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-1- BARBEDSUTURES TECHNI CAL FI ELD This invention

- -relates, in 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 .qanfiguration of the barbs
on such barbed sutures. BACKGROUND COF THE | NVENTI ON
Vari ous surgical net HABBERSWIVRESsut ures have been
used in the past for closing or 10 binding together
wounds in human or ani mal tissue, such as skin,
muscl es, tendons, irﬂEEGHWHC@LQﬂEED nerves, bl ood
v es,?ﬁl yvgrigoarral?te Im gelgllgrag/% £hat dC su L{rg ejfu¥ Rortggx?negtlﬂ{g%%gﬁy

an a

tisse ﬁtv‘ﬁitbumcai obrikexes, (mmmoﬂ& p@ﬂnu]aﬂy,ao ﬂﬁmptliruzatlon of the

nt _or mul ti-filanment) to pierce
disp oo g e RuARa i Wb TR WPR TR of °t e wound
and thus sew the mound closed Whet her the wound is
acci dental or sur itc t he net hod
15 often used ?’%rséﬁmm The
SUr ghgeils sﬁl%@gl' 1Bethdds Eﬂlﬁfbyﬁ@m havthebesed m&c p&t fdrleRosing or

suture are tied, typically with at |east three

bingdipg toasther WavSRAN husanor Avigiakiise. suek ap sapanysclendegdons, intemal

orgaf) UENLS, 9?39&[ vassHId LEShE ﬁﬁe bfoffs E@ﬁbaﬁp Stﬁé Qﬁ%@oﬁ rrf@tu% 4 @lrgical

such as | k; nylon, pol yeste pol'y ene,
neqglist wighan emacr@d soyentirinalsugire Cetdethess be armp nmnoﬁmntag can be

a nngr]Y ‘ﬁﬂ:!rﬂeﬁt) @(Fnl!agrcp 91|e¥1§§1(‘-: %lt&ﬁ%gl? %IH %k Yo 14&5 of e woﬁncﬁzﬁ!d%us sew

mers“and copol ymers trme o hel r
theommé plosasin, Whethérdhb wmmﬂewcidammx smge:ag opstlching ifthe method
t S n , f5f
oftéc'n%n%d, eggec%i y/ ?or Lérgaézg %I%Vl\é(rﬁ E:I;hOSI cﬁ\%@%ﬁ&%& thé\?xﬁ'{\;(xﬁo ed aﬁﬁ ﬁ% ends
of the nmemtareaiezdl typmallyr\mh atAedsicthize dverhﬂxﬂrthmwmtd fodes kaot

eI o at ed .body that . ha ne or
B 0T h PR BEs St PRt Bons ABRTEEY: BRICHR such as
sﬂlL Q@Ehlpoly@ht@r paiyep e, odottiam @€ cant i o blosqrdatsiagatedil such as
%r d sut reln one |rec onthro%lhtlssue but
glyF a} Rpolypers H’é olymegs ahd qepelpimers

OPPSHES e Hink F thti® Boncdtish, ¢ batﬂbea sk, ﬁﬁi&lﬁﬁiﬁ %@&rzﬂfy dTaHamhe
sutures has,  been the provision of non- sl

mafprials jap canyentigpal spiyres diaye ofé%rﬁ%@amgamd&@t%s %'( clopigg woppgls

with %OMQﬁ&sﬂsutdreé< A s-&aeaesﬁafr@mahae%% %Io‘ﬁéated—lbc;ﬁg tfht has one or more
conventi onal suture, a barbed suture ma e inserted

spacedt oprlps, whigh predschiiom tha hagy sutface gleds the bpdy Tengih¢ Fhelarbs are

p
i e e T L
moyemneht bbe harbetintypom thooppesits m@ éiﬂhgs dhe majn ﬂdvaetage of barbed
suﬂ?raef f195.be begn t?lla Srtcohisﬂ)% (()%r gg;ll_%]l tgi?) d gl? Lbar desﬁtures do ngt

passe
havetto bug:ioubd diket eonvnntﬁmel sthfuresc fLikera, cohmntmm gbs, mbarbmaauture
site directio tures wi th barbs di sposed

Hm?ﬁeﬁmﬁﬁ%3$08§PFBﬂﬁ$aﬂF?ﬁﬂd@ al so cal | ed

do u.bcbrenswnﬂa .S Pateif 96.,3, R3HTI hDM&alinﬁ dédcioes A eRngatbdcord for
Patent No. 6,241,747 to

5,931, 855 to Buncke apd U.S.
: sewmg human f?esh where the corgl Has aL{JotSly portion and sharp-edged, résilient 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 B_uncke and U.S. Patent No. 6,241,747 to
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-9- 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 length. This arrangement
allows the barbs to nove in~ the sane direction as

RuﬁaQJIbrE ﬁﬁﬂ&ﬂﬁﬁlw %e%Uﬁll:H [Ris Biibs faSink AGAIE 66k d:rfdltdf tHehiﬁtuﬁ‘a flos hbout
and second sides of a 5 wound. .Such bi - %ﬁctl%ﬁ dof th

half gheisaiyrednagh and baghs fmgfnélf*w@%@é‘ﬂfsmv Ry o §pd of the

sutﬁ*c%ﬂ 108 othWOHAE? M shr SRR, ARRRAARuRAPATNs |tI§Hbar'tﬁl1® movc in
al so obviate the need to secure suture ends tog

thegamp digeasion agiedch syspectivg sutyre endsis inspedapiodhe Bt Wﬁﬁ?cg‘ﬁ stges of a

B i el BB kg s,

wohndWiRCTER 9OI00 208ration tupell olsmmlth'a SeaAI0FETERLBYRE els

1”¥ﬁ€%§quﬂﬁéﬁk%ﬁpo) priority to RU 99103732 (March 3,
, WA C

ows coni cal barbs arranged sequentially
al o0firtdrest isdhugopeanPuldishddRatzdt Applicaden NotledV5idd3 Al to

sl SRR RSl PRty s A1 B Bd e RGO poghboks

(publisiRg ab WO 00Y5 8658 ofliSapredber. 8, 2008, pmﬁ)ntyrﬂ)dﬁéSQIOB%m’ch 3,

1o BRe} s Ponr Dien o here 1eaU ey R S R A 0

oribfédRG drebitnRppssite eilt dftherhRo®teAsivm wwith thd Bistanced@tviden barbs
devi ce has a_ tubul ar 83¥ for receiving a barbed
beigg nefrless thand - Hiisesdhe e tfras a handlie to

f ac jaldotofterSR N 18! Pdidn@ No0$,342157 646 Ruffe This paltat ghuwg @l@ﬁlsertmn
The insertion device is recormended for use with

devieq thatds useful fer prpiipring #Barbesd sypuse Bewdse & clges hgoynds 'eﬁh? igertion
de%l@é:]kald desoul %B&y foPfcBling a bgﬂbé@ﬂtlh@ %@M&%ﬁgh&o%ﬁ@a handle to

Irection of 1hsertion. sutures w th barbs

faciljgpio mangutahen Q@h@dqthbmc S@fgepms?élaq ingpsticq devige doreetrorpgided

for lﬂ? wﬁﬁg n: whik il s?xﬁlr@é(grﬁﬁlg kiR Fh@ites bﬁfﬁgfacmc a

app |ca I ons nentl on re Incorporate
dlrbgtloneii)m"sed]mhe dischopefdntertvh. Bmltmturmmﬂabarbmmﬁlaaﬁm

.0n_th ar reduces the stralght
d“ﬁﬁf ? PémEﬁggqgwﬁ Sﬁ%@ﬂ& e effective suture
di afké asc}omadeﬁmgmmis ankqarexteapplicafibng tnentimmedihay bre fndotporated
byf%nSI | e strength of a barbed suture should be conpared

& mi ni num knot pull strength of a conventional

sut BRrin@nbeiabRihed nﬁiﬂbﬁlaﬁl):nti, depanding csaithe dathi duhddptte reduces
United _States Phar rmc‘%%o si nce f.ail ure of

theyigbhRuLgrnstle siganafheince 18, Ui RS deatepsgth Flowever,

- theBiSishI BB teilB kidnBA B Baibe® stithre bR beconipabddgb ke rigting knot

nost freq uentlé at the knot due to increased |.ocal
pul] sength of 3gonveniipnal styre (2 Res-hoeher SpiHEE) dbacsprians yyifhdhe United

St éétPﬁ'éﬁmac oeia%n?:@fﬁ@?%%@h‘v%nﬁ&a?ﬁﬁt%hﬂ%hcﬁﬂ%¥ ¥k EnldRed and
b geo cut angle, barb cut depth, barb
musumefrt@mgnimunbm pellitensilestrengdy occuss wot fepqpensly af e knot due to
mc§&%édlg£a1?#sgngenent of t he barbs. This should not only
ance e tensile
To optimize the performance of a barbed suture, it is advantageous to consider

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

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

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

and maintaining wound edges together.  Unlike conventional sutures, which place tensions
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strength of a barbed suture, but also should enhance

the ability of a barbed suture in holding and

mai nt ai ni ng wound edges together. Unlike conventiona

sutures, which. place tensions -3 directly at the

knots, barbed sutures can spyead out the tension al ong

t heeescarped suture |length, often evenly al ong the
dil'fl@]ly gt the kapis, baited sgputeh eandipsjad Qlﬂt thotwnsiomldlong thiescarped suture

A58 b s S4B B AP L o

- therbarbis shauld thetefee Ruathelr ingrease ltl&artgfcbumnebs (] memamblaxjpedl kututga':p

kG PG PO SIS o TSR RE S e

Thé\la&a; is pbtﬁhxlililibyv\bdﬂ_aﬂi&gﬂﬁo@tbmmmg whidhealagpr OXi Imalt e
tis C W appropriate . tension, eviate .
di SR5PghT X%fP@éﬁ?@%rg%ﬁa'ﬁﬁ apRIoimals sy ek snpgppriate
tenSioR, A1evihie Aistfidrr ¢eisfieNAndthelphiB Mhintife chlRE,I@RE tdiie Eé]ﬁretammg
barbs. The new barbed sutures woul d be espec) al

 bengitsrimparted byt brsbs. Jkhe A barbed ptwES Wewld be gtpesially vﬁeﬂ@ in s

surb SRS Wbl \Rininti¥ion 38 s&ﬁﬁigqs {rSpesditvE &t as2dsMBtd sufryl & Wl as
surgeries where space 1S linted, such as endoscopi ¢

 in sygegies hese sprce isdismifegesugh as EOORAURPLY SWRETYIGE DT PIERERNON

- Accordingly, the present invention provides a barbed
suture for connecting human or animal tissue. The

_?erbed sut ure covVPVIMARY(F FHIWHEVENTHONY havi ng a
f'ur o?cﬁﬂ' 2{){93 es"eﬁt N7 ?H{?P%Wm % B%b?cg{u?uﬁg &%BIFII[ Eting human or

ar co €s a p ura S projec
anitolaktissipn dbhe biadbed siene lsomnprises ambledga‘t@ibody abtinggfitshend and a

b
scop L 13 bt uhurb SRR S Wrora B vl ploidfiiE o e
bodyn IBzbh bdrhis ddapted foaemm@' the bafbad h&giesmte?isanbwntehe fwhen in
ose on

tssi Al i PR LA B PR Ao B0 4y B eb b o, Thy

- barbdd sutur€ HirthBtdonippibe (b betlipgdasidd ddthe BuliyQy € BlspddRidAGelected

20 dlspogltlon a random di.s 03|t|on or conbi nati ons

frompgesiaggered disposition, & iwiy Srt myltinle SpisAl dispesition, AR OYerlARRIng: |t

dlsls&iﬁdnpé fnddth Hﬁtosﬁioﬁp&%ﬁbﬂﬁnoﬁﬁﬂéréﬁf the overl appi ng
osi tion, barbs may all be facing toward on

o n sfthe stagpgred; dlsawosie H@nWlSte‘W@ gnultiple spinglt disposifion.t fn@/or the
e?l%%;ﬁﬁg didpdsiticn, #BY%a y%LI ﬂe?@rﬁﬁg owiakd Sty BRE bf @B 130 dnd second

ond porti on, ere e bar of the first portion
enday élfbmuvﬂjy tthw\barbtdtsn@rer inpxhaverat leastc finsepdatiorhandai seedngd portion,

w3 B s8R B S A OB i I8 o3LRO 0 Bine sccond

25

30

, Inan a rna ive e he presen
portio & ffacing tpwenditilescadizadbed suture for connecti ng

e e e R S R

conhbting hirtate off anihileissuepwidre ﬂesmarerﬂou:rpa]sestam eh:fngblai bdtly having a

rojecting fro t he bo Each .barb
sirsP ol 5P SR, THedsiug 1ot SO P ALty A RAPS Rsojobting from
* the budy Meach rm%qs ady R&ﬂ%%ﬁabhh@ tHelGtued fo@6didt aibveadt, wiken the suture is

opposite froamthe direction in which that barb-f aces,

in tipppe, indfie direotion, thaljs pPRASHE P dhe @Wetlwwévﬂ&b atipgrbfaces. The
sute® Rt ER R BELEE! Birde A UTh AP sEidbte@RBHE Whrb cut angle 6

ranging from about 140 degrees to about 175 degrees, a barb cut depth with a ratio of cut
depth to suture diameter ranging from about 0.05 to about 0.6, a barb cut length with a ratio
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rangi ng from about 140 degrees to about 175 degrees, a

barb cut depth with a ratio of cut depth to suture

di anet er rangi ng fromabout 0.05 to about 0.6, a barb

cut length with a ratio -4- of cut length to suture

di ameter rangi ng from about _.Q2 to about 2, a barb cut

di stance with a ratio of cut distance to suture
ofdiutlength to snnmg lagefer ongiab dwom z(h)ptlt 0 Dtoaboi2, Sharh cut distance with a

nders [C [

R e G L R e e T

urglpiside| anclirapediate, mtrymglsmehar Mmbmambwihexpmfef er abI y has a

~bodior b abif St figle” e Sysspiidiyp btﬁ%%%s%a&“?eeﬁ%%ﬁﬁly has a

spﬁxﬂlmlgidrhﬁgﬁngﬂﬁmh gt 5l deBreadb asRINDS Bspides. ar e

di sposed where one_overlaps the other. During

escdioprtehovelapping diwendon.tihds srary @Ehtpﬁtn@aﬁtstwoc‘f‘dé%@dbarbs are
difPosé Qﬁ\g@ ohd o@eélapg e ofeer bﬁﬂﬁé g&m?en{?r) ofA6d BYHE Stﬁc%ﬁ?lqppmg is

I'nto t t opsi anot her barb (i.e
creajest by gpadd Gz ihe oacréappmgdmb)l-lmweescmﬁd inge tlnqwtshpﬂde of another

t b f
w8 1 08 ARGES BT P PRAE R i of
oveilagped birb bescaes gpgd phiye dn@qns)éq afitionovetlaygpirigelvad, eud so on. ‘Thus, with

I st t e . '
o S PRE s RO SRS PR it 00 gheppipe bard and the
ovleﬂﬁ;gisﬂ bab mnyémlshqnm thas ¢loobatb btaﬂéngth/\dsfe]vem;ped sercoq;;bbwb,a#hereas,
. for r he uture t he bar dstanebet
in o5t o s B B e ani DR PR R e b &l fengts
embagi dﬁ?ninoﬂfeh embbdisent, thm\pﬁﬁédt dﬁveﬁhh@h/lpﬂ@ﬁdea Dantved suture for
sutyre for 15 gonnectin n _or a su
CORRFHPR APBR Wi i"ng(& EERg;i ga PR W ér %“%‘ﬁé eedie where- the
coafbiffatibmEdRptisePAPdrbdiautute Btich@to S shitpicl MR TBE slitre@omprises a
surgical needle, The suture conprises a _plurality of

plyrgliysof hegsdueipsipeiramman sloseysd) a?cbfdhwgya fisst ey 2ad ¢ speopd end.
E£R @aﬁriﬁj a&g)&ﬁ%}rlﬁaﬁﬁ% the §AGE (DRGR m&e%@ﬁptwﬁgn fHRrsuture is in tissue,

enabling the suture to resist novenent, when the
in ¢kt @Ff’ét"imsthﬁtris eprosisefromthe disction inewhicl that barb faces. The ratio of the

suf AP Rk di &éﬁtﬁ%e%uﬁﬁ@ﬁia%}e'rﬁ L icl Bl RPbLICR Whitably, any

the 20 surgica iameter to the
of shetinventivé barhetdemtuperselﬁmw herg mayp boaftachediio gsuigwgkneedle.
Suitably, any of the inventive barbed sutures
descri bed here may be attached to a surgical needle.
BRI EF DESCRI BRIEK TES DRAWINGS s a side

Shon e .8 REP K t oft PG PRRE P L vt hoping

bail30 salegrwie iitagipoad is paso ﬂ@;eeEta@gHEi df3cing; a secti onal

V|e [ine 1B -1B of the rb n Fi

Vf*ﬂb@%%@ i sgcZional g}ﬂ&fealwgweag ’reﬁ)?ffﬁ? g@ﬁ#&a i gy 14
t h e HIGEREYA ik 8 ¥RIB bie®bf 2806 diboditneRéRSpiSdthtinPeritioa showing
is bhi-directignal with barbs disposed in a 180 degree

a barbeg guPE b inRirdigetianploytiEbas dispogeddaarl B Aogroa asgeR Sging;
lin Q?I@ﬁRE 28Hs QEGCEB&I bRERAh gfsliﬁe Yhe. 2@0@%%3@@36@3 §19:'~‘1ﬁure 2A:

FIGURE 3A is a side view Of anot her enbodi nent of

pr efé‘ﬁURE_rwelﬁﬂ sign viewidwperher embpdintsatoidha pressntinyentigarsbewing
a HRHRAQRER With Parthaflspd&AiT S 156 3996 Bl SPRGIBME;

FIGURE 3B is 2 sectional view along line 3B — 3B of the barbed suture in Figure 3A;
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FIGURE 3B is a sectional view along line 3B - 3B of

the barbed suture in Figure 3A; 5 FIGURE 4A is a

si de view of another enbodi ment of the present

i nvention, showi ng a barbed suture that is

bi -directional with barbs disposed in a 120 degree
staggered spacing; FIGURE™4B is a sectional view

al PrEgURE B8 idSside By of aroiter babsdthders of the present Fivgutica, shawing

a ba{@::&{gﬁp ?l}Aaﬁi; o gggw Vl\)’ﬁ.gyf dgggste%g{%@gbdggﬁeﬁn?tgéﬁ%dhspa&ng,

bagRsuRi 49 mcﬁdﬁalaw&waﬁ)hg Gibd 487U MBloPth% baibied &lture in F1gure 4A,;
dIS osition; FIGJURE 5B is a section vi ew al on

GBRE 8 it %deo‘a?‘seammea%b%m@}tgﬂﬂ% PESACRL ITpE fé’ﬂmg
abafbéd &t&e%wa&w&ﬁos@mmm%mhﬂs Bﬁlra!)fhsﬁd&ﬂ:ldﬂr esent

I nvention, show nhg bar bed suture that

bi FEFURE 6B mecwwhwe‘& ploas insPoseB of Hie&a{lwi gyture jp Figure SA;
k‘% QA }{ﬁhe i HP eEQxﬁbod]ﬂerE 'oﬁﬂ@ﬁrc@&t'lﬁfveﬁnon, showing
|ona Vi ew al ong 1 ne 6B - | e barbed suture
a baﬂ:nd Fitgre tiet B/Aj-dirsalicuRvithAaibs dsspgseé in ivagt cat maltiplespiradf a
dis aébed suture, which is bi-directional with barbs )
P! sedlnatvvlst cut nultiple spiral disposition
| | FEGURE 6B & dxeckicial view along RngéB e 6BAf thelbatbed syturstin Bigurp 6A;

sigg&&ﬁ;\%&é ?elc'ilﬁé‘[?g‘igaw:on Eraureh"'ﬁeﬂ}"ﬁlght%gBl ‘%t@e alwi

barbd ispbsadectwiso cvtlnndtiplé bgrabdissition liketha barbedratire &f thtue 6A
iilt di stance between the barbs; FIGURE 8 is a side
but fipgirgtegin anAN41gsd sEHei ment of the present invention,

sh ey oRE 9B 9186 RLEomlisils Giewlak Tlusedtdibin Fipute mnﬂmmtated and
di sFosHlon FIGURE 9 is a ect nal EI de v ewgfﬁ
Bwi ng

clamprd iqvlien Sethaths fRrmeagieme of SUNGG BT PEh' e

a PREIORSE s U HSiERYF BidbttRr QﬁﬁB&hM&t& lBf fe pREE ﬂ%ﬁlﬁbr@ﬁhowmg a

serrated underside; 20 FIGURE | QA is a sectional
barbpéﬁ‘éwéé‘ﬂﬁh\b@fbﬂwaamﬁ’éPosétI?Bodl ment of the present

| NYRREY is zﬁ@%ﬂggslﬁ’e Raw BFQ'AO?H&F LhBodiiat Bgthé tpﬁ@étﬁ itWehtibn,

an arcuate base; FIGJRE 10B is a sectional top plan
shomngwbmbed dveurbhavivech bagly wrtb ajcprrygated opseppRd unfigrgdiE 10C

ri G EREARA SCbEAR Yot @ ROt e P B presen

| in'veanm; gldmm HafEd—suﬁu@Jlavfngﬁi gt eit oBrc@E BSGURE 11 i s a

R R it R e A S

of FIGURB U6C & m-swm&xmmm 18€c 0ShafiFigure 10B;

i f t her enb t
eGSR e bt O ot Bl 25
ov SIGERRI1 NG adeapas sidedicw bit 4nolRer chaddiendopibe preeait invention,

ew of a ortloneﬁ%f 1 he overl appi ng barbs of the
Sho‘@i}gabéfbe@%mﬁ?wﬁpﬁ EOHVIROUS{IESSIRE 12 C is a plan view

of FHAERP A il sefonaPpRspetive MicdlbrandRE embodiment of the present

invention, showing a barbed suture with barbs in an overlapping disposition;

- FIGURE 12B is a perspective view of a portion of the overlapping barbs of the suture
of Figure 124;
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 needle.




