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1 BARBED SUTURES TECHNI CAL FI ELD Thi s 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 -donfi guration of the barbs
on such barbed suturgg OF TAE | NVENTI ON
Vari ous surgi cal nethd%§5§8§ﬁ2g¢ ghsutures have been
used in the past for cIOS|ng or 10 binding together
wounds in human or agi I uch as ski
muscl es, tendons, int éﬁﬁégigiﬁkﬁ nerves, blood
v esmls sveital réles, id gederalyls £bapaldutureadefiy forbb@eﬁtﬂfg@ﬁﬁﬂy
use a surgical needle with an attach

tsUB R, EROPOHEPCAL BT G ER DA 40 UegBeRTsaton of the

disPENMUnl dnABPEnfiQliraS b AR baPosiBalshélr ddbearBifel. t0 pierce
the tissue alternately on opposing faces of the wound

and thus sew the wound cl osed. V\het her the wound is

accidental or BUCHE Uﬂ\jlp?@r i QYR b\ t he net hod

15 often used, especi al vvounds The
sur Yrigus syreisall reetlilcgls pmelwmﬁnﬁma hayecbeethesed irobe pest for klesing or

bmﬁfﬁgﬁ?‘?%thgf Sﬂédgggl t[uHQ,F 8? %lha lﬁJ‘ 1%21 aL TL{SE‘]&E Ft‘endons internal

orgaunvemes, bioed vessela) prebthe Bke. ti‘éomfspumﬁipaabshﬂ fuedsbe mmmr 4 sirgical
ch.,a ' [.0 ol vpr | e

nee?%t \Plahn?n aét?l!:llceg o v¥nt1C{A]l%ﬂbs.j?l\Co{n'é{:l EA:Z’}% th é]BI%e a)égl %ﬁ?ﬁé Flag;ﬁnt or can be

a myllty-filalrient) acpictcpiht yismme altanadelg op G)bptﬂhlgﬂ’adﬁﬂ of the:ﬁvnm@mdaﬂms sew

theRid bR WhERE T G i oo streial loTe shipe fithe method

ofteamed cBtaNy fr surfRe GOMEBNTHE mﬁgcﬁukemﬁﬁ thefastowetifed 86 ends
uner ous a vant es over cC S1 Nng. woun
of f@s ARPR ﬂ r“@@ atfeaﬂé‘mﬁeavemn&ﬂ@vwm%%g kagy-
el opgatrg kh@au chihtidiaBsuPies G HERF ﬁon—ﬁﬁ&%ﬁﬂe Jwehﬁ],such as
whi ch proj ect ‘fromthe body surface along t

body
sily, ayige, wolwer, PAYRSSPYRnE, Or£pHem geerntts %bloahsqsb@%ea@ete@al such as
glybdIR RRPRRFheRnt Spt»dlﬁné}ESr didcSeld sziy.ﬁéﬂ S1dBpdt %rﬁé:iée but

resi st 25 novenen he barbed suture int
oppYseerthe ding ef:ttlﬁlbwncelnwg% baglied shies, wdotnare agrerabify of thelsene

mat%ﬂ&lk' E%éonbé}ﬁl Rceﬁ gﬁ’t glla% %%?%ﬂgn l%szardgésﬁﬁéog é}\%{ cIOﬂ%wo%nds

ut e co r
Wltb eoﬂ«nmi dneldsuturésk é hadwdenmmmdhd$ at gloggated hode that has one or more

ntion sut ut u erted
spaf QTR VR broRl 5 ine ot R Bithi b€ ool i, HISGRSGE
arrdig&l toRtibe Iphssh@ of thebaddel fitutedn éh&ﬁfmuﬁiﬂﬁmuglb&Suahut resist

el on d for. 30 sewin uma sh, .wh
mogese ALES W BRytoRp titcrp e ST dii e e pEgks O barbed
sutlaay s beddi' thg Hrolikiog of 4 AN-dlipeariaibaky. Atcoi‘ﬁtiﬁl? targh estures do not

rel atjve 4@ the body. The bﬂ bed suture can be passed
have i thg 5%0“1"?}1“8}%@ siresc L4617 COBTRRtipRL FUdyTe, ARsRs e

majrﬁch@&te@ﬁlﬂ@ﬁksh@uﬁ%’@&& 461 necdlld. Ur €s Wi th bar bs di sposed
In a bi-directiona arrangement al so call ed

dodisr énsignere U-S. SafentNas 3,133 £77 Hohleame descrihes pa elepgatedord for
sewingiirnaA FRst, GhEld 'ﬁ%rcﬁ% %oy pbrabe Md HNerp-Bgat lesifiddt Babbs

projecting from the body at acute angles relative to the body. The barbed suture can be

passed through tissue in one direction, but resists movement in the opposite direction.
Sutures with barbs disposed in a bi-directional arrangement, also called double-armed

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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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 |e@dgth. This arrangenent

| the barbs t th d '
Rufl MPre wpiaiar by e stibisRes B POE eBRLDE T pLnE Rof Tpgpou
hal k8 sRER ARG Sind@5:be Facihgin WHeWpfositSdiedtibh taﬂwaﬁemta Iofhﬁﬂd:nd of the

bar bed sutures not only are_especiall U|t
sotp G0 piheriR A R R ahga B Remegmetaliut g fmove in

the%hxﬁ@di?&ﬁbr@ﬁseeaémﬁsﬁb@% dufirS GRS schieh UitS tHRTHS anll 9@BASdes of a
w th knotted interest is European Published

woPkth dieh Mesractiennl oI OPG T APty SuPbl TP e

woftt i EARks e BB Bl bRl e ek e @ bl encs
tog8bgrt wittblaottdd 1ogP00) , priority to RU 99103732 (March 3,
19 gﬁ%ﬁ’l%eﬁvg;{ ]'I% %U?Otpﬁal\l\is]%u%ﬁgl‘l ﬁ@ategtaéﬁ)dwﬁfo{l % ? ‘37§ ggﬁj gi‘ {d al | y

al o eng
Suldinntidze and MiRipdlev tpablished Fetiruary 212001 tdﬁnwa'bfmm iﬁ’@TdHPSVWQZﬁ’J‘

b YIS 5P, 208, B R0 RE

1998\ tvetii¢h SNOws &n%?bﬁﬁﬁaﬁaﬁgéﬁﬁeﬁuenﬁh?&l@gttﬁ]hn gthofis theead and
insertion . 15 devi t 1S efu osi tionin
origpiTh & SGEHLiGh PRI ER: OF e iRl ns o it e PRt B Chprts

 beifleNotIAs s 1 3 tinds WeAhre RO EYmb©F. recel w ng a bar bed

suture, and preferably also _has a
f achlsp phintreshisiUp%PatentiNe- 342346 &b%lilf& lB@P%tﬂ& SRert S dprertion

devT&EIhét RS@REful R pO&Nbie: d Sarb-AGRMTERN GRMr tof Mse WU Theﬁnsemon
bar bed suture where the suture portion beln% i nserted
¢

devigediag 8 &bulsnpasty ferrepaivjnga batbedewiure andpistesally tlep hase handle to

facﬂftéftgﬁ]%ﬁlgﬁlalﬁgn di glﬁ:‘j{ ebicB th%lég% e I SseMioh Iaeh@é' R%ecommended

osin rect Insertion are al so shown

 forjuse Wigly § barbedrRufuie witdre theti syiregmuiiensbeins mﬂertecbmt:bld@%baéﬁdacmg a

erEsrence’” BESear pren bs 1 nto a non
dlreimpmnﬁmsegnmrélﬂmmmmm?ﬁdemﬂﬁ reduces the strai ght
ef.fecti

puI Thtéetcgﬁ,c qlslgr%ﬂcztt { en%gg aﬁﬂ@g\gle}té’llﬁp 1cati%nstnheé1 1§1%er%gmte1l‘é a?e inc rporated
byﬁﬁﬁaﬁke strengtE of a barbed sutﬁrefshould be conpared

to the mninumknot pull_strength of a _convent.i

St BRCE P O RS R By oo AT BB e

thels'&mgﬁ%uu%n@ﬂeeﬁre{i’gﬂ@mmseﬂe@vs butee diadietaliededfeased. However,
conventional sutures ](%V\,m ch have to be knotte tﬂ?anoj

the straight pull tengilentrengh of & habedsytyre shonldihegompargd tn the miupemkmot
pullBhethofd H&%ﬁ%néisum@(ahfaﬁlbafﬂ)e&s&&e) mae&&mgwhtﬁmlumed

stress. 30 To optim ze the performance of a barb
States Pharmacopoeip singifai e 9§ eenysntiagalsyiugsdehich hiaya p b kﬂ?’f@d and

B e

mcmpaﬂﬂedalmesangenent of the barbs. This should not only

en n é @0 lfaylt

o SR Gstitnt RitEirnens b BTy floe e AR EE U6 Congll
varkial diertgrb geomeiry (barb cut angle, barb cut depth barb cut length, barb cut distance,
etc.) and/or the spatial arrangement of the barbs. This should not only enhance the tensile

di c@&? po@epcﬂo the%%legtrbs I} %ﬁ%ﬁ %uc!ﬂ%ﬁt%re@ruﬁth' Hafif 0@?5 ?‘f rrent

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

and maintaining wound edges together. Unlike conventional sutures, which place tensions
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-barged g fustier emprisesche

and mai ntai ni ng wound edges together. Unlike

conventional sutures, which place tensions -3-

directly at the knots, barbed sutures can spread out

the tension along the escarped suture |ength, often

evenly along the |ength. Qptd-mi zi ng the disposition
anp Rl e R ey s #RNeT yEHEH Sprogg e
lengehwohar dventy along (e length. MBptiniiting the didpesitial dhidfg tietcosfigytdtion of

nd nni.m.zi h ap formatjion al ong_ the n .
it Ehovid st e sy 8 el e oss BEbe A PBPeY gy in
maAR IR iiRcholdn reh@R bi M@inidiz 8@ thS i Fomeition alohe the Wobild &lpes.

shoul d approxi mate tissue quickly with appropriate
The lates ig pactigylprdy benplicigifar mpmotHe wavng hedifg.  and hel p to

