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-1- BARBED SUTURES 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 dlsp03|t|on and/ or cepnfiguration of the barbs
on such barbed sutures. BACK ND OF THE | NVENTI ON
Various surgi cal net hBARBEPpSUTURESsut ures have been
used in the past for closing or 10 binding together
wounds in human or animal tissue, such as skin,

muscl es, tendons, i ntEECANICATOEIELD nerves, bl ood

e i ) b St R e Sl 550

nsﬁw}ﬁ QR du® BdrkicAlloHiefts (a0 infdfe FaitculelyatothPS#nization of the
monofil ament or can be a nulti-filament) to pierce

digpeation and(ns confisyratiap ef e barboppwsh hybed¥eof t he wound
and thus sew the wound cl osed. Wether the wound is

.accidental or surgical, |oo stltchln is the nethod
15 often used, I Gﬁ&? ds. The

1 S Bl A S A
bingling thgatlkr wm:x tomfroenannat tieue, sash asskinenhsdtgsotemdons, internal
' I r b SPr
orGADNER) 3Rl BULHIER R ADfcRl ROREANSRELABLE 1TRIGL L Blrgica
needi¢ tvith an aitacbaiconeentibndd suu@i{which add e amltc&:h Iabnctfﬂmﬂrena&' can be

I lic ners ner s, or Ci
a o 38 e SR BRSSP eob O e s i i i thus sew
thowamdRrldsed), mﬂ-}aﬂﬂe smtmtt ﬁaccxddﬂtathr s&t@c@,ﬂﬁ@f sikdhshgQd the hthod
sanme , nater conv onal res, have offered

o TRy AR aes BRSBTS thl oved an She ends

of GRRVRM droha, ¢ Jﬁﬁﬂaﬂf Qgth aﬁemmvsmbﬁu @rdumb BRS 1ot
el ongat ed bo hat has one or nore aced barbs

whi &8 1Hve] '@E’f“’"f FOPYFRISBELSBEES St ?ea%féwma apleanaieity) such as
sxﬂgqﬂ%hpolﬁ's‘fér BRlyBRopPlee, oPEdiRAIREart B &t HiQYoBAAEIR YtcPhl such as

barbed suture in one direction through tissue but
gl)fcehﬁ 20id polymesy arfgapolymersis lastie anidipaltimers end eppolyeers.

opp Qﬁi.cé ﬁlh %He%ﬁﬂe%onc tich, bLJJB@d Q.s aﬂ}{:ﬁ 'ﬂfeaé%ﬁerglfl y &%@Eaﬂw

sutures has been the rOV|S|on
magarialsi ds gorventignabyutiiresghave offarel eumsuqumcbisnt@lgns nmr cldsimg evounds

wﬁ%oﬁ%%@&&i’ 5 tJnch( A %%Mc?ﬂ%drg Eﬁ% &dgy%n%&sgate& Ibgcgr tfat has one o more

convent ronal sutare I nser
spacnd barbs, sdich pmtgea’u droa the/bgiycatfaceainl ¢he Hedy langmt dlhe barbs are

U S Al d [ .
sl e PR St g HE Qe P e SN P s
m(ﬁ/eméathaﬂmaaaﬂﬁdi yutme firt the ﬂp;&j?.ﬂe &P@n@n eTigre Othe Mm@l ddvaitdee of barbed

bar bs rQj ectin romthe acut
suis By b s BEHis ey SO I Asqogiee BROBE L pdoagt
hatd ¥ B Ghottel Sifdé@ohven@aiRl Slitke¢ Tiikda cdiwbntiofdlisifufe, FOYEEEHure
in the opposite direction, Sutures with barbs di sposed

majy be nsgrteddpiodissyeisng agwigicatissdlet . al so cal | ed

do Up&ﬁn@ﬁtﬂ@ .S SkHidhk RS, 3 E’iﬁ)’ﬁh@ﬂﬁba&n@» de’scﬁbcf aﬁite%h%atwcord for
5,931, 855 to Buncke and S. Pat ent

‘sewing human flesh, where the cord hasa body portion and sha'rp edged resilient barbs

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

Sutures with barbs disposed in a bi-directional arrangement, also called double-anned.
sutures, are shown in U.S. Patent No. 5,931,855 to Buncke and U.S. Patent No. 6,241,747 to
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-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 Igggth. Thi s arrangenent
allows the barbs to nove in” the sane direction as

RufBaftbrd SRaHYY e ShtlithBs BBk faSing BSFd & enBbPtht BRuifeiftSdbout
and second sides of a 5 wound. Such bi - dlrfctl nal

hale peredeneth w4 bas fasimeyn dicoprasije direqtioy tasprd wgother gd of the

sut&L: Bt tRDothWHATGP thWishlreQ4G8S PhiSARalRmERRALRS the BarbBtd move in
al so obviate the need t0 secure suture ends together

thewpmhdirgstion exeaioeppectiGrsufiyg endds inseriedinip Jiselipt apd pecoagaiges of a
ol S Aol Bltpcdpuips Beporf e pifiy PR e
wotnds mimceagﬂu@@iea@ 23ratidid b(ijpaldsl obthh'aaeedw SONBEBHE: avds
te 2 OO) priority to RU 99103732 (March 3,
ug%@%gvﬂpﬁﬁmw%km ows coni cal barbs arranged sequentially
al oDfjinteeat is@ngipbarcPublisted Peiank AppdicationiNm ©d5,848 Al to

sulbnprS <P AR Rl s Pl 2 A1, AR PR Ao ot

(pubhsmea ad W@ 0015 masi oflt sqnaﬁm- 8, 2806Y pbrityné RUQS103732 (MSich 3,
3 7 6 t

1o s BT ke i S S BRLEL a2l ol Rifg ane

oridhddaf d diredtioh %pbd%lt@ fodRdt of the GO RemioM) With the diRarica betiveéDiBarbs
devi ce has a tubular body for receiving a barbed

beingmat less thap d-ygimassdhedhreyd dipmefehas a handie to

f achish bAdnerdBRRIPY! FtehPNo. Of 340396 GENGE.CTRY phtbt sﬁ&ﬁé}ﬁﬁﬁsemon
The insertion device is recormended for use wth a

deviicerthas s walul fas paridqning Hherted saiee ip oFder BrFlassirtpuRths Bhq iggprtion

Sl {RBIEEH GECk o LS LTRARSI L8 i e
mmumm afohertievise by tw sufgeom SEhetinsspioadevigs is secopwignded
g

B

d1rdwom effesetioehe digcimpibnitition. Sehisstuiestvdthebarhsopposingthnt

reduces the stralght
ange PR O RS PR M6 ERME of Fective suture
di antetdiscldssreslefdligmsenct. andipament@pplicadnstuliatistaddiegidre {modrporated
nsile strength of a barbed suture should be conpared
YF%W?WE m ni mum knot pull strength of a conventiona

S Ut BKcBrph@nt W¥haida [ee 8 mohidfllifent | dépaiy chahe Parbiithiepth freduces
United _States Pharmacopoei a since failure_ of

the sipightmufl densile wisngh eigeq {Be PLpr G P GiagReteR iriegssedn However,

the @Hﬁ %ht'iﬁﬁtter@ﬂé'@tféh il K habedhlre §RORI HeQofmphRd & te nidiffnSknot
frequently at the knot due to _increased |oca

pullsettwégth of agom@nmwl syfure(amea-babed srwghiacerdance yith gy United
Sta%9§4£1ﬁ1acé cfa§1 ?g %99% o(ﬂalcsgﬂﬁ‘ sq%ch‘ﬁ%é/tb b kﬂ&l?ed and
rb geo cut angle, barb cut depth, barb
mustueet emgumumdanobpmnsdc stmgtbéoccu@tmos; fraquenty atithesknot due to
§Q% | rangenent of the barbs. This should not only
lncen arlfgce %ﬁeﬁat ensile
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 conventi onal

sutures, which place tensions -3- directly at the

knots, barbed sutures can spfead out the tension along

the escarped suture |length, often evenly al ong the
direethygrt khe Kopts] baried sgrutek eardspeqad Dt the ensing dlong the@scarped suture

f ] tion of the barbs should theref t .
s phLE b daf edrEn adSish 2 i arani o B e B o
the;‘lﬁ%ﬂ)srﬁtlfélﬂﬂ thetdigre Ifl?'gﬁi' iﬁﬁreségrtﬁeg@‘fehﬁ*wsﬂés_ls_. hmf ﬁ}erﬂ'tevtlri baghell betu@ap

r 10 .on und edges. e |atter Is
s TSR PNk B8 a0 AR 8 g edes.
Théll#r is PueiBulBybdsfill8GoSptbibiity WhRid Halgzpr oxi mat e

tissue quickly with appropriate tension, alleviate

di sPdyos $ush new wereahauidapproxignatn titsia géickbewith pppgopriate
terd8, SR viRYUSGHid 6@13%6?%81&6%&13}1’% %gi}?ﬁg,t&@_t@ﬁc§glﬁmtaining

barbs. The new barbed’ sutures wo especi a

‘benpfias impaited bysihe basby. SEhewewrharbeil sitwies wonldive efpesielly piefy in s

r V .. Q.
ol g el T Ton 87« GBI Wty At i e bl
in guigegies Where sprice isdiseitegesugh as SidvARY sOECTHE mitwofExgHrON

Accordingly, the present invention provides a barbed

suture for connecting human or animal tissue. The

bar bed suture coSiMMARYaDFAHHMINMVENTHONY having a

firgt _end a a 15 second end, The, barbed_.suture.

t ur BrePaRg T Ibr BedeR ERTIon i es  DRRPOLIE SrdebIsRyna e o
anighhtgssb@ dVhe Hagtel sitaselzompriad ap epdgdtat bodp abYing @ fitddend and a

ar be uture to resi st novenment, en.ln tissue, In
Se‘?ﬂé C‘Hf rﬁ‘@ﬁ’r”%ﬁd tHhye ‘%“i‘rﬂ‘ebb%’ﬂfgfsf’sea 1?1%%&‘# barhs peodqciips frppy the
body i Exldh birblis &Rpted foreRdling B baRRH BRttre I/ tddlsEmbytntdhE when in
- conpr.ises the barbs being di sposed on_the bod

tisiip o She EeelindbAl sxqppasticrfrasnhg dirpction &7 Whic b basp faces, The

- barb¥d Siturt WrihHednpPh& BPbIBd beHSRGDEdd Bthe BEyqN 8 'dlsPBRriRHkelected

20 disposition, a random di sposition, or conbinations
fropvoytaggered dispositina, & twiggut multiglespisalidispention. Ak oyarlapping ut
dishasidd 36 GRbosti P& Sdokd . - the overlapping

5 |spgg%lﬁnon, tk?%@r%?omeﬁgfwé acing toward only

oneFesf the séaggéred dispesitione ¢lam tvisteewd gpuliple espivalt diopsdsitiont hrgl/or the

o BRARBHIS, HPtuO Y S5k Rt B B B a8 o

endar dlfeamtivgy,tthebarbtdtsomrd mag haverad leasich fidsepdyaorbandaf sebbred portion,

B e R i e E O LI el AR R Of e second

25

30

portioy erifacing owandithieecendatibed suture for connecting
hu or anjnmal tissue, where the_ suture cqnprises an
el oftjat’Bdn %W"ﬁawﬁ@de@e@f {fe gres HVERHPRPrR s Acpaghtd suture for
conhB&tinghuthaR of AithA@Tss1OWRErE BR SufirdXdoipikséstan ednghdd Bedy having a
rojecting from_the body. Each barb is_ada

ted for
firsh fgesand e%tﬂ?é“’i“&‘fﬁébﬁ’félomﬁﬁfﬁﬁéﬁé’#ﬁ?ﬁtﬁﬁéﬁ“ﬁ@‘)jeﬂi“g from
the BYBH Cach Bardls hd&gfgﬁ $ot'éRabling tﬁehs%ﬂ%{oergﬁét QibvERBL: W8en the suture is

opposite fromt direction in i ch that barb faces.
in tippe, insthe direction thetie pppasiip frowdke direetiorsintyghictethitrhgriafaces. The
sunfd @lﬁt’th%y Ecﬁlt.lﬂr&gs hE {)ﬁﬁé ﬁa@itrgr.aoégnﬁ g&}gﬁcgn sefdhied %Llea lg)arb 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 ranging fromabout_@.2 to about 2, a barb cut

distance with a ratio of cut distance to suture
of giidengtieio snurmpdingettr Bngiag Fom bout 01200 abw £, sbhark cut distance with a
o PoEeOah e UMM FBL AL AR R0 AR R
undgrside andicogio asei varying hleeSQarctnm]mszuomhermfef erably has a

anokpt 3¢’ iafeB Iofig "l ey SR barbe SRR BilePpty s «
spiralityre@ngle kdhgingdtonh siamit 5 HygeR dh soaNE5 @Qfe@:ﬁ ar e
disEpsed wher e one_ overl aps.the other.

escEPhHENPVegPRIRg disRpition. tih s W@Fltﬂﬁpﬁtﬂﬁaﬁ‘ §“’° cRdipgent parbs are

diP¥sed AREDordel 0vRriapst 8 of¥ET DaRkY SSarPAER)of R HHbE %‘ea(h@ﬁﬁbplng is
into the topside of another adjacent barb (i.e

cregiedr ap et Gar she oxTepRIBE BAID) e eescasad; g ﬂteh@psxde of another
ada0Re IR Qe tHE olOQHEd Ibame& baf Bn. bﬁ&%ﬁgmwfwfmgsm of the

undersi de of the ovérlapping barb, and s
ovglapped banebespmes paspofithe urild:; iof Ehsroverappingaath, eud so on. Thus, with

RO s JRRASE P RS PRRACP R AN olfiprips bard and the

ovérbappedbadh moy be Blamaemas du:dmb ¢11aidngth\m' emﬂz@ped seporgidraey, athereas,
t
in %chﬂ)ag ﬂ:; IB%L’%%C? %.lgl.rrgse The bapnecul??ﬁgnfe% eepl an OP e‘ihm%%rrb cu\f\%ngth.

cut T'enhg
enbbd stk rbothérhempodimentt then pesﬁnt diveptiay iptbeiies ab hm’becbl suture for

suture. for 15 connectin uman.or ani nal sue
coibklle b, o Aol S, P TR WAt & il et where the
coﬁ&ﬁ%@ﬁoh@ﬂs&@lﬁ&fbeﬂ%ﬁtuﬁa dachddo 3 wirgicsl Iﬁbdl&Cm'Béjsdt&e aomprlses a

syrgi needl e. e suture conprises a I|t
 pralif Bonsy BEsactine Fogn ia A oRs B doHaas il PG § pedepd ond.

Ea€bhra BChdapts® R RAaHNE the FAFE 1R rhcveRERPASh the rsuture is in tissue,

o enabling the suture to resist novenent, when th
in thg difpetion ghat fs eRpesiireliomithe dirpstion ineidhishothat hagh Taces. “The ratio of the

m%ﬁﬁl%b&l@ dfahﬁ:f@r tt(bﬁm@.hfu?é:&:hﬁ@te} ]S}et‘éﬁbms bhék SQ%ﬂegsa%%ﬁably any

he ratio of the 20 surgical need di aneter to
of tha inyewtiveibarped sptuiep dessribgsl herg rgasalmzmclsd 1o @ﬁurg@glsleedle
Sui tably, any of .the inventive barbed sutures
descri bed here may be attached to a surgical needle.
BRI EF DESCRI BRIER DHS CRIPTIONOREHE-DBIWINGSi s a si de

{ h {
oA O DR ET R RO o AR RSP DY R, poynss
barb&Dsutierg with barba digposed nsapmn degiree bih gt spd3ng;s a

I e s A e £ 05, el e P 1

emhEHURI2A 6F a didkevipw &8 eiitither BMB&iment of &2 @xése@ invntiad, Biasving

| re that. iis bi-directional wth_barbs. disposed in a
a il g

tig birdenionel sy ticharky dispprefigs B9 degres sEgRTPdparing:

Vi emcmmm ksl d\RctidRat vieR alth 5mh@2®ar2§&ﬁ tiHabtied shitreth Blufe 2A;
2A; 30 FIGJURE 3A. is a side view of another

embBGURENIA b2 Yidrview of annther apberimen of e pwmsay inventian, seaing
a baHidufmMvid! bR®E BRpsled RS B5H de@r@ st}g&rﬁ%gﬁcﬁﬁg .staggered

spaC| H
3B is a sectional view along line 3B — 3B of the barbed suture in Flgure 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

side view of anot her enbodi nent of the present

i nvention, showi ng a barbed suture that is

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

al quGUIRlEmax A;E sidedfEvobf dnblehmitodEheatibfithepresenHingention 4;npwmg

Fl GURE a_side ew o not h di ment of .th

a basbedEe P ool Bl s S BaRBaa0 Searth WARPER Phcine:
barfysUREMPBAEediona vieW SbngClite 4BUl 4B pf e Birbédduture in Flgurc 4A;
di sposition; FIGURE 5B is a sectional_ view alon

5B EIGKBEGTA isisidsiayeef aspthercamborinentofthe prasent py RE S 2\‘“118
a bdrBedBufth SRt | bﬁ'lﬁé @fpROALHRRRisEER AR PR dpinaf d1§d'(‘)§it1@1‘i ;esent

I nvention, show ng a barbed suture that

b| EIGL@'& froisalsestions] viray @gnmlir@é&e%B pﬁhabmﬁ%%uuﬁw Figure 5A;

mé@is a%kde \f#é\ﬁ blthb bo&xg%elﬁ{&%p %nt hvéhtion, showing
sectl onal view al ong arbed suture
a barbedrsutpoe @atasxbl—dxﬁc@mzwﬂh\bmbs disposatin onwist it gwitiplespirgf a
disi@d Sd suture, which is bi-directional with barbs ’

I'sposed in a twist cut multiple spiral disposition
I i HEGURE d]h:siaeebtmualuuesv mlmgth@lﬁBe— & of thbbarbed dubse h)dfiade 6A;

o JACYRE A5 AE R o ARagtem: VEich BB v
barﬂs&hqio@dmﬁd Wit dk g hipldwpirblatispssifiar ikerhsburbmienturain nge 6A

t di stance between the barbs; FIGURE 8 is a side
b‘“\‘/l ustiated R SpiEgEd SSRHOTH nent of t he present invention,

ShouGORETR R Mdrestiontil sidetviov b T11B@aRE it Rigrer7a) Uattotated and
di sp05|t| on; FIGURE 9 is a sectiqnal side vie f

clargpeitp aligndhe babhioR pregyurameat Aty disiapcrdistvasn he Wi ng

a haGbReEt SibWie Wéﬁ%tﬂe&%’(ﬂ%ﬂeﬁfbf%@ﬂéieﬁﬁﬂ?@ﬂo@ I'showing a
serrated underside; 20 FIGJURE |OCA is a sectional

barprdrsyfyerwith/barb 8\ TaforHERPOSHP®d nent of the present
1 NVRBURYY is 3 R0MWRA sile QW&%&H&*&%%&%W& tRe padeR: iMhdnfion,

an arcuate base; FlI GURE I's a sectional top plan
showingye tafbeisetutshaliog asbatblméa 4 wnrug@e# er sggted udeigRE 10C

e
mvaitxon,qhbwmg albgibed sm‘.ﬁlﬁhafmga tgtrlé;mﬂ:@Barcz&e Bes@RE 11 is a
pr ?&éﬁ?ﬂ L,_lp]? V'H%}{Val V\ngng‘ﬁe“éo PE‘“% P{II‘ e %-%}E 3t bs
Of NaURBUCSE 56&33-?30%;12\?&]0@ liae mmm@ af Figure 10}3ent
P TIRERE 105,55 5 s Ben Bt e e o 10D BeeF

'OV QE"IG@R@ 1NGs 8 k&Hosd! bide Riewrdf Ghitier 22Bodifment gi@ieSpesei i m&nﬁon,
vi ew of portion of the overlapping barbs of the

Sho‘é’!}tglﬁ@beéﬁmﬁﬁ iftbarks of YAHOUSSIERIRE 12 C is a pl an view
of HrReREOrA 98 s@kioRAPEEpRtivé i beanbaRBi 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 [24;

-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.
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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- DESCRI PTI ON As
used here, the term "wound".gweans a surgical incision,
cut, laceration, severed tissue or accidental wound
ina*human or ani mal ski WESCRIFAIONuman or ani nal
bodi b SSU Fec n
ani AL ?ﬁse%%ﬁ‘aé&xg tfin?l w%[nlﬂﬁ’ e%RFQEJrglgE][ ln(?(ﬁgl Elgtgﬁo rgtrlonb%%rerred
tissug osaceidefitalcwome ét hung;andmunmml slmy obmhasrehuman edammhls:(odaﬁ tissue,

b
or o in AHelah o R iR Ee s, Hiline Y Jue g O ppper tsome
commaﬁigelsvmgﬁylsereqaredes or bI ood vessels or fibrous
over, the

ti ssuyes su t endons ,or %e%%mnts (g

t er fHS® BHHSR tagteageassrs%rlgdg Uk g Rpt T e Bssisoch &
skifl@ht, FastTh,MRde, nfuscle kg dne RS, Yol Blodd vEREIS, of BiBfobs lissuesbud$as

bl ock graft random and al ternati ng copol ynmers),
tendons 95 lig#snss. et cetera, and bl ends and nodifications

th em%verFfaa &aﬁr“mpﬁer”tab Aselifierd gena@il ¥BludesSBiilid not limited to,

include all possib structures of the material. These
homwmqsﬁ,égpqlw@m (pech asihlockagraft Tendan sridialigreting copolymers),
terdoBRARAE e Goter WAHbRAAGKY EodfiS RRHALRES HEMREhbE She torm

houg the sutures are scrl oW I n
“POANI@EFI’e sirall dnddwdsadlipossilile stiuchires C(f |theouatanai These stowtures include, but

are %Sgﬁl‘l‘ll?é& fo 19&3 H,t sg‘hcgétg hLa.l?l g ou rﬁena}esnon circular

Cross sectiona I ncrease the surface
ar eblttzugh flecituids ateelesdmbed belowfin mpre&h'eti bmbbodimbst, with hircular

r S i
crof{ B8 ag BF SRS o RPN B il o i P g apcon
incteanpbiﬂirﬂce arbzhalﬂh’mﬂﬁtate}ﬂmibﬁm;l ofi ehedbgehs, OttfetiCiofsosettional

d the | B t
shafioaifcinad: Bt ied to, 880 3Bl siirts: by elnerts Frepgoid.
rhoumiﬂgpamagbe hék4gdn a:n!‘o‘ifbﬁhlJ aaf Y 10&S TEPicABS barBdare 8fitdnto a

t he s section _of the filanment w.ll be

PO'W?W‘&WEH*E@%WW TRFRRY $XERISIoR ysing g fieyytha gigpular cross

sectfor], EuBih04) thel IPHME ¥&%kion B9¢ché HRbhRAt Wilas c@.@mmbﬁs S ARLITER RS
with an desired cross- sectional shape. Hence, the

during sch exfrysipn. cHoweysr, gxtatsionatios Gas be pustomimads wWithranyrdesimal cross-
sectq(gr@psq,\éﬁgse l ength of the cross section, regardl ess of
whet her the cross section is circular or sonme other '
s hdfrace, 25 tom t‘dgnetert pawetd bess is mtentérbtoinpan thei tiansverse dength of

_the g%%csrebl?&mn an Wheﬁﬁpﬂl% c{c{sgggcggrpﬂt rcxﬁar 0910 l{hgrosrlrl]ape.

of ‘course
ab @witaifle Gihmeters for thb oayentive sOtumndesribéd bnima brmu tan@e Odm aout

od 8o LSS Bl TR TSR o wou

0.9 sunt, or &onmboma}qasdmpwdiong) B mns. Yy t@bxcﬁl&i@aﬁﬁt& rargeciiodsbout

0. 0{ €1§Jetl %ggv{t Ia)éa ) d/ e gaggﬁﬁ-xg}f ﬂ'@&%pu?qé\aﬁ l"{rr;gy egenehengcclnnosscse(%al f:tacqgrs

