂe gﬁkaﬁdﬂg%is ncut

e spira ISpOSItIOh IS a
s ecm 5K isevgectionalgriw ﬂenﬂ@e-sms%pf thabarbgd pavre iy Fighrs SA;

b ar Efcg}ﬂglﬁ ?% fsea sidel &‘éﬁgf a?ﬁgm r i :{én't 81”!?1: &&Eﬂﬁ rﬁk%n%ho@nng

a bakbspamee thianis bi-tidctionat with bredbs dlppcsetisqm artwist datspdtple spiral
I| e the barbed suture in Figure 6A, but illustrated -
R enl arged section; FIGURE 7B is the sectional
s i dBIGURFNCRS o de&:thﬁhlr\aévedohgﬂnﬁi @R+ 6B pfthe batbed stere dalFigneg 6A;

cu PSR P e D DR VR b

barks &¥pdRéd ﬁrmzlseéutmﬁuqm spal digfositibeliky the Bitbed sunea in Bigure 64,
rbed suture with barbs in a random

show n
bmdl‘%%@@ t“?‘i‘i‘rﬁ“?%eé@ﬁﬁm@ is a sectional side view of

anofeR RIETH RdhdRBtoraf sidd 8ew beFaftatddnN BRlukOTA, busfueastdrmd
a barbed suture having a barb with a corru atgﬁg?rgs

clamped iralian thadabs fo @eawrmn@fﬁﬁe FebAisfagee, bRwEdh
per FRARBIE ¥ & ARWIANOE ReheLRAIERDSS RE plebit RIVEREIA! showing a

i nventi on, shovm ng a barbed suture having a barb wth
barhed swture with biyks i a ERdCDRESISBONs a sectional top pl an

Vi e RIRE 9 LAURAH FdilPof ol'ﬁh lﬁ)dingﬁt of t'ﬁc@éﬁﬁlt ifention,

IS a cross-sectional view a ong I ne
shd«:wggm barliﬁauturﬂﬁn@la badDritlsa gorgigaisd msmtaieé waflersifiesy

I

SechiEnmE 12 oo spoabsFh L affhereiteiirof de b
mvﬁﬁt&memovmrg\esfatbedmutunﬂhmwg abad vbﬂrdn@dct@t@thasfe wi t h barbs

of izes 12A i S

peré@gﬁ]w Fit 9&"8?31%%05%?"6‘5 818 Wf@ﬁé suq?r% {hEESeA00,

i nvmtrﬂI izcmmcsig@mgsambmu bl;dz mgéuirg 104 1 00 zof Fgure1GB)

over in i sposi tion; er.spec e

B8 N e s orecoral Vv e QDAL ST R S0
S Ut BIRURB P Rfa sEhidMAIRidb Adw ﬁiaﬁsiﬁ’& elabofinicht 6f the fidsent Eiwention,
of the gqort ion of barbs of Figure 12B; FIGURE 12D is

shogving ajbarbedsiugt Witk bpefl VADOYS.SIESD of Figure 12C; and
- F \%ﬁ\ 1s]a3s§ctlo%§l%ers§&ﬁ|wé Jewdranb i lehiDedinteut 6 tRpresent
nee ere a barb

invention, showmg a barbed suture w1th barbs in an overlapping disposition;

FIGURE 12B is a perspective view of a portion of the ovetlapping barbs of the suture

- of Figure 12A;

FIGURE 12 C is a plan view of the portion of barbs of Figure 12B;
FIGURE 12D is a side view along line 12D ~ 12D of Figure 12C; and
FIGURES 134, 13B, 13C, and 13D show various surgical needles, where a barbed

suture is attached to each surgical needie.
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suture is attached to each surgical needle. -6
DESCRI PTI ON As used here, the term "wound" neans a
surgical incision, cut, laceration, severed tissue or
accidental wound in human or ani mal skin or other
human or animal bodily tissyge, or other condition in
a human or ani mal where suturing, stapling, or the use
of anot her tissue 5 cORMRIPAFONevi ce may be

f eq% gseg here e Ot W Sr?d”l?l?etags P %urglc"%lefncmon LESH crat.lon, severed

i nc 'S no ssues sUc
tlssak Dmccjfdarttal »frcamd irahunirarce ammalssidueor athayanman nemmd bomly tissue,
b] ood vessel or fibr ues h as tend ns..or
or Qlpe St g of anifl et RTgE) Seie: By Pqgjhg tissue

corgeﬂﬁtgatbhyemﬁﬁbdltéqliredbut is not limted to,

nmppol yner s rs. (.suc as bl oc aft rangdom
Anc D B BAGRE p0| Grray dpdlodes w‘é-wg%@t tisutsapa
skif Tk, fk@x $Sna BehsdIB) dir%dn@ . 3eived) %r biasa 0&kkels, oy b RAE ARG, su&lh&
' tern1,"po| mer" shall include all p033|ble structures

tengqns O Hg ial. These structures include, but are
NotpbieBdrefle tem “pa%a@ tak Gsed B¥RYRL AT ;neludénﬁht tsaxtb@ aﬁatted to,
symetries. Althou he sutures are describ

homepolymsrs Cepol waere (3 M Fptt.trandog) m@tﬁltamammoepla@grs)
terpofynlidr® Bt celdie aﬁ?‘ﬁl‘éﬁcgsag& bficatioi éﬁk"i’é/? Puxﬁ%?m&ﬂertﬁyteﬁ’

Cross sectiona at cou | NCr ease the ace
“podpymesy” shall niqtmielalltpatsebh $Hmcfums mﬁtheomtqialt Heesh atrtb:glrescituﬂede, but

wre FPORFATG ARRL, «AIBRGR, Fbeal ) Winedl, | T el ped,

tr a@lﬂmgkd the suthmsrtam cﬂscnpembea@e in 2 prefeagd ambedisentfwithm circular
the e. u
crofRPerian-ihe byffies fatd 5% hate o A8H-BReufle ncithesBOA® spe thet ot
mct&Sﬂel’tlgb surfdéecacid 4nid facilithte chel fafma’tlbﬁ 98 tha®afbe c OtheNcrosyvactional
0SS se he filament w

shab g e kot st Vel SRR, pipoLiebed, apezoia

rhoﬁn&blﬁ,uﬁdnﬁh@on XY E fcruceising, LH e Hke! eS‘yﬁaﬂlbemﬁsJﬁ'E emintede
any desire Hence, t he

ong r secti onal
Polmwﬁ filpgnenithag pas t%gread Pieglrusign Pﬁt‘%ﬁé@d“fhcf‘ YT f1REs

seclidrd Qﬁi’tﬁﬁss ¢hel cBNg kdt (3B of hé ﬁtaﬁ{eﬁﬁ&m%wcﬁmv af REAE %esrs,suﬁt
mhet er the cross section is circular or sone other

durigg sy extrasieqy | Homgver, grtaysicmalios cpybe eystom madswith anysdepiggdegoss-
secﬁ’cﬁﬁﬂh'a d bel ow may range fromabout 0.001 nmto
about mm and of course, the dianmeter may be from
abdianc® fgTtemmi diametess as used here imintepded toamnan e tangvetse dength of

the Ezg» &?&‘r%. :*vdﬂu%y{]ofva— ﬁw{ﬁ%‘c@% segh%[:ﬁtcﬁéur%gtacﬁg&ft {a{ﬁ&@hape

s utSuteble diameters/foriibp Grvetivg sotres doeribbd lﬁdas,w nrras raxga ﬁbmut
he Ie h and/ or, depth f f he woun 0
00}Fm' G AL 1 31 5 oh &R, e raict R Op Som el G FPipab Bou
0.9 murmd froﬂlmliomthH)ﬂSIﬂﬁﬁ to abopi @& hons. UThe @pkﬂrcmﬁaerrrarggefrémabmut
0.0 glgﬂttp a%mg ﬂ{lgmg gvﬁengg of ?He sutnulr)c:zr cean Qrgrryt Ae%grlld%{gl 34: sfe\rré),rg factors

such as the length and/or depth of the wound to be closed, the type of tissue fo be joined, the

=

~location of the wound, and the like. Typical suture lengths range from about 1 ¢m to about

30 cm, more particularly from about 2 cm to about 22 cm.
The terms “staggered” and “staggering” as used here in relation to the disposition of
barbs on a suture are intended to mean that the suture has at least two sets of barbs that are

offset with respect o each other, where the first set is aligned longitudinally on the suture and
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The ternms "staggered” and "staggering" as used here in
relation to the disposition of barbs on a suture are
intended to nean that the suture has at |east two sets
of barbs that are offset with respect to each other,
where the first set is aligp?g | ongi tudinally on the
suture and -7- the second set is aligned
tht eend S;dis rzllﬂkrlekl l@{gltgdiﬁalmuhesuuh’gtbuaa plagengerpendicular to the suture
perpendi cular to the suture . and cutti transve
anfiﬁp%la@ Frepswersdy; thapugh P ot eiCBERFHE SRR B %fsfﬁ%‘?l(fﬁt set
wi‘ilfnoE ﬁﬁ:r:fcbtrtﬁé bax8 bt a Wirb bf he kedod &3t.5 ect the base of a
bar b the second set. The barbs_ project from.the

ext &hre @Ffbé moseat;f@laﬁhetq&@n@m“aﬁa@e of b /subire Bpdveas Wikieh the baybs are

_dxﬁﬁro@ed. %e E BR8N 5t &,Qsarbws%aﬁ@ @ax%E‘Qf &iﬁ’@reﬁ’tfsmes

t ur e parbs of different sizes
m@nl;ﬂ @Mﬁdl In geoensh, lreer barbe ate inse piteble éormg%ﬁt%twe% of
r e P85 uf

ispft syt W it b PR oft o Ep e BB fore suitable for
jolnanglashen typenaitssysuchbs eollagen depss tissweg ot her t ypes of

tISS

par Bt Bart SRR T Fade R o HALEA, B8
mal&@boimmoﬂ:ﬂ lmlsumgasc Any paticadmadhotenoyataial for ds. batkm;l suture

artic rial.for the barbed suture

degg}ﬁléﬂ’d& c?h'f’thl?ll?emﬁh gﬁ)&fetﬁ TECPY i bi ity requirenents.

Mor evisip esicificaldy, bﬁbecbﬁitﬁ&ﬁnﬁ%dﬂoﬁﬁedwn b®iokabstrbablé marrial that -

bi o- absor babl e pater. al Iom& the suture t
aligys the futuzg g degfade 8 o B B R i D otegh he wound
hehls S Geferaly, bidtab¥ababie mitedd1s are peyReat | aid d&peﬁdxag 6@ tHepakular

materi als are polyneric, and dependi

bl selenteth eSO AvE Ae in Bectnd crhge e St T Bigniitagver 24

mérihd me\ﬁ@é%l’dn& Aefeablt hﬁf@rﬁi&%ﬂhﬂatm&césgt%ém&ﬂng the sutures

nmont hs. The use of bi o-absorbable material’s elim nates
framythepatiendsi ty of renoving the sutures fromthe

pat ix&%u D! abs%gﬁbi%'p‘agﬁf&@ma@ Bull X&%ﬁﬁtcﬂ%#}%&ox@%ﬁe

are not I mte I OXanone, po y act
pohydacyige.\polyiglydelideppsil yoepiotastonc tand eopalyTtEre tipespt rGaneneycially

avstiﬁ%ie Oﬁ?(fam Wfé)dﬁgg%ne é%ﬁs@ﬂ&aﬂ Y2 a éﬁ%ﬁg%rgs%d %g gﬂgglon for

se]ﬁh b lsmgmaifsutures:h lcbpaigmaf ghmw b7 % ¢l yeobde) and abpo By Fdrimethylene
bout . 67% ql i de and about 33% trinet hyl ene
ot ol R RN SRR Pt o et L os gosgis!
sul‘ﬁ?@§ |aﬁ@80[ﬁ&5%ib’!\6f §boh075% lﬁwand 8btuti2 3% LaprélBélone (sold as
nmer of about 75% RI ycol i de and about 25%

He@ow@ade@axkaeagere (& Johngoncfpryinesaed suture:
8 BT 5SS 5001548
oflapldicamm babl e materials are useful in a w de range

Por AfioRa), BhBe SRMH AN it RS ford HicfiiSle BNCdE which

a non-a sor
mgydeyanprilymesu Shchpmil yrars mclude, lbudee nbulimitedeo, rpotyptapmene qbolyarmde

RO TR AN TR .

- PEID oty étaifiaeroblyRn@@uch as expanded polytetrafluoroethylene, abbreviated here as
ePTFE and sold by Gore as GOR-TEX®), polyether-ester (such as polybutester, which is the
.condensation polymerization of dimethyl terephthlate, polytetramethylehe ether glycol, and

1,4-butanediol, and which is marketed by Davis & Geck and by U.S. Surgical, companies
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30 PET), polytetrafluoroethylene (such as expanded
- pol ytetrafl uoroet hyl ene, abbreviated here as ePTFE
and sold by Gore as GOR-TEX(r)), polyether-ester (such
as pol ybutester, which is the condensation
pol ynmeri zation of dinethyl gerephthlate,
pol yt etranet hyl ene ether glycol, and 1, 4-butanedi ol,
owadtithyWhice, luntls tiradaket OV AFIBwWischSis @eﬂﬂ'enamldrdggstetd:d% American

CREAHPE 18 THPER. PPl P AT A R g spismoable Tateril

maﬁﬁ@fnbﬁ?@ g., N8t al16¥s, Hatidl Gk (Seilsik &iton, @F cetera), and the like.
]ﬁurethane AIternatlveIé t he non- absor babl e

pst of the harpedhuityray discussed Gelow aredesqgribed ag léqvm@qle(y'};glds being
pmﬁ‘l@vﬁ M Plorhddf ' ndaferd] suffidibifly sl Albw B pféﬁ:ﬁr? thiue. 3G the

[ ke. Mdst of the barbed sutures di scuss bel ow are

congrsapigtedibief taesendaof thebarhed sutuserdasireimpyise Ssysgiral neadllea doy this
cmﬂé?ﬁrﬁ&g tf?ef bﬁbe'&%ﬁ 1@'&1I \Yg:lffblcdtﬁmnlléﬁt $h hfafﬁ b? Qwﬁé,lhé;\ﬁh 951

piercing tissue. contenp ate
wraphisg Heatsbdnlgug, or ewlatthyeaingio thesurgioglmegdle &r insegivh énto l:wsue-

S TV L S A A

atta
the ngtate esth initonthe aggxcaimeegle helt thabisdagitndindlly didpesegat gieeall of the

sur%e\ﬁdl ebe (10 agn %rhtagg}?fi’ %ﬂi}ﬁ(ﬁ%ﬁ%h{dﬁﬁrlg %@ﬁn@tmgxf the needie),

follawedamaéﬁrﬁﬁi@ihb jeshlemefiiounthe nadaldltm SUthat e samek is Sdonret hethe

needl. e hol e th is Io i nal di.s
surgiodl S Bt 8% Gty st SornORFeica feadlis enca 1R igat hote
in dnd 8nde€ Reatllirdk@le hdBOhba: Raat Shvudknifer Rt &6t thd sutui€in order
needl e), followed by crlnglngahhe resul tant abaqut the
to affachdhesutye b thesurgigd! npprlle. spgdivionally seme sirgigalinseqlgschave a

chafikH] B} €&llgh REGHEle8d, A8 tHeRBRkd is Rifd inthPirduph SfdRowd BOwrafiAEto
sur gi cal needl es with a | ongi t udi nal hole in one end

secyfp gherpature to e suraigsl aeedieh Syrzigehpeedlep with acorveptignal eyelekbtype of
hold RN diffosd VR oAb & th&u?énga? heeli do@lddliso@E MsddDut are not

suture to the surgical needl®e. Additionally, sone
preferedyfos birberbsutiiress Hoathe presentfiztieniéan, part efitdjbcuationghpéoveregards
t I
sor 04 s S it ot Rl it ol BHORpIale Mo sl
nwﬁmDQNEGMnge@dkesmMmﬁhu&mmdnvent|onal eyelet type of

hol
nodPEh B ARt SRRAR-s BURRRE R s SR 500

- Borbﬂmbﬁﬁ Baxbmﬂ\&SS 08-'4:;061 oK qeiheff 0S. Patane Nol 5)]]02 4i8rtd Godngeree al.,

SPRRG: Bo it Eatbobral .S, S e Sietgs DRaesrg oL
U. soPaitaft NoUS, 7209 to @Hi’g@n af.S Apdiehe No g0 12286 k€ Estean e, and U.S.

Att achment of sutures and surgical needle
Patgng Nacd LA 4B 0 riorss & ol iy hod o5 ha P aleiee of s aigedies is

des&'ib@d i BisePdteio. $59898208 ikt KO rHubRdr it ishod tﬁ’ﬁ&&@hrgﬁ@l
102, 418 to Granger et al. U'S. Pat ent

nce@e 113 by ¢aatedpthecopiipaallewing|for the pegdle p the mvemve' wmbipetigy 1
7
surgicht ARt Srufty be et o S i Mhs fododifien AHE shiffca

needlp tvets 18f coakdt @he codting Gray 68 a palgmen f@EInstanes, agsilicahe regin coating.

T e )

effeButisklegrenetiation Blam atsmﬂdardﬁ silicdnived sarpigalaebdle valestribedimyU.BPatent

' t he co ng al lowing for the needle of the
No. SRER8 et |

'thﬂ
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surgi cal needl e/ barbed suture to be inserted into

tissue with less force than if the surgical 30 needle

were not coated. The coating may be a polynmer, for

i nstance, a silicone resin coating. For exanple, an

i nproved siliconized surgicgl needle that requires

significantly less force to effect tissue penetration

t hahe Barbd e ddpabed i vationd ﬂﬂﬂgﬁhﬂ’r@ wahe n@muf gheisgture. The barbs

SCri edanS Pat ent oGrawer £

masdhe musd Sopg Spisalabla s o ng ieap Pl PR ERTE el
lasef)And Bhe 1ikO dwlmeggkuaos:umug An gdieeal halaseritalreli of Glameelts are

usi ng any sui tabl e et hod, ncI ugpgjg i njection

purghaged; 37g | %ﬂ%ﬁi‘iﬂ?ﬁgﬂeﬁlﬁﬂ‘ﬁ"ﬁ'@e -and the Iike. Wth

I e Rk Slid (554 bd RBnual, BudBNGE Bhor iRLAIVERHdGot dbsEFEH !
filanments are purchased and then the barbs are cut

ontfovernaitable swing meeline is disqinseddn U3- Rgtenadprlisatinniganl No.
09/qAdbr33 H)%en'o%r &3P Oﬁssug;ﬁ@r? E)SQﬁﬁ Mdkal) %e@&@éﬂstej 1f Q(ﬁil' ﬂ’l@ dis@osure

very suitabl e cutting machine is disclosed in U
of “mhenmcotpmﬂecl by rafere®er | Such peutting gyaghige 32 plusality ﬁf)bladEé for

esca%aeft é?ﬁaiélggﬁfos éu?tngﬁia!lﬂeplvbvﬁ h@ﬁéal cuftdl%elﬂacﬁﬂﬁlféltm facturmg

osure cor por at ed
barbed be@nenatdizeSuciitiog oadt & vnsg onmathinore bivsls aﬁcpbhnsaandtsymeﬂimes a

temaﬁﬁ%gﬁgtﬂ{leotro%\ﬂ&e}ga%rgg nﬁﬂzt P{) e ﬁ)lgmg’?t i ﬁl‘ﬁgefior ﬁxlétb%g eld by the

machi manu ur ng
vise] Qitlhehe lraskvers diresion bf thiz bbﬂesagenmrhmjr dlgndserblm the lvans'ea,rseahectlon

or nore bl ade a SO
of e ik Saperind opies e » Fiiet Bk O spabed pitor &SHRehng |
ext&hﬁoﬁh%dtu&miadﬁelhtd by the vise, with the transverse
directi of the des ge i sposed in the
tr Shideies cav%aﬁ rawge? ‘ﬁ&%%g P BWRSTE!s dP9Engiqer
con%éi)oﬁdiﬁg & sihitkr lendeYits Yhrodtiond thy ssvBAC edwbahbsn MK pes ¢4 19:[131de
exterior of a suture filament. 15 Wth refere

wevnew aghed guiursrasGaTAGS to s @resent inventionrand gamesally dsignat at 1.