M NiARoZ&CE A& barBel sueti&s sheuld Qﬁpr&ﬁhﬁterﬂ%&ﬁir#ﬂ wiﬁﬁlﬂ:?foipﬁﬁte
imparted by the barbs. The new barbed sutures would be .
tensiopcadiewipteylistaraen of tisppe, angdrhgiprtp sunipgiersearpngidys tothe tpk-igtaining

bR B B, hBEDE Y Sow HEDA AT EQTBRA bF cipoialy Mt
surgerias idheraoipireization @é soaring inimpertive, guehyas coSUNIVAREEDRasTWR] as

e

ti ssue. The barbed suture conprises an el ongated body

having a first e The bar bed
suture further cwgg @Ews?gql\lbar bs
pr oAewirdinglyfthopresdneinvémidy prokieha babdl suswraftapo@gctingrhuman or
enabling.the barbed suture taq resist Venenk en,in
anifA LG e RRFRR Y P SDTBs A HoP oot Ho FHAng ¢ B FHGd
secéhd et IToe bhibedRite® filrthdf codiitesl g0 @Elity DA BarbP piopetngSadrbl (2
conpri ses the barbs being disposed on the, body

furthe ]
body, Egcly f)%rB ds1dapise fag epabling the bpsbgdhsuture foyfssishragyement, when in

tisslb. SR @R} dideOiibn tBat §3Mppbsi@YfonlMb HirdhiBn HiPivhieh tHit SO ficés. ke
an_overl appi ng 20 di s&gsn tion, a random di sposition,
frbs beig c@qp@segltoag@eébc@d in a disposition selected

frogﬂ; blel Adpositit, & Miﬁkumﬁlti@g :sgiiraﬁ Id%gésgﬁcfn‘?hn overl a%p,in% he

spo&ition, and/or the ov ppi ng di spositio
dispesities, srapderh dispesitianc oragmbinatiens taemtof. one of the first
an : .t ernati I . .
e a0 S o, SRS BEE s o
ovanhappieg tiispositambthe dhrbs heyfallrtetfaghng toward enly ohadf thg firsowad stcond

he . first e nd the barbs of th cond. 25 .portiqn .
endsy il B G s R It 35 Wit ot %el il Borin,
wheéxk gy bastisi of ehecfiiqairtionrire fating tqwvaed tha tfirst Rué Mid tha biabowl thesecond

a bar Eed suture, for coanecti ng human or ani nal
porfipR arg dacing fowardthesecond aid conprises an el ongat ed body
havARg, ia an hitdridtive BAb&HAcR, (e HREGt BREatiohPeoedts Wiharbed suture for
furt hg}g conprises.a plurality of barbs proj ectig{giufrqm
conagling hympan phanimp) dispe; Wherei g searercompasesin el ettt bhihayiag 2
fixst énd £diaSbed¥B ¥AIETHe sudBeRrihRoMphidds & pluralRP of Burbd (i8je&ing from
in the direction that is opposite fromthe direction
theibpdyaHiach bathds adsqtep fergnabling tesutusq fosesést maveRe, When the suture is

in RO A€ FirdcRiEn BAL R %}pﬂi}%}ﬂ: ﬁ&n%eﬁﬂf&f:#&%%} A hAShREE The
roma barb cut angf'e O ranging from about 140

sutete furdies camprbotbe barbShavbgyeesfiguativarsblectad frdmptbarvwiut ngle 0

ran é’l%tg Ifr%moafbogtultm degrees to about 175 degrees, a barb cut depth with a ratio of cut

depth to suture diameter ranging from about 0.05 to about 0.6, a barb cut length with a ratio
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depth to suture dianeter ranging fromabout 0.05 to

about 0.6, a barb cut length with a ratio -4- of cut

l ength to suture dianeter ranging fromabout 0.2 to

-about 2, a barb cut distance with a ratio of cut

di stance to suture di arreter—4angi ng fromabout 0.1 to
an_ar

ab a corrugated. dersi de, u
of \?gt?]?n lgtOSI %dla er 1‘ar|;&)ng,1 fom 61%@??&&; g%?utﬁr_aat; et%%u"il%{sta,ncei with a
Taaldf dilitlﬂitsﬂaﬁ)de&o sk dianites poginzifom atole). bardbeat 6 bt ouezated
r ef.er abl a 5 spiralit | e ngi ng from
56! g e v aB e, s lbgeBEE toetst he
OVGIFoﬁﬁ!lIiH Bistdbg Pasltiple Odpiral HishssitRAMe bdiBdd Alturke@berdbWOhas a
acent_barbs are disposed where one overl aps the

Spgellﬁwansiﬁrrmglgefmawflemeﬁtm@owa%wgr%e over | appi ng
i's Fof ¢ S*Qerﬂ tﬁdn, §t is gl%t QHﬁra{t qg&i Mo gﬁgpént barbs are

bei ng escar pe t e topsi of anot cent
dispesdd Whereone @Wdapwtbﬁ: bthptp eldudig cts}carpmcm ogdledmrbSL—waﬂappmg is

crddfdt b)g % btalf]l)e (e er Over I%E)%l%l E { e?gge Q%Qe%dmg a[h% tggs‘}%rrgfs another

par t
adjapent Thatds (i.aM 1fr1h oveibapped/ baﬂbaa,pmdng) dn sﬁamei pan of tthre tclqmdb of the

N (I N i

thd em;tabpmg d@pesih@p meazlbaa&mn dnstmeé) bet\Maﬁf @@Soverlappige Babadnd the

ovBrgqu g ggulbor@mhmp o b ¢ E:tngrg q?tps}% ep o8 x\bo;l%r{)arb whereas,

in gerlad Fardathed Eli@es) HRIRMY cul BRI HRfwdeh GVo BEBs ﬁtlﬁ%ﬂ’ﬁﬂt length.
suture for 15 conpecting human _or ani nal tissue i

conth 4 | BAE PRbAIBEH Ff@apfeﬁ'@bam@nn% E’F"éﬂdﬁhé‘ barbed suture for

comREBANALAD o OFRAAISERuA iPRLRBHBM Wi At ehebdle,Awhere the
surgi cal needle. The suture conprises a plurality of

cophinpiorgoa)nsiees angrtict shieeratiathsd dat sy eisddpediey Thrysusure congprises a
plvﬁ'{ﬂﬁ A Dadds ﬁ:ﬁﬁ&ﬁkﬂ 3k an éﬂﬁéﬁt&%dﬁ 'Iﬁviﬂ?%pﬁvﬁgerfd? d 2 second end.

enallngtesut re to resrst movemen o
Eaghybarb és adepted fquesﬁmeg thej suturdto rdsistaavementt When the suture is in tissue,

in %ﬁg&r%gz{o% tﬂ£t?£‘?€[h;%§ 155 érﬁﬁe:ég 15]nne\§g+h%]1 dﬁ; ?ﬁr% fflﬁ: ¥atio of the
surgichl meedldi diameter to ﬂleesﬁmreahhmetmspraﬁambly i8afloudB:1l @dsss. Suitably, any
i.t abl. f the j
of B P vty S bR A v Rl 1 itk SR et
BRI EF fDESCRI PTI ON'OF THE DRAW NGS FI GURE 1A is a side
showi ng o 280aF HESREHONOFHREPRAINGS G 1
180FHEIRE ¢ASE 288EViER o BRCdbdintnébithe fiBsenbinFerftRA! dh8Ralg a
vi ew al %J% line 1B -1B of the barbed suture in Figure

barped sutyre @i arba disgosd i &EB0degie SPLaFrOt RTINS nbodi ment of

t hepSERE D 14 HeRddaPilew %ﬂ)‘ﬂg'hﬁg 1B 2 1BalrRRChafel 'éﬁtﬁreHH Blgure 1A;
is bi-directional with di sposed in a 180 degree

st afE/RE 24 pne side view pfurther pmbedineniof theprrspntinventicn, snyving
f
a bRty oot B Rt e AR o8 s iR gt pacing
pr eEKAIRE B éyn jeotignabtiowialegg liae %P@Bmfmmt@dwmw ih&Fiduee 2A;

di s e . sta S .
is a secti on&i‘s’liéff ‘él\%ggfgno |%!:§‘i{§% nwg%l% ?gfh‘% gwwmg
a baibediswure withibgtbs disBésed in a 120 degree staggered spacing;
FIGURE 3B is a sectional view along line 3B — 3B of the barbed suture in Figure 3A;
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-5- FIGURE 4A is a side view of another enbodi nent of
the present invention, show ng a barbed suture that is
bi-directional with barbs disposed in a 120 degree

' staggered spacing; FIGURE 4B is a sectional view
along line 4B - 4B of the barbed suture in Figure 4A

FI is a side viewof anqther odi nent _of the .
ot SR U, B i Sl oRP erogosf o/l e e, shoving
a bzgﬁédﬁltﬂé oS Bﬁdjiaﬁjti@al Wit barbs\dlispoddd i @l120 ﬂég'réeailtaggere;i spacing;
isposition; FIGURE 5B i.s a sectignal vje ong. l.i.ne )
51 FIOURE: B 1spyiectiong! iy donatine 41%1—%% affh%%ﬁ?f SUBTGIRREEA A
| S AIGHRIESA isQWidR it AsiheCsHRAiniBRNGS 1R prediat Mvamion showing
i nvention, showing a barbed suture that is

a basbedyyufuse with herbs diprosedya apWisheus pudtile spirakdisnRpigon:c ut
iy iral - di 1 on 0 : i Figure SA:
sectiona ﬁgilsél\?vgcglogﬁg I |ér#éﬁ%%w-sg6)8ﬁc)§ t hgﬁE%dr%gge _lsnuFtlﬁtFrgl A
i n FAGEREGA4i;a sideVEURE appthprenzbodisnent ofith¢ presebinyensign ghoying

N T )
dispdsitient he bar bed suture in Figure 6A, but illustrated

in ed section: ,Fl GURE. 7B h ' [ )
G PR 8 S e S TR e 0 Sehl BerPER bl B g o
15 FGAURETA {5 sadtiogal sideeridvasiizshatted sueeswhiehisiti-dotctiona with
cut, di sf.ance between the barbs; Fl i S S]
b dispoa A SPRERC BBl A pp L B e pPadn e 64,
but $M@EWhied inden cARFdREGecEbA:Ure Wi th barbs in a random
di sposition; FIGJRE 9.1s.a sectional side_view of
anoﬁﬁéme?ﬁ)@alrerﬁsﬂton_elfs@ew(éevbﬂfé%ﬁ_ﬁateﬁﬁ%@ﬁ?ﬂiﬁ&n‘% BlisRigied age
claifpQPtb AR h U batbEroPAMhRERNDS Re Wit B tafce R EWded MeSshri
serrated underside; 20 FIGURE I1QA is a sectional

perBFERE & agidewieartfrnetherambodinratel tt preseat ipy@digpshowing a
barbddeGRird Rin bzg‘gsq\ﬁ”arf%dﬁnﬁ%ﬂ&%goﬁﬂ ure having a barb with

an arcuate base; FIGURE 10B'i's a sectional top plan
vi HIGEIRE his atsentiondl sislg tvigmeofianothergunbedingat of tix grejRet ipgeption,

IS r - f L. i ' - 10C
shoph SR ERSRRTRART bl APt B3ea b i, |
al dGURENWALG BsectiOm] pérspactjvr vew @iythed smbbdiuieRt of the presgnt
. sectional sid I ew of .another .enbodi of the
imggaae e ceed e Braf REE EPR B EEBEE i (h bar bs
of MGURBIKBSE 3 & tioldl (ghffanliéw bftha badad suvamain Figure 10A;
per | ve,.view of anot her enbodi t e present
VAT 0ER b rovereseral v Lape e T 4 HEefRER,
OV FTGRIRE 100 16 b SRASECtiOA vieW@IRE 1the BoD S 18D FigeectOB e
view of a portiagn of the overl appi ng_ bar b‘% of the . )
sutiIFUREY ipf sqepiopl idq viay of prgler coO@ment of ths RIpPey;ipygntion,
sho®ingl A ¥riRAlshtnRN v baPR B Va@duskizeyir e 12B;  FIGURE 12D is
a side view along line 12D - 12D of Figure 12C, and
FIGURE 12A is a sectional perspective view of another 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 12A;
FIGURE 12 C is a plan view of the portion of barbs of Figure 12B;
FIGURE 12D is a side view along line 12D — 12D of Figure 12C; and
FIGURES 134, 13B, 13C, and 13D show various surgical needles, where a barbed

suture is attached to each surgical needle.