FIGURE 12D is a side view along line 12D - 12D of
Figure 12C, and FI GURES 13A, 13B, 13C, and 13D show
vari ous surgical needles, where a barbed suture is
attached to each surgical needle. -6- DESCRIPTION As
used here, the term "wound™gmeans a surgical incision,
cut, laceration, severed tissue or accidental wound
in human or ani mal ski PESCRIPREONhuman or ani nal
bodi{ ¥ Whét% Ue tord “wBhdd® ﬁnegn‘?ﬁ'péugéxgﬁ irld (5'?1 BB Hon, s
- anim ere suturing, sta e Use o1 anot
tisspé erageiderfal conuné it mm@n@e wiigel arkayorlmhar boman erchningdl bodllwsnssue
ere,. th .
or 4t B2 jn - b EpLInbRE sulif M4pTpe. 2 Inelae M opgiper dosue
5 commmmngd¢w¢uqmyﬂm:e@ﬁmﬂes or bl ood vessels or flbrous
tis ues su t endons ,Qr over
t e AT BT o e o e Pl P gt PR T o g ag
skir) @t, thicid, besk, hmscle, biahi6) efved, YIBI66d veRaR) biy’ﬁﬁbﬁs t{sSutE Rudhses
Ioclélll aft random and al ternati ng copol yners),
tengqns g et cetera, and blends and nodifications

th Q‘H&@éverﬁh’é ehe FpalyBer” bdtesell ﬂér@gend?&liy)&ﬁ&ﬁdes Shilks! not limited to,
i ncl ude all pOSSIb e structures of the material. These

10 homgpplysets enpolymers ach asfiock graft, sendom angl aliemating copolymers),
terpoB/leRCEd c%tera? Y10 R Ghd fodididatidng ﬂﬂ% Sy.m@ﬁﬁdr@ She term

AIthoug the sutures are described belowin a
“polypmer eshpld inchidp 6l passible shuetyres of the enstesial. TiBsestmetures include, but

are AQGHiRA to, iddBcBY gié]cﬁoc’ta&ﬁuinq rﬁ’ﬁcﬁfﬁ d;l Wf&eufesNON- Ci rcul ar

cross sectional Shape that cou I ncr ease the surface
ar édthgngh the suthies anedescribed bplovain aprefofred ¢rebdsliméng wittaleércular

15 cro rs&:%i%n &édn&@aaé u.lclS M@e gn—&rc%avgx%m sbe% A $ha eEhat ould
Tt Pt ped,

imte oval uar €, para
incrttilsa pirmmfahe arerarandiﬁmldate pherfbmgmnn ofvhx hayosn, Oxhbmos‘scsedﬁ)onal
and the,lJ e cut | a. .
sharf¥) sl et dde e afRAR e vo, QBT Saufler st bRy RisRinet i,
rhombmd,g:eﬂ:a@re hivalzbn, @rueifoen) land the liks. STﬁﬁczﬁ]@,Cﬁadrlﬁrm'e Qidthto a

t he 0SS, Ssec of the fil anent
POl iapent that g 5P oy cplsdtipn iR w@fnhweﬁular cross
20  sectif :Iﬂd&hiﬁ[\the Eﬂ\é&?wéﬁon SOthd Famen vl ®s cﬁ&ﬂarb% t6At$d VRt PRERs
wi th an de3|red cross-_sectional shape. Hence,

t he
duripgich e dHowegr, ERREIon Sies cPobg elenRilent sk desiied cross

sectioh@ABMRr se | ength of the cross section, regardless of
whet her the cross section is circular or sone other

sh&lsace, the term digmetor( peised bers isfiniendeddo megmetbe trpesverse length of
the &Ss?fsédtﬁﬁ %?&g%g dfwhefhel e c{ogﬂé&lﬁﬁ yEl cutar 3P gongglaﬂéé} shape.

about of course er
25 ab §u¢ab®. diameterstior thhipuentive S!gunmﬂesonbefdrb@lwamyutange ﬁqrﬁ abamt

0.0yl Bl TG By S 5B o o

0.9 mum, ar froro abous S10§ 5 dmpmrabnutg) ®Hmns efhetglicdl diatnates rangesdtonasbout
the .l d/ t h d .t I d
0. Oltnn% & gtfo%% 8 g il ?% lg:gng] 8f g autmi%ﬁ\ég gz?ry de;?en %g%n %g’v%rafl facpors

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

eﬁered

30 ‘location of the wound, and the like. Typical suture lengths range from about 1 cm to about
30 cm, more particularly from about 2 cm to about 22 cm.
The terms “staggered” and “staggering” as used here in relation to the disposition of
~ barbs on a suture are intended to mean that the suture has at least two sets of barbs that are

offset with respect to each other, where the first set is aligned longitudinally on the suture and
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30 location of the wound, and the |ike. Typical suture
| engths range fromabout 1 cmto about 30 cm nore
particularly fromabout 2 cmto about 22 cm The terns
"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
the skéuld seviealig@bd &ﬂ@n&ﬂxﬁaﬂy be speaturd, butegdinepetpendiculires the sitere

first set | | on udi nal.ly, on th ut u n
and ol o ssrsbrrasEh i U GBI PR BT R PR B et
w111ﬁéﬂ1%ﬁectl%étba§e&|aaﬁﬂ)ﬁ'&ﬁep@&§ﬂd%uﬂ ar to the suture and

cutting transversely throu h t he suture and

i niCee basba projget fram g Sutergr syrtipg ob themutprebody pa which the Biyhs are
dlsp&%& D@é&ﬁﬁl@%ﬁ e iRtcpEAen tlsefbf R RE stbR, SRS T diffeRdnt sizes

roject fromthe exterior surface of the
mayé»mempbygb d{; gonerglnlarger bages dsemete syjteble for jninipgecatgin types of

tissuB SR e Gis Ek?t l'éégf‘lée MSE6le BRE: 1R, ﬂaﬂEﬁlﬁr&%&ﬁ&e suitable for
barbs o

suture, ferent sizes maybe enployed. In

' Jomiggnélﬁaﬂypeﬂtﬁngmn suelr W:OHa@mdmse tswet abl e for joi ni ng

centalidg g&gﬁbﬁ) ﬁé} H%y @z@ s'aglg%?enq{s S or

ti Ssue. are nore
makmglcbmkdnaoﬁabtmp patiies. ngnsopdmcularyb%n ofatetinlforthe barberisubige

d | ] a en depse ﬁﬂ{ﬂﬁﬂﬁgf e1ot d above, barbed sutures
ep) Y°hee aHe MEferial s used for 10
nHMdﬂ@spéﬁiﬁvﬁm babal sutvps sy e Yoased frdnmya Piarabscshablermaterial that

o R S o Ay BERBE  Ee§ BREE B Lba

heal p@&iefdll?ﬂhb%bsoh&bb&ﬁ’at&iﬂdﬁ@ﬁolﬁﬁﬁub end dupemding dnathe particular
bi o- absor babl e materi al t hat Io th suture h)eovcrm

polygegseieriedatng degadenpp il e §o it I mgnth
montHsS THE uRof bitabiGreiisle mBRAIS elifaRBRE ﬂk |n¥sessbiy‘bf 2ASVinaks datures

materials are polyneric, and dependi ng on the
ﬁO"p‘b?Pi“@m ar 15 pol ynmer sel.ected, the degradation tine

' thJﬁ&Js"ﬁﬁ’(ﬁ INofiang ?ﬁlgﬁk&%&%%ut hre MR iRk ProOYRYdiddmone,

e use o | 0- absor babl e material s elim nates
polylastiden pelaslytatide afolycaprolartange, arbcopabyticesdtherpefp fopmsrcially

ava1ﬁgfe'e§ ﬂ{)plf:svﬁ'é k&g&ioﬂngn@{g&grag gg% gh Q%M%%{n?ﬁ dsQ&i}%’ﬂtﬂleo@FHr
selhpg)*uygbgl cutures)s copulimyar aﬁ)ahgﬂua@l%) glycolagdednd @tpmt yite tlgnethylene

N s HERRONE, pedkanseRestiseredld (b B A e

sumﬁts)hh ]]Jf)@’ﬁleﬁ@ﬁ dbot 7 598 g1gétidd arfd dbetEIdle capifiditonaBsold bs
about 67% gl ycol i de and about 33%trinethyl ene

MONQEBIAR. @ tademerk segivmsdo]piuson & Johproprdoneuiugsaed #wg o

cﬁﬁg 13 L 4d (o sudh bl éﬁ%rba!ﬁé'ﬁl%ﬁﬁl are%@éful in a wide range
copol yner o

about /5% gl ycol i de -and about
ofaRPépatmlnactone (sold as MONOCRYL(r), a tradermrk

feahahg{;ﬁg) lSa?léeii%ge agbmﬁfeagrehf n&%b%rﬁﬁbi@ﬂ&eﬁéit Whigh

ures m rom suc
mayhmeca-pa@amr bSisheolyatees mei’u@a hutelrmﬁmhted o, golypropylenenpyamide

(alsqolg‘pﬁ@ :nﬁla PA - §o %sﬁerg 1%' on él}/yﬁ%'ltegrrgé%lgtgta%&%%agaxeﬁﬁs

'PET), polytetrafluoroethylene (such as expanded polytetrafluoroethylene, abbreviated here as

ePTFE and sold by Gore as GOR-TEX®), polyether-ester (such as polybutester, which is the

‘condensation polymerization of dimethyl terephthlate, polytetramethylene ether glycol, and

1,4-butanediol, and which is marketed by Davis & Geck and by U.S. Surgical, companies
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may be a polynmer. Such polyners include, but are not
limted to, polypropylene, polyamde (also known as
nyl on), polyester (such as pol yethyl ene terephthlate,
abbrevi ated here as 30 PET), polytetrafl uoroethylene
(such as expanded pol yt etrg%léuoroet hyl ene, abbrevi at ed
here as ePTFE and sol d by re as GOR-TEX(r)),

ow il by eltybe, imeG ey nare NGV AFHID) \ylbut @S&ﬁﬂemam re(gh;tdral tb I?&nen can

condensat i on poI ymsrl ation of dineth tere .
Cypamis for sugieal qiwtﬁm SHitemaRye! SAT 64105@5 Ea& aterial
ma@Bsimpil @ ., 'séelﬁfﬁﬁéfﬁtaﬁgysbﬂaugﬁyﬁ&r ?@ﬁ]‘k @ﬁan l%Ycétén?) and the like.

Sur gi ca nmpani es - o- owned under t he nane

st of fhp barm W?ﬁsdlﬁ’uﬁﬁeé @@ﬁﬁ(raﬁe ﬁif‘é@qbf?fl &y gayinggheir ends being
poﬂﬁ@@ 5l edof aHEE1 Eu‘?ﬁmédifygsh% affdth £ Bitoin ssye. Ttis

pol yur et ane Al'ternativel'y, the non-absorbable

confempdat¢dithat thepgndpef the babed stuges magt enmiprise argurgical aE¢dle; stn this

RO p b splinchy ol Tor R o0 SEY SRl TPl

wragpisgrhiehtestirivlgng) aveyeipt thesdinggo the sbaioalneclle ﬁcm infegibndntd tissue.,

f fficientd. L o
A B e LR Bl s S Bl P
the tdtere load nawiths mirgicel eetiy hale diat sdengitudinalby diﬂJlosdd&’E checendlofi the

he, bar ut s.adapt e r
surgipy Reed R B ol At pEeR AP eI i R of e needto)
follbeat b}S&ﬂnhp’mkg th@resaltaneiRlutihe hbddbettbla® tha tﬁa‘wuﬁws gecmadd to the
insertion intQ tissue. Att

a
sur@egia?qﬁl& pringeation igtodissye, &Jso, sems gxrgxﬁ}l e«;ﬂh qsyw& a longxtudinal hole

in oB€ 6RIEk heaheihinRYblé HB6Y thit e hobOsHritgk Fiet Ik tiON6F thdiu@uré Rforder
sur needl e hole that is |ongitudinally disposed

|
to aggchghégugﬁﬁ toghe pusgical gegdls. cAdditienally.sopg §'&T§1°P13P°Fﬂ€9 e a
chahh@®$ onbt?&'?'h ‘3{ dnJe eﬁ@l ah@ ﬂﬂ'sﬁiﬁ% B i ¥ th@ir@ug‘ﬂ%ﬂ@@&l & whal ﬁna to

need crlnplng he resul tant abou

SeCp ém seturﬂotp @esc@rambveeﬂhe Syrgieal eeadlﬁs @B grcegventonaheyelet type of
holeSHz!ng{r&&ll (ﬂgﬁgﬁ%cﬁn bR e cﬂﬁ‘?{l& duPhcdi e{doﬁ%%?so A4 bR Enot
on Ina

sur gi cal tu in one en
prefgrred foe harberdhsuiumsa Bﬂoethta phesenttivgnticn, pathefthe dibcussitn beflowe regards

I ' t .
o 50 ol VB S Gl Lol A e
memm pfpteelingeedlessantt@\eenpdoyedhannel or. trough at one

B T T N A e 2

BorfkogiUSaPata ¢¥dl 8, 9844063&0 EoeboffCUISL Patadt Noy §,162,4 184p Graxfger et al.,

st RS B bt

25

30

U.Sbedtki Mo 51720, B - to EONlighth) 7.5) 50 Nol (WEXIE16Q8 Estevds et 41, aﬁdTa S.
di scussi on bel ow regards 20 sur i cal needl es swa ed

Patept Np- 419548 taBsteives st aly frmethod for s maappisrtyrea s negdles is

des&ib@&fn G4 Ak Ro, 559998295 RUIK Al SACRH RtedifA tl*;k%urglcal
enpl oyed. Attachment of sutures and surgical needl €s

neeqls myg be eodtagdthe goating allewing der thipneedled§ theduventi Rogopmbingtion

: sur%‘% ?B%H%ﬁbgﬁ%% 's\%rgg% gérg %s&?ﬁ:ﬁ 8 t&%{: %H@l&és? f&(‘{:eﬁ%oa# ﬁ‘tﬂ%@%ré}‘&i

neede ¥26@, 10l doated. Thacupting stay hb apobdnﬁr fddnstaice, N@xlx@néﬁ:@m@@&tmg. :

mar est et .al 25, U. S, Pat No. .5, 722.99
For b mate 4 s tea Blichnize gsgtont nRei et Caviy dERginty 1 force to
effeeniisud ponetralad tah a Mondaod §iiconPza sﬁr(glcEﬁtee&leﬁs debcribed infU.S. Patent

| No.BBkbgeh foL the manufacture of surgical needies is

nger et al.
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- withtrasneet t7 barbs 9.a64 alep groibetsean feom Figurer)

described in U S. Patent No. 5,533,982 to R zk et al.
Further, it is noted that the surgical needle nay be
coated, the coating allowing for the needle of the

i nventive conbination surgical needl e/ barbed suture

to be inserted into tissuegdth less force than if the
surgi cal 30 needle were not coated. The coating may be
a [Thé yarey are ﬁﬂposbmfmt\ariom ar@ngdrhenGanahd Bsly of maautung The barbs

mas{ i o g 4 S G Pt g o e im0 Gpplf Shfine
1asef lafi® the 1iRE NWich adgafiNo tidifig,an §é1ﬁf1ﬂi§bl§;mhb e ends aeﬁﬁaments are

urgi cal needle is describe %:é' Pat ent
P"I@ ing fhen iy Repbgfgrrt eptofhe a@ent barbs are d| sposed

| N TR EhtRMSMAF Ee@ﬁﬂﬁlﬁ? BlithA B lhb@ ikeskive@hd hit@ostetettRe. The
barbs may be fornmed usi naﬁany suj t abl e net hod,

i né YRy figable peting waching ig fisgjosed dm b ﬁgtentelmpppqygn Serial No.
097943985 10 @&GV% Q1. ldsl‘l r ea(gm.fl WC‘QI FRAGUehic 3D, 200, the disclosure

geheral , polyneric t or filanents are
of whishdhimsworatah Hy tefesenceh eSush p Betting machine ho g slugalisy of blades for

escaﬁ-@nﬁf?@o ar]g% %a s%tl.;rrgﬁl hi 'A‘%gmcuﬁlgm%g for%ufa@tﬁﬁng

r 1 ntensive an not ctive. A very
barted sttaies etilizes 4 cutingiredha viee, bse di mat bladelassemiplies, anpagrogtimes a

B APESHRL e LA PR S,

visegwiic tmguns@ers@ﬁ:mhomhf ths blades@epaalht dispoled in dfeeraemese directlon

of ﬂggsg 4 Cﬁ%gto'g %B%a gﬁ P@aailt%?f?aﬁ’rag?:s I:’a}%dng nifsb(liﬁo g p c a‘?

extegiot 4fl guABRIBMAR. for rranuf acturi ng 10 bar bed sutures

ut|I|ze acuttlng a Vvise, §or m)reI
as SEHbefemuce ngyytod F’H’e% @%@W FEEC TR ﬁ‘ées’fgaf“et he
corr@sip@ﬁ’(ﬁﬁg or kil Blekiefits birb@dhB it the Severabedk, kiibvin i@ Fiese BAOGG a side

hel d the vise, vvlththetransverse di recti.on

f
view pfea W&égtu&élﬁ@frrémg {0 the piseas pveRonad gengrpdly dpsignated at L.

- di kafkd Pﬁclu&gs eldh@arsdiboy® thit i pERtally iculr@EErobskefish afd that
plurality of aX|aIIy spaced barbs di sposed on the

terminatesiin end HfEnd g illwsisated inne pmbodimengjas heipg pinied £ PRRsHFALnG
tissteChijt A8s Pl th%mﬁg q rﬁdyl%%m? e%f %?ﬁgﬁl H%Fcr (ﬁbt%hown) for

esi gnat e orres onai ng "or
msertimon,tg kenue. (The ogleverda‘p' notishown.) hseutim 1 chglmee pluplifysofay

closélk qgac[uy %a%ﬁga’ﬁ a@ra}?%?igf ? sta e%ﬁn?—?ﬁ%ﬁg{xﬁ %sb%b 1?2 qrg sent

spedifitaliydeinlly Ispmgbhadnk ol yadﬁllhytaa'anged algcmn éﬂ(hdidgyees fromuaindr
‘sagpgof 1 et R oree s Faoals Too g B Bl et s

set qT®ROE 7 dbfinG pldi that fsSsubstarttially b(ipla:ﬁr wih ﬂerﬂ}inaﬂ&iheﬁ bgtecond

e o oSBT 9 S S L gk e o e

ra&ﬂ'l%@degégﬁfaﬁgelndnﬂd udes plurality of cl osely spaced
bar bs 9 arranged in_a staggered uni-directional

di Eiye 1B, ghichins erossssetional vigy pieng ling L3 1 Bob siturg 1ja Figure
1A, fofd &ea&@%@hh%s Bole2R AftheRPAY] Fadils@ Qs@@@fe%%&aﬁgeﬁ{éh@marbs 7

st aggere W th respect to axi al y ]fgh%e Iar I?lgfr’lgsaﬂlgf ¢
sggpglgtl al Blsiirs

barb77 &EH A 1@%9%&?&3)85@9& eddSt. @g&ﬁb@ﬂ fd Akl 189 RhARAE, sBirhdYo be

ane

. Iarger than farther away first barb 9 of barbs 9, due to the staggering. A transverse plane that

is perpendicular to suture body 2 and that intersects the base of one batb 7 of barbs.7 does not

© intersect the base of any barb 9 of barbs 9.
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set of barbs 9, and consequently, barbs 7, 9 define
substantially the sane one plane due to the radial
180 degree arrangenent. Figure 1B, which is a cross
sectional view along line IB -1B of suture 1 in Figure
1A, nore clearly illustratgg_angle X, nanely the

radi al 180 degree arrangenent of barbs 7 30 with

r eﬂn&ﬁ 1 tnay beainbde With Asutddgzoachtng tie pdades twmmt:ifmfgmrbe 7,9,

lLin | | t ha rst
wsnilfape 5 P BE g 8 agssredionPon Aapeies b o Rh e Covice
des&ib@@fnf&h&t&%ow%ﬂﬁgd géﬁh?NSS@)gSﬁBgBB t&ﬁeﬁdva?ﬁaﬂl than farthe /rA\
I rs ar 0 arps ue. 1o e eri.n
t r Aprsipetf barbr A dreereated by placingeing g‘ﬂ’&i"&ﬂ sypurg ﬁlﬂ@g?‘d? @eg&eyaﬂd
ther? th%@& df BRklesi Wit b pRALSmAIRG 1BRSHE sPlice® o 18 kilturé fﬂiment at an

barbs. 7 does not intersect the base of any barb

of
anglgelpetedyo creaig barhy {7 PORILING HegneIgiresHon dowid oiated gud . n%econd set of
bart3BGLERRed %I%LAI ARV 6% SRL s MinghiPly (o c?eaté"l%b‘ thgbring)

one set a |rre In a sta ered p03|t|onaog
approgimately half @mhdwloegtutih@l derence “@elvmeof beebs d rand) algo jotating dhe

4543 B o g RO B
barm'fﬂhﬂt@re@lrﬁadyament in the vise, and 5 then, the set of

bl 3 ; b %J;]e SR %%% %, %u %Cis ?mg&ﬁ%&%? 'eg}%eéth €

sut'ure ment e se O Crea arb
inventipmandtis Hig suturooh exchpt Ehat suﬂme l(bmﬁ[—dqum:uomﬁl e8utered 04ucludes

- clongg @B o nPANE R R BopBlicdbl o pginates n

fust:j;aha g@eﬁd Ing)ted ap rmo.xuﬁrfa;]tc ;@gytrdgag tissut. dtéhﬁ) , it@n@intenhlanad tlﬁat one
ISt etween fwo o ar a orotatl .t he
or bg‘&t"ﬂ TREFAMBLISE A SUTEsa! f Z‘é’é r}tﬁ’hv“b ﬁ’é isedion i F‘E“H"

Alsd, %utﬁﬁtllomﬂ& PluAGBSFIREaY 8pdckd BdrbSEL, 1919, dParRREESIn &
that are al ready cut. Shown in Figure 2Ai's suture 10,

- stagggped bi-dissctignakdispesiif®hodi ment of the present invention

an @Idrt? sﬂehﬁ@al@%lwaﬁtylof aﬁ?&ﬁf Blacdd ¥akbsSita Rdikfly bfanged about 180
bi -di rectional. Suture 10 i'ncludes elongated bod 12

degrepsfrom gndsagaerad Mith sespedt kuplusality of gxiellysnaeqddarbs EPOW@&PQ?BS
17, %ﬁ&&% g?ﬁl@& Qﬁd"ﬁlt fora F&Tl(nfl tarbﬁﬁt h@ﬁ*%r glg @éﬁlﬁ?l) Pf'sjélfﬂﬁrg Yo eResi larly,

or enetrating tirssue
plurglgy Déﬂmlhtsm%eql barbs bfhge tliadly atreugvd ebeltt 180 dect@s fagyn and
B L
pointddand 1§ fos pamixat pbamin :{appquxmaayﬂg; ot half Dﬁthg bahgthd Sesuture 10,
| ONn

rirsGasEEARIR A7 B Bape Dogf SRRy SBialE ¥ spetane fefiped by
second eéta¥ barbalo; 2aMgasla fﬁﬁﬁmtalle BarbglEQ 18,619, 20 dsfine Babstantially-the
samg grafanpaioe 1 byl LD dogtse plgsmenkal Gev g ok b £ A8 i

respb@fio Scfdlsti (I Barba Pout0. half of the length) of suture 10.
Simlarly, plurality of axially spaced barbs 18 are

r adfigire 3P iap eenpieatinisbiew phwE g 2B o2 Br of SHUELY in Figure 24,

mord ae&gan&%amg{ SheleSBRARLy i Al A0 dolied buritoftehy RISl

bar’bs , facing  pointed end 16 for

staggayigg st hﬁth ¥i Qf iagba 3 mlcbm&omoyﬁqdwed 3¢ ket sharf in gfiguren?B), and

thus! SRl enSH k& 2biKy first barb 19 of barbs 19, as is illusirated by the

stippling. A transverse plane that is perpendicuiar to suture body 12 and that intersects the
base of one barb 17 of barbs 17 does not intersect the base of any barb 19 of barbs 19.
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First set of barbs 17, 18 define a plane that is
substantially coplanar with the plane defined by 25
second set of barbs 19, 20. As a result, all of barbs
17, 20 define substantially the sane one plane due to
~the radial 180 degree arrangenent of first set of
barbs 17, 18 with respect to second set of barbs 19,
Likp@ise R tgoser@pling thut tsrpos:gmtmrﬁmt@nnttre\bbew Zodngingpt iritergecBBhe

|
vastpf et o ol L2 s Bl e oR il s 0.
a ; ré’.k:\)mg-e e ili;ly baua;:le @ith tlttaeaﬁecmﬁ:mgmﬂegai snfltln‘etslt, Sﬂﬁa abtht Gutting
ar.ns | ClO 0 not .snown |
et JRREDFP gt Db S BB PR 79 Ot oraly Pt i the

fonamgcﬁmgsﬁnaaad)dlﬂesn@{ barbs 19, as is illustrated by
the, stipplipng. A.transverse plane that is

peros it e eh pi-dipcdonal babyide s, f@erathamtﬂﬁatﬁlantﬁles glsegdsand held

in thd¥ise, BRDRdRS S0 WhRE Birst Zutﬁﬁg Qﬁb@ ﬁxt&Zp];ﬁ'&Sﬁa 9half o;fL tite length of

i ntersect the base of any 19 of 'barbs

the pytyre filaeent o qreatmbayes Qéacangam@nf: Hisgction toyeardpoiaed endald. MNext,
the §Hﬁééra§e foesby 180 d@Ex‘éestsBQﬁat kel GreHoR dis Sﬁoge% in % ite Qfféction and

barb 18 of barbs 18 does ndt i ntersect the Bse o any
ovepthe gng) hglf obthe kengtho Thebladesareltbemalipwisd tonspdiee inta the pther half of

the %ﬁgtﬁ ngts{lfﬂg.a Qﬂt% aasseE’ Hléﬁt%n% {1 tg)ﬂggcr.%ﬁre B%gs féjfaEtlnE% the

escrl ove n
Oppcme@mscﬁm:loww@emwdanetGal , except W|th the 5

f I d t
T NRERERERS s et ' B e e e R e
Iongttnd;nla]ahﬂahca ibeltwieeth Ovo oftbatbh @7 \aind &],so tH&&uﬁltﬁiﬂmelﬁﬁ)d jotaged about

rst cutti.ng acti nlnto xi maf.ely hal f. of
180 kBl e e, Hicn Bayfiiet Wb AP BRE s ot s B s
17, tmhmge glt’ead? eutli rnhe:c; tfcbxgecldggmgroﬁbmtdah@ﬁl Eﬁﬂs 119;!;20 Naxtblades
es are rotate rees so that they are
Splife5itEt BTG ion B ATRBR P oIS PRt B e thot e by Blarepo
creattﬂﬁaﬂis M&m@i‘n dnBRlirkio tdward h@nibd a€ER. AR firéi%ﬂmﬂﬁ h&om Gk
splice into the other half of the |length of the