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

-‘location of the wound, and the like. Typical suture lengths range from about 1 cm to about

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

offset with respect to each other, where the first set is aligned longitudinally on the suture and
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30 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 barbg_on a suture are intended

to nean that the suture has at | east two sets of baths
the kdvahd st & ahgﬁefdsertgmﬂmhll)r @sthe aiturt coue a phnopdipamgdicuheroah fgure

first set is n nal | t he utur a
and o aerthndrodh e s GF piialerarinb Shars P STpE AR st
w11§ﬂ5tiﬂtétsecb@hbb&el%t@Bﬁblﬁﬁﬂﬁ%&tﬁh@bﬂtar to the suture and
cutting transversely t hrough t he sutur

d .
" nt Becs Prajeet FEmBEateSior sTHss B (e Sutye bodt a whigh the hpupp are
h&d_ ' Iﬁép%ﬁcﬁ%&n hE SRS @ et usd oPBE BarBEd subfe, HRAR BEldifBent sizes

barbs project fromthe exterior surface of the
may be employede J» gametphilargertbaes Brerpere gyibledorjpinpigsetain types of

tissRERRR ﬁg%r EES O?ft éﬁ@&)?n BRdnERRriS A, Qﬁlaﬁetﬂ %mﬁ@é@ @hre suitable for

suture, erent sizes nay be enployed. In
joinjegesheitypeb af@@me, eohiss celtageménnee ésgie abl e for j oi ning

cer
AR B g SASRRa SR h  LpBSHR R 0o
malsing tcaivbrmdlﬁrloog sotunésn ghrotpasiculay ghesenchaterni ad Soxdhe bouheld sutyre

| agen _ de above, barbed sutures
depﬁ%\ gﬁ n%rﬁ qﬁ %&r#?xgt%{ﬁ?a%ﬁm%@% als used for 10
male@ speifically, ibafbedl sitoepmaybefoased ﬁmy aﬂ»m ~ghisonbhlae material that

aﬂog\tslllifﬁ%? ol ?f{igfﬁfi% d&p{lﬁqug ?Irésg%dgégéx € in e:tpsgge a% rtlhet \;}&md

heafp Eehéally bloyabsOdatIe thakrible bR oly@eribeant ﬁéiﬁmdmg o ltheeparticular
bi o- absorbabl e mat erj al. t hat Il ows,the suture

polyfagsalieied e degrdation tee iRy pg et from Aoy gy over 24
mohth$ SPR 128 of 18- a¥REG]e thRdials cliggRfdsahd decestitPoBrbmoving teutures
mat erials are polyneric, and dependi ng on the
fropahapaigitar 15 pol ymer sel ected, the degradation tine
| N Y ARuVBYBsdrBbEsH1 ﬁxﬁ%r@fﬁ@b‘tbuf arBREH I ite 18)\pBlydiAanone,

mont hs. The use of bl o-absorbable materials elim nates
polylpetideepobygtycpljdey polw'eqmaqﬁfg\et #7é cepalympers thefeop nt-erpmercially

avaﬂ%lé @)&'inp e\s@fe’ &gﬁx&aﬁo § Rasén WF'%F hgbglbg%ic&%r

not ['ydi oxanone act |

sellpxgl syxylo;ibmtur@bé copqibrgncacpfrabblacﬁﬂﬁmlycoad@ar@@b@mtﬁﬁ%rtgmethylene

ex
carlbodlla{;gfoéf;(%sw(l\i% mﬁ%§e$‘f rf:ccil E]tgm ec%ﬂng gf?alﬂrgé gprt%rglcal
sutirbd)] ddRopBYmE I bboig 75% liicokde B boue 23% cagrplatipne (sobd as
about 67% gl écolklalge and abqut 33%tri net h'%gene

MONPER ¥ EPe2 B’R‘H&‘ﬁ@é‘(ﬂ‘) nsop & JolmeopHiok shugt MSPREP ¢ o

nee@iZe) 'B%?ded CYRe fHabe £80 sﬁéﬂlﬂb SBorbasd nhils ardEful in a wide range
copol ynmer of about 75% gl ycolide and about 25%

of applratibasct one (sol d as  MONOCRYL(r), a trademark

25 ARUGaR P ARR ity DERARITSR ool Moo R TR Hifer

_majob@a pélpmer ﬁbblepomuem irglsle e angsief limitddrto spolyprepyleangeolyamide

(alsP &n?ﬁg L4 C t | on (gllléhl Ona*ye%?{,a{lea{eregﬁthﬁiyé] %ﬁi@vim hé?e,e as

SOT

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 Davi_s & 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 uoroethyl ene
(such as expanded pol ytetrafy uoroet hyl ene, abbrevi at ed
here as ePTFE and sol d by éore as GOR- TEX(b),
owped %ﬁrﬁermﬂsﬁ 13 lm(tﬁ&INbV&EFm@l w?ug E%ttﬂlﬁerlnﬂhhlrééilstd;]rscrl] Tohf&nencan
condensati on pol yperi zat i 0 i met y terep t hl at
Cyw“y‘? sty ETse OéPﬂWeg‘F‘}fc ghliernaiyely. anqsu%ba?réshlfbmateﬂal

el et (el'h ' s‘ﬁeeﬁ%@lﬁi ﬁﬂy@iﬁat@ﬁﬂ’ ﬁ@er@b .ﬁik @cﬁfdmbéf cé!m%) and the like.

urgi cal , nmpani es owned y under the nane

ptiof ﬂ)e bﬂvwﬂi sHuies dlacqsawal@@wﬁqute #@griﬂ%esi@ﬁ bavipgtheir ends being
pottfR ahé bihl ficie htf}gdtﬁ"ﬂl) i rpiekein ﬁsBsue Ttis

pol yur et ane ternative t he non-absor
corfemnplatedibat thegnds of thetbatbed sltlgres mgy eaphprise pewrgicalaiepdy.sin this

oA DS it 6490, 8 A5 e

wraiwmgr lndaEsimakmg,amemgetttheadm gndis soesical)necBleffor intationainth tissue.

f materla stiff to al. for .
b ity by TRl B waltdekdsfbed i pal ad Bpplisrind Ssecting
thetshiereemnd frad theutitgicabnazaly holanipt iaﬂ&n@uamalgy disposerbg @heend of the
di.ment,, .the, bar i..S ad ted, f

thi.s 0 d, sut
surk e s oy e ol o e I e R0 G e needie),
follo@ad by Biirhpiliy (hg restltar® WEdue the inBEdRelEt1 NG thar thheutsd isgaeaﬁéd to the
needl e for. insertion intp tissue. Attachnment

S“rgl\ﬁﬂd'ie%e g ingeifipn PR USSP 59 Same gngxyﬂ ug%ﬁll?%;.vrth a %mgitudinal hole

in GHe CRAIR he1 QA NVAbIcRRRE tHahfe hdd? strlifk Stk &8N Bf th bturk iorder
surgical needle hole that is Iongltudlnalli di sposed

to aé*@cfbﬁh%méwa tote syrgicakngedip-c Apditienally csopg surgigel neerles bryp e
chAAg opﬁ'&ﬁhcﬁ blllé &, An‘a%ﬂ dutlffe 38l Yh the Er@ué?lnﬁ)ll%@gd Q%WHE@mﬁ
needl e),” | owed by crinping the resultant out
Secn@é@ﬁ S@t%mh@wmhﬁmeﬂm Sugical peddles ydburasavangondi eyelet type of
rolf G20y BB b chTSFE altod B g Rt o 830 bR o
pre&ned Fre durbedhsriturika Dfce tltelpmsnmmnm, parh efihe discumbn bflowmregards
sur; 1@;? %eédleg Qw?% élt\gL ﬁ'lr ball"lbeérsgt | n,q]:fuﬁ ft“iesrc 1 pgart] ac{tfu% any 8{9}81' suitable
memsmgatt:aahmgaemﬂliees:arh@m;ﬂoyedhanneI or trough at one end,

o e Bt 40 S R pr o

BO@BITCQUC‘.E Patasadd. G?Sﬂﬁﬁtﬁ(&glﬂﬁfﬁnﬂ Phradt 1‘&5/ 5]162 418 @Q}I@ﬁgelr et al.,
. e e y | Spose in one end of the Surgl ca
U B N B SO o) rhaseh S, UiSPalei lon 550088 Lipdtistest gl

U REBRNCS §1702,991 tofcUllidah SU B! BA&GH Nol AUEIN 1628 Esidslet A, aﬁdna 8.
di scussi on bel ow Fegards 20 surgical needles s
Patefit No- 465243 ta istgyasst alp y method for thepeanrac el Sﬂf%ai’éﬁ%ﬂes is

des&ith8%in B i)ﬁigllltqqo g%@ﬁ‘ §829lf0 it ahi Iﬂﬂ%@le /G4 ﬁﬁe@fﬂﬁ‘t t siurglcal

enpl oyed.  Attachment” of sutures and Surgical need
neetlls mepy de codied terconting allpwingrior thioneedied thedoventi Bosopaiimstion

surgy ed reﬁo%g/']hs r@ P8 tf fﬁ EsfH‘ cs aﬁ) ﬂ‘{tﬁéguré\pal
) 8,%@“{0 anger et al., L O. FLastenf mo

nee@le W28 1901 todtasi. Gha mgﬂmgatayanle a polyniSr, fRahsiatce Nosilidon®d B8indB4iing.

Fore P Tabrofd Shionieee o 6 BB ubmpaenizics o o

effeatiibsid fBnetrdionh eah aNanddrd 6icorfiAd stigickbricedie s dkcritled in"U.S. Patent

-Nofgegﬁlg%%l; émglge?_en'glnuf acture of surrgl cal n_eedl es |§ |




10

15

20

25

30

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 tissue yith less force than if the
surgi cal 30 needl e were not coated. The coating may be

a pmmﬁj’s,aref dipobdasi aﬁmﬁa,s aftareink GO b tHc&ﬁdjfmﬂ:tBa:tutuTg The barbs

: r_exa , an | d, si |con|.zed sur.gi cal ne
may R {OT BN TSP TR 1 GEarF g o e SR cvting

lasdr] &9YUR: RNV 1ﬂa£ekgﬁ*ﬂ td dflﬁtﬁhgamsgeﬂét@laﬁﬁiyﬁxbm seaiz@dilaments are
surgical needle is described in Pat ent No.

Purshazgia aprh then the bahp giscuintothe ﬁlﬂ@l@ﬂﬁ*ﬁ@?bar bs are di sposed

| N PR g n%rb@%gﬁﬂﬁrﬂu‘fe tHabis 14b8r RRAYivO hnd AR cotlbitdcve. The
barbs may be formed using any suitable nethod,

i ncA yenyrsuitably etinisapachiae i diwglosed iarkh S nlpteng ﬁptﬂilq#gon Serial No.
O9lb§39,’%3’t goJaIE?all 'aé‘s oreh B gz ﬁq@l?@?ltﬁ’le& MJEL\SE@} 2b%, the disclosure
genera pol ynerlc reads or anents-are
of \plmiclchamcnormntbx fafsrent e Shirdomittimgenashine bag oplutality of blades for

cchgh BBl AT RO S0, TRl Pt

barbad sutidseititizdstaicoginghed)iarvise] snedr sokaisadb dssenld}iS, atbtogmtimes a

el ik gt WRomt? S B TR ol by e

visd] gl tbswnevermfdlmbmml‘of ki Hlaeo gqmefaay dﬁphspd trethetranedse direction

h ut bl.ades, f
or (e fienl PPl oo of e S sobdmeS Abr Pl
ext€idr bf Hehtar@Gilinieae.f or nmanuf acturing 10 barbed sutures
utili,zesacuttin bed awse or nore Elae

as SWHB Feference Ry e VHipgs: yherp gﬁﬁyciqr@nc& MU defighats he
corf%]]ﬁﬁﬁﬁlg 0?§]ﬁul§#«€léiﬁ&1t§ thtRBERIE the SeRkAGRRYs] dholh e BigGke aAds a side

vise, -wWith the transverse direction of
viey géa B# %Fb’é‘“g@ ﬁ@Paimgfo dhespsessridnyegtiomend genpraliedesignated at 1.
di ripdrk @ MncRs I:Iaﬁaaﬁidtbldﬁfz f:Ha{ i@'ﬁ@l‘igral 8’ é?chfafjﬁrchSQ sé?:H&n #hd that
plurality of axi ally spaced barb I sposed
termainates ingnd 4f End 4 ig illpstraged |uamnb0@1w esrberr@fp@rr@ﬁicfer pegofrating
tlssgé) bﬁh?ggéﬂ%gﬂ%g él){gg 2 éie4 Jrnh%@onﬁqu‘{ ar e Qaé of shown)} for
msarmtumgmssne t(Flee @h«r@n@is nwt hawn. )sdnismui;um Fmglud@ plyality of
[ bar sent
clo@yBpsetinibaip SrBrOR A EuAEALARL AR HER
spea:lfmdllyda&alkyl spm:@dbatﬂs batéy.‘atﬂall)fmtangai dpenersd|degreasi fromidral

e SRS SR e s S D% e G B

set PETAetis7adelifga pldfe thatis blﬁmtabmillylcbplhﬁar@ﬂmttﬂémhﬂi dfindd @t second
conprise a sur

set %‘@éﬂﬁ% B CORpegugTiy sbpabs 7(3 faﬁﬁwged' R tswi? O%Eh%i’m dﬁw to the

radidl mdeglléggﬁ-ﬁlgémhﬁcl udes plurality of closely spaced
barbs 7, arranged in a staggered uni-directional

i BB LB GHhiciMG 91053 pREEpnA ah Nonsdiep APy B fcteRp himTigure
1A, ;ndté @le&ﬁ&maé&avcs% é&gﬁana?&fe&acﬁgqss ﬁ%@@&aﬁé&ﬁ@n@%arbsﬁ

st agger € pect to” axi al aced b 9, wt
witlheespest tp bahs Padisalpopan bt seen Epve F4gur¢:iB,sthe stippling illpstrateg ths first
barl{’(] g%%rlgsg]e@ 8B|fsé}qg H&Eéh eﬁ(§4 ﬁ%?sﬂo%tlﬁ %‘lgluye ﬁﬁ%ﬂ'ﬂfs Wefobto be
larger than farther away first barb 9 of barbs 9, due to the staggering. A transverse plane that

is perpendicular to suture body 2 and that intersects the base of one barb 7 of barbs.7 does not
intersect the base of any barb 9 of barbs 9.
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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 1B -1B of suture 1 in Figure
1A nore clearly illustrates de\ngl e X, nanely the radi al
180 degree arrangenent of blar bs 7 30 with respect to

bar figu 1 i R lnfie Gab alering eRchihOfhpredices thB setk bEbarbs 7, 9,
stippling illustrates that first barb 7 of barbs 7 is

usuetlisg%erset aggIenEEFtagBIedPsHinn algrgdpiuren- pich @ the Fiing devdce

des&@m in &eeﬁaetxfateasenmw@%wm tbdchb@ietamay first barb
barbs 9, due to the staggering. A transverse

p | aﬁ@st g4 af barhss7 ip éiele‘étlt EY Blaring aacbholding antgye famengindhe Yisg, and
theh, thde? Slcﬁlac'de%] *%ﬁ%abag(ﬁé‘de%‘}m&% E‘IB?'E’ ch&fl @%tetkﬁtmg ﬁﬁﬁ’n@ﬁt a0
any .

| nt ersect t ar bs
angBuselacted to ¢reate basbshphintingtih one @r;tctwmtgwn@m@mﬁf@l etnﬁ ét Second set of

v SR TR 06 Do bl 963 g
apprdném&tutythalfgf the tungeudmté gstantelskt weenttWwe oflipobsc? andtadsd rotating the
733

sutlﬂ)t'g1 ﬁ%aéne#\kt)gut ]35’/8 gF%‘geSb%l} Lfﬁ \étge, Wgucgﬁ%eq%ﬁpad E) acg'onn%?&ate fflrst set of

barfas'l’ﬂaﬁméalrdadtrhe vise, and 5 then, the set of bl ades

a predeterni ned |ength, . s i ce
1 1 Shemlh Bieta s R BoPhith saPobS b otie festht
mvaﬁioatah@g likB snﬂﬁt@ 10éxces ka0 Butine e ﬁsdnmme&kﬁdl Sathret10 ﬁemcmd
bar bs is created simlarly fter E@C&’e&t 9
310%8%‘%0% é%thP'dﬁg‘?'FH’HV fifylar ip ff&%%e@ta% agd UFgyinates in
ﬁrsﬂﬂﬂrsﬁéﬁnﬁ?bﬁteﬂ ch@l if4, 0 fol PehetXiidl dabied nﬁiso di i8 bafi&fplated that one

bet ween barbs 7 and al so rotating the, suture

or both ende d. 18meAycompisefeyraed nesdler (et showw, Ioxipsestion gto tissue.
AlsBORbRP ﬁglnt:ﬂdt%‘l??tﬁﬂgg d8di6sely |_p§$ed?b§fbs 9%, 181§, ba Eﬁﬁféd that

are already cut. Shown 111 Figure 2Ai's suture
stagmredtbl-dgecamﬁdﬁeposmbodu ment of the present i nvention

q\éll rek‘%c:ﬁgcn #tpﬂ‘@'%bf&{%ﬁ%h ‘{Bbggrﬁﬁe ongat géﬁgo dai%m 180

degtdw&fromsmg staggeadd| \ytttmesp@sﬂ ta plurailty:oﬁmisﬂls epacedbarbHl%h wghtbetlbs
17, ?gg%f%qu%l rdm élﬁ ZII ?ita: pﬁglotn (gbout ﬁﬁ%ﬁgeclgné{h)pog 'snm.n%dl 0® rﬁﬁnlaﬂy

sue
plumumcemmany qﬂcetdhatbs dRerehadially &retmbedeabdst B0 ctegxeesrfayn and

staggaie] wihdedet o BneRly € GrabEsrhord tiam Aok b Tt ) e
poiftb@&f] 16 HPaoeer piidit(approxitiitelylde ofhr lalffdf Iﬁgeldngﬂt) ofisuture 10,
-di rectional di s%o& tion.

Fird i O Paroal 1 J5 cafine aiape ghap o satevaptiels plangnivigh e plase defingd by

secorile B DArtR 10,200 d a38RN! alléihartd @ 9] B $9, 20 ABfiR Wbstantially the
st agger ed Wit h respect to plurali ty of axiall y spaced

samgonp plangduap the redizl J80 degyeeigrranganeng of gt ssbofbagiy 1éni® with

& @c&ﬁagét &5PRuse hal f of the length) of suture 10.
resﬁe?{mo larl ﬂ)ﬂa Tty of axially spaced barbs 18 are

r adfigirg 9B iy ar anygeettighd riew dongling2Ees2B phptuipd0 in Figure 24,

moflcRAT YR ndE XD Rk ol Tad Wearifbdlent PRRGT

staggening) Erst pab 17 ofbatizspiirio wlosa tepointed endokd(eot shesvi indfigiurh B), and

t:husI gnp%t h)larg alflltfgrrth%r z:tlvgay first barb 19 of barbs 19, as is illustrated by the
stippling. A transverse plane that is perpendicular to suture body 12 and that intessects 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 arranggment of first set of
barbs 17, 18 with respect to second set of barbs 19,

Likg@isefd tgmm:r@&»lar& tizat & peggndiewbsi 1o @nahre\boeyvmhmngatl ihBge?Bthe

n F re 2A
base of SrcHactPH o ersils e o8 ichor e beSR o afy el e 20
ar r Sungee 1e fiay bBueade mﬂltﬂk&sa&e cﬁthaggﬁéhéﬁ?ai sfltufetSI skrl]wd@ ﬂie7cumn g
en no snown 1 n

17 t
de"r!‘fegcgfcgjgg%sﬂ s heve PR serfy S@a&%’g‘ﬁapa &9 Gemeis of dy e¥eept with the

follamg&hﬂg@tinb@a@m;&n@l{ barbs 19, as is illustrated by
the_ stippling. A transverse plane that is

per¥rEdt Bttog b digclonsl baby by 8. Bftcrihe suthigtlilamens isqlaced and held
in th&'Gise, RRIBadRf s 36 w’?tﬁ%*?irs"tzuﬁ he Q&foﬁ?nt&lep;%%rﬁgl fé%ﬁ half of the length of

intersect the base of any barb 19 o
the ptne fjlampent ko qreatebarby Kiefaging ineone idirection tcp@aré eoitted ghdit4. 1 ext,

the %}ﬁﬁbhr e Ref 189 c@Eﬁj: Ahat by GFSRW &s sﬁedé]%l in gélte(%!?}gctxon and

barb 18 of barbs 1 oes not 1 nter
ovep thelyna haif obike bengthO Thstrtadessareithemﬂov@d tm;ﬂee witd the bther half of

the géﬁgﬁ ‘f’llﬂge h&ge %ﬁ]&gelltnqg{@asse§%1d%{lﬁl éiac h 1'ae§ etbﬁga ‘ig]i’acmo% the

SCri ove-n
qx@§k9ﬂ@miﬁachd¢bnmmbméﬂﬁaI , except mnth t he

5

foI chan bl r For .fir f
SRR S ARG A IOl G teld g SPedrpebon iy e
longlmdpiahthﬂahcﬂ ibeltwieen tvo cnﬁbatﬂsa?vanaalso ieasubtiradRmesls totRed about

rst c tting action in r.oxi matel y hal f of
1500krbe hnb e, ot B % secBiveionop Gt el ot B-Gmpanahfrds
17, fl&ﬂiaﬂﬁe hlfeadf eutd| me@ tfbiacdndwer'off bRgirdeti6khl 8818s 19t 20 NG blades
he, bl ades are rotated 180 degrees so that t he are

sl’hﬁ“owﬂai‘ pheutng actiop mee, ppaesipaelyihall e Igetiaffha giter EHamanisto
credﬂé‘lﬁ‘dﬂlﬁs vathdin®fn R Qirk &8 kbward PSini2h 2R F6. Af1R ﬁr&%ﬁﬁﬁh |a&Yéﬁ"nqs

splice into the other half of the length of

- fOII%WYéO%Pv&% Plades iengitndinatiy HP degrees ﬁgth@tcthtrme QW étse@tzrém

the Bobite cﬁl%ctﬁ(ﬁlcdnﬁgwéﬂhé E‘lﬁ:uhgﬂﬁﬁl‘g[ Qd%s LR Griowed to

poi nted end 16. re of
sphq:eun@u the efherdialfypf (hedengﬂe@tt@e fuhuze f;taagg@mﬂng;ecambwzmcﬁon to

crea%f damew fw%inttﬂfé}&@h%edrin%&%cfwgﬁ i %.M%Of barlgsl ég-'

al'sot anent I's 'out
d edn a‘edtematwmmboduagntmt sliowm fmcbmﬂnmﬂnﬂaummcnxmﬁ@attbn of
0 ect rbs . 17. 18 t e .

sunnig [ 17, 30 ity i h R sing Yo st 18 nygprcion of
sutubal(bsiti Barbs2(B, 20 hﬁy lhhﬁctﬁiém fﬁ:bilg:c t@@ahrhlllplbﬁtea efhul n?t wri]mtmih ng

.acti i roxi te alf the length o e
variii, P babrSnBRE WOl Entistted Bin ety %{HPF?@“‘?‘}A‘*BWE’ such as
that ehdvacih il abbasasted UCS Ph@ﬁ 164)d,349 376 foeRudff. F Rddigstfall}, 3Gis noted

foll onwed b rotatlng t he bl ades
thaty lgisﬁi i}ﬁﬁ%may bg S’E‘Pa’él’éé pbat thege gy be mvoraw@ Wihyparbs facing
one ShEHAHR6 Fd)rﬁog Qith |E§rb9 Pz{&ﬂ%‘ tﬁeeotﬁ’érre § g}r B tFaPﬁs facing
t he The es a (J

uncut hal f of

one Rl and §\vp pertippg with h@b ﬁreg thcvaxﬂrer ofd, fucbsql cer(gvlhshgwn)t sl thus, if

" a poftith OF Barbd fs%ﬂ?ﬂ&m?"ﬂ{e@uﬁlr?&lﬁ ﬁ@hﬁﬂttﬁds@?aer % rg@#&n then, the

create barbs acin oSl

- barbedgyayre m@l&heeweaﬂﬁlnlmnssumwanmmnsmMavm enbodi ment

( Lk aSVHBL of LbarBld StrE bV Rhditt 0! ek arrkfiEmBR Wil

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




10

15

20

25

30

suture 10 with barbs 17, 19 may have them faci ng
toward pointed end 16 and the portion of 25 suture 10
with barbs 18, 20 may have them facing toward pointed
end 14. Wth this variation, the barbed suture would
be inserted into tissue w t[ban i nsertion device, such
as that shown in the above-hoted U.S. Patent No.

fildmedh AnB 6 staggém@ﬁ mpped&l antifiak barforinandeS TROE, @flthir AdUelidafe

desi red, rbs carped so that there may be
- tisspgyhss ¢ %r%f%’ TR l%ﬁlﬁ@f'ﬂf @eeﬁggerf&rﬂ& O Sfarea FRacigp generates

effft@ivé hRoitd perfdahdizef aci ng the other end, or two
portions with _barbs faci ng 30 one end and two portions

wi t Fupiepewte Fighes 34 denieterbis agidg viesnef apptheyprghedient of a suture
accamw thepekehitontibi, an@géﬁa{ahy aéglg?.e.tebaf Rifurd §0. nsqhmta 36 ke

suture end to wWhi hose barbs are adj] acent
sutwnéﬁhownhel Figge lééde:@mt@ha@ﬂmadud spreingrformutuse3 191130 déesesne
Is ' advant age of a barbed
ms%(%ﬁfrlgadb |ngatsésogr?lggﬁ¥(}r%§t§5ﬁgegree arrangenent with
st dggemartigulagdyt sotire 3hipcli@s elimgata:tabcsjyémthﬁg is generalfyckitcylar in

crol ARSI Paf BebFAE BT kP e 9 A BB Bb e
thaﬂ'dmd§4 nidy cbinpﬁseeemﬂtrgﬁl n&ﬂteﬁ(nottsh&&l)&o thilo e @uidresam bé Bikerted into

oo 5ol S35 A0k I Rh AR RSB TSR B

spacmbafbs 36] T B addhged epthatatidadeSn meemﬁedimﬁwh fwatdHiMed end 34.
5 accordi ngl to the present

t. of
He‘?‘:ﬁ\}gﬁfhlsﬁ‘?r’:“mgﬁ& g@t@%@i rﬁ’i?&? iR dyRchoBd- at suture 30.