10

15

20

25

30

FI GURES 13A, 13B, 13C, and 13D show various surgica
needl es, where a barbed suture is attached to each
surgical needle. -6 DESCRIPTION As used here, the
~term "wound” neans a surgical incision, cut,

| aceration, severed tlssue4bf aCC|dentaI wound in
human or ani mal skin or P’II}Q n or animal bodily
tissue, or other condll%l onin uman or ani nmal where
sut Wsiugeg, hesd, theltérig woond'theans s eurpit aldimadiong cut, las&rttton, Severed

connect devi ce be re red., Also as used ,here,.
tisERQY Aedel EER bR el it S cendyinihed s SRR R tssue,
or bihssdoagition fh lsnan D biimal Where fdGHizAstaghi@p for LS beanother tissue

organs nerve or bci ood vessels, or fibrous tissues
couneLiinglevice BRI BHLWICY | ganents. Moreover, the term

pomﬁ% useﬁf’nefésﬁ@ (R RS TREIRAs Yot Gl ok Bifted fUfisshids SA0H s
limted to, 0 honopol yners, copol ymers (such as

skig) 13k kascigrbene., m‘lﬁﬁlﬁdﬁﬂm’éﬂ@f‘ﬁﬁ’t%‘ Pleat vergele op Ebipwe Hsspos such as
ten'dSﬁsQR'h MRéss. €t cetera, and bl ends and rmdl fications
t hereo Furthernore, the term "polyner" shall
i ncMeever) the pmls“lpblymer;’tas yeadiheresgendrall hisclirdesebutad not initsé o,
t
nofbEl S Sood Bent e BttoiC S Mhar] i Smbhe copolymers,
terpplymers,gphcdtére, and blendsand mepdifestoris blmiedﬁemehemoxa, the term
. 0 i,rcul ar Cr.os .
pcﬁgr%%re ﬁa%q{uﬁﬁ%sagltp&?sgbsle \é\%JCFU €S q% the rﬂ%eréal "}lgegﬁ §tg|1c?|.glcﬂ 1g?lude, but
aregiobBmitedbio] isataatic, azhdlpactﬁdjaﬁdmﬁddndsynnmtﬁﬂesase t he surface
are nd. faciJitate . th r.mati on of rbs
o oBuREizh PR Hesben BUOT i rateren Ao aRimeRotin & Gcular
crokd mﬂi@dthte @utuﬂ;v abuld hl&d; Hsﬁ@a&non&ﬂblﬂir%ros@ sdcibh kiepk BRecould
exagon, cruciform

t
inc rgdp f aP%fea ?%Bﬁawhc ’%Hg%soné?? thebatbs; Rehgr gross sectional
shap8d Miembledd, bhodi®ndt Hnfial «d)3%al baerid, @% epM}aaﬁlgséaStraﬁzmd
S

using a die with a circular cross ction

rhombeid, pentagorhe3agos esvgifsrmamd thedikei Tapiesity. barbs arpeut into a
pol?h@ﬁé’hﬁfnant@ﬁat%%eeﬁ fordB@by 8 8“ Ssing ¥ bleRG S+ G R ular cros

extrusi on. However , ext r usi on I es tan be custom rmade
sectipn, lanchiys, dleesirpss deation ofithe Sikmentwal besiraper, as-thaide whetresults

dUﬁ’%raSHnshV%rt@gE{i e g\{vﬁ%o %}?ﬁﬂ?ﬁ;}&e&% éaﬁ bé E\Isfo@xgl%gdé Qi %ﬁde&@e% cfross~

€ Cross sec regar

secmalﬂapethe cross section is circular or sone other
i nve ve sut

c f ’
dociiondie Bt cnls” S BUTHR Pt A5 e et o
the ateuiteclonymgaaiids of wlmhet f#e crdsh ecctorieiratlantd yohe oﬂléxml’(hpe

about. 0. Q1 nun t o, about m about 0.01
P 4l Ao iHE PR e R s RerL el Fas g P pbout
0.08bew to aBed 1 i) 4nd oBbside, e Biafdter A bk fﬁﬂﬁtd&oﬁfo Glhﬁ?]l to about
actors SucC as

suture can v dependi ng on sever al
0.9myp, qrgwgw?%mlérmaé%wug? Sue ThsUpical Siameeter regatiirom ghout

0.01 Mﬂ?to@%@ﬁt'(}sﬁﬁﬁl e @&gihcﬁf ARGutukd\@n I8yl R IR LNAEVdAGactors
wound, and the |ike, Typical suture’l engths range from
such gt lengtand/gr dapdef 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 c¢m, more particularly from about 2 cm to about 22 ¢m.
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 cm nore particularly fromabout 2 cmto about 22

cm The terns "staggered” and "staggering" as used

. here in relation to the disposition of barbs on a

suture are intended to nmean that the suture has at

| east two sets of barbs that-are offset with respect

to ch. ot her, where i rst set al i gned
the S5 £ AP To bR SERBTT t BiRcit » prapfRerEB i ope e
ancdedutthig @endveRelytibeiighathé Yut@® akdiftefsdttifiglhe bust oba RirRofthe first set

erpendi cular to the syture _and cutting transversely

wil W%W%béﬁﬁtoéﬁémgﬁémeﬁ?‘@flgéeétl ng the base of a barb

of Tl{é%afﬂs Ipadject fom M dxterfo® Eurfa@é 8I't6& Gifturk BBdPSS@hieH tha barbs are
barb of the’second set. The barbs project fromthe

disposeds rPepending prthe insendeth encyise of tBe Beyed BirouiaEs of digfersatsizes
ma Ecee:ggl gédz Hﬁ’g&fgral %%%}giéﬂgg% % %?l.gtabﬁtfgfﬁ%gec@ﬁmﬂ %%g@(ﬁf

stture rent sizes
“Ssemﬂcb yefit titsne gesedirtiasue. Oartepeothds e smalier batbe a@mqr%lﬂéble for

o Bl A s R Plensd 4B ° 200 SRl T

b arzbssncﬂnsc&bnw barbed sradkembobe mideifronnthe @alh@maby piessedifor

ssue, .SuUcC as en e . tIssu
makjag B T o Wi PRt B T Rt
depdﬁcﬂd)nftﬂsf streth mkﬂmblﬁmu@ilixbmeﬁtal I oop sugI ures. Any
partlcu ar . crnjose teria e su e ,
depl‘é[ﬂ@sspwﬁﬁaﬂ@frhﬂgﬁwﬁs Bube e PR ] GRORLR el that
alldVRrtee SRREtd de?ﬁldé ¥nd thay b ®6 alssatbidd eSerhime ib@ thotissthsiicondumd
bi 0- absor bab material that _allows the sutur

t .
heajfie §Feaerall nbip-phspbable mterials awnglygegigeand thPFé@“ﬁtﬂaeHerPgmculaf

polyhSSHRBS, thd @ uﬁkﬂl iRl e wéeRae4mkd Hombar absakbR Ve 24
materials are r and dependi ng on the
S ALARRAR

mopthp.t Theuisa pf big-apes) ascqligdnatesie pRegysHY at TeBRVPE He sutures
und ranges fromabout 1 nonth to over 24
fm]lnrihéél%em?’he use of bio-absorbable naterials elimnates
t heVarewe biviabyorbable peipmérninclude bytaranetdimitadden pohydioxanone,

pol réetid%béowg'Y%r k geu%?lgrkéfmﬁ?cﬁog{ bafl, %ﬁghg%gfeiﬁogg?{nﬂgl,@miaﬁw

Foxano
avapai:biyg’taquxlﬂsmchq:olmdnganmer(mmmmm amalecome Iuwddqyﬁthicon for

580 o HEC S B0 1R D GRS Fepyn

carbanRieq UM AMIASEIN® Dl fmgikGadistered wgmbmcmmhma for@firgical
about 67% gl ycol i de_and_about 33% tri net

Sut@a%)bwﬁapzolr@w@ abea ROKERP D 28 b 25 cRPISEIOSS &1l o
re fere?lli gdh‘ﬁ?&n & Fotind 51?%} sut@tgg a}ld suture

copo yrrer of about 5/og ycol i de and about

- needizpk dagtet suierof swkelfram sutMINGaRLEblE, materialssate pagful in a wide range

e red to Johnson & Johnson for sutures and suture
ai)gﬁ%aﬁogﬁ es). Barbed sutures nmade from such
bi oAmbmbﬁbjaﬂJedmtteneé alag bafoemers &6 la nion-absorbahe maieriph which

may s fBAVRES e Reiyeedt B e ap Bl Sl R, g
(als@anWTR bs n}%tghfdi’yﬂsﬁéff@ﬁﬁl aspolystislenddtephthiate) abbré\hmd kgle as

'PET) polytetraf? oroe¥hy ene (such ay expalgded polytetrafluoroethylene, abbreviated here as

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

_condensation polymerization of dimethyl terephthlate, polytetramethylene ether glycol, and

1,4-butanediol, and which is marketed by Davis & Geck and by U.S. Surgical, companies
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(al so known as nylon), polyester (such as pol yethyl ene
terephthl ate, abbreviated here as 30 PET),

pol yt et raf | uor oet hyl ene (such as expanded

pol yt et raf | uor oet hyl ene, abbrevi ated here as ePTFE
and sold by Gore as GOQ'HD«&&) pol yet her-ester (such

0“6‘8? ghle[%%lzj tgreecfébﬁjg grmey M}é’ﬁ@]_‘ gihlég onde Srggrlk?‘emstered to American

CylRfdnyitl €4 sarfRiaDdn B8, R BB reflaié: oAueradﬁdel khénchﬂib@&@ﬁbl@inatenal
jgnd which is nar%gteg by Davis & GECkyand U S

may, he gretal (e-2-cHepbamriaballogs, néW?é oexfepy sl c«amaeqt celg@): Aadbe like.
NOVAFdstdfihe bafftdGltuted dRoldss@ARIBY fre UEQHBIRE ﬁ9v1ﬁ§the1r ends being