de g, GRAY Belu8QTdidhRes %J}Qz @bt i betaRly cHLAREAtoss section and that
t hroughout the several ‘views, shown in Figure | Ais a

termihates in erideby Brrd 4is llusteted inang eabedinshicis hging Fointd ferneadrting
t
ol UL AP Ul o SDHBR) gt ber U Bk o

msertmnanto sisug.eheotheaendl is heattshovn) dilsmseure ningndes plurgtityiol

o ] AR e 0

specifically, anially epmnm babs ‘Aars nadipllyatranged dbent (180 tegyém o dndr

NETEATENTE TE T R
set (gms 7 defuf2 aqmiriﬂ 1886 dubstantilif gclqﬂir&dwuth:tl?ablﬁeakﬁgndgiy sgcond

i sposition ifi.c i aced,barbs
set of baﬁ%é%aaercarwear Mﬁ@f@i‘? éﬂﬁiﬂ sbsean e@v@éé i3 Plafig due to the

mdlgtlag bdnéespect to axially spaced bar bs 9, with
bar bs 9 facing pointed end 4. First 25 set of bar bs

7 FigorenB, yhishdna croswtectionakvigw plong fine 15 ~JRAtsusre Lindigure
14, ke aéa@l%n&?rﬁie g&kb W‘ﬁe radfedl 186 dé@éebﬁrag%en%ﬂof barbs 7

consequeéntly, define substanti al he sane
withomepegtite basbeidieAs alse pan bersafm fxom fwmb@ﬁ@%ﬂ%&%@ that first
barb 7 of barbs 7 is closer to pomted end 4 (not shown in Figure 1B), and thus, seems to be
larger than faxthcr away first barb 9 of barbs 9, due to the staggering. A transverse plane that
is perpendicular fo suture body 2 and that intersects the base of one barb 7 of barbs.7 does not

intersect the base of any barb 9 of barbs 9.
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Figure 1B, which is a cross sectional view along |ine
1B -1B of suture 1 in Figure 1A nore clearly
illustrates angle X, nanely the radial 180 degree
arrangenment of barbs 7 30 W|th respect to barbs 9. As
al so can be seen from Fi gurE the stippling
illustrates that first barb 7 of barbs 7 is closer to
po |Sntue@|1 mnpl bém(mmmtlsmmmmg madhirguhe pﬂrﬁ)lg:esa\ndsdtsmfibarbs 7, 9,

n farther a‘“’aﬁnsge@?%tagg‘{‘ 919 e

desdribad in thSatRes-pead Sl No. 1999043138 ke Gamsiy ePaland t hat
|ntersects t he base of one barb 7

f barb
i nEESeat bethe 7 purente by plgringang hol d&ff% fp ?]Qme?té S Vi3 and
thenSthe YERS blaly whE a PRAGe A 1 _/ﬁl‘# Itshlided iiS @B isitGretfl@hent at an

produces two sets of barbs usual | y one set at a

angl@ isptacted tq cepatetbarhy dpaintipg iy qnie&itre%‘fmrﬁ@wgé poipted end & 3gqondsset of
bartly @% Gihekd é'iﬂnlgf))g/ fte off& b DRSS 'ibrfghﬁdaﬂﬁ%l d?&a'&eetge staggenng)

Ser1 al 733 CGCenova et al rst set
appmanmlsrhal‘éofdhfelanmwdbayl cbﬂ@me etveen twodfdiarhg 7and eﬂwroeatmg the

sutu\% Iii]ﬁﬂgﬂtglr)%tg é%@%ﬁ@ﬁg gn 12ke éh&lli] ﬁ%gg@{?&l 5 %Ecoﬂltmo%t@ BG83 set of

ength tot suture

'Barbﬁ”?ltMamalratdyamt angl e sel ect ed to create barbs 7

ConhayT ByRg o8 sARE 10 Ry Bien PpBhfibe i b ot

mvehﬁcm didagkle sumngl, tewebphihhbd :s}atu(ré 130 xslbedirﬁ:tlbimi Snta@genmmgi)as

ctong8 B R e B CCr i St e P lon R 8 T g n

firstfahd _Etﬁiﬁﬂitfj poiiediéndd 84 lgff&fﬁé?&rdﬁﬁg hl%@ev lAﬁﬁa (IJt\A?dhEbmpﬁtcd hthat one
equi pped o acconnodate, firs arbs.7 that

or b%ﬁ@“‘gﬁp é‘%ﬂ?‘a&ﬂ“‘l’%ﬁ BTeicl ‘?F‘é}]ﬁ et E‘R‘“F’% QU dpsgitign o tissue.

Also)Bitele 10SnchitRé Marali8 dre sy Bhaced birBeL1 1N 8SIBNL0 artanY&ITh aoON
and is |ike suture 1, except that suture 10 is

staggred pirdieeticgakdispositienr e 10 i ncl udes el ongat ed body 12
{ Niiord 5,088 AhIIIE TS shBoSRE B falilly aleQOoR A 50

termnates’in first and second pointed ends

dcgrw gﬂﬂ@aﬁf’cﬁtagﬁérﬂ‘é withrespest to puighty ofjasielly spacqddbarbs 19, with barbs
R R
plurality of wiiakyspaced Pirbol 8 g taqluaélyla@angmdlabdésl 86 tegrees from and
stagée‘ ad;& él)/ %eg]pe%&% Ill?@{é? 3 of a 113%5%0&% g)artbggo ¥ {ﬂ{%ﬁq&' )i t‘fl'cing
pointedead 16 Gaxlahgtherpbuioa I(agpwxmhatdylﬂad dtherdipH o the bemgthd ofishituae 0.

FePl Bt JoCR e e g eSS TS Vi e s gotgpa by

secohd Edo of ﬂz&bs 19, o2& Rad fsult, 20 oft Barbsl 7, 18,19 Q0 Pefing katdtaatidliy ke

samae oo e (e oo 149 dppros afrapseypeat ol dits S8 bebS i 4wt

respé@dj@b&ﬁﬂﬂﬂf@ﬁﬁganjoout 180 degrees from and
staggered with respect to plurality of axially _space

- baFigure 2B is gicross seational vigw abong fige 2B o 2BRfishiEdl OdR Figies %r
mor@él@érﬂﬁﬂuﬁ‘ﬂﬁﬁg 23102 QB{n@PSI' | a8iay 1 FI%E Qﬁﬁné%ﬁl'eﬁt @ue e

of suture 10. First set of barbs

.stagmngr@std)am i bathad 7 isclosattopaimtedaand 4 € rstsm}m ﬁalﬁa FHeand

thus Aoy Fel MG raieriha? §59 DAyt 3G or BlutP 36 08 ok usudfla b/ e

stippling. A transverse plane that is perpendicular to suture body 12 and that 1ntersects the

- base of one barb 17 of barbs 17 does not intersect the base of any barb 19 of barbs 19.
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sanme one plane due to the radial 180 degree

arrangenent of first set of barbs 17, 18 with respect

to second set of barbs 19, 20. Figure 2B is a cross

sectional viewalong |line 2B - 2B of suture 10 in

Figure 2A, nore clearly iljjustrating angle X nanely

the radial 180 degree arrangenent. Due to the, 30
Likevmggeransigrse plans thabia porpgitiadar basuoge hadyi I anll @ idreects the

basB 8t e Rty tiior kot (o BBV Ak S ecPepet o2 parPial ps bt 2.
bardusurd 20 mag bé Madd widsthe simscuingt Mfchingtas fvdre Ngsuck\as the cutting
s SR e o il e B0 B Y e herona i g with e

ﬂﬂ&mm@&hﬂ%edgﬂawmmmﬁduersect the base of any barb 19 of
barbs 19. -11- Likewi se, a transverse plane that is

per9EHE st pbi-disgetiapal hagbsydd o3, afferdhrpuuse filameptdp glagqdand held
in the ¥ise, B8 BRAE spREEwARE ?rsﬂ-&:t@rgg &ﬁB@%t%%pgia%?gagEl half of the length of

i ntersect the base of any barb 2 0. Suture

the yuturgdanpcat iggerate tiaghs 1f fecingimene diractipgtomatdiointedendsldt diest,
the glgdc%moé&d 186 d;@éﬁlt:és kg Sha(t) gn‘fg !21:% ssgéﬁs%gée%z{gthb Bp%t%ﬁ% til.rt?ctlon and

above-noted Seria . nova
ovepthe sput half of theriengts Tl blades arg thincaligwed o splicedieto the other half of

o BBRSHbESE3h  5hlcs ELABE1 B0 B i o

oppbdite diection taveed pdismdendsid.i ce with a first cutting

acty ' apprexi nat el al.f of the |enqt f .the
CutiRE et e LRP RS PRl . ops Pundig el o valfr v
longifudiaeltdistanct bevevedh gpoiofibads. €7)dnd diso e xsiture filfgerd isadRkdabeut

rotated 180 degrees so that the re.now dj sposed i
180 CRREes PRI Yiee- APICBS TBIPPSR p pepmaeate Fral el v chaftrongiibarbs
17, 18whad eagtdady ddve Thinafte Secdh@sdt BEB-dfeb@Marbai 19020, @ 1
the length of the suture filanment

.the other half of . I
splig Y SV SLAANE “CAR i prBoK TONElY BRIE G ngitsd i FRBIRGo
creatd battR@0 f. fioh€dittichiSF iowaRt poped cha@l The fre BetidSaction is
Next, the blades are offset longitudinally (to Create

follqwed byrofafing the bipdes engitugiaalty 18P degrees sodhnytheti verngw disposed in

the SHpediRERcRALAE S'Fbrmé&m%t lﬁﬁropghejr%ar ARG e 32305 4L Bref UlIN& o

filament is rotated about 15 180 degrees on the vice,
splicgtinte jtha athes faif phibellength af Semniwcelileméntvdth assecondfeutting action to

e : ik g .
crealtafts O HAR R nclBpdhe Secbll bR plhBa P £ELY TUt- )

t hén 4 alideetivesgmhtiodinent (rlot shofvn) & bicditectiongl st A, therpartion of -

) ' alf.th enagt h, of the suytu fi.l amen

sutaftPRR Gl s 1 e B et B et il b f 4 T ion of
sutumoliOMiﬁdaa_dndSlﬁ) mgjlhlmvé ithalai facitty tdgf@d lptlﬁﬁtb? gad ﬁ' Wih tlesved

Ly rotat]n e es |lonqlt | nNal, egrees s
varigion ¢ Bl w AR B hser Bl ooy St g fpigion device, sich as
that stiowedh tRRbevetnd®AA. ST Pierit oL, 344 76 16 RuFfh @ ddRidaklly, it Tfoted

b#gdes g%ﬁ then allowed to splice into the other half
that, gk de¥ie PRrRTRY bt csparpedsiorthat dhers mavefwoortipng vdibberhyg facing

one €ildldnll B petGdil Wit bidbs REBRHR JBRE B, bOrwoAkiRhs With!bafbs facing
posite direction toward pointed end "14. In an

‘one %}%taéfi 49 Parionsryidcharhs fecingbe odromnd) ardap opi(nadshavan)i anddhus, if
_ . . _ t
a poﬁigi; Bf] BarBhs nbiT8ciROhb 5RlreRhd oWt ﬁxo%paaea}rf]% a?%%cgﬁ% %xén, e

ave them fating toward pointe

o barbﬁf&ﬁugqrgwo@ﬂ be inserted into tissue with an insertion device.

An advantage of a barbed suture having a radial 180 degree arrangerent with

staggering is that the 180 degree spacing is readily fabricated on relatively small diameter




- 10

15

25 suture 10 with barbs 18, 20 may have them facing
toward pointed end 14. Wththis. variation, the barbed
suture would be inserted into tissue with an insertion
devi ce, such as that shown in the above-noted U.S.
Patent No. 5,342,376 to Ruffs_ Additionally, it is
noted that, if desired, barbs may be escarped so that
filammigats endithy staggering ipprovésanshoving berframbesef Thus & thivruad deictate

: USS?Q %h%%%t aﬁt | Othr tc)%srxﬁgfebtiggtﬁégen %ﬁ gcgﬁ%seprgﬂgg g%rates

effqanvdamlxmnglphi‘foﬂmbs facing the other end, and so on
if . a portion of barbs is nat
Q\t‘ﬁ*an% B8t s 0 B o i aﬁ%ﬂﬂwﬂgwmem of a suture
acc&djn@ct@ﬂk prdstig Einvehﬁ&h aRBFReEI P ddsith el uthrd 0. | S1B0E BOH like

into tissue with an insertion device. An advant age of

sutyre |, shevurindigur bARGEM §rahthp sadiah Fraging ferayiuee30is AZh

instéhd JF 186 HEHER s RGhbwn FR@htukcne 180 degree spacing is
readily fabricated on relatively small dianeter -12-

f i IMapre Ressiculady, saresitipgedes n@ngwwﬁ 82 gt Is@enangly circular in
croRQEdiidh HRDGS: terkhites th Dot rég@ﬁmfog E&deﬁrﬁﬁ tishiieS Sﬁﬁg Soﬁ’ﬁ’gﬁﬁlgted

a smaller suture Is desira e stadgered
thatad B may peroprirg agergicahnaesdle (at Sleayt) vethahthh emtumgan be inserted into

tlss&e s &H&%ﬁ s-I;H)E )nR oé&nal:k fe %ncl %ﬁy bf clgsely

e ewal ano er ‘e a su
SPa@dd‘)@lrb@I Bh@7t 3 arrmgzed eatbattallifave énthe same taraduqemwaﬂll tointed end 34.

' Suture 30.is |like suture |
chgﬁ,gﬁm%ﬂ?pto?ﬂoﬁhi; eag‘ﬁkgse%ig%‘%“’i‘ 5?:“?“% radi al spacing for
s utAdsce addl spaa:eilbﬁkbsl af meeahallyrm’famd abdut 180 delegk Eom ad | S

sac R i s ey sty SaB e Bl pripied s 190

degtens ffrtém@ﬁ&st%ﬁeﬂ@ﬂﬁﬁﬁﬁ:eétﬂ@hxx?l@l'éﬂhdédb%s Bﬂl H@rhcgt@&]’-aé K1 aced
or ene sue t 1S conte ate t
‘a9 aa PSR E bOS 12 BEeieas o and aBaERsod iR CeSPRSHIRREY

spadell Bhrb DR &di4 HEElt 68We ﬂﬁla! MREdchRE abriH, mEhtSﬁféﬁset 6£TBBos 35 define
nd is not shown.) Additi onal suture 30

th
subsiarBe S HTy: P iyx 3 g oty oy
- one PlahélRAE Gird Qe T BhrbR bb défﬁﬁ%uﬂ)s gy s‘ﬁﬂ'gﬁoﬂ&r § Oar %glgxgéths

poi nted end 34. Hence, sition o
sutuge30 I barks 337 3% %@ngeshala Stassaszsl univdiredtion gl d2@ degrerr disposi§ion.

ar ﬁ:gEﬁCHBgﬂ 5&&9&‘? vRR g X ?P§e;%%§<§fggfuge%ﬂblﬁﬁgg}&e5sA and

st agger e respect to aXia
showwnémmanre@axtmlaam 3}1ng aagely tiEradiel l:mcalegxde grangsméntofibarbs 35

e SRR AL RSk B PLI A S

35. about 120 degrees from and staggered with respect to
axi,al spaced barbs 35. a_resu of the yadi al
126° Hie“é‘if%%“n@f e ﬁ@%ﬂ@?—? S5 b Sehersieene, i
closarubpsinnd el 34/(nbhhosRREFigoR IB),ANE thus, %@&ﬂﬂtoﬂﬁtlm?ér tIa fRSher
ﬁp%ﬁ@&f %ﬁb%;}a’ml al |y anot her same 20 one ane; and
away Hyst by g prth &7 ettt Aug qO;thf‘s&ttaaanng, is closer

- to paed &Y 345@6&!1@@1@ iPFigite 3BT, RHE thus, SEHMY 16 b@@arﬁ@%ag@if&?faﬁéer

é@ 39 arran in a staggered uni-directTonal
awaykirst bagb 3 %fd@é St39o s transyegeerplang hat i nerpepdiswlarte @umm’mriy 32.and

 that MiteRc@ bRMEsd dftfc BRb 35 &bs S0 fotdhetslet BleHAESorihy BRSY 37

_qf barbs 37. Likewise, a transverse plane that is perpendicular to suture body 32 and that
intersects the base of one barb 37 of barbs 37 does not intersect the base of any barb 39 of

- barbs 39. Similarly, a transverse plane that is perpendicular to suture body 32 and that
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- filagpng eﬁépt@ﬁ%ah@é 120 degrees og

shows with nore particularity angle Y, nanely the
radi al 120 degree arrangenent of barbs 35 wth
respect to barbs 37, barbs 37 with respect to barbs
39, and barbs 39 with respect to barbs 25 35. As
illustrated by the stippling._ first barb 35 of barbs
35, because of the staggering, is closer to pointed

' mtemcts thé baseadt ofid) basb 39 bf tarigiBoRicR)ot irdiskct thel base H€ erysbatto3 et

barhels0eT than farther away first barb 37 of barbs 37.
Em%lé first barb 37 of barbs 37, due to the

St &g@é 30 Ghay b malOSRH the bndtitig@ahcBIE addhn(rd 0f suSh@he éutting
ure 3B), and thus, seens to be | arger t han even

devick SR EPon thebg vt SeBl o 90/063 T Bhosiengus ot Al The cuttng
maélﬁr@'ia?’f((ﬁf 846 produdeM@be dck d? %5113@951 '3@%@[13&693( St st £ 20y in a

and that intersects the base of one barb 35 of
Sﬁ%@?@ﬁowﬂm‘ésﬁwﬁ%tersect the base of any barb 37

of H3f RBotthrbs!ssHEUbRG byFhldck BbitheR stk fiB@bntiPhe vise,
YRRy REfhef

per pen U ar to sutur I ntersects
followes tbratb@bl@dcsoafsr bavidg 18%n adjudtearibe p&?lefdwaediengﬂl,mplem@mto the

suﬂ{r@ﬁlaﬁ@ﬁteat Qxﬁ mf%y th?t‘siﬁgloge% 18 fcreat%%[x%? 85? §l al:ﬁ(lg Igtha same

ransver se 'S perpen
dire@tﬁmetn'datﬂhmmted:le&d%ntersects t he base of one barb 39 of

B Ty & T

of tmoﬁgi;lmdlnahdlﬁaﬂca betwken mmcdﬁ bards B$‘l eAlsol,tthe filgmetasfotated about 120

descrjbed in.the above-not ed /943, 733 t
oS S e T hich i e Ao 1 e SRt fis FLOTIBS It Pye aieeady
beexpm%amdnfsb@mdsatof b&bs Prik bRaid®in BlmildSmanasial | y one

N a

at a ered p i on al on suture
0 Lizivi, e By e Shoineo S TPar AT iio Goats 1o ciaagiriod
appfbﬂin‘iﬂté]ﬁ hﬁf &Hqéﬂgﬁu&hél ARAte Bewde 8wy bBBubs §505ﬂm%@§ﬁmre
the bla af ter havi ng] been ad usted to a

€] v&en\ghlp is¢quipped tg geqepnodate both
alrcﬁdy] c@FR&F se%f Bl ng aﬁ'&ﬁ% cnkt%e&:h@ 3810 bAbCIL BlofoRREREe 35

hat al are facin same 10 direction
lonaft@dsaaldnwmwfe@dwcsm ﬂﬂl@%tOf barh%%bis ateetsd iy esimilprgpanner.

lag %ggér?ﬁ }:111 X%cgrjf v@ﬁ%ﬁzseeséapﬁedﬂ %éutsltzg g%grees around
sutulmehng éa fltovmthg premm@a%andﬂomot bhaelap Mhehrmm ptheshartpt at ed

%Wh 1%%9?1109 ﬁl rgt}eﬁggr? 45%? u e% 1§V%\'lﬂltlr%t]r? aﬁlo&glué %gnaﬂn{)of the

acconmno aveé a
presbﬂélnventldm Sutde O &simia @cnsiltm'eBO ,@kcdpathbissuBife 4(is dat—émetcﬁdnal

bl ad '
sutugg 4€iuplofes oneliR R 47 B epaateeirgar i g srotip nd "
temﬂ;mwsellzﬁ ﬁigwhngi chndl p‘mm&m&lnhm? ﬁﬁ ﬂﬁlptﬁﬁﬁtradm%ﬁsl’@ﬁw aAlbgtiveen
- two. 0o ar ps SO e suture ilanent is
contegplated ghak Bmﬁrzbfiftﬁﬂﬁéﬁ‘f 48 &nay coppise, 4 suggical peedle (ngt shown) in
orde@ Menﬁﬁﬁkea it 8&aeMRAaE 90 ARihbr mélhaéqmamg bf élbareg,t spa@H bafbs

barbs 35 and al ready cut second set of barbs

47, 51900 Pl Seaeranged inyd stageered bi-Aigrrtpmah dispesiionot at i on,

th FBndab%Echaﬁf of R &k suftdA %hﬁgy dplced baioTla 3fe c&@g}?ﬁgenﬁaﬂy

20 Preferably, each successive Dba I's escarpe
arrawd.ab(p@ A2Q degnges from @gghggegedaw@uwgpect to axially spaced barbs 49,

which are radially arranged about 120 degrees from and staggered with respect to axially

. spaced barbs 51. Cdnsequently, axially spaced barbs 51 are also arranged about 120 degrees

from and staggered with respect to axially spaced barbs 47. Thus, a portion of suture 40 has
alt of barbs 47, 49, 51 facing in the same direction toward pointed end 44.
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follgiipg cipgec

suture body 32 fromthe preceding barb and does not

overlap with any other barb. Wth reference now to

Figure 4A, illustrated is suture 40, another

enbodi nent of the present invention. Suture 40 is

simlar to suture 30, except, that suture 40 is

bi -directional. Suture 40 li ncl udes el ongat ed body 42

t hator the oBRPRAIE I the IBh#tE of afturk B0 chmasi sseeed ety 48Nk fabiiatly

25 termnates in first and second nte ends, k44, 46
arrapgid ahawidep degrerg i adestagaered with respdstiqpsily pAced Rarbs

whiB§re %dlmtaﬁm?gea%&ﬁ 126 Be gi¥ ORI RE shBpReEWiiDicsikt DRI
shown) order to be inserted into tissue.