SutAle&, agfdl dpacdd HsﬂJs 35 dtelthdially SRAWR dbBulfi20 lae és/l‘ron?éiﬁe pt
that the radial aC|n for suture 30 is Ode rees

staggpretl 93Ul reppeatde) a’l’s}@ ngbf' 37.rhishrare gdialiyprmnged 2 OI%F%O
deg%E I’rbﬁl%a rsﬂaﬁger&i%i‘ﬂ{ 1%3p%9t tb BEih S AcRl AR Abe ﬁe@&dééuaal%r spaced

i's genera Yy circular in ‘cross section and

bar@@rﬁf%iﬁfewgecbﬂzom ] deaaess‘mm and ggsencd aith peppedt gsa;eally
spaéctd Ua?bs @ gg%ﬁft ?ﬁ the ]*QHI] h aﬁrﬁ af; G Eét 3Fbdos 3b5 define

sur gl ca e’suture can
substansially t smm' ong plasy s,ecor(dr weofdtarts 37 elnﬁnq sibstgttiaBhanthey same
ki | f clpsel
one AL 8 st kS e I6SOREY Ryt P op o8 s,
sutlu'hﬁo bearperbd |36,639t B arrdngediing spigpertdohistidctihal 120elages dlt}hﬁltlon

) FHEEEL 58 B0 o BB AOR o lde 2 P Gy e 34 and

‘ showbwuh nib2Opangiers aﬁgl@m an@lylthe fidRAD OB Waﬁbng’eﬁ;‘éﬁl&if barbs 35

wit Bl A bon g Bgrae s et vl e o barbs

35.respect to axially spaced barbs 39. Hence, axially
spaced barbs 39 are al so arranged about 120 degrees

fr mﬂéﬁw&@é 2% Hherstiapiinie: Brst s re! baeps 3R beacpipe obtha staggering, is

closBAb psindd endS4 ?nd't Sttt in @"f ehﬁ%)r éh‘a' tﬁ'l!ls Qe%gls @’c%glﬁl%er than farther

arrangenent, first set o bar'b

- awag Lﬁb%béﬂ?ﬁﬁ@lf bgrbs B3 ébﬁ@fﬁtrbefbpﬂ'i'aﬁ éarbsé"é,oind t05téc staggeting, sscloser

o5 € BN AT b g5 ST PR 05 s o

away fiot hab 38 afibaibn29. pAalamvefEhpianc thatiig pmpen’ﬂﬁzulaas) soeardisnd3 32 and
* that erse%?s ﬂ%n %f ?1} f%gl%e h§ goel“sI rx‘llot 1n{errs%8tt thé) a%!e o azncj)( barb 37

€eJg ree I SPOS
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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- which are radially arranged about 120 degrees from and staggered with respect to axially

Figure 3B is a cross sectional view along line 3B - 3B
of suture 30 in Figure 3A and shows with nore
particularity angle Y, nanely the radial 120 degree
arrangenment of barbs 35 wth respect to barbs 37,
barbs 37 with respect to bagbs 39, and barbs 39 with
respect to barbs 25 35. As illustrated by the
intesgopyrhe brge of drfediarbirdd babs 89 dbmbsinRsecthRelbdss 6f Gify batbe3s of
bm%tgggering, is closer to pointed end 34 (not shown in
re 3B), and thus, seens to be larger than farther
avvaSutﬁteBStmd@'afetmaaz wath thanbs cﬁtﬁng MaSlfine 45 sufilke Daﬁcih a3 fheddutting

ar 7 e to the ri is closer oi nt ed
deY%FF‘o‘?eéW%E the pRtempied 3?@63?‘@ @% 43,133 do a%vaegéle © CRIRg
macRhOR rnoﬁrhl@&i 18 pRRtubSthicl 8éts 3%@@5 87,1381 usﬁﬁ[)kbn%%etchft a n{ne ina

barbs 39. A transverse plane that i's perpendi cul ar
staggpredRositigy plonosuiye 304 hat i ntersects the base of one

Ear Birs get of b:Qer PSis @éatg@ §§ Eﬂ&}l% LAt ﬁfl&iﬁ%ﬁ sidhe fﬁ)ﬁﬁ{l‘lt B th@0ike,

bar bs . a transverse ane
foliowatl by ﬂle;béqdpe na¢ré1awag bm admsuqd & @mw@zmmdde@ﬁasphcmg into the

suthlrétfffﬁrﬁe%%tsantaﬁﬁe Eﬁ§§ cfftgsel? any gagg’sbSﬁg%) t@@ﬁﬁ%ﬁ%ﬁfécgg%glsthe same

not intersect t ase o
dirgition koavardpointed erglfdver se pI ane that is perpendicular to

sut tersects.the. base of.
bar oG ekt artiteh oy b CERE BicgRGimgt agproymasy hatf
of thaidngiBilired distancelimtv@Bn tGbilaebs3I0. Mo, the fitmakat irbiatet ABout 120

e Byt VB o PP BpUEoBle S0k BroRgs il Rave Seady

beeﬁ&hﬂéﬁﬂ thdBsctendGensh\barbe B7 & crealdtidin @ Winkilap ghabndrachi ne i s
roduce thr rbs 35, 37, 39,

sed ets of b
VS%?F& Hps 7 again piiset lopgitagdinally S samalicih Hadacrion
app&?d»@m&e@lhblﬂ ki 188kitullinkististaRE b&vebPidor Barbk 35,Gh8 ks thelRMture
holdlng a suture filament in the vise,

aci ng anpd
f‘“ﬁlﬁl’ﬁ 16&&%4&6 opt20isle ggescon the Yiss. whighitheuirned toagreramedate both
air@dfét&@i%t St 3t DRts 3LNAlaleadyRul SO £NEtDaftRS7. RHIHR the35

ament at an angle thaf is chosen to create bar
longighdinghmoygmenpang 1piakom ghttdnset dfcbachs 38 is crentefl in@siniday manner.

t ovRL(drBR/ &H% guc‘(é&gwg ﬁarbl\?éﬁ:ﬂg&hﬁ agJoaﬂ&% at;'ﬂohmﬁegﬁks around

| ongi t udr'na Create t sta
sutygp pedyd2rfenne thy pregeding berb ahrbddes nofi ctvaxﬂaprmith atiysitlaen berb.

ool By 1 Mokt 6 Rl BBl o
preseotioventidmt &utﬁue Kotis smilarab sizarci3s, c%eptlﬂmt sthwdoad iak@ytional.
barbs 37 is ¢reate

he nd n.s nd set
sufdf 4 s Pl Bay $28REs Rrelly oA p gt oot .
termififtescin firg Ia@cll ieudtd’;&i[ﬂt@d éﬂd@%f%&‘gﬁp&flﬁaéﬁk 1950 11 A{)S@) itis
p te ongi t udi na i stance between
confefgiplagd tEaPB%X@%’?h Q% mpgiss,f gurgiealngedle nof shown) in
ordérab Bé ReerRl dtb (3:26. Qﬁefe%%mr ireRid¥d SiBralityhis %f«bsél? spaced barbs
47ngp ed to accommodate both already cut first 'set of

85703810 ARG iy stagaerede-direrction] diposiiems 37.
FOlF 0 ¥aaOn i1 UTE the l@fi’@b btiGiniako, %Bfé JeftcePbiod fitafilé él%mferentmlly

third set of barbs 39 is create |n a simlar manner.
arranged about 120 degrees from and staggered with respect to axially spaced barbs 49,

spaced barbs 51. Consequently, axjally spaced barbs 51 are also arranged about 120 degrees
from and staggered with respect to axially spaced barbs 47. Thus, a portion of suture 40 has
all of barbs 47, 49, 51 facing in the same direction toward pointed end 44.
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20

20 Pr eferably, each successive barb is escarped at a
position about 120 degrees around suture body 32 from
the preceding barb and does not overlap with any other

barb. Wth reference now to Figure 4A illustrated is
suture 40, another enbodi ne of the present
invention. Suture 40 is sinlTar to suture 30, except

t hagiorSat d1hd@ hdi@ of the Rinph Jf 86hle QD2 AxiallySpicell BarfPas N6 rMKIRS
el on ated body 42 that is generally Circular in cross

-arrwé@ t BA0eefset from apdsiagased syt rpspestite axizllyspaced bads 50,

whﬂzﬂ'aﬂat 16tatfy Qfanée‘& da bR 120 rdeﬁ@&%dh?&rhﬁ@aﬁgéﬁ% ’Z‘lﬂh Arfeglp?crcg )t/o dxally

cont € t hat oneé or bot

spmimipsé@ ouseeyingl) aizdlycpase hubs Shoanlo imngsd et 129 dserees |

fron 38 S ot i Bt ol 1, b6 of gpore

40 5@ aliraf bﬂge& i50, 52 fsd:mggﬂheshm:ﬂ dighetioradwad abingidsepd 46.t | on.

F b | th of 4
cpetEa i bRl LPcpBe HraheBmeRelit] o Spa A gptine
subataneidlly Hi(katie ghepiand, rs«mmm ofbaalg g, SEldefint ButiseApADt anbtlher same

ondishs afLRREGE Pl o 57 ot Sy B sul dnftheteRk bRV G,

aXI Bihry 4BSWHEIRTE Aussh Secdidnal CRASAEHLAHE UB,— X bBdubite SPRMTBEIre
rbs 51 ?re al so rrariy d abqut 120 degrees from and

g eIy Angle XpBropely Hegadial 1P augngerment ydihaaeater specificity.
Asfl Thidﬁate(ﬁb}ptﬂé §ti[?ﬂn;_9fﬂr§ BhiBI4T of BarB8$7, o labcobthic 7 %{e@‘iagﬁgnngAfﬁacloser

he same direction toward poi nted end

f aci
to pqrzted ffnéf’gt(rhté shavipeip Figwg 4% andibus, appgars lasger dhan fagher eway flrst
barﬁlzi% 3f ba¥ps3i22 084, RRanRs ofife 84 ehag Ifﬁétlbxrbafgr@ RIS 48 Emiser to

degrees from and staggere with respect to axially
poigigde pishowin Figwe dR).ané thugdbpaarslarger tharpeign Sbar away first

s fromand staggered with respect to axially
bar%gggg%g%gjﬁbs 52. Consequently, axially spaced barbs 52
ar eA ghsyera plargbd ispopandic2lRr weghueelsnds 42 modrthahigtersects the base
al |
of %%%%Zﬁ)g{)#ﬁ% (ﬁo%? Rgt nl;ntglftsgct%%e tase of i!%? ﬁgr%qﬂ)%?{)aﬁ ﬁ Iblkewme a
trand Gerseqflane Sizat isa;(ergegdlbmlalttheummyi B2 el tharintteas the pueraif enk

barf 18 of B39 B ch eraclt e Boglal s SEof Ws 3, Simiterty, &

'trarfwléiﬁet;ﬂ:iﬁeltlﬁt isypefﬂ&ﬁd@lamo @merepioay]ez aRRERsteseds B bh’sarolﬁ Bne

 var Ahoflhri 1B ol iaegt 8 bk Acnarng e s g pansvere

25

30

follgwing shangs y

plafd thtlis FenstinbiRlilas@ ¥R WP 4B AR thalnieiseits Siebbhe oMdh&barb a8 af
cross sectional view along line 4B - 4B of suture 40

barps ft8jogypal intorpect DR S oranedash ahef Barlgaifh dilpwissapispnsverpreplane

thati8 LBdnalafdr & shﬁlw&!lﬁ@tz a0 Hiat ﬂfe?s%&@ Ehe%%‘ecdffdns bk 50 of‘ﬁarbs 50
ustrated the Stip glln first barb 47 of barb
doewot intarsent é@lbme offany hasb SE afbasbs Fy, Simiarly, a sransverse plane that is
qge%{ahﬁﬂo%mm%d{, 49 o PR RretBord 118142 of B b 92 bbihs 52 does
ppears larger than er avvay rst ar
notbaﬂb@tﬂlebasﬁlﬁmsﬁmlaﬂi&dmbﬂ%e st aggerl ng, first barb .
£9 P28 By 9 PR BT Rl 47 i
devize desclibed ih dre abomyndtéd .%nal Kar(9/%93,783 tdGendsa Elilal ékcept with the
transverse e that is perpendicular to suture body
&?‘%{agf%&s t he base

For first set of bi-directional barbs 47, 48, after the suture filament is placed and held

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

the suture filament to create barbs 47 facing in one direction toward pointed end 44. Then,
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of one barb 47 of barbs 47 does not intersect the base
of any barb 49 of barbs 49. Likew se, a transverse

pl ane that is perpendicular to suture body 32 and that
i ntersects the base of one 20 barb 49 of barbs 49 does
not intersect the base of any barb 51 of barbs 51.
Similarly, a .transverse plane that is perpendicul ar

* thebibdSs HrtHorat o) digread thdd Bey bRtrRHSE§loSedtih Gieb@ﬁ&lteﬁlr&:ﬁh@n and

barb 51 of barbs 51 ﬂ es not intersect the bast% atfaif
ovep gepnont half ofhe frpethy Thoplades thenareglloper &psplige winsthe pther half of
the wgmﬂ eHeGuhAs ﬁ1aﬁe§lﬁ1waesaaﬁﬂséuﬂl%% adtdnlihaleatt BhBE S8fakSg in the

base of one of Dbarbs 48 does not
omomeeﬁ@emntpw@rdwam@d@nd%y barb 50 of barbs 50.

L : '
L1 oG 360 bifack EATINN SR RURAS @orkdiBine bBRRRBPRANCH Rl the

hat i nt ersects one

lonbmdbla'é@st@mcekbawmsn 8o oichaths 4?1.omd ialso @mtute filamenfasotatfd about

RSB LB el RIS B

47,4R thet sre abready bet. e fofseomd sdﬂa)lf bi-difctidnab barbs4% 30,dbeklades

soiE i 85 e el S SR n RN PR R e kS pramgnt o

crefitl barbeS0lfaciag iondsliredtion mwml pajnted Bndiens i THe fﬁa&anm@ ections

tolén Speing ek 10 e ol i BpoRRt e ooposic

d1rd&t16rﬁﬁidl oREE thé-@dicuf halSSf tisedropd ﬁiamwtt ey the adlich afidthe 6ﬁmer half
Erthesturefllarreé\f pl aced and hel d
of tt“hf@nﬁhg the gifre filagprad Wit p secgn ‘ttPP?aacPPi‘ tcreaig barpiytd facing in

the BfidsiM\ditedtioh RRBFGPiIBE @livahal f of the length of the
suture filament to create barbs 47 facing in one

di rldenstembladararecpepigioffse dongiudinally (tnraente thy staggesige)fonghout

‘ halif tﬂé Rh&ithdhRPdidG AR RN thd \Glbalth 8. %ﬁ&xtxﬁ%yddhé Q&ﬁ:%‘?ilérﬂent

he ODDOSIte direction and over the uncu
agalnelh trtated ahiout 120alggrses dndhe vipe whichdvwsyinped g)pacp@@mpqiﬁ@altenéy cut

ﬁrsggegtgi{: bé Hg%%lgﬁélibﬁ}bg Q’}‘ : @Qﬂ& QJIQA]:I t:l!l}(:se&)%ﬁ Q%c%f &%ﬁl?&ﬁ&{al %5@49

action to c eate ba
50. tffmda\owtmgpluslpngmdmabnoveumnt amvlmtehq:motfmtlanﬁ snd M@:retﬁl onﬂmbs

51,‘;51%1 gréegxléa dﬁ&j’lavugg ﬁzxf %ﬁ'zﬁ% SRECPBQMM dtlirsf g ac on m %1:3 %gﬁ%%ly half
of thelengie nf theveutade fikandns tokreatechachsadll Sacitgria omel tiumscaoﬁ tdvaundpdinted

end 3,1, B A B e e b i 15 e Sl oy are

no“bﬁﬁphﬁ?d ig Yheddb%oﬁlﬁaﬁrec&foﬁ afd gﬁﬁthgé uﬁgﬁt hal'fEEthg lsﬁtgfe fﬂﬁﬁ@ilﬁ.dThey
set. o | | rec r t he ades I Cce ‘
nexpgnlife it the gthe "ct?j’ﬁH q%ﬂ'& I%Rﬁ% ofihe sp0 gbﬁ}cﬁ&\"ﬁlﬁ? mnqﬁpttfngcﬁctlon

to cha® Ha3 3D Pacy ih MR opPésitE GirddiibA kd pAntd@esd £t € bar bs

50 facing in one direction toward pointed end 46. The
f i Pselerablyt sagky sucsessiyn barh is esearpashab @ PeRjtignAban 17§ degrees around

suuﬁé 9&2&2%&% fie gfe‘é&ﬁn?&rﬁ DRt okt o@ér% A é#\'fy%ﬂféﬁﬁﬁb in

pposite “direction and over th uncuf half of the
' s utineralfemative pmboditmeny (nat shpva for bi-direntional iseturet 49 the partion of

: sutugé 4(% Ha%ulgg%?)fso T {9 U Eﬁrtﬁe%fm%g?& M‘h&'ﬂteﬁ eﬁ?&@m the

cut o} cre e bar

i ng

' porh:cpqccdsumg 40 hawiog banhs 48\08r 3P i ntve dlemfdcmg.to“mﬁi fidsed entdvd.

Ry R R o PR B bl 8 e e

suclbas th@ahowiin th atoae-heted 7.S. PatenttN 5342876 toRuffs UAddionally, it is
notgcil tLaa%,r}FHésired, barbs may be escarped so that there may be two portions with barbs

facing one end and one portion with barbs facing the other end, or two portions with barbs
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again is rotated about 120 degrees on the vise, which

is equi pped to accommpdate already cut first set of

bi -directional barbs 47, 48 and already cut second set

of bi-directional barbs 49, 50. Follow ng the

| ongi tudi nal novenent and rgfation, the third set of

bi -directional barbs 20 51, 52 are made by having the
fachgadeSncB@HItQS th:biiB it H:aﬂa;tfaﬁtig thic Rtheaatd, ol sbrmh @not shown), and

roxi.mat el y hal of the n

thuf, R SRR bt dens tasieshe S el e Shose Bt B enty oo the

barbddVatude W61 HE thser@Adntd fissu RGehiantisdertordeiifg action is
foll owed by rotating the bl ades, 180 degrees so that

t hefn aantageg achag)sd Setre; with yadigh fdeers® arangemem i

barBVe&eri fh8e HNAMKE dﬁﬁllld‘t pﬁﬁesttﬁ‘éﬁ c%bh&h@nt fehdhftﬁ!fﬁ:'i4 tresultih@yn next
splice into the other half the length of the suture

maxipizatiem el the raension esesrnd ﬂlﬁﬁﬂtqﬂhg"@ﬁd}( i Aypotepmbeys, the slaggering
t he opposite direction toward

enﬁﬁﬁkg%g%gn%%&ﬁ%%ngﬁeferably, each successive barb is

es Carpiog naw taFigosiSh, srovabisanothic? embiedjmeetsf the prasent invention,
whigl e e sl AR bR U Gy B n R 0GR AR e
splrah‘lﬂmilrﬂréﬂlinc(ude& el&’rgam ))odsoﬁZ ddi genbralt}odirculaad:rosubahoa. Engated
vod 5 P gt AR R B na
64 ay tamypiseh sergicdl meedlo (doastiong) Baisertiés intd Bssud ZFurhgmitas,suture

qua d p0| d _end 44. this. X

60 RGNS £hEo% o e B0 62 SBRA b b tele g patten
arolindt0d§ 6Pk f28iRg inhe Ednhdtﬁred@bﬂ o®ard ;ﬁmdn ad 6that shown

in_the abhove-noted U S Pat ent, g 42, 37 to Ruf f

- Ad 8B AR oropsseqtional yigvelongitge SH + SH oL pyrg 00 pLffigure gy Due

to ﬂ%ﬁﬁ%@hﬁﬁ@ipﬁ Qpitdl BspdsiifnCedR YesPRtVYBarb 87 sdeﬁ@%) w dnkhiler and
barbs facing one end and one portion wth

- smallgeasfgch ﬁéa!ﬁtehénd fagther agpy from Pstsatqdu HA &4 ot Ph%’g:‘b Kigure; ), the

111u§1§1ﬁbf@ze%ﬁer@&q beAg ilhdPatROb fhg\%gﬁl‘ﬁ'néh barbs facing the

er end so on (not sho and thus, if a
poruture 6@ fmay éﬁ b@astr@,ctmlth asimigr euéanggnachine agthat uspefor making

SlltlIl‘Q 9Ssg| lggsr thg‘ o] %c@ ﬁgéa{'lbedtlt}% abBE@not@c?ﬁé?ﬁpNé lﬂg}%ﬁ 733 to
wouT e 1 nse r

Into ti1ssue an 1 nserti

-Gembew em “min awm;mtawncmotb bbﬂvs be d:tas be produmuthmaltupmpaals that

preéra | cre etﬁgl LR Osgm{r%ﬁn i ﬁl:re ent 18 ﬁgﬁ %gn%oﬁl?l%)’é ﬁad of

I ee
bemgttbmte,d whatmuut@ngtlakesmem zat| on of the retention
e_sutur

£ e oo B AR bt Bt S (OB 17§ P g femeth. i

long‘l@td&rially Wiged for aortidh ghf\ﬂie ﬁﬁuﬁﬂ&iéﬂﬁ Esudlhlrﬁ adi ltlmaﬁlfor @fpglftihﬁ that is
ent inventjon, Ich | ner a nated a
aboli S nghesbas | 1 Tisptine S Torgy s o o4 igadqndihy other

end Wﬁrﬁéﬂéﬂ @nd %t%ﬁb%bgreé%@ﬁﬁe@ Qo HRPLHIA Df Bl ANORBENGP Y
2 of generally circular cross section. Elongated body

thS@?i wianihgapes iy thclﬁéﬂcﬁ@ aefl heldjinghe ¥ige- penetrati ng
Ul $808in r&@rabf fxﬁ’fonee dﬁ% (‘S@ttﬁgcstdﬁa a?'?)g Petﬁﬂ‘m@@}ﬁorc or less,

conpris a sur |ca not ShOMﬂ I nsertion
such a1t 19 {76 $ines. Suitpblngwistingmay be frowm abag 2tp @bqnﬁ &Etwists per inch, or

. abor?tl 3”{0%\)6&315 i %'pgfﬁlﬂ}’ oP RRGES tob@eﬁﬁls%ls@ e gpyek hgft being per

cut il ral
2541am)ng in the. sane dl rection toward pointed end 64.