Anerican Cyanamd for surgical sutures),

Popéidpnd &rmada ef a mpteaa] sufficieatly stiff wallay ﬁOIaM@rlb twpe Itis
cO ey El:aa tl}alt EB c? o[fﬁ{e%arb%ﬁﬁ : ﬁfag @J}r)]%%sggisgﬂlgm)ﬁ ﬂegéflg. Inhthls
embpdimentitistbarbed tdiwe haadbmeﬂ Emmmdament; ich sslrkwhagingyehannel

wr?[%ﬁ hga??hnan%ﬁngﬁc\é' Y C{ﬁ? %ﬁlg ?e?le{)tg %gon 1?10 r1:1s.sue

pi eAdtachgnent mgngns wall de{scmiiedm:pdl Bttﬁﬂcdllh atcotﬂphs}ed g imsbrting
t he barhed uture urgi cal needl e,
the e SH G At poRe R Sty GRhnshER Sppnd & e
sur@ickieBie (\Isua]wﬁ@h(ﬂ@hh)be&v\&ﬂldﬂgongﬁhﬁﬁﬂ@i intowhapii ofdhe needle),
Iet t hr he surgi ca

fi OIE’e’@B |b§ Q’F‘ %5‘?’5‘!8 E‘g‘:efﬁuﬁt ?Ht &hey I}eg‘gﬁl g"]e g\? {thébtﬁi?ﬁ-!ﬁ'f’e fysecured to the

sugiaieBdle Fs iN@ition GRS G5sbb eM1s8 W meSurlpdehl eddibd/with a longitudinal hole
acconplished by inserting 10 the suture end into the

in engregfl @i hepfeBEnkabledples fh?ataremgaﬂsbwak gRipaiinsgtioy ofthe pegurgdn order
to Atack I sBRF 8 fthetsﬁ%lcaﬁﬁgegﬂec @xddﬁ%ﬁzgiyescﬂ-ﬂégsﬁfgléa}’ neteﬁﬁcs Hzﬁ!le%

has been dril itudinally i'nto one end of
chanagldir épugh gt eng mmﬁe stre 1aig ie e tiopghy fallemed A mpptr!géo

seﬁ?eetﬂé §ut Itc?th ?Qtne&ﬂ@. %Fﬁﬁl%eécﬁess\ﬁﬁw &)q\rénxloﬁ:n %yelet rr%pe of
surgi ca nee e or Irnsertron rnto tissue. S0, SO
hols mtragsvcably gpaied én grietend af the nvggtcaﬁmenﬂb condd aso heruseth dukare not
rinka ubes hat
pefl g Brp R R Gl St P L e BRI R o
smgmhlurcedltsos“tagﬁi \Blﬂh garbﬁﬂi sutueescibe it lé\dmimtmpjited thyt, ang other suitable
annel or trough at one end,

e O A eSS o P PR he o1 oudh. | Tor T oned by
wr anaadn@ehmf sBiafey Eﬁﬂ Mf@ceﬁ dEadleR if desérited auwi. Pabnt NoeBl081,307

BoRbke S HTEhe QA PS BST o RN Iond 4 Gy oo

U.912aheNs.oui2g 9@1 ﬁmﬁﬁ 841, tmﬂl’aféﬁﬁ\w 850000 Efoabdnflest 8al.,
bar bed sutures. For % present invention, part of the

U.SiiPatense- o 288Pbin (Fféb&\ndg Szﬁafﬁlﬂtrl\ﬁq Q12 AcqiBs e venghglednd US.

 Patéhtinb. 836D 94k t%lﬂsis&r@sset aP Lﬁ miefholl Sor SR Y BRI AEE S sﬁ.d‘ﬁéal fidtMles is

ot her suift abl neans of attaching needl es can

seﬂ’?ﬁdayébs PAtcdem $e¥38,982 tosRizk pleed. Burthes itrig heted thntetb@me@cal

Jiryreprin  SFetuta

Surﬁl,calﬁﬁc:cﬂdlaarbcd sehaeigdhe imserted info tiskheSyittPatsdintce Nmn if the surgical

ne %.l \es 9%%’8%18% q’hgl gér%%hﬂ ¥:) ;rggfngqt tP ﬁ%l(setg%ce,’;gahwg 9%8190%:!2't1ng.

Fox@thpl@am imgrdved Bitided Ibkirglcﬁl et de ﬂihﬁret;ﬁlreE&igmeSnt@tleﬁIfor,ce to
and U.S. Pate No. 6,163,948 to tev

o O P R RS S OB AL Ao G oG Do 48 U . Patent

Nodggsgmlge@igrﬁ &).epal, Patent No. 5,533,982 to R zk et al.
Further, it is noted that the surgica
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needl e may be coated, the coating allowi ng for the
needl e of the inventive conbination surgical

needl e/ barbed suture to be inserted into tissue with
less force than if the surgical 30 needl e were not
coated. The coating may be-&-polyner, for instance, a

2: :J[Yﬁ W rélg:s .‘anrogq%gltg:vg%% &Egrfgfaﬁlg@atggxégﬁ g%oinge su\{ure The barbs

ma@lb@ orfue€ Bdpkgd ahylsaidld LEed, iRludedpfigjedtichinsaidiag, Renpinatiton,
st andar d SI li coni zed surgl cal need|

lasafegr@rtﬁ%@@ Wit jegard g euttine, mgsneral, pefgmerics fe&g@riﬂ?j’é‘?“‘seﬁfe

purehased, nd thESHB BEDS arelc: Sts#e Hikkhehibodgl | OUS arrangenent s
on the body of the suture. The barbs may be forned

usi Ree @tinesuay s masulehyt it isilher intmpiye A nat eesgpfective.
ol gi S; suft AR Rt HE m&cHink Ilmsc}?SE@ﬁqFSrrer | Ck?ﬁhdah&?San Kb.

regar to cutting, In genera reads or
09/913,Z3ein Geneyaest alp @ssignesdd Quthedlh@rﬁlp%éuwt Bl 280% theygisclosure

o BRI LRI, o 0GR TE BT s

escagmentsafibtudb beo @ uuererﬁ}aJmuh lArtEplc?él cutnag edhdnk fonmianu@acturing

09/
bargf t%gsﬁ?ﬁaegc %tu tlélg a|v1§%%ﬂe op Fnorer ]i%flcge Oas%%'nb‘il $ %{son%u%tes a
terﬂﬂ)ﬂé.or dulde foh thebiaddsr @he afturaffilzodent 8 planab:mphrr wtledd hgld by the

vis{'j,ﬁ\féiﬁwgtg 4 C%'nlsve%c rggmc ut Iﬂllegg cga Coten ﬁﬁ El%%%s%g 5} tﬁ% | rllstvgrsé) éirecti on
of thé kiR Milamefit, iry§rdéab cotd ity BRetallesphedd barbs dfspssed oh g
10 barbed sutures utilizes a cutting bed, a vise, one

extggionphp sutWe ftpEeRb senbl i es, and sometinmes a tenplate or

gui WethrtEretdagiol t@@ﬁfdraJ hgs SubrdNiRe fdfdrafB@ MumbSistleagage i n
the bed and held by the "vise, with the transyerse

cotgsp@Eineey sigtlat elementade it diearveyl giegis odeun inFigns 1A is a side
vde'? Q%Xl%ﬁc?&ltlglra g‘[%}d:mfo o Xﬁ)rE{éFt iRbnHbRarld éeﬂgﬁﬁ‘} desiad G

to cut ity © y spaced barbs di sposed on
t heSutengtl emqltmes elbngutesd rody @ tiat {sersrally cisgulay mwrcrseﬁ@ﬂem@ that

o . T S SLPLCUSE BT
tlsmh,rbmug h@:untemphtcdehee e 4 miap venprish ewirgical feedle (rot bhowng far
s O e U A R B 1 R GRoR B i hyp By BF
clobddgdpackeibathls G r@ﬂhﬁ'@e&) inchystaygered tnil diregonal dlhﬂoyl tion.r Biotear

socpthfil, Rn RGP PP A Ol HEME Aol Moo et eRor

sta@g%fbﬂtwiﬂ;trb@gct t&&lmlﬁ@u&dm 9] With sarwnmhga @tted BRE4. First
@% n@r se a surgical needle FOt S é%n%qm d

set Pﬁ%”é?ﬂ n¢ A plgne fhatis substanfially soplapar tith theplars deliped iy secon

setbif §£9bs S dhdbRschub G, B8657,0l défiad dubMtastially Qe ¥nSplakashe to the

barbs 7, 9 arr anged in a staggered uni-directional

radip $§bdsigree emangeeRl. specifically, axially spaced barbs

7 afﬁgu g \%llz%sadrcrr@s@ JEHioRN ALl z'}(?‘% 1HR RS eﬁ3 bf s%mr@[‘ﬂl Flgure

st aggere respect to axia paced barbs 9,
1Apaeteslcarly Blusteatdsagglo &, mamely @lmadial 1!80 ﬂszre@&r@e@m@ﬁ obbarbss’

I

wn‘.g ﬁ%ﬁ&# %ﬁn&ﬂ)agf %%Zal ollgltl is)ée %egﬁ g&l %Uré?b %@g?ggﬁg}‘ﬂtés%a& first
barb Grd bqh:eﬁislc;o,serha pbmtca end4 et shmvrsu WgumiB)ahﬂ@thm seegamebe

: Iarger ! thaly farr?lgr a%%? ﬁtrs(% btarrl]399 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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radi al 180 degree arrangenent. Figure 1B, which is a
cross sectional view along line 1B -1B of suture 1 in
Figure 1A nore clearly illustrates angle X, nanely
‘the radial 180 degree arrangenent of barbs 7 30 with
respect to barbs 9. As al selan be seen from Figure

t he stl n Llustrates that first barb
ooy S 1a Pl eg il AR g T RO R sioh baTbs 7. 9
usiallg Uﬁ@seﬂﬁ)a, tlbr@dﬂg'l 4 ﬁ&g%ere& P6diHort ﬂcar@%u‘;dr@% %ﬁéh :ishliﬁ’buftﬁ:gtdbﬁbAe
irs ar ar ue_to e. staggerin
destcwg é‘?es"ﬁ—?"l’ﬂ hfied %ﬁlé% 0, ngéﬂépﬁoeWcﬁ%’GV%\?ta% 0 sgtg ure gody
2 apgst bk birbs BlsTRGHA b?'ib!?acfﬁé%ﬁd RA1diAR 8 sdFelildmat i X8 Bise, and

7 does not intersect base of any barb 9 of barbs

theg, the ¢ of badegy with 2 pragetesmined dength smlices iatorthe siureiilamepiat an
anél@ ?élec%%j HeRS k07 &ﬁlﬁn oR&GiPs1idn to%]'ar bd Yndof) %eécﬁltd set of

|nast gere p03|t|onao sut ure ,
bm@a& l'rs wtetdlwmlmbftaf teepithetting e bipdsciongislinialy (thereate the staggering)

- rl al 4
o e B, wéﬂﬂwsd?s?%ngeaﬁet&?% 8 KB 7 o i@ piging the
sutgregiliroeng atiqut Bdedegreenor the vige, séhichdm elquq@e’d hreaccomhmda;eﬁrsosfet of
| ade ith a predeterm ned | ength, splices into the
bar@ﬁ?&ﬁgﬁ?%ﬁﬂeﬁ?t' at an angle selected to create barbs

7 pShawtnl i Figure 208 sdiureckl, ivhith isanather @ﬂbdﬁfhﬁdlt eﬁ@le firesent
Second.s barbs 9 is creat.e im.la
invGRRRang Pthe SHiurerh et Sy te R i gl St A6 luces
elofgAGOREY 1Y )hat B BPdcPNIyBRtEbYin bﬁisi seefior. MEloh@RRGiIbodd i D@tminates in
di st ance between two of bar bs and al so rot atllnﬁﬁ t he

firsg gad seeondipeinirdiends o &6 qggnegébqgetésgu% nASelt Ficeptempfaied fat one
or both &R 1R PRndy Lo R ARERLS nfaédﬂé@otssﬁbwﬁf for #erhad R thsue.

that are already cut. Shown in ure 2A is suture 10

Alsgnsuitpe iLQ inghigesrivralityiob gliopaby:apagsid haﬂ@ 13y £ 4920 avanasain &n
Sta%gggs 'b?dlréc!&%nﬁ%sﬂ&s‘?hd‘n except that suture 10 is

irectional. Suture 10 includes elongated body 12
th aMoresqueﬁr@ilaJ Hlyralitly of apialy spaced badbs 18 exctradially Eraogrglalbemi 180

de#%g %félzﬁnﬁ%{ag%é?%{ : al% *eg%ec{ o gﬂralﬂ? gﬂl’ %{g{ﬁg{g?acf%g 'b%? ?9, %ﬁﬁ)arbs