Spaéydtb@ﬂ)é SAocﬁnquweﬂy,uaﬁ@Hm sleasedhhaghsaiZi aps alggr areangadabgutd dd dagrees
frorg Qﬁ(pﬁa b wﬁ're égct tégn_iaigv]sgac%é babE 88 98ils! fhotheShdrESIEs R ture

d|r ctlona I sposi tioh. For about half of the
40 Hag alj phbantis 48uG158 faring in thesdaing disprsion thwaad peintad eng 46.
Ol LGSR e thdi 1 12693%!3% grpag,géin&*e% 31209139[%9@% dEifd"

staggere axia spaced barbs
subwmtmhy ﬂ]eeamameaplm scowige atbodd, Mﬁdegrbaemmlw aenctherdame

one %Lal?}g;%gaﬁ dI se:tt ol} 5’%%3 f%?xﬁzséﬁ :%illba%r a%ly gﬁﬁ‘ gr? (?he? ?i[ngeson% Jplane.

ar IragupeB, aﬂﬂctliis i 2thsslegriead viel along dinel 4B t-AGof sedrawdOtih Figure

ft 47. Thu af

a8, SR fEon e ar V. e B ad dranghiin with BRAer Sty

As iﬂaétﬁtddlﬂyw du?ﬂlﬁgoﬁﬁt BarP a7 b6f Bibs24T0 ortdocount 4f thESlagddiiag, is closer
| engt h. of suture 40, axi_al ace

th | £ |
t0 ORI o0 troEshout i FIE A g BB ARBEA™ s Bk el Pyag
bartdofHeAE 40! RﬂsoWeéeﬂsé SIReqhg c%t:ﬁngaﬁ&-s% bhh 49 REBAE: 435 b@sé}@.@

whi ch are radial |y arranged about 120 degrees from and
Po“ﬁ%da?j’ééf‘é'é?t\ﬁm‘w n #B} éﬂda‘%}l%tlal’gﬁaf%H&@ ngxpykarther away first
bariONSadMeRil Y, axially spaced barbs 52 are al so

arranged about 120 degrees 5 from and sta dggered W th

r edpletisverss manedhat js pepesdiguipaip suturgody 2 and thafdntarsects the base
of OPQ B.’.tnrb g4 of]l; %7%0@3 1] ggntgﬁéct ﬁ'le ba&:fof kﬂgﬂ; p:ﬁ'b ﬁ& of lfilgbs% g_nkeKSise, a

acl ng |n same direction toward polnted end

tranwersesmtalne that 1S1ph:@emch@41arlto $f@rededy Ieardrthainjersaststthe pase of one

et it 3 By bt R sBNIHAY Arebe oo TR

.n-anm Ipiane thathis penpamiupilame sutane dbodliﬂz ghdgkdt isérsdossrthsbadsd of &ie

- vart i o5 8P Bl Plecbahy bree SERen TR0 2T BRE: % v

‘plané hat 1s‘}Br;ﬁﬁd16|ﬂirlib Sutdf bloﬂy B} gadl that 114téi;ser§i§1m%asﬁ’lbf 6netaftodd of

angle Y, npanel I 120 arra nt . wth
bartg Al Spemob IRt et tE?F oy o BB 0 ppHiseah FPpYrIlae
that fid ﬁ&ﬁen&aﬁlﬂr 14 dutife Baﬂy ks.s; aﬂﬁhaﬁ&eﬁ@&@ﬂﬁ%a&fofbﬁ@barb 50 of barbs 50
staggerin is closer to pointed_end 44 (not shown in

:doesmqj iftersestne bass @f pmbard & pllacs 2a Sifeilarkyna Fagsysrsglanehabjs

perpehdiSilar & %t&e"‘i)gd)?ftz hards lﬁtgrsedﬂ HOLARCAHRELRS 52 dFbarbs 52 does

staggering, first barb 49 of barbs 49 is closer to 15

-flotptﬂrmféhehﬂﬁ@loﬁwym%ﬁfmsﬂﬁ Figure 4B), and thus,

of SEAID0 Bl M CHE St SR m U oL WAL 1 B8 R, igpoting

- devitodssuiheddn the dyovehotadBerinENo. |0ﬂt%3,§é3: toGenbes dabexceht withdhe

barb ,47 of ./ _does not intersect the base of any
bgﬁgggeci@ Li kew se, a

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

.. the suture filament to create barbs 47 facing in one direction toward pointed end 44. Then,
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transverse plane that is perpendicular to suture body
32 and that intersects the base of one 20 barb 49 of
barbs 49 does not intersect the base of any barb 51 of
barbs 51. Simlarly, a .transverse plane that is

per pendi cul ar to suture bog¥ 42 and that intersects
the base of one barb 51 6f“barbs 51 does not

the B15HeE hraGGthiel h@? g%g&t s & th@ ¥eyPRE Rovt 31sﬁgse&’ﬁrt%o;ﬂyzsueﬁu%&:on&nd

transverse hat is per en icular to suture %{
overgle uneyt halfaf theder@tls eﬂtesblqdqéﬂlbvagré aB‘quslrte spige E}“‘Ag’eé’Fhef half of

the lglgtlggf té% &%@Eﬁlﬁfeﬁt J/V{'Hl § &ohd ¢ X 82&3%%1% AR Bach} iRthe

ew se, ransver I's
oppcpsﬁepmcwomtdmrdpmtsdjenﬂirdé body 32 and that intersects

f .

| nRereBE e tR! Bpahdian A By he 3BT pr about bt the
longBudihdlaliskance &ﬁ/é@ﬁ% of babpd 7 amd ditvathe suture ﬁhﬁpetnsl iratatedabout
120 5o b Uiy iV Ch i a0pREE o pOrTAEe CaRt e Of B Bicegongf Bios
47, A atdd éﬁeﬂ&r &k 'blt’rl]Hnbﬁ)r Q&oncﬁ:bt o 16- dﬁecm%marwaa,emme Iblaklie

same cutting machine as suture suc
SPIC ARG SRS PR of e it s et o
crcag%aﬁﬂ 30 faglif of MR Bortiowald J)ouﬁé@&aﬂuﬁ Wrhd¥idsh@tting action is

W ng change in blade direction. For first set of

: follcmed dw refatinedhablades ABQ degrees 4@ thagihpygre peik dispesgd & the PRESHR

dIreétﬁm QL@G\%’ A b of ihB sii® fithd&:. TRS tkinafikse 1§ﬂé|ﬂaé3tﬁher half
a first cutting action iInto approxi matel of.

of Wﬂmgﬂecrfginemumre filamentswith 4 tecend cyfipgactey to preale @a%a o) éacm in
the Jp%@éi{é%#eag,m&ﬂg g&ﬁ&h%ﬂd fpward pointed end 44. Then,

ades are rotated 180 degrees so that the
ar Fhero thedlasipoare dgdimoffsstlongibgiéially (td creale thegtregering) iy apout

o S e T 2B RS e

againis rohedabow rlEO d¢greewen thewiitehwhick Bequigpauo e¢aogmedate @heitd@ cut
create .bar.bs.48, f 0 dit
frst ST P glieh s 8 nd lighdiout SRBRE e 6 8 ciEldnfitbarts 4.
50. E@l:n?wh% thie Natightidifidl @nmmagend hm@hﬁtg@alrd 8¢ )of bivdireathonaf barbs
a t he i st.anc et ween. two of
51, 45are ik by BoOHP RS St PRICE MY Y SR Btion o APRITR A gl
of tHeQ&HZREST Ry sutuRefiMaknR At to \Wih@ibaibs 5em¢h@p@dmtcnreammmd@bmed
first set of bi-directional barbs

end 41 Biefjoubing PO i PR P TRFAea thechadkt L qegiees gt they e

.nowl?ﬁs?géd‘h?the ?Ppostid Birkkivs Sxd mﬁépihb aﬁcuwmofahé duidb ﬁ!‘abﬂeht MChey

ifon 1nto approximtely h of the length of the

next3plicsntofth b AL OEthe brogiheat fhe e Bamont A gedm] ciifag action
mféatg sgfﬁg SPeb AR & fle Bgﬁd&ﬁ@ﬁr&ﬂgn fb@mdﬁl?)ﬁmtéd dndlgeCut ti ng

y rotating the blades 180 degrees
s o Ptefrsbly,vash suiceessivmbadh ispocicntdiaha p(ﬁélog phe i12@degrees around

suft oy Aoy ing il AL WEbIolE il Pt

- ehgﬁd*altafnatﬂmemﬂuﬂunmt {riok shoem) fqmbi-d:mummbmm d0.th¢ paytion of

R 6. SR e o BP0 e

portidh@f Agdre A0 GhViREbarbO4) 50,151 nteyl Haye htm feigabe alﬁhnemted end 44

AR b ot R e

sucH ds/ti2BiHwn in the above-noted U.S. Patent No. 5,342,376 to Ruff. Additionally, it is
noted that, if desired, barbs may be escarped so that there may be two portions with barbs

facing one end and one portion with barbs facing the other end, or two portions with barbs
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abow§ 3 inehes Erboy 1if n%rabnfélre %Iﬁla%le by hays,

again is rotated about 120 degrees on the vise, which
i s equipped to acconmmopdate al ready cut first set of
bi -directional barbs 47, 48 and already cut second set
of bi-directional barbs 49, 50. Follow ng the

| ongi tudi nal noverment and petation, the third set of
bi -directional barbs 20 51, 52 are made by having the

facnhl ovd @hd Sl twoSorionk wath birbs facig e dﬁ]garaﬁdl mmso ot (&xot shown), and
roxmatelg%half of the | en ﬁ\qt% sut ¢ h
thus; f P GAEIAR OF bark 18 APUAHRE e e eaY btbp 3iagentJhen. the

barbE@mﬁﬁré %ﬁl&ﬁe@ﬁisert@d‘ﬁtfﬂt‘?ssue_r\ﬁ% 4d indrtici deivicay act ion is
| owned by rotating the blades 180 degrees so tﬁﬁh@e

t h éy agyaatagh ofe barb%%@ae Vith & Fgiad b dasres ARPEEIenb
barb§ \:‘,ferrt {ohe 11':‘&19éétd1§iﬁl':lf 1291@5 &Q&Oﬁ#‘lﬂfﬁﬁt dabth @tﬁ&nﬁesulﬁﬁ@M next

splice into the ot | ength of the suture
maxfrhizetion of ﬂwrcthntamimﬂﬂhe shtere gyeralbt popotedabove, the wageering

gg | & the opposite direction toward
m&ﬁ@&%@l@%n%?&z referably, each successive barb is
es Tampchost to Figyos5 A, |showmb@uoﬂlmb@égme@esf the preseait invention,

I

spirdtTBadfero@rihclides elonfmed Hody 62 obgeneltatly circtdarra:ross siictiore Elopgated

t t f t 40 h g b 4
bod SRR POt S0 A PR AR dla ofenfied b end
64 Mg chi ?ﬁsle suSdiéAll h&dﬂnﬁ&ﬂbﬁ@ sz&hbﬁh(#ﬁnto&&sueS Furthgrmbgy siture

t hem faci ng t nd 44.
60 IQFQHG%IPIP@HWngﬁg)\A%é{ ISB%BA 123(5 ddn B éw*s]:]cétg p‘tuZt[.Pler ?{%1 pattern
arouhdl 58d852Mnk Racily i MseSafnt ﬂﬁedﬁ@i«l tovRud péitiel efd64. hat  shown

in_the above-noted U, S. Patent No 37 Ruf
AdBigpieais [aygross gectignal Wy alpng g OB I'TS%%fsgf“f"é“dg ip i %é Due
to the ?wt%?&ﬁfrﬁﬁﬂﬂe%ﬁ&f@&pohﬁ@ﬁ %ad?ﬁb!sp@&xv*e%rm debRR Béﬂsinhl ler and
facing one end and one portion with barb

smallgreb paghishtartbernad fasther avway fropppqivied prshad Gipkiow] g 5B, the
1llusfo§100'f@ige81 m%ggbﬁggjillh no?&?ﬁe%\'ﬁlﬁ?ﬂﬂgt h barbs .facing the

her en on and thus, if a
p o Sumwrﬁ%ﬁa)tiwdosstnsted otithfazséitey chting uchineasdhat usaddfpr making
suturerho F%fh 613 ﬁ: élgl{p? éigﬂl:eafeg&gbecsl gr{}gxg \é}\?&d% %g%e%?i%g@?\ms ﬁ§/§&§733 to .
Gendmat ake wm a admmmttaxgenaﬁiodabdi;b\sr@eda)sbﬁt prpduced hhnleitlpla dpizdls that

h 5 b
o 0 SIS DRI TRL o B B o R S
bem?&&l&téd mﬁu{ddu&glgltﬂcesplaw m zati on of the retention

orce of the sut ure overall
st Yipgepaticlariyy, A sytue Slampoh ey Iﬁgg%‘é?f‘&?‘ﬁ%ﬁg@? 174 H@leng‘h is
long&ﬁdihélﬁ/ tWwisfhdl fBr 5{:\)1‘&6&"61*/’&&3 mﬁuralbﬁgﬂh?iucﬁ absglifeyfor ®portiethat is
present invention, ener al lﬁ'% desi gnat.ed %}ﬁother

erjd{s sECptRpsind
end [E%rﬁs?em dnd r&igtea l%ﬁ BbgreeaotingesOdd thOrHels 5f e QiR FikheRORY

eneral 'y circular cross section. Elongated body

twisgd vihep fershiuesis th?'nm%ﬂc?ﬁ@@héde the Vi penet rating
U §348n é%e?&abl gaffoﬁ@at @%@ﬁﬁgs a?P erfifmBBiore or less,

conpri S a sur nee not shovvn i nsertion
suchi astl8 t¢ T&8mes. Srumbtiy: evisiinrgspayshet foome abcamflltmaliouﬂle%twwts per inch, or

oG 5 Rl L BB L RA BT B o

25.4fm@).ng in the sane direction toward pointed end 64.
Next, the blades, after having been adjusted to a predetermined length, simultaneously
splice into the suture filament. The cutting action makes cuts to create barbs 67 so that all are
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15 Figure 5B is a cross sectional view along Iine 5B -
5B of suture 60 in Figure 5A. Due to the tw st cut
multiple spiral disposition, each respective barb 67
seens to be smaller and snaller as each is farther
and farther away from pointgd end 64 (not shown in
Figure 5B), the illusion of size difference being
facmg inLtht saadeadirebiyort bh@ardipbippidiend 64. S e terish Outrimttifde spiral barbed

wWth a simlar cutting.nachine.as t .
s BE silFas e pmhe o s mpisesd bishl 7 F6 fopaeq S phiige spirals on
sutifegn.ce descri bed in the above-noted Serial No.
09/ 943,733 to_ Cenova et .al. Wth a tw st cutting
et IEHDE B fnsFigare fAyshown is angthenembadiment of {he BresgH waf:%tm

whiﬁlhﬁtgen&ﬂfyf RERRAYI ABuR702 58610 i B AASRE ﬂnﬂiﬁ R3pikdle
suture fi'lanment is held stationary, instead ? %el ng

dispogjtian angl thygis similes tosyturg %ejgogktégatﬁp@gee’m ig/birdirectional. Suture 70
t
1n019&rs teloﬁg:st@ti ix}nq%{)ﬁ eﬁer%ﬁg) tl'ifgﬁﬁé in JI?% sécﬁag Mjﬂ%ﬂrﬂﬁ?&%

178 ngt git
ﬁrsltfmd gwud peinted epd;r% ‘Hrfoopenstrasing tissnee Tt 1ecsg1t¢mpla§@rb1hatame 3gboth

ey o SR B oo bRV

an @utm'f(bfumwr incdmdes phr@@admkﬂelarsuaqeé babe’w 38 arraegd awo
rtion.of the sutu e

resppetiveys B pafisind, AR BBk » Biehe dodfit SPlnlibal o HEBL ), 78 e

disposeglann xﬂ'vmletpnn@n M]bﬂm:ah;hpyommatpm inclee GappRxinatd P76 e of

+ ounoft, Rl i onfio B, Pl el Bt P N b S Blratty

of babOWT ark arkNgedtiva pRtiplaital patiern FAWI barts 97 E@igtowdrd pointed

ent R o sl g ot SR s,

plurdlity OF bAiBYT9\&e BEGTEAMH AElI8 e'&s?xﬂ pREcREI AR bITbAesH7d ﬁﬁﬁt’r |ibward
simul taneously splice in he suture fil anent.

poirdgskend 1§ foranpbir preldEhs ofhgt approximate Bald) of ariddie potioy ¥ ﬁ'@t‘g the

leng df sehge A/ facing in the same direction toward
pointed end 64. After twist cut nultiple spiral barbed
s uFiguee @isiasross bestiged viewaiangiae 6BccSTapicuting ¢ intfigure 6A. Due

to ﬂ%gﬁlﬁ%g Zrﬁnaaﬁ Eo \%ﬁ{ag&ﬁgad&?%sggéﬁv% Bhl% ﬁ@kérﬁgat%gg Emal?e‘(‘ b Emaller
as e@hmfmhmwd @ﬁrﬂﬂhaavquemepmntﬂmcmiw!i (@nt shogn uhFighre 6B), as

lllusg'g@&%)?me%nﬁﬁﬁggnat ed at suture 70. Suture 70 is of a

cut iple spiral disposition and thus is
s | Bifuger 70t maysht raade vith thesanephittinf atacking uy mtufO60,such as the-

co kg SRR S s S R ELRIT S0 i

the foléwinp ah@ge inbladd diﬁ,t:uoﬁm d}sﬁ@cmaww ahuﬁhg thethod shartd .77 _ﬁﬁly be

or. penetratin |ss C npl at ed t hat one or
me{asﬁ%gﬂﬁ Héﬁagra%atv ?eg © SRReiURGyandh thepypider the

- diredtidf ich£138 féb)thd Bladds NSafist7B %hy'b@?ﬁxﬁlbtﬁﬁﬂ enultifle spiraldtigat ﬁ@ge%'ably

further |ncludesﬂglurallty of closely spaced barb

are cpegtedaf Hhesame fime iBus ugag ecrifissshe suire Hlameat is eld siptipnary

instcA@ b6k Bkdd Pl € spiral around body 72. Barbs 77, 78
are_ disposed on mddle portion MP that is

apMosxapeeifieally, 2 sqcHemefabpadet stiongabon | Ignmhin lesfeth of a suture

filament is twisted, such as 39 times for a suture about 7 inches (about 178 mm) in length.
Thus, an end is secured, and the other end is grasped and rotated 360 degrees, 39 times, so the

twisted section of the suture filament has about 8 2/3 twists per inéh (per 25.4 mm) when the

suture filament is then is placed and held in the vise.
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cuttige gctmswm thet blpdes makingtovits towm&ﬁ b
: f t t
oppc%éé ﬁﬁ%}%h mﬁgﬁa@@?{%& Sﬁc?ﬁér‘ eDP%%dl% o ko S t nbllhcgé?s Ehegeggr% on the

cutting) dlauehejandhd\m:aaw Imehs TBvaires tiésirgd, ﬁh@@ araz bk pne eutieg metigreky cut

suture 70, with each end portion EP of suture 70 being
barb-free. Mire particularly, plurality of barbs 77
are arranged in a nultiple spiral pattern with all
barbs 77 facing toward pointed 15 end 74 for a part
(about half) of mddle por[g on MP along the | ength of
suture 70. Simlarly, plurality of barbs 78 are

ar TR/ prleferadiy i bérfddined SPior Bl tirRka] dndmiuy\ie tpBrf@imed baordsr less,
78 facing toward pointed end 76 for_an th 7 artezgthﬁOr

suchgs ABf0 HhipenSvttey: HEPYNE 1Y 0 o a0

about 8 '&9&%119{5 Mté*ﬁe? infh-or BhEH 5 8o SRut B3 Wis SF Snch ¢pd: lnﬁﬂﬂemg per
view along line 6B - 6B of suture 60 in Figure 6A. Due