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

splice into the suture filament. The cutting action makes cuts to create barbs 67 so that all are




10

25

30

- wdc ¥ genBihfy sk &sfrufd RS T0 151 ARl pliRpR3phd1C

- 15 Figure 5B is a cross sectional view along Iine 5B -
5B of suture 60 in Figure SA. Due to the tw st cut
mul tiple spiral disposition, each respective barb 67
seens to be smaller and snaller as each is farther
and farther away from point end 64 (not shown in

Figure 5B), the illusion of size difference being

facinlglinihe k@thedirdayion eratl fopfidd éng.64 SUEF Bvi QuitiPI€ spiral barbed
tructed with a sinjlar, cutting_machi ne as 1?1
suigd 157gleasd kierghe vee g mristed, hapE R 4 RGO R B fﬂiﬂhlgle spirals on
suteleghce descri bed in the above-noted Serial No.
09/943,733 to_ Cenova et al. Wth a twist cutting
met FHSEDE Bay BxFigure 6dy shownds annthes emberdiment of e eresent imypation,

suture fi I's held stationary, 1nstead el ng
dispasition @ud thyhis sinikas taosuture 6y exeepeibatshains’0 Iwbr@xectlonal Suture 70

R

first sidsseeaid pointegd epﬂb:'r’:tfli M]fcm i)eztetretmguiswee Iie n@ﬂémpl&:mb thateme 39 both

of 87 75 %5y SoRBhde R ciPhssiB 3Rt ornobl PR KRR, e
anSuidre 7@ fumber indndks Ipmrgjtﬁsixﬂﬁhe@n;@aded babe®,36Arrakegd aesvo

oG e B G i ke Fern s e

dispds&Eon ;ilimg&tﬁon@;] e frat @Ebptoh&afé@rj DEHE réap%ﬁ)xthrﬂatag) 76 hmi)&;f '
ertor re ar es ch as s

kR b ooy by B-FeeoMaip Bt g plurality
of baﬂ;a tm aﬂe7antaﬁ\ga‘élt1§ a BRMtipldphral pa&emahﬁmi barts @7 34t todhrd pointed

or about to about 13 tw sts

encl Heot LB ChHE R Bt H’gdd&f‘el?om@sm sjAp Tenigneth o sHEr T ity
pludfify®IF bBY 1§5ke Iﬁﬁ"ﬁﬂgeéﬂi ARy ?u'ﬁ pRiEH Gh R BT ABE 74 Pa@&(ﬁ* Roward

sifmul taneously splice in he “suture filanent ‘
poigied endv§ fawp@ﬁf pratldehe other spnr@umf@@@@ G arigde pationdVP plong the
len [)f& facing in the same direction toward

ol nte end 64. After twist cut nultiple spiral barbed

s uthiiguee 68 isi acrpssIsectional viemoalongimewBeebBoftbutime 60 wtféghre 6A. Due

to ﬂ%gﬁlkﬁ.ﬁi lgsz?aﬁg \ﬁﬁ{?ﬁﬁé&%a&h fedf %rAtwleE)ﬁx%m s'cén‘r%lsl tﬁgg ﬁlgaﬁcl'r'tatli' Snaller

as eechie &rnhe:rmd cﬁéltl'ehavwmmpmmed w74 @t shobn whFigivei68), as

. ral signated at -suture 70. Suture 70 is of a
illu eﬁbyé’lﬁl Prﬁ’\gi ple spiral disposition and thus is

B i mghﬁ 70 Paypbd Mﬁd;: vaith the ¥a@duttingabachint lHS’ Sutuke 6%,%géhdas the
i -dire ut ur e el o n ted bo
cuttih g viPE e 15 Sbqve digfed Sefif] N DSR4 RGPt with

the folbWInaRh&fke ibladd dihtic) @Wawmumhgﬂwﬂﬁdﬁm%wmy be

for penetratl ng tissue. IS conte ated that one or
prodiysedyin vsltigle, spirals that peeferably awprajedat ﬁle SHRYipey| ang ghe plter the
direCAALhakPR D the Bhdds NSHesst 78 Qhay BatpRodub&BiH Snutdiile sttald eRat z){%ferably

further includes plurality of closely spaced barbs 77,
are qrgatedt 3t shepame timet Wbus qusing detauiingstbe pubre fidameat ﬁéleld@@@hnary

iR g ple spiral around body 72. Barbs 77, 78
ins arg ea%{)gct)gst%dd on mddle portion MP that is

ap plasspeaifieilly, 8 séctiomefaboalphf mrhavdatouy1 14Gnminn lerfgth 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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suture 70, with each end portion EP of suture 70 being
barb-free. Mire particularly, plurality of barbs 77
are arranged in a nultiple spiral pattern with all
barbs 77 facing toward pointed 15 end 74 for a part
(about half) of mddle portlaqon MP al ong the | ength of
suture 70. Simlarly, plurality of barbs 78 are

ar reReaE ;Jréfeﬁbr}mé bérfrBe® B8 o0 Rk M Mayive Pedbimed atodsor less,
78 facing toward pointed end 76 for anot her art the

such anth toﬂByﬁ‘N?ﬁl ﬁ'afaélm gyiptnagrayhedenmpaayt 2 Srabort | WiG Pceﬁ@c or
aboh?f@)taaoﬁfﬁw éﬁr iH0h, oF btk § tPBolif1 PrviitORS 1B Gher e |bemg per

vi ew al ong - 6B of suture 60 in Figure 6A
25%@1111)0 the nmultiple spiral confi gurat| on, each

%@&ftﬂu}/ ? ék?aftzr la@?%‘@%eﬁ %d&\;gtvgé 'T?l Ede?éfﬂm%ﬁ%ﬁgﬁ{ splﬁ% into

each I’s ran pol nted end
app(axirhatellycalf ofrthé&iapprosin®@B)y, 3dech (approkimsatelyl 76 ymmh éength Of middle

B B Py 500

sutide Sitrebeid a fivst dumr@baomm with ¢e bEeles miakihig cut® 9 &d8¢ BBBs Tbso that

ol 5 SRl PRETUSHON LR PORET el - Deniing SnaPRominy g e

are Of theyuthiey Paelihc &l how mMahy ibatbe 79 piré dbsireti nthbre pnadf ke adel gutting

are create t same ti and then after. the . .
moffinyig b1 GO R eIl BT e SEC P HipEgaptons uncl the
desRéEPHIARE LS Bt Tt dsBarpdtl ih aSportidil of licSueir@Rlayheniar €

created at the same tinme. Thus during the cutti

sutliew the bladasare qog,atqﬂell 80 degraes SortbAt theyiArRio¥, swecﬂ%.thegopposne
dlré'cﬂ&ﬁ&ﬂ%ve?’@le Mﬁ{e? hﬁp efink 'aﬁ?ﬂokﬁhat@y 5 ¢5chl @pprofimaRBUI6 mY length

i nches (about a suture filanent

of migdie\pprios P gﬁd)ﬁ ag@“o;gglafe,lmg lIbe ,(am)r@gmgtp]é/ 1dA suyn) tyvisted section

of thGlRES é‘i‘lfﬁﬁéﬁ%‘t Tﬁg ﬁlaﬁ%@ar& ﬁ:e SRS 1o s gﬁ(grsl ntoPfe SHEr half 1§6aosecond

secure and t er en IS gras and rot at ed
cuttifegaction ; withghe ibladss meking Isuts to wiesteckirkse 78 5o thabpll @peefacing in the

contd QR o BREY, BB Vo9 D EEBLREe n

cutlmghﬂmhind and howananly bacbs 78 Gse (Emre;d, thege mey be pahduptingsmotion to cut

o BGd 8 Tty A o0 e D5 LD T B v
nuniiter 6f tabsABeuk esdarpal mbmﬂorﬂd) dﬂmmf@ﬁtmnenc h, or about

3t about 15 tw sts r_inpch, . ahout about 13
e ot enpR sl hediiing 0 sTeloped Fodpé il fugs .
um&:i&.@d,ttl@ﬂﬁs@utaiﬁd&he Syid@tdreann ia8hibs YEFShRing in two respective
@pedet ermned length, splice into a rOXI mat el y, hal f,
U

lerspigal RAtSRS @O PSPecive RETOPL R SERG At ths tyoResPRAHjye portions:

definfid@hiRd10 hotof feof d‘B@ﬁttﬂ lﬁéheh/&beﬁt TBmpRREsh.mat el y 4.5
inCh (approximately 4 mm) tw sted section of the

suthdere phrticaladyiseyasal aqut qué multiple spirgl. herbedbsytugps Were ganufactured
la%%ﬁﬁ%'éﬁﬂﬁviglgta%ﬁ&t& of Bt §BI PR gagéﬁ’t d. mtmmﬂdd splffrom

acing I n one dfrection toward pol nt
polpligranatier(yhish ﬂmsryntlahg/ atisbrbdble suthesrmatariailarde d@melenef about 0.018

mcl% ﬁl% t%%SI/TBIIEIE}I is s t]% é’y R stf&rd)s%mﬁl tl@&%oﬂ)%ﬁl s@tgre, which has

-a diameter range from about 0. 35 mm to about 0.399 mm in accordance with the

specifications of the United States Pharmacopoeia (USP).
Each suture contained a total of 78 barbs introduced in two respective multiple spiral

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

the barbs were divided into a left group with 39 barbs disposed on a first portion of the suture
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notion to cut all barbs 77 sinultaneously, or there

may be repeated cutting notions until the desired

nunber of barbs 77 are escarped into a portion of the

suture filament. Then, the blades are rotated 180

degrees so that they are noydisposed in the opposite

direction and over the other half of the approxi mately
anda tiplagrgupppithedd aetiseh  s@d@ndpdriios ﬂglhh sutlldi®, @th ploaglbgposing the

1 ti MR of th t el i nch . _
dlr%%%ﬂlrog@l ﬁﬂ?’gw“ﬁ%ﬂ%ﬁ%a%%% qu({,l?Pngfuref nEte Spgsificcutting

maf;mhaamﬂbyedma 1BbRAes Taus, férleach @bhPYrEesy tafhs Sttt G@rd Iduding
ther half_in a second cutting action with the
MO Rfe: Tk g hihe Dl e B Sttt el e  Oiins
mokidsd.Ng in the opposite direction toward pointed end
76. Dependi ng on hOM/anﬁ bl ades there are on the

cut Eadhguivsrwasrrbodfdndien(ahentyl 7h mupdones The aviddie pertion MP was
ab&fe@&&h.@@(xbam@ﬂﬁnq HgorRBBé e §8bbd th%t J:ac EPRio" e
si mul t aneousl , ere nay e repeate cuttin

sutstfilament.uBxtendi gﬁf@y@misihfr 2inch ﬁlﬁmgrb bub&:tbrarddb ppgicaddP were two
ﬁreﬂﬁgoﬁlgﬁﬁ%faoﬁﬂg éuw@mgi éﬁ@@ bl 1Led7g{£smtsl\l}nsﬁon

l'e spira arbe rel ease
Dcpemdmgtméhmugmng Mhmqurﬁ; vnesdréddih dnkieoff thct bal'bfﬁlwuslramaiy bhe

b b
R AT b S B il PR i e

- surgiodlticatie of suture 70, the two respective portions

def..ni n ] ddl e, port i nches
rmy DR gt B el BnebCh iy Bbed i eﬁﬂwwo
mcﬂliuﬂi | (ileanadd wds,a sadighemiligetsilé Qfenpirtest BRA U TRgletiaETester and the
a nonof.i |l ament having a dlaneter of about 0.018

Om?HEﬂ LBHAR i Ve P R ek WiR 9P8om  pol ydi oxanone

(W lihd s‘&a%h t&ﬁllé SreADHRARREBef %wng uraab&rdrﬁlea usifty a Test
di aneter o 018 inch (about 0.457 nmm

Resopicghtpiyersa] rTgétPn M?Sﬁ‘ 200Q- The averpssyeadingtof 40 éﬁ@%@%@ﬁaseremems
maddfobERh MAloF Butli@ Svas Roicdl i TRE lﬁ&beﬁ%ﬂﬂ?ﬂs Bﬁ@ﬂ} fRekpisdr

mMmmto about 0.399 mmin accordance wth

- ‘unbarhed syiiEat i ons of the United States Pharnacopoela

( USE() @(gh.lrﬁ)%gﬂ &t&QN&% ?Slgdi%x r&h@}'no%ﬁg]ﬁexfl@(a*ﬁg?t?em

|ntro In two respect
abserbaile snteiganaiériad i atoes wumﬂnwﬂe@rseﬁabw 0. €B|8 d (alhnat 0.457

G S R B A R AR 55, i

are fespestivelp slightly larfer thae tlmmmtee Stalﬁe—PIﬁnnhcapdelfgdlues 6 BOyand 3-0 for

oA RERRTE ARy 1B <SG ace FahUaRot fet Phrepadgbisih e ipions

for §ymehetip pssortiabie tseutes, Ak © Haf a Hlametey tang€of abbet os:waﬁmfto ﬁbout 0.399
ed had 13 bl ades. Thus,

hi
o et ke b8 o bt A BP0 Lot G i 5 s
diarhilersadgd of aBSUK 0. Zththdbﬁutm ?@erﬁmbel ng offset with a

guide for each of the 3 cuttin noti ons. Each suture

waLaghbybedsutuse waserpresheadrend bemsrhgld Withecop gagket padding in
twoRQIpEAE sdYFtBiaws, Ineihs e%c?1 Gﬁﬁ%ced(sﬁﬂ%as;@gm at 'e%%na Bfbeing

contained the 78 barbs that were escar I nto
wrapRpd rqunglitw e FRspRctivesepsiamiiolier dyivg o Fdpstanaoliers were u@eziefonhc)ldmg

the %ah)%g sﬁﬂ.‘lﬁg 'tc?avat’ir s@e&%nﬁ/ﬁlsl@ﬁ&gn.t WO

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

inches (76 mm) of the barbed middle portion.
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unbar bed end portions EP of the suture that wer e each
about 2 inches (about 51 nmm) |ong. 10 Dependi ng on the
suturing technique, one or both ends of the barbed
suture may be sufficiently pointed and rigid for
insertion into tissue, or may conprise a straight or
curved surgical needle. Thg.strength of the tw st

c UtEacK sheRfnibn(waé u]@lo%uhﬁgllfatta%ﬁt%%f iﬂﬁ)ﬁt I(ﬁiﬁélﬁ:g (:ﬁ%uim mm)

met hods. One ne was a straight pull tensil
PergRipye gt btf@ktgewquweér Uhe weak dead Wﬁégqcetdeé Atthe htemght pull tensile
Nﬂﬁgﬁer met hod was an in vivo performance test wth

gs. For the straight pull tensile strength

me aBhgrestlinare suremerized invBablped boloweahdithd fagright Telumn denotes the
UsPRIG AN 5y i Kl lor MR on e AEL AR rom o
qmﬂmhddmﬁﬂﬂMtnm&nWas recorded for the barbed sutures and

for the conparison unbarbed sutures. 20 Conpari son

unbar bed sutures were pol ydi oxanone nonofil anments (a

synthetic absorbabl e sutumeblaeperi al) of various

suture di aneters of about, 0.018 inch (about 0.457

m), about 0.015 inch (é@§ﬁ¥Lém§@¥£hn), and about

0. 0115 inch (about 0.292 nmm, which are respectively

slightly larger than the United States_ Pharmacopoei a

sizes 0, 2-0, and 3-0 for synthetic equirements:

Barbéd o 8Barbbd ﬁ\ﬁ@t@@%ncgtﬂﬁlghfP!ﬂ;agBﬁﬂsﬁt at €$or Knot Pull (pounds

Phar macopoei a speC|f|cat|ons or synt et|c
abdbedet e sutlres, size 01h43 a dianeter ran8é
abqyha@edd M4 about 0. 39Pge MM size 2-0 hagga

di aneter range of about 0.30 nntto about 0.339 mm and

- si Abobgtbed has a3-0di amet er rd&ffe of about 0.20 #A0to
ab 249 Each bar be uture was grip ch
I?ﬁbelngnﬂgld with cor%(gasket paddi ng ﬁﬁ%P ﬁﬁﬁ@

respectlve serrated Jams wher eas each unbarbed suture

MSASQ:% B ge%n etscagp arb 1{1@)%@ %‘t polg%lgaﬁgrﬂe rﬁc{;)rﬁ%‘ament :

respective an ro ers
redumeal the utraghtfpuﬂ tdmllwbtmmth be apprbﬂniam@r 60% ay @spaeday thed

nd di st n The r ach ,sutuyr.e
conBesET Rt st | PowE g AR LS s Sftora 72
ynmm@hes (about 126 mm in length, which, in the case of
ures, contained the entire 3

d h
of HENEvE b Se i v ek 05003 B B Ou B Sk O
polyidxbishe baibed sustt QAkiEN, daé Ahé é‘&cﬁtpﬁi‘enﬁh AN batih, had @R effective

(about 254 per mnute until reaka%e occurred. The

diapgtonthat ssm tnetbetila@eteaef thy eonyertigngliin ﬁb?‘i sigechpolydoxanone

-suuﬁé)'i:&ﬁﬂ&@d faviabl St theSrmiHifuD RG] Etﬂlt ez heh@of@aﬁ 0 pounds for

low, and the far right colum de 5 US
the&(?ﬂﬁpqﬂﬂwm!l@@tmmqm nlagheidsewent s for conventi onal

g;?gi?{t%ﬁg)strﬁﬁ;tlﬁﬁﬁ ?en@t?eds%regétﬁ "Bt werd Bé&b%&o@?cﬁﬁf&gﬂlzee 0
polydioxanone barbed sutures, as discussed below in Tables 7K-7Z, in connection with
Figures 7A and 7B.

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

paramedian, each of the 7 incisions having 1,2, 0r 3 closure sites. The length of each
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Table 6A (Tensile Strength) 10 USP M ni num

Requi renments Barbed or Unbarbed Suture Size Straight
Pul I (pounds) for Knot Pull (Rounds) Unbarbed 0 17.72
8. 60 Unbarbed 2-0 11.86 5.91 15 Unbarbed 3-0 8. 82
3.90 Barbed 0 7.03 not apphLjcable As can be seen,
escar pnent of barbs into thé size 0 pol ydi oxanone

- mdimmnfangeﬁm'%m atroemm @dh (dlbleutslmﬁ(f;}hﬂMo abbill 4 1hgfé§ (db@tﬁt 10 5 cr)nm) and
t mat e 0.aS conmpare to the
el G A 158 T Ui SRer o) Rl AR Bifioneun

Mo NOking Gie®atbed Zut&%s ROURLES &onﬂ@f@“ﬁolﬂ?oxﬁone%ﬁ@ﬁ%&gnt}, 24 of

However, the straight pull tensile strength of

the ST BEre slosqsk &gk spyeparise. tsdemsainiag eites jere/pses b arious diameter
snngﬂff Q@ﬁ’vcﬁﬁ'&ddl EnbalMal Sltnred ssidk vatthrgﬁe 9%&%&& fﬁ{.tflérﬁ] &% si ﬁqtes with

barbs, has an effective dianeter IS s
sizg % nyjomeqnefilagtent, hed Teitey withisizn 340 nmmimxbmesmmeﬁlament), which

weRQ¥HLO ga%gf sgtg% wgs@eﬁ&%%aﬁmggvo %ﬁ&&m%& A he

m ni mum requi r enent oun
t heThkd dogs Yersahanitiowsdalaiby) end thew subjdced ad emhﬁnamiom&dzlsiayu rAet the

tinfg‘g?#l hpﬁe lmc?#l&% age{ll %a&e&ltngagiso OPb"SbX/eﬁgth 5?%?@:0 vgg%lgglssues,

incsisnsizes andibcations us thedofe hibsites appbadl wish thKsiZZ0 pblydioxanone

bargcec{r]s;ﬁﬁl% 8 ﬁggﬂlgsemg ?@régrgg é)s'%car@dlg}é%gsg%{y tEr&;utﬁlg)%t %ng llé Idaly

~ obsusvetion fofio@alNb deld@ncebcbiifids | ons vver e made at the

th ce),. thigh (twce ventral mdline,
andrhe &5§ 5??86?%‘%@ B Bon %\m afb ?’Bﬁ syfeesgng e gitas apposed
with theZofVeattiabutatieg olg xétféﬂ@&.ﬁ‘ur@sf al@Aehled Will Withdii ON
ed from about 8 inch (about 12.5 mm) to about 4

COWFﬁ'E lous. Np defliscepee a¢fjirednd  the depth of each incision
wasFdr iRIP tb%@al%kﬁﬁ%{téé GdsBl wilf "tl{@s&etzg) ﬁ)h@n rﬂgﬁdfﬁegﬁ@l? Bdnventional

Usi ng the barbed sutures (all nade from size
unbyhed éﬂ%fﬁ%\ RdHes erbibied patieler pomplate gfturetiess, @P@resﬂmeéo self-

muﬁllagag'g%r th& @gsC RABALH &0 @omfeﬁ@on%}e%im Zﬂ&@siﬁl #' CaRed R 5‘?"‘%%% py

wth vari ous di anet er es of conven
cregling dgcplized prassire smd animiplssanmiot indsisked thaOthsy ishouhhsut dedipulate

| a . .
the Edt,éx% T ebgrb;t{nd:s gc}é"g%&%cflbeﬂg qzn ge {gﬁé grog)lcgl I&tq rgiﬁ@ﬂltp}ll’aung
and\phlliol outtbe stkmot t ed. Al l cl osing of sites was

enfor 0 a rapdomi z The dogs
b SRty e B o hudha SR e porSitempise BbTtRssges
efficdciobgl whaymphtedithithe 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. Alsoif desired, it is noted that barbs may be escarped so that

there may be 2 portions with barbs facing an end and 1 portion with barbs facing the other
end, or 2 portions with barbs facing an end and 2 portions with barbs facing the other end,

and so on (not shown), and thus, if a portion of barbs is not facing the suture end to which
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time of death, the incisions were eval uated
macr oscopically. Wth regard to various tissues, 10
i ncision sizes, and | ocations on the dogs, all sites
apposed with the size 0 pol ydi oxanone bar bed sutures
stayed cl osed and appeared_to be healing normally
t hroughout the 14 day observation period. No
thade birboare edjacear; tieh Stle balbe! saiutcewaPP BS Beribtl ifio tife with an
ins nt.i onal unbarbed silk sutures and the sites
3%%5 24°with the conventional unbarbed pol ydi oxanone

sut Anadvaatage oNEBdrBsd swiutd havingR@Wist dfe, HOTPIL sHidd BRPSitioNgs that
-:g-el nce o curred. For the 6 topical skin sites
su “&?@8 s g o b dting capshibity 3sgawpgred to the 120 degree
spRETDER sam@é THEWRAI0R SN SRAIWES cut3milibRSpRAHatich f‘ééuus in

partial or conplete suture | oss, apparentl due t
gm};efr of_baghs that semplemeny suqsessive grd prrerding gronps REbarbs, whxch tends to

pr&%Yﬁﬁbb&f‘@chtﬁ#{ZgWJﬁﬁ (RABRYS Yo GRS eﬂusdf]eiﬁ%q; %E%CIBX’ useful for

creating | oca pressure, and animals can
tissyp ieh &8 fab HssupavhiehHey feyten odraestive filrens icpuparedewit othbetypes of

nssﬁyst H;IK i O‘%f %umg%@ﬁﬁionsfg}cy{ﬁed%f&ﬁpul d hel p obviate the

an ani mal mani I'ng- and pulling out the
s ut Yiith seferencesomta Fgurd Tre Sh(lﬁWlVlS aaeqienil aidewiveeofdiarbict euture 80.