FollastRAliaoipE e Mades IoREHaabOIRD deaters sefhaichayare Rey disrogedsin

the &polie dlt%cﬁ(ﬂtcdnﬁg)véﬁhé tlﬂﬁ:ut &Bﬂﬁ%ﬁ&gﬁt r iy #Qﬁs b@¥Rhdilowed to

poi nted end 16. Next, bl ades "are of

spli¢ednigithe efherdralfpf (!teéengtheﬁtﬂae sutvee Blapguferithydecensiouttingapton to
crca%fba}ﬂEQ9 fﬁ&ﬂ@iﬂ“@(‘ﬂ{f}%t q1 iRLRGSV 8 % ¥4 0f barbs 17,

and al so e sut anent 1S ate about 15 180
de @t @etdtematlmetnbod@ment it eitoving f@d?udpqwanal sutarsddniire dartien of -

sutu[‘c% f {I’T ?.% m%r li'l?\?ﬂ thc%] ?ac: r bs 1&%%888& Ifgl g%dla%%%crrtion of

or secon frec
sututmmJ&thL@trbszm 20 hmy hhwdbsn fxing |tmwdnpbtlnted ehd 14t Wedi this ng

i nat. el f.the l th of
v, BB B S PAE hn e sch
that shavecihitierabb esasteld T, Phest N1 6,348 376 R, r Sdditedhblly, Ads noted

foIIovvedb ating the blades -
thaty1 gt&ﬁj bfﬂtrérw i%ﬂ@é%t%@gt téeac iy be t¥Rportons Wighparbs facing

one Ehd4d DA€ f)-btﬁoﬂ QithBEHE Ri 'tﬁeﬁ)tﬁ’ér reﬁ&tdr 8o pettoValth BaBsR facing
uncut hal f of the Ie%% bl ades are then al |l owed

one el ang 5w pertioRy with habolesias thqa)mer@fd anekso ar{getshewn); and thus, if

" a poftiéh f Barhd is%@?ﬁ&m?‘éﬁg@uﬁré&ﬁ (ﬂ@hﬁH'tﬂdSQEarg&t;rbg aéeﬁt then, the

create barbs 19 in the opposite dire

- -barbpd §yre “@gldrheegsegn@mlmnssue with an insertion device.

An advantage of a barbed suture having a radial 180 degree arrangement with
_Staggetin g is that the 180 degree spacing is readily fabricated on relatively small diameter
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In an alternative enbodi nrent (not shown) for

bi -directional suture 10, the portion of suture 10
with barbs 17, 19 may have them facing toward pointed
-end 16 and the portion of 25 suture-10 wth barbs 18,
20 may have them facing tqg@[d poi nted end 14. Wth
this. variation, the barbed suture would be inserted

ﬁlaxhéﬂt@aﬂdl thSitggetifidlin@hoves) Sr&hbmfgrpedeﬂhahee "Bk /in @fin ariddélicate
i n the above-not 342,376 to

s e AeR TSR GO % Giegerod {HLges e Pl Bt

effeb@eRBcHtiMe berf@ERAdeped so that there may be two
portions vvlth barbs facing ane end and one portion

wi tTeg By odtigurg 3&@%@!& a ey pf mpHepepbqdipent f ¢ prture
gcccﬁ&ﬁlg%o ha Efmﬂéht ARefA, ﬁ)ﬁ%eﬁéﬂﬁlytdéﬁgﬁ’@éd dt Qi 8reWO! bu@ﬁr ms like

facing the other end, and so on (not shown), and thus,
suture 1 showdn Figyre 1% emwatuﬂsem@l pacingpr siareS0is 128 degrges o

mstggaloﬁg(s%;?«gagﬁégﬁoﬁ{ﬁ gent, then, the barbed

suture inserte |ntot|ssue with an insertion
deMae parienlatiy suttmGo instudes dondated body 32 atiagénelin circular in

oA 506650 RBSTRLL M e FORFAREL T bt
that Bﬂd( . "3 muﬁqulm‘mlalsu@lcalmtcﬂe (rb2shofsin) stntbalttse sude tdwebe inserted into
erjn [ erfor.nance, .Th [
tissiy, ARG g FRaC8%n g Sl Bt S0 TRRFE} pbfiify of cfosety
Spacﬂféfﬁmbﬂm .S, 3%3326%3“36 a1 ﬂaSdeB@fﬁﬁ: cﬁﬂaﬂiﬂnnngge paigaﬁeﬁd 34.
effective .an erfo ce. rning now to Figure
Hen%%mecf[%?ﬁ" g'i'nl"‘il}éar %gr% 5%/}3 ‘Fecﬁ ‘her grrbodl ment gf a

SUANoSaxifl spRe@bAtbHSS 41 rddily Rfr8SLA hbdul YENdderiRs fraMdnd
general ly desi.gnated at. suture 30. Suture 30 is like

staggafedvih Fespech iR iAlly mpagen baras8 7, whick gre rﬂfH%HY FrrResda9pyf 120

degn%@.ﬁ%lﬂ tnd Qhiggeil Wil réedt %o é&?@lyQE&Eéﬁﬁbs B aﬁfall?lgﬁbced
rees as 1 s shown or suture . More partlcu ar

- barbg a? afeclsommapged shey 120 dogapes éramb'wé ytaggereduith fespegian é%laily y

spactl habs AQa re%?&ﬁhéﬁﬁi‘iﬂ L c@%@e Eﬁﬁgeﬂh@z{t r@ir@t%%tec?f bhtbs 35 define

poi nte or penetrating tissu

subsgestiallsnhe ammnep@)mp;rﬁaconén@t of hanrey7 dadinp ﬁul@@nnalbwgﬁh%ﬂam

| Ssue er en
suturcE e bt 35 37 A anrangedln i staggme@npumwabnal Y2 fegrieatispbsition.

¢ PR APt oo Vi BB T O P i A B P

shoveli wiiomibtei pamoofantgeemg& B 5ama? the3adinis1 20 Wegréd mgamm bf barbs 35

with gt BBt PR o7 POt oo g GO P et fo barbs

35.t0 axially spaced barbs 37, which are radially

arran ed about 120  degrees fraom and staggered with
eyt b ispliap e b asiad Dashs 35 bmeadie offhesaegering, i

one éjlaffd &ﬂﬁtsetso?ﬁ#ﬂl o? ﬂn@@ﬁ 3{an§all§#‘ 1Hr otﬁ&@@?oﬁe‘lﬁﬁet %us

, close?ﬁ@ﬁ&ﬁted eRd ﬁﬁ(n%@sl'ﬁ(vﬁ n@i—"*i%@re@h‘) ahnd afhs ABOHS to:bg Bl %aﬁffﬁrther

fromand staggered with respéct to axially spaced

away,fifshlar 87 Oﬁbarbﬁ Fle A, figst barh é7 ehbrrby 371 dee tgdpystageering, is closer

1o pARETRAEIRGDLshbYR HEREE o8, (RIS s3iinelE bt Hior thap pvon fother
‘—awa)BﬁrSdhﬁrb AR oflrnbst 30 tA Birsyerseranedhat soprepeadicdanto pitaredody A4 and

' that &Pér{ e%l?etba‘é?é o oa%%%ﬁbﬁ é)_? ‘S%sh{]gs FUPRL AN IRl ke ke Af'an_y barb 37

~ahno I sane one
of barbs 37. Likewise, a transverse plane that is perpendicular to suture body 32 and that

- intersects the base of one barb 37 of barbs 37 does not intersect the base of any barb 39 of

barbs 39. Similarly, a transverse plane that is perpendicular to suture body 32 and that
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suture 30 has barbs 35, 37, 39 arranged in a staggered
uni -directional 120 degree disposition. Figure 3B is
a cross sectional view along Iine 3B - 3B of suture 30
—in Figure 3A and shows with nore particularity angle
Y, nanely the radial 120 dqgree arrangenment of barbs
35 wth respect to barbs 3 barbs 37 with respect to
intelracth the se ainde bab BS oB®urkd I%doeesgq énérsécotho dndesof a2Hpb8h 35 of
b éﬁ;gl lustrated by the stippling, fast barb 35 of barbs
because of the staggering, is closer to pointed
e n (Suﬁﬂ*e §0ehy BRI With fHie gatﬁ@cﬁtﬁig mﬁiﬁdletah sgure JoQidh af ﬁhe loeting

er. than farther fir 7 of bar
devis 85Etiped 3 thasprs aprek ot a9 2.1 350 Gpopner s T cifing
macdhiRGILIW Bdd t Profilc@ ke sk ofBRILE BEB7CH] udthily BAS seb BOVEnd, i a
Figure 3B), and thus, seens to be farger t han even

stageed pesitiarlongytora 305t barb 39 of bar bs 39. A
tr %%ﬁ’s%f SibaP)s 28 s rBada Bﬁ% o subife ﬁéﬂ%&ﬁg?ﬂs&

32 and that intersects ase of one bar b f
follpweddy thebladassattephaving kees e@jt!st@ctﬁg apeesisteghinghlengihr spligipg into the

sutfdd fiRAERS: g{?gnﬁl.t% 5 ?tﬁyrs%rﬁgtggeafégaéﬁéﬁ s{)) hg?ﬁl $B cidgSin the same

per penai c 0O Su I ntersects

direciinm tbward pointagreadBdr b 37 of barbs 37 does not intersect

t h%feg?ﬁl% b?ide?&g H?E{% ?n%'ﬁu(%ﬁalll)ﬁ [ ate %e st%%hh@r elg}ﬁoxﬁna&ely half

transverse [ cu
of tl&-Zomganidmh]adtstanba betiwetetveoaftbarbs B8. Alsghofilamest ib mttterBﬂ)ouf 120

bar bs, 39. does .not _i.ntersect the bas f b .35
degfRR] S visE SipciTIE baribiied 5 ROminetoce e e s Atk tgve, leacy
beeml®ut hind ehodSecintl vt f barbs3TR caateti H\ea ﬁtﬂiltai Iﬁ@‘meﬂ evi ce

de cribed | t.he aboye- ted \%}943 733.to

3 1% ﬂ‘ﬁl lades fte again ¢ (tP €repls e laggening)

appfb&ﬁﬁﬁd&? hﬁlhih@ %n%ﬁﬁ(ﬁnzﬂfdlsﬂﬁfz@ﬁct@erbn t33 of B&bs 355 b Al¥o B8 Suture

set  at a staggered position al ong suture
filargept lw%ffi ﬂé@ft 18@ d%?ﬁﬁé’“é‘&? Yise. Wpishissguippeloacr ety both

alreh) Gt 78t Rt St8aisS5Tanb aRBAY chtr!seéd?l@ st o Barbs AR FMREh e
t he bl ades, after havi been ad ust ed to a
thgr&s

iong@Wé@@&tmwme@nﬂm% ptcaf harbp ? t cragted in g pignilar manner.

fil

SIO t hat lg%dc ar e aCig?lég[H ;I"stnes{:%%éﬁ@ %EHSI P?lziz??ldgw
sutureialy 32 figirnihe treeedingdird sahdoes ndtovirlapddth aay ethsf babs

I o %‘tﬁ 1% %{i Lé’\ﬁ &% ]? f%%t’ ﬁlugtPaqedslg r4b ng% cmbodJment of the

approxi mat e ong| nal
presbettiwesation. vﬁ)ltm'é 40 wrsirpil8Bo sudiirs G0, dxbept that mmo lSéJHdu'Btal'Oﬁd

sute @b o REBSGRR bl SR SR %3%%%?@2&%83&

terntieRgs in fitst ?xamécddﬂ@nﬁcemmd@ﬁ as f@'fpehaﬁhﬁ% lﬂszué .SARO/ eaitsed
in im |l ar ner 5 Li kew se, the a
- conteplBied s RN (1 Mo R A G B g Show
ordeR RPB B Bity tj42a84.f Sdtive 40 @nect diuBed plathisd, an slasépﬁpae@rbarbs

of barbs 35, and also the suture filanment is

47,48,090gS L3 arangsd Mg pase AN EFROHISEPOTHTC | s

eqRbPMRG: Half R AeQEN @géﬁ SihO40) axidlly SR Haks 4f7'aEe$&rc§§ﬁ’er95t1ally

barbs 35 and already cut second set of barbs .
arrapgeyd jabeiit A0 degsees from and staggered with respect to axially spaced barbs 49,

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

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

- from and staggered with respect to axially spaced barbs 47. Thus, a portion of suture 40 has

all of barbs 47, 49, 51 facing in the same direction toward pointed end 44, -
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| ongi t udi nal novenment and rotation, third set of barbs
39 is created in a simlar manner. 20 Preferably, each
successive barb is escarped at a position about 120
degrees around suture body 32 fromthe preceding barb
and does not overlap with any ot her barb. Wth
reference now to Figure 4A 1llustrated is suture 40,

anGioR 8k ofiEbRAI dfRRd ieffth bhaiturp 1@ SRflly bpavel Barlis abiatiaRy
40 js simlar tg suture 30, except that, suture 40|

arragpedabpw D degiees fromy and staagered with Eralé@t@% é(tslé*’&e‘b'bﬂﬁ?ﬁ

wmmﬁte radfal g aRSHFRH Y 0ft 1106 Hé e HOmEnA SRg @&t Wil tb Ardally
term nates in first and second pointed en 44, 46

spa¢qdrbaﬁve At Censpangntly. axighly spreedbarhsiS2iate alsapsangss) @9@&29 Hegrees
fror? Qfd Qﬁ%gl\?ﬁ% Qmﬁ'ilgs%ec%% 2481 gf%ﬁ(ceﬁ BABE 4 el'lﬁls Sdﬁb@lbﬁﬁdmﬁﬁﬁ@hﬁre

order - e Inserted into tissue.
40 Ig lal! ofbatles 41&150, 198 fadingsin mmp digectibn toyrapd painted endA6s paced

bar‘% 2 res%?t of ﬁl% rac%gi’ 126%5 Iéé'&ﬂﬂ?léﬁﬂ?éﬂE %t%gth %?.\%S ?’? Qﬁ%’éﬁr?ed

rectional |sp03| ron. For dbou

substemigil the sarseioner BanéDsecand sat dfjbarbp 42,650 definbsubdtzntiallg another same

one B BTt Lty 5 oo FE iy byt G R s

WhiRigured B which 1ahlcyosa£ercﬁmgeﬁea kg lid 0B d-GBrc&'eStufeMOﬁn Riyptire

an ShAREROR R Sl B e BPL BB i iter seciricy

 As AREARGDY tRIGPPlirk? Brsd BAH @R 6f balss0rT, Gsbcol oPME edgydiring, is closer

|aIIy spa bar bs 47.
to Pgl!i'fe&rcéé i%&ﬁ OWQP‘P F{ﬁ“"o@gb@%@s %eaf%{%fﬁeéﬂ% Bar%r ’J}"f?é’%“
barSANEF itk 891 ARG HeMaeE &F tROLtEBn L BFkt Bt 49 bfbarkDf9 ik BBser to

other half of the_ length oif suture 40, axially gaced
poined end 44 4nof shovnsigi FBagurs 2B), padihes a%aatlarwéhaaég%‘@g qTayRy st
pariidoshAdger ed vvlth respect to axially spaced barbs 50,

which are radially arranged about 120 degrees from and

st dylganseatselang thas sgpecpendigulandp suthie body42 anfl thairinjsrsess the base

o PR 7yl SO IR L, e

o 20

25

- 30

tranpese@bine that is pempehdicdpde efurb énpcbsSm;i tie indgrsextsdbease of one

B 800 o DRl BT 7 o

-tranaversesalﬂne thaf is pb@enmdﬂa-ito dittre dbecgr 49eand thizd hgaseetstthe base eff one

- vart L orBhog 3 s ot intehieci B sl R batbs M o BRI i ypee

‘p]angmlfiﬁt h;q:'er;ﬁgdimlmqa Sutpiediady létlﬁmdi thdtlinters&otd thobasb af fa& taib 4856%
efl he supstanti a ti ot her one p ane.
* barts 4 e teBIRIesRPLS pase ot enissb RARORTA 30, Leos ARSI tane

thatﬁapeﬂ&c@tu tsuﬁme.aaoﬁg) 31 Bndih@Ufiersedtthe BRRWE ofidBED S0 SBHakHE 50
Y, namely the radial 120 arrangenent wth

doefgm att@ﬁectsﬁa@ é@qeu of ey barb 22 of harbyiy §tf@éPfoa T vess pane thy is
pergehdiSilalid sikur 6o8Y 4P & d RarditersQik REGRL BE otf bald . of barbs 52 does

staggering, is closer to pointed end 44 (not shown in

not ?ﬁegw@h@ﬂf'&se obany barhAS ofdpedfs | arger than farther away
| S3fure M %gmé)c{e \% (@é iaggeocfuﬁog;ﬂba?ﬁi&g H?&ltlﬂ% téﬁ@h as the %uttmg

staggerlng |rst I's closer 1

- devipodestatgdénthe %(eﬂﬂtedﬁmnmtb 99/l oA BNnpvaet al.xdxgspt with the

a s _|.an n even farther away first barb 51
follov? R% Q}aﬂge i P%% ah
‘ For first set of bi-directional barbs 47, 48, after the suture filament is placed and held

 in the vise, the blades splice with a first cutting action into approximately half of the length of

the suture filament to create barbs 47 facing in one direction toward pointed end 44. Then,




10

15

25

.30

A transverse plane that is perpendicular to suture
body 42 and that intersects the base of one barb 47
of barbs 47 does not intersect the base of any barb 49
of barbs 49. Likew se, a transverse plane that is
per pendi cul ar to suture bog%,SZ and that intersects
t he base of one 20 barb 49°0f barbs 49 does not
the BlﬁHe@ 51%@&5&3& hgo BaPRs & thatieyDRE Row &s?&se@ﬁf the op':pbmte direction and

Simlarl a transverse plane that is perpendicul ar

OVeIttbﬂ e qf@we@h e bladat the e plewecioshlice iaie hegihes falf of
the 1Bn iy ofrﬁ}e QL n§%1tﬁi 9 F&oﬁ]:%utﬁr[k} LSkl crdalEaPRR Mfingdinhe

a transverse plane that is
oppcpsﬁcpmpudvardpmntsdlmﬂlr% body 42 and that intersects

e

longhuﬁﬁWdMncabétwmwe o§barl 47 enddsd thesutivs filkanepbisddigig apout

120 G558 5 55 VR s AR R B
47, ﬁ]tgatﬁiiﬁ’ ilreE%g; &t n'gﬁgfbg Eé&?lgﬁennﬂ rdisgctiomal asis 9 e50; hefllaios
spicer gy b trrotegprisnaiLy e Y iy B0 0 ament o

creatd®arbls 3D ¢:§o$@cih ohm:d@ﬁ&em&rmmawnla 448 Taé filkachingdddtion is

ol Gt Hades |BRGesEess o0 g i 201 P RAeT PRSI

dlreéd&% 2RPOVER 1RABE h§ﬁ'bf b shigre tABNSA. 3T€6§&hétﬂspﬁéﬂ'ﬁﬂtﬁ&h@bther half
except with the follow ngﬂ\ghange in bl ad

of thmlmét of dbe sutuse fifsmeniwigeh ScEPOLSUINIRE SRR (O FEFRLEHATB 4O foping in
theﬁosﬂ%ﬁﬁr@&hoﬁﬂ@m%&g%@dfeh&@:frent is placed and held in

e vise des splice with a first cuttln%
ac Them therblasiesiarp egain ﬁ@iﬁéloslglmﬁfaﬂb {torrratethmyieggedng) fenpbout

halfg%étlggﬁtu&lnhmc bQwEdif etafg%f B%‘B?? 4%%51@&{3[1 th@%u@tﬂﬁ filament

Mon-tovar d pol nt bl ades
againissoneiiabed 128 Ocglesg or és visg, Whigh IStquex;vp@d te ammmn‘@wére@ﬂy cut

o] f
st PEARRR R ot A SFf D5 YISy bl
50. Fbiovdig e Ivgithidied] mdvementendtdtatoh, mhmlmuem@n-ﬁxrmmibarbs
31, 34 ¢ s B it el ol vt B Rl R b Rt hair
of tH¥@X4ipth dfiike unae GRnRhEo ofch@®hrbk SN @Lcmgdn ond siizybc(l omtwmammted

th t fo hal f t
ond {f i o B Fesin el A 5 b ey e
now%ép@i@'?ﬁ ﬂie%pﬁ@slt@ﬁ&&h@ﬁ’&i& oved he ufl@@ he 6f 1P sﬁtﬁke fitinge@t. They

is e ped to accommodate first set of

nexvcsph@a mteéhq herihalk af the length of theysyire Glamen wihapipondcutting action
to cr-\gﬂ@ B%rb fa%ﬁ‘-n ‘?ﬁ‘ﬂle %Eéasﬁé diicrigh foRfald poiabd frdes 49, 50,

liTceewth a first cutting action into
ap praﬁorablnteetlysquﬁ\r@lﬁarb is@scamegaha positigneabayit13p degrees around

sure A2 g rold i e U e b Ribiang B O

- fold zm/ﬂt&nia;wa: mnlaidun@t {robsholwad fos bit-digectionp! ewturedid, thi gertion of

G P SRRy b5, BEPFupdh ) Mt

portiRlof Siture A0 Gating babivs, Sﬂ,&lzfmaydfavé ﬂneml fecing fowafd pdmted end 44,

Sy ARl R R BB B R

suchPAiti: Sicbviaiiel thedabove-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