254zgn).0 the nultiple spiral configuration, each ‘
I eREKC r v?@eﬁ@é t | hrBdetefhed TRIGUET 1&3 t
ealg ig{e;/lg?&tgﬁe#egﬁd art Rea;ajlg%;t%r orre}]&epm nt ed eglrt1 7
appr(mmatek}hbwlﬁ of theFipgoxienag®y 3 ineh (dppreximalp JoHym) fength Of middle
! T4t d Gttltibh 8 th
pocify oot Bt .S B RipofRiiRatly 114 i WG SHkioh R the
sutud il oo &da First edtmmnmewrtb ﬂmcblﬂbs inmkingionts @9¢9a8 badg 77 eo that

all a5 RGHE e refioR (ot ol Dntila R ENPRER et

are oh/thBRyitting ndchicle @fdl hbw mmb:thaﬂjseﬂsm dasized} thete payebe pwbiytting

BERECIITIE W TN TLTIET AR N

desiie QEMESGf babad irk sécapsdaintoad rhbtﬁbftﬁé siee fikment. ar e
created at the sane tjne. us. du the ,cutt

o i e Pty Frgeh S0ciegioan SOoEh ey i RevE bt B gpbosic

diredtidh 2h& Bverte SBErnafRe el dppihklrateld SSSéH Qa@;ﬁtoﬂfna&ho'llﬁ mén) Elength
I nches (about 114 mm) in |length of a suiure |

 of midgle parieeMP of therppaxigtataly S dnehdapprodmpishel 4&’&‘81&‘”1%‘3‘? section

of tHe MGRES HEUtTI%%ﬁlerc kHin aﬁBQE@to spTBé'lﬁnto 8 offee halSin a second
secure and the ot her end @_g 8%and rotated 360
%

59 dhat gH arg, facing in the -

all b@ﬁ:@h 3 8 egus}b (fr rl,}%rgym%? b? %%[Feg{eﬁec\%ttﬂgr]ﬁotﬂ)rnsl\ﬁg? tl}e desired
numamtﬂbarzs 7D araloatped fhid mpartion pithe snitmbmment about 3 to
t 15, twi st nc or. a ut tQ.ab ;

Siten ittt Ffiofesoir Db Blont g0 apitalsl sBROMS ibdong.

untmti.-h&i, HeFaeutsahd g sétavd afs ﬁ&ﬂﬂm&ﬂiﬂsgﬂ £78 Heingdn two respective.
predeterm ned | ength, splice qﬁﬁ{lom nmat e hal‘t1
mui%ﬁle sl BASiSS OP AR EFRPCHYS IQEIPDE ag BRP f?%"’?%f portions -
deﬁﬁlﬁglsﬁ&aleoﬁorﬁamr%f abomi 3 1n@ﬁbsh(£boaf 76 ) apRAgHI mat el y 4.5
inch (approximately 114 tw sted section of th

s uMprepariigulariynseveral tyist Plité'@“l'éP}P sRiFG baged gHusg PhreqHgufactored
seonPd AGRSTHR: i Gt BeiUr 3RO 0B Bk (2boRe0.A¥3hum) @d splf from

acing 1 n one rection toward pointed end
polyfiopanedé (Whicinislasyntivtiapbisrbatiesutuseioatend). aAélagwtq: ghabout 0.018
t A (o -
inch ?ﬁao{l{ @QS’FB%E ﬁﬁgﬂ@wﬂ?,@%@% l?%?] thgﬂegla %s%r:l%ﬂ% shf %ije, yhich has
a dissherarrdngn éxom_sdbyut 05 rhineo ebawh). 38 mneipeetosdhncewith ﬂ‘g
SPEC{H:().‘,&IIIORS of t[&n'iteﬁ E%tes Pharmacopoeia (USP).

Each suture contained a total of 78 barbs introduced in two respective multiple spiral

patterns around the circumference of the suture. Since the barbed suture was bi-directional,

 the barbs were divided into a left group with 39 barbs disposed on a first portion of the suture
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desired nunber of barbs 77 are escarped into a portion
of the suture filanment. Then, the bl ades are rotated
180 degrees so that they are now di sposed in the
opposite direction and over the other half of the
approxi mately 3 inch (approg_mately 76 mm length 15
of mddle portion MP of the approximtely 4.5 inch
and(aajybr gooupradce BY barbdlomandecomd wirieh of elet sunine, edchigaeupsappodigg the
. fllanent. The bl ades are then allo to splice into .
direpps Rt B s, BB ALERIA G BRUR. R PPl Sutin
madhirRGesHIdVeH hatbl 3clides.t Thus| Patsh Rayubof 38babs, tHeat wadg B c&t(;tiﬁg
poi nt ed. en

facing.in the oppgsite direction toward
motiens (HRABRAPh B therdplenripe pifsciua ¢ guide fos chrhad the houtting
motiddt i Ng machi ne and how many barbs 78 are desired,

there may be one cytting)rmtion to cut 20 all barbs_ 78
si Ai#ch st wes gboub? inches(bawh78am) lopga Thsiddiernogipn MP was -

abold inPHEs éélbﬁﬁﬂ 76 ﬂnﬂ?loﬂ? fid &ﬂ%aﬁ%ﬁ Rers vibs %re@ca@ﬁe\%;l%hétﬁ the

escar ped | lon o e suture filament.

into a por

-sutureyfikement, Exteniling pexond gierZancin@p ipan) barted middio portion Miseiere two

L1688 O AL Gt S 5 S g
Dependipg i the euturing te¢hingjue, apior both padsto thedarbed swigre may be

et S5 RO B b b SERRHL e
- surgicat heedle( about 76 nm) in |ength. More particularly,

several tw cut [t i ral arbed sutu re
oo e Rt e o 1asB Fi7R Bnri eSS xaielelBe P
metﬂiiﬂlﬁu g_ng neBd was ?\ﬁ(’eﬁ%@ iptal 1 @ndifefstiomgth &ﬁdﬁéiﬂwgm’g?ﬁﬂﬂester and the
(0] I.0Xanone , Ich IS a syntphetic absorba e suture
Oth%%me a*faf?nwawsoamfpwaﬂs? teatb%@tg $018 inch (about
0. 4or thBBaai i pbll teibild syrehgth @R Esuldhmit, tdiBnSwwaspefomiet Baigl LTest

absorbabl e suture, which has 30 a dianmeter range from

ResougegsUnavensal festarMagsd 4000 Breoavasees rrading of - apsataimeasyrpraents

‘mac% E%%af:ﬁ KR4 bORRIrOHad RSorkikl bethe §51®E@§1|URWHQ bAparison

. Each suture contained a total of 78 barbs
unbarhed WEWRed in two respective nultiple spiral patterns

i SR S L i S S

-absagbaplaiwthre material) pisfarions sutipe diambte@f bboub8.08% gl (abduidhtH

o B R0 30 0 P G 4 54,

- are gspeativebpylightilynigrgehthan theindted States Pharimacapbbie sizer @ 20, fand Br0 for '

syl PREDHI Bl T e Bipce WA Ao s pfitications

25

 for syambtigibesipatdé sud@ed) 8ib 6 had HdifMetennigedf abidut 0139 mm s ANs0.399

3 = 39), ith the Dbl bei ffset with :
mm o0 Prsya dlatlgterg e ot AU D30 T PP g B eiie ras 2
dian¥etét ripe of abbut ML oAb 0.24&m™m) | ong. The middle

portion MP was about 3 inches (about 76.mM) |ong and
cofedl bighed swareeasigsipprd at pach o by beiag beld with cogkgapiieg padding in

‘ | - two Pddhediife SdaRARRNs, whetRRAENEhRBYe Mut Bs %ﬂéﬁ Bt éabR eh@by being
a0 I t wo ed end

 the dnBEBES st AR v Y s abPBBension.

barbed m ddle portion MP were unbar ‘
‘wrappsl aroypd tworregpectiviesapsian rplerigiips. Gapstan eallers vegso uted for holding

The portion of each suture specimen between the two gripped places was-about 5

) inches (about 126 mm) in length, which, in the case of barbed sutures, contained the entire 3

‘inches {76 mm) of the barbed middle portion.
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10 Depending on the suturing technique, one or both
ends of the barbed suture may be sufficiently pointed
and rigid for insertion into tissue, or nay conprise a
straight or curved surgical needle. The strength of
the twist cut, 7 inch (178 mm barbed sutures was
tested by two nethods. On04qret hod was a strai ght pul

t e EadH s@eﬁhﬂéﬁﬁ@ﬁ bullc& Sdngitidifallg at iiawesfaBout TO ichés @Rt memm)
erfornmance tes

ViR
per S STRPRERHES Sy e a IoF I TPeoReer S gcfaeht ull sl
strefp@f@sur ement, testing was performed using a Test
Resources Universal Tester, Mdel 200 The average

r e 3B Frgitsrare mymregsiaed il 2hle S el Apds the fagaight eolurmnpdanotes the
USPkltrﬁfj]t)lﬁf test Wil RmY R uifeb el 35 Loh Rnibhe (ﬂﬁﬁ@&%gﬁt’tﬂ*c’é hfade #64 a

he conparison unbarbed sutures npari son
synthetisabsssepblamuesal. wer e pol ydi oxanone nonofil aments (a
synthetic absorbable suture material) of various
suture di aneters of about 0.018 inch (about 0.457
nun), about 0.015 inch (alikable @ 381 nm), and about
0. 0115 inch (about O. 295D%ﬁ%¥¥#£g@g are respectively
slightly larger than th t es Phar macopoei a
sizes 0, 2-0, and 3-0 for synthetic absorbabl e
sutures. In accordance with United Stalg

Phar nacopoei a specifications 25 for s
Baﬂﬁbsot}hladﬂml Sutuss 8ige  SHizateHd Pl épodinddh anet efor Kast@all Ghounds)

o about 0. 3 nm size 2-0 has
Qﬁ%@@?‘range of about Olggznn1to about 0.3%§QNn and

'Slm@mﬁmﬂ_has a0 di ameter rjarsge of about 0.20s5mnto
ﬁUt 0.249 mm Each barbed suture was gripped at each
b3ei ng R d with cor&bhasket padding i #-%%wo
reggggglve sergated jaws, ypgreas each unbabpgelissieur e
was gri pped at each end by being 30 wapped around
two respective capstan roller grips. Capstan rollers

VR cahteGedr? Escﬁlghghtrlﬂ bBllB i ResLed p§1?ﬁl‘6§(£ﬁné Rofflhflent

stress and di st ensi on e portion-o suture

mltghbeulb\l@mﬂctstn@gtw @pmpmﬂelpﬁ%@scmmme 5

imum Requirements

conv%ﬂ?@ é%?géjges EOI a}%ahéh g&fw%g POl nche@oﬁ%ﬁn%

poundf). t he bar bed n1dd|e portlon -20 Each speci nen was

e AL el o BREY ek REGE s

polyqtiemnoheam}bedaamree(mmedheas the I&s:asliumt ghhe barbd hbsednsiffettive

'diamé%f 5 e g T AT BT RRTSGrtEA o § Pplygoxanone

pﬁt&dlfa‘to%ily With e e R TSR REA boll fqhirGaay 6n8.60 nds for
sutures made froma synthetic absorbabl

unba
the s%ﬁp@p y oxanpgﬁ penvgitional unbarbed suture.
Additional straight pull tensile strength tests were performed on additional size 0

polydioxanone barbed sutures, as discussed below in Tables 7K-7Z, in connection with
Figures 7A and 7B.

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

_paramedian, each of the 7 incisions having 1,2, or 3 closure sites. The length of each
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(Tensile Strength) 10 USP M ni num Requi renent s
Bar bed or Unbarbed Suture Size Straight Pull (pounds)
for Knot Pull (pounds) Unbarbed 0 17.72 8.60 Unbarbed
2-0 11.86 5.91 15 Unbarbed 3-0 8.82 3.90 Barbed 0

~ 7.03 not applicable As can,pe seen, escarpnment of
barbs into the size 0 pol ydi oxanone nonofi | anent

incisiaiuaxeged fiom 4bbiitd). Pinth @bl 126G} & bbierngéies fpout 101 mm) and
to the 20 conventi onal

the 3B SE iR Ercisloreas g R dert fa dironeymos

PoUDsSg the HAYe@éunirés (A mapOHBMSIze EXanork lﬁﬁmgﬁraaﬂeﬂdy 124 of
pull tensile _strength of 7.03 pounds at breakage fo

theﬁﬁ@ vt glogpd. Fer crmnasisonethe rﬂa%anﬂéa SiE (WGFeCIPSeAh mth Varinns d@eter
sizdshe coie A RIBba®td Mﬁﬁe&p@ rsﬁé with %ﬁe an s.‘?lfkfb?é?&dd‘f’r?antieﬁé, 6 sites with

dianeter that is small han the dianeter o

sizg ZRwglen mmaﬁlambtaww&os1t§$ \zféh 6izpdi0\nolwsicxaeme nenoglament)which
Wcl‘émde ‘}df&?f ftg' %%5; % 13&%} Wa@é HEB%DI cgy%lzéﬁ%cﬂleme

ui r ement o e si'ze
p 0 I i dognwens enapitonzd ldall}u pzd themm,[dgwd teeltthanasia dtddlchyan vl the

timé f@éaﬁlhﬁlc%41onts%%§é évaualga eRgLb.d beshs b%glh?eﬁ%%to% “&% 20hes,

ditron I OXanon ures
incidlos cizes entl Toedtions omth&"dbgseﬂl diés dphosedwitlotha eizt O palymotamone

I e A e N
obsdwgtmn?penmzlﬁodﬂﬁscmmmecma. at the thorax (tw ce),
t hi é‘?w ce vent ral

i dli.pe, d )
par c‘%'wanPn?l&wP%é”ffaﬁ%gn&Eh%l,tesapp%sed

. wmcthemnenmﬁaeﬁnbaiﬂae Ebmeizh\o@é suBaedalgolhealeB il wRtRodtanged

from aboyt 0.5 inc hout 12.5 M) to about 4 inches
compifgipns- 132 dehijoengs®ecuisd: depth of each incision was

f 1 o 1l tgﬁd@ﬁ %ﬁh%ite%'cldﬁ@c[ mtﬁth'é@le ey Ps h@ﬁlﬁﬂmenvédﬁgnuonal
t he barbed sutures fromsize 0 pol ydi oxanone
unbaRSRd FUCHTETe $itys expibit Parilfﬂ er @crmnégte wetkee lpss oxpprenttsriue to self-

mutfRFERAY §Odogs ! Rﬁot%%l"ﬁb BblVEntR sﬁ%me@srr{%s&ﬂugé ar%ggortby

various di aneter Sl zZzes O convent i on
creasing lpcalized pressure apg alhmslis gmpt Wrdsistand ld?aaﬂ\dbdlmld etrpatipulte

0 S A S S ORI 3 i) i

aﬂdl{’nﬂinge@tthwdturcs osi ng of S|tes was perforned according
" nmon t

e AR e B R ool 5t 68 PR P04 ORRpbEbaRbe s s
effidacioes wherd:&miﬂaredtt@ the stae R9i i1k bravded dil@vek usbactetd sutures, the size 2-0
nylorﬂan%no ﬁfm&n‘f a lzu\{)ed \slt\{tttlrgs indthe gng g-OVpaorI)I/ gx%ngr{es@lgo%%ﬁ lament. -
unbarbed sutures.

In an alterhative embodiment (not shown) for bi-directional twist cut, multiple spiral
suture 70, the portion of suture 70 on which is disposed barbs 77 may have barbs 77 facing

toward pointed end 76 and the portion of suture 70 on which is disposed barbs 78 may have

barbs 78 facing toward pointed end 74. With this variation, the barbed suture would be

inserted into tissue with an insertion device, such as that shown in the above-noted U.S.
Patent No. 5,342,376 to Ruff. Also if desired, it is noted that barbs may be escarped so that
there may be 2 portions with barbs facing an end and 1 portion with barbs facing the other

-end, or 2 portions with barbs facing an end and 2 portions with barbs facing the other end,

and so on (not shown), and thus, if a portion of barbs is not facing the suture end to which
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10 incision sizes, and |ocations on the dogs, al
sites apposed with the size 0 pol ydi oxanone bar bed
sutures stayed cl osed and appeared to be healing
normal Iy throughout the 14 day observation period. No
dehi scence occurred. The sit{g apposed with the
conventional unbarbed silk Sutures and the sites
thosgipmissele adjickit, thBe tikdnavRAsitarabouldbanhedd Red HdLOwanane
. sutures also healed will wi thout 15 conplications. No
inseflipn dViS5ce occurred. For the 6 topical skin sites.

cl oafddvhiabe éffhbaftied SutdreGhafivis Q w P, fnhJIBHTE Biral disposition is that
conventi onal unbar bed sutures, 3 sites exhibited

such g/berbsgl suspre affprds betier wowad holding eapability éﬂppa;ecbw@éhq 120 degree
spac&d ﬁmbeﬁ‘éﬁﬂu&at TiRed¥n fsat "&%Qﬁnst KRohsuibie Sglpiﬁ pttern res results in

conventi onal sutures pOSSI 3/ -caused di
groppseaftbiarhy thapeamplenest picesssive an Ermtdmg igreps Oﬁtaimsowhlch tends to

S8y AU LA P s

tisspe eigh esfabfissam whivhibas felwanccpmbc;tiva figers am:lpqmd Wltmg;helu:ypds o
nssﬁéjst & tgg‘c &r%a%agmtgnu él}gr deél a%lep erformance of the

i oXxanone ures was efficacious
vvh eW:tb qua:anoeahowoo Figaresiy Ghd?o)VIDlS Qiskdtiohd] aide @itwf df Ibaited kuture 80.

maDSHRERD 50 o Bl 5 By B SL TR 2 o

genmnpﬁnrdmrefuss $£Btidhn fﬁblbbﬁbsmhw&‘jb tip 85. BBhointagd dnaire lbﬁgltudlnal

enbodi not shown) for bi-directional tw st cut
axigydyy Suuse a@ % baébl}f’%ﬁﬂéL7'Eﬁfb eytalepsh D bajh cuanglgt,put disgance P,
Spu‘aﬂy\ahgisﬁ bu-ofld £é§§6h EB! B ih/T ORhe-BRVE 1? dcd7 facing
t owar d 0|nted nd 76 an e portion % suture 70 on

whiftgnre é’B aH th@@smabaddmeww ﬂhlytntl@dna Flgmr b4, bi8rokae ang
7 ' rbed
el @36 BidthF btk BEReckromPbl e} el RT3
in @iﬂtﬂdsmucbeﬁﬂl icatwistwat) naﬂ;u;;tldn s;tzrals bodmectional harbed suture, like
342, 376 to Ruff. Also .
sunfip RGBS b, b lesitC iR B PH R AP e dho s Bl
witli feggiect tohigr @nfigurativa of bds Bl 0i83-wid dukurd BhBisudiad b9 Aaguuﬁe d
wi.th barbs facing the other end

. and 2
,dlmﬁl%?ftg% om R bR dentin D, baxd evtangle @> out ﬂ@mfowmlt%angle

o, cﬁ@é&%eﬁr@é%ioﬂgl‘ﬁ R&d REPGLs RF ut-oﬁpgie slsi@Pcpnot shown),

a portion of barbs |s not facing the
S utlePre smemjicalbr sdvehtwistone nwtinbsspiak batidmiemes, werb emanufactured

ron Sn GRS B i oGSk bONBLAE gl b BBl e
(abdua Q.46 man, whichtis stightly !muiettha]i the USP rajuiretingm dcr A si2e10 syfthetic

absdile O R PR Cortatted 3 1A e oyte 1 5 bentath utipls spiral

patt@pasecndxhe ﬁ&iﬁrxﬁ&t&ﬁt& ef theRtured 308 thesbattiyaberd &Qilfem&ial they

wergivided it Rearpberiti i Siecad arigh e Wi Rty cegh sy
- opp&ingdifé &i‘i’ecuwﬁlbﬁﬁe étﬁ&%‘iodp%orﬁ’ ﬂﬁ\é#ﬁl%xinf&g AR R Rehafukd) Bach

when the suture is in feature is
sutugesaAaba Ainghes fafhputlds mm)l 1@% elhegrifdlg gortige wes abpye3 inches

(abovmmrdj 8Bthb SR 2@ BRREAdMBe T4 DRPShAURALRE YA ffb BE Bffire

types of

filameént. Extending beyond the 3 inch (76 mm) barbed middle portion toward each suture

end were two unbarbed end portions of the suture filament that were each about 2 inches

(about 51 mm) long. Depending on the stitching technique, one or both ends of the barbed
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tissues, so that greater suture retention force is
desirable. 10 Wth reference now to Figure 7A, shown
is a sectional side view of barbed suture 80. Barbed
suture 80 has plurality of closely spaced barbs 81 on
el ongated suture body 82 of,, generally circular cross
section. Each barb 81 has B%rb tip 85. Shown are

| sutuSd bl 18 sluﬂ’ftﬂdnﬂg gbinel and ﬁa fdh insektion ifto baBRIr@fiaySOmphRS D

length L, barb cut depth D, barb cut angle 0, cut
straigft %Fﬁﬁﬁgimw espirality angle a, cut-out depression CD,

an @n S8 o ciRlrachdtize HelcoERINADA 0PBarbd B 1, 2P Optefi.dont B0 dhstom

the sectional side view as illustrated in Fllgure TA,

miciperope with beth ring@nd back dighiing wasanedingathns WithafsCIp brand video
cam%%?rgbig&'{@ ﬂ{ea&fre §eﬂ£teﬁ Bhepd 8P AR S ﬁa@ﬁc}ﬁ%ﬁfﬂﬁ %%Zﬁ c@ fhe left and

_ suture I's a tw st cut
righbgroefisy ectl onal bar bed suture, like suture 70 in Figure

a0 Wit YUFLAA G B R Bl ChRRteRERL Lo Bt Elouh B

barbls ando$ fr8h th régha group oSbrrb @ thoswgpnetsuthre) dhat ar)efaﬁnzme fendach ef cut

20 dianeter .S barb |.e d
anelf §and PP D° e Gt Spelf & sprmehyRa Rt e aapes of o o to
outef birfabdibf Ham@a Gﬁi&ieQEO Gkb @NepteD R} a8 wikasirdd alGigta Pedendicular
depressi on specifically, several tw st cut,

fromyie pyigy Sé‘ffé“ﬁ of Qﬁfbe%sal}%fé 80 &ayeard lowgijydingl ainfrol bihedspture 80.