Bardhd furlle QWM HBORN SRR, BRG] S PPl bl i of
gemralganigmﬂawrnsm seetion. tiweh barb @1 hasﬂaarmﬁi: B $ﬁ§ﬂ»®ifdré I8 longitudinal
o 56 il D 25 e Db RSt .
sp;ﬁrrtycaelglmn Eut(cﬁl@&cp?é’éﬁl%‘ of Q{d tﬂi T 91' du@6hi &E@Lsﬂn\’tﬁt cut,

mul tiple spiral = suture 70 portionh of suture 70
on Figxre AB iisthelpeshonsd side wewss ﬂlnsmmd indimirdah duit Pratédaridng

on
s B POES: RO LA 1 APLLLAR Sl tfe
t omwdpgium Wis e dis7ohy, iwilie svial birdirdctivnid mrbtdmmharuked
. erted into tissue
s 10 Y R, R B B ot o S o more et
wnlatmpws uo@lneembnﬁlglﬁaUOHRﬁ“ib&ﬂhk 8 Nois-aviSshtyrd Ingitadimdl hfis AN fdre

b b d
gD B ey B S A Popred GHOREB A 5 ioBrany SR el
at, cBRht He8dsldn@D, Wil tbrﬁﬁﬁlp‘f‘ of @tﬁ'oﬂgdegpe%sﬁﬁ gl end, or 2

portions with barbs facing an en 2 portions with
badbere speeifisliy. heveral heist cuh ahultipdnspirsb barhed sutiressharamianufactured

fro Bond 4Beny'surfin A bbby Ucflons aHavind a Ul 5 Ihuf 5 inch
(abqun@45Embe @hmhtlmhghtlm wiotk than the L:ISP mphremem foui assheed) swnﬂhmc

- abscﬁ'ﬂablé &l%lﬁé)% 'E%r}%g ufitre %&Hﬁﬁc& ’%]dbv 3&1 c(:)efalI 1@ ag%{ b %Wu*égﬂa spiral

pattemaaroumuhh cieculnferbad of telsnrarea fSine tise Haghstvisre wiQHféthonal they

e BRI i GRS Lo bl B St g

oppo‘snﬂg thsmiilrdch@lh 6f 6P bhad erd@ fr®h thelaprakinfatd MidAleVt AR sBfure. Bach
t hat, | ement successive and precedi ng grou s

sutqu: wzﬁé]'bggt 71 byt 148 mm) lopg. e driddllp pption yanhonb? ing

(abottYRTmin) 6f El!ttfu% and cbrﬁmﬁécﬁtﬁé‘% balty fat vt tefipbdinto the suture

especi al | y usef ul
filament. Extending beyond the 3 mch (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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ti ssue such as fat tissue, which has fewer connective
fibers conpared with other types of tissues, so that
greater suture retention force is desirable. 10 Wth
reference now to Figure 7A, shown is a sectional side
vi ew of barbed suture 80. rbed suture 80 has
plurality of closely spaced™barbs 81 on el ongated
sutrd iy e Beritic inteIBTAGTAd Fof ibMiBH A8 i RLQSEmEEEdthyHle a
Each&barb 81&%}%%H bar b tlggdlSS Shown are suturfz s
strafghh g7 guivRdigedle.axi s A, suture dianeter SD, barb |ength

L, 1R@kder ﬁ%haﬂacﬂﬁﬂ: thte cRFeraB oA 10an (%Hém%oéanBQ @usl??m

spirality ang a, cut-out depression
micgepcopsuwvitheqih vag a@rba@dlgmg Piag mwé tothes with e Cé&bfa@ﬂw‘aﬁeo
cunSE I Al UELL AL 1y 529 el g P28 o
rightigeiuphice P bet ween barbs 81. Barbed suture 80 is a

& ot THea¥bgs B el Rl 3 {0 epenlble el iberBleroR R e argpo of

barbssand s feorh thegigtlt srewt oftwarts on dlieckaime tsmu&hthm ware enadefoaiedch of cut

anglf G BeoB by P Giei A casaied Tam Bt fpgege oighe cut to the
outéH sﬁﬂ'ﬁie@:&' babed KA 30.€B&L Euﬂ-depﬁh&]ﬁ QafmbastRBblonPa pBpbiticitdr

angl e 0, cut djstance spi rallt%‘ angle a, cut-out
frory dhsrues srkecef babrd SP%‘F Qiigward Ipngipidinalgis Avethadaedisare 80.
TheFhkasfeintn(E BEbldiicaabigh L%@M@éaéule&éﬂ Bkn g‘ihtt foumadng ifGHhfla,

spiral, barbed sutures were manufactured from

nmonof i I anment spun from pol ydi oxanone and havi ng a

di aneter of about; Q. i T¥ah py{ @about 0. 457 nm  whi ch

is slightly nore Ifﬁggﬂéiﬁg%sé)i equirenent for a size O

synthetic 25 absorbabl e suture). Each suture cont ai ned

78 har bs |ntrodu ed in arate nul |l e ral

ot A1 ARels Pl R RV s p PR PsicoBF e it arbed syipses 50

as foIlSvsD Whh teivastld sutliré Afkeains |g11pﬁeﬂ%.‘jf :hevmeaiuﬁhv tatesk biffatbs
a left group wiith 39 barbs and roug]vvlth 39
€

81, hgvise lea¥ashvesy Bl maghdasignatgd %@Wﬁ@ﬁ‘lﬁ?s@ﬁ o thespigredilpapnt.
Thu3! 1R1¢M Wi B bﬁam&qun &nmg bﬁhefns%t}ﬁuéﬂu& Hﬁ:@m Eﬂ&@

suture was about 7 inc (about
filampny ds 'eeifgﬁi?eﬂd wrihase. o @hﬂ v1s33 dqes;mtém@a light saprk %twwm

Gla 3, G KRB o B i K paRE o R LonBK g the o
respeptevelenmus T gfghatwo sbeeksérct awl-diell depressianis € lefywasuure hody 82

' d

o A o Spl AR 0I5B 8L e

sutupd Smyelbna@froﬂelmesnm angd votwistbbscsthatisotora B liee troeitlipndine die
. t h rbed 2

spirdl R Pt R S PR A P B EB Lt SRt o

U SpUGficAly (HBMeat IR sh3AitR anglé hothd OpteB] Zdoml mu%ﬁ%ﬁroscope
In order to characterize the configuration of barbs

wasget wifhrigplighting ofi9 and back ighting atroeso i oddingiloh AJen, fimaging
| 5 GMABODAT ¢
analfi 0y PR Jielikd, Stk MBI N AIRL Lol Borhedi o outer

surfbaerdf shefshriet sutiik. ahd HBEML. fTHeaverage FiswalceRet faf 10tiagateaf t
meagunrgments %j {Irorg e 15 ¢ t group of barbs and 5 from the right group of barbs on the same -
sufure).

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

clamped in a fixed position. The other end of suture 80 was rotated to insert twist until barbs
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“The average was cal cul ated for 10 repeat ed

nmeasurenents (5 fromthe left group of barbs and 5

fromthe right group of barbs on the sane suture) that

were made for each of cut angle O and cut depth D.

Barb cut angle 0O was neasured fromthe surface of the

cut to the 10 outer surface2éf barbed suture 80. Barb
8lonere digptch MRxvvers barbabswiuee 8Q lowgiudingd eutpibsoice B lbatweert twanadjacent

he,out er surface of. barbed suture 80 toward,
ool 4 S eI 2 Rt e el o Bfgus T of the oo
sucveabiercah®n depressivhd €D lefuin sumpgiiddy 182 hiomble eszhipiilend o two
SRSl btag%gﬁiyo revera e 198 @%p?q;ggéf or Y0 aebpate michouternentd (5 frofs the
lefix6iP6AMs Gad § Frofthy A5t Qusip RABABorSMHE nsSsufile). as
- follows. Wien the twisted suture filanment is 8“ pped

by Therewls arefummagized inthefglioyying A ahles 748 VB, Tleang (7B

| eaves a very light mark designated as line M

I npressed on the suture filament. Thus, line Mw |
be parall el Eable 74 by dugelof the vise while

the twisted suture 20 filament is bei ng hel dg%ﬁoﬁﬁLm
vise. If the vise does not |eave a |ight mar
suture filanent, then line Mcan be det er B oxedSutore

bliptt | Pghl el (o |, RIBEC 10 bl

cutGapledssi ons Gepreaft i NIyt 2ire bosy+82 fr omot flicable
escarpnment of two succ [ ba 1 After tting
cutéjgprgz}?bs 81, MMhen bar b@g?iéﬁguréﬂgé'%'@ rel eas gasfrom
cutiigthvl. se andnitht W st edo.3®+Dloat subduree1080 | i es ofgree,
then ljne M 25 spirals_on suture body 82 around
c“ttﬁlgﬁmd’éﬁf’sut ur 8880, f or i-AYt 4 g1 088 &10- i ral i t .92
Specifically for neasuring spirality angle a, the
Opt em Zoom 100 custom mi croscope was set with ring
lighting at 60 and back lighting at coarse 12 and fine

10. Al'so, imaging anatysfs @%éb%%@@&k@e was used.
Spirality angle a was en neasur e etween the outer
‘surface of the barbed suture and line M The aReaticefd.L.or
was cal cul ated for 10 repeated 30 neasurenents i,%vglr .
the left group of barbs and 5 fromthe right gr
Mebgurdmeenbn t helUsiisre sutAwesdge TheStandaad Dedatimt uDanR@ery@d457 mm)
mounked in a,twisting dgxice with o nd of suture, 8
cut@f‘%i%‘%ed in a5 posiﬁion. The ot E@?ﬁend of §B"t"}§’P]é°a%1°
cut@epths rotatsghto i nserg2tsn st untilodgggr bs -24- 81p47.
re aligned. Next on barbhed suture 80, |ongitudinal
cut ?'Ji‘st ance™® bet wveen 4449 adj acent ¢¥2r bs 81 was 0-97

cutoRasey®d m chmpcopi cal lyodret ween t hgy o respecti veyg
termnus T of the two successive cut-out depressions

spirglify|aggle 0§ n sdggmed body2®833% r om t he &s@8r prent oft applicable
successive barbs 81. The average was cal cul ated for 10
repeat ed neasurenents (5 fromthe 5 |l eft group of
‘barbs and 5 fromthe rlablet7Cyrieedbabedsmtive) on t he sane
suture). The results are summarized in the foll ovvitj]:gL
Tables 7A, 7B, 7C, and 7D. alio o or

| P gver Suture
Measurement Units . Average Standard Deviation  Diameter (0.457 mm)
cut angle O degrees 154 2.870 not applicable

cut depth D mm _ 0205 0.033 0.45
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Tabl e 7A (size O barbed suture) Ratio of D. L, or 10
P over Suture Measurenent Units Left Ri ght. D aneter
(0.457 mm cut angle O degrees 156 2 157 1 not
appl i cable cut depth D nm 0. 15+0. 02 0. 16+0. 04 0. 35
cut length L mm 0. 36+0. 03 0,40+0. 10 0.87 15 cut

di stance P nm 0. 90+0. 17 O.‘7 +0.15 1.92 Table 7B (size

cut @npanbed sutwge) Ratio gdeoD. L. ®s44 20 P over Sutures
Measurement Units Average Standard Deviation D aneter

cut gigtanee® ) B angl e PUSgrees AHB 1. 642 not 13
it sh gl © Cidgrdept h Diggs0. 215 0527 0.47.  Culbt applicabl

spirly abgled BerBeP " S, - 5l ale T DT o bt applicable
0.962 0.073 2.1 spirality angle a degrees 20.833 1.602
not applicable Table é( é @ [ I‘g‘{lfture) Rati o
of Db L. or 30 P oveTya e D) Glie b%e&)&%r Units
Average Standard Deviation D aneter (0.457 nmBatioofiD, L. or

angl e 0 degrees 154 2.870 not applicable cut th.D
mm 0. 205 0. 033 0.45 -25- cut length L nm O. 463‘33‘%%‘&

Mezbufdthenicut di Bhisfice P Milefhgd 7 SthhdbiDdAiatidn S Miafkiet §0.457 mm)
angl e a degrees 19.333 1.506 not agoEI i cabl e 5 Tabl e'7][))
cutgngle @ o par bEFLHt ure) Rdtio of B, or P ovept applicable

cut @&phe  Measypenment Unig gggAver agg gpgandard Devi at i @g
Difaneter (0.457 mm) cut angle O degrees 155 2.390 not

cutlgpgthilcabl e 10mcut dept €-437nm 0. 19638. 026 0. 41 0.96
cut distance P mm 0.966 0.071 2.11
spirality angle o degrees 18.833 2.137 not applicable

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

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

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

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

Additionally, measurements of barb cut angle @, barb length I, barb cut depth D, and
cut distance P were performed on 3 additional bi-directional twist cut, inu!tiple spirél 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 9, barb Iength_ 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 sutares 80, but with a diameter of about 0.015 inch (about ¢.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 7).

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

P over Suture

Measurement Units Average Standard Deviation Diameter (0.292 mm)
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_cutgliptange P i st a® P were HEF

cut length L mm0.437 0.039 0.96 cut distance P mm
0.966 0.071 2.11 spirality angle a degrees 18.833
2.137 not applicable 15 Al so, sone additional
measurenents of angle a were perforned on a few
additional bi-directional s st cut, nultiple spiral
barbed sutures with a diameter of about 0.018 inch
cut@apieBt 0. 457 dagreess| i ght Ig6 nor e t hpssit he USP not applicable
irement for a size synt heti c_absor babl e
cu@ﬁ% The ®Ran aver a4&%%as 16.8%7and the st andal-&
cutdéﬁgﬂ-ﬁLl on Wagnm 0. 85. Adglidd onal | yggqpeasur enents of 152
barb cut angle 0, barb quqth L, barb cut depth D; and
or med &W93 additional 327
i on st cut,, I ti barb .
spt@dﬁﬁgﬁﬁl ke%l; {eég'r s 88& t%sfgﬂ R&t%gﬁl?éagﬁa et%{ applicable
about 0.0115 inch (about 0.292 mm which is sI ightly
nore than the USP req A= for .a |zetu305ynthet|c
absor babl e suture), a%a—m%%%%| rality
angle a were performed on 2 of these 3 additRetiedfD.L, or
barbed sutures. Also, neasurenents of barb cyt angle
0, barb length L, barb cut depth D, cut dist ag@é—gg‘t—uﬁ
Messugbnint SPi r alunt;y angl eawraper eSpefatdDERSlicAN Biameter (0.292 mm)
~ addi ti onal -directional twist cut, nmultiple spiral
cutgagleBa sut ur gggrq:qske sutifffes 80, RlSSwith a di arfiot @pliggble
cut@ 0. 015 ppeh (about 381 mm ich is slight
rrglsrlgbt han thgﬁ&L:JSP reqworgehr?ent for0 e?&gl ze 2-0 synt hde%lél c
cutimerlpabl e somure). THE3Mesul t s M8 summari zed i nl-3he
ng Ta S TE, TRos6G 711, and 7J. 30 T.
out La%“g%e - ar bed sutugr)é) Ratm?@fa D, L, or Po%ﬁe)ér
spirglity angle odVbasdeymnt Uni T.329Aver agd.BFandar d Devimt appiicable
Dianeter (0.292 mm) 26 cut angle O degrees 166 1.651
not applicable cut depth D nm 0.107 0.007 0.37 cut
~l'ength L nm 0. 443 0. 042blk .76 siz€ B WiteHange) P nm 0. 956
0.079 3.27 5 spirality angle a degrees not tested not
appl i cable not applicable Table 7F (size 3-$2 or
suture) Ratio of D.L. or P over Suture 10 Mepgid &uRmd
Units Average Standard Deviation D aneter (O.

Megsyrementy| e 0 HBEY ees 1@wemgessStandarddeyiation| Riameier (0.292 mm)

cut & § D MM 0406 0. 006 @536 1.031 not applicable

cut depth D mm - 0.104 0.009 0.36
 cutlength L. mm 0.390 0.035 134

cut distance P mm 0.975 0.103 3.34

spifality angle o degrees 7258 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 0.152 0.019 0.40

cut length L  mm 0.449 . 0.057 1.18

cutdistanceP - mm 0.944 | 0.098 2.48
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cut length L. mm 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 Table 7G (size 3-0 barbed
suture) Ratio of D. L. or P over Suture 20 :
Measur ement Units Average Standard Deviation Di aneter
(0.292 mm cut angle 8 degfees 165 1.031 not
sp.amm e Ghroflenth Dom 0.104 96§09 0. 36 cut nhapghiivic
.390 0.035 1.34 cut distance P nm0.975 0.1
3.34 25 spirality angle a degrees 7.258 0.636 not
applicable Table 7H (§§ I e) Ratio of
D. L. or -P over Sutur e 280 Aver age
St andard Devi ati on Di aneter (0.381 mm) 30 cufRatingfB.B or
degrees 160.2 1.320 not applicable cut depth
0.152 0.019 0.40 cut length L nm 0.449 0.057 f&}%ﬁ&@g@
_Me P minits 944 0.A88Bage. 4Banddri Daydtioal | Diamﬂeﬂ(e 341 mm)

es 40 1.606 not P |cable Jable 71 (size 0,
o tt?é‘%%?d suturél‘f P&t o of ﬂ%d LD over sut uP‘étaPPhC&ble

cutRpy enment  Wghts Aver agQSgSt andar@lgﬂew ation Di anepan
(,0. 381 nmm cut angle ﬁ%f?rees 161.0 1.707 not
cutdepgthbapl e &R depth 99 0. 158 @0%h4 0.41 cut | edgdh

cmkhﬂﬁk9p489 Onfp4 1.28 (dOgcut disggpce P nm 0.962 ;49
054 2.52 spirality angle a degrees 7.96 1.075 not

SPIEQBBI%&Me Tdedrees7]) (si %86 2-0 barb@t suture) Raedt@pplicable
D. L, or

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

P over Suture
Measurement Units Average Standard Deviation: Diameter (0.381 mm)
cut angle 0 degrees 161.0 1.506 not applicable
cut depth D mm 0.154 0.017 040
cut length L mm 0474 0.058 1.24
cut distance P mm 0.973 0.068 . 2.55
spirality angle o degrees 6.53 1.755 not applicable

Additional measurements were performed on several other twist cut, multiple spiral,
barbed sutures manufactured from monofilament spun from polydioxanone and having a
diameter of about 0.018 inch (about 0.457 mm, which is slightly more than the USP
requirement for a size 0 synthetic absorbable suture) and thus similar to the above-described
tested barbed sutures, except that these other barbed sutures were cut with a different cutting
machine, namely-a machine with one blade that moved longitudinally along the twisted

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

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

cloth closure strength is performed can be seen below in connection with Figures 13A and
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15 P over Suture Measurenent. Units Average Standard
Devi ation Dianeter (0.381 mm) cut angle O degrees
"161.0 1.506 not applicable cut depth D nm 0.154 0.017
0.40 cut length L nmO0.474 0.058 1.24 20 cut distance
"P mm 0.973 0.068 2.55 splra,llty angl e a degrees 6.53
1.755 not applicable Additi onal nmeasurenents were
1386y The remdisdor thae efhat babdienmtesiatlsusstiarizeith hd¥oBowRj; Tables 7K
bar bed sutures manufactured from nonofil ament spun
‘om pol ydi oxanone and having a dianmeter of about
0. 018 i nThblé AR Psite Obshel siieyWhi ch is slightly nore
than the USP requirenent for a size 0 synthetic
absorbabl e suture) and thus sinmilar to the Ratio of D, L.
above-described tested barbed sutures, exceptpthalumre
these ot her barbed sutures were cut vvlth a di frerent
Measwegt pachilmits rAvesase StandediDexiagion h one bl Ridmetehér457
@gpved | ongitudinally along the twi sted 30 fil anent
etween cutting strokes and that was controlled with a
cucangialt er to niekmes NS2\6ar | ousO’id&ts for the escanqapplicable
bar bs._ Thes her r sutures were al so
"“?ée?we]g for stPai ghfo%ull rqgﬁ e strength and for 0.48
cutlesgibls cl ot hmml osuwr4yost rengt)lmzz(A di scussi on of hqws

~_chanoi cloth clo stren th is perfornmed can be
Cu%‘ggtﬁ" 2’| OW | ﬁn@onnz)u{%ion wit ROt gures 13A and -28- L71

spitadity dngl® I eslepdess f10[0 t hese giger barbed suturegy bl
summari zed in the follow ng Tables 7K - 7Z. Tglg) %Igl}%a ©

(size 0 barbed suture) Ratio of D, L, 5 P over Suture
Measurenment Units Average Standard Deviation Di aneter
(0.457 M cut angl e 8 degrees 152.6 0.718 not
applicable cut ddpbla7D(siza@hated sue)1 0. 48 10 cut
length L nm 0.479 0. 022 1.05 cut distance P 0. 4L
0.015 1.71 spirality angle a degrees 12.9 0. 2
applicable 15 Table 7L (size 0 barbed suture) RaktSutek

Mél)surémcnt P ove rUn%%' turg __y_er_ag_ Standard Deviation Diameter (0.457 mm)
cut angle 0 degrees 1524 0.947 not applicable
cut depth D mm° 0216 0.014 047
cut length L, mm 0.465 0.024 1.02
cutdistanceP . mm 0.774 0.015 1.69
spirality angle oc  degrees 13.2 0.349 not applicable

Table 7TM (size 0 barbed suture

Ratio of D, L.
P over Suture
- Measurement Units Average Standard Deviation Diameter (0.457 mm)
cut angle 0 degrees 152.3 0.576 not applicable
cut depth D mim 0.227 0.015 0.50
cut length L am 0.489 0.034 ' ' 1.07

. cut distance P mm 079 0018 - L4
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Measurenent Units Average Standard Devi ation D aneter

(0.457 mm cut angle 0 degrees 152.4 0.947 not

appl i cable 20 cut depth D mm 0.216 0.014 0.47 cut

length L nm 0.465 0.024 1.02 cut distance P nm 0. 774

0.015 1.69 spirality angl €,& degrees 13.2 0. 349 not

applicable 25 Table 7M (size 0 barbed suture) Ratio

: P re Mea ment Units Aver icable

Spg{hgr%dgkﬁ daDev?igﬁe%sr?q%Haneter ?39357 mm 30 cut arﬁgifpé)h%ab’

degrees 152.3 0.576 not applicable cut depth D mm

0.227 0.015 0.50 cut Iength L nmO0.489 0.034 1.07 cut

di stance P nm 0.796 0.018 1.74 -29- spirality angle a

degrees 13.1 0: 193 ablo7Ndgp u le 7N (size O

barbed suture) 5 Ratio of D. L. P over Suture,_.
Measurenment Units Average Standard Devi ation %gah%g{_%L

(0.457 mecut angle O degrees 152.8 0.612 not Pover Suture

[ i I 1 . 007 O.
Mago IC%E ?rm . ,cgt f:lve tQOQ n@rgl 2917,0 ggzeolficué 0457
017 1.75 spirality angle a degrees 13.6 0,560 not

appl i cable 15 Table 70 (size 0 barbed suture) Ratig
cugpgpd | p sressidEBe  Mealfi®rent Units Aver@pgpplicable

Cm%c%@r d Deviglionggameter §@gA57 20 mm) 0.45
cut length L. mm 0.453 0.016 0.99
cut distance P mm 0.798 6.017 1.75
spirality angle ot degrees 13.6 0.560 not applicable

Table 70 (size 0 barbed suture)

Ratio of D, L.
A P over Suture
Measurement Units  Average Standard Devijation Diameter (0.457
mm) |
cut angle 0 degrees 152.9 0.549 ‘ not applicable
cut depth D mm 0.188 0.016 0.41
cut length L mm 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

cut angle O degrees 153.1 0.655 - not applicable
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cut angle O degrees 152.9 0.549 not applicable cut
depth D nm 0. 188 0.016 0.41 cut length L nm 0. 413
0.030 0.90 cut distance P nmO0.787 0.024 1.72 25
spirality angle a degrees 13.8 0.270 not applicable
Table 7P (size O barbed sutyre) Ratio of D. L, 30 P
over Suture Measurenent Unitls Average, Standard
cutlepth @t i on Di agmet er 0204 457 nopd7 cut angl e O degreeg4s
53.1 0.655 not applicable -30- cut depth D nm 0. 204
CUtng."@EWLo. 45 &R |eﬁxj% L nun0-819451 0.019 0.99 cut®99
cutdisghasee P ny0. 798792 018 1.g@ig spirality angle a 173
_degrees 13.6 0.410 not applicable 5 Table 70 (size O
spighiyyipagle sut ur €yereat 1360f D, L0410 over Suture 1ot applicable
Measurenent Units Average Standard Devi ation D aneter
(0.457 MM cut angle 0 degrees 163.1 0.505 not
applicable cut depth D mm0.245 0.013 0.54 cut length
L mm 0. 842 0. 045 . 47 Se%Hglgingn e PmnmO0.774
0. 009 1.69 spiréiﬁi%l%#ﬁ?e—§£§g§¥3§§ 10. 8 0. 449 not
‘applicable Table 7R (size 0 barbed suture) 20REa 6fD.af

D, L, P over Suture Measurenment Units Average
Standard Devi ation Diameter (0.457 mm) cut agé¥%3%@£9

Meshofneas 161. Unils 128véinte afphdafBbéation Diameter (0.457
mm) _
cut angle 6 degrees 163.1 0.505 not applicable
cut depth D mm 0.245 - 0.013 0.54
cutlength L mm 0.842 0.045 1.84
cut distance P mm 0.774 0.009 1.69

| spirality angle ot degrees 10.8 0.449 not applicable

Table 7R {size 0 barbed suture)

Ratio of D, L.