10

15

20

95 -

30
o abou@g 6 STt ﬁé@& P%} iR QB3 P aﬁé’u 9 F]w Q@g@:&ﬁ@ﬂ CEQanh being per

15 Then, the bl ades are again offset |ongitudinally
(to create the staggering) for about half the
| ongi tudi nal di stance between two of barbs 47.
Additionally, the suture filanment again is rotated
about 120 degrees on the vige, which is equipped to
accommodate already cut first set of bi-directiona
facrrk@rh&md dnd p@ﬁd)nalwttﬁ afls fuding slecming esd tandfo on (not shown), and
dlrectlon

thus{ 63 GPRGE o Bitbt s Dol ars ik rtpigiend st POttt adiage. tygn. the

barbbd szﬂmreaﬁﬁndzmhsehaa fas 1RBucbdith Alingdron@aRe by having the
bl ades splice with a first cuttlﬂg action into
appPasyanaze ol a harbed supre Wit a Fadi) & H0 desreerrangempids that the

barbE bk&m%% ih Fhr&f cﬁs%ﬁl@t EPathbndpBfiefitatNoB&Creslili@chi ON
toward pointed 44, The first cutting action is

maxirpizAtioned tlwetpmcmfmgoﬂa@%mae@@rﬂi868H%t@ci e, &y faggering

P&, dﬁ seosed in the opposite direction and
enhoveramt nﬁ cut[gL (%f of the suture filanment. They next

s pEimming nwaotﬂlwmﬁm@homisfan@thenmorl@mt of the preseat igyantioe,
whu%]' IL g%g;;ly i Ena@edsa?ﬁ{alﬂg 60, %ﬂﬂ ﬁ%aﬁs&%éﬂe?%thalzé i aptw(fé't @&tzﬁultlple

Opposi tion
spuqioSmnchOemdudb@ ﬁloﬁgfﬂefdehodb 62' pf geaetally un'@éammesebmrb Hlgngated

bod}ééé: ﬁFE ngtgsg{? péa?ﬂﬂ%s | %;1',:6? Eog Pp reelérg téja% stg %t IS Ecg]lt’é}gplatertl that end

64 noiyebindfisen dubsiend vieedlel(aet shawil).fod mseaﬂnorahtoemmt IFugthermore, suture

60 R B b GTosc AP (TR e Gy TS

aroufl@BEdyt dPRd FRGAgE tHeWM@E dirgtibR tcﬁdmfp@intéﬁ edslt. t he 30

portion _of suture 40 havi ar 4 5

P B 153 SHEHOBLTAY ibhg hae 3 - S graRiurg g Heure YA Due
to th¥ @kisBdur Riui Pl GidRdiRs s khthQespostive bad 67i8&HE 18 Ge kinbiter and

tissue with an insertion device, such as that sho

 smalley ap preh Antarthenpd Ethes ayay fromuppintrbendsddnot shewen i igiF pB). the
illusl%q‘-yf &0 Bftteletice bémg 1§usﬂ‘ﬂ%ﬁ%§ Th gphﬂgf desired, barbs may

be escarped so that there ma e two portions with
baPbwre G0apxky @n-‘érueﬁé wiha Stm{ﬂr peiting Bychipa 3¢ thah pise for making

sutufe®C 54 ot R c?i&@% rde‘ggladdescg'fbe& NPHE Bk &d%ﬁzﬂ 1‘?7265@43’ ’;ﬁ'to

acéi I nNg one €en two portions Wlt cin

- Genotaee |a1 aWith a awidt csnttmgme(thmdt bagtrciiinay erpioducedsis, mulﬁplasmrals that.

f b
B LBl Sy 628 B S0 o o
bmngmuﬂﬂdhﬂmmﬂ&ﬂmuegtﬂmsphmussue mnth an i nsertion _
t b | .
oWty Ay ErspenCinels e 2 ol falpt gl Bnaun i

1ong{tadxﬁﬂ1y tistdl fofa pirtiér dfake haoRAghAIch a@zmnmfmt a mﬁdsn that is

ultin maxi m zatjon of the.reten
abou t pchist GO 1A It el Tengis Mo diidy Soupfgnd the other
end ﬁtge&?&r dnd%otaA ba@ a@%eea \B0hRkds Ko tREpIrsNEMEEsutube ikt is
now t o Figure own i s anot her embodi nent of the

UﬂﬁﬁﬁégﬁﬁﬂwﬁwwgﬁﬁﬂEMImE%hPQWdW§ﬂH@ﬁ@$aIIy desi gnated at
Ft | p Egmfé@ﬁﬁl%s rpéfﬂ)lﬁ{ﬁdg' 850 gméd) Qﬁd fndy é’?e@foﬁ%@&o& Wk less,

0 spi Suture 60 1 ncludes ongat ed
suchgg 18to Z;Qah@paa Shijably, pwistingrmasttsfeors saur 3 fe abepiokdaisEpont w or

i SSue. I's’ contenp ate
254mmnpr|se a surgical needle (not shomn) for insertion

i ext, h'ls %ija%cs aﬁerthgvmggeeg adj?lﬁgéj{o a predetermined length, simultaneously

L -splice into the suture filament. The cutting action makes cuts to create barbs 67 so that all are
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60 includes plurality of closely spaced barbs 67
arranged in a twst cut nultiple spiral pattern

around body 62 and facing in the sanme direction toward
‘pointed end 64. 15 Figure 5B is a cross sectional view
along line 5B - 5B of sutur§,60 in Figure 5A. Due to
the twist cut nmultiple spirdl disposition, each

faci@ $PHe Eér?{éed:p:@ﬁ&l @Waﬂ?@ﬁﬁ&dteﬁd 66, ARBY dwisk csliltSERifabbaral
each is farther and farther avva)g from poi nted end 64
F

sutrp 69 isyplegend ffﬁmlihfgﬂ?f‘eané mptwigte bagbs 67 ate gspeted & wyltiple spirals on
suttlbkherence being illustrated by the stippling. Suture

60 may be constructed with a simlar cutting nachine

as Tumipg neweth Figire fAkshagn ivmothgr emlodimens gEthe Brgsqnf @ventlon .

&

AR SRR, ok R0 By AuetBptp
dispmiﬂon cind thas bysindlar tesptueet(y exepicbat shreiifl is bqsrlhaecmna} afusure 70
1ncf§1u Og%?(ﬂ{l g b?‘ﬁha lﬁ%ﬁ C}‘g@ L?cu%% lan:CSrgSS I%%S%islé a ?tqérg{lﬁa‘:t‘es m
first mdasmd poined endmemm fok pgletmﬂegmsmeé s covtpenaplated that one or both
R T

twi S‘dhﬁ? 76 fuirther iR€ladds ‘plmrr]zﬂifty bﬂwos‘glytspided babgth,78 atraized tn B&

t1nes or a portion, thati a e
fes%ﬂ"‘%ﬁﬂmlcﬂﬂ“?rﬁ% eadhbging a%@tﬂﬁsp dg‘??dgﬁg ﬁ%f‘)é?@fl?é‘aﬁ
dls;ﬂiaéh 6d1ﬁ1daref1ﬁ&mnw thaSis ﬂg&;&&ﬁﬁﬁtewlnﬁm pprbx@hdleld 96 beR)of

tines, portion of the suture_filanment is :
sutltrw%t*féal %ﬂb‘?f‘dtﬂ‘i’gl"@ lﬁplﬂf Ié“‘P%" ng&aécfg%f é\ﬁtlae H@Paﬂ?f:lw Phygatity
of Béﬁﬁ &7 aﬂévﬁréhgézlgn R Bﬁitgﬂ@éﬁﬂﬂ ﬂa&eﬁ@ﬁzﬁ%‘ﬁgos 28 fécﬁhg»rtgwﬁl‘d%ﬁ)ted

performed nore or |ess, 0 such as

 end7 Toh st (s halpiog s BTGP glonidhr s osupee 10.Sgmitarly,

plm%ﬁ&l{}f barbs T¥hE KR%& i dgﬁnltlpﬁrspuﬁg%ﬁ@m Fith A 3RBEYS Eeing toward

tw'sts per Inc tw sts per

pointed énd Todor anothier bret (ﬂg ofher appeexizhaierhpll) tMelmidle Pﬁ@rﬁﬁﬁ @logg the

ng been adjusted to a predeterm ned |ength,
lenémf ngﬁzgusl y splice into the suture filanment. The

c utmgurg 6B ¢4 4 onsseitiesal viemsaltng lnedRt-c6B af dusur§ 60 mdigiradA. Due

o i sl o R R P R SR 1B E S P ang o

as eatH ig f@thbandSartiel easefibrh paimetl brd 74 @et shndm i Fighet6B), as

, 111ug@te%%367 a.re di sposed in multiple spirals on suture

ey to Fi gure 6A, shown is another
e n‘mﬂirmhmpﬁe b WPitIeHE Bdmd dud@ipirhaRine absudire 60, s|u5h as the

general |y designated at suture 70. Suture 70

cuttfng deyice gsoRRRR Preabaystotad Segaldiy DTS L R Pepatietab, bt with
the Fdl!&‘wln%r chhifbeSH Bld&@dlﬁa@mor?%@ thé Rkt 0%%1? ffth6d, bedbs 77 ma 2be

directional. Suture 70 1 ncludes elongated body
proﬂuﬁrad in rpulgjpla epizaly thatpralerably are gicaigd s hesame P@ﬁ’ aad @w@lwﬁtﬁr the

- di ﬁ&m 451 P blafids! ﬁé{bsaﬁq? R fﬁtrﬁlﬂu B g}flraffthat?eferably

penetrating tissue cont enpl at hat one or

- are bmthd atghe sanggink4  Thusduring tmmmgséle sutyrerfament istheldtasionary

insertion into tissue. 10 Suture 70
Mtédlgﬁfﬁglrg mcF‘%des plurality of closely spaced barbs 77,

78 Mo apegifitally) atseadion of about 4.5 inches (about 114 mm) in length of a suture

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

- “suture filament is then is placed and held in the vise.
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respective spiral patterns, each being a multiple
spiral around body 72. Barbs 77, 78 are disposed on
m ddl e portion MP that is approxinmately 3 inches
(approximately 76 mm) of suture 70, with each end
portion EP of ‘suture 70 beigg barb-free. Mre

- particularly, plurallty of barbs 77 are arranged in a
MU T idtin @ plelirk @a&bﬂda 28itd BO Ginks, aad sy Be7pefrﬂ;€mergmore or less,

t d t 15 74 f t t h
sucb‘ﬁ%\ég{t%’? géngq gﬁpltﬂhiy,g)vbsﬁgg p}qg %p gﬁ%{ar ‘&Eza é‘? 9161)53 per inch, or

abo§'3% Ia@(fult Y5 twikth Flé r3hdhl dr DoulPioBot8 3 akts @&ﬂﬁﬂg@dr inth Being per
tiple spira pattern with all barbs 78 facing

254tmmhrd poi nted end 76 for another part (the other
ap Bfe?lﬁ 'ﬂ@ﬁl@de@ al ek _I/'lginngbgg{ @djﬁﬁéd a MRdakAMAed RBeth, sphce into

of suture igure’oB I's a cross secti onal

appmmméy balf) of ithecappRxim@elyod n@ht(amomaie’d T gonelepgth opgpiddle
pomogshggctifqge Q@r&{)ﬁ%@lysf5 ilh %8 LR | PP mnfia%kted section of the

ive e smaller and smaller as
sutueafilamesst ifi afirdt entting eetioarithethe bladgs haking it tatcesatedypebs7Zf so that

h
all ) atﬁlﬁg Inﬁ \énme Cg[ﬁila %{7 d?ﬁ)mt%dagnd ’}4é Li%e!p{ ﬁ&l?g(étpg%»ke ;]ﬁeagﬁ tb%ald%sgthere

are ORI cﬁ:ﬁm@&nﬁdﬁtmreﬁd Glow mumhbaﬁs Thare desirdd, tligrel enay de one cutting
mot%ﬁﬁ%%é{:baﬁﬂa s 717 tgaﬁ}/q%ﬁlr}]ro ; gg?r% gnraprg)fa Wtﬁ:g gl!ltﬁ43in?)§§ns dhtil the
desﬂ%ia.d&bgd df%ﬁﬂbg on arg@_ﬁdaﬁ&dlﬁllit_e altpW‘tﬁ)h oﬁthbtsutﬂ% fﬂmhdsm? bar bs
maybe produced in tiple ral s that. prefer
a1 30 e Biion oepiated AL esTrs so BRLEH S nap(cifpopidan T opposic
direflicnSmll 098 1R BiReEnAI0SF thé Eplebanasly Dakh @apﬁﬁ:.xmiatelpas mm) length
produced in nmultiple spirals that pr

efera
of mddla petion MR efdhe PEORTHEL 47 ieh éqmq’i@lﬁttﬂ% ?1:% {nﬁ%ﬁﬁm@ﬁ@“‘m
of tRMuHIE gia'lﬂe AT el ﬁ}c%&{ AldwRaasb ¥plick b BRothér Ha 1ﬂ§ second

rotate Nbr e specifically, a section of about

 cuttingaloden with ¢t blades making put égn griepte Prrby Susouthat alk Mﬂéﬁfém in the

oppb ostte ﬁjggcct{o qowéﬁ%%?e% mﬁﬁg 76! 'ﬁ%gﬁ(ﬁﬁg & ﬁ Wahly @i%@&i chrc are on the

bou an end

- cuttmg eanchide mmw h@ny)btrbs Tome desiregy @gpeuamne@pﬁmsdnosr@e to cut

o 50755 o, S S0 9l g s

num]b&: of biars 7ﬂ/eteres¢alqmd isto posichiof €wmsnturd flamédn i s pl aced

he n th B-, Twi |
oo Sytipt O il st st P R BRE Fh R ltideng
untvlu@té&, thfistcuBsand $hel secofid cliisi®salt iSbeirbsdy, 98 béing ﬁtmgespegtj.ve.
be fromabout 2 to about 17 tw stmﬁ’% Ehench

{

about
multple Spiga) BeHermspN Ay SEBecHY? Porfiens ofp 873 SRsHiYG POFOmS
deﬁwg 5{1&1@%@:{11@ dFRBdut BRfdheH@bHE 7P @m) iBTengthm) . 5 Next,

he bl ades, after having been adjusted to a

pr Mrae BRe e, R Wlstﬁyt peldiplepisel R N
fronPh nhﬁﬁﬁl@:?l@ﬁt‘i%gf@ﬁ lathefr bf‘%u(@@fﬁ 19&1 @B OM57 Gy nd spun from

engt portion MP o pr oxi mat elfy
polyidinxhngue §whick nsmeuhynq@aomle ﬁwrgm@r@gcﬁ dipmeer affplout dots
et 045 AUy P 8 i SRpAOuih, i b

a diameter range from abqut 0.35 mm to about 0. 399 mm in accordance with the
specifications of the United States Pharmacopoeia (USP).
Each suture contained a total of 78 barbs introduced in two respective multiple-spiral

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

' the barbs were divided into a left group with 39 barbs disposed on 2 first portion of the suture
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all are facing in one direction toward pointed end 74.
Dependi ng on how many bl ades there 10 are on the
cutting machi ne and how many barbs 77 are desired,
there may be one cutting notion to cut all barbs 77
si mul t aneously, or there nay be repeated cutting
notions until the desired nunber of barbs 77 are
and2sight pedp with G9 Barbobit i sstond pdrtieh Sulickuaird, ichehn@aip oppheing the
. the bl ades are rotated 180 de t hat ey ar. i
airigiop o4 B GReErom  HE JBBSR e TAB OF 6 g 156 itk gnting
maélﬁﬁtﬁé’mﬂl@eﬁ hé?cf 13 tbl@deap Phexforidhlgroud of BS Barbg lﬂwt@wereatceﬁbng
of middle portion MP _of the
moa?}ﬁr(%%.lﬁmﬁb 9"1&1 tBe Plﬁ%q% being B‘Ff%? Wit A gpige forsachgt the cting
moB&®t i on of the suture filanment. The bl ades are then
allowed to splice into the other half in a second

c ut}dch gutaretvas abarit ¥ fncherc(abub 4 Esmpm kang g Themiddlepastiangy(B was

 abodPs BinebRavoft F ) tnk 2fd go ft:fi'rﬁ%d% 18balti%h t QRRAS3Edrfed into the

Irection towar p0|nte 76 Depen ng on w many
sutye fithenent. Hintending deymdttiesd inchi€76itmy) baslesidinriddla portion WEhwerp two

B STy 85 0 B P T

Depeagiag be dzecsuunng@clmqueoqm an hoth Iencﬂsh:rf tibdmitred dutumxigém of

soeftflptiBiia FRATO AR otoR & B Plaelity B g

" surgifal nsedlee| eased fron1the vise and untwi sted, the first

t d d | t bs 77, .7 ing
o g SO A b0 s A0S
memSé?aD ctmelmeﬁlda%& ln @i ghtfpull Wnsilestrégth tdewitvg UnBeRelCTdstéLand the

gortlo 25 defining mddle ﬁ rtlon MP of about 3
otherpgthed wass it vivep e teshyitheostbr e particul arly,

seveyr &e sEngﬁttpuH WnsfBMtichgth fhedirdridne, tRBHPREs SetfodhEBusii £Test

manuf acturéd  from a nonof fl anent havi ng a di anet er of

Resgurser Unversal destereMogel 3809 Bheraypragegeading of Hinepeateshmeasurements

macﬁacﬁ)i/ iR mﬁ Qflﬁm(rlé‘@ag Recble@for WAk Sur@Rs HABPhS c§rﬁﬁéﬂs§n

material). di ameter of about 0.018 1nch (about
mﬁ@¢@6$ﬁMﬂ |s slightly larger than the size O synthetlc

anoorigiy® APl vde BR3uiortiof SRR R @R

-abserbaldé fiitura wiaterigl) of varives simire denBtest of abdly Qm&mpdahoat 0.457

5Pl A LGSR 91 PP, i

are saspactively Kightly lacgﬂtrﬂﬁn emadém @i Stde Phammr:q)oeﬁl sivee0 tzh@, and 3-0 for
bar bs

syl SerBie s O decorbnee el e SiifRraghaspda Sheritiations

for éynkifetic pRbIbRIIB sﬁtﬁre*s Rize OUiatls iaméBr radFofabont@BS5 xfhas gbout 0.399

barbs on a second rtion _of the suture,

RIS M AR S

dmhétsua@gero@éwmgomw Hofo.340ansut ure. The specific
cuttin machi ne enp ;yed had 13 bl ades. Thus, for

eadhiclypabyl seéms@as@m atep@ycad y being held mwithiegrk sagket pading in
two(rgSpécnl'? sﬂra@b%)‘] Emcﬁ) bigRRd Q&hﬁ%é@%ﬁgﬁéd é‘%ﬁcjﬂ efid by being.

gurd or eac of t 3 cutting S noti Each suture
wrappgst m@twqresmhwapmmlems nfApstapmeflersere ipesifoeholding

the ﬁ’rg:[al'ﬂeﬁ gutMgs ¥%void stress and distension.
The porﬁon 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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about 3 inches (about 76 nm |ong and contained the 78
barbs that were escarped into the suture filanent.
Ext endi ng beyond the 3 inch (76 mm) barbed m ddl e
portion MP were two unbarbed end portions EP of the
suture that were each about 2 inches (about 51 mm)

| ong. 10 Dependi ng on the 0turing technique, one or

botﬁaflesgﬁan@ﬁ wiab fulRanSetuGHAILY £ a hRY obdousMfihdifel @BLHLS54 mm)
olnte .

and rigid for_insertion into tiss
per gy s bisakoge awm%d -oFhegeak logd wasregprded a5 b faeht pbtonsile
s&eﬁéﬂiength of the twist cut, 7 inch (178 nmm) bar bed
sutures was tested by two nethods. One net hod was

st e gselisage sumrasrized o Bablecifybalow cand thg farright cplppa ﬁ@rwtes the

USPERE Bil €0 Ao et SFCHIChAS @fbalibak e pace from.

synthetiosibsasbalie matgtidd. neasur enent, testing was perforned
using a Test Resources Universal Tester, Mdel 2000.
The average reading of 10 repeated neasurenents nade
for each kind of suture wa¥able@érded for the barbed
sutures and for the con@gi&g unkar bed sutures. 20
Conpari son unbar bed sut

& a | ydi oxanone
nmonofi |l aments (a synthetic absorbable suture
.material) of various suture dianeters bout 018

inch (about 0.457 nmn), about 0.015 i ents

Barbedlor Uabatbadh Biinud SO 15 Siright Hulipetindd). 292 m@owmc@oundg

are_respectively slightly |arger than the Uni
Sti{‘% “har rracgpoel a sizesl ,g\zg and 3-0 fo{‘gg

SyhihbabiL absarfabl e suturgpgge I n accor dance wsbh

Unit ed States Pharmacopoei a speC|f|cat|ons 25 for
syhohgbet absotBabl e sut ur&$2 size 0 has a di&fter

rame@f about 30.35 nmto ahgut 0.399 mm gt E]%}?eﬁge

has a di aneter range of about 0.30 nmto about

nn1 and size 3-0 has a dianeter range of about 0.20

at Ak ST (PR D RICRE GO GalBR BB

reducebthe etsaght pull Ensl‘ﬁrstl‘atlgthi by apmoximbtelyd®st seompared & thed

com?‘eﬂ&ulilr{a? ur} abed rs:'zg g gglygftgxgn%(éle; Pgﬁ&}l%?lfn*%?’# Pouggs ‘“”46%%‘%‘17 g2

around T Wo resp Capstan
pounds).l ers were used for hoI d| ng t he unbar bed sutures to

vl d stress a ste ortlo of ea

\ Dstve ey e R pil oS Sy G PR hReR bRl Mptpe size 0
polydid@aiiond barb&ibduasic (vatich) Hué-ﬁﬁhé‘mﬁ):arpmeht&iﬁ ﬂté‘barbﬁd’lhe@ fan effébtwe

t he case'P@Il bar bed sutures, contaj ned f" ntl

diamefrz that is s e digmetseelibeicqnventional
sutuﬁag B6hPHRA 1aRcTatly biit Ghd 18iEHhkH @ISPQ&'DV pul ﬁt 6ff 8. Wﬁds for

i nches (about 254 mm) per minute until breakage

e%&j?ql@éoxaqqm cpevetipnsh wbaged swWEEr ded as t he strai ght
O B A A oy
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 mid;ine, and

paramedian, each of the 7 incisions having .1, 2, or 3 closure sites. ‘The length of each
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5 USP knot pull test mninmumrequirenents for
conventional (unbarbed) sutures made froma synthetic
absorbable material. Table 6A (Tensile Strength) 10

~ USP M ni mum Requi renments Barbed or Unbarbed Suture

© Size Straight Pull (pounds),for Knot Pull (pounds)
Unbarbed 0 17.72 8.60 Unbarbed 2-0 11.86 5.91 15

incision a:!rigedifram()ib&t% idctB@bouBar b @t Do dbélit 4isvheA@PbUL CADME) and

a seen, e car ment of harbhs into the size 0
e g5l B Rk o ] SR OGEHE O SFIORPERt Ul |

t eNgdikgthé birbADvRrEY (2R RRECKbINRIZE bmg@i’&@ﬁm@ fHFReI8Eert 24 of
the 20 conventi onal _unbarbed_size di oxanone

the s oYere dpssAt Fercompagizon e remaindog sites worE sechiiin Yarious diameter
sizdsSQYEHREntidnMBumbirbad Qllﬂlresc{‘ﬂ |site Wik §1hé & Os.shf{ Sﬂﬂfeﬁ fiffmefit, 8 3ites with

pounds at breakage for the size pol ydi oxanone

sizgyP pElgn mpaﬁlememﬁ sﬁw@ﬂh gzq o pebrd@ﬁmﬂ mopsfilament), which
fs I h

o L e

- polBheidogsawmemn enopBored tailyeinddbenpabieded tocottmbisia atil4 kia)tsh @t the

Um {He%{“?hé’@&s'&fh‘g gve{%}gvla]uﬁtg&‘ }Ha&gﬁ:% 1cal§;|&it1§ gegg:(oa%] gz?h fug{lssues

e sl ze I oXanone conven ure

-mcmdni pizéspaal lo&ttnom ghhe fegs| all sitasagpescaltwithntyé sizd @p(ﬂgdlmnene

o B Pl G S BRI B8y

.obsmttmaq:bnmh Mo HehiscEncgocasred A and 7B. 30 For the in vi VO

P e e R oSSR s ol B S e
witit ihe emeﬁﬁmma)arbe@p@ it anbicshiturdsl aldotheald €I withaut dI i ne,
of the 7 incisions having 1, 2,

r eac
CO"EP‘C%“O o@%&‘%’?‘i"@@"“\’ﬁ@ | ength of each -21- incision
r a%ﬁ@hefswm@bﬁﬁm&a cﬁ,sécmﬁh ﬁ)@?i%'@ olr%io’ﬁ R filatheRD M erfional

i nches (about 101 nmm and the dept each i ncision

unbighed sutuses, 8 isesswhibited Rartial orreomalage sttsurp ﬂf@s peparenshyaiypo self-
mudﬁt!dﬁ% v theddpar RRsts ﬁiﬂlé‘&ﬁﬁerﬁﬁlnél sﬂﬁ?% pBgs Y Sug&i dscomfort by

po d| oxanone nonofi | anent g€ sites were
cma@ng) @llze¢B¥eSmpmi qndtpyds cannet undemafand ﬂngt théx shouldeotmanipulate

the ERASE AN HHDUALMEAUS ATl G4 BEBIRlor iR AR b8 RbIatng
andbu!ﬂlmlttthe @twetes with size 2-0 nylon nonofil anent,

ang, Lnithde§ oS eftSminde S SLO% BN amoR 'eﬂsut was
whi C

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

-unbarbed sutures.