17,08 rfaoerg:pomte}:blerﬂhatfomlmrﬂ@ (aboubbdlhofcthelBngdih) ofbﬁtunfam Similarly,

al dl.e t t
oo R R U e, o B 6t it g B o
staghefea&¥ith re@aaed plnamky:bf]aixallgt SpacddPbarBR0awith ibgte@l 1$ mo aacmo
dis o I ti.on

. directi naI
voidls S BRIty piter peiop pprotmaiy e oyt vl e lsngit) of puypegl.
Firdt aétioRbluls 87,118 am aqhﬁiétthal &Qubﬁﬁﬁéﬂ?&oﬂldrﬁﬂwm the plane defined by
st agger ed wi t h respect I10 ur al |]ta% of axially spaced
secpy} REOHG O FD. His resulto ot afDarbsg T 1R, A AP sting witsiahealy the

sanfeQUne PlaRO e t@ﬁhe(lﬁ@gtultso Riakkbe ftan ?&ﬁeﬂt engtshiet Of batdil 1T £8 itk
Simflarly, urallté@of axi al I'y spaced barbs 18 are

reSPeﬁEﬁOéqu}lda?tloﬁh@bﬁl% ut 180 degrees from and
t f | :
%ﬁé of 15\’\“5 Ss sg&:gﬁlgl \%évpalgﬁ%‘ﬁt@ 98 Y2B%of ?ﬁﬂllg lb%raﬁ%gr‘é?%r,

acing pointe
moevmdnatie ulhpt;atmg@ngl(s Fpparoly thetredigl 180 degredarangerhént.oPug teghe

: ;
B0, b Bl 1S ER0T1 E%h tfl PRGEE kD st e oy e
thug Iappmrsda‘gemmﬂl fiagther away first barb 19 of barbs 19, as is illustrated by the
stippling. A transverse plane that is perpendicular to suture body 12 and that intersects the
base of one barb 17 of barbs 17 does not intersect the base of any barb 19 of barbs 19.
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25 second set of barbs 19, 20. As a result, all of
barbs 17, 18, 19, 20 define substantially the sane
one plane due to the radial 180 degree arrangenent of
first set of barbs 17, 18 with respect to second set
of bar bs 19 20 Fi gure 2B-ild-a cross sectional view

\8969 a ula fan%t%atqg %eﬁ'gefnﬂ[c;la} t% supulreF ﬁ%ﬁ! eﬁ anc'iAtha ng‘}BCtS the

early | radra
badﬁe@rcme batbrlarm@ barbn1g ddammotumcxtsm th’&(]ba&-t c&ggyebarh go of barlst20.

bar 7 bar bs 7.'s closer to nt ed .
o hofe Rl nffbdfad wilidnEsatRiclnd BEhite 8 WERE L ser fdhe cuting
defize ﬂd&seﬁbeﬂ\mmefabﬁ\fbtnoltﬁl’%n AN D3, 233 tbGenate dt 8l., except with the

| l.ustrated the  stippling. A transverse plane that
fO#%WIBéFlifé‘ﬁ?ﬁnég‘{dﬁme@"guture body 12 and that intersects

t he FoPfSescpbf tﬁfdlﬁe&ﬁhﬂ b@%s of, 1BasRs ﬂila%uﬂ@@ﬁlaﬁi@ﬁt is placed and held

i ntersect the base of any barb 19 of barbs
in theyiass; the blades;sphgeavidy Bs,féfsfmu&wg aptQit IH‘E@PB@F(%W balf %frthq lgngth of
thesé{faﬁé filaRRE¥o %?ea@'%qrbts @@?acin%ﬁ@ﬁﬁcﬁfe%ﬁ&ﬂ‘t%waﬁgﬁ t&fen@ 7L Next

barb 18 of barbs 18 does not I ntersect t ase o
thefelpdes a15 reftep 489 degreps soihpithey aronem flispesedindthe oppobitet chr@ctnon and

ovmu&d{dﬁaﬂm tlggggﬁgtﬂ e%‘t%Zolaglgg ME Sheh: allg‘k}%ﬂo%g 1&32@ el A Gatf of

devi ce descri ove-note
theglongia of the Sutere fikmmot witke o s&bnd cuttigptioniotdeateterts 18 facing in the

e direction. For first set of

OPE(% %?ﬁéecgitg?gﬁgﬁgﬁ lﬁtgd%gl% after the suture fil anent

i s Plestcihd biades diebifiset lonoitdde]aﬂy @e crebteehddtapgesdngd pbdue Balf of the

Wit first. cuttin tion in approxi mat el y, hal f . of
tonfihdind] dobdrBecivoansn af " it st BP e Bt Al o
180 degragalg og theoi, Ghick ﬁﬂdqﬁipgégd&b?é@nﬂﬁddﬁfe&ﬁstﬁﬂcbf bfhldud}dﬁéiﬁal barbs

a rertat egrees so that they are
17, e ' TieB Ghsserd e o bRt 16 2 Br Slades
splltﬂﬁ‘aﬂﬁl .&\hf@:‘stfcuﬁfngtalﬂﬁ)rxI 610 ﬁf)}h'omm%lﬁlla@ﬂﬁ§ leﬁ%ﬁ of Bﬁ@utﬂie'fﬁéﬂﬁ@ht to
b&r|f%|ce|ntothe ot her hal f 19 of

Cfeé'iit 4 2§ fackigdp png fifeRtiep tgeerémeméqsitqnﬂdé &be @Wuﬁtmg@p@m@
folRAR By kﬁatfr%%éﬂade@ léngﬁudlﬂmEQ% H@grgés 5§ g# fﬁ@¥ Br@\ﬁ@&rqhsposed in

poi nted end 16. Next, the Dbl ades are
the| opAeKite dargiian yd oves themasut balf pithe lengde The hlrdestans therhallowed to

spl&ta it ﬁme Jtt%ﬁﬂéﬂ" Sthdh %tﬁi Fisﬁug Qi 6re B84 ?@1%%3&%? B?r&nggsﬁc%l h to

al'so the suture ament I's r
Cre@!é @m@e 49 Easinghe theioppositeviirestion ®waglpgipediertdd4accommodat e

1 8 18 Bu gorion o

suthla rlbswzthgzarlﬁ 07, Ihmayazelthem fagihg wevard gdinted éridristand thetpot®n of

sui b S 1B 08y Wy s o aStporaed g e Yt

- varthtiom,che lﬁufbeﬂ(ma['divmd B i@skred thtd Bssud Beth fah irsbrtion BdviddOsuch as

on i.s rotating the bl ades . .
thaf 0y, ALYy PORH0) S BENO LI Te @ Rl Aagtamly,itis noted
that] ifsie6ice0barbs B8y Ed@c@ﬁﬂa‘%ﬁ ia@ ihefer 1ﬁ§)1 bR ooHiodY &lth Bﬂ'ﬁs facmg
uncut half of the |l en . The bl ades are then all owed

oneyegd apd,preRortion witit pasb f“ﬁ’éﬁ the, giher grd, erfwolperigntwish barhefacing
oneontl 4h@tvld poRiER bilh taths ?acﬁ%o(ﬁ’@&h&l&lh' 43d s66h pﬁf‘sl{o‘&/n) and thus, if

create barbs 19 facin opposite di

a P%%@fobaﬁiwm@damhqmmw anchin vellichethosetbiaghs aeeradipdéntshen, the
- ba:%éff&‘ﬁtﬁmmh bl Hserlaifth L6GE WA 3h iilidh Qe the portion

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

staggering is that the 180 degree spacing is readily fabricated on relatively small diameter
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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 with2an insertion device, such

R T A L

- tisleswhicpéla sthallebsunkrays desirddEs; BeRRfp€ 190alegieh SFaCinERynddRes

two portions with barbs facing one end and one
effEEve ARFROTRE PPHORPHSCS aci ng the other end, or two

POT Th@ihE nbivith Flkares, ldasitBdis 3 iR Veeveihnaifer doy¥diitnt bOIWhture
wi th barbs facing the other end, and so on (not

2coRBN P, thepresentinyentipn, and spnsrally desigmied af wiore _§6-n%‘!tuﬂez§9 ke
H 0]

sulna PO IFAEE LS Ohr i URARRY BIcH 16f GuAEFRAOD dogreen

insigad pf 139 degroes asiipshowe orceturesh advant age of a bar bed

sut ' j f s | .
SV MRNAE Sl oo 05888 ARl o
crobadgriigednd thap terminhizs impeingedsome |34 folipenattating tisRe. K isl canemplnted

he. st [ J har i f . .
o H AR AR R Py B G R precine
tisswett (IThe other etelds nalsh@yn.) Reldisiorgyesede 3Bhches garaBac clogely
oG B o2 e Sy P aferea ARG SRBGR bl By ond 4.

Headehod idf¥patitiodfof BarbsIB3|13¢, 3%is afiCdietidagl. t 0 t he present
and. general |y designated at_suture

i tiol 30.
Sut 156 2851 praced ebs 35 g mdially une Poui 0 degepsdrons gk py
stagdedd Wit}ﬁrc!fp%&i 18 bxi SIRAGh O taftk 33 U hELars Padiatly hdBn A dbaR 120

Instead of 180 degr ees as is _shown for suture 1. Mre
degsegs fiog Angstaggered \wilh st forgialln arpced aigaie deperi gxially spaced
o) o4 S,SEREHRL bl 1Ak i fd R55REiaBap Al
spared BagbsdntAs mptaitof the @liaiH 30 degnet Bedngement dimy sétof barbs 35 define

. 0 ;
Sty BRSNS NG R MG g e
oncAmlatiet anairtbiird sef oSharksr3® définé subbtandiadly piillarmklict yanwef onelptemel Yhus,

bar 37. 39.arranged so..t hat ace,in ..
sunff 36 58 SRS 32 po dftngdelisfH S BRREL P Sls Bl A0 JeBEE alsflsiton.
i: Figst BBOTIa ﬁbsshﬁdéth&al&ﬁew gzng & 365 BB :of sliture 60 iiroﬁghre 3A and
so, axial .space S re arrange
shoft S0 St S TAEE Shelets same I e Srci Do tgier A e barbs 35
with €spoct flUaybs 3P Asuesh 37a%ikSrespbot tWBABH3IRRE haBH 3 With respect to barbs

arranged about 120 degrees from and staggered with
‘respect to axially spaced barbs 39. Hence, axially

S Pageitiustiby 1R5tRpEh2 R0 bab 58 BARLb 3Ok cad8 3 %Qfaggéing, is

from and stag ered with respect to axially space

clogsataneines end$4 anqt shewn indfigure:aB); aefl thus, spmsde be lagzer than farther
; L RSt t fi ..
awa?rlrJ iggrl%ﬁit?gff bafbl E?’. ARBL 9 baPS P barbs 49 dug %o the staggaring, is closer

I'y the sank one pl ane; sécond set o
to peintadleeinil Aé (g Btvennin iIFeguirs 3B)nartdthus, scame (e larger thhmenen fartigr
: ¢ _ o1 ;
awaygg%tﬁgfb% o?fbat%‘? Egsﬁ%ngr%ﬁslﬁ gga’ng‘ {‘ﬁgtal% ﬁ%é%uﬁa&i& %Jél.lrlr 1§0d5y53"2 and

r same one plane.