P over Suture:
Measurement - Units Average Standard Deviation Diameter (0.457
mm) | |
cut angle 0 degrees 161.1 1.126 7 not applicable
cut depth D mm 0.233 0017 0.51
cut length L mm 0721 0.035 1.58
cut distance P mm 0.773 0.010 1.69
spirality angle o degrees 126 - - 0.189 not applicable

Table 78 (size O barbed suture)
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25 cut depth D nun 0.233 0.017 0.51 cut length L mm
.0.721 0.035 1.58 cut distance P nm0.773 0.010 1.69
spirality angle a degrees 12.6 0.189 not applicable

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

Devi ati on Di aneter (0.457 ~ 5 cut angle O degrees
160.9 0.708 not applicable cut depth D nm 0. 84> &1914
0.52 cut length L nmO0.734 0.037 1.61 cut distance P
mm 0. 774 0.009 1.69 spirality angle a degrees-2yggture

Mefsudtenf Ol 2PPhite abhGeradd J@tilaRd Bdvistiinze O bar Becheter (0.457

suture) Ratio of D. ] P over Suture 15 Measurenen
mm)njts Average Standard Deviation Dianeter (0.457 >M

ngle O e 4.6 1. not applicable .
°“t§g%?ﬁ J o oIS ot © 46 07 length L rm 0. ggbiicable
cutdefi@® 1. 08 2 cut 0.84Gt ance ®P0hmM 0. 538 0. 011 1. 18 0.52

[ ity angle a ees 12 . 223 not appl i cabl
°“t?"'oé‘§{hgd7u (si o bgr?%{ed sut u9'§3J7025 Ratio of D, L, fe
cutdiseince®it ur e miasup.gment Unig.ep9Aver age Standard  1.69

.Deviatjion D ameter . 457 cut angle O degrees _
spirplity agglg 0gng pﬁgeeép q? cabl e I\g\/&IZ g gnot applicable -

Table 7T (size 0 barbed suture)

Ratioof D, L.

P over Suture
Measurement Units Average Standard Deviation Diameter (0.457

 mm) '

cut angle € degrees 154.6 1434 not applicable
cut depth D mm  02i0 0009 0.46
cut length L. mm 0.492 0.026 1.08
cut distance P ‘mm 0.538 0.011 1.18
spirality angle o degrees 12.3 0.223 not applicable

Table 7U (size 0 barbed suture)

Ratio of D, 1.

P over Suture
Measurement Units Average Standard Deviation Diameter (0.457
mm)
cut angle 0 degrees 1529 0.809 not applicable

‘cut depth D mm 0212 0.014 0.46.

cutlength L mm 0.464 0.026 1.01
cut distance P mm - 0.530 0.015 1.16

spirality angle o degrees 13.7 0411 not applicable
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30 cut depth D nm 0.212 0.014 0.46 cut length L nm
0.464 0.026 1.01 cut distance P nmm 0.530 0.015 1.16
spirality angle a degrees 13.7 0.411 not applicable
-32- Table 7V (size 0 barbed suture) Ratio of D. L. 5
P over Suture Measurenent _pits Average Standard
Devi ati on Di aneter (0.457 cut angle O degrees
153. 4 0.903 not applicable cut depth D nm 0.221 0.010
0.48 10 cut length L mm 0.495 0.023 1.08 cut distance
P nmO0.537 0.012 1.17 spirality angle a degrees 13.9
0. 605 not appl i cairhige 19 (Sigd0d Barifol/sufkde O bar bed
suture) Ratio of D. L. P over Suture Measurenent
Units Average Standard Devi ation D ameter (O. 0 of\ i L.
20 cut angle O degrees 155.2 0.829 not applicabgrs@bile
depth D nm 0,202 0.008 0.44 cut length L nm0.483
Megsusemenf o  &lgils dj dwamee BlandardDewation 031 1. 7Diameter (0457
lm;pi rality angle a degrees 12.6 0.328 not applicable
5 Table 7X (size O barbed suture) Ratio of D. L. P
cutgpgle OSut ur e deedsedShfenent WADI s Aver age St andmu applicable

pafion Di ter 457 ut angle 0 degrees
cut?gt\@]? 0.799 no apB]glg%:abl e %yfdepth D nm 0. 200 0%4%0

cut@ergth L. mm 0.495 0.023 1.08
cut distance P mm 0.537 0.012 117
spirality angle .~ degrees 13.9 0.605 ” not applicable

Table 7W (size 0 barbed suture)

Ratio of D, L.
P.over Suture
Measurement Units Average Standard Deviation Diameter {0.457
mm)
cut angle 0 degrees 1552 0.829 not applicable
cut depth D mm 0.202 0.008 0.44
cut Jength L mm 0.483 0.017 1.06
cut distance P mm 0.789 0.031 1.73
spirality angle o degrees 12.6 0.328 not applicable -

Table 7X (size 0 barbed suture)

Ratio of D, L.

P over Suture
Measurement Units Averagc- _Standard Deviation | ‘Diameter {0.457
cut angle 0 ~ degrees 1555 0.799 not applicable

cut dept_h D mm 0.260 0.010 644
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-33- cut length L nmO0.484 0.027 1.06 cut distance P
mm 0. 798 0.017 1.75 spirality angle a degrees 11.8
0.362 not applicable 5 Table 7Y (size 0 barbed
suture) Ratio of D. L. P over Suture Measurenent
Units Average Standard Devigtion D ameter (0.457 10
mm cut angle O degrees 155.74 0.560 not applicable

cut%ﬂ%thq_epth D i 0. 18G34. 008 (o cut |ength L nm 0. Agd

03 cut distance P mm0. 799 0.019 1.75 15

cutdistangg ¥ t y anﬁflné a 848t ees 110810, 496 not applicabl &7
: I 20 d ture Stggegght Pull Streng

P i 1E%LCI ot h osa?g St reng{gﬂ6 ( pounds) (pounglllsatatpgl]lcable
rupture) Sanple 1 7.29 11.23 (Tables 7K - 7M Sanpl e
2 8.73 12.14 25 (Tables 7N - 7P) Sanple 3 8.5 9.22
(Tables 7Q - 7S) Sanple 4 5.92 9.27 (Tables 7T - 7V)
30 Sanmple 5 7.69 Pade/7Y (sizalfl bached Witure] Y) - 34- Al t hough
all the above-noted neasurenents were perfornEd.c%¥D I
bi-directional, twist cut, nultiple spiral ba ;
sutures, the bel ow noted desirabl e ranges forPover Suture

rreasurerrents arb lepngth harb cut depth D
Megmgtent  anolith, Adtes Sidaibeddia B ou Daelerdps

mnjame for the various other i nventive barbed sutures
descri bed here.

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

cut distance P . mm 0.799 0.019 1.75

spirality angle degrees 11.8 0.496 not applicable

Table 7Z

Barbed Suture Straight Pull Strength Chamois Cloth Closure Strength
 (pounds) (pounds o Tupture)

Sample 1 7.29 11.23

(Tableé 7K - TM)

Sample 2 8.73 12,14

(Tables 7N - 7P)

. Sample 3 8.5 9.22

(Tables 7Q —7S)
Sample 4 5.92 9.27
(Tables 7T —7V)

“Sample 5 769 9.97

(Tables 7TW - 7Y)
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5 A suitable ratio of cut length L to barbed suture

- dianeter SD ranges fromabout 0.2 to about 2, nore
preferably fromabout 0.4 to about 1.7, even nore
preferably fromabout 0.8 to about 1.5. However, very
sui tabl e barbed sutures may Eave a ratio of cut length
L to barbed suture dlanete? SD from about 1 down to

abo\lithéhigh all\WReLBRYndietEméRinkRet welSpehioti@iSdn HRAREIRhA, twist

bar b eI evation (the elevation of barb tip 85 above
cuig pultiple spiahbagey sytares. the belpwinetedidesirable panges fopmeasurements for
ba:‘fn%{

PP aRe RO BIRES ol o, 6 XMor butifho) P b dl fome

fortthevamaﬂbothqngtmute barhst setprea desaiibaddiees.r at i 0 of cut

dep 0 I r r SD r S

abo}l}{& ugabﬁ)%raﬁoogc%gbeﬁ é%li‘ég bar%%?‘ié‘glﬁrgfjler a qr%ﬁ?r?mogn s ER O out 0.2 to
abdht 2, more phederably &oﬁfa,boﬂ\ﬂertol’ibmﬂ 1%, etenrmadit prefdfralﬂy ﬁbmubout 0.8 to

Iess Ien h L nma

b 51 PN, PGB RN S5 138 ey SRiaLE SR lpmgthd. to parbed

© sutBiefd@endt@ ISIefroh abdus 1 d6wn fHbeutNLL tvﬁi&l‘ebyfﬂw’raﬂl@d)ﬁ’th&ﬂghest possible

ertain types of tjssue _such as f sue, or so
burp Loy Hon (i leason kP &P 35 2beye SHie PR SOt ttwaﬂuge fgrter SD
codé@pdﬁdﬁ‘@l)oxfaﬁﬁs floyPAButof ddwnSs WSSt BI2C TRShighesOfoRiBle barb elevation
i tissue. di scussed in nore detail below vis-a-vis

is the fpgees 1@ bagtrlepgth {i)| Alsgyjasitable ratip of @y denth Rria barbed iyrp

dl&ﬁl@ﬁf’ sg%@ga ﬁamtab.ﬁk 0igs t@aﬁbﬁf‘@ls Nabik %bec%blk/ AoFEbotRAH éfs%out
[ or smal barbs di sposed on the same suture w |

OSEéVe@wmﬁféramemﬂ@v 2t ab@h’éh?t he barbed suture | s
20 RERHAKE Gergh 1 B BE alsnibly VS eplai/th hEdod eng use,
singenlargert adescrenorsstitable fooitininertamisyges wh tissde suchpgfat figsoerpr soft
. 4
e T T L T T
{ibmbotinsud 735 diegpsed $n mileeletaid bblowr\ef—ewrsédgmmll ahagé wilDaldodre
bout out 1

b f 25, F
nsfihcer WS ey iRt A e o RO e, S
barbki (as;raa_emtr] orla‘he sdnp stude Vilibei dﬁﬁhalgcpab dstante, %&tl ﬂif&)barbwl buthire is
1.S .l t t the requi renen or a
em%‘%‘%ﬁ’é%f“&‘"%@%%b@%“é Wt GUEUES- si ge 0, the preferred
gar(h.ldaﬁgllt)'?oﬂme\iﬁbﬁdvﬂeMe Barband e eldigad 8fvge 'b@@y &@f:ﬂ)l}r would

th Dwould be 0.2 mm and the preferred barb cut

8 ah@3iG 140 drgrees B Ao IdE degreesnaorupinerblyspdd wgge from about

' 1455%%%@@%115 aglet 1748 Qersbi‘hé ﬁo&?pegérﬂ:lb d ot S{ & %0? aF%a%Ef?s from

creat as nman S as Possi
abothOétdaﬂo&tl?@hd |s a factor in the ability of t he

ret anchor  tjssues whil e nmaint in .
ﬁ?ﬁ&?ﬂc Bigioxpmong Bﬁb@ﬁs‘lﬁl&? i digmgter O?e‘?%lgﬁelgmch
(ab@ﬂ o387 infif), HARAG dlightiSIeFeARRaShe DSP @é@&&h@ﬁm d sémthi@t‘iobs
are spaced too cl ose, the mta%rlt

abS?rbﬁbéﬁweﬁéW%% thesssigrrer baskylen Tewows bp B 4ﬁ s theypraferred barb

: depﬁﬁﬁ 4R0fdbe@.2 B amPhDSrefPel BED ¢ lé\PG{IId 8l fﬁ ée@re@s

decrease in suture tenS|Ie streng Ceneral
suilvoagitudinah spasing betwigen atiydwe heds [ geocrply tf&@tedumhrtbe goal of

oty DSy R EIOST IOD 4 SRA e 450 B e

sutlpw of sorlzdy |t1ysu[e$ while maintaining firmness. As barbs are spaced farther apart, tissue-

anchoring capacity decreases. Nevertheless, if barbs are spaced too close, the integrity of the
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5 about 1.0 to about 3.5. Very suitable barbed sutures

may have a ratio of cut distance P to barbed suture

di aneter SD from about 1.5 down to about 0.2, whereby

cut distance P may be as |ow as about 0.1,

particularly for the overl qggi_ng barb enbodi nent,

which is discussed in nore detail below vis-a-vis
filiingumey bt fApard28], wht@,coalddeali2®a tofdeticl ioptha bhiss to peel back and

spirality angle a f. d . between line Mand the
a]ﬁooﬂﬁﬁ?ﬂﬁq\éﬁgﬁ&gﬁt@ﬂ?fS 18t of the el ongated suture

b 0 dy}eﬁﬁ'allﬁ alsuiitzble ratid of citMibtle® 6 Phibad shat BRthe®HEDrhges from

| cal g uI d ran e from about 5 de4grees t o about
é{% 1abi¥ frop 3popt Qypio-Abgpi+-5 cyrugpqse Brefegably from
ab&hqui to%&on.d e ﬂ%‘iy suTtﬁlﬁe BRséd Q&&Eﬁhﬁfﬁav@ﬁ%t% ot chtQistabe P to

barbs on a twist cut, nultiple spiral barbed suture

barhed g diamytar §Daﬁ§B'& gboyB 1.5 Hgwn ihgporih2 tvdlembg aweh%ance P may be

' as R hbb (SU bhktiSuAdy fo\“tﬂe%bet‘lz?pﬁg%l ngaF'n i e isdubled in

15 present invention. Sutur ongate
mase dgtaibbelow xis-4-ws Hienwer 3244128 12Gland 12D. cross  secti on.

El .

poi AEERIIE Bl sh BrAMATblkeh HhEM Hl355pg drecton
of ﬁmreiomgaubxmmde byt foomsvig rcut) aulti phaghéraPishrbed Gutiiytypieully i cikd

a_sur i eedle (n shown) for insertion int
rarihe S8REAOOR ARG o b 23 GReIP Bora e PRt ot § S 1o
ab&lt Q% ebgte@p TrEMostpadffifeddd gid ol RPBIEBarbdorPa A G@Mnultiple spiral

di sposition. 20 Suture 90 nay be nade with the sanme

barbed $utirg isAbewi 198 toboutid® above- di scussed sutures, such

as i dbbiB iR SRoiaeailRYe, bitc gledpa@g;tvegmamn%qt of the

presentrivaaiiono Sutuef 54 includds sloogated bedyl9@dhatizt deoctsily drculaaiai cmqps
sechgf? BRY Qe%lgd'oﬁ? t99 Ee%ﬁ?xﬁﬂe hﬁr}st a% W ah& 5%1%133?1 %%Stgﬁte% g?netraﬁng

ree ISpOS ures

tissmcl-t Itisdontepiptatasithatahe ohiottpasls D cms r(nayﬂompme Héhrgiddd neddlt) (not

o B B MDA S R

bartls Sparsangedin airandoledisgoliiorany barb angl es provi de
Lp tissues and thus af ford superi or

"o p Li}'l"r%(r? P 3?3% E’g rﬁ‘}aag &IP-F thesame\gytting machipeasdhsabove-discussed sutures,

sucﬂ a5 pRSUfting aevxée’&smwﬁﬁhéwouwoﬁée 8bi5hl BR. bNSEI 13800 GRERa et
ol W‘ sue with an jnsertion device, such as that shown

th pranbipAsigRs dbesabovs-descrbed apathads foranaking, they B0t dsirp sposition
(sutbdsh, !09%5 426 & ghleQipBsifon éﬁ‘lﬁi@é‘ 32 S*4;02l aﬁﬁ/gf e Rﬁht oot SAGitiple spiral

vi ew of barbed suture 100, anot

dispawisioni(snares &% 79.180). pededswurp ﬁo @ﬁinacmry gudonr harmeposmon is
obthil&d. uﬁf&%d%%g 3t &d raﬁl%ﬂ d%Ppﬁﬁimyn it Qe thgfmagg 9% 2}1%1& provide

circul ar cross section. suture bo
supgiiierpochoging in tissues apd thus hfforgd sqfenoz:Woumi holdimpprepkrixar kmth the

o A BB D i,
sucln est Ilha@hbwn o the dmv(amoted M\BabenaN& IBA2H76 do Rof¥. 3 6-

D Ry B S0 R P o e

anot{ﬂsanbocﬁtﬁent of the presaw @veitnl SandO HomMuee ermgaed/uuh&e bty 102
are cutt ng machi ne as the above-di scussed

of Uen ly circular cross section. Also, suture body 102 has dlsposed on it a plurality of

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

108 is serrated or corrugated. One or both suture ends (not shown) are pointed for
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sutures, such as the cutting device described in the

above-noted Serial No. 09/943,733 to 5 CGenova et al.

Barb 107 havi ng serrated underside 108 is achi eved by

vibrating or oscillating the cutting bl ades of the

cutting device when barbs akg being escarped into the

body of a nonofilanent. It Is intended that any of
pengtlb@gdaémtlT]rﬁiut ig bﬁ&ergﬁlatbdﬂgnap%rﬁ% Bbtlh'l InRly @BinpiRR adSrgical needle (not

ri.obe ere may have barbs with a configuration

Sh?‘ﬁ'iffo’i HEFGRIJUOLSYEr  at ed or corrugated underside. 10

vv t Butef 0 emgem Ak with BleGdme SutdifP madttheldd the AMER-Gik@Gkelin
re 10 Ais a perspective view and depicted in
&w st utting degige gesgiibedn Bﬁﬁb@w-@ﬂdﬁe@a}ﬁ@ 094RA3.¢33 to

Genbvari el b 1MRORL BB RkedfndtRRe POSR 8BlicveB b ?fb&ﬂﬁg or oscillating

Suture_ 110 includes el ongat ed suture body

thesuftimedladgs ofitheatiing deviss whendearbsame bemmcarmqlumoehdmay of a
moplFoaes, & RAR0 82 0 FuRbHR! el 0 B NBRER,
descgpedherqroaxhave barhswbh avpnfignratiBa thot indl5ddsasemated or corrugated
und2idd guration with an arcuate base 119 where barb 115

I's attached to suture body 112. One or both suture
end¥Withmefereadeawom) to ﬁaquas dioAtaed 10Bydepiered it BB J 0 A 18 S perspective

g SORDTRE i RS BB R kS °

emthmeni of the grssas inhftican Sufid) 1rifcl Gded sl Sal suftinchodyl 18 Wof

etV G Gika SR Abipersey rRotsepseend vy

clodhpdpateditarbt 135 heeaBss tifariy Q:V‘&fbaﬂﬁl 13Gs SHoRF&GRBroddsDf
may be made with the sane

d.tip.117. Suture 110
bre P TR RS B PR S bip Wi be 415 6 gtwhed
to sﬁ&iré Bely QU2.t 0o S8R ée A Sbvi) a&%1m seAlh e tissue
eri al No 09/ 943,733 to nova et al. To achl eve
a"ddé'fs 5ontemplated fagonerar bathanaycomprisen surgieal peedlei (nef shewn)dfer
insérBorPifMisded 25 wth cutting blades with ends that are

correspond|qnglé arcuate with respect to arcuate base
11Fgyres 106 andrlBRdetressaectingl vidwstihwedivelyatbng line 1@€ —dPC and

i 9, IG5 D108 PR 900 W Ty 31 Epgonae

_nar#@a@egomm%mabwdﬂ@tdmcbup sh’bul d enhance tissue

an 0 r
rouft Db ey RORRRNG hOschhe g masfli8 in BE B digonged
suturess seh as the cutlmgdavmmtdeﬁ:lmbuﬂ)mlthb steserhbted Saisl Mo 09ed3,733 to
S s, t coul d ecrease tissue . . )
GeRRSH, Jﬁ Schgye fioiiS bt ascupte age 55 B chRaovisede Povidss
w1tloéutt&1glﬂﬂda€ ohith dhdsriRat bRRorr oA Bfcuats WaR HspBRito Ruatd Wise
present invention, and that is generally designated at

119120 Suture 120 |ncI udes el ongated body 122 that is

ek altdrMedihbCaly dF ﬂier&m%wmméﬁsftth@ﬂeseﬁl ARGRLE S B2 d here
37- termnates in end 124. End 124 is pointed fo
maYélé‘H% barh ity 2 eondigumtion dhat ipclpdes @p arcuptp basee The iravate base. should

enhance tissue anchoring as compared to a flat, linear base. Regardless, it is not desired for
the base to be circular or oval, which would result from conical shaped barbs, as that could
decrease tissue anchoring,