The e RARTLARNEEA 18 PHL Hhe BuBakyEh 8 FslloRil; faAMhIRg A

di aneter of about 0.0 18 inch (about 0.457 mm which
is slightly nore than the USP requirenent for a size O
synthetic 25 abse! ke Ug Each suture contai ned
78 barbs mtroducéﬁﬁ fﬁggpgfate mul tiple spiral
patterns around t he C|rcunference of the suture. Since

ARG 5 i S BB ek S el B S

as fdmawb swne;ache tWHRH ButuREFNSHN & dipPedby BE Vis®Buritly duftig OF babs
81tgrou fromthe apprOX|nate m ddl e ‘of the suture. Each

BiYist 2vgaa venydight mak devignstsd 2 fng Mimprosse anghgsutrs Slament.
'Ihuinhgéﬂvﬁwﬂ!%tphﬁﬂel\’t@ﬁle@&%‘ithdlﬁal'aﬁféQﬁﬁw%c e e riBstdBhtuad

the suture and contai ned the 78 barbs that were
filangeat ig bpiag held irpthe Nise- 3 the sise does aptlaave aichemankng thaspone

ﬁla:ﬁéﬂ? then AN dahBe Mﬁﬁ&p%%mtg% RPlotd 193 cb&%ﬁﬁ%ﬁé%

suture end were two unbarbe portions of

. respeptivestegniniy b pbihe twhsiccessivecuiauhdepiassionsICR teftig sutufediod 62

o B A0 EPAERLO80B0 050 L P LR

sutus§0fis leasvtl onpibe Fise andamtiwisted el thhbsutiire 8@ liés fose, fhem Hne M

6k Rt ot

81s e@iﬁcmﬁﬁm@ﬂm%l S0, He@pAiE ZB6m WO Bushsth thicroscope
ring and back | vvas used together with a CCD
was ﬁﬂtmrmgaéhimaé aplﬁhght@gmt%qars agud Bng H)- eéiseonmagmg

a0 bt S BB P20l B R Gy W

surface pitat batbsiesanme arddiviedM.( Thd average ves éabdullatg! fov PO tepeated:-
measurements (5 from the left group of barbs and 5 from the right group of barbs on the same-
sufure),

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

clamped in a fixed position. The other end of suture 80 was rotated to insert twist until barbs
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. cut lp%}b

barbs and 5 fromthe right group of barbs on the sane
suture) that were made for each of cut angle 0 and
cut depth D. Barb cut angle 0 was neasured fromthe
surface of the cut to the 10 outer surface of barbed
suture 80. Barb cut depth D was neasured along a
per pendi cul ar fromthe out# surface of barbed suture

81 ﬁeretaligwdd Neringi Hadetd seturesB0, bngndinabarn dacinst P betere@Qwo adjacent

ure nts enab th L t.o be calgulated
e S R P AP Pabheidon SR pymoneat o Pratios f 3 e o
sucddssitg &n—ou&ﬂt@hﬁmmm $afi i ailtufe)boﬂfasz fremashé &barpment of two

P Z]hlly on varl rbe sutures 80 as
s RO i hpe S rcalflalon i d O eaiee e TagR 5 G the
leftlgyoulpld® barbs gadrbih SheCitht | E[@gp @ffbahﬁrda&he sa%suﬁl&?/] vise

es

l'eaves a very |ight nar ghated as |in
i nprEdEEEs ¥R Sunmatzed iy @effqﬂlmﬁbles?ﬁu 2B, 7G.50d WP it
be parallel to the longitudinal axis of the vise while

the tw sted suture 20 fllarrent IS being held in the
vise. |f the viselag ize Olbarbed sufute) ght mark on the

suture filanent, then line Mcan be determﬁ@g DL or
that it is paraIIeI to a line connecting the
respective termnus T of the two successi v®avatSuput

Mz%p [essi ons eft i uture 82 fromth :
eégggsﬁlrrent O@JV\D succli'gé&5| ve bblg Mt 81. A?gtﬁertgg‘r%w &

cut adglddlr bs 81, degheen bar H66+2sut ur57801 i s r el aaspglidablem
h i se and untw ste t ure 80 lies free,
c“t%??grhﬁl ine M™% spi ra;asl% 6‘273 lﬁcfgéﬁgtﬁ’f} 82 ar oftidl

cut leagth@d sut ur@mB0, for ni3eg @ow! €4 £h.18pi ral itygy

ecifically for msasurln |raI|t angle a, the
cut ¥z0om 188 cust om0 g(blscopﬁz il\éslsset wi t k9% ng
lighting at 60 and back lighting at coarse 12 and fine
10. Also, inmaging analysis system software was used.
Spirality angle a was then nmeasured between the outer

surface of the bar bedTﬁHE#B?si%bArb&?suMm;The aver age
was cal cul ated for 10 repeate ts (5 from
"the left group of barbs and 5 fromthe right QRatiowf®fL.or

barbs .on the sane suture). Then, barbed sutur -0§e?8ﬁture
was rmunted in a twsting device W|th one end o]?;—

Measurement 80 mitsped i nAvehpxed (RigidhidiDevidHos thameteemS’/mm)
ture 80 was r ot at to insert t until bar
cuta?flfséjm wer e gfeegned ﬁ&(t on bar bea\'lgégture gonet app foable

cut depthgd t udi nalm@ut di st anEgsP bet weenotopy adj acent 47

bar bf:( 81 was neasured mcroscopically between the two
ctive ™Pninus T 8% he two s8™Essive cut- OH7

cut ARRIBPSi ONS #fuxl | eft i npgygpure body @gsgromthe o3
escarpnment of two successive barbs 81. The average

spirglifisangly @ u| atdegreeor 10 20882at ed neasti@dent s ( Sndtppplicable
the 5 left group of barbs and 5 fromthe right group
of barbs on the sane suture). The results are

summari zed i n the fol Iahi¢ HQ (sl tasbedAntuddd, 7C, and 7D.

- Table 7A (size O barbed sutur e) Rafio of D. L. or
_ P over Suture
Measurement Units - Average Standard Deviation  Diameter (0.457 mm)
~ cutangle © degrees - 154 2.870 ~ not applicable

cut depth D mm 0.205 0033 0.45
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Ratio of D. L, or 10 P over Suture Measurenent Units
Left Right Dhanmeter (0.457 mm out angle O degrees
156 2 157 1 not applicable cut depth D nm 0.150. 02
0.160.04 0.35 cut length L nm 0.36+0. 03 0.40+0.10 0. 87
15 cut distance P mm 0. 90+Q.17 0.88+0.15 1.92 Table
7B (size O barbed suture) tioof D. L. or 20 P over
cut IGwdthiLe Measmhenent Unpue9 Aver ag@48t andard Devi at it0a

Dianeter (0.457 mm) cyt _angle grees 151 1.642 not
cut gt labl e AP depth DHr“rﬁ?o. 2158_68527 0.47 cut Iéﬂgth
spir%itg%%zé‘m Qiefies 0. 971933% cut dispgance P mm Gyopfblicable

1 spirality angle a degrees 20.833 1.602 not
applicable Table 7C (size O barbed suture) Ratio of

D. L. or 30 P over MNe, nits Average
St andard Devi ati on D’Sgérﬂtg‘%??(“ 'Mut angle O

degrees 154 2.870 not appl i cabl e cut dept h DRatn ¢fI2.(5 or

0.033 0.45 -25- cut length L mm 0.469 0.044 1,0
di stance P nm 0.975 0.103 2.13 spirality angr‘%ﬂ———"%‘ﬂ'ﬁ“"

Mesgaanhegs 19. IBbts]l. 506 AvdragppStanddl ®ebiatl@bl e Dot {Q.¢50mm)
bar bed suture) Ratio of _D. L, or over Suture .

c‘mﬂ?@% rement ‘GRS Averé@g St anda?'agq}evi ation DI°hARAliggble

cut dBd7 M) /Wt angle @i1degrees @bz 2. 390 not 0.41
applicable 10 cut depth D nmm O. 1(5)58390. 026 0.41 CUtO%

cutlprgialh L nmmm437 0. 039487 96
cut distance P mm 0.966 0.071 211

spirality angle o degrees 18.833 2137 not applicable

k=

Also, some additional measurements of angle « were performed on a few additional

bi-directional twist cut, mulﬁp]e spiral barbed sutures with a diameter of about 0.018 inch -

~(about 0.457 mm, slightly more than the USP requirement for a size 0 synthetic absorbable

-suture). The mean average was 16.87 and the standard deviation was + 0.85.

Additionally, measurements-of barb cut angle 8, barb length L, barb cut depth D; and

cut distance P were performed on 3 additional bi-directional twist cut, multiple spiral barbed

sutures like sutures 80, but having a diameter of about 0.0115 inch (about 0.292 mm, which is
slightly more than the USP requirement for a size 3-0 synthetic absorbable suture), and -

" measurements of spirality angle o were performed on 2 of these 3 additional barbed sutures.

Also, measurements of barb cut angle 8, barb length_ L, barb cut depth ID, cut distance P, and
spirality angle o were performed on 3 additional bi-directional twist cut, multiple spiral
barbed sutures like sutures 80, but with a diameter of about 0.015 inch (about 0.381. rnm, .

- which is slighfly more than the USP requirement for a size 2-0 synthetic absorbable suture).

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

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

P over Suture
Measurement Units Average Standard Deviation Diameter (0.292 mm)
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cut distance P nm0.966 0.071 2.11 spirality angle a
degrees 18.833 2.137 not applicable 15 Al so, sone
addi ti onal neasurenents of angle a were perforned on a
few additional bi-directional tw st cut, nultiple
spiral barbed sutures with di ameter of about 0.018
inch (about 0.457 mm slightly nore than the USP

cut &RMD rement doreet Si ze 186synt het ijgsabsor babl e not applicable

- suture). The nean average was 16.87 and the standard

cut gppthi Bt i on wemm 0. 85. A&HIOYi onal | 9.00%heasur ement s of0-37

t [cut an 0, barbggagth L, ghgsb cut depth Dj; #nd
cu %gﬁgut di st gﬁr@e P were perforned on 3 additional

~ cut @istantiePect i ormain twi st c®t956nul ti pO&®78piral barbed 3.27

.sutures |ike, sutures 80 havi ng..a_.di anet er :
spirdfs e 01 1 SeBlfEh (abatt B ebon IhIPIRIIL | s mBLmelige
nore than the USP requirenent for a size 3-0 synthetic

absor babl e suture), apd surenents, of spirality
angle a were perfor m%ﬁiﬁma S ti onal
barbed sutures. Also, neasurenments of barb it oYL eor
0, barb length L, barb cut depth D, cut distance. P

and 25 spirality angle a were performed on 3 LoverSuture

MeAbtEbaonal Oimigi r ect i aRaked WistindeidiDevitdbh | PhameRt 02492 mm)
arbed sutures |ike sutures 80, but wth a dianmeter o
cutaniglel 0. 015 deawehs (aboutl6®. 381. K055 whi ch is snpggppligeble

than t USP r equiqyr nt fo size 2-0 synt i C
c-ut%glg]?babl e gﬁ?’ur e). Tlgél%rggsul tsbg?% summari zed i riw?tdhe
cut lengthbwi ng Tabwnes 7E, 70,3930, 7K 70,04and W 30 Tabl €.35E
' Size 3-0 barbed sutur tioo L,or P over
cutéﬂﬂﬁ;g MeastPenent Uni?}%gggiveragé'og?andard Devi at i?’(')zn8
spirdlitpaidles ( 0.d2@Res) - 2§:320ut angbs4® degrees 166t spphicable

not applicable cut depth D nm 0.107 0.007 0.37 cut
length L nm 0.443 0.042 1.52 cut distance P nm 0. 956
~0.079 3.27 5 spirality,sp96qside 110 HadeSsutat) t ested not
appl i cabl e not applicable Table 7F (size 3-0 barbed
suture) Ratio of D. L, or P over Suture 10 RatioofD.L,or
Measurenment Units Average Standard Deviati on pPhaleLGle
(0.292 mm cut angle O degrees 164 2.055 not—

Measwrpmentabl e Units dept hARemage 0 Standard Denistion 3diameter §h2fi2mm)
cut dnglf® O- 395 Qe 135 165 1.031 not applicable
cut depth D mm - 0.104 0.009 0.36
cut length L. mm 039 0035 1.34
cut distance P mn: 0.975 0.103 334
spiia]ity angle o degrees 7.258 0.636 not applicable
Table 7H (size 2-0 barbed suture)
Ratioof D, L, or
P over Suture
- Measurement Units Average . Standard Deviation — Diameter (0.381 mm)
cut angle 0 - degrees 160.2 1.320 not applicable
cutdepthD ~  mm 0152 0019 0.40
Ccutlenghl,  mm 0449, 0057 1.18

cutdistanceP . mm 0944 0.098 2.48
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cut distance P nm 0.959 0.074 3.28 15 spirality angle
a degrees 7.329 0.547 not applicable Table 7G (size
3-0 barbed suture) Ratio of D, L. or P over Suture 20
Measurenent Uni'ts Average Standard Devi ation Di aneter
(0.292 mm cut angle O deg% es 165 1. 031 not
applicable cut depth D nm0.104 0.009 0.36 cut length
spitaliffin@le 3P0 0dkpeesl. 34 @u¢ di st ancgpeP MM 0. 975 it Bicable
3.34 25 spirality angle a degrees 7.258 0.636 not
applicable Table 7H (size 2-0 barbed suture) Ratio of
D, L, or P over SuturgplMeasiiLibdbed bl Average
Standard Devi ation Diameter (U.38L nny 30 cut angle O
degrees 160.2 1.320 not applicable cut deptRatideif.L, or
0.152 0.019 0.40 cut length L nmm 0.449 0. 057 Provir sufikdd
di stance P nm 0. 944 0.098 2.48 -27- spirality angte a

Measuggreent 9. 40URit606 notAvepeki Stdpiderd Dabviatioy 1 Dipimeter £0.381 mm)
bar,bgd sut ur Ratio of D, . L, or P over Sutur .
cutﬁiﬁgol\%grerrent % aver afd st andard™Pevi at i on Dngﬁ@qupable_

cutdeptB®l mM) ami angl e .ossgrees G40 1. 707 not 0.41
| icable cut depth D 0.158 0.014 0.41 cut length
cutfengihlo ago o4 1 28 G0cut o G8ce P mm 0. 962 L2

cut@isRade 2. 52 gpirality apggre a degyggas 7.96 1.075 npés

~applicable Table 7J (size 2-0 barlbo(?lgj suture) Ratio of

spirglitynglep. 1 5dqmresver Sutidte not applicable

Table 73 (size 2-0 barbed suture)
Ratioof D. L, or

P gver Suture
Measurement Units Average Standard Deviation Diameter (0.381 mm)
cut angle O degrees 161.0 1.506 not applicable
cut depth D mm 0.154 0.017 040
cut length L mm 0.474 0.058 1.24
cut distance P mm - 0973 0.068 . 2.55
spirality angle 0. degrees . 6.53. 1.755 not applicable

Additional measurements were performed on several other twist cut, multiple spiral,

barbed sutures manufactured from monofilament spun from polydioxanone and having a
diameter of about 0.018 inch (about 0.457 mm, which is slightly more than the USP
requirement for a size 0 synthetic absorbable suture) and thus similar to the above-described
tested barbed sutures, except that these other barbed sutures were cut with a different cutting

machine, namely a machine with one blade that moved longitudinally along the twisted

- filament between cutting strokes and that was controlled with a computer to make the various

cuts for the escarpment of the barbs.- These other barbed sutures were also tested for straight
pull tensile strength and for chamois cloth closure strength, (A discussion of how chamois

cloth closure strength is performed can be seen below in connection with Figures 13A and
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- Measurenent Units Average Standard Devi ation Di aneter
(0.381 mm cut angle 0 degrees 161.0 1.506 not
applicable cut depth D nun 0.154 0.017 0.40 cut
length L nm0.474 0.058 1.24 20 cut distance P nmm
0.973 0.068 2.55 spiralitngpgle a degrees 6.53 1.755
not applicabl e Additional neasurenents were perforned

13BN TheYead fopthB&S otheMbSibedsitturedaib b £Rid @b folloddng Tables 7K.
%arbed sutures manufactured from nonofl ament spun from
~7 ol ydi oxanone and having a dianmeter of about 0.018

i nch (abgefe & dadoBbedfited) i s sl ightly nore than the
USP requirenen or a size 0 synthetic absorbable
suture) and thus similar to the above-descri b&atioofD.L
tested barbed sutures, except that these. other,Raéhed
iR e

sutures were cut with a different cutting mnacChrne,
Mepsusamant 5 nac binite wAveragm eStahdaidDevigtiomoved — Diameter (0.457
mmhongi tudinally along the twisted 30 filanment between
—cl,utting strokes and that was controlled with a
cutangipbt er to .degeesst hE2.¢vari ous0.7t8it s for the escawpipplitable

f e barbs. These_oi her ba d sutures were al so
cutg@g{‘ d for st ghﬁ'ﬁ{)ull te@gﬁ e strength and for048

cut@dagmal s cl ot kel osgr® strengdh2z (A di scussi on of hpys
h is perfornmed can be

hanoi cloth closure strengt

C“tﬁlﬁ@ﬁubél ow i A% onn®d®t on wi t‘%oﬁ gures 13A and -28-171

SPirABRE- re )§ these @hiker barbed sutur

P iﬁgrrrfa}é%l}-?gd iﬁ %132 1@%?I oW ng Q}gﬁes K - T7Z ng}g’bg%ble
(size 0 barbed suture) Ratio of D, L, 5 P over Suture
Measurenment Units Average Standard Deviation D ameter
(0.457 MM cut angle O degrees 152.6 0.718 not

applicable cut dEgbld7IDNsipa0®adRds@u@)1 0. 48 10 cut
length L mMmm 0.479 0.022 1.05 cut distance P gégogﬁdl‘
O

0.015 1.71 spirality angle a degrees 12.9 0.
applicable 15 Table 7L (size 0 barbed sut ure) Plgaéd Sutwaé

D, L. P ove uture Measur t .Units Average e
MU o Dol onh i, SRR Healgey © | Dlimeter 457 mm)

cut angle 6 degrees 1524 0.947 not applicable
cut depth D mm 0216 0014 047

cut length L mm 0465 0.024 : 1.02
cutdistance? = mm 0.774 0.015 1.69
-spirality angle ¢ degrees 13.2 0.349 not applicable

Table 7M (size O barbed suture)

Ratioof D, L.
| _ P over Suture
Measurement Units Average Standard Deviation Diameter (0:457 mm)
_cut angle B degrees 152.3 0.576 -not applicable -
cut depth D mm 0227 0.015 : ' L 0.50
cut length L -mm - 0489 - 0034 : B 1.07

cutdistanceP  mm - 079 0018 174
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cut angle O degrees 152.4 0.947 not applicable 20 cut
depth D nm 0.216 0.014 0.47 cut length L nmm 0. 465
0.024 1.02 cut distance P nmO0.774 0.015 1.69
spirality angle a degrees 13.2 0.349 not applicable
25 Table 7M (size O barbed_guture) Ratio of D. L, P
over Suture Measurenent Udlts Average Standard
Spirﬂﬁgh%ﬁé&n Di gerterix(0- 457 my1o30 cut angle 0 dggngdRable
152.3 0.576 not applicable cut depth D nm 0.227 0.015
0.50 cut length L nmO0.489 0.034 1.07 cut distance P
mm 0. 796 0.018 1.74 -29- spirality angle a degrees
13.1 0:193 not applicable Table 7N (size 0 barbed

suture) 5 Ratio JRbR7N(size PbabedsuBuelire Measurenent
Units Average Standard Devi ation D aneter (01@E505MWL

cut angle 0 degrees 152.8 0.612 not appli cabl
depth D nmm 0. 207 0.007 0.45 cut |ength L nm (B d%3Suture

0.016 0.99 ut di stance 798 0.017 1.75
Measurement; ¢ |, arﬁﬂﬁg aé%eiﬁ%“@é%@g@t A8 5 not appl 0457
P .

mmi5 Table 70 (size O barbed suture) Ratio of D. L.

over Suture Measurenent Units Average Standard )
cot mgletht i on DideBEeRriRE 457 IP1Bm cut angle 0 dajrERlicable

cutdepdr 9 O- 549 gt apPigreabl e 07 | 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

Table 70 (size 0 barbed suture)

Ratioof D, L.