- that3ters8&@s the base@éE dnd barta3 Sotiggerisdoesviot thtersect the bade of 26y barb 37

of b%l.%g 591 Ko sg,saI ttraln(s)\rr]érse 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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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 baibhs 39, and barbs 39 with

indg SRR b of Settiary £Por bibs A7 ages e e Bast By bprp 5 of

bashk agger | ng |s cI oser to pointed end 34 (not shown |n

eens tg be larger tha
L Vi BERE cutne RS SRURe b gl % pegpting
deldad @scribéd uplms aﬁ&/einhﬁd%%ﬁ'ﬂw 097943,733 16 GRR®/a et 410 TROLirtiRL
end 34 (not_shown in Figure 3B), and thus, seens tq be

machipg oW iged @\Pé?fi“P%W‘??éFts sbbaa%a?\f 37, P8¢ uspallnpng get st a time, in a

sm@é&r&ﬁpo%%onﬁohgﬁﬁﬁﬁé%bse pl ane that is perpendicular to
suture that intersects the base of one

bar Birgsetof ib‘h? Prisgpaied 6% placing prvd wlding @ sutie filaraat Bithayige.
f01 e@ b? the b?jde? %gl . &31?15 b!eénkaﬁ 558 to %65&&5 ang&ltgﬁ'lét@ﬂ]ﬁmg into the

to s t ure
sutumfémm atsantahgle ltizes & chbseo trecréri bﬁr®735cﬁo thet ia) greFacinipipghe same

d”%%“@”f‘ﬁ&%?&%ioase of any barb 39 of barbs 39.

ransverse plane that is perpendicular to
sut Next, th@bllytdészaramﬂﬂset loagitudib3Hy {totreats eetstaghdringh aspeoximately half

of B i disipes Bviie s SR, A1D: g tenh it amin e 120

degrl‘m of aviseiviich g dﬂi&ipbem aB®nEntiddte dirst setsif Glrbass thachave already

cuttin devi c cr din t e apave-noted Seri al
beggut. 6@99@%86?@? b0 %@FP&\?" 1Se‘ifeaé‘? MR TRPRG 5 nachi ne

IS DRewies ek Bladep aRAEES ofit R gRlisal19f(toRasaRsthe Saggdring)39,

usual Ig{ one set at_a time, in a st a%sered pQsition

appipyRgtelhelithe lsngmﬂmak@stg@ﬁ bgivepmimect Barbs 35.and glse theigyture
Fld%e%ﬁ's ﬁﬁzg@d‘ﬁaoﬂ@iﬁ cﬁzgre@s &%y (e f“}hmrr?&;mwed W&C&h&sm both

des, after having been adjusted to

alrgndis P st st hivds Pt Arendys tweong hetbating”. Foliarios the
onl B oy e G LAY sl 5 ARS8, & B8] B LGS
0o that a e sane I recti on

are tacing
t owReeigrablyi, m@du@nsbl\&zbarh\iemcarpedw ah:loades atzue 124X degeees around

sutl.lr% g osg( : rm l{eyq%&‘]egmg %%%t ﬁd El?eg ng ap w1n19 %‘ny c%ther barb.

appr ongl ance
bet Wit mefemm:eofowba FimurSBA, illsgated tsh;atufe 40p ammheriemboditnahtend the

t h
g g, SUPTEES slftat PSuinD: kbt R A0if Pt fona
Suthee 1ﬂdlhide|s alofigtdtEivds ag eHaclis %eﬁcraﬂlfy clrad1BSin Irosh Secibrealdanht
ar man

S t he bl ad
B P RN e e R, Ay e
corddHif1R%d HEIRE Yor Beth bndshe, AORSY dontriB@h s&gﬁﬁl%&ﬂe G@E M{%Q;Iﬂ) in

two of barbs 35, and al so the suture filane

ordeiip 46 EUCTIRIGTIP . QBigrRALL ok fnsbides Baralifk At clpsely speced barbs

47, qwqos@%ltsa éfaﬁgmﬁ%ﬁag QA h- du@&foﬂeldd(sp%g&hoﬁl rst set of
barbs 35 and al Fead % second set of barbs 37.

Fol Fasabaughathef the ten tqﬁ st HO s ialisrepreedibatby bt e rigrymierentially
arr&n@éc[ ﬂ)oﬁtefz(}(ﬁfeg@@sr il?ém Sl étac‘gggJeS i %s'p@ct % &imyj s@ﬁce%%? ho,

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

spaced barbs 51. Consequently, axially spaced barbs 51 are also arranged about 120 degrees
from and staggered with respect to axially spaced barbs 47. Thus, a portion of suture 40 has

all of barbs 47, 49, 51 facing in the same direction toward pointed end 44.
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20 Preferably, each successive barb is escarped at a

positi on about 120 degrees around suture body 32 from

the preceding barb and does not overlap with any ot her

barb. Wth reference now to Figure 4A, illustrated is

suture 40, another enbodi nemd-of the present

i nvention. Sutur Ois simlar to sutur 0, except

t haFoh tire il of heonelf o Subrecila sl et Becko 8 REFUIRY
ar@h g2 98 1R I2PRYYeed Fohad sthSoeBANARARDSGD hEbllAdpatdd bafbe 56,

section and that 25 termnates in first and second
whirk; 2 wdialin axsangad abegt P&rdeg@?Feﬁrqra@%fgja&gP@é&a rggpech to gially

spdced b&BNS 2L RIndd @b gh acQEI b8t 5o fRARo 4ttartbd BEBDGL 120 degrees

conprise a surglc (not shown) in “order to bée
fronhzgléﬁtaeaerﬁdww@h respasti. axsu:v snﬂéedtlk@rb&ﬁ& s, janeihes perion of suture

40 @géjgl?éf‘bta%s 5?)' %ﬁ% RORE gﬂ%eb(ﬁf Fon t‘o%ar 31%1née‘h%nd 59 51,

arrange i'n”a staggere I'rect I sposition.
For Aabaoestilt hbihe ragifal ﬂmaddgmguhngameaw ﬁtst @t afbarlpd7add gefine

su AT B8 hé Bhe stioh M oE bR AT sb errd b R AL otrer same
onapmaﬂd kyd thpdeg @f babbsl, 59 defmafsuhslfananl@ stﬂ(hnaﬂhbwsamr-: oA ek,

i By 20 pERLE Dpts SRRl AR 40 - S VRS e

et

4AD&HORS nivle aeglyainge lqmmagm radigiuR0 brbh deghiedith gitdtaipanfikity.

ered wth respect to I aced barbs 47,
A A Bp B st e € o baha g, RECR AaneReeingy s closr
to ﬁa@nt@.@&r&m (6t shben FANRurElHBE 6hd MBs taﬁﬂt@fsd &Y tRdrereriiRn Qw%fn'st

For the other half of the | engt suture

baf&)f'l%ﬁf barbsfth cige brertss of the stageariangi Tp} ﬂ%a49r %ﬁb@@a 48 bgcﬁlﬁsef to

poﬂa%g eg@@i Gﬁ?sﬁo@vﬁ'ﬁl Bt eSIEY ORE HRY, éﬂg&zﬁ‘s RRRPREH eleR tAtleRfhb Yy first
paced barbs 50, which are radially arranged about

bﬂl‘bi@oﬁbgb-‘é@s fromand staggered with respect to axially

SPagsg nQ@Fs@?E&ﬁétehgﬁg E&g%@y:gpesuﬂﬁk ﬁ&ia;y Osa‘ﬂﬁ?lfagg.?e?{e@t% tRPbase

are also ar Fees oy From &
of &teﬂ@geq‘-hrf barbs H7 desspetinterspctahe bfish gf amduaebdft%ﬁ bhtds 48. Likewise, a

Ll
aerSe RS AL pltErklcfds fsofi 805 37 g P3P Biserdbpe BT ome
bardidg oft Barb D d?oe? ﬁ&d?térsﬁﬁt‘t t}f)e]ttﬁ%er adhpbarkh 30 gﬂggbseﬁ Similarly, a

rs

traytyat Bees it POrhaicRRG o FHia ol 42 abet st e base ofone

barB 31 oPBarBes i dRs Btk Re: t!baye IRy bab 4% aNBarb4Te Alkq Aransverse
and third set_ of barbs 51, 52 define substantjal

plagg they is Rerperdigulag i.auisnbody| 42 7ad thabintsrisgis dhesmse gfiang b g8 of

barbé £ does 86t ihRRB: tﬂe Ak 6¥laap Gaﬂ)'ﬁﬂ ?f Bdbs 504 Iinlééwﬁélh%ﬁsvéx@e plane
in Figure 4A, shows nore clearly angle nanel

that 'ﬁ@Pla’Pndl‘E{bﬁfé‘P FUAWE EABHI2 A it Wﬁc@ﬁhﬂs‘iﬁé@ Pﬁ qngibpsp, 3 oid OAéarbs 50
doés n'of‘ﬁﬁe?s@&qge bhke Bf'aﬁlty%'éfb%l dfBekbs 53. rﬁhﬂﬁﬂ? b tﬁﬁsv@ﬁe B?dﬁp that is

on account of he staggerlng I'S Closer

perp@idmum CeaweTaocand Hogh ArsectE g s afisns b §210R bisbs 52 does
not%@xg@&%'b%&ﬁg&fan%i}ﬁﬂ4§%fﬁ4}ﬁ{ gway first barb 49 of
barbs . SO

ecause e staggering, first barb
49 Biftue 40 lnsy 48 niage wiith ghersame clitEngpmiacitimtaseniredy sohas the cutting

in,Figure 4B u | arger a .
o ASirioP e iy Rbieg 8018 N3 oo P53 Boh o, R with e
follbwmgsahe:i@enblawﬁrdchm i s perpendicular to suture body
42 lélor%rsttggttof 1- ?Jctslgnai gar{:) ﬁ%, Eg,sa?ter 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
intersects the base of one 20 barb 49 of barbs 49 does
not intersect the base of alfy- barb 51 of barbs 51.

im | ar a transver | ane that is pendi. c
‘het%é?d%%%rﬁ F‘éat%b%? degrees g ‘6*}% RS ﬁﬁwwag%msﬁﬁs%@n and
ovdd@icdundd: half oPfE Rgfhl THO BRdEGhen £¢ AlcwRE o épiee Maste 6fhe Pl of

barb 47 of barbs 47. Also, a transverse plane that is

the denefet{ drecsintuae Dement ity %Seﬁwfllﬁlglg AetiPnetp, grpatp hahs 4% facing in the
o ﬂo@ﬁe &lfb%&oxp&)wgﬂg,og@gdkén&aﬁ of barbs 48 does not

I ntersect the base of any barb 50 of barbs 50.