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

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

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

inserted into tissue with an insertion device, such as that shown in the above-noted U.S.

Patent No. 5,342,376 to Ruff. Also if desired, it is noted that barbs may be escarped so that
. there may be 2 portions with barbs facing an end and 1 portion with barbs facing the other
~end, or 2 portions with barbs facing an end and 2 portions with barbs facing the other end,

and so on (not shown), and thus, if a portion of barbs is not facingl the suture end to which
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were knotted. All closing of sites was perforned
according to a random zed schene. The dogs were
nonitored daily, and then subjected to euthanasia at
14 days. At the tinme of death, the incisions were
eval uated nmacroscopically. Wth regard to various
tissues, 10 incision sizes,” and |ocations on the
thoskaigishs agd ddjspkhtethen iptasdd st vidudd 5 inerdd fed NdLowanane
. _barbed. sutures stayed cl osed and appeared to be
ISETEA $ Y °nor mal | y t hroughout the 14 day observation
perApgivaiiag Sl HafRN 6@uRIBAE & Bwist e nfildRe gﬂﬁp&@@sﬂbﬁ i that
t he conventignal unbarbed silk sutures and the sites

such g haded;sutip fonds etien Wowi holding capahili/se aorpRATSAHP dhest?@iegree
spagédtﬂiﬁﬁ& s@hR0 HiRabaen i@i&ﬁdt tﬁ@iﬁ&«l}gwt, r&éﬁﬁg @Qh&h wén?%guus'}l?

ehi scence occurred. For the 6 topica In site ‘
grogpsed berbsthatconnieradng succesgiveignddameqeding graupsiefharbs, which tends to

pro¥idd WH&%&MME OAELRY S&H}eli.f Rltissue. slihk%éatl% b %Eéé:?a?lg useful for

~partial or conpfete suture’loss, apparently
tissgedulh apfat Gidsae, iwdichidys fewer chagectiviKfibers companet witinotbertty s af

tissfod! 413 SRARS LR rGAHRR L RGLRL! DY - Creat] ng

&
pressure, and ani mal's cannot understand t hat
t heWitls refertcte motv torBiguetlAg tleovalls b sectiont] side siewTdfbarbed suture 80.

Bt e R ety Bt refiedpring b ot “Pret il eyt of
gcnSrlallij’rgi_[‘qular tloes seguoﬂ \Egclp&{rf) Q1 hEvtach W ?% FSho®inze: éﬁ\s\uﬁﬁe longitudinal

. I oXxanone rged sutures was erticacl ous en
iR PGt S1- erbalEnegh by B saigpath B boch FrtamBine, ot disunce P,
spirglﬂg hASH, ShloUf ®Presli®fChi #R tpPof cﬂ%h&rﬁeg@&gn' ¢ment

nbarbed sutures, and the size 3-0 pol'ydi oxanone
no Agure Arsrihe fBtiembsiddeew ssitllusteed in Figare 2 that rtatédiand
AL 608 0P BRIt P BdaibsB¥.
on Batliedsutue: 8fiis p osietcut) amibiple/spinah pi-fisectorlad birbed7shtura dika g

A, B s B 80 SRR e Y

with espeicto el dohfgurativg of Barb¥¥1 tistahiissudas ioaginainal bie Absutized
. sutyre li|db 3Q inserted into tissue with an . _
ek Teneth bactucat fors Dy b cutryna 8 gt lance P, sivaliy angle
0, cBRAY BeRSRH OB, Bnd teRBIEIT oot &@éﬁ@@c@? Ruff. Al so
if desired, it is noted that barbs may be escarped so
t haore siecificaliymgevioral twigtent, moitiplenpithl, barbdsbsutures wage sanefactured -

BB B LB B9, S ABDRE p

(abduti@.4S7 inen; whiph id lighidy imere thancthe USA deqhivernent forai sizliosnthetic
a thus., iL.f .a portion of,.harbs is nat facing th .
sbs B i e R P SR e 28GR bt spvat
pattérhearbaidahelcisoutnitrenceonthd sttrd. ISHRe tiRthatttvieré bisditeCtiotal, fhey
ge of bar bed suture

, g : dovi. ¥
wer hyide D § oRgroupy it 1R HeRs R Sght EPUTY G O P FAch 0
~ oppbsititithe iveHoofns BAEH gotipSidin ﬁicefaﬁ?aﬁir:ﬁ% ThRfdleW? ditGuture. Each-

hol di ng capability as conpared to the 120 degree 5
SuELHSEROW Hripdgs Ghewllds mppdong ddemifdle pprion tagabopt Sinches
(abotti6 mAd b the Elﬁur%glh& BdntRALARE 78 Eﬁﬁs‘{hﬁt‘cwér@escarped:into the suture

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

end were two unbarbed end portions of the suture filament that were each about 2 inches
{about 51 mm) long. Depending on the stitching technique, one or both ends of the barbed
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groups of barbs that conpl enent successive and

precedi ng groups of barbs, which tends to provide

i mproved anchoring when the suture is in tissue. This

feature is especially useful for tissue such as fat

ti ssue, which has fewer conmective fibers conpared

with other types of tissues, so that greater suture
sutyrgtraytbie aWTitientdepdintedians rizid fos insartiomnichtissis, oF BAX. ORBIRE £ 0

wn is a sectional side view of barbed

s&%@ﬁ&%én&@;wé grbed suture 80 has plurality of closely

s palnemiddp &y dmradtrivrthe tarigataton sfihadsd1bwdpten Zopm 100 custom

mi%gs?:Bpet w%l}/lécgh ng% 6%’1ba§1§ gg Ring %E‘. hf,eﬁ t%%%?’%g“’ﬁ‘g? P!C%jbrgﬁcﬁwdeo

ure

- canfidth by arddtit@nedsete s&&;ted)bﬂ:rhs $lenglhs maglificdtion uﬁ:bn-ohaph bf tme; left and

barb cut angle 0, cut distance P, spirality angle a,
fgRhErOuRst depression CD, and tip T of cut-out depression

CD. THmvEtageves chlulatedtfbicl 05e teﬂﬁﬁasﬁdard@ts\/(ﬁ Q‘MMG left group of
illustrated in Flgure 7A, but rotated and an‘gﬁd thof
bary gy frov tisarabberpin ofheshs o dhfcime sptuieh thaygre ginds i eehyof cut

angb@ﬁ ‘Aﬁﬁﬁu B&HubB. %b cu%{éi’éa@iwﬁéjﬁ)%sﬁrea GrotnSth@sulrb St tﬁéléut to the

mul tiple spiral, bi-directional barbed suture, |ike
outexguefies of Gaibad Fiteya 8@ Baxh chidepfhiID wes maassred along A PerpPReieple

fro?xﬁﬁé &Lﬁé}fshﬁac%r ?Sﬁrbédo ﬁ%g %@@ lgxl?%@lgi_nal Mstﬂb of ﬁ?&%‘%ﬁtu}@so

con uration o I'S sutur

Thé mn@utemims ahabdedicet lapgts litta bec@ladeduwsbigahe @libpwm fermula.

length L, barb cut depth D, barb cut angle 0, cut
di stance P. spirality angle a, cut-out depression CD,
and term nus T of Lemy/{Sit(1&e@essi on CD. Mre
specifically, several twist cut, nmultiple spiral
bar bed sutures were manufactured from nonofil ament
S p uﬂlsg raﬂmﬁ%%gﬂrﬁf@ﬂ NG ARd RAMLAGpidal (ﬁﬁ%ﬁ@ﬁs tatbed R@utes 80
018 1 nd out” 0.457 mm which is slightly nore
as iionaws therUS@tmetqdu Sm'enéulﬂmeﬁlbxs goippgdAy the Wserdumeg cettipgof barbs
S I
81 %ﬁ% \gsegga%eg a %JrS/ % g@émggg Flldg ﬁ?ecﬁgtn?{regﬁ%g 0% g}et&g{u%ﬁlament
Thus, boss wikide cpnnahelmd ﬂae amgitudifial takie o the wise whilt the ewisted suture

SIRPEpLE GGR Ren  H8° b LTRS0TSR AR Sp Bt
filaRRAD) then BAEC K @~ Ol PeteiDpaidh fat it iepagkiliebotallina cmfnecrng thd tver

roup from the. approxi mate nld a
res iR e BOEHE B e el sut AR Y Siep 8oy 82
frof (Rl sBarP@kitio v \RSceRli R Barks 810 CATRS cdfing Gfvatts 8T Swhei)bated
the suture and contained the 78 barbs that were

sutrs 89 isFelgased frgm the visg angruptwisted 5o tatsyure $kies fegeheninedvq
sputaﬂeon?kuiupé:%clgf &6 ofbiha Babhesnit gl |f&'rrﬁ’1§§ ﬁﬁr& 5&%51%1\; each

suture were two unbar bed end lons Of t
sut Speelﬁball}emembasuhm spivelity apgle k¥, ﬂb@ﬂe@%m hecustoaboieroscope

e i RGBS s 1 B A UG e

* anabyfslsiyebB Bbfwar® %@ﬁs@ai Spichlity gtk d @as thesRedsuRd befieon the outer

tissue, or nmay nprise a straight or curved need

surfage of thebarpest S@Wm %&1@9 M-eThapyerags W@%ﬁl%%qte&rf%%o 1@3%@9
me%&en?eﬂtsgﬁg tZ@e #&g of USbOMd SH6h ARGRRE, ;%Bfﬁ%%shm the same
ac [ a CCD

ring an k g was used together w
sut@wernd vi deo

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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5 canera in order to nmeasure selected barbs 81 at
x21.5 magnification fromeach of the left and right
groups. The average was cal cul ated for 10 repeated
measurenents (5 fromthe left group of barbs and 5
fromthe right group of barbs on the same suture) that
were nmade for each of cut -Z4ngle O and cut depth D.

81 Bar hlignet. Hegloa barbad sutae 89| Ibadulinairout distasoe!H ewecatwd hdjacent

C to the 10 outer s e of barbed suture 8
barfi 1 W e o b5 e e DGRt tHaa T oo
suctdifividtit-0iit d& Fief;sitﬁﬁ (T lehah Reeke HOdLBE 60 tHe® ent of two

| ongi tudi nal axis A of barbed suture 80.

suweéﬁ%l?aélﬁe‘ﬂt Jhe Avestgsgvas Grloplapd fos lﬁ’_rqpaatwemeepemeaﬁs &yfrom the

 left'$adup @f Bdiﬁ‘s :Inﬁ'S'ﬂBﬂl i rfgﬁf ShbPof barbs o%%hﬁe fk@@.- 0)} 15

so, angle a of spirality was nmeasured
m Jehg sesules asesunymagized i the fllowingiabiles #b b I Coand T3
foll ows. When the twi sted suture filanent is gripped
by the vise during cuttlng of barbs .81, the vise
| eaves a very | i giablerih : fute

i npressed on. the suture fil arrent Thus li ri?atMo‘f\bIL or
be parallel to the |ongitudinal axis of thevise Wirte

the tw sted suture 20 filament is bei ng hePdvenbutite

V|se. If th lse doe ot |lea I'i ght g%rklozg %e )
mass'tjll’fg t he i ne Mﬁﬁ&be det 43 mm

cut idphd 0 i t |s mgfeleé el tagses+ki ne asmpecti ng t het appcable

cut resp}Sctive termnus T of the two successive cut-out

ssions B | eft i -13dtM% SbE894 from théd
cut RAATPMENt Giypt WO SUCOSBS 0/ baydes. o After ggfting
of "barbs 81, when barbed  suture 80 is rel eased from
cut digfancgiPse and™nt wi st e898a ¢ Hat 08%£94580 |i esl-9% ee,
then ine M 25 spirals on suture body 82 around
bar bed suture 80, form ng angle a of spirality.
Specifically for nmeasuring spirality angle a, the
Opt em Zoom 100 custo ] oot ek wth ring
lighting at 60 and ba I.ﬁﬁ g al‘lygsguémte 12 and fine
~10. Al'so, immging analysis system software whatineéD,L,or

Spirality angle a was then neasured between theP QUL er . e
surface of the barbed suture and line M The a\FE$?§'g'_—

-Measmsmemt| cul atl@dtsf or 10 Aveagat ed Sidhdand Baviacior Nt Riatmnbtef {00137 mm)

t eft gro of barb nd 5 from ri ght group . of
C“t"ﬁ’ﬁl%oi on théyg’ﬁfﬁs sut 3?@ Then, igg%d sut ur#t SE? 3
cut dBtybed i N gupfW Sti ng @eﬂgce W th opgzend of sut uipey780

clanped in a fixed position. The other end of suture
Cu”S(‘Bﬂir?\TJEs rotat®® to i nse@#4Pwi st unti P-O0B4rbs -24- 897

cut HBLRe® | gnedyNext on pagbed sutureg@9s | ongi tudi Byl

cut distance P between two adj acent - bar bs 81 was
spiratwpanglee® ni cleggevpi cal20B3bet ween t hé.60%o r espendt apicable
termnus T of the two successive cut-out depressions
CD left in suture body 82 fromthe escarpnent of two
successi ve barbs 81. Thisle U ¢dimdcbavtied satatedul ated for 10
repeat ed neasurenents (5 fromthe

Ratio of D. L. or
_ - P overSuture - -
Measurement - Units - Average Standard Deviation  Diameter (0.457 mm)
cut angle 6 | odegrees 154 2.870 " notapplicable

cutdepthD ~ mm . 0205 0033 045
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5 left group of barbs and 5 fromthe right group of
barbs on the same suture). The results are summari zed
in the following Tables 7A, 7B, 7C, and 7D. Table 7A
(size O barbed suture) Ratio of D, L, or 10 P over.
Suture Measurenent Units _bLeft R ght D aneter (0.457
nmm) out angle O degrees 152 2 157 1 not applicable
cut lengtidept hD mm@. 150. 02 0.46%0. 04 0.03% cut |ength L @3

.36 .03 0.40+0.10 0.87..15 cu | stance P mm
: cut‘gs.t%gg. 17 0."88+0.15 1. gfﬁTabl eb’}gé(si ze 0 barbed>!?

spiradhief MR, Rat idegeés D. L19@83 20 P1geer Suture  notapplicable
Measurenent Units Average Standard Devi ation Di aneter

(0.457 mm cut angle O degrees 151 1.642 not

applicable cut depth %%@i%&%%ﬂ@r_ﬁﬁ7 cut length
L mm 0.446 0.042 0.9 . Ccu rstancé P mm 0. 962 :
0.073 2.1 spirality angle a degrees 20.833 1Rafigoiia¢L. or

applicable Table 7C (size 0 barbed suture) i
D. L, or 30 P over Suture Measurenent Unitgq’té‘fgrﬁ’timre

MeaSiremetar d DeVlmitsi on Di Anerhger SGnd4id Dewiptiorr ut Disggter (0.457 mm)
degrees 154 2. 870 not l'icable depth D nm. 0. 20

cuta5gR 93 0. 45 95EES ¢ |ei§fh R 1.%“‘”’5’&%‘3

cut ddp@tiance P mm0. 975 0. §3862. 13 ep2sality angle ao.4l
egrees 19.333 1.506 not _applicable 5 Table 7D (SiOZQ% 0

d
C“tlﬁ%%b%d sutum® Ratio oP4® L. or%9¥ over Suture

cut dikasepenent Mpi ts Avengeesét andar glgpevi ati on D anebgn
0. 457
spirality angle Otnm degrees 18.833 2.137 not applicable

-~

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

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

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

suture). The mean average was 16.87 and the standard deviation was + 0.85.
Additionally, measurements-qf 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 0, barb length L, barb cut depth D, cut distance P, and .
spirality angle o were performed on 3 additional bi-directional twist cut, multiple spiral

- barbed sutures like sutures 80, but with a diameter of about 0,015 inch (about 0.381 mm, .
- which is slightly more than the USP requirement for a size 2-0 synthetic absorbable suture),

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

" Table 7E (size 3-0 barbed suture) .
R o ' Ratio of D. L. or

. P.over Suture

. Measurement  Units ' AVerage Standard Deviation ~ Dismeter (0.292 mam)
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cut - angl-e 0 degrees 155 2.390 not applicable 10 cut
depth D nm 0. 186 0.026 0.41 cut length L nmm 0. 437
0.039 0.96 cut distance P nm0.966 0.071 2. 11
spirality angle a degrees 18.833 2.137 not applicable
15 Al so, sone additional negsurenents of angle a were
perfornmed on a few additio di rectional tw st

.c fidie 0 MUl ti pl goiRiral baghed sut urlgsivvi th a di aneis® 11@6}3

about 0.018 |nch (about 0.457 mm_slightly nore t
cut gapth DSP r equinkerrent f ol0-7si ze 0080At hetic absor bé}cﬁ

e). Theygpan aver 3was 16g@faand the st andqrﬁ
Cm%ﬂ%ﬁg‘tl on was 0.85. Additionally, neasurenents of

cut BiatalcedUt anglm 0, bar b 0%6gth L, 093Pb cut depth D3-Znd

I stance vaere rf or med di tiong| :

SP“%‘W&W%‘%@‘U onAE i st cd’? te tfcré) nqtgp 1‘ézllbri%\jl bar bfill t applicable

sutures |ike sutures 80, but haV|ng a di aneter of

about 0.0115 inch (abggé gl ﬁgz gm wh| ch iis slightly

nore than the USP req LESS 0 synthetic

absorbabl e suture), and neasurenents of spiRdiboicEP,L,or

angle a were perfornmed on 2 of these 3 additignal

barbed sutures. Al so, measurenments of barb cﬁ%ﬁéﬂ@
MefureR@hd® | €ngiifisd. bar Avetbe deRiHIaR Dol SD iameRr ¢.292 mm)

an spirality angle a weré perforned on
cutangdi 9 i onal bdegeres ecti orddft twist 2955 nulti pI e &pfgpplicable
d sutur i ke su s 80, with a dianet f
°“t§‘%gﬁ’§ 0,015 Hlh (aboui“ulé’gsm rrm%b%u chis sli gh?ﬁfo
cut.‘fmgthll han t hemUSP requidk¥®fent f oP.042si ze 2-0 synt HEXSi ¢
bsor bl e suture). esults sumari zed i he
cut ing TaBMes 7E, 7@99557@1 715 0878 06 U 30 e
spuﬂl&yéﬁglia 3- Oddgasebed  sutppze) Ratiosaf D. L, or nbrappheable
Suture Measurenent Units Average Standard Devi ation
D ameter (0.292 mm) -26- cut angle O degrees 166 1.651
- not applicable cut. dgpbk78 &% fobdbedad@é) 0. 37 cut
length L nm0.443 0.042 1.52 cut distance P nm Q. 956
0.079 3.27 5 spirality angle a degrees not tBalic@iDqkor
applicable not applicable Table 7F (size 3-OpBaiReghe
suture) Ratio of D. L, or P over Suture 10

Measwgmenterrent Uhitst s Avedwgraest Stahdand Dwiation |  Jiameier (292 mm)

cut :Sno 3299 2 m degrees 165 1.031 not applicable
cut depth D mm - 0.104 0.009 0.36
cut length L mm 0.390 0.035 134
cut distance P mm 0.975 0.103 3.34

spifality 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 © degrees - 160.2 1.320 not applicable
cut depth D mm 0152 0019 | 040
 cutlenghl.  mm - 0449 . 0057 LIS

" cutdistance P mm . 0944 0098 248
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cut angle O degrees 164 2.055 not applicable cut
depth D nm 0. 106 0.006 0.36 cut length L nm 0. 395
0.042 1.35 cut distance P nm 0.959 0.074 3.28 15
spirality angle a degrees 7.329 0.547 not applicable
Tabl e 7G (size 3-0 barbed syfure) Ratio of D. L. or P
over Suture 20 Measurenent Units Average Standard
spifafivyi Agie@n Di ap@tRr (0. 2820 M) cute@ngl e 0 degrgrsppiRable
1. 031 not applicable cut depth D nm 0.104 0.009 O 36
cut length L mm 0.390 0.035 1.34 cut distance P nm
0.975 0.103 3.34 25 spragﬁljzkw_gbgrbaigﬁ%?ees 7.258
0. 636 not ~applicabl e a Sl Z€ bed
suture) Ratio of D. L, or P over Suture McReligeifhdys or
Units Averse Standard Deviation D aneter (0.3 ‘
cut angle 0 degrees 160.2 1.320 not appli cabl M@
MeaaamriienD mm OUpBP 0. 01 ARrat® Signdheddpvivtion nDiamdkid (0.381 mm)
0.05% 1.18 ut di stanc mm 0. 944 0. 098 2. 48
c“-‘tgﬂ'%i?él_i ty an %%g degre@&% 40 1. ]6’?% not appl i c%%?@phcable
cutighth® 71 (sizn2-0 barbegsgsuture)o@atio of D, L, 00415
0 Suture Measurement Units Average St andard
cut ion D Hfter (0.38¥%m) cft0¥%ngle 0 degrees!?®

cutiflanbe 8. 707 g applicaide cut deggdh D nm 0. 158 02644
0.41 cut Iength L nmO.489 0.054 1.28 10 cut di stance.

spiplitypngleo62 odemmeps2. 52 E¥irality 1§l e a degr eenpt gppigable
1. 075 not applicable

Table 7J (size 2-0 barbed suture)
Raticof D, L., or

P over Suture
Measurement Units : Average Standard Deviation Diameter (0.381 mm)
-cutangle © ~ degrees - 161.0 1.506 net applicable .
cut depth D mm 0.154 0.017 040
cutlength L mm 0474 0.058 1.24
cut distance P mm - 0.973 0.068 . 2.55

spirality angle o degrees 0.53 1755 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 mum, which is slightly more than the USP
requirement for a size O 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 stv_:aight
pull tensile strength and for chamois cloth closure su'éugth. (A discussion of how chamois - .

cloth closure strength is performed can be seen below in connccﬁon'with Figures 13A and 5_ :




Table 7J (size 2-0 barbed suture) Ratio of D. L, or
15 P over Suture Measurenent Units Average Standard
Devi ation Dianeter (0.381 nm cut angle O degrees
+161.0 1.506 not applicable cut depth D nmm 0.154 0.017
0.40 cut length L nmO0.474 8058 1.24 20 cut distance
P mm0.973 0.068 2.55 spirality angle a degrees 6.53
13B.)7 Bhe wesplisdpnrhese aireebakrdisuivms are srmmagresia thedoljpsyiag Tables 7K
pgrformsd on several other twist cut, nmultiple spiral,
135 barbed sutures manufactured from nonofil anent spun
from pol Jdble YK(sine0 bavbedisiirdlg a  di anmet er of about
0.018 inch (about 0.457 mMm which is slightly BRSfD. L
than the USP requirenent for a size O synthetTc —
absorbabl e suture) and thus simlar to the P over Suture

hove- descri tested b tures, except,tha
Masure;" B her Eg}uﬁ-e é’éﬁr—?ﬁg ;ai@g@cﬁ%-—%th a d|fg§p§£¥—@5—7
madtting machine, namsly a machi ne with one bl ade that
d_ | ongitudi naII ongthetvvlsted 30 filanment
cu @lﬁ?ﬁ‘e%n cutti f“§§r and tW48 was control | ed®ekippicgble
cub@patiber to ngke thjgg,iarl ous gmyts for the escar pngyig
of "'the barbs. These ot her barbed sutures were also
cu lsagthdl f or stHE) ght0-47|é’ull t e®i2e strength and for 1.05
ch&l@tHHée% cl ot oS Uy R4St renglgy5(A di scussion of hquy
chanoi's cloth closure streng is perforned can be
spgdiy atgdé sw | ndegranel®d on wi t 9.458gures 13A and -@8applicable
13B.) The results for these other barbed sutures are
sunmari zed in the followng Tables 7K - 7Z. Table 7K
(size O barbed suture) Ratio of D. L. 5 P over Suture
Measurenent Units erage Standayd viation D aneter
(0.457 M) cut a@%@gﬁ—gggﬂ[l%ﬁ 0. 718 not
applicable cut depth D nm 0.221 0.011 0.48 10r#GilofD. L
length L nm0.479 0.022 1.05 cut distance P nm0.784
0.015 1.71 spirality angle a degrees 12.9 0. 458vepguture

MaRpkineab! e 15ydiab! eavélaok SistfddsvREdn Sut Ur €) Diameter (0.457 mm)

]

cut angle 6 degrees 1524 0.947 not applicable
cut depth D mm - 0216 0.014 047
cut length L mm 0.465 0.024 1.02
cut distance P mm 0.774 0.015 1.69
spirality angle o degrees 13.2 0.349 not applicable

Table 7M (size 0 barbed suture)

Ratio of D, L.