P over Suture
Measurement Units Average Standard Deviation Diameter (0.457
mm)
cut angle 8 degrees 152.9 0.549 not applicable
cut depth D  mm  0.188 0.016 0.41
‘cut length L mm 0413 0.030 g _ 090
cut distance P mm  0.787 0.024 | 1.72
spirality angle o degrees 13.8 0.270 - not applicable .

Table 7P (size 0 barbed suture)
Raticof D, L.,
_ : : P over Suture.

Méasﬁrement Units  Average Standard Deviation Diameter (0.457

- mm)
cut angle 8 . degrees 153.1 - 0655 - mot applicable




cut depth D mm 0.188 0.016 0.41 cut length L nm 0. 413
0.030 0.90 cut distance P nmO0.787 0.024 1.72 25
spirality angle a degrees 13.8 0.270 not applicable
Table 7P (size O barbed suture) Ratio of D, L, 30 P
over Suture : Measurenent ;bnits Average Standard
Devi ation Dianeter (0.457 "mn) cut angle O degrees
cutddpth I 0. 655 met apploscabl e 0307 cut depth D nm 0. 204
.0 0.45 cut le h L nm0Q.451 0.019 0.99 cut
cut%pgtg ce P ni0. 7 .018 19#39 spirality angle a®%
cut gigghiees 13. Gpfp 41G. 1ot appl ggapl e 5 Table 70 (sizega0
_barbed suture) Ratio of D, L, P over Suture 10
spirpty augleprent dogfees Rvker age SP4ABar d Devi ati on Dichasmlisgble
(0.457 mmcut angle O degrees 163.1 0.505 not
applicable cut depth D mm 0.245 0.013 0.54 cut length
L nmO0.842 0.045 1.84 15 cut distance P mm 0.774
0.009 1.69 spiral] | .2 ees 10.8 0.449 not
appl i cabl e Tabl e‘Ell /i sfle b s%{muture) 20 Ratio of
D, L, P over Suture Measurenent Units Aver &tioof D, L,
St andard Devi ation Dianmeter (0.457 MM cut | e.0
degrees- 161.1 1.126 not applicable Polersature

Measurement Units Average Standard Deviation Diameter (0.457
mm)
cut angle 0 degrees 163.1 0.505 not applicable
cut depth D mm 0.245 0.013 0.54
cut length L mm 0.842 0.045 1.84
cut distance P mm 0.774 0.009 1.69

' spirality angle o, degrees 10.8 : 0449 not applicable

Table 7R (size 0 bartbed suture)

Ratioof D, L

P over-Suture-
Measurement - Units Average Standard Deviation Diameter (0.457 -
mm) :
cut angle & degrees 161.1 1.126 | not applicable -
cut depth D mm 0.233 0.017 0.51
cut length L mm 0721 0.035 1.58
cut distance P mm 0.773 0.010 : 1.69
spirality angle o degrees 12.6 0.189 not applicable

Table 7S (size 0 barbed suture)
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25 cut depth D nmm 0.233 0.017 0.51 cut length L nm
0.721 0.035 1.58 cut distance P nun 0.773 0.010 1.69
spirality angle a degrees 12.6 0.189 not applicable

30 Table 7S (size O barbed suture) -31 Ratio of D, L,
P over Suture Measurenent ;Wnits Average Standard

Devi ati on Di aneter (0.457 5 cut angle O degrees
160.9 0.708 not applicable cut depth D nm O.R« HDOL4

0.52 cut length L nmO0.734 0.037 1.61 cut distange P
mm 0. 774 0.009 1.69 splrallty angle a degreé§4¥§gggm

MeddurdhéntNOt  apPhitsC abhwerapdO Stalah@ Deliatish ze O barbi@gieter (0.457

suture) Rati o of D L P over Suture : 15 Measurenent
nits Average Standard Deviation Dianeter (0.457 MM
cutzﬁl'éfe@ngl e 0 4l %%@%01_;54 6 1o4pg not applicabl enotﬁb’ﬁhcable
depth D nm 0. 210 0.009 0.46 cut length L nm O
cut@p@lZB 1.08 m@ cut0.U0st ance 0P14m 0. 538 0. 011 1. 18052
Sk Ax lity angle a rees . 0. 223 not applica
cut [ ﬁ 7U (sfgé'o barbed sutﬁﬁ%g 25 Ratio of D, L, qfﬁ
cutctistmceButure mivbas U Bdent UniOt®9Aver age Standard 1.69

spira?@)éar@ebogog g{%'c::sg[)larqo 457 Blfil\& cut angle 0 del%tapﬁlcable

cabl e

Table 7T (size 0 barbed suture

Ratio of D, L.

P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457
mm)
cut angle 8 degrees 154.6 - 1434 not applicable
cut depth D mm 0210  0.009 0.46
cut length L. mm 0.492 0.026 1.08
cut distance P mm 0.538 0.011 1.18
spirality angle o degrees .12.3 0.223 not applicable

Table 7U (size 0 barbed suture)

Ratio of D, L.
P over Suture
‘Measurement Units Average Standard Deviation Diameter (0.457
mm)
cuf angle 0 degrees 152.9 0.809 _not applicable
-cut depth D mm 0212 0014 | 046
cut Jength L mm 0.464 0.026 1.01
cut distance P mm 0530 . 0015 1.16

- spinlityanglec  degrees 137 . 0411 not applicable
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30 cut depth D nmm 0.212 0.014 0.46 cut length L nm
0.464 0.026 1.01 cut distance P mm 0.530 0.015 1.16
spirality angle a degrees :13.7 0.411 not applicable
-32- Table 7V (size 0 barbed suture) Ratio of D. L, 5
P over Suture Measurenent_44nits Average Standard

Devi ation Di aneter (0.457 >Mcut angle 0O degrees
153. 4 0.903 not applicable cut depth D nm 0.221 0.010
0.48 10 cut length L mm 0.495 0.023 1.08 cut distance
P nmO0.537 0.012 1.17 spirality angle a degrees 13.9
0. 605 not appl i catdbe: Mb(sikablbarbéd\fteeye O bar bed
suture) Ratio of D, L, P over Suture Measurenent
Units Average Standard Deviation Diameter (0.BaipofD.L,

Turn) 20 cut angle O degrees 155.2 0.829 not p gyer Suture

appllcable cut depth D nm 0.202 0.008 0.44 cut Tengih
Megsupement 183 oUnitsy 1Avmagec Standexdk Deviaiow m 0. 7m%_e 457

mm}- 73 spirality angle a degrees 12.6 0.328 not
applicable 25 Table 7X (size O barbed suture) Ratio
cutgfgle) L, P dngeqes Sifiddre 30 M88surenent Units mappi@eble

cutg‘;éﬁpﬂard Devj |o Hlarreter (@3457 MM cut angle m’?T48

rees 155. not applrTcable cut depth D
cut I&nﬁtﬁ& 0. 010 lﬁm44 0 495 0.023 1.08
cut distance P mm  0.537 0.012 117
spirality angle o degrees 13.9 0.605 not applicable

Table TW (size 0 barbed suture)

Ratio of D, L.

P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457
) :
cut angle 0 degrees 1552 0.829 not applicable
cut-depth D mm 0.202 0.008 0.44
cutlength L mm 0.483 0.017 1.06
cut distance P mm 0.789 0.031 1.73
spirality angle o degrees 12.6 0328 not applicable

Table 7X (size 0 barbed suture)

Ratio of D, L.
. P over Suture
Measurement Units Average Standard Deviation Diameter (0.457
- _
- cot angle degrees 155.5: 0.799 not applicable

cut depth D mm 0200 0010 o 0.44
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-33- cut length L nmmO0.484 0.027 1.06 cut distance P
mm 0. 798 0.017 1.75 spirality angle a degrees 11.8
0.362 not applicable 5 Table 7Y (size 0 barbed
suture) Ratio of D. L. P over Suture Measurenent
Units Average Standard Devigtion Dianmeter (0.457 10
M) cut angle O degrees 15574 0.560 not applicable

cut Rufthdept h D mm 0. 104840. 008 @.g83 cut length L nun OLgyl

Cut815017 1.03 cut di s_z%pce P nmmO0.799 0.019 1.75 15

fapcgl ty angie a GG ees 10@70. 496 not appl i cabl®’?
spirdiaPhfisld ¢ 20 Bardaediyiture Stgmpght Pul | Str engh&a?plicable
Chanols Coth"Closure Strength (pounds) (pounds to
rupture) Sanple 1 7.29 11.23 (Tables 7K-7M) Sanple 2
8.73 12.14 25 (Tables 7N - 7P) Sanple 3 8.5 9.22
(Tables 7Q - 7S) Sanple 4 5.92 9.27 (Tables 7T - 7V)

30 Sanple 5 7.69 BbR7Y (iFahbebedureyY) 34 Al t hough
all the above-noted neasurenents were perfor nﬁg.or}
optD. 1.

bi-directional, twist cut, nultiple spiral ba
sutures, the bel ow noted desirabl e ranges forPoverSuture

| neasur.enent s_for arb | t.h barb cut depth D
Meggiement " o oVl  Siesaneailen p’snoul BEREEALST

mmypame for the various other inventive barbed sutures
descri bed here.

cut angle 6 degrees 1554 0.560 not applicable

cut depth D mm 0196 0.008 043

‘cut length L mm 0471 0.017 1.03

cut distance P mm 0.799 0019 - 1.75

‘spirality angle o degrees 11.8 0.496 not applicable

 Table7Z

Barhed Suture Straight Pull Strength Chamois Cloth Closure Strength
~ (pounds) - (pounds to rupture)

Samplg 1 7.29 11.23

(Tables 7K — TM)

Sample 2 ‘ 8.73 12.14

(Tables 7N~ 7P)

Sample 3 : 8.5 9.22

(Tables 7Q - 7S)

Sample 4 592 9.27

(Tables 7T - 7V)

‘Sample 5 7.69 B 9.97

{Tables TW — TY) ]
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5 A suitable ratio of cut length L to barbed suture

di anmeter SD ranges from about 0.2 to about 2, nore
preferably fromabout 0.4 to about 1.7, even nore
preferably fromabout 0.8 to about 1.5. However, very
suitabl e barbed sutures may,have a ratio of cut Iength
L to barbed suture dlaneter "SD from about 1 down to

a b Q‘\Jltho@gh?a]i e @bSihoteld Gheﬁs’iirérﬁbnﬁsfwérb geﬂl’(brﬁﬁ& Sh biPARBHidHaE twist
h el evaiyl on the vat| on of barb tip 85 above

cut SIS BB arb%f;sut%e% belaw o desirmblenaspor reasuromens for
bar§ RhEBIPERY Icﬁaie}gtm M@l S0 R BAYG: chit dRMHCAOsBRRABE tHY s8me

( The hi ghest ssible barb elevation is the sane as
for ﬂﬁefab@uswtheengﬂmvn burbed sgnresedesuribed bére. rati o of cut

A e

aboBt 2, niare prbfembly fob Shout 0.4 o almutel 'ﬂ,ree'émmtd preferabiy fedpoatout 0.8 to
b d th L b
sbofi 7. gL il RAR G RO ponl cdlemegul o tagped

~ suhgé maeasg dronbabobis] duven ttrﬁbtﬁlt 0.2] whdrtley the Fatio@f thehiphest possible

es of fjissu ch as fat .tpssue or soft
barty vl g B5vagh oS 5 s e Mpre By B30 e Sl Yipeter sp
conje§poﬂdlﬁgy@£ﬂge§ frbn@Bsut @ldoivh &ﬁdb@gt &2 C(lrrhasalighéét lpbRIbSe barb elevation
tissue. sSSse I N Nore etal W VI S-a-VvI s
is thejsgmF as te o Darpicnell g 1A 5cap S be e 41 GHEArBRLD HHieried uer b
diarB @8 ST 3ds R hHvAt 0.0510Bb6R Y, Rt [ﬁ‘@f efibly 68 Shoul®.d itd/Mout
and/or small barbs di sposed on the sane suture wl|

0. Sfbé"‘?!’égﬁ’fP prsferably fpm aheyt frldte aboyk84- t he bar bed suture is
20 pa I%L’se ﬂen%l 1t ﬂnﬁysb@detst%iy \tb@i%d Qéﬁeﬁ&"ng B8 tHeANtBded end use,
struct ur es @g O forned between the barb and
since fagar barhg atee@brg sttitable fordeiping settaimbyipgs Gidisbus sughpasdet tispugipr soft
tissiEE Eregs‘k %Ict fHor@ Q@Hﬁale]fgxﬁ ﬁ%@ﬁ%q&ﬁgﬁﬁswﬁs such as

pre erab y vvou range froma rees
fibregsdigsuel AB difeussedin. mort detaibbelow visfaevis Eigueuitl, thenglvell @lsé be
. .10 t
oy BRSO O RS R by, o B
barh#idmpa&ed m diie saime whtufe. vﬁll ae ticm’able (fainsthnds, wheh therparbadtsumke is
USP requi renent for a

I ar
empg r?ﬁﬂle s'&e ?%%B ag‘cﬂts cé“rS? size 0, the preferred
b aidiut 4o foriedVbdtivebnline &ra@drma elbﬁ@tdarsaﬁﬁd g dBadably would

dept h D woul d preferred barb cut

| mg&ﬁ'@aﬂéa%hw 49&02%*-3 aa@@mné%@egr%ﬁ@qr@ oesforaily @guldirage from about
145 *asgrw@sqg alGRY 159G tgfég bfpel tﬁosggr'é%h@% bt 25 EER%h @1%123:}%& g@from

30 creatl ng as nman S as possi

'abotttHQO%batahmgl'?&‘hd is a factor in the ability of the

£+ Efoeatet, bt § phuRRRaRE R Vil SafRr S ppulus inch
(abcRDGAST infy), WipERislight§eGE@ Ak the Uﬁ*&%ﬂﬁlﬁ!ﬁh&ﬁﬁw a b)ﬁnﬂkbﬁb bs

-.abscﬁ%q% aced too close, the integrity of

S S, Seaiiired boerensi - eypulcin A ming e grefected barb
depth D608 Ye O rhiRCanddhdselcRe6b cRafKe Widld R159 d&@ce@

decrease in suture tensile strength. Generally

sul paBdinaLpreing betean 2y sy ebases ipgensrally cegiod with fe goal of

creafh@BhSly batbs R Poksible ﬂ&gm@s}ﬁ% afld 15 o ﬁctalqﬁ We Bilit) B Re barbed

preferably from about 5 to about even nore

sutupsytp prghgplissugs wie maintaining firmness, As barbs are spaced farther apart, tissue-

anchoring capacity decreases. Nevertheless, if barbs are spaced too close, the integrity of the
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5 about 1.0 to about 3.5. Very suitable barbed sutures
may have a ratio of cut distance P to barbed suture

di aneter SD from about 1.5 down to about 0.2, whereby
cut distance P may be as |ow as about 0.1,
particularly for the overlapping barb embodinent,
which.is discussed in nore-detail below vis-h-vis

filamegb®sbeljddpardlzB, whidicouidadlid @ terd¥dfdy df et akidé to peel back and
spirality angle a forned between |line Mand the
alsp ecrsaiein putete (eHs YR80 of the el ongated suture

bodFerfepitySa $uivhtsib rafib bf culdistahed B totidiedlsufdpt iRkt 8D Haliges from
t Bn cally would range from about 5 degrees to abou
abozg -4 dyrhouto, mase erefml?g'ér% rBouf 0§40 awytd-> evaRgeEascipgbly from
abddP P %o AbufBS! 965 suilddf VARRE sithfeb ﬁ{apﬁ%mh@o&gt Stafled P 10

barbs on a twist cut, nultiple spir bar bed suture

barbed sybyeidianeter 315 fraybout 1 dovartaiabept AGvwheretrsi eptidistagee P may be
. A | . .
= 19 U0 0 i Bl st G B BB RO i ottt in
moteaiitaildRlowras-a-vs Rjgmesrl2AL 2R, i12Cudrelr12Dn cr oss  secti on.
Elo ted..body .92 ternjnat in fir a econ .
por MGG SEUY s EloRef BB M o BRER ey direction
of theElbRFIpdatiRet BddR for@nRisDdut indiliple Bsifal BdbePlaniriyplanpwosid
cal. needle (not .shown) for insertion i

mﬂ?ﬁ éjr{}%ﬁo ddegees i ropt 25 dretree r%epwéqr%:é@@am%ﬁfd?gmﬁsr to

abogi DSRghees pﬁﬁ:qg%st %ﬁfeﬁﬁd el 26 MYt An 2 nbi%{kslﬂh%ulﬁple spiral

I Sposi tion. ture 90 may be nade with the sane

baraditstifurrpis abaih 19eto about 8. above- di scussed sutures, such

as the cutti deyi ce _describ i,n.t.he above: npt e
Sor g oY s ¥ 8w d EGEIDEE virfon' s b ¥R RRIEN of the
preoninivengibn. oS 90 ilvdrdadelvregzattd body dkdhanie péreedlylctcularik icrugs

seclfle Flereated Jot 4 A By bsebangipoinking o4, B Tonfiegprating

AissGUTE i¥utbitbidblated Hat Sde or BothRAGI 94, 06 ma§ Ybrkiprae aBgicADneed )X not

ShOpE) DE TSGR TS A WEPE G OF FRERRMBHI Of close spaced
bartshl SYR@ShEdA 2 kmdbiiAlspéstonmaNY barb angl es provide
superior anchoring In tissues_and thus afford superior
wo lﬁ?&“ﬁ%@ Ry be madiowiih the samequitingimaching gﬁ@g ﬁbove-dlscus.,sedrsutures,
sucflhs3he Siliddbvice lgschBidg qwsagm&t&ps&ﬁl ﬁ& dgmg,%%heaioqa ot

tl1ssue w an insertion device, such as that shown

al. Withraembingtions-of Greabiovs-described msthofipior Biaking e A80 degrewdisposition -

(ol SRR PRt by (AR, S0 an Xt o ipte spia

disposiboul(snterds 601 70, BE), bareslenturd 90veitlh a very rsdomrbarbldifposition is
. NG| Lon t Up. dy.1 of ner al .

ovusfi HE o BnBBOS Bl Rl Sipedft if P n et Bk grovice
supatics pmhedrrl]g)ig tiskueaam?ﬂ thus&dffot@:;@ﬁﬂoﬂb?@& lhyld?@@nqﬂrtbﬁr tm;]mtz the

07.. Eac. r as a rp configuratiopn such . .
ronds ] GeRTRaP e pa e S B e i iy o i Gpvice
suctbatthatshiwii @ tendtové-iatd BISoRMEnt NG 53028760 Full. - 36-
per‘}ﬁitratér tissye and_ it is contenpl ated that one

bot 2. $iougitg waHonb s Bey,9bbarbed R 190y hich is

anothBSeitoliRibnt M the priefchtRventieh US@ub080 mcﬂ?el[i?i%d%ﬁﬂ% 8% 102
sanme cutting rmachi ne as the above-di scusse
of generally circular cross section. Also, suture body 102 has disposed on it a plarality of

closely spaced barbs 107. Each barb 107 has a barb configuration such that barb underside

108 is serrated or corrugated. One or both sufure ends (not showh) are pointed for
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sutures, such as the cutting device described in the
above-noted Serial No. 09/943,733 to 5 CGenova et al.
Barb 107 havi ng serrated underside 108 is achi eved by
vibrating or oscillating the cutting bl ades of the
cutting device when barbs afe being escarped into the
body of a nonofilanent. It 1s intended that any of
penchaingashednds tisdoasnplatddiiat phesichivth inay ethpRE a 8Srgical needle (not
Stmdegfrlb%% here.ma % have barbs with a configuration
PR TREEOREO USSU%  r ated or corrugated underside. 10
W t3uiire 160 RBEE: MAW Wit thé gihicitth@Anante 4B aBiSRIEMed N
10 A1s a perspective view and depicted in
S““F’Pizj alwg a3 Hhe cpiting devies depibed in theplongrngigd §%ﬂl Nep09/943. 833 to