Li ki¥entsthe blades arerpdfseilonsipilinally (ocresigthe segrsingileriahoyt half the
t
o 4 5 0 i I B Sl g, B
12Qwingrdes pipth® zlse,fwlbelnbsqtﬁﬁpedsv aichmrogiate first sehpShialiseti
o163 BT 4 B R R B B 3 s

splite withatfest saitihg hdmen hme eppobximatglylhatilef 48 lodpthad rtlha&utt&: filament to

oG4y 85 ARt 5S04 8BS Db

follbh’ed Bﬁ)ﬁi’ﬁm@ CHetmladCeT180adeghOs soARAt IS, artbvt disﬁ@ﬁbm ﬂleaipposﬁe

with follo
dinGipi 1 R B PAILS R s gt e FoR aﬂ'hcsa}f%ﬁwﬁef balf
of 8 len@(ﬁtoﬁfhetsﬁlﬁrea’}lhﬂélﬁ with la3BERE chtinPhcliof tb crirde hiebeH fafing in
the vise, the bl ades spllce wth a first cutting

the gppasp dirgetion towarchnoiied @dMhal f of t he length of  the

SUtHeR, dh bagRke 4 %ﬁatlsng%&ﬁﬁu fo &rafid NG staBocPiRS) for ab
di rectlton tomg%ed gg‘& nted end }A(TO - Sag% heg)blora%eogt

halfthe langitedinal disgocechstyyasn swa of ltalfi§t47t va@lmmsw%ﬂ@@wt
aga{hﬂié ?tgtﬁ(g %ﬂ? H%Q‘e?iegniegﬁ&t th Visé %1chQ¥ F(Fuééég e RESHh B@Até alﬂafady cut

es ther are a to splice Int
first fee obbikiincctimbifbadfs 471 48eani @lreptdy cof setdnd sstuaf bi-dirdctipratbarbs 49

s G 5y 850l
51,182 xte, midedyihhede the dladesipliscwith o figt tumim gmhblym(d apporxéastely half

h i for  about
of i gD s HEbApes Fores PR s Scng il SR R peinted
endfmﬁ. &ﬁe kst b&t:ﬁg)ﬁcﬁgﬁ:i folbewHd bylaﬁ?mgen%ge BﬁtﬂesQBO dbeasiss ehat they are
|1 C |1 S ul e 0, acc ate 11.r
novg lsBspe By e PRPP 1 i ion2pd O3y ifogﬁ?é%‘gﬁ {dgrpent. They

nexTEkﬂfée ift@fhe SBEPIMI T ehe 104t bf M BthreifidRdnt WAK BSecdBd g action

bl ades splice with first cutting action into
to oawww&tfms indhe OPGPSIFN@WWQ?WSP"lﬂﬁg eadtr e
i | BeRRbI 8; Each Qu&és%% %mlaqg &%arg&h ftaGoliflor sboBNE20MUe51864 drbiihd

toward podinted end . first cuttlng action s

suitre bpdylcfrany the@smqhn@barh enqui@é @gt oveepded W thes barhat
they, a? frerR@iVe gﬁmﬁ@cﬁ?ﬁ hét sh&\en %#éfhong' shiafd 11(9 [he?f&?uon of

over uncut the s ture ment .
sutgpHo haavmgwlmbstfﬁe%ﬁh enay have thero flacirggow e gointedfend H@ and the

¢ :
ol e T T SR B Ry R
‘Withahis ivathtien,dhelhrbeliBuilieewould beinkdried disto dssae avithian iséfior tevice,

suc O { I t gxlxvrrn] ?nl tﬁqg al:gc:)tvg-ngtres ?Jt § EIaE:nt l%o %93%3 178 @R&f? ' Agcgf) onally, it is

noted that, if desired, barbs may be escarped so that there may be two portlons with barbs

facing one end and one portion with barbs facing the other end, or two portions with barbs
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hal f the | ongitudinal distance between two of barbs
47. Additionally, the suture filanment again is
rotated about 120 degrees on the vise, which is

cequi pped to accomodate already cut first set of

bi -directional barbs 47, 48l6and al ready cut second set

of bi t | b 49, . 50. | | qwi th
facii B¢ APV RYOERORI™ S Thone o Soeninp PR g shoggn and
thuﬂhf ajpdrﬁicﬁi df @Rk i1k BRindChdshiurdehdan tioaeiBarbyark adfhdegt, thes, the
lice with a first ?cluttln action into

“Bﬁﬁipﬁ“% 1@?’9”1%@?"@ intg fisgup &ith @ FSFTGR IPHES- sut ur e

i | SRiVanth & G8RRRd aﬂﬁ;*esmﬁ»ﬂa rhdigll 120 db?'e@ﬁlﬁangblﬁﬁﬁlsl B4 the
toward pointed end 44. The first cutting actjon is

barbsyixet figrer 1yhiee digtinch glatl%éhaé FeraRlgnengeach Ok &8 URHE that
mahﬁﬁ%tx%@f th@&‘ﬂéngh fbgée%g tebufulovRRRO ?1 n%teglar)&ret {h8 SaRin

over e uncut the suture | ament . hey nex
enhgpriel ewhprmgperfosmaoicher hal f of the length of the suture

fi '@ﬁﬁénﬁf‘% E%jgmlé%%?ﬂ%w%% Hoﬁ @fgﬁ&ﬁ’lﬂent%?th{eg\r/{cg%rg fthvention,

barbs Irection t
which isrgeeﬁalbrmbsitgﬁate@atsﬁmr@ﬁﬂ, yV;th mlult spaging dlsat isvie alpwistcuk gltiple

G RO B P R A5 5, B

bod9\6R tdranavds ilpaintgd eddelr fobmhblxating tisgsuealalser 1 &tdommplated that end

enbodlnEnt not. shqwn)  for directiona
64 PRECHUTET 6ATERA TEAEAR HUHAE HPHER B B7 ARy gorure
60 iaM@estphe ity EEIBE1 ? e haide 67 keghged bh #6vish 66t rllepl8 Epiral pattern
portion of suture 40 haying barbs 48, 50, 52 nmay have

aroyndichedy §2 paetifacingdn the prsme iwaiontawarg poinigdiend Ot s
vargiglr 8B is 4 (8ssRastRAM vidH 2168 HRWEL BB of AR bEth Fi Eﬁr@ 5A. Due

tissue with an insertion device, such as that s
to theytwiist sutapeiiele spirab disppsiionmepcio pespeaciive barn@hsesms tq by smpdler and

squbefjés da QPR lf et b fg:t%hetr Qﬁf'ﬁloﬁx?&{gted' ehd B8 &lof %wnbﬁ‘?hﬁrer@ﬁ, the

e escar pe ere m two portions wt
illutiom b‘@rzefd@[tfﬂrcrg:c(bnmg dhatratedbbyothe stippling.on wi t h bar bs

f a%uﬂge E(lj] %agbgggnsgﬂc?ed \91rth £ IRroJan%h'?ﬁ%:ar EES @Q{rlgéd for ﬁxakmg

facing one ons W acin
sutvaé E],esucieamdhe anihgdeviza déscnbedsh therabpveamgled SdmiakNo. |Q9/9&3 733 to

n.Qf bar S no cnthesute
Gefith s Wit i Bl Bhod, Btk baf 2 HiodbBa T ubspiralstha
prefarabl yChrbereated firthe@miening ds iflesumradihinestris held stationary, instead of
dewaﬁfg @n deanta E a barbed suture with a radi al
beingrgt ghedt tpch that the 5 barbs exert
f ongsre! am’bﬁl&ﬂf ad;uﬁl}d filgnenitian @abbltatince A IbbEETS nﬁ@ﬁh length is
ot her resultln nmaxi m zation of the ret

longiidaalys et s a partian ot Bp aFe longith 340 48 s fo fgotton that s

aboit 9 ﬂﬁﬁésqgaoueﬂm? 5t RO GRRE 1AGHD AL LHRAER sechd)aiiiGhe other
now to Fi Eure A, shown i s anot her enbodi nent of the

endpi¢ greened ap q 38, degmpti, Ehtimes, gete partiop ofibe sk dament is
15%4 Whda tﬁéjsuilgé ﬁsﬁpéxggfiﬁc%gm%ﬁe@d fignd J&l isinatwst cut

uture 60 |n ‘udes el ongat ed body
62 ’Esmstgenmﬂffaiably ixparformed Z&méﬁﬁn@awd oy bEperieraiee togoefyess,
sucl?és ngte% S’S‘Sdlitnbl %ﬂhﬁ mgi‘gﬂ ﬁ n ?ﬁlg?qg %%Ju@y Rﬂsts per inch, or

s con

" abouidprabee 14 teistsgieciath, e eltiueS (orabbutsi3awis)s feoimch ﬁxe thh being per

05 jntqQ tissue. Furthernore, suture 60 includes
‘ib ality of closely spaced barbs 67 arranged in a
t WiDgdxt, Gt bldeh, taifted Iavingibead adpatedes B predetermined length, simultaneously

splice into the suture filament. The cutting action makes cuts to create barbs 67 so that all are
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around body 62 and facing in the sane direction toward

poi nted end 64. 15 Figure 5B is a cross sectional view

along line 5B - 5B of suture 60 in Figure 5A. Due to

the twist cut multiple spiral disposition, each

respective barb 67 seens teibe smaller and smaller as

each is farther and farther away from poi nted end %
facingg thergg dirpruen guiyasd Bated ended?. iAflen s o ulplpgpiral barbed
sulﬁi‘efﬁco% RN dIRINN theivide Wad ditkRed %Eshﬁ 224 8iBRséd T muliH1a}frals on

may be constructed with a simlar cutting machine

Su%l‘?‘iohat used for nmaking 20 suture 1, such as the

cut &h@ﬂgg,g,w 6 BidlesEA ishich s an&d\%; g}%e&%eﬁpclf% preehidhvelon,

09/ 9 nova et al a twst cutting
wm@tlhmeraﬁaﬂwmwdmagume?@;rme @01 is of artwist ¢ys inanltinge gpérpks

csphon B ot 20 B ipeellnal RS th RSt S 70

1ncﬂmbaelengatedhedy Thehacis périernlly cadda ip bmsesectidnrand that termmates in

fir gr[l) %j:%clil & %% er‘dgl %,g{q g?r];gjleil?%g&qgtz%stsp%;% Lsfcaglleﬁlgﬁe? tﬁa@ 8ne or both
of énus 94,76 thay comppied & s@gica heddranothuwa) foeingértion mtechsies 39

ort on th out h out
L1455 T RS s R o lofoRy sheccttipris i TereBegiin gro
respétiivé fraPpdiRins, @BKIbdisy Midl Pﬁ@ﬁﬁﬂ@r&ﬁﬂ b7 R Bty FRge
tines sotheb@ortlono e suture filament is

dlsmﬁe% pr midgheprriioneME ha isarproxinpigly 3 inchet(apprakimately 16 mmhef

sut\ﬁesig wfﬁ%a%h 'eﬂ&l?&h@[f EP 8Pduvard %0 %é ISHIE[%@e ZﬁIoI'eQ)aﬁQ:uiaH?B;ﬁurahty
and be peri ormed nore or | ess, 30 such as

of tragbsy "47@% arregged i ultiplseial pRjterrayithall babi Liseing toyvagdpointed
encf‘%} a ﬂriT ga%&t P& mid Eortxgﬁ Mlﬁﬁg&g theleh h%lP Qithre B, Similarly,

|nc or a t5t9a t13tvv|sts per
Pluraittmof(qavhs 78 ramﬁrmagfrdgn penultipkbspirahpafternNeigdt all hajes Blfmtoward

T S e R

lengthtdfsutgrea'ﬁtl on makes cuts to create barbs 67 so that

|1 i in.th i ti t )
© o1 FiBE oBrigm s st icy SonE (e ol BPuie8huts 0 Pigureigay Due
to thel nultplddpirelconfip@asonrieach eRpdctiee birk @7 sdeths dmbadrsdlledand smaller
as G3gh S Fapicr A RS A SE TGRSR ent T ot hovig g e 6 B