P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457 mm)
cut angle 6 degrees 152.3 0.576 not applicable
cut depth D mm 0.227 0.015 0.50
cut length L mm 0.489 0.034 1.07

cut distance P mm 0.796 0.018 1.74
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Ratio of D, L, P over Suture Measurenent Units
Average Standard Deviation Dianeter (0.457 mm cut
angl e 0 degrees 152.4 0.947 not applicable 20 cut
“depth D nm"' 0.216 0.014 0.47 cut length L mm 0. 465

- 0.024 1.02 cut distance P.pm 0. 774 0.015 1.69
spirality angle a degrees 13.2 0.349 not applicable_

spigdityTaiglesx 7M (dsgrzes 03Har bed sQiB3e) Ratio of D, nptapppcable
over Suture Measurenment Units Average Standard
Devi ation D aneter (0.457 nm 30 cut angle O degrees
152.3 0.576 not applicable cut depth D nm 0.227 0.015
0.50 cut length L 89 034, 1. 0 cut distance P
mm 0. 796 0.018 1. aBle " ize Qpatbed s 9 spirality
angl e a degrees 13.1 0.193 not applicable TabRatigbfD, L
(size O barbed suture) 5 Ratio of D, L, P ovgﬁgéa%gég

Measurenent Units Average Standard Devi ation
MeaburfRdnt MM Qiits 2Nl verafe d8EERE DEGidtich 0. 612 N@iameter (0.457
applicable 10 cut dep D nm 0.207 0.007 0.45 cut
mmlength L' nm 0. 453 0.016 0.99 cut distance P nm 0. 798

cm%%8%§ 1.75 ?lbg%lﬁgi§angle gﬁgggrees 13.6 0-5§Qtﬂﬁmmmm

icabl e abl’é 70 (size 0 barbed suture) Ratio
cutadep®B.D L, mm 0.207 0.007 0.45
cut length L mm 0.453 0.016 0.99
cut distance P mm 0.798 0.017 1.75
spirality angle o. degrees 13.6 0.560 not applicable

Table 70 (size 0 barbed suture
Ratioof D, L,

P over Suture

Measurement Units  Average Standard Deviation Diameter (0.457
mm)

cut angle © degrees 152.9 0.549 not applicable
cut depth D mm 0.188 0.016 041

cut length L. mm 0413 0.030 0.90

cut distance P mm 0.787 0.024 1.72
spirality angle o degrees 13.8 0.270 not applicable

Table 7P (size 0 barbed suture)

Ratio of D, L.

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

cut angle 0 degrees 153.1 - 0655 not applicable




P over Suture Measurenent Units Average Standard
Devi ation Di aneter (0.457 20 > cut angle B degrees
152.9 0.549 not applicable cut depth D nm0.188 0.016
0..41 cut length L mm 0.413 0.030 0.90 cut distance P
mm 0. 787 0.024 1.72 25 spirabity angle a degrees 13.8
0. 270 _not applicable Table 7P ésize O barbed suture
cupdapthP of D, Imm 30 %B0%8ver SuP@PE  Measurement Unit 2
cu 1qge Standgnd Dewsati on Dpgngter (0.457 nun) cgbg
angle O degrees 153.1 0.655 not applicable _30_ cut
cupidigfence B nm 004 0052 0.45 0848 |ength L nm 0. 451173

9 j ce P 792 0.018 1.73 .
sP@%%%T%@ angéé“"% gltgé%pees 12.6]39% 410 not appli cngf)fpghcqoble
Table 70 (size O barbed suture) Ratio of D. L. P over

Suture 10 Measurenent Units Average Standard

Devi ation Di aneter (0.457 MM cut angle 0O degrees
163.1 0.505 not appblegolkiee 0 babeddamid) D nmm 0. 245 0. 013
0.54 cut length L nmO0.842 0.045 1.84 15 cut .di.st
PmmO0.774 0.009 1.69 spirality angle a degré@§—$g§§ﬁ
0.449 not applicable Table 7R (size 0 barbed Sudvef Sture
20 Ratio of D. L. P over Suture

Measurement Units  Average Standard Deviation Diameter (0.457
mim)

cut angle O degrees 163.1 0.505 not applicable
cut depth D M 0.245 0.013 0.54

cut length L mm 0.842 0.045 1.84

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

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

P over Suture

25

30

Measurement - Units Average Standard Deviation Diameter (0.457
mm)

cut angle 0 degrees 161.1 1.126 not applicable
cut depth D mm 0.233 0.017 0.51

cut length L. mm 0.721 0.035 1.58

cut distance P mm 0.773 0.010 1.69
spirality angle o degrees 12.6 0.189 not applicable

Table 78 (size 0 barbed suture)
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Measurenment Units Average Standard Deviation D aneter
(0.457 MM cut angle O degrees 161.1 1.126 not
applicable 25 cut depth D nm 0.233 0.017 0.51 cut
length L nm0.721 0.035 1.58 cut distance P mm 0. 773
0.010 1.69 spirality angl e3p- degrees 12.6 0.189 not
applicable 30 Table 7S (size 0 barbed suture) -31
Ratio of D. L, P over Suture Measurenent Uni@ggglllﬂ
Average Standard Devi ation D aneter (0.457 |ﬂ@0¢§gmﬁm
angle O degrees 160.9 0.708 not applicable cuf de
Masurement 240 0lfmits 0 Aypraset Stapdayd Beviaiien 0. 734 OQAM@&_
gggyt di stance P nmm 0.774 0.009 1.69 spirality angle a
egrees 13.6 0.312 not applicable 10 Table 7T (size O
cutzagledd sut ur elpgiRest i160.6f D. LO.70 over Suture 16t applicable

enent Units Average St rd Deviation D ane
cut?%mi an8r2§60 degr@@g‘?lm 6 1.434 not 652

cmﬁa@mipable @Mh deptBaaD mm 0g@3Pp 0.009 0.46 cut |lenglh
L.nm 0,492 0.026 1.08 20 cut distance P mm 0. 538

cuiglisigege R 18 aPr al 0Af4angl e 400 grees 12.3 0. 223 nbf?

spi?sﬁ’@ dn%&k&e T@Q%@esﬂi%%s' ze 0 payped suture) 25 RatiRliSdble

over ut ure

Table 7T (size 0 barbed suture)

Ratio of D, L.

P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457
mm)
cut angle 6 degrees 154.6 1.434 not applicable
cut depth D mm 0.210 0.009 0.46
cut length L mm 0.492 0.026 1.08
cut distance P mm 0.538 0.011 1.18
spirality angle ¢ degrees 123 0.223 not applicable

Table 7U (size 0 barbed suture

Ratioof D, L

P over Suture
Measurement Units Average Standard Deviation Diameter {(0.457
mm)
cut angle & degrees 1529 0.809 not applicable
cut depth D mrm 0.212 0.014 046
cut length L mm 0.464 0.026 1.01
cut distance P mimn 0.530 0.015 1.16

spirality angle o degrees 13.7 0411 not applicable
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Measurenment Units Average Standard Deviation D aneter
(0.457 MM cut angle 0 degrees 152.9 0.809 not
applicable 30 cut depth D nm0.212 0.014 0. 46 cut
length L nm0.464 0.026 1.01 cut distance P mm 0. 530
0.015 1.16 spirality angle3a-degrees 13.7 0.411 not
applicable -32- Table 7V (size 0 barbed suture) Ratio
of Db L, 5 P over Suture Measurenent Units Average
Standard Deviation Diameter (0.457 M) cut angle O
degrees 153.4 0.903 not_ appli cabl e cut depth D mm
0.221 0.010 0. 48 ibleJ¥ bed siirg) 495 0. 023 1. 08

cut distance P nmm 0.537 0.012 1.17 spirality dlof AL
degrees 13.9 0.605 not applicable 15 Table 7WT(stze O
barbed suture) Ratio of D, L, P over Suture PoverSuture

Méé%ﬁ%ﬂfeﬁt”e nt {s ’6¥ [ég‘%ge %ﬂ%éﬂ&mﬁ%' gt Ioog 2@ %&Pﬂo 457

mbllcable cut deth D nm 0. 202 0.008 0.44 cut length
483 0. 17 1. cut di nce P nmm 0.789 0.03
culf"% &Spl ral it 911%24a degr é@i’glz 6 0.328 not Notapplicable

cubdigptti Dabl e aﬁlnTabloezﬂX (si z@Qobar bed suture) Ratipas
of D.L. P over Suture 30 I\/leasurenent Units Avereil %

cudengtily o pevi™fi on MO%Amet er PH2a57

cut distance P mm 0.537 0.012 1.17
spirality angle o degrees 13.9 0.605 not applicable

Table 7W (size Q barbed suture)

Ratio of D. L

P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457
mm) _
cut angle 6 degrees 155.2 0.829 not applicable
cut depth D mm 0.202 0.008 0.44
cut length L. mm 0.483 0.017 1.06
cut distance P mm 0.789 0.031 | 1.73
spirality angle o degrees 12.6 0.328 not applicable

Table 7X (size 0 barbed suture)

Ratioof D, L

P over Suture
Measurement Units Average Standard Deviation Diameter (0.457
mm)
cut angle 0 . degrees 155.5 0.79% not applicable

cutdepthD mim 0.200 0.010 0.44
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MM cut angle O degrees 155.5 0.799 not applicable
cut depth D nmO0.200 0.010 0.44 } -33- cut length L nm
0.484 0.027 1.06 cut distance P nmm 0.798 0.017 1.75
spirality angle a degrees 11.8 0.362 not applicable 5
- Table 7Y (size O barbed su_kgr_e) Ratio of D. L. P over
Suture Measurenent Units Average Standard Devi ation
cut [haet er (O.ghe/ 148y cut gl e O degrees 155.4 1.06
. 560 not appl i cab] cut depth D nm 0.196 0.008 Q.
cut digangedhgt h LN 0. %78 0. 017 0?5163 cut distance P ?HASS
spirdtit! 392100019 degfeas 10 $pi ral i tazgangl e a degrees Adiaplicable
0. 496g not appl1 cable Table 7Z 20 Barbed Suture
Straight Pull Strength Chanmpis Coth C osure Strength
(pounds) (pounds to rupture) - Sanple 1 7.29 11.23
(Tables 7K-7M Sanple 2 8.73 12.14 25 (Tables 7N -7P)
Sanpl e 3 8.5 9. 2ZableTallsize 0 B@bed fiByeSanpl e 4 5.92 9. 27
(Tables 7T - 7V) 30 Sanple 5 7.69 9.97 (Tablﬁgﬁ()?c%L
7Y) - 34- ‘

P gver Suture

Measurement Units Average Standard Deviation Diameter (0.457
mm) _

cut angle 0 degrees 1554 0.560 not applicable
cut depth D mm 0.196° 0.008 | 0.43

‘cut length L mm 0471 0.017 1.03
cutdisttnce?  mm  0.799 0.019 1.75
‘spirality angle o degrees 11.8 .- 0.496 not applicable

Table 72
- ‘Barbed Suture Straight Pull Strength Chamois Cloth Closure Strength-
~_(pounds) (pounds to rupture) |

Sample 1 7.29 | 11.23

(Tableé 7K - T™M)

Sample 2 8.73 - 1214

(Tables TN —7P)

Sample 3 - 8.5 0922

(Tables 7Q —7S)

Sample 4 - 5.92 9.27

(Tables 7T - 7V)
*Sample 5 769 9.97

(Tables TW - 7Y)
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- rangg e shgui 0 fepepeiabout By et B

~Although all the above-noted nmeasurenents were
perfornmed on bi-directional, twist cut, nultiple

spiral barbed sutures, the bel ow noted desirable

ranges for neasurenents for barb length L, barb cut
depth D, barb cut angle O, gnd/or cut distance P

shoul d be the same for the various other inventive
barAlddugtiilLihe sbele sotet redsufaiants Weerdpatidrinat be bi-ditectoral, twist

R e e s R e

bark I?:uﬁﬁQ_UBar@ cift, deBihien b%rcﬁt AR 2 bDddcut HRALAIOHould b8 tihe®ame
about [|.S. However, very Sui tabl e barbed sut ures may

for fhgwarious other vetive brrbedsvigires desqribedhetBed - sut ur e
d S
X 'hg(rrﬁglt%lg ﬂ%f ({f %{eﬂ lﬁxﬁgﬁ% tolbag&%ut{l#:e‘ﬁg‘o e rb§b Fm\%%n? B¥out 0.2 to

possI atron (the
abogl %\mm pefersblyinorh abdup0.8 5o altvot/b7 msrcmmretmdyraslz)ﬁqno ahOhéO 8to

sboft b5t VLR it BB ARRRRRE LK o RER, AR, 0 pte

‘ sutmré damticoSD fiom etbbet Isdoven tagbdun 8. Zbthsrelb)eﬂlg tdtiolof ¥he Alighest passible

' h D b .
bac P i< Bvlng et uh FEur st B8er S ui e s o o
corespahdingll |rat1gf33’ foom absiy il dOwil td dboad D2t (The highest pusibleurieelevation

is tRisne i the fagh TBEdal Alsent griphle Pl 45 BLratiTIy L ep gocre

: dlamét&ﬁ]ﬁfﬁdg@’ffbnﬂ&%ut 0.65 ®i ab6@ 0lGAIBES proREdbEy G abGut 6.1 to about

§U|tabl e f j. oL ni n certain tépes of tissue such as
SYCIIPE B %?bllégf”?l P92 18 209 Boeas snal | er barbs are
ﬁhlleﬁsai?:.'n?mf,[@:haj B dekifdblyObaRed ddpsR&inig 0h tHeliEehRE cAUER,
|brous i ssue, As di'scussed in nore detail_ bel ow
sincgi |1§geab9qb§ aringRse aritehle fornjeipiag pptain a«p%oﬁd@suq sch aprfatdigsue or soft
ussﬂg‘ Sh&est sRANL: &%fai‘é}ﬂ&@tshﬁﬂletf&%hmg b BAf R ﬁQéh as

l'arge, nmedium and/or snal sed on

fibreusrissusy s ﬂ@cuasrd injyeoreidesiit bethove visfacis thgtealrle@ere\mﬁ alsp e
ms%ﬁ%%)\ggeré ¥ ?aQioﬁ’ EH% AT Haﬁdnscﬁ"iﬁ'éé FJ%.( d/or small-

r|ng tructures et ween
barbshigspiyed lon ﬁmd;amh euteteownlj ae dctxrahle,tfoenhtemt;c whei tha!xbrbad suture is

O"‘

grees, nore p range from about 145
de gheaglet ®forfedibetdden tﬁi@@ﬂﬁﬁﬁl thel Jslengm sufuiehalydesirablytwould
bar ranges from out 150 t o about
etﬂgwg Fange: m-about

o e
453 M P B S PO L L e

| ermp d L andS ol g?g(‘?‘%teryoulgrggrees to about 175

"abowtdqmtp@hmi’ttl?@br a synthetic absorbable suture of size

.5 BB AR s e 5 e

(abaut &ﬂﬁr mmj, dﬂﬁclbxs clightiyngher thuo tHe A dFereduifenatmgfoe @ Synthetic

- ok St T e RGP Nl Sl D Py e

30

deptR@Nokld bO.2a8mPRIThdPrefebdblb &t @n A6 WoLR bell3d dbredd.

factor in the abjlity of the barbed suture_ to anchor

{ | LonpwRg Pacing beivesh PN §7¢ barbrie generally ebigrtpd with gne goal of

creaBRPaGRanly Hafth 85 pSRBlel alons RSiifire, ARERY fabtr RARADIILY of the barbed .
decr easés. Neverthel ess, if barbs are spaced to0

 sutugg tg guchog %“?W@@@Wmamgﬁﬁ@nessw barbs are spaced farther apart, tissue- = |
- anchoring capacity decreases, Nevertheless, if barbs are spaced too close, the integrity of the ~ -
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- al. With ggmbwatiqng efthe ﬁweﬁewh%b@etheﬂs ﬁoh@akla&ﬁr@ﬁﬁ
(sundbSPABY, iedi30 'dﬁ%&%ggﬁ)dsfﬁ%n (RieR, goﬁﬁﬂf/&??eq%}’hﬁ%ulu le spiral- ‘

filament may be jeopardized, which could lead to a
tendency of the barbs to peel back and also to a
decrease in suture tensile strength. Cenerally, a
suitable ratio of cut distance P to barbed suture

di aneter SD ranges from ab@ut 0.1 to about 6, nore
preferably fromabout 0.5 to about 4.5, even nore

ﬁlamEﬁanyaialjgbpﬁﬂ’clmm vihiahaould 1dadQo & Gendbiiytof theDarbVey peel back and

sui tabl e barbed sutfures may have a ratio of cut

alsofp adscrease o qugrp iR dUeNethr o di ameter SD from about 1.5

d O\mﬂ&@u \Quftatile rtio Wit aibtdndellt tobafed B@tGreRidiMYer 8B ra@ifes from
| ow as_about 0.1, parti cul arlééfor t he_overl appi ng

abog Lot P DR RPR ToRs2bamed § aahout 4,5, el o @testpbly from
abo@ﬁ' O bS5 VVe?y Slidbe %ﬁrb&@éﬁmﬂ:gﬁay ﬁ% 2 rﬁ!ﬂijoflzat[&stance Pto

ddi tionally, irality ang fornmed between line M

bart@ﬁ@umﬁedlmq&m lnabm@ﬂﬁei@wnéﬁ aboy@%fwhq@ymgmceé’ may be
aslocwwﬁtﬁ)umij gﬁf}ﬁlaﬁ%d%%tovgﬂg ﬂ%ﬂa}ﬂéﬂl dﬁl?én%%guéﬁqg @@&ssed in

suture typi rom a egrees t
-moxaldgtmi belew g wflgurmrl'éAp}?@‘ dPGbind 12Pom about 7 degr ees

aI IA(@I&%SH)C% #’%ﬁgwﬁg{% 'acf-épﬁ ‘fn%%%’w%{hgg %aﬁeﬁq}@ ﬁgéﬁlodﬂlgI &lection

of tlmﬂlatrgeted sutaeGatly fof a tistadag uuitlile spitsl burml sDfie ﬁyplcﬂl}gswlﬂd

sut ur ich is an r enbodl of
rang oo 0oL OREEttt K0 St 5 oS BBt ey At 7 dbrees to
abo@|20Baked The MosBRefehad avgfe @RPAT BhbY of b Fisd caf, nlulipld §5:%1
section. Eloggated body 92 term nates in first and

bm@ée‘@iﬁﬂlﬁd?ﬂm teplepyt BBY. 96 forpenetrating ti ssue | t

m ﬁtﬁ%ué Q%Bo@ﬁ‘lglsgﬂht(gw U;hﬁ:ﬁ‘%ss arﬁ%é? t of the

conprl a suryl cal or |nse ron
presemttinventies USiurd@d includesadldngated body 22 B8k i penleratip sircularin cross

see Py fnetib s B R B Gt ay e AR B bR oy

twmmamasmmwhmmgBMﬂmhMﬁemaahhmBSab@&Emﬁusquﬁsedmgwmumaﬂeﬁmt
* shogtfiB RS S in o AR5 B el i s s

barbs O airaiplell @Sradfioth Akpahere- descri bed met hods "for naki ng
the 180 degree dlsp05|t|on %ﬁytures 1, 10), the 120
de§PEE W EE0 midsvifidle samecusme aarhing athe abavediseygsed sutures,

suchCasithd Bt glePics aést;ﬁq&ed n@lth% RBSVeld o de%HFN'é @319&@73%@ GeaByaet

bar bed suture 90 w a very random barb ggsmldon p
egree disposition

superi or ancho n ti'ssues an ford su er
dispomugrc(seotes ﬁ%g?op%d@rheﬂegture\mwﬂt fnwery randoro harb dlSPosmon is

obt e& p‘f’ﬁé ﬁd c?r tsftﬁoﬁ‘ 1svmz‘1{|tﬁje I%Erg) Hl?w[n%ﬁeg R{‘o“d%
I sSsue WI n insertion eV| ce, suc S
supeiios mhvhomtgm dissvos ol thiisSffoftbduperiorNmund h@didg prpettios. Rififh the

rencf oo et b PSR o 560 Wi FhigberiSi covics,

sucheitied shoenit in de ﬁ)h&-ﬂft&ﬂéﬁt Patent &Ndt 56842,38b Rué, 100

e SO SR e ¥ Sae AL e AR A00, which s

: anotﬁér%ﬂfb‘é&d:eﬁfbﬂthe Pefhtih@ntiby, Situredb0ERIMeSNAGRRA BRtRDody 102

107.. Each barb 107 has a barb configuration such that

* of eppsrally GeRlicToss sSclip Alo.suprehady 167 hassfispgepdiomdt 2 iprlityyof
Clos§1PkfhoSbAbL109 BicH K308 16THAVE bardl BnfiirktoR $udtRhat barb underside

- 108 is serrated or corrugated. One or both suture ends (not shown) are pointed for
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-36- penetrating tissue and it is contenplated that

one or both may conprise a surgical needle (not

shown) for insertion into tissue. Suture 100 nay be
-made with the same cutting machine as the

above-di scussed sutures, sych as the cutting device

described in the above-noted Serial No. 09/943,733 to
perBir@mgaissucand itlis coBrmiplatgizhiiamwe ogpostempptadbrise d eurgicaleedd8 (not

' hi eved. by.vibrating or oscillating the cutting
Shog"l%gg’éénsg’%o{‘ﬂ"zy%ﬁﬁ'i ng devi ce when barbs are being

es CRutyre d00 mhpbd edddaichythe fande cuningahiichiasasihe abdveidiscussed

i ntended that, any .of _th ar bed sut ur 0 h nt
suria a5 e ting Bboied dseel oS P dhp v abied Brrab o,y RS b
Gefiova bi 4UBaDI 107 hihisgd seiiae uidSside BBMi§ hRVeDby Eblafisdai@éilating

underside. 10 Wth reference now to Figures 10A and
the cytping Badas of the criing gigeavhen barbs aredeing esggmed inje the podyof a
moAdtHafiGR] S dtehdbditha Y ForkibdiSedButuR of th%?!réé’ént RREREH as

suture 110, which is ‘another enbodinent of the
desggibed bere may\hierR bashs, with 4 eanéiguraiion thetlincledss a pestatpaios gorrugated
undepitddr € body 112 of generally circular cross section.