Shown in Figure 11 is a sectional side view of a barbed suture that is another
embodiment of the present invention, and that is generally designated at 120. Suture 120
includes elongated body 122 that is generally circular in cross section. Elongated body 122
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 sizes ppillytiatsd fon ssts ofhgrbe 2%
25

end 124 may conprise a surgical needle (not shown) for
insertion into tissue. (The other end is not shown,

and al so may be pointed for penetrating tissue and nay
conprise a surgical needle for penetrating tissue.) 5
Al so, suture 120 includes urality of closely spaced
barbs 125, plurality of cloSely spaced barbs 127, and

ternthatéah by 126 FHlaqse lls)/po‘ﬁrﬁécpﬁgp&@{rgﬁlgléﬁm aﬁ@& *?§co¥?e§1p@d’t&i that
relatively small in size wth a relatively short rb

end|1ghgw cerapriseapurziadl nesdisdnasshavpm foripseriondnte Hﬁ@ﬁaﬁf\wﬂw end

is nOBHL W ahd algb ?ﬁy ggﬁwé}nég E%l p@ﬁv\%tz?égﬁé/ uﬂ@@éﬁdﬁ%@ gkxﬁélﬂu?gwal

as conpare are y large
needlnfcmpzmmmmauas)al atively long barb length. 10 Suture

gﬁlp'aéltb e ?@%&u‘%é gﬂ}ragg o\?\%ﬁéﬂﬁ%&%ﬂﬁﬁ@gﬂ%ﬁﬁ@ of Ql%sely

spa@dﬂ:hnbm $2Hand plemlie;smfroldseig* spated babal?Oy Bartetl26 aiSeelatinelyNmall in

s R (g PP R POR AR S FRRIRAf

medifi® th shibewxlﬂﬁi Relatively ngsdRinhibdr lefipt cas|comgaed afbastksqag,arzmclam

to result e three sets of barbs
Te]aﬁ‘fgy aﬁgg-;n SIZh Y1 2@61%‘@?'3 hbaébLef‘ﬁtE different fromthe

ot [3afufe 120hR4yebelRadeAMAE Yanitdultin %Q&cﬁh@ adk@6 higivediedcaibed

vari ous surglcal applications. The barb size nay .also

sutugegKere mads, priches Hieayiimg devics daqribe m thp dhevgyioted Semal N-

09/%@57@3 FPYerRa &0 By aﬁ&ﬂig%'@ arunt SFtlade AembRTRFAAY &ﬁﬁng into a
barb base % |cag% is | ess than about 1/4 of the

sut%mﬁlamentoﬁhmé cpblength it madedongerorahories| 35 desifedete 19l fseach
of ﬁﬁr FredStd 5ARNKE 109! 127041{&' 1@9 b&g% ?%ggzcsd}ff&rcﬁﬂ fﬁﬁh‘ﬁé othcrs where

whereas relativel are desirable for
the yagying sigesfarddagigoed osmws swﬂ@@plapaﬂwse dib bardtsize mfalso vary
int e%faﬂ&e{so FRgL T, @He%gf thSDBb basg ?%e Qibrt, BRaRATBr %ﬁ%%ﬁ&

ensure i mum anc ng properti es

rregduﬁesis the bab basedymicalyonicgsaliart abpuiééoﬁthb smsmdldrwy@r Only

cedal it e Bk B 98kgR SRR ets

whebal hdativaigtsmaiawajbs ard dbsiﬁ‘:Ihl!H for Joinisg filgous tlﬂuesnﬁfseof a

t Si dset ha sizes as .|l ustrated
conpistiGittihngs, TS pdgt Saapetn g gy I P
maxifiing afidhoHh@pldpéhiesWhendarb sifes dRTustefized fbr@@&ﬂfs@iiﬂ’]@ﬁ:r Only
\f/Xl h the mten%ed end use, Al so, althoug E({ é
two difterqnt §jzed sgisof barRs (ot §1}9§Vn9)gt\a}5§e ?ﬁéi‘fﬁ ‘E?Fﬂ ?S’I“F% R4y j ot
addl'tibndl Setd mﬁf&qﬂottsh&hn)hﬁmdr ivé, WixS8r Mbre i fRAER SizEtPéistBanithree

configuration of varizl 323| zes in accordance with the

Hiand 139 mavche eserapasidatospiprRody 122
as d&‘ire&gng daddatnmth ﬁaHExRérElﬁd 8la @8y A%g Jléﬂ@u ffifre 1IME Nivsi¥Red

bar b sutures described here. e 12A is a
w1thdb¢ baybcheingsmidipatiorfal, dtris mﬁmdecbﬂmtdmhwé ﬁututcs withdarhs badrg 2

%{6& gg Uagymg oW ﬁ%rzpo?&&‘ééjw Y Rehdbh QY ﬁx%gbe%%@éﬁoﬁgl

eneral circular Cross sect

' barbbdthuxsmbmmioanbbabe{dmﬁmmm@ ofatheother imteativé lparbed sutures
netrating tissue and it is contenplated that one or
desBfhs

Thds may conprise a surgical needle (not shown)
f OFigurSI2Al ik @ Pedspdctive vis®10E anotitdd embodiment of the present invention,

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

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

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

bod Suﬂ&ﬂ.305uﬂﬁhe@ Wcﬂld&s?;&maﬁty%f BADS PEHrbj¥&ingifRdM lﬁfdy 432 such that
over| app

ortio barbs 135 of the
ac 0% by Bty pieeet ot B4 serond barks (7 e diopecdiipody 132
whietett®ad2(3 51 cveaps @Bt oRA Bitb Yﬁf‘f"ﬁrs@ bind éegél{d%agbg B3s Eﬂ'lﬂdﬁr@readﬂy
12D is a cross-sectional view along ling 12D -

apparey Habs ¢35 aggdaid Jat endbodpi22.c| early seen from Fl gur es
123F1g&r%@21361§‘9 %@@m@é&ﬁwg PEFRIE fpm %5#&?13

over ["appi ng barb 13 escar pe part

Owr@pmrla élsmsltum hathed suiprsd 0 Q%Ezgm 1RAr @df@gm:@sac Jalad()p;pian view

t 0
B i DI 502 e SRS OB
AS lsanx be 1066 cleftiy swnﬁmhFrghws 28 1 2@ ppidr1gDddsing séchipaent dfhberbs

13% %r.r%laﬁglglg firt tb%FeB éé%?&{& nfét:ol rpfusxl&l g t%rg%i%elg% ?f qvgﬂadpﬁ& %S:f:ond barb

135 ved $capp d?;’trts:é mcqmnﬂe b"a fob olcslapped sbid 8&b 185 b@omes pdrt dfahderside

sut uwr t barb cut di stance between two
. Usboargerggplf'ﬁﬁmgg?% lggt 15 length. Particularly for the

ovsrﬂm,pwmg:e lo@édpging rdQ@bsﬁtldﬁD&l? Eﬁb)guﬁcgétir@tb bgwb?{ ﬁl@tdoatrb 135

ut ur e.ar e_par cu I Sstance 10

o GRS SO S D i TP RBBUHOT 2 esogRsthcqond bard 135,
wha’e&Uin g@néi‘a] Bt BaaBed ffurddaihb b& butifiRB B@tw@eﬂ% bﬁl%s 3hd 4% cut
1 E 3}{ (See di scussion of Figure

engt nﬁ%fﬂ arly for éhe\ﬂvgﬂ%m@g@aﬁb@%%m% H@Wﬁm&#ﬂf lrtart@d Btpigs may
haveUtratf STR 6:8b dut BikkcONThd BRRIRGurAE SR oﬁ' )r/r?«r:ilb gl 1, 9\§§wn to

for closely packing many barbs 135 on
about 2. siice the hagh ¢ disBgeeRmay be astipw as abpubdipéice d1scus31wln efFigure:

[ (I
7 kSl AR BRSO WAL ) IPRGgBly
dispositigs alitw ﬂ@eclngelwmcmng ewny barbd 135 dn tiody 132 pexhiypidaltypbarbs 135

I
oo 136, b} o e el B RERRRE B bt .08 bt ptgpee
as Aes elthduetl shtereéSO %] 1gustmad 18, balt3B35 héify wddiekchidial, stiow

el S Sl D35 S Bl L
dxrebmmalhaﬂadde;utmmdes@ibecﬂﬂér@. tissue, the surgical
| es te ol ymer, for_ instance,
?d e‘giaﬁggeﬁﬁ@ldg%ﬁ éwwu ablousisuigica negges, Whotsg gibed
sutﬁr@m@ft;ﬁfh&efo &th alrgicdlingee Iﬁ%ﬁi@f&’ﬂ&hﬁt&ﬁﬂdeﬁﬁ:’n 16 Gstus, A
IS a stral t el on(gated needl e in

t hat
S"fa“&ﬁ@?e@l?a ¥ be o et vithnpalpgen fosinsfagegy éﬁ‘éﬁsﬁlltle9 abqve it ayis

Us[pat@ﬁmssggg:glﬁegrwg&gpl needl e NI has 30 pointed
tip Tl for insertion into tissue and also has hole H.

SuFEEl 3 Anehomiseurgical rseedlp NI dhat is airaight eongatdededisindle as
long4diaNRRHeRAbn dnd (R fs gt&ﬁgﬁltagn ctr&? E&%ﬁ dﬁ{ %{:zﬁ need]elz Ifél fas

ar bed suture |ncI no
Pouﬁwlﬁﬁbﬁ% ingetion urw@dssbamtyl@&bosbas boledll. Bddgidal lmadib Nl is illustrated

as a?ﬁéﬁ gﬁ’éh ad ‘B&% %11}% t@@ %% }ggt}%{f Dukd§ LL30TLE Lotore

tion,
including, but not Timited to, any of the above-descnbed barbed sutures. Additionally,

surgical needle N1 has diameter D1 in the transverse direction, which is illustrated as a

relatively thin diameter, such as about 0.02 inch (about 0.51 mm). As discussed above vis-a-
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longifudingbdiggqtonandshat issepeyplly gmcu
poisebd #4575 %ﬁﬁjseﬁﬁm atb BedEGnd :ﬁyﬂrhs ﬁ%le*}l’tt 93@?!::{] deedlONPR IR ated

relatively thin diameter, such as about 0.02 inch
(about 0.51 mm). As discussed above vis-a -39- vis
swagi ng, surgical needle Ni, after having suture Si
inserted into hole H, may be crinped by standard
procedures about hole H tospold suture Si in place
for suturing tissue. Fi gure 13B shows surgical needle

vis F@aélﬁ?tsuﬂgﬁaﬂleéﬁlé i1 Odtter ﬁé@%ﬁlﬁg SNaREk iht hblREI1L, may be

lon udi'nal direction an hat is generally circul ar
crippediysiagdard pracediresafpyibels Hintodwldsupre Bhin plage fo5isHuggg tissue.
ti pﬁ‘xg ef198 shdj%esﬁ% éere‘Nf h2SYE s@fisht BloASadiBiReNe lirﬁth@z
Sur nee Is illustrated as attached, such as
lonmwdgmglmgon art thativgeaerslly cirqilasin CIB%ﬂSb@Ums Suxgical wedie N2has
UG Hefcp S UL AL R O 1L A by
as dtaclgidcach adediveghg, th asrbdal suret 82. Barbied suthne Stlmambarb,quseture

L S B

surgivil nBﬂlle NS hﬁiﬂmnca& [dZ xartm lﬁ{nsﬂdﬂsc&reaﬂms whigh deillustetedlaga
ussed abov LS-a-\Vi s [ ur gical
suity iR SRt o S 02 st aooed o ot Y R UG p fmeter
D1 Hﬁsurgﬁaal nbﬁil@l‘lll nae dlsgmgaﬁtaaﬁ&aﬁl @L?mmagmg,@rg&honﬁedmme after
to sut ure n place for, . use i.n_sutu
eV EUES SnaIoE T boIE FlanE B B Y SR RoP I Sbaut fole
H2 ehol@ shite BRGRpRE: faLadliesitiidgiRsud, ONgi t udi nal direction
and_that is generally circular in cross section

Suriseail3q strssurgrahisedie N thefiine exrved gonggie gpedle in the

longlﬁﬁiﬁ{ai &%ubﬁ‘ﬁrﬂ tﬁét?ssééﬁeﬁlgﬁc@élﬁéf 1§&§ss@@$%m%u§ﬂaﬂhe@@l€ N3 has
need is 1l tT at as attached, such

* poiningiip 3 fonitsersioniia e encalsaas bl ‘Songion aes Waisllustrated

as elE dsuéllrlﬁ Ff@ gg@%ie ARM‘E tSE ?gsafb'eﬁrkdg@:g SBGs a ?zﬂyed‘%ﬁture

ove I'tional
mclsdmga huahotrlemnﬂdeo NBy bfetbe ahoxerdessrib@Bbarbedtshiarasy éadémen@'e{

Sun CJI %%dle%g hX!ch as a out[ﬁ%f}%@e?%&ﬁ%c%%@ﬁ#ﬁ&é )ﬁ&l‘t}ré%d Qg %S

relmiweig tiis ddmaten\sechvis abaut BO2\nch. (sbauy 0.5 xnm)u rAgi diszhssedbdubve vis-a-

after. havi S3 inse ed t.o ho y
vis i, bl RSN s Bt o SRS e gty T8
crinhgdd by Stah dre p&edui‘es pbas@okd3 toheld sutseiSin plgre {6 Bsmesuturing
" Figure 13D shows surgical needle N4 that is a curved
ussif-ongat ed needle in the | ongi t udi nal direction and

th &h%urs 1919 G sh%@@: HieleN4 thik i§ h 05 FePE6gatt neddld @itkal
need N4 has 0|ntedt|?T4for insertion into

asif GP¥sAECtioBe flgiqghngedie N4 has -

suture S4. Barbed suture Is a barb sut ure
as aftaghiedhcplyas ypvagiog, tp bﬁi)@tbﬂmtre S4aRgrbed sutpge S4 is a barbed suture

BRSSP B sty
surgiéal geadleoNd hasrdiaphetérdD4 inlthestranatesss dirsctéon, which llysteatedas a
suif%%}? ﬁ‘ﬁ% ﬁiratélg%tj %Q(ﬁl%g Salgto 95&)3? mcﬁ %ﬂ:;o%g@ﬂ %?xﬁl%ult 8% %imnéter
D3 bBsurgieal dewitiNs.eAs aabmmmd\abevmsﬁh-mssmgmg,gsmmﬂ geedhlm after .

haviiE Sipfe ool o elp o e Fimose bl ed Dbl ot

- H4 to hold suture S4 in place for use in suturing tissue.

Needle tips T1, T2, T3, and T4 are schematically illusirated as pointed, but, as is well

known, surgical needles cotme with various kinds of pointed tips, such as taper point, taper
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HA to hold suture S4 in place for use in suturing
tissue. Needle tips Ti, T2, T3, and T4 are
schematically illustrated as pointed, but, as is well
known, surgical needles cone with various kinds of

poi nted tips, such as taper ,oint, taper -40- cutting,
bal | point, cutting edge, dianond point, thin line,

cufing, Haﬂrp@ﬁ;t cﬂ@ih@&dge&[iﬁndbﬂd posnt] AinGHEEsd 1dnGetipdfit, WH@it iditended
not be lim |1 such needle tips. Taper, point,

to ghyde, "é‘&?‘%f bﬁ grmts*m %ﬂ W Aepdleis n TaReF BOIBh EPET MBS e diamond

pofn't R pﬁ%rre?iq{egil@ﬁf)s HRRHiSS nttAIRd udinbarRaduapt ur es. As

known in the art, needle dianeter for surgical
n eeéls é%welblemwm fheeﬂcrmdle diamstea for surgical negdlpruspd vy

hﬁ' 2P (ile 1&'9&&5@3@%%&\/&0& tﬂlﬁ oftn Vﬁ'fw thick surgical

thl C surgl ca ldnee%%es are used
neglenasresed with tiu canveiopalshtutdsaecht the theanfioofiugiest yiedlldiameter

. [ t ianmeter is
to Qoo BHFY ik T £ 0 SRS BB Ba0L T U The
sur @owa#ermﬂﬂﬂhe tuygick aelecﬂ;&dbanbﬂi sotmddangtfination olfthe present invention

(o LR ki RS chivi psilel the Pinp e Bae T s BT neflin hen
thei lﬁore iphesrabllOthiatthe savgical m&&iﬂﬂ@lﬁdd%uﬁlbﬁfs wiktethe dd&sg:b@ﬁ\éedie diameter

dIe/b ed suture i e desjred needle .
beifie Hee Pl e 3¢ {1APAATEs N DEREL SRS Qe er AR &potle tht

thetnledl¥ alahetr fid} b Svefl ihakiRE Gan R rbell sitre mwte@ | e that
t he_needl e dianeter may be even thlnner t han_t he

bar Begeneral for e awaﬁvét"&mwpfﬁ rgiauely thin yrsicaaesileaiaphed to a
barb&Y &1tk Rnord pleirddid M8 Lppr&mnanﬁgﬂsgﬁecel.en@ﬁeﬂing a®ouAENBEEd than

tora, barbed suture is nore preferab

a redaipyelysdhich swraigalneedle braatedwish 4 b@hq‘—drﬁgmﬁe vﬁmaasem i5dleay the-
relad@@ tlu%%u%c‘éﬁ{e@ttllb xelcxe&tnla%mkﬂ E&h&%hoﬂ??og %ﬁat‘ef‘én%ééﬁ%nt of

a barbed suture. The reason Is

o ‘barb-‘elﬂdtsmeeﬂllﬂ thmﬁqr@m\gﬂeeé’bttmebﬁme saengtiviodis approaityiedisdue that
. has%é%ﬁ‘ EffnBl Jtogl%@\ﬁfx% g[.lip%%g Exd%% 33wl nd g&ﬁgﬁ%:b? %%aétf s

t1sSsue, ere OVI ter erosur
compar¢die tlgqucpsgm snaltgldpmmslsdm dph@iximdtaistisheahat had beep duttmed with

the%l?ﬁ\%wth}cﬂgﬁgﬁ: L9 sides of the closed wound from

conpared to the closure strength
pr o’!?h«jmbt tmpcmaptrfeatummrenb danstinsion bbthe h&gc&ﬁ&ﬁéﬂlsaﬁaahe&ﬁo the

rel at t hi ck C eed| e.
baafiie fhogrd s sha Spelstelal et plsefet i o o fentoyidinj order to
make ki fle at aﬂeﬁﬁﬂl m thé &ric BRH by Aritling, toRB6W 6t ifiddttion ©f the bhibad
t he suyrqi dl e dlameter shoul d be of sufficient
sutyre &R‘ﬂﬂT ﬁ‘ f?r gnehdieyenhalss.as e syraiqabpgedie digmefes gncreases,

the Sivgicabiteile li)sysuﬁ rsmublc'w lorIng el 106 biGhe LRSS hbdd Bimdtho the

barbed suture into hol e or the channel

bm‘RT&ﬁ@Fﬁ%@P@Q@“Sa%O“ﬂ\é OSLPngl cal needl e di amet er
| NCA&R Y, %%e&ﬁﬁle??ﬂ £ %Qﬂg e%{r'té b 'shﬁké tﬁalﬂétcr
urglca nee

long as the ratio o I anmet er
for gither a g deerlle emaccudiicd mestdl; is @oa@ohor Igss1more praferably about 2:1

or I%i%%é? Elr:@%ﬁ(bl% al rqb eghrsig)? Lergse lﬂ.lfrg\g t 1f%§§nneleneedles are.
employes] @jlht‘atmeﬂ dlllrglcnimeaile:dmmetﬂr tmdzmﬂ:leé sutuﬁe mnﬂlﬁr ndiybeas low as

abopFEF or B} G Slebved T nTgipe aburb.:B by ki epbBocvs:1 orless, oras

lowa abot OISaI | Ty wilf becdppracieled B 6@l RE0A bLordinary skill in the art that care
should be taken with extremely thin needles so as to ameliorate the possibility of localized

weakness, which may compromise tissue insertion.




10

15

20

25

- 30

30 enployed, the ratio of surgical needle dianeter to
bar bed suture dianmeter may be as |ow as about 1:1 or
| ess, or even lower, for instance, about 0.9:1 or

| ess, or about 08:1 or less, or as |ow as about
0.5:1. It will be appreciated by the person of

ordinary skill in the art that care should be taken
Wi t Tl seemttyoftiiin lur@mﬁlee&egs Botﬂfha\]ilﬁg AFdEb loﬂﬁtﬂgﬁaltd&edle
OSS|b|I|ty of | ocalized kness, ~which

di ) E@SP?‘EES%@“‘FWS‘;BF%W%’??” e PIESeRtRYSTHE. ‘é’ﬁ‘% @ﬁ&i Bs foflows.

t hi Vaﬁws%éé@d of RERAHIS RathBQbliniaMiRe b U@Uh@m@fs o?FIo@ﬂdEﬁ{avmg
needl e di ameter to barbed suture dianeter “suitable

a thiglgmepy of ghont 0i6rn EbpRidA;2 M weresrbwiths wpwd kaying a lthh 9&@0&

lggllﬁcqle@b&hg afjoi s | eather (manufactured by U. S
Chanoi s of Florida) having a thickness of about 0.6

i n AdbspspecirBerpwaspadadiom Tpecesifichamoiisathel yatitchingdogether the
roep SRS Bl oP 8 Wbopepln sl n P ne e (ool ol
pusshased frpm§ulzlbqg@@mmnyl wlzich weisgnmged with e ugbsd suture.hn Mbe%trwbrds,
sl B Lo ot BB

holodw iyedre shetharted shtorealuting stisciinks, Afteﬁfsﬁielimg desydithowomdd, tHegiece

of ek St <t RS FoATate Srepeel bk Bt 46 8o jp lonett
by diut 1G5 aichésc(mcmaz ) & wili, tvhbierthe Sitdh8® tolultPw it Bt middle of

he ce |s | eat was cut to a rectanqgul ar
thetslwﬂg %’8&’? it dbe P%Q@M%féﬁﬁ?ﬁfﬂiﬁ%cww peedle (3/8
of 2EEI), Witl2Dleh i Bﬁﬁoo‘lﬁbphﬂ‘n and aFohtively thinQfidinesdie® bBo: 0920 inch

stitched wound was in the mddle of the |ength and
(abpptfraliBMde the width. The needl e was a taper point,

CUr 7RG, SHHp0thE flmeBRAINE ntebldd, a %mﬁl @E&ﬁxlsﬁ}vas Whadd e another

| engt h- of "about 22 mm'and a relatively thin dianeter

picgsy ofgharuets tpathoby stisthing tegetien it regpestiverpdpes of heryound whipg a
mﬁéaieenﬁ I Elﬂe[acﬁghfégl e Q’?ﬁ 1A ul%ﬁﬁsgg?rﬁ ?zl. &8 p@ﬁ' Q@Qg%d with

from an piece of cha 3} St
thesargekind of bateedrsetprte.i the sedigelsicedle thecmmpﬁddboute‘.hmg:edle hole,

afte‘i“iﬁslszlﬁ% oﬂﬂ? b%écggulﬁﬁ%e m?(b&lg lh§ (d tsgc@rc %bargff-cﬁsZm. ﬁ ceiurén%itching;.

rom svvage
Foﬂ{hms:bcmfd specitnent] tisutcadle was a mpf:r 110&1& cetvedjsurgital mewilt G/8\akn circle)

nmped .a t he edl 20 aft [ Lt of
witf RATRE s SRR o RS g it prafote Ol D el By 1
nnrsmluhwgtdm a9 WinSis mﬁeaﬁum@er of E&rneédl@u@& terilistspeiheen, the
e]gacg wgs a t oi nt, curved s ical] needle 3/8
P F%ﬁm e SP%%W@W& eFtiopal, fisaEmyTtiple spirel,
poiﬁdibia@bﬁeﬂ)aﬂiéﬁ Rutdieaike kitbre0fo in Fpute 68, @Rekpl ﬂﬁﬁﬁba&lﬁ&ﬁ’déd dinfid had
hougqlénot as thin as the diameter of

a dlﬁ’é'é‘&’F ‘éf Ahewd G145 inch (abouty2H; mimnwhich whgl&}ma@b%ﬂ@ Uk
req@fGRnBRes 'sﬁ@ %Vﬁﬁthélc%sd}bﬁlﬁé%duﬁ@ainstc&d%ﬁat sufhld didklet 15?1+ tﬁaout

spiral, golydloxanone barbed suture |ike suture
001 nﬁ?@b@éo mReept that each barbed suture had a