Gerova 802! B 107 AR Bied Bhadi® ﬂfS‘?f’fdMevbd‘%?ﬂBﬂaﬁﬁ% or oscillating

Suture 110 includes el ongated suture body 1
the geifing HF‘I‘G;? of the cuiting devieswes é@tbis ew being serarped inte thethody of 2

morloflariae #iSRRERM R ?%)Foﬁhe% Wes% the%!rege}g Yre S@Caﬁd

barbs 115 havi ng tlps one
des¢rihied bere ey dgvedfarlissvity mnnﬁgl)ratzcmhﬁ inclslel a sermted or corrugated
undeQfaki guration with an arcuate base 119 where barb 115

I's attached to suture body 112. One or both suture

endXitlf reftrerch oo Yo Bigerep b A medi10B de;paabmrlﬁgum 0 Aiis s pﬁ‘spective

. i t hat r

vied Bt ddpicke i PR EREAL £ VS o ooty @i {logRih BERohE"

emHodsameof the gnseasmi@ﬁioﬂ.n ﬂutilﬁD lairehiieossn @&ﬁtsutafbaiody It EMN6E
ectjvely along l.ine 10 1 and. 20.line ), -

gendoly G %[Sesei ? a‘}f'ém%e@ gﬁc}m&%ﬁm‘aﬁl P’h’éPPL‘%FY pf

c]oselyapadaabkrbitﬁs ltmx@rmﬁ) tipd a7 @HEbarB Al sﬁb@ﬁfd@ ﬁ@oéel;%f .

ore ity 1S on o v e e v LS e ighed

to sﬁ&retﬂaﬁy C14, t@&%t@@%'sﬁﬁr&&% (ﬂobﬁ@w’nﬁau’e BSin%E @Mﬁj‘eﬁ&?aﬁgg tissue
erial No. 09/943,733 to GCenova et al. To achieve

and Hd? w"iﬁ@lﬂ%ﬂmhﬁgma PEbetk may serEprisea sutgical ragtleimey shrvgn) der

insettfonRh@Ykeed 25 with cutting blades wth ends that are

cor r espondi n&l&harcuate Wi th respect to arcuate base
11%igures 10 apdh a@&rqsﬁmctlaw} vigivs réspectizelp eldng ling kS — 39C and

- line tlbﬁ q%ﬁstﬁ? ek VB Uy gﬁ}g ??% ﬁfﬂ R@tﬂerh:?zfdﬁ tiPYard 114 ecomes

bs with a configlr Inclu an ar cua
ﬂaﬁb‘a@r@m@ﬁi@nabasgélﬂatomlslﬁuI d enhance tissue

flat, | C e
o A 18 2845 R R Rl e Githe a5 RE By igougged
sutugsisysuch asrthecutingadeviceidesctibatiin e abeemdted Sepial Ne.0omaB,733 to

con B 60 LAy RS DB

withzating Blated witleerids dat &8 cofepbialinglProQg WRItesgict fohecuate base
ngresent invention, and that is generally designated at
‘120. Suture 120 includes elongated body 122 that is

genes tehedihitQuy 8f thé Baxﬁécps%ﬁlr&%ttﬂe%eseﬂ iRARbEL B8Gbed here
122 -37- terminates in end 124. End 124 is pointed for

may Safckarbs il eanBgratonhatinclydes anprcenipbase.cBia sgnate base should

- enhance tissue anchoring as compared to a flat, linear base. Regardless, it is not desired for

the base to be circular or oval, which would result from conical shaped barbs, as that.could
decrease tissue anchoring.

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

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

. includes elongated body 122 that is generally circular in cross section. Elongated body 122
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end 124 may conprise a surgical needle (not shown) for
insertion into tissue. (The other end is not shown,
and al so may be pointed for penetrating tissue and nay
conprise a surgical needle for penetrating tissue.) 5
Al so, suture 120 includes_gzgrality of closely spaced
barbs 125, plurality of closely spaced barbs 127, and

temnwésqh éﬁd/l?gf Fal 9581s YpompaGeheR@tdisig £2% arfdaf RS od@RpRice that
relatively small in size with a rel atlvelg short barb
¥

end|12hmencemprise apureisal needlp fopghoymytor fieran HfQUsss- fIhe efpgr end
is n&%ﬂé&%ﬁ&‘algd ltégy %\éaéd?nt@d £o béMelriflpVis R Ghi Bah 864pdise '&Qﬁﬁlcal

as conpare bs 129, whi ch are relatively large
needlmfcgpmttwrtgﬁsaueﬁ)el atively long barb length. 10 Suture

‘ P . ) :
L0V 8 S B T g o et
spaced badbn 127 end pleraligrsd clobalyl spanec’t Haehsd BB vBarhe 1 LoarSelatiably Nmall in

. 09/943 733 t0 r e f

e T e R e s P ol

medidi® h siid&&vﬂﬂi Iblaﬁuély hﬁdlighi‘oarlsleﬁghl,as baﬂwd tobarbk 829, svhichzese
t.0 r %’é(nlﬁg the three sets of barbs

Iela'i‘?gy a???“ S’é‘%‘ﬂ‘ Ii'g?é different fromthe
ot lsefuse 1zohﬂy6bel§ade with €he/samy icitgn® indétinedds ehdjeeﬁvgﬂﬁdnl’ﬁsdr

s e g o 1 PR BB PEITn AP DY EhRL NG

09/928583 fmyenbea &hersy amiﬂg Hi¥andlintd o Blide ABemdnEeind a8 mto a
the barb base t{ pi cal | is |less than about 1/4 of t

sutusqﬁiam@ndhah@e Bar cwdﬁnaﬂh@tnaa#e longeror sharige 2§ desipdde Tesulf wach

of tiértﬁreggeﬂ eaais 159 r1217 Ohnfl 'lﬁ‘@befu?é of ke A fedrert FrRfURS others, where
whereas rel ati vel er barbs are desirable for

the yasying sigesfarayfesigaed %sgms suggieal gppligatinns c Bipbas siremapflso vary
in tl'L g{ag&mgﬁﬁééﬁ% mﬁéb iR ﬁasg fﬁe SB3rt! MEiHAG 1 H:'ic?

to ensur’e I mm anc ng pr opertl es

- regandless, the bab bar:eypmﬂv dntess dlpnfabeut daefiihe sutrg émtnaseer 01I y

t m%ondingtf %E—:e nltatige& ¢ ﬁa?%eic' E:srg :9(% %%%lg’lé fc(rgﬁgl ?I it 3 a‘i\l sdiRt ss@e%

escar pe sets of
whebms tmti@eigtsmaﬂEnWm})s metdasdablerfor jbining, fibsous tisaues. ndseeof a

mg Et Si z dset% H?@ ree., Sizes . .as f strated
qf dargg. mpdpygL aqder sl parbs on the same Syfutg helps (o grsily
maxiBin aﬁdhbﬂﬁ@p:bp&ﬁesk%n%ﬁrb&&edae ctisgshnizéd fopee:h tigaun dyeni Oily

o pHeqiafFsats Pic ORESHBNRLEmEIA SRR 0 Lty BRI o

additidnd] RS SIAREMDs (R EhEAN RBE o] H¥eL Six \Wrinkbrd diffofenbiadedrigts dhan three

confi guration of varg2 sl zes in accordance with_ t
5p

sizes #illpatsd fonsets ofbapby, Tl iy De esqgmned dnjo %%‘nbegy 122

as d&'ﬁre& N AQBdARLRAith B innBSI Qid WBEYARS aitﬂtﬁagﬁtshﬁfe 120\ Eilabtitled
barbed sutures described here. 30 F gure 12A is a

withihe basbscheingamidirsofiopnl, Hnvinteadeddhas @&ibﬁ‘iaﬂl‘tureﬁf with harpg aying a
contfH0ygyind BOUY 1R SRREEL Bk ot e

' barbbésdtuxsmmm:lommbe(dmommmofah@thm invertivefborbed sutures

des g?cﬁﬁratlng tissue and it is contenplated that one or
Stids may conprise a surgical needle (not shown)
f OFiguresI2al ik @ pelspdctivé view vanoilidBembodiment of the present invention,

showing barbed suture 130 having elongated body 132 of generally circular cross section. -
One or both suture ends (not shown) are pointed for penetrating tissue and it is contemplated

that one or both ends may comprise a surgical needle (not shown) for insertion into tissue.
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Suture 130 further includes plurality of barbs 135
projecting frombody 132 such that at |east two

| ongi tudi nally adjacent first and second barbs 135 are
di sposed on body 132 where first barb 135 overl aps
second barb 135 if first aq% second barbs 135, which
is readily apparent if barbs 135 are laid flat on

bodpnnit8230 farthérgatleded alarahsy csf bpmssps piqlééﬁng/fr&ﬁ/bﬁtﬂy 1552 such that

ot 1 e i e ol spperti g P cispaced bty L2

whdré Gt eartl 243 dverlapstsefbni/bash 185 eMfixstGind Eé&ﬁﬂ Barb?B5, E/hﬁhl is@:eadﬂy
S a cross-sectional view along ling 12D - 12D of

aPPﬁF'&d‘%l@ﬂ?EZ]é > arelgiddlahonkodyddd ¢l early seen from Figures
12 %i%ui@ﬁB o) cﬂsﬁ@hv&i %bvnﬁ a %51‘?1%& BF@\F&Iaﬁ’gmé’?e[rﬁ%slSS 5 ﬁl’e

over ping Tirst barb IS escarp Into part of

overlapi bysiion b?ébféirsrlamb%@ 0§ Eigwredl 200 and Figued2C inmwpotan view
t
i, P gl 951 G083, 5 AOAEPPASD 5 e

As qen bp nmwleifﬂmgen frrn Fignies 138.ek2Cappl 1233 dusm@carpmmt of bagbs
cond
135 Felocpily fRuthALE b BLBENd fofior NBis T30 offipg sitna ban
135mpd isb amp plait Qfetcpsr@ TsoflovéBpped ssbarddash 135rbegnamr1:ah of @iderside
. e barb cut distance between two
Usﬁvgga%gﬁgfur&% ut 15 length. Particularly for the
ov &htsapizh tig: daxaﬂtppﬁig&ﬁ@@hitim the Bagy gt &istahwliee:vdbﬁmdarb 135

ent B T et B S e S Spofei1,

whesdag i ge@aeﬁl fos nbmed id&gesb ﬁ{dbaﬂiﬂut ﬂﬁ}sﬁ%@‘d&ﬁvé@n szb@s Bthe @ cut
s .abou iscussion O I gure -
tengfl FABRHerty Fa the regaties b S RRSRIon Yot Fatable bashe e may

havd:waua bBthe D& 8 ot difthiiee QY@L bABRI e diaﬁi@fé? frbinodao&l 1l P to
r. cl oselg/ gackl ng nmany barbs 135 on 132,
abm{t@&r #nge the bagh ey distanse B anay be a3 Jowias ahaut aﬁeetasquwma‘lgure:r

7 fort QRmRALRICMis TSR ER 1S THYRE thebARD Q@H@éﬂ? LPtslﬁ:ﬁS B, Qﬂﬁl{%

length. Also, although suture 130 Is I trae
dispesifigaaliows faselose]y padkitigrmaanyibarba L 35 pn body 132rangnytiehlly darbs 135
[ t
e 354 0o LS 0 o . REF BB Mod A .
asAljeslthbusbdutvuey b’a‘O 1Fﬂlya|ms_d ‘&tﬂﬁbarbs%BS HeBE, undirdcticafl, 8 foow

intenglt@tf ﬁﬁﬁc@ dd%%:ﬂ'sﬁt%k fﬁ%%‘gc Tda:l:;]e o ﬁ‘e e?ﬁglg}ogél}s%?%ﬁf%e%rb% 's

to each surgrc

: directianalba:baimtmaeddscdh'edlhateo tlssue the surgical

negd| es e at a polyner, for instance, as
dcBEvPD LR AU LG Rak Fys e ViBl el ppethe, wherosBirbed
suturtds dBbetied 6 eh sadgmaﬁtegme ©Inlcher 36 DIORiLA BErGAA inBSREhS Hl
% S a strai | on ated needle in the
surgi H&‘F"’t“fﬁdﬁ%’ e c9p %8’1‘ SRy derdpstance s qlescaibed above vigidais

U.s. E’BteﬁﬁNlﬁSZSSQUﬂfGra&Hr%zﬁm needle NI has 30. pointed
IJ? Ti for insertion into ti ssue and al so has hole H .

1gyre 434 5o swrgigal pie,ediq Nh@*@fﬂ&ﬁé@a‘&lﬁ elongatetheagdleduthis as
longlQUisRl Bk addtnat PRl Lidar il oro LR, SulatleFncsdiolft s

‘pointedip b serdnsgetivnrint digsup antlbai@b kagtholeddl. Swigicalinestlid NY js illustrated
as attdéHed] spatl asrkgv%\%j gﬁl . WS@@?EQB?&)G:& Ruthdd %14 APSuES shftre

direction
including, but not limited to, any. of the above-described barbed sutures. Additionally,

surgical needle N1 has diameter D1 in the transverse direction, which is illustrated as a
relatively thin diameter, such as about 0.02 inch (about 0.51 mm). As discussed above vis-a-
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relatively thin diameter, such as about 0.02 inch
(about 0.51 mm).. As discussed above vis-a -39- vis
swagi ng, surgical needle Ni, after having suture S 1
inserted into hole H, nay be crinped by standard
procedures about hole H g hol d suture Si in place
for suturing tissue. Fi gure” 13B shows surgical needle

vis sN%gi‘hEas‘h il ﬁeeaterm gfidr haliag 8aie & 1 hReHeEiniohold 181, may be
rtudinal direction and that is generﬁjly ci rcul ar

cnmpﬂd ganlarinreqedires Appidatl Hald ammz St &splagy TRT;upag tissue.
ti ng?c f3§rshb@§§fr ﬁrﬂeécﬂht NZ tHaB18 Rt APKE n?ﬁlethﬁ&di@@ﬂ e H2

need is illustrated as attached such as
1°ﬂQUYdIBMgW’@n and)tugus pen¢raflycirewlarsp crogpsesten. Swrigabnesdl

pomtp e]% fﬁyﬁgérﬁon ﬁxgw%cfylga'aa?lg BHLs Rt b ﬁggﬁﬁ nte&lle ﬁ@ % 1ﬂ|§strated

ove- descri sut ures. ti onal g%
as at'sa;:hg:l swh anbye shlvgnm tdimsbedlsan@tﬁir HatbedsumiecSZis a harped syfwe

T TR T

surgival neadie N2chat Hiama,mle mmlm txenlsvdrec dﬂkecl‘.iﬁn,@\lhlcghl igBlustrabedcis @

oo SpAST R AT et B g

D1 dﬂ%urgl&b‘ndlage (g1 mﬂﬁbcbgse@ilﬁ:vd ﬂi(sdf-\ﬁf sweihel asgied aeddid ML, efter
H2 to suf ur ace for use sut yrin
havipg S47E SBERERRLIN BT e SR el Y e REFefir o hgl

-Hztﬁllhbm%dtuﬁal%qﬂﬁéfdﬁeédﬂn%uMn figue.| ongi tudi nal direction

and that is generally circular in cross secti

Su F@p@a}{BCﬁ;@@d* surgical pegdle N ﬂ'ﬁblis depyed F']ﬁn gﬁ?dmgf,cﬁe in the

long'ltﬁtﬁﬁiltdirealoh r&ﬁ@thtai i ? 3@&&!{1&(111 Bass feliéh. Mrgill h@dﬁaENB has
needle N3 is il rated as attached, such as

nseadagn Tifor ingeriien mtmlsgtm apd @lsehas Iplg H%ds‘éfﬁlcﬁir“ée@%Ng & iljustrated -
as at?zﬁ E%)V 25 § §wac4uggg daut%!rlﬂ:g sufi s Badbed Wik 4 19 a bﬁﬂé’d Qture

escri arbed sutures. Additionally,
mcllsimggj butaiot e to, 23 of ts Wb verdesesibedBabed subes. riddisipanile

surg d:allr &{lle %ﬁ hSa%\@ ﬁlgtgl-g {h&' %E@E&Qdﬁ&?&é v&lﬁéhgﬁ g%dta@ AN

relatifelycitimstamentyosueh as aboat QR incls (abm@tiignm}; uhgydiscabsed aleayk ¢ris-a-

ure .S3 ins ted| y
vis ypbing ftical ARV A g ol S S Y o ™
crimiped by Satidardepr&iddines goacieold BB taisad suturs 36 un plagy fot ass Sumituring
. Figure 13D shows surgical needle Nd that is a curved
Lissug, ongated needle in the . |ongitudinal direction and

t hFi 3PIR6WAbUrYicsline&dld Hy maals@rceﬁ&dsmgatmeeag trghe al
nee N4 has 25 pointed tip T4 for insertiqn.int

tongfQutlirgetign gnd fhokia g ibtargy FHF% sectiph S gcalgeqdic N4 has -
s pom'tédl tipStal 18} RSertiGSinky it 1A alsd HadhadSHIDY S\i’éﬁﬂ' de6dle N is illustrated

bar bed suture S4. Barbed suture $4 is bar bed suture

as attaghed, Bich @s by Bwaging 1 haghed supurecS4. d}?ybﬁ‘dfs“‘t“ﬁe“ is a barbed suture
inclGRRY Gt %§%éﬂet§flq %ﬁ o? wcbﬁegé‘lbe&‘ggﬂbéd Qﬁﬁé& YAdditionally,

surgl ca I aneter M4 1 n he transverse
surgmahezcdlﬂ b, has\Hianister B4 it Ihu yemsyenseidigestion, Vémltlaﬂluytrmﬁ 35 a

Slllt«‘% A c{metg'r ﬁﬂh stab%gpdjb?: 1nc913(§166%g|% lgﬁﬁﬁ Wht ot ?s]tnm iameter

as thin as diane rgica eed
D3 dﬂ&urg%&al mdlel‘n@s a'c didonssed atiose sisvi-ds swaminigasprgisal mgediealN4, aftcr
havnr{ge suture £ 54 msexqe& ififo hole H4, may be crimped by standard procedures about hole
H4 to hold suture S4 in place for use in suturing tissue.
Needle tips T1, T2, T3,.and T4 are schematically illustrated as pointed, but, as is well

known, surgical needles come with various kinds of pointed tips, such as taper point, taper
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having suture $S4 inserted into hole H4, nmay be cri nped
by standard procedures about hole H4 to hold suture
S4 in place for use in suturing tissue. Needle tips
Ti, T2, T3, and T4 are schematically illustrated as
p0|nted but, as is well- wn, surgical needles cone
with various kinds of pointed tips, such as taper

cutfrey, Bill pimpauttingEdes; diationd poidg kilin [Ad, Bhd la6eet bbimg aRTigR, mtended
[ nd | ancet point, and it

.di.apond point,. thin |ine,
fo "i“ﬂ'i“g g‘é‘d“" fegmpifd iy gl S“‘E‘L}’F’e‘ﬂﬁ frhe EIPPWQ“EFQ“‘?% cutiing, agd, E’ﬁ‘m"“d
1Bfetrb®RecdlEUPS For BRE1REL neb@POhsed With bdied &itekedli anond
p0|n are preferred needle tips for surgical needl es

us tf iimeR kpawmiddhent necdle diametprfopgyrgical negdiesivsed with ar ¢t |
conV&REhA (. %%Ed) s Qres iércahs(i@ére@&ﬁﬁ Sﬁan\‘:‘,saﬁ&i oftnt ggtrmck surgical

conventional (1.e., unbarbed) sut Jres IS consi

needigs arp opadawith thinrenyebtiensl sbyres gugh glat the ragiocad lsurgicalaepdls diameter
to cﬁﬁ&n&&% sl &a&n@*ef‘m‘h d(}é%‘i}%{ fﬁﬁe I, &Hﬁ %M £33.3uch that the

ratio of surgical neée 0 conventi ona
su tH:rve":Vdn with thersuigicalinetdlofbabed mﬁmeg;hmb:,na&mmdf tlaesprésedidndention

(for'é?t gm r{egﬁﬂg pﬁ e&lil{reg.li négct.le)n 51%%1 Aek% %{akl) ﬁ% g?r%}ecﬁ{ Ihecdlc is, then

|na iFon 0 pres rnven ion
the ntoreq»rg‘htableemi ke sougical ieadlebdrbad euthe)is, withehd desinvareedlb diameter