Al'so, suture body 112 has disposed on it a plurality

of With sference spwdeHighee A and 10k depicedinrfigure P& ALd 7 pérepretive
. i - . . f Vid-\a) s
vie FiPchied i pERDE 98 (AP B st (BT B0,
embaliment 05he present meéngion. SutusitlQ ireludosislongb@d s@nre taxdy D &

Y Rl Ok U Ly P RSO o

_cloelyspaded barhs $1ff Igiving|barbetipd 187 (cpa darbIhHwrshodwfor pumsssstof on

Bl 328 BB e S SRS SR RS e
to sttek bo@PDI DO @ bo s enkl (Hot shobmiard POintkMEbrf pendthting tissue:

clarif hat barb 115 becones. narrower goi.ng from
anditis 801113}@5%‘8&&%0"9 Ppbath may SoppRise afm'%hvegl@(%ga%omptfw

insertieh if@MRsyeUt ti ng machi ne as the above-di scussed
sutures, such_as the cutting device described in the
abdWresd0Eandd0R are orgss-sentional yicys zespestively alopaline 104 - 166 and

linea‘l@ﬁ!—el\()@_ W@r&-_ﬂ(g?,é gﬂg%r@ ol Lid! ﬁfl?ﬁ}i’lﬂélecll i 221& § g;nﬁ Sﬂﬁes-v

evice i s provi wth cutting bla W t

narrpiygt goinedrarpbase d pdieardfiy 1 1k cuat e wi th respect to

Do MEEPLIOARE be ol hOsab oBAEE ol ¥ able biinsey
sutusy ch asihie preiting deyide deseribéd in theoabbieyuoted Saial Nb#19/943,733 to.

[ . . te b houl.d .
oL, RS 0l U A 21O e

ssue dnc as coflrpar

witthasting bRelgmwith ersis that treicerrespondiegty meahté with ASpdche dxame Hase.

be circular or oval, which would result from coni cal
shaped barbs, as that. could decrease tissue .
angtipintended thixcn of the binGed Sindds dfShedpreRait ih@MEbn & dbecribied@ Bere

119

f bar bed suture that | not her
- mayq)avg’bargs with a configuration that -mgiut?es an arcuate base. The arcuate base should

. enhance tissie 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 isa éectional 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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enbodi nent of the present invention, and that is
general ly designated at 120. Suture 120 i ncludes

el ongated body 122 that is generally circular in cross
section. Elongated body 122 -37- terminates in end
124. End 124 is pointed fgﬁ penetrating tissue and it
is contenplated that end 54 may conprise a surgica

termﬂﬁ@g irfen@nod. BROYis E&hteli Ii’(SrGf_i'eﬁdtﬁﬁn g 0 ms@e dridss eontérﬁ]ileted that
other end is not s and

t
end 124 a3y oomIpHge 4 $usicd ns%e @ayshe‘ef F@ée O%wg etk &‘B?fee“d

is not HowRERRIARrhfY el JofRdiio? peRetdt@ tisstd b Piad &bin rﬂ:@'als.l al
E [uraflity of closely spaced barbs 125, p ura ity o

&Eﬁwwﬁm@gaﬁﬁﬁ)barbs 127, and plurality of closely
SPRRE byl Qﬁé L0 ig gdas?ﬂ{lﬁﬁg 3?5!05% Pé&h By Qﬁ.‘y pRARIty of di]osely

size W at 'l hort l'ength as cornpar ed

spacedbbagis 193, a:bﬁp,‘lumlityoﬁclawé’ sped;edthaxbe [199. Basbs LA arprekitively small in

size Wich ey Ely e B 1S 4 TpRBLeB RN 27 AR ALy ©
medine iatsizo ehit a|rda@vem3ambdmmrhg1u1engﬂo Y Sempeedia barira §2% evhivhdies

W t he sanme cut t he above-descri bed

retatebvlarhe Pt A Dbty 7 20OV 08
deStic120 miaf bk Radatvith ehenaine dutfegy inadhitsms thdldbbOetdssaGdRdt o
Genova et al

s R b e 5 Ol P BT e o CHGRE T8 S b

09/9@317334 (8 Wthival b al BEiCallcARGRE aMbuR RO beS moASndhe 8udngdzuttihg into a
result in each _of .th th e sets of barb

* otugFarient, Ui o 1B A WPGATET RGO QESHE g Gt n cach

.20

.05

3
~ showing a%ed%ﬂture 130 having elongated body 132 of generally circular cross section.

 sizosagllgisHEd B SempRRRAZD, Ty

of theRHELsehDf barb1 €25/3Y, 1208 130 By FlaQizd QTR trohihe MtAérs,OMtfere
sur gi cal @gllca i ons.- The barb size naéﬁalso var

the vtan@a; sizeh aipdiesigned; fopyariopnsurgiFal ARRbigatione.. hhe bark) a%%mﬁ%w%‘@fy
in thg ﬂgﬁs‘/crﬁrﬁge:cg@ yibforet 2&& ‘baft Whse ﬁx@ﬁ@é’ ﬁlloﬂsﬁedlﬁllﬁeorh@{gb aiRRSe

ypl ca an about of the suture
rcgaulﬂeameémrb e tyipivallnisdess ﬂraelab@qt e/ewfth wiye diagsiehs ar e

e f&lyr n?s?aln?c r&ﬁh*e%@f%gb%ﬁ; ar@B&irmat I’org(?nzﬁ‘l? st and WIGISSRS,

ativel'y sna are desira or | ol ni ng
whereadrelatively sreallpebarbiare dedirable I6x joipingifibaqus dissus$. VUseraje,

com SRR 178 PRI R os il P8 P AC Ryl il Ede T ©

- maxiriuin achbriig ];Z'qdmi&s rwlﬁﬁbhrbtsmssare chstoynsired fonkach tisswe layer. Only

* owo izt Aol RS oy 2 DreeStia PRl ap o5

- addifidiabsts( T Bhrbs (Howshovd) xich ffout) ﬁvet bix Gbr nsdr diffefentiized sets than three.

differentsi zed sets t anthr es as illustrate
&3 my 5% oo 6 B by 122

as dési?&P iSatbbaghcR dth (i RicRBePhdUSs Al@a,althéugﬁ@ﬁ@fsd@m@lnm&dmd
he i nt ended-end use. Also, although suture 120 js

w1th.t1|nq bashsibsing anidigeetionaly i isjatendedhat ﬁgrbarh siaree with Barhs baving a
conﬂgﬁralftlﬂltn m?ﬁn% Elﬁéfs iR M BRANSUS MBS in¥ehbnfolRay 1R bi-Afedtional

Iguratio varying sizes in accordance with the

" barbdwneures aymanglomchateyd shiaresior atiyrad thel ashealinventivedsebed gutyres s
des féerdbh%%dom bar bed sutures or any of the other inventive

sutures described here. 30 Figure 12A is a
peFigmedRAea pérepective dew biimmtientobhidmeerit ob thetpiesens inventinn,
i.nv
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.




- showi ng barbed suture 130 havi ng el ongated body 132 of
generally circular cross section. One or both suture
ends (not shown) are pointed for penetrating tissue

~and it is contenplated that one or both ends may
conprise a surgical needl e {gnot shown) for insertion
into tissue. -38- Suture 1 further includes
pI \Hualré 130 fufthdndisded Bhrgliny0dfeaibis 135 proguatinokyn b3R Ba6hch that

WL Y TN AR REIRIC IS R

whdefilt Ba3b 195 evdriapssesa®a 138 kiirdtdadisécohd babs BIIwREKE RRshdily
bar b?lF135 which is read|I¥ apparent if barbs 135 are
gu

aPPF‘SPtd arby I35l flet gpbody 1325 ure 12B is a perspecti ve
5 u@é 128 RO C#eks@@cti% VIRWASF b PBTROR Of Qﬁeﬂgﬁpl%&x&fl%’ Bethe

ove pi ng osition barbed suture ure

over mm osli:lglmb abrgtures 130 of Figupt Hd. \an@wgw@fﬂﬁulaﬁmop plap giew
of f’%&wim Ji%glubﬁzﬁ é§£ 61%& s%&ib‘ilhm@d« al\ﬁhflgﬁxgaiﬂ-g 130 B8ridaP1oC.

D of Fi can be nore-clearly seen from
As gan g mese diemly starfrom Eﬁgum 2Bl 2C, aed B2 dngiwgsescarprheriy of basbs

o5 R ARRRIE B SRl AR T Al b e
10 - 135§md sPant Pot oﬁtoxmﬁ d@vgﬂappmeb?ptm F?édmminds?aﬂn ofl@fderside
us @&ggg@gpgaéfﬁtb%b erside US of overl appi ng |rstthe

With the overl appi ng disposition
baMhug; with dhesmarlamﬂmhmﬂoﬁ ithiesartoaut disthde bea;rrnén $inst bl 135

and 355304 i A8 L B B e B e o o g 135

whebas, e geretil Bordarbell haulg il ancud uﬁtaamﬁub&h W€ BarbyWthe barb cut
rb cut 15 | en Particuylarly for the

o arbs.> th
B tengdy di: aﬂa&rlﬁg‘)fb‘g? BYegRRRiREs b & OSW@Pyvegm$wtalﬂF Barhed yiges may
- havéaliatib 95thaBirb dPdiSamte t@ihk BaiBbd $ildGe BRMRIcE HbmGbst:a R wno-
t he barbed suture dianeter fromabout 1.5 down to

byl pings the barp guiedistence Bapay beas law asahaed. I (ﬁwb@uwnl ofigure
7 foPSonftiaid villalis hS6S8b @ﬁﬁ&gﬁﬁdna RheHart &l ld{:]sﬁmc c? ﬁ“ﬁ‘s overlagpmg

coments vis-a-vis barb cut | engt
disppsifionliows fﬁ@rélgselyrm@lﬂmwdqa{hs g5 onbegyoki2t andriypdallpsiarbs 135

20 aedf s ElH ORI H9nI I DS IR 130 teng

typi ca bar are t as conpafe
t hélsoaalthought sutiire i 3fhis dllistratedwith bwbs bﬁb:mgmntdnectmalblt tut

imef E0 Ronya b3l LA PR oot SR Bk B
duecﬂmuﬂdndﬂ:edbﬂhresauﬂencabeﬂ&ﬁmn accordance W|th t he
i n¥ent i i - djrectional arbed syt ur
L oYER PR R el s vk Sl heed L R SEREE
25 sututeds atmunecﬁuemmfglmwummmﬁrte facilnae b@&nmzﬁu&wsw thel S

attached to each syrgi needle. In order tq
sur, *@?Sa%v bscastedvath 3 m?sclef-. foingtandeygs desqribed ghgive vis-a-vis

U.S.Fert K6. mdqsthﬁ&lg&ewth a polyner, for instance, as
descri bed above vis-a-vis U S Patent No. 5,258,013

t oFigPEigérshays gyrgicat |n§%ﬂlféN 1 that isiqgiraigh slopsaiad needledn theny
longftﬁlﬁﬁai ditecRion taﬁ@thgﬁ"s &{eﬁﬂl?%gﬁﬁ%ﬂ;ﬁ 88 Esebflor. Ig%r%/lca] needle NI has

| ongi t udi nal direction a IS gener circular
-+ 30. - poinfed tipId far igesstiorpinto tissuegind also hasdwleIN Surgical needle NI is illustrated

as attached, such as by swaging, to ‘arbed suture S1. Barbed suture S1 is a barbed suiure
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, sach as about 0.02 inch (_about 0.51 mm). As discussed above vis-a-
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| mclwbw bat riof

30. pointed tip Ti for insertion into tissue and al so
has hole H. Surgical needle Ni is illustrated as
attached, such as by swagi ng, to barbed suture S1.

Bar bed suture Sl is a barbed suture including, but
not limted to, any of the gbove descri bed barbed
sutures. Additionally, surgical needle N has

vis ma?ﬁ@t Sirgilll nédAldNIE aftérdasvg saered Irifeitedinio Mt Hh, mar be

ustrated as a rel t|v e uch
crimpe hy gt oS B h B gl ey S ot St tissue
Vi $idre B shbive st piedl nbdile RY kit Ra sua@apumgmed na-fdlean the
having suture Si inserted into hole H,

longatnfingletiressiongnd fhatis gersradlysirovlasin gEse secko- eSWC%l el |2 has
pouﬁﬁftws’?zs fE&? br%s%g?ﬁ ﬁ‘nﬁ)etlsg&r an%léisH ‘hh@ﬁblé 1155 Y6roichl 1618 N23Billustrated

need I's a straight el ongated
as att@bell, sudhras b ewaging, gq hximdﬁmurmﬁi?f dRarbesksuiEriS i atasbad suture

inct RGAER ol ELEN, B o fehBRLas Rl BlootnlEe Mo BRRRIF, |

- surgidabmeetla N2 ok diakidter B0 inythe sdansversd Hizedsian, whi¢h is dinstraiedds aas

suit%ﬁ @%ﬂaejgrﬂ?t%? gﬂr&f;ﬁs ab%}ﬂt 0. %@g(abs Sttgrlgﬁg bﬁfﬁéﬁ] Esethﬁias diameter

D1 sfGrdidahhdedid N10 Asa:li)spus:séd hthwee ablavds sheaging, lsm'glchialet@dNZ after
sut ur es.. .Addi i caI eed|
b SO I A AV S ey BERrfird By s goout hote

"H2 ﬂolﬂouﬁs‘uﬁﬁé S'}!ij}ﬂacaforilU& inaltuying hbsme di amst er, such as

about |nch 81 hi.n
di §r%1feelr301 o Sltw ?ﬁﬁ%ﬁﬁ %g*? clopgated ey
JongRa8N dlﬂe&rdnlanﬁ that 18 \bBYR NG i b BinGadss BRE6h. eSuNgical abddis N3 has

‘ avi n uture S2 inserted into hole
pon@sgdtm rnaera%@wwn%&eﬂi%%m@%%% %‘ﬁ’*ﬂﬁﬂ@sﬁmd

hbd) sBnaS & Ewsgmgﬁ) BatheAWhidtd 88 BibS&USurd S DidadabdCsuture
owWs sur%gl ca heedle N3 that is a curved el ond?at ed
1

imted to} @ th@dibﬁ%ﬁ ~dagprilegtbahrd gteres- Hadditiapally,
l .
surg@?creﬁic 1%55}&%3 g%nmte%é Db Qn ﬁ)%;gl%?sv%f:‘sg e @ion SHEEH 5 AlusPRESAE

or tnsertion Into tissue

' relatamly thirsdiarheder, suoh es ﬂ@ut (02 ipick bonicdb il wm)3A§ discussed above vis-a-
|Ilustrate it ed
i G S SRR it ol

arbe

crimped by sthmiyrd frotedmes annhdleHSttmhold mytufS3tihglace for use in suturing
above-descri bed barbed sutures. Additionally,

tiss 58%ur gi cal needle N3 has diameter D3 in the transverse
di Paaid 1D sholvs Sligical needle/Blu it fxck @sved elonghted naedleyin thei n

' di anet er, . such as, about, O, O i nch. out 0.5
 longip @ EiioRn) Wi SOy SOl R Gl B A s
- poinbed tq.af&f Bk iniSbi R ok BdaRohasEs1E B, lSﬁfgitahﬂ&e&le i3, is illustrated -

crinped by standard procedures about hol e

H3
as aw}/l% perhas by peagng, Fqba&reécsewrﬁ - RBabed pulise }Sﬁ‘d’afbed suture -
incldifsS B8t ndf hﬂﬁ’t&@toléﬁ of Bﬁ%ow&&b&\@d vaReabeull Addfioraty,a

curved el ongat ed In the |ongitudinal direction

- surginabineefigtN4 l@s g@n@teaDHyn &wrt@usvarse ﬂneo&oes\ghlglb@ﬂlﬂ%ﬁate as-a

sui Sgl}}lfl %)IH&?IE %Ucﬁ a%oggﬁ g?ﬁ%ﬁ ga'b&% -Bﬁt R as thin as dllameter

o tIss eH4 Sur gl ca
D3 wfea@cal nedleN3. | Asudiscnssbd obavs Vst ashwg‘lng sergicalsnepgle N4, after.

- hav%g?lgcglgg&ld ftgc?‘r F ﬁmcql% %&% ]%4&“113& %? gtaﬁ#ﬁ-&‘fn%ce%res §bcﬁ|ft héle

- H4 tolheldxnowes4ingiace ferdisdarsameing tisaees. -Additional 'y, _
Needle tips T1, T2, T3, and T4 are schematically illustrated as pointed, but, as is well o :

known, surgical needles come w1th various kinds of pomted tips, such as taper pomt taper -
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surgi cal needle N4 has dianmeter D4 in the transverse
direction, which is illustrated as a suitably thin
di aneter, such as about 0.032 inch (about 0.81 nm,
but not as thin as dianmeter 30 D3 of surgical needle
N3. As di scussed above vis;{byis swagi ng, surgica
needl e N4, after having suture $S4 inserted into hole

~ cutlidg, bampoibe catinggigel dlm]'l‘ldi‘tﬂ@ﬁﬁhﬂ ftigln fin€Q @Rd LiheS péihn biid i & iftended

o lguigéeu Butoqlqggegl'lijlt@%e{d‘etﬁ’él 'Fflgh l%ggle-ﬁgs © uls peprlltgﬁaéeLrltcgtrtllng,gand diamond
poiftdie pRtdrea hiedld ik BstshdiAlnaR8lcP Ried el bated sut@ss.i S vel |

known, surgical needles_come with various_kinds of

poi fit @dvet!lﬂ%gwn in thar pegdig,dinmplsy for surgiggl@eedlospisedt it j ng,

| corh@ﬁdonﬂ% at unb%te&)'sﬁﬂ:e@ @Q&nsxg&é@ﬁﬂﬂlggﬁin@,tand Bﬁélf‘ve(lgj' fﬁﬁ)k surglcal

ance pol nt, and IS I nten to inclu

need@ﬁ afgarsed with @in qopvengpaal sufutes preh dhas theirpfio, of Pargioal rp'@ﬂlﬂ tdlameter
to Joﬁ%ﬁg&éf%&thﬁ&%m&&g ish: PpPé%in h%g_g,pgucﬁgg _ %gf erred needl e
es us Wt ar

t1ps for surgical need ed sutures. As
i s Keswdvek nativtha surgidabnendie/barted diterediombintton didke grasegi ipwdntion

: (fOlQ&@gll aeﬁral'@?ﬁlee}%%pa ?ur&?cﬂYe% %j g{yﬂn ér tl? a thg#[l%ﬁ:rapr?e@ﬂe is, then

res consi der ed uni
the n’mrﬂz:iatrefemb@:! thalthe soepheil m&dbﬂ:erhstdeutuw 1$ kwithithendesired needle diameter

.copnvent i thertlo of i
oeifi R R i i dn Pt G oSl el bofre v
the ﬂeeﬂlmamatmmdry Hgleeén thimehthasthd bdBed sutlodiineter. W t h t he
|cal | e/ barbed suture.c

t of . th
08 affer AT ol ipyeptiomaiHaRvely Gt Sargir nerdle pigets toe

F barwrs\mb B ared gpferdbleol Jppmaﬁaﬂr@aissdehﬂmﬁ bitehif@h woeRId16sed than

then 10 the nore preferable that the surgica

arelgiively ditpice g%ﬂdlﬁtgrefldsed Wit arParthe S T TeRedis et the

relaﬁ'vél?ﬁﬁﬁ KurgiB A inB&ld HaBR@lto 8 BSbENARE BlIAR fof grBREY ?é?cl%ﬁﬁnt of-
he” barbed suture dianeter, and it is possSible

aﬂ?-ﬂe tiswecnd therofpre PEyviden hetise closen stramethrie therappraximpged tissue that -

7. - - has BRERRSrSHb Pretettt %@Gﬁrz?ﬁ 41%3%? BRcitlsed Bu&d lﬂﬁﬁ‘onﬁ

i nvention, a rel ati n surgl ca nee atta hed

-~ compgred to figrclosere stmngﬂ@ro'sdmp epprowifrated ifiseefiot has been sutured with

e when stitching a wound cl osed
tho FRRHEI B Lol pBEHE

thick surgical needle threaded
W t’JPheamdmmmenam lfﬁtatur@for THeecombination ofghe :twglceﬂ hecdle attached to the -
needl.e

bar’t;e% stitufe Vi§ l‘.l?ét t&le SL*rglFa e ¢ %1@8%5%8%@8 0181§rvggt?l i 01%%1" to

maltel aslmlneor azhshriehia rt}m‘and,aupli by dsiltiag, he bl @y fo@ ienioe obthe babed

s BB 0h e, NPT bR A

the augllcmeecﬂ@a ktill sid@ble @svlmg b€ ghe rftiol dFeheCuf)Sdal feelle/dRMtid? to the
rovided to agg{OX|nated ti ssue that has been sutured

tsﬂmr%m’tlﬁgl ot 3481 165% hi ck surgical needle. The
”Dﬁﬁlccbﬂilﬁa‘gfyt 'aiaésnsﬁa}dﬁb%f E&gmm%aﬁe BfainRat bt shifi diameter,

sur gi cal needl e attached to the barbed suture is that

for gither a sfrajght needlscsd curverd agedieels abens 3t lopriiess.anors prefarehip phout 2:1

or lé% gﬁtlj?st Bl@ﬁ?ﬁ[l))&?{gp 8 %#ﬁ?sa ﬁﬁ?ﬁn@l‘:ﬁ? 6?31‘&%%8?# cl’lel?m%mﬁcdles are

I ng, i nsertion o
emm,ethe rafio ofisuegical neediendiathebrto barbedsntah dismeter may be aslow as

low laoaigpub8.511h & witlthe apmécidtaébgthe gesat of vedidhy skillantteart tha care

X : sho&lH Be taken with extremely thin needles so as to ameliorate the possibility of focalized |

- - weakness, which may compromise tissue insertion.
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' p:eceﬁ 15) %aélieﬁ
. dillad et suidal §RAR (fréHh AL 138387 1A uréH&sédeiﬂﬂﬁ §u1zi*é!¥:oﬁ?ﬁi4§) shagetl with

barbed suture dianmeter is about 3:1 or |ess.
Accordingly, a desirable ratio of surgical needle

di aneter to barbed suture dianeter, for either a
straight needle or a curved needle, is about 3:1 or

| ess, nore preferably abouty2:1 or |ess, nost
preferably about 1.8:1 or |ess. Furthernore,

parCloaue strehythiof tlm‘rmlrgmail nexelied] teeh meng&()atﬁmiﬂ soigieh] ndeldi

tio.0f surdqi ter to barbed re
ainfyfit @ pSibed sty el 5Bl Tobre ent Svapon s Tt 8 galows.
| oviexriouns pieces Bﬁﬁﬁﬂmﬁ leatid Gtharthf R tuled by 1.8 SChanitis él’QQbﬁda) having
| ess #owas about. _0.5:1. 1t w|l
‘hé‘g‘ﬁ?sée ghou({- %9' b5e 5 VEre B ditharwouag hpving fﬁlepﬁfé ‘o pyout
125ﬁﬁﬁ@@&ﬁggn§ﬁpuld be taken with extrenely t hin needl es
so as to aneliorate the possibility of localized

we ok HEsk epecien #i3s mage lrompininge gchamsis leathep b stitphing together the
res&bm%ges%% bR WeHuPd @ﬁmtafahne@a{d%%éal needl (fisn B@ g,tsﬁomv i ng

rati 0 of surgical needle diammeter to suture

Pur@la%ﬂqléfqm Swrle Campenyd gihichtyeas swegeditithi abachet isamre. i other words,