Qﬂ?ﬂlﬁ g{%tﬁ?g t af’tgfrﬁg :se?cg{ng gaﬁlaé%eﬂg Efs%?clﬂrgg%h L?%Ogsrgrc:}e% rev\‘gétgcpfor
closglrez@esgtﬁ usinga Rest Rescabrso anbfsel Bastey Mdel 20061 &aadh epecanen was
gnpf)% Hg; Rvodljeﬁ)@s&‘% serritedag ws. Then, each specimen was pulled longitudinally at a

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

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

strength. The results were that the first specimen (which was sutured with the needle that had -
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0.018 inch (about 0.457 mm). Both the first and the
second speci nens of stitched chanbis cloth were tested
for 30 closure strength using a Test Resources

Uni versal Tester, Mdel 200Q Each speci nen was

gri pped by two respective_ég[rated jaws. Then, each
speci nen was pulled longitddinally at a rate of about

2 rell@vélfﬁaﬂ?&arﬁ&ér dTiabélk ©.006 BRH! abded ST MRPook 38 (pOknddkhiil wound

. conplete rupture. The eak load in pounds reached
disreptiog oecveisAphdthe spesimea pylled apgttiback ik niees Pdstpag e serond
specﬂl&?&kﬁch dsTs BB with A8 nE it thhihad8 58tabl3kin dlSnekdr o8 hbout 0.032

spect men (which was sutured with the needl e that had
inch, Aput .8} gina binst gs thiy a3 thii neadle far therfirstispeptmen) doek qnfich 88
pouffR 3t e Bouflerhith ol (R PANIERPIER boarhB o 2 picces,

i nffhe RsyiseceaymmurzedmsTableel 3ddelovd  speci men (whi ch was

stitched with the needle that had a suitably thin

di ameter of about 0.032 inch, about 0.81 mm but not

as thin as the n@abled3AdChirheis ClottsClospeSireneth) t ook

only 2.88 5 pounds until the wound disruption and the

speci men pul |l ed apart back into 2 pieces. The results
Spe%ﬁx@n ﬁu gWBédleZBﬂrget&r TabE)&rb%% Suthe! mumaaﬁgl 3£|<ata>§ ( Ehatd®ioRupture

. ot osur.e Strengtt Cl pen e amet er;
Firsgar ped PZHEhD apet er Rat‘i)'gﬁ%%‘%ﬁds to ﬂ?ﬁﬁt ure le:“:'lr'ﬁ‘sst
Secdhd020 | nedsQnéhl1l5 i nch 1. 7dobs8&hSecond €.7832 i nclp.88

0.0115 inch 2.78 2.88 *Ratio of surgical needle
di ARatieef sprgiggbnasdls diametsr éo barbadspivre didmetot so, vari ous
pi eces of rat skin were cut and stitched for testing

of nore surgical needles swaged with barbed sutures
as At vasioys piees obraf pldn Wete auf ardestitchpst fagtgatinpaimope pugisal

nee Cslava?w n@&Qedtsﬁtu@Qs ByloWer € used. Two

ul'l - ess skin inclsions were made on the back of
ea@hree feshlp kidled Spregueddawley rafacieh abant A0 w90 ghwere uged FAwo

b Y BB s ok PRABEL R A B,

e was ¢l os
wouad wagsbontd gindmlength eadlpaatich &t thevgggnea Sul zl e it em no.

i K s S a8
needls et WaK)a Subllshiem hE.SIDETIN, evhitddvag 38afiele. Thoheddlatedallength of
oSS R b 5 e B B Tt

point Atddle Ak RrPAB BEdRS dihd Beed @burd 16 8 Bacel AR (O GIbEMARS: taper
swaged to a barbed 25 suture. The other of the t\gg,arbed

 cuttigg perdle e feqlitate gensimiion eiivat tsave Thumedlenpsswagdtg

sutpRUt With a drilled end, curved surgical needle that
was a Sulzle itemno. 832679A, which was 3/8 circle. |
Th@heethen of thedtrovauadsyvas cdgsed bying tha SUmerEREKAEL Sechnighs DY with a

arind e Ol sulib haGR ARG sBiBGtH 0. 832679A, which was 3/8 circle.

“The needle had a length of about 18 mm and a diameter of about 0.026 inch (about 0.66 mm).

Also, the needle had a diamond point needle tip. The needie was swaged to a barbed suture.

.Bach barbed suture for each specimen was a bi-directional, twist cut multiple spiral,
polydioxanone barbed suture like suture 70 in Figure 64, except that each barbed suture had
a diameter of about 0.015 inch (about 0.381 mm, which is slightly larger than the USP
requirement for a size 2-0 synthetic absorbable suture), instead of a suture diameter of about
0.018 inch (about 0.457 mm).
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Al so, the needl e had a dianond point needle tip. The
needl e was swaged to a barbed suture. 30 Each barbed
suture for each specinen was a bi-directional, tw st
cut nultiple spiral, polydioxanone barbed suture like
suture 70 in Figure 6A, extgpt that each barbed suture
had a dianeter of about 0.UI5 inch (about 0.381 mm
ch&m(%] hd! REQEE s gEQﬁ‘l@n tRewlSBprok Rgkily 8 BRRke f o

a s|ze synt eti c absorbable suture), instead of a
messuting ot 4ene k abous cab with theptizhe! Woun i int fhis srildle parsticlipgywo

opposx%g tlE 8@ ec%% Qva’? F‘étltl&g& for tpiind 'strélgﬁfl té&lldgbs peci men t hat

a square neasUring about 4 cm x
ab OI‘He fdrcem opan e:h:htvrwns tviag dﬁh@mmmd usitlg a et Resaviagel Universal

RSP RS, B SRy

WOﬁMWdie m&metﬁh&h&mmebpuaimgermtéaemvs Habotastees Uni ver sal
ter, Model 2000. For each [i
ieteah fhansen s pjieddingrog ol it b PR epeb B minute

_ {abmllsm @Al pbrinihbis) dnédd crﬁlﬁ[ﬂﬂe edphue osRfredi B hadauaforcdencountered

tester. Then, each s eci nen was pulled | ongitudinally
befere cqmplgieavaynd disgtion P%F&F%Qedﬁé rherf?‘%frﬂé‘fﬂtgra}gout 51 mm

PerTHY kit Werd AldrhoATHRA @b Birst SR bEhRe WGfuHdY @6hed WM 2 needle
maxi mum force encountered before conplete

havinesy digngtenef dhaut P2 ingh rbayt G- 3omm) yd weeed W@&@%ﬁﬁg sufgre. Also,
the Iélﬁltsr Wt 'la\‘}e?.‘aééﬁ ﬁ%uﬁl{%&gﬁﬁscf 51QfRet B6urdds Eﬁ)t:\ecﬁ@ifth Phedi¥iRGing a

wounds cl osed a nee avi di anmet er of
diamblerief 2bow D020 inch (thowb66 WQ@HWE%*%@ FUE- 5
bar Qe Sl He SomAhfid in ¥l [RSHILS, WeT € < veraged 11 om
t he second se‘fl hree wounds closed with a needle
having a di arreter of about 0.026 inch (about 0.66 n'rr)
and swaged to a barbed suture. The results are
summari zed in Table 13B below. 15 Table 13B (Rat Skin
Cl osure Strength) Average of 3 20 Wunds Speci nens
Needl e Di anet er e tu e 'asrrre 18 ti o* Pounds
to Rupture " First % >015 inch 1.47
11.9 Second set of 3 0.026 inch 0.015 inch 1A¥@agdf3’
Wouls@ i 0 of surgical needle dianmeter to barbed suture

SpiAdiBt e NeedSDFMeter t Burbed\®Riuré DRyt | ORefio*s UPGirziako Rupture
needl e di anmeter to barbed sut re di amet er,, _t hen t{rl_e

Firgiget1068 t heD 84258¢h e st rengt RAMERP sut uri nd“d wound

Secg{l@%gfy\n t§os sk 0i cal nee@dl@saichached tigrza bar bed.
' suture In general, the thinner the surgical needle,

&*Ragip obsurgipd ngfpdé%@m@etgrt tpé)ﬁ@pql]suture diameter.

Thus, the lower the ratio of surgical needle diameter to barbed suture diameter, then
the-bctter the closure strength when suturing a wound closed with a surgical needle attached
to a barbed suture. In general, the thinner the surgical needle, the better the closure strength,
particularly for delicate tissues; however, for tough tissues, such as muscle and bowel, thicker

needles are preferred. Thus, what is imoportant, 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




particularly for delicate tissues; however, for tough
tissues, such as nuscle and bowel, thicker 30 needles
are preferred. Thus, what is inportant, regardless of
whet her the needle is thick or thin or sonewhere in
the mddle, is that the ratig of surgical needle
di aneter to barbed suture i anmeter shoul d be about

in Bie krtakat itéssot inrarded p:rlt—xﬁm tielihyenadnigtiheXpdeific etnB&Bments disclosed.

t hough the present tion has been shown and .
VRO SRR, DRI A HE sy Pt B o fy Py iradgged embodiments
wign 8t ¥pAterayly aeﬁmhgmm &e%v&lh@cmﬂgmalaamwg&s SRS iinGlerition,

understoodé@x@those skilled 44 in the art that it is

pagiigelarlpindighbef thooreeqing teachingth RoR tnsBRce Sretapbed gagserof the present

inRARQIABE hﬁ:d‘ﬁoi@ bowaR othcf‘/élédu%etﬂ&ﬁ' duch 8 48918 and/or skin
onm ssions, and additions nay be made to the di sclosed

adkosiyen ieid isholding e pesitien efithetissye. digsardinghy ifris tiendedto cover all
S AR S BB P3G Bt A UL it e spiri
andl gpopapighe 1mvmon as deined by thedoldwingelaimsesent 5 i nventi on
can be used alone or with other closure nmethods, such
as staples and/or skin adhesives, to aid in holding
the position of the tissue. Accordingly, it is
i ntended to cover all such nodifications, om ssions,
addi ti ons, and equivalents as may be included within
the spirit and scope of the invention as defined by
the followng clains. 45 CLAIMS 1. A barbed suture
for connecting human or animal tissue, said suture
conprising (a) an el ongated body having a first end
and a second end and (b) a plurality of barbs
projecting fromthe body, each barb facing in a
direction and being adapted 5 for resisting novenent
of the suture, when in tissue, in an opposite
direction fromthe direction in which the barb faces,
the barbs having a disposition on the body sel ected
fromthe group consisting of a twist cut nmultiple
spiral disposition, an overlapping disposition, a
random di sposi ti on, and conbi nati ons thereof, wherein
the overlapping disposition is such that for at | east
two adj acent barbs, one being an overlapping barb 10
and one being an overl apped barb, the overlappi ng barb
has an underside and the overlapped barb has a
t opsi de where part of the underside of the overlapping
barb is derived frompart of the topside of the
over | apped barb, and wherein the random disposition
is such that the relative radial and |ongitudina
spaci ng of the barbs along the body of the suture is
random and the barbs face in random directions
i ncluding at 15 | east one barb wherein the
| ongi tudi nal axis of the at |east one barb is not
~parallel to the longitudinal axis of the body of the
suture. 2. The barbed suture according to claima1,
wherein the barbs are in a tw st cut
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mul tiple spiral disposition, an overl apping

di sposition, or a conbination thereof, and the barbs
are all facing in a direction toward only one of the
first end and the second ZQSend. 3. The barbed suture
according to clainms 1 or 2, Wherein the barbs are in a
twist cut nmultiple spiral disposition, an overl apping
dLapesi tion, or a conbination thereof, and the barbed

suturg Eb dIeast first _barbed portlon and a
secon ﬁ)&@)& p%‘rt'%rF I COpRRSHRE rhuid Brapinabrtissere Fid suture

f i @1&5@5 fn EiBfidaRQ Hoa%ﬁa‘%g' £hlst 8{(‘1 dnQYREDnE Bhd add1B) a 1 plurality

and t arbs of the second portion ‘ar
P wwrpﬁcangj frp@cthf: bedyt eordr birb fidojng inen disestion dndbring ddapted
[ f n ne of clajms.1l to
RSB0 B 4550 gl BN P ool i i
dietction adwhmh rthet beeb Gacey) phecioumlsd lsdvlurya OfspesitiinConaths 66daddl & ted
fa t@ 4 non- ap%orbable qﬁ |aI @gd conbi nati gns
Ry 8fgr ‘?00051315%0 & Ppstewd gpufkiplespual disprsitios. an Qverapping

c\hb;ﬁi’s&icﬂl hhﬁld@)hpd@ﬁlﬁﬁfoﬁaﬁid%oﬁﬁ'iﬁlbﬁé thefeof, %ﬁie?e@ﬁ fd gférér@éﬁpmg

roup consisting of po di oxanone, polylacti
éi 10966 Fichethat fonptleash v :!C@nfebarbm @ne beihg nlapvqshppmg barb

atlﬁeérﬁolgelnqian -Ebgrlz%gécp S%gb 'éu({v%flgﬁﬁ)# %ﬂ%ghgso Cly %ufe"e’ dand the

wherein the non sor 'S Se
dvedaprted dagly baspa topside S&ﬂmregpanif ofathp angerside oﬁthla‘&ivaﬂappﬁlg barb is

RL P e AR P 0B oL b PerkPRE By 560 Wik, randomn

dM}ﬁEz&bﬁ i¢ sikh m@dt)ﬂli@fcldtl% Sl @h& %rfgitﬁd'ihaltslﬁﬁmﬂg 8Re barbs along
sting of polyam de, polyester, polypropylene,
o poplr e hamre i rapa kit barbs tree by laasie dnbdtions including at

1&8{ ¥l Bab ARt &l th&ﬂggl&ﬁm1 24t bPRR 41 € aba§o Tr[?)?p allel to
bar bed suture according to any one O "F
thmbnglumlmdhalbaf&sbo@rdthemuaneoverl appl ng d| sposi tion
such ot for at |east..t dj a r ne bei ng.
an GudPr BEBrh s AR RibE B vb RO Ve P B el baFl: cu
nﬁﬂﬁlble @fnramspambh a@m@ﬁaﬁﬁﬁ@d ?&m&h @r 9\68&5&9@&%@%@ and
-havi a barb cut | ength, he overl appi ng barb and
thelgar %aTS@élrﬁa%lpg) &2 gaedsion szaxg oalyperenofdhe ﬁmt sucharskthe Socond
engtween themthat is less than the barb cut [Iength of
the overl apped barb, 9. The barbed suture according to
cl ai fa Phe eiteadesiuturd dveoddinglie chims 1 or 2nvhessie tHedabisAge in a twist

ol RERI g3 BB o Bk AesiG: ek Hpeon thereot

-l ghel RERRGuRRé Bas Ra6d 9Tirdt BArLRY POHARRINAY fRasd @med rtion,

t he overl apped barb having a barb cut |ength, and
waEEH B bery adhd ik gorties are fasingipe dirbetidn towaidnenln the first

PRI A LAt WR 1 sRShIFRRich "G AR il 8 diftSod 3d By 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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| ength of the overl apped barb. 10. The barbed suture
according to claim3, wherein the barbs are in an
over |l appi ng di sposition such that for at |east two
adj acent barbs, one being an, 20 overl appi ng barb and
one being an overl apped barb, each of the overl apping
barb and the overl apped barb having a barb cut |ength,

RNidlecha e ilePRBi BolRRtiRe 89 éfonﬁneroé/ %{e'taﬁipaoﬁl@tap Igﬂ(%( a natural

havi ng a barb cut di stante bétvieen them t I'ess
ﬁh%hmghﬁmﬁﬂﬁbmﬁdwﬁﬂﬁéngth of the overlapped barb. 11.

A barlpe[qle%gltbgggu c&?j]ﬂgﬁ} A(Lf,]% by efku{)&egnfgﬁ.g} lats!el%a%c?fmm

said suture rsi ongate
ﬂﬁawgn@.lpa ¢0nslsmngand' qrwymé@cqmﬁreamd @blypfopylee, polyurethane,

b f t he body, h
B il ol S S et 1 or
resi s3.iThg baEée ¥Bfite Lbord@ 16 4hy ble of"ﬂﬁnﬂas' lntot'? fvﬁié?em ’tl{é barbs

an og¥05|te direction fromthe direction in which
e ittt qreslapping dispasiion sechshatfar afrleast wosadjageny tbagbg one bemg an

JVéHﬁ}ip%geba?P 'aﬁdibne 9&11?%02?155\;&19 At RGP tF@ gv&%hé:lpg 3161% and

froma suture ment aV|ng a portion
th% Oﬁfﬂlqm@@ barbo hwa @t baeb tant déngtht, dhd the noverlygping barb and the

b ed jnt
QYR B e e B 0 R bt P i Tt BB cun
lagtivofthe gvdrlappddaiath, 11, wherein the suture is nmade from
a t iag%gelected fron1the roup consjsting of a
bi o- Sboldieobabel Sutwer aprding o elaim 2.aWhereialieebarbs arc in an
Nl Hpir! dlsﬁékﬁloﬁoméh n[ﬁ%ﬂ ?&S_a[tt EE%EV\Sh &lo a#éccﬁﬂ—%rbb.:a o€ %eing an

suture according to claim er ei
Ob'ﬂfbapablgdlaﬁamdeonedmngrma)veﬂ@;@d Ibarb; eathfofdin ovedapping parb and

ERGEOREP pab, BRI » SERORAC 1R ke Shianaing b and the

ommpped barb having Im@rbt@t BRthn6dbativBerA®6 Bt ROletsOth & BleMarb cut
Wb e|n the non- absorbable material is sel ected

éﬁﬁlstlng of a polyner, a netal, a

et ahoa*rh@xbarbed SR BBlorfibb 0 1800 3¢ YRR HBes arein an

thereof. 15. The ure accor
ovdilapping dibpositioh ysweln th® foel dcleest tvfar adjmdne bgrb@,u pne bemg an

oL B AR ST L SRAAER

thaodn;eelhﬁﬁﬂd B:&b HavingNdl ba®TBitNRhANSnd MBS 80drlappifly DERS and the
bed suture according to any one of clalns 1to 15
W?‘r]é i Pty Baving  barb g mceft&ms%g them, ghatis lewstthasmthe barb cut

1&@]&@?&16%55/ g%@bﬂ, the first end and the second end.

The bar suture according to any one of clains
11 tbl.18, basbet eutnret fe cdnacding Bohanr er adnalt tniseqsiawh suture

e g R b3 B O 25 il
ofl barts stojeeid HOm!ANBSEY, @RMYbdrh Fadihg A a 8#éktion and being adapted
for resisting movement of the suture, when in tissue, in an opposite direction from the
direction in which the barb faces, wherein the barbs are in a twist cut muitiple spiral
disposition and the barbed suture is made from a suture filament having a portion that
is twisted from about 2 to about 17 times per inch when the barbs are escarped into the
suture filament to make the barbed suture.

12. The barbed suture according to claim 11, wherein the suture is made from a

- material selected from .the group consisting of a bio-absorbable material, a non-
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and the barbs of the second portion are facing in a
direction toward only the second end. 18. A barbed
suture for connecting human or aninal tissue, said
suture conprising (a) an el gngated body having a
first end and a second end &¥d (b) a plurality 20 of
bar bs projecting fron1the body, each barb facing in a

qh o?&%le%t&mj IP?C%’EE,@‘ETCP resisting novement of

e suture an opposite direction

f rom iheThe lbmeedl mﬁm Rcoddisd tb heaiRan® theesh thahBib&bbrbable
re | a twst cut mylti ple spi ral

r.bs
ageﬁ'aﬁ 1§ % °’£ﬂd PRe gt 55PW 1raBsIging ppF apalydjoxgngnes pplylactide,
@ﬁlbr/w:d%rpu@ca WktoRe, 488 E@rﬁ&n&%n@ﬁﬁ%{of 25 degrees. 25

he barbed suture accor di ng to claim18, wherein
t he slf-ufke h%fbeda syigter a¢dording &nglaimal; awlyireiy the aenabssohable

he b b t
ol REichi BBl he B8R o pelBe Bt 7ol G =
patglaktitzer, andn@nmgatfamme%ﬁut 12 degrees to about 18

degre 2 The barbed suture according to any one
5 e Ty barosg SuRreicepingig claip Wy pilprein the e o pcsted

freiethcaprof®| @atifthe! 6O Polyamidl Phbyesens cﬁ%ﬂrﬂ@d&fe Ebolyurethane
bi 0- absorbabl e naterial, a non-absor e materi al ,

eﬂlﬂe%%h@mmeawoim@ﬁ@@w g combinatiensitbereafut ur e
accorl%l He Ea?b e A %%?rrdo q§ ﬁﬁe}nonel'b‘f’cgin?s %qr b\%ﬁér in the barbs

mat er | a Foup consi st h
thlifﬁicmgammdwctlpmtqﬂaatoniﬁ enc eﬂf&he ﬁmt i@l and dhe s&eond end.

I d combi pat th f _
bar beld: I8t BFo8 SUPsGR 6y s 0t GHIER i for e Wheren the

tagtiedodisioe @b e leaBBh Girbtabarbedl SREGE hEH af Jedhdt BabAY ﬁéi*ﬁon and
consi sti n olymer, a netal, a netal alloy,

of a
wherem e q@ R ara facingsin ardireetisn toz-yazchonly'ﬂ@ first end
agﬁrtf?e‘?garﬁybyﬂﬁ &4 o&ﬁ%‘om ; @gm £ direcills .rt(g*vlg}ﬁgot}%% the second

polyner is selecte roup consi
epdl yami de, pol yest er poI ypr opyl ene, polyur et hane,

pol yt tra or oe et her - ester
conbil i’ﬁ’ssé’ ﬁ"é i or 28 oorsﬁﬁllﬂag tiggieq SeidgHture
cbfﬂ ﬂﬁﬂg @hen Slﬁnﬁt@ By 1&§v1h§a Akt eﬂﬁ"ﬁfd% d%c&ﬂ?en@%@ ?b) a"fiﬂlﬁ'ahty

facing in a direction toward one of first

08 h%rb%\mwph@ Sem dhabashigeach barkéacmm@ tieh mﬂthm adapted for
2 i
rREH0E DAt B the Wirl Twfen W Ptk i By oot ifeelod iim the

direcswn am avhisdr the baqbcffacespwhemmdhe gms @idint H Bvibagud Smm{iplé Siral
irst portjon. ar aci.n irection toward only

dlsﬂgsl?‘?’f and %ﬂmsﬁas 2 FRiraHy; Hhele s rapgiee ?@&b?h?ubéﬁ?%ﬁ tg About

25degrbg. in a direction toward only the second end.

19. The barbed suture according to claim 18, wherein the suture has a spirality
angle o ranging from about 7 degrees to about 22 degrees.
20. The barbed suture according to claim 19, the suture has a spirality angle a

- ranging from about 12 degrees to about 18 degrees.

21. The barbed suture according to any one of claims 18 to 20, 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.

22. The barbed suture according to claim 21, wherein the bio-absorbable

material is selected from the group consisting of polydioxanone, polylactide,
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polyglycolide, polycaprolactone, and combinations thereof.

23. The barbed suture according to claim 21, 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.

24. The barbed suture according to claim 23, wherein the polymer is selecied
from the group consisting of polyamide, polyester, polypropylene, polyurethane,
polytetrafluoroethylene, polyether-ester, and combinations thereof.

25. The barbed suture according to any one of claims 18 to 24, wherein the barbs
are all facing in a direction toward only one of the first end and the second end.

26. The barbed suture according to any one of claims 18 to 25, 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.