-t i, cal hen .1Q th .er abl
veing ittt gl B epetafios S Sp bt AP it mig iy Bpmible tha
the d@aler@ﬂnmeﬁﬂyemdwm&hm thdhah®Barbdtl sunRE diametet. hi nner  as
B L R T
bmuehaﬂcuféi@niawﬁaéraswtfwagp@kmF kissub vhBR Bftftahg 4 Rbuid@osed than

invention, a relative thin surgical needle

a rolzfiyaly fick EEiep! nglelgEadet i Helbertop B, 1B St 6 bl

relaﬁﬂﬁiﬂ%ﬂﬁéxbd? geédle?a‘idd&w&’&%‘bﬁbéd éamramcﬁvs téd eagfg@mem of
t han t hi ck surgical needle threaded

- barlgjip Hssae ts*aﬁ H@gféé %x\;ﬁé%s trer flespsesirongthite de apmmmated tissue that -
| |
. has B@tz'na.shhli/e% t¥ 8&%&@ nggasﬁ@l siddE BfE cﬁa"sé@&&]ﬁﬂ f{)ar J ﬁqéfﬁﬂ as

suture al ater engagemsnt 0
comppred gethe akv@urc m%ww@@w anteexiimetet] Eissue thas asdesst sugured with

mgﬁﬂmkgﬁﬂﬁgﬁéggaﬂg&ﬁg ti ssue that has been sutured to

pposi ng sides of the closed wound from
pulMhe nystipgottant fepturaclontha cembinatidrnef tied msgicad nsidleeamgtktad to the

vactf YRG0l R RN ﬂPE’eS’e’lf‘ﬁﬁ‘é‘ L
makeatiblel ommhmmtm ﬂe&hmrsec}ﬂgrdruh@g etk hﬁértlﬁli oi thebarbed:

N TR T

the $tirglé) nbadlle0is S@ET suitable BRIbRg & thotAioQF R sﬁfﬁd@ﬂeﬂe%&ﬁb&r to the

end, such by drilling, to allow for insertion of the

.baIngF‘H%‘Gle‘EFSeabPHt?’ol ¢Hesshol e or the channel .

l\lek%ﬁérﬁﬁhﬁvs§desﬁf§)lé Ao 8P4 ?Eﬁ |ne&§ce§§laﬁetgi‘ HRRA suture diameter,
i ncreases, 25 the surgical needle 1s still . suitable

for either) ayyigishtnaepls op &@wddfec«ﬂines gb,mlg ﬁda:lr leseaaiire prgfesahly ehout 2:1
or lek& lﬁd?ng,]or f’aﬁ%@o@qtyf &r164s Qﬁﬁ %rﬁi ity +lgn§§dles are

Adcor eslrapie ra o o
empwyadxéhemaum gf foegidaboeedigtdimmetatitabebet suture dxarmter inay baas low as

abm.ﬁtl [ 1‘%1'9%% rog %%%' 1?\@? ;fé)? 91% rc\:/e? %)oél?ﬁgl Ior l(las‘g’, o‘ril'ta)l tt0§“1 %r‘ Perss, or as
low as about 0.5:1. It wﬂl be appreciated by the person of ordinary skill in the art that care
should be taken with extremely thin needles so as to ameliorate the possibility of focalized

weakness, which may compromise tissue insertion.
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or |less, nost preferably about 1.8:1 or Iess.
Furthernore, particularly if channel needles are 30
enpl oyed, the ratio of surgical needle dianeter to
barbed suture diameter may be as low as about 1:1 or
| ess, or even lower, for ingtance, about 0.9:1 or

| ess, or about 08:1 or Iess or as |ow as about

0. SClbsurt ttrenihlof Bien apgea @lbﬁﬂ@dbdﬁy hiVie: DQfiS OMsubificat needle
d n aklll in the a f t hat care. should be taken
la%P*Fhmg&‘%ﬁe APy diameter stagledar e pregent fvention; Wi desied g dollows.
p Osﬁéﬂﬁub pleYes@f che@fon) lbaRd (mﬁﬁﬂ:!{dﬁﬁ&& 81’ Wiy, @Halﬁy of Floxﬁda) having

romse tissue insertion. osure stren
a ﬂ’eqlﬂl?ﬁsga pheutf in@heont 432 myBY Werg a% vﬂal gwoundihaviag a iqag@ of ghout
125888 (ol RRLEr tO barbed suture dianeter suitable for
the present invention, was tested as follows. Various

. pi ek 8t grecimennss maefipmearpigomeh ciameiseathbr by stijcling together the

resﬁ@%eﬁf FE ‘g&ing %ﬂl%@éﬂl@@ enc?su?ﬁéa‘f KOSR: &91% 8’ %67’793& 6
Pmbn@lﬂpmﬁulab@mpa@) Whidh Wﬂcshrag@;bmlt a Mbamjltum Iﬁ IOﬂEl‘ words,

e PGB 08 ONG, L B h RLOESo, S TETRL el ST e

holeiotshciae the bhdbedisuturel derimpgstichingn @Etéi‘ mtéhﬁ@‘ltomd) the3nR0d, the piece

of bR R W S e prs of S DR AR Bt e

by dbaulblezs incHes (abontrB2anii)ia wieRovRerb etitchéiBwA\RE & a€ in\@8 middle of -

o GRS cERP 15102, DR 2SR E 08 SIS RS o

of atchelep v lerpih SNBERIZS rhid ahd1L FelWABlyGhb dlathefbr e
655 of  about 3 inches (about 76 mm in length by
@b%% MO)5 i nches (about 32 nm) in width, where the
st itheh %nﬁ@i&%ﬁm&‘@t&cﬂ:ﬁ‘g ﬁl@tﬁoﬁ” a@@é&d@ﬁwnﬁa@w&% Broffhother

transverse the wi dth. The needl e was a taper point,
piece of chapois Jpafhes By stifshing togethergthe gespectiv edges pf thejwonnd; usinga

: dnll'e@ Bt ﬁu@&ﬂ FOQA Gtérh . nH'rQSgWI Aggﬁﬂaﬂagédﬂ&h m;.lfzﬁ_lff‘}) ;{aﬁﬁestvﬁged with

of abou 020 1 nch
the same inthef bstbied stpmg. erréltdm@tglcad\ nwm csipped atent the seerdiclmle,

-aftexf ﬁ{é@rﬂﬁﬂ beﬁ'sﬁt‘ﬁ% xgtfo e Ge Sté see Srt%ttlbeel;aréjeﬁ E&erttﬁlhl Egntchmg

toget r the respective e he Wounda

- For theist¢ond spegimaens the gessif waseﬂdlbee péint emverdaurgiiﬁBﬂa’édl& (3/8 of a circle).

M wﬁ%ﬂﬁ% i
1 [+ ee0 L+ S
UL CP B AP tah PR mon P DirdhSSBB i S AP SHE
polyﬁm&me ‘bﬁﬁe(ﬁsuhﬁf@ fike ml}jgiio Girived 6AVEepahat ?éaﬁdiaﬂseﬁ 3tBre had
rclﬁbhlmnth a length of about %

» diaghgist o5 oot fDHSipciabek 0391 mpwrtuch i st e dhsoihe HSB1
requifSihentEbd 4 A0 BRHheAS aBiAbR SuluRS, iflireidRk & butlle didifeter o %‘ about

needl e used for first specimen. Each barbed suture

0.018 inch (Ahowtd-AEMds a bi-directional, tw st cut nultlple

S pBBﬁil the firdPand MeMdgg&?cﬂ?ﬂ%t g al@ﬁéabcﬁhi&&é @Ioh'{ we ﬁiﬁ grf(?r

in Figure 6A exc ure

| closlerp steengdhy usisfe adfest ResourodsUniversh TesitroMiodd 200Q. Fash sphéimbn was
‘ gnpﬂeﬁ b§/| thd pés{:é’cﬁkl@éegﬁ{edﬁehﬁf‘ 'Ithgﬁ, eyél specimen was pulled longitudinally at a

- tate of about 10 inches per minute (about 254 mm per minute) until complete rupture, The

peak load in pounds reached before complete wound disruption was recorded as the closure

: - strength. The results were that the first specimen (which was sutured with the needle that had
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requirement for a size 3-0 synthetic absorbabl e
suture), instead of a suture dianeter of about 0.018
inch (about 0.457 mm). Both the first and the second
speci mens of stitched chanbis cloth were tested for 30
closure strength using a Test Resources Universa
Tester, Mdel 200Q Each ég Ci men was gripped by two

15&%%6@{ HEnREOF BbdRElo DAYich, BB&N 0.52 3GH) (5HES.BFBounARSNt] wound
e '%ongltudlnally at a rate of about 10 inches

dlsnn@pn erqueredandthotpecipsi Piladspart hickdnta P piskes Whergspthetegond

specErH&t q‘d\fhfch waa gtméﬁkg%ﬂ kel the Hmac‘sditﬁﬁﬁ sl aBBERF 6f about 0.032
woun i sruption was recorded as the closure

mchsahoen@s hmmT het me@uhm@s themeedidier the fiest pacisnens ek jopky2-88

v

oo e Fifheion d o SRR g hockite Folieek,

- 0. Fhe res)ltstadonmaliBedia Tablls 18Atbelowwound  di srupti on
occurred and the specinen pulled apart back into 2

pi eces, whereas the second specinen (which was
stitched w th thaable¢sih ¢Clidnadis Clath Glosws $tednkth) t hi n -

di anmeter of about 0.032 inch, about 0.81 mm but not
as thin as the needle for the first specinen) took

Spe@iby 2. Ré&dk IDeBEs UNBirbed HidureMinfbteh ST URdtiodn Funfdd th®upture

Speci me ul l ed apart . back pi eces The reﬁggl ts

Firstar e sumB2078& i n Tabl e 1@3\6@@‘ . Tabl el13A (Cha

Secdrdot h A pedrigenSt rengt h) 1 AnssicRen Needbgg Di anet gI88§
Barbed Suture Di aneter Ratio* Pounds to Rupture First

0. BRdiq of sprepalpesdle digawter tophpried ggurscliagptlero. 032 i nch
0.0115 inch 2.78 2.88 *Ratio of surgical needle

di aneter to barbed suture dianeter. 15 Al so, various
pi édsosvaious pirces kf vat ki werggnt and glishedforesing of MOESFFigp!

waged wi th barbed sutures
nee(ﬁés g'g%ed&lﬁ{ ;ﬁggm&sggtﬂ?ﬁwgl |l ed Sprague-Dawl ey rats,

' ea&‘hrea iesily K0&d $prag@0)ag\qlemtseeagb abbut @0 700 g, were used. Two
ckness skin | of
rul-ykneds R s Sk T h iR WP FRAS 0 SBMAAREA0
wouhd whestguty aﬁ@h ]aﬁgtﬁhﬁcbﬂ)ar.ﬂlml tolthe spiriene. 20 For each rat,
one of the unds S cI se Mt h rijle .
 ouPorReL T gre g e Fetpd wifnlfifiedbhd gl isica
neecﬁe?&atz‘gﬁ a Sﬁﬁé&iﬁeﬂé\/ﬁ@. 332873, mice wad B/8 c(i)rele.dﬂ‘ﬁe ixzedlechat] @ deigth of
0 mm and _a di anet er
181 256 IR OE Bhouk ABTH BeFaboRdp bl aleo. tshes(le Ridytaper
point h@ MR Whekd B RQARI 1S Hall BedtAdolRe a 9 ERe0Et t@ap@rcﬁuﬁlﬂ:e @ttaper

cut to approximte a taper cutting needle t

|
© - cutting aeadie tin te fasdlitete penefratpngit ratdissue; %‘Q%eedlf«ﬁ@s ﬁ@%&ldé" friyarbed

25

307

ausaged to a barbed 25 suture. The other of the two
wounds was cl osed using the same suturing technique
bufThewther of thecwp Wostkdsewas,clased ysing: theisagiecaiuriag ighmgyes Rt with a

dnllg\@gna‘?cé%dzéuﬁgléai £ %nat §3EE §81e it ) 898598/ Pnilhh #as 578 circle,

‘The needle had a length of about 18 mm and a diameter of about 0.026 inch (about 0.66 mm).

Also, the needle had a diamond point needle tip. The needle was swaged to a barbed suture. -
Each barbed suture for each specimen was a bi-directional, twist cut multiple spiral,

polydioxanone barbed suture like suture 70 in Figure 6A, except that each barbed suture had

a diameter of about 0.015 inch (about 0.381 mm, which is stightly larger than the USP .
requirement for a size 2-0 synthetic absorbable suture), instead of a suture diamgter_qf about
0.018 inch (about 0.457 mm). .
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The needl e had a | ength of about 18 nm and a di aneter
of about 0.026 inch (about 0.66 mm. Also, the needle
had a di anond point needle tip. The needl e was swaged
to a barbed. suture. 30 Each barbed suture for each
speci men was a bi-directi oggla, twist cut nultiple

s

spiral, polydi oxanone bar uture like suture 70 in

Fi HeX W8Rhd, b idlueRpeimbathiarhs apirbitifaleBch sqaare

d.gﬁ‘reet%g?ﬁ%c aboUt "0, 015 Tnch (about B, 381 mm S L
meagyiring Iabdrly 4 jcarxgehout hem, Wiethepichqdayyng @rFBﬁfﬂl#déerP ppiwo

ead of a suture
L e L =
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and swaged to a barbed suture. Al so,
the results were averaged fromthe second set of three
wounds closed with a needle having a dianeter of
about 0.026 inch (about 0.66 mm) and swaged to a
bar bed suture. The results are sunmmarized in Table 13B
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strength when suturjng a wound closed with a surgical
" ne&Bptio efisprgigabppedle diameter to barbed suture diameter.

Thus, the lower the ratio of surgical needle diameter to barbed suture diameter, then-
the better thé closure strength when suturing a wound closed with a surgical needle attached
to a barbed suture. In general, the thinner the surgical needle, the better the closure strength,
Panicularly for delicate tissues; however, for tough tissues, such as muscle and bowel, thicker

needles are preferred. Thus, what is important, regardless of whether the needle is thick or

" thin or somewhere in the middle, is that the ratio of surgical needle diameter o 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

- oﬁly a few exemplary embodiments of the invention, it should be understood by those skilled
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particularly in light of the foregoing teachings. For
i nstance, the barbed suture of the present 5 invention
can be used alone or with other closure nethods, such
as staples and/or skin adhesives, to aid in holding
the position of the tissue. Accordingly, it is ‘
intended to cover all such nodifications, om ssions,
addi ti ons, and equivalents as may be included within
the spirit and scope of the invention as defined by
the following claims. 45 CLAIMS 1. A barbed suture
for connecting human or aninmal tissue, said suture
conprising (a) an elongated body having a first end
and a second end and (b) a plurality of barbs
projecting fromthe body, each barb facing in a
direction and being adapted 5 for resisting novenent
of the suture, when in tissue, in an opposite
direction fromthe direction in which the barb faces,
the barbs having a disposition on the body sel ected
fromthe group consisting of a twist cut nultiple
spiral disposition, an overlapping disposition, a
random di sposition, and -conbi nati ons thereof, wherein
the overlapping disposition is such that for at |east
~two adj acent barbs, one being an overl apping barb 10
and one being an overl apped barb, the overlappi ng barb
has an underside and the overlapped barb has a
t opsi de where part of the underside of the overlapping
barb is derived frompart of the topside of the
over | apped barb, and wherein the random disposition
is such that the relative radial and |ongitudina
spaci ng of the barbs along the body of the suture is
- random and the barbs face in random directions
including at 15 | east one barb wherein the
| ongi tudi nal axis of the at |east-one barb is not
parallel to the longitudinal axis of the body of the
suture. : o - -

gn%ge spirit
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2. The barbed suture according to claim1, wherein the

barbs are in a twist cut nultiple spiral disposition,
an overl appi ng disposition, or a comnbination thereof,
and the barbs are all facing in a direction toward
only one of the first end and the second 20 end. 3.
The barbed suture according to clains | or 2, wherein
théMfarbs are in a twist cut nultiple spiral
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4. The barbed suture according to any one of claims 1 to 3, wherein the suture is
made from a material selected from the group consisting of a bio-absorbable material, a
non-absorbable material, and combinations thereof.
5. The barbed suture according to claim 4, wherein the bio-absorbable material is
selected from the group consisting of polydioxanone, polylactide, polyglycolide,
polycaprolactone, and combinations thereof.

6. The barbed suture according to claim 4, wherein the non-absorbable material
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over | apped barb having a barb cut distance between
themthat is less than the barb cut Ilength of the
over | apped barb. 10. The barbed suture according to
claim 3, wherein the barbs are in an overl apping

di sposition such that for atleast two adjacent barbs,
one being an 20 overl apping barb and one being an

over | d barb, each.af the oyerlapping barb.and the
B/l RAREn 25 Bons Sristhe bR wolater R R, & Hietl Al o oura
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barb éuthe haghed spursraceqiding (eslpigpHarhern Hie pelymenissglepied from
t 0 CL# N ial. i sal
e (r6oe QLokRRETHE MLIpHIRE Yol RUEAR polypRipifine > Hourcthane
polytetraffrodoctindens, olicthed-esterd andhedn(binatiangtheneaf. i ty  of
fromthe bod ach bar

bar b jeqt i : faci |

i v ect TR SRl ARl Y oo BE R P o hSrts

sfnhén a?ﬁwmppin@ aitspcbsitiohi s&%@athfofl atelBas® p;;go?djmn&ﬁaﬂﬁg briedeing an
romitne I rectl In | e par es, ana, eac

‘b‘&rolspmagv})ﬂg a5 3% Being; iy Syerapeed by 1A AGhs oves ag@@l@i@ﬂ) and

Ak SPRAhSHeA bt hhhﬁ% bod¥b éﬁq&%ﬁ,e&doaiensv&ﬁﬁﬁng Berb and the

suture has at |east two sets of barbs that are ,
@erlgpned fatthhavingpdarb e distasive betvesen thetethat is fiess thandke bash cut

liglzgglﬁi’glg%gerlklggé%a&#di nally on the suture and the

d set aligried longitudinally on the suture,
and &.pTlanbabed petacd acdoading @o tddeims Qf wwherehi dhec biwbk rage in an

SRR A B S 0 Y ol 08, e
ARty Barb ahd o bdifiarl dverRBESQAWhS &hch d2the HH&1RAMBBArL and

suture according to claim1l, wherein the barbs are

the |ovedanped barb having aebarb ont tiengdl, dandnthy @eddapfing arb and the
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lengthivfthe bvirkappatbakteast a first barbed portion and a

seco r be ortion, and wherejn _the barb f. the.
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facing in a direction toward only the second en
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conbi nations thereof. -15. The barbed suture according
l?ﬁﬁghéﬂkﬁ’ ﬂ*ﬁﬁg tn the bio-absorbable material is
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pol yl actide, polyglycolide, polycaprolactone, and i
cewph$ing(d) enslon wily hading Tifiest bad treth scoond endzand ()i phgrality
o}‘ Barg.ls Sll'oﬁnec%ég fr%etﬂeell)o% } ga%h %gr%tggn%go {nbaa(l%lre%tion and being adapted for
resisting movement of the suture, when in tissue, in an opposite direction from the
direction in which the barb faces, and each barb having a base, and the barbs having a
staggered disposition on the body, staggered being that the suture has at least two sets
of barbs that are offset with respect to each other, where the first set is aligned
longitudinally on the suture and the second set is aligned longitudinally on the suture,
and a plane perpendicular to the suture and cutting transversely through the suture and

intersecting the base of a barb of the first set will not intersect the base of a barb of the




10

15

15 material is selected fromthe group consisting of a
polyner, a netal, a netal alloy, a natural fiber, and
conbi nations thereof. . 17. The barbed suture ,
according to claim16, wherein the polynmer is selected’
fromthe group consisting off’pol yam de, pol yester,

pol ypropyl ene, pol yurethane, polytetrafluoroethylene,
Ee%loX Ste?er- ester, and conbi nations thereof.

12. The barbed suture according to claim 11, wherein the barbs are all facing in
a direction toward only one of the first end and the second end.

13. The barbed suture according to claims 11 or 12, wherein the barbed suture
has at least a first barbed portion and a second barbed portion, and wherein the barbs of
the first portion are facing in a direction toward only the first end and the barbs of the
second portion are facing in a direction toward only the second end.

14. The barbed suture according to any one of claims 11 to 13, wherein the
suture is made from a material selected from the group consisting of a bio-absorbable
material, a non-absorbable material, and combinations thereof.

15. The barbed suture according to claim 14, wherein the bio-absorbable
material is selected from the group consisting of polydioxanone, polylactide,
polyglycolide, polycaprolactone, and combinations thereof.

- 16. The barbed suture according to claim 14, 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, .

17. The barbed suture according to claim 16, wherein the polymer is selected
from the group consisting of polyamide, polyester, polypropylene, polyurethane,

polytetrafluoroethylene, polyether-ester, and combinations thereof.