L. Gy U e A B
holq teiseduncibe b@ecbaubm dwing stitchitgb adier stlﬁ;hﬁlgml@sedl\m evoond, the piece

o Pl Bl .0 e 00 Bt b B

by abbutdb%nmhes (abaut 3@ muh)yin stidth Cllienegythe stifeliddaround evas m the middle of

he R SR It RuReES R T STt aper ety B o needte 78

of aBirtle), eithaiaathygf ahdmt @b nwA andyRUEdelyiHib diambieF sRmbo6t.0.0808nch
her. words, after insertion of the barbed suture

@bmﬂ?giPW@ needl e hol e, the needl e was crinped about the

1 0 'Ihai @sih@the e&tis SitdHe Mahbed s§dd>h§l Efechibhivig nﬁﬁé ﬁ@ﬁi @ther
tItChIn? closed the wound, the piece
by stifghing togethey the F@E?C&H“g%ﬂgﬁ% ofsth%\wemas# usinga-

inches (about 32 mm in w where the st

the s3g3gdrind pf batbed suire.tied dlecsurgical Mélelveqq grimpeshabout the neasieshole,
aftehﬁ&rﬂ\&ncgf the b g}ﬁd @l?@ﬁi,llﬁo o‘i’e Ecﬁsf% gﬁ@'bﬁ{bﬁd %&Fﬁéﬁi&ﬁg stitching

surgical ne 3/8 acirc

- For thig sepond spepimenibie needls| veasiavtagiey poini qurvid sergicelneedle a:ya of a circle):

secona speci nen was mnma
mnm plgtaugl not;as thireasahe dimaetor of th@ﬁeﬂbmséﬁyfosiﬁﬂst sphdimgn,

o Pk Al TR kS s B on ey ik Blbte S,

wh% Igrt?é(gihbf‘a%tlut ﬁﬁn%%ﬁ&’%uﬁbéémmmeﬁ &Fabolcd. E{Eh (@REITD 81

'poiyﬁmomtmas haibédsnmraﬂkezdummm&ngﬁre 6AYE0a that éd&h bhibed s had. -

it L aoRf e oo i whish g B vt ien o G

requtrhﬁerb &:Frb@tkeSLU iheliitRofbabie BthiR), idstbad 6EARE BRrRar BE Fhout |

du titching.. For the second speci nen,
'001§ ﬁﬁg@ﬂ‘g i&%?né taper point curved surgical needle

( 3B&he fMstGnd MleBbeond Wdchinéhslof RittHRd @ﬂaﬁﬁ@&&&%ﬂf@s@ﬂ @ora

_ suitable thin dianeter of about 0.032 inch (about O.
closyrtrengihusig gTesidesouscasTinivassal Testerdyladab 200Q. .oﬁlweecmen was

 gripp*889/nfo féﬁé@ﬁ{r@srenfaﬂ.cﬁﬂws?’ ARG, 'k specimen was pulled longitudinally at-a

rate of about 10 inches per minute (about 254 mm per minute) until complete rupture. The

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

- strength. The results_were that the first specimen (which was sutured with the needle that had
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Each barbed suture for each specinen was a

bi -directional, twst cut nultiple spiral, 25

pol ydi oxanone barbed suture like suture 70 in Figure
6A, except that each barbed suture had. a dianmeter of
about 0.0115 inch (about 0,291 mm which is slightly

| arger than the USP reqU|renent for a size 3-0

a rel SN darddis-@F BiBd ©.030!indh eabouuorﬁatr@aptoott 5 88 @uﬁmﬁ enm wound
di anet er of about 0. Olﬁel nch ﬁ% out ég?
disrypign prouered ankihe sRecisen sHHedApaRt Pirkiato Plegtt fbecas ‘éﬁa‘i‘ﬁB’i‘%

spectthé (V¥R Was @Sk viliPhe ﬁ&afel RS Wh€a SlitBIPEiR dissieRd ofabbase.032
Resources Universal Tester, Mdel 200 Each speci rre8n

inchygbout ¢81 ppe butinpt asibinas &we@@dlw@r gefirg sersimenidookmaly?-8

QB of
poufif RSO HETIoH dh B b P iRk o 2 s
unﬁh¢nsﬁhpkemammmpﬁhméthHéAhdﬂﬂ( | oad in pounds
reached before conpl ete wound di sruption was recorded
as the closure strength. The results mere that the
first speci men (\Wableld3AdEhandis h QW g
had -42- a relatively thin dlaneter of about 0. 020
i nch, about. 0.51 nmm) took 5.88 pounds until wound

‘Spediingi uptNeudlecmﬁmereed aparbedSuisediimae pul Raib*aRendbediapture

[ nt o2 wher eas t he speci (whi c S
Firstgy | tcheod% IFth he needl e t%gﬁgﬁ%‘% a sui tg‘gllg'y t hi nl%éga

- Secdhdanet erp. @ jadpout 0. 032  imeoih5 s@hout O 82.78m but 283t

as_thin as the needle for the first specinen) took
oni%atip @guegi dipgeter 1q pasded St 4AHTpt i on and t he
speci men pulled apart back into 2 pieces. The results
are summarized in Table 13A bel gw. Tabl e 13A ( Chanui

O bls9. riguspiecesof whslim ereutpd siitched IREEHiNG ABMprRIULgic

A Shdd B 8k fdfls0* Pounds to Rupture First
ne“gnggggednicﬁh o B R o Second O-p&2 i nch

0. Bhies fmﬂ&hhﬂw&rzg@@awlﬂatats@ez@h abayt 6719|708 geyypig used. Two

full ﬁu(ﬁ{qgstsg PE&I&Q&{S hed, ﬁlH&el'gnethQ bﬁ f &leh ra]:?]) cg*l:a':t&’ woliids! ®déh.

CES 0 I'n were cut st| for testing
wouud wamtwus«ucxgm:bhgﬂl raadaplar&l m/vhganhww th barbed sutures

S bR caf BF 68l B8N Wl LhGH S8R BRYIiked Bt

needieghht thl acs{mﬁem k. rsstzmps ndiivh was B48 ciralde The neddée Had @lengfh of .

8wt anecto i GOPEINCE Joll Byhe. A EpiRha o

pom@ﬁ&dléftlptvﬁ&:rd O nedl i ShaddserCgroatido wBIflit:eaCLd td hppeckimat a taper

d | dle th | 7
 cutiggerAlAD eSO F e e B R R 8 RaPR

25

300

sataf . 18mmand a dianmeter of ‘about 0.022 inch (about
0.56 mm. Also, the needle had a taper point needle

ti Eh%\PFBP@fﬂl?éWﬁéwpés vesrlossdiusigshe sims ing toghnigge, bt with a
airﬁée%lcathét%?'é Sufzilitehd Vb, BERHO K, Whilh Was 3/8 circle.

drill
C|dl'| tate penetration rat tissue. The need|e

The pesslipddiadengtipefrabowt 18 mm and a diameter of about 0. 026 inch (about 0%6 mm).

Also, the needle had a diamond point needie 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 suu.lré 70 in Figure 6A, except that each barbed suture had.

a diameter of about 0.015 inch (about 0.381 mm, which is slightly larger than the USP .

- requuement for a 51ze 2-0 synthetlc absorbable suture), mstead of a suturc dtamcter of about

. 0.018inch (about 0457 mm). . |
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25 suture. The other of the two wounds was cl osed

usi ng the sane suturing technique, but wwith a drilled
~end, curved surgical needle that was a Sul zle item no.
. 832679A, which was 3/8 circle. The needle had a

| ength of about 18 mm and di amet er of about 0.026

inch (about 0.66 mm). AlsoO; the needle had a di anond

PORBL caBie§fidHRd Wolind, Ehﬁs@@@é&hﬁemm vadagRekiinael dgudred
suture. 30 ' Each barbed suture for each‘ngfd? ag;ﬁ Watw
meagpirig about 4 6P Torhent 4 ¢ with e stitrhed tyoypind}y eling two

| Opp&glgytgk ?&?ﬁaﬁéﬁﬁe&l f.%i-'&l%%e dek@hsedfiag e 70 in Figure

excep at each barbed suture had a di ameter of
ab@he fo@cecq spanrech walduvasglesgainehysing it Repowrresdiniyepsal

Testgt?m%gltilﬂgag il):% &Sﬁjggguc Sﬁgﬂﬂeﬁeﬂ@mo édgés Slehife Gicl stitched

ture), Inst of a suture
would swertreountefl imthe two r@pRESe senalhd {aisofitheQestes7 m - 43-

F h,stitched .
Oy S S oA G Db
(aboﬁmﬂ vl per hﬂm@hnﬁlcquﬂmupmim avcirivg. Fheldlaginpax ﬁ)lrde@hi:mlgtered

ety R DR T RE PR FOE PN BT eiound was.

detrné rslRdveisavigagad fromithd RSl delied wowmels sbed Wthlesdedle,

Model 200 For e ch t [
havipg g diamgier ftabeu U B B BB wesied it Do iR, Also
the fe¥idts &%&p@ﬁsagé@f:&ﬁ Eﬂe%ﬁi’ad]s@\wﬂﬁée wdtadd &l&teﬂ fwith Bireedle mﬁg a
speci nmen | ed | ongi tudinally at te of about

dlﬂ@tqrﬁémt&&tﬁ mm@@lto(ﬁémlw@fw %Pbﬁﬁb $uyCyunt i |
CORRL Rkt aHPlutrarRES 81 13BN 1M xT mum for ce
encountered before conplete wound di sruption was
recorded as the closure strength. 10 The results were
averaged fromthe first set of three wounds cl osed
with a needle having a dianmeter of about 0.022 inch
(about 0.56 mm) and swaged to a barbed suture. Al so,
the results merel%gﬁrlggzg 9ﬂ%15&¢6§@&1§§‘ set of three
wounds cl osed w nmet er of
about 0.026 inch (about 0.66 nm) and swaged thvesageof3

Wolbals bed suture. The results are summari zed in Table 13B

Spedigkemy.  Né&dbdhibeetSB BRbed Sktive Iihmaar e 1Sitioéndduhds to Rupture

Aver age of. 3..20 Wunds Sp Needl e, [X anmet er E
Firsggigh P&igl'ﬁgameter ?@H{E‘E}hnds to Ripture Fifst
Sec&ﬂtseﬂffg?) @.0283ndhnch O. 015 0.0 indh 47 11. 91.7%econd séil

0.026 inch Q.015 inch 1.73 8.1 *Ratio of surgical

n eﬁaﬁ@ Qfisurgisebreedls dizmetra tp Larbedrsutugy dé"i"fﬁ? B .

Thus, the lower the ratio of surgical needle diameter to barbed suture diameter, then
the better th closure strength when suturing a wound closed with a surgical needle attached
to a barbed suture. In general, the thinner the surgical needle, the better the closure strength,

particularly for délicate tissues; however, for tough tissues, such as muscle and bowel, thicker

“needles are preferred. Thus, what is important, regardless of whether the needle is thick or
~ thin or somewhere in the middle, is that the ratio of surgical needle diameter to barbed suture.

diameter should be about 3:1 or less, more preferably about 2:1 or less.
Although the present invention has been shown and described in detail with regard to

~ only a few exemplary embodiments of the invention, it should be understood by those skilled




25 Thus, ‘the lower the ratio of surgical needle
di aneter to barbed suture dianeter, then the better
the closure strength when suturing a wound closed with
.a surgical needle attached to a barbed suture. In
general, the thinner the supgical needle, the better
the closure strength, particularly for delicate

in the &3 Hasit istonmwated bdimit the giveitionsol &, sp&ifidendtdithnel disclosed.

and bowel ,. thicker 30 peedl es are preferred. Thus, .
Ve, pEREonS GLAGHOSLIRY b4 LB e il bodiraens
with\it Gate@ially HépaRtin@froROMe WoRl RaétindsABd BavAaiaGss df Shelifvbtibd)e

ratio of surgical needl e dianmeter to barbed suture
Parfirularbti dightof theforsgoing traghingsq Fay Inglance;, thﬁbfféefb?“&ff% phibe present
inveMicartbelusell alofis &r wifd 6@&‘% uk*ﬁ?etlﬂ{d@,%ﬁéﬁ as' stipfesd 3"“?% SRfs

been shown and described in detail wth regar

adhgpives, t aicbisy heldingthe pesitiomntd thertissites Astordingly, Hisdntendsad to cover all
1 !Hﬁg . ST .00£k: t . i - -~ j r . -
such Hm;i&f%?@‘?l 5 Gl &elﬁlc}gﬁ s’tag& ?@Jrln%tfé“Hwag’ g Sindiich inhithe spirit

- andsygepsi dfithe ievdption ardefivedihrhe fdlowing dlams.ous
nodi fications, om ssions, and additions may be made to
t he di scl osed enbodi rents w thout materially
departing fromthe novel teachings and advantages of
the invention, particularly in |ight of the foregoing
teachi ngs. For instance, the barbed suture of the
present 5 invention can be used alone or with other
cl osure nethods, such as staples and/or skin
adhesives, to aid in holding the position of the
ti ssue. Accordingly, it is intended to cover all such
nodi fi cati ons, om ssions, additions, and equival ents
as may be included within the spirit and scope of the
i nvention as defined by the follow ng clains. 45
CLAIMS 1. A barbed suture for connecting human or
animal tissue, said suture conprising (a) an
el ongat ed 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 selected. fromthe group consisting of a tw st

~cut nmultiple spiral disposition, an overl apping

~di sposition, a random di sposition, and conbi nations
t hereof, wherein the overlapping disposition is such
that for at |east two adjacent barbs, one being an
over | appi ng barb 10 and one bei ng an overi apped barb,
the overl appi ng barb has an undersi de and the-
over | apped barb has a topside where part of the
under si de of ‘the overlapping barb is derived from

~ part of the topside of the overlapped barb, and
wherein the random disposition is such that the
rel ative radial and |ongitudinal spacing of the barbs
al ong - ' :
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the body of the suture is random and the barbs face

in randomdirections including at 15 | east one barb
wherein the longitudinal axis of the at |east one barb

is not parallel to the |ong#iudinal axis of the body

of the suture. 2. The barbed suture according to claim

1 mhereln the barbs are in a twist cut nultiple

éar dlsp03|t|on an overl appi ng disposition, or a
conbi riat A oburbdte kdtofe, fa@Nebnnb@ gD BiMAEN W Carihhl figk@kn galﬂ Nsuture
a dlrect&gn tomard only one of the first end and t

SOEPHENE £3) 2B slpngafed bady haying a diret gpd prd asceondamd gnd 6)) a plurality
It WarR Ipil()j &ting: frdM‘ ﬁfeeﬁoﬁy,t é}l@h %bebﬁcfﬂg ‘12'1'1 b QirBctiol 2l befiifladapted

mul tipl e spiral disposition, an ovérl appi ng
dps {iﬁﬁ@tmg gwvement f dmmbtunfatwlmn in h@ne,oﬁ an opgredite dieechion ot the

t.a fir r hed
ifetich 1378 e BB s L ol A PRE R0 BT Hhebopty seleoted
pfnnn itlengrang chststing of & tevigli IcﬁEﬁﬁﬂtQﬂe bysIv IdGkpositiyn, tdheoverlapping

rst..25 end and.the barbs of the second portion are
ARERNGO R BOGTH SiSPPIHOT G FOmBHAGPTS Rl ERATE dbprovcfapping

Ehs@oaaarb RCkush tHaf forae Iéﬁit%ﬂgid}a@exﬁ AR ncﬁleQ:fem%laﬁ'd%rlgpptl& barb
3, wherein the suture is froma materi al

§Jeql o8¢ bgingrasneverarngd hap, dbmmiapnglgofpaﬂa hp$ en apdersidalsind the
EREFibE! byf el AT ARRARAL b B Wi ECERARIRE Y s
viﬁmeal ﬁomhmrﬂaofaﬁmhspmdmbf ellen?_teelaplﬁd thash, 331|6| ‘lehér?ddﬁl& G@hdom
5P Rhgh Bishelbitlp Folus Biial tn e Rias St s iros along

tHeRQof e sutth@isRAdead agd EHérlﬁr‘c%Cf%H 1ﬁ'r£}910h9dlfécﬁbﬁ9 ificluding at
wherein the non-absorbable naterial 46 is selected

lepginethartywergindbe kingitudigal sixissofgbe pienst oae herbds notparallel to
f1al o : f I f| and conbi nati ons
Fﬁé?ﬁe%@w@ymﬁ%g%%aﬁgafsutsﬁ% according to claim6,

.:vvher e nThd’tmrlpadlsym&r adcsrdﬁ@ lea:ﬂami ¥, ih@reind the bgﬂ;@lap: in a twist cut

St i {:‘fjgﬂgpo %3{%}?%{ ?@g{tmf (%l Oblﬁlz{tl%g%lereof and
th@'béﬂisr@é 2l $icig m%ﬁﬁre%ﬁ&ﬁ’toﬁaa}d B8RS ohb e ﬁﬁfﬁrstSendTalﬁﬁ the second
bar bed suture according to any onhe of clains 1

rein the barbs are in an overl appi ng dlsp03|t|on

such r ent
o%/g?'l ag%le(ri}S& ar hﬁ\gong%%ﬁn%} Za ﬁ'%over gg%‘é"g%lbqgg twist
cammlnple tspmalahgmblapml amga@ﬁaﬁpmgl dispbditior) \oe &l coppathtibathereof,

BB i o G i R S e e B Bion
WESréBahe bi8sut hﬁtﬁﬂstspdrﬁéﬁ afé‘?a@m%rlﬁ PEIL1i6H bowdr8 i n}] P e first

t he overl apped barb . The barbed suture accor
endaang the horbsr ef thet ﬂﬁ:eomiapmloaraee ifasingnin a direction toward only the

second end.

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 | appi ng di sposition such that for at |east two

adj acent barbs, one being an overlapping barb and one
bei ng an overl apped barb, each of the overl apping barb
and 15 the overl apped barb ha&ving a barb cut |ength,

and the overlapping barb and the overlapped barb

havi ng a barb cut distance between themthat is |ess

ti agleatérbirbmrtbe group doasigiing affa pdlgmen armetglp @ dndsalr Hloy,1 @ natural
T ed.suture according to claim3, wherein the

gg% ggggg%?ﬁﬂgﬂsg%vgﬁlapping di sposition such that for

at | edsThd hpbaidiuReCidcordaighas claii @, Whirbig tidpolyfer is selected from
[ barb and one bei ng an overl apped barb,

overl a gl n L
éla%hg@ﬁ t §R10RE | fppPAyamifen BeldcStPe RAMIPRIERED Belyyethane,
WKk R0 h Redd ol#r%ﬂcgiégter,%ﬂg cbiBin6RE tRRBENG barb and

the overl apped ba aving a barb cut distance
bet we&nThhbarped $vhure iaecording ta mgnorerd clrdm 1 deif7, whensigt the barbs
Rg b, . b uLur 0 :

Sl 08 X Do R B0 okt Rr 1S5 Y b, o g an

ceerfaphimp bgrb( )l can being g aivedapped Ypatbavdch @f #hef dveldappgingibarb and
nd a secon d and (b) a pluralit of barbs

Sf_feo P‘é‘if{sal’h“é’ b ﬁ}amg podtp Sublstebannd fﬂaf'cpﬁaﬁipnmg barb and the

QUEROPEDBLrR REVifLh BSbRUARRACH BiwednQRdns tHlab G IBRMBAPIRE baf cut

the suture, when in tissue, in an opposite direction

fangth afiec ovgrlanped bash, i n which the barb faces, wherein

t he bar ' l.appi.n ' it

for ot 1he dabelti e AELUABDI Bt 20 PGS e BiFEL bid%hn an

ovezlabpippi digpokition sactd that efob eatnigass ntwd0 adjwcent dpbed oharkbeing an

t he, overl appi barb has an underside, apd the )
BURIAPEh LD AR o Q6 a1 CYFLAPRES fibr @ChaF heghespping barb and
thedeverlapifedObarb NRAvaY e badPbiTlcRShD ahd Kt bl fRPpihs WA akhl the
of the topside of the overlapped barb. 12. " The barbed
evarigpeedaelp hayingn bash ehbdistance belleendhem thabisgegsikangihe bagh cut
T a0V i di sposition such that for at |east

?eﬂmgéggfﬁa%c()%{@@%g%?' one being an overl apping barb and
one bH). bheabarbak shtarpadohtiud to elain Hf whdreinothe rbaslipp aregin an

barb and ..t he.overl apped. barb havin bar ut )
PYriapRing disposttien Shdy Fﬂ"ﬁﬁﬁpﬁ% Ftolsrsh byRgadsnent 3@%?4 gppdging an

- bkl bt ad B¢ Beifiihn 81 SHBPECLREL 48R Br HRebng Sarb and

| ess 't han the barb cut ength o e over| appe
haroyerlapped haeb havibgd barbuews lgngthr alidhthet evetlapping baib gpd the

hej re i f a '
s A e R S S G
lemgtk of thk ovalappsitbagosor babl e material, and conbi nati ons

thereof. 14. The barbhed suture according, tqQ claim13,
wher efln %#@r os‘gﬁ@og)b'a?ﬂnéec“?@ fipay o anjraal sty sl suture

doufRMsin3§a)n Qe &OM BoR/ Hafhef filRAnd4h@% 888AE end and (b) a plurality
pol'yl acti'de, pol yglycolide, polycaprolactone, anhd

bathis prajpating frohethe bedy, each barb facing in a direction and being adapted for
resisting movement of the suture, when in tissue, in an opposite direction from the
direction in which the barb faces, whercin the barbs are in an overlapping disposition
such that for at least two adjacent barbs, one being an overlapping barb and one being an
overlapped barb, the overlapping barb has an underside and the overlapped barb has a
topside where part of the underside of the overlapping barb is derived from part of the
topside of the overlapped barb.

12. The barbed suture according to claim 11, wherein the barbs are in an
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15. The barbed suture according to claim 13, wherein
the non-absorbable nmaterial is selected fromthe
group consisting of a polynmer, a nmetal, a netal all oy,
a natural fiber, and conmbi ngions thereof. 15 16. The
bar bed suture according to claim 15, wherein the
polyner is selected fromthe group consisting of

poieslappinge ;lispmﬂitjpmsmh thpo fyrpato pepbte tvey  adjakgntirtettisamee being an
pol tetr et hyl ene, | yet her - est er,, . and .
Pl Y R e R B, B i s SOVl aping g anc
ttHe RYrlpped @ﬁrbchaam@ a Wartl Quil fengi) @1 the td%@rlz?@{nlgsbarﬁrﬁd the
all faci in a direction toward only one the first

SHeriannad Pk haws Adadyrn! distngmbetvae thampka islges fhen the barb cut

SHROodLlapibi vae of claims 11 to 17, wherein the
ed suture 'has at least a first barbed portion and
a secdﬁdﬂmdmuudSpmnimmmﬂhandchhhstbbmlzh@whﬁrwSQdmeﬁhemﬂe

I‘ a n I recti,on
il R, o ek e Webuptbofl o o oS0 SRR it pon-
fabsirldyla materialliand combinatiopwaietbo@nl y the second end.
14. The barbed suture according to claim 13, wherein the bio-absorbable

material is selected from the group consisting of polydioxanone, polylactide,
polyglycolide, polycaprolactone, and combinations thereof.

15. The barbed suture according to claim 13, 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.

16. The barbed suture according to claim 15, wherein the polymer is selected
from the group consisting of polyamide, polyester, polypropylene, polyurethane,
polytetrafluoroethylene, polyether-ester, and combinations thereof. .

17. The barbed suture according to any one of claims 11 to 16, wherein the barbs
are all facing in a direction toward only one of the first end and the second end.

18. The barbed suture according to any one of claims 11 to 17, 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.