111;,@@31&{1@"@3& mghe present invention, 5 which is
gener al gnated_at suture 70. Suture 70 is of a

o Streh AR e e VR e spme R BRARHTRR A5 AN (il 8ich g the

cutﬁbért‘ielv% db@ribtt Mftfe Mvc-ﬁ&i&?ﬁnal N@t 09343UR38 tof @eﬂ(ﬁa ct al., but with
directional. Suture i ncl udes efongat ed 72

thetfﬂhftwmgcl@eafem&lady dgf:qt@m Hﬁmg thedywissentdrgmethed, awas 7%5@3/ be
pro §Jeﬂ]1rpfi’ﬁl le' s&hralg 'tHa?é eﬁ% yssﬁé; %Qecﬁ’&' e %gx% Z:gl‘ijets arfdthen! SFter the

or penet atlng t IS contenp hat one or

- dirgsivichapge fonthe blaties, ’barbsrﬁ& mep hppiodeced i mulfipkeespirrle thai preferably

o8 G TR B ok 520 At 8y s
insté8d affreanggestedn t wo r es pective Spl ral patterns, each

g?l reaspecﬁLlcaEllg & se%lg)on d Iabout 1nches9 ga%outzl 14 IBmarrl)qg Iezlgth 0?% 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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di sposed on mddle portion MP that is approximtely 3
i nches (approxinmately 76 mm of suture 70, with each
end portion EP of suture 70 being barb-free. Mre
particularly, plurality of barbs 77 are arranged in a
mul tiple spiral pattern wiit8-all barbs 77 faci ng

.ﬁnoé\ﬁrvigti Ir?flte%glyﬁgp d 74 @rqog‘ a;fitnfﬁn FBF al fzim%ﬁ'e or less,

sucPlaf1d &/ 10MimesP kdly, {\Mstﬁfg R BT rofBaliie2 & dbaﬁlgedwisfs par inch, or
multiple spiral pattern with all barbs 78 f
g %@P being per

aboupb ke fﬁ’omp]él tW!SéScPeéﬁﬁh P62y S ShdhoHElS yasts per ingk (5t
ZSQMOXI mate hal f) of middle potion MP along the
th of suture 70. Figure 6B is a cross sectional
%4 badlades @ftgszavmsaqgn adivstgd do @predetormingd dengfk, splire into
aPP?%%%%@H“Jﬂf‘% g Ao RREIR) o SR BoRmtly, 76388 fength of miade
portec VP of ﬂmrappmmrmmﬂy #4r intte (apawaimdtely rhlp eim) edstedsectign of the

ur e..0B
sutlg[F ?i&aalﬁn tl%@iﬂb g'n% bl%f ta@ﬂé ?ﬁse 993/ carénzgg Ba&{ns{ 77 %o that
all mcﬂimmname ﬂuedmm 10yd peiated @sd TheDepmtling log hdevnany blades there

descri bed in t.he ove-not ed.Seri al .No. [943. 733 t O
are G R0 HRcTing gt 0 ARS8 (BNie ReR ARdyaD e euting
moﬁbrﬁtdﬁ:uﬂ %1[ Babd wnmmgﬁane@st)llw or th‘éteé‘ahl ayChit llbpdag:ﬁrmthlng d}onbﬂrb 1:31311 the
may e ce I N tlpe irals t refera Yy
desg?%nw@ap% : taﬁeeesgaga@ mor?epor*awgo fihratarg @é?lg
di reehl 88 bAoA BhAcptaddhat Biyhse now e‘ilﬁpbs&ﬁm the opposite

produced in multiple spirals that preferably

dirdstiem prchiovsr thetpahes B of {PAPPrORAAIY 3 g POt 96 mpnp, dength
of ﬁi&ﬂér;%rtfdnl Iﬁf‘%f‘ the lapprbg hﬂte'f’} 25 '11@3%%1‘0)&1151&%@31@4 Q{mﬂ%dﬁﬁissccu on

rot at'ed More specifically, Section of about
of the gkfue f@m}@nﬁt Tha hlages)are then @hged tofsplicestouhe othey haifysf second

cutﬁff‘lﬁ:#ﬂoﬁtﬁ th§ %i@gsam% hﬁqg c@ﬁ[e 93{12%’%1 kS AP M e facing in the

es (abo an end iIs
opmmmﬂuomwﬂmlmemeﬁ ’énomwngmgsp dcwanadyrbdadas therezse on the

cutgrfﬁg q;e e}na . I nnt"?zﬁ}g bat%gz regée%f]r%lt » {1 S?)g)t/ i)é) Qneoéutt!]d'éqnot1on to cut

all Barbd 28ndimuinmieoishe or Shirel meayf bd aepemed lcattlhgl eutioss ;nhalcéld desired

nu’g@?df’g‘%fgﬁﬁ é!qugar\é!ﬁfls‘f‘o -1%1(5';1&\?,}“4‘&% L% A eg?msé Ims;re or

| ©SWherbtiait casmdifipik @pl?ﬂ@birbélﬁﬁtursmﬂ) tsaﬂba/scd frWnShd vige a’nﬂy
be fromabout 2 to about 17 tw

untyisies, K6 S 045 and e Fesonsquts hicts G 78 vaingip Spgepere
muitf#é% a]ﬁﬁfterh@&ht“bﬁ@ipeétﬁ@ BoARLOSF ke 70 theAwBMspediviiBtions

after havi ng been adj ust ed to a

defigingmiddle porion MRofbput 39pthies LboRT O mEprengthmt el y hal f
of MB)% ﬁ?&ﬁﬁﬁ%@@%@ Ywidt &t ﬁﬁltﬁﬁé’iﬂl@l’( bﬂ@éﬁ%{g&w@hanufacmred

| engt portion pproxi mately 4.5
frommghonolippreotdavingaldjerteter Ofm@owt wOé% @Gh @@@% Qg7 gm} 3y spun from

prpld RSPk it bk b, X s

inch éabowid).45T nomkis diightly fdrgar thanwbe sizeribfsymtlmic dndrbme suture, which has
a diamgtep 1da|nggfrom apou\{voggrﬂ'}/m Po a%(cjﬁts 0. éJbe 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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10 are on the cutting nmachi ne and how many barbs 77
are desired, there nay be one cutting notion to cut
all barbs 77 sinmultaneously, or there nay be repeated
cutting notions until the desired nunber of barbs 77
are escarped into a portionl®f the suture filanent.
s are rotated 180 rees so that
and BB A e B LR e B BB Er o (PR, so5h o By he
didebtonaif Berotiea hxfoup frofnhtiee aﬁ@ﬂfxﬁﬁa\tﬂﬂﬁ@ﬂé’oﬁhﬂ guelte. The spemﬁc cutting

r oxj maf.e 15 of _m.ddl e portio
s D T TR e R e G P hing
mdtih$ {380135229)i Rith Mk b_lah@s. eitiglbRet vilA@iide fod &eh bf e @%uﬁﬁg

then allowed to splice into the other half in a secon
%ﬁ?ilng action with the blades making cuts to create

bar Bach/@neOwhd\®buted etk @dbgﬁgl"?ﬁ gnrh)rloﬁé1 e e%ﬂ@&l@b ffion MP was

di rection toward poi nted I ng on~how nany
abgyit 3duches (abous 76 man)deng dud cowseined 'ihg 7&’amfh$ that veerel cssomediinty the

sl g, PR ES  L8 S BUFo R
unbagprsiend gotions Ehef thotuton ﬁlaUWeneleadlmeut&mlesi (abnunﬁlenmm’ong.
De?g}{d*ﬂf% n%hea{}ﬁun ‘fe%f‘n? ﬁg é & qo{ho %ofo He ?arP s% S %1%&%

e spi Gture

suffi0ientdy pohtedawidigid fmmﬂsém o inseti aamj or may wm;trﬁxel a strdightfor catved

cutf and the second cuts result in barbs 77, 78 being
Fespective mul tiple spiral patterns on two
r esTReEdtiexgth PO hoissculf? lﬁ¢llt(l117$m7r@ barbb®suiwes waspeed fby\/tﬁzo

rt| 5 deflnln | e portion MP of abo
odhe! nf(%ﬁfeﬂ wasg %lm) w’i tswglF Rrengy st W&hﬁ.%ﬁ‘éﬁ yester and the

oth%ﬁmemadiwhwn&%v@ubemﬁﬁahwt@stwhrdags barbed sutures were
manyf actured from.a nonofilanment having a di ameter of

abotier the seripht prdHensilp shgngth mepugmpntaleeing (7 Perfesmed using a Test
Reffkoss Um@ﬁa%s&wﬁ@ 'io‘éQa THY amge readﬂwrlbééﬂeae&? Hlebufements

material ). A di aneter of about 018 “inch (‘about
magde M?aqlhhndu of sefpiegiasireeordgd desrthe bagpedishiares |azdsf0@ thayoemipetison
Q%RJe suture, which has 30 a dianeter range from
a out 55 mmto about 0.399 mmin accordance with the

s peCompariaon enbsrbed suttwes wmetpeu/d@katoas nﬁhaﬁlmmﬁp Casvathetic
ur, ontai ne t ot
absbitbl qu IR D o ROR R Ghord b oo o 18 8 Bou 91472
mog{ ahmn’d) 6 Hheinch (labmmrf)BEBﬂme oid ablna Oﬂ]lllﬂi?reh (eﬂibmdbzﬂlﬂm) which

barb ect| nal t he barbs -
are R Pty FRE S ot ping e i S R B @ Ut Sytnazo for
synkhiefis bbspfiable @tu@t. Inh@csitinde @it UnitSd Sare Paarfﬂa@:lpbeig lspd¢ications
39 bg?B% on a second portion of the s , each
fméY‘&E“é i© ABIOsRaPITGUtERS: sig G s @ idgpnetsr e OtAGuEO. i#@&btofapaw) 399
mlﬁ Q&e 220 % diiBieRr Fngslbabsihit 0. EmMUb Wbdt 0.35EmeP ARk §ik&3-0has a
tting pmachine enployed had 13 bl ades. Thus, for

dm%@@%“@ﬂ%ﬂ%m@#Og@lﬁﬁﬁbﬁxmﬁ%%ﬁ%mﬂbre 3 cutting notions
(3 ach %albccigﬁﬁure Wa§ ??lﬂéﬁﬁ aldaB Rt B8l el Wit cofk %Qk& padding in

gui de for each 3 cutting’5 notions. Each suture
twa pgspegiig Ferrated ﬁwmdle(eabm unlrgbadrgptureowep gripped atiedell end by being

wra‘ﬂﬁé& ér&fdeo \P@ﬁecuve capstan roller grips. Capstan rollers were used for holding
the unbarbed sutures to avoid stress and distension.

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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about 3 inches (about 76 nm |ong and contained the 78
barbs that were escarped into the suture filanent.
Extendi ng beyond the 3 inch (76 mm) barbed mi ddl e

. portion MP were two unbarbed end portions EP of the
suture that were each about i nches (about 51 nmm

| on 10 Dependi ng on the sSfituring techni que, one

bot FacBiBReTBen VarPuled Iongindinally & aFals of,abous {9 mphqsé@how?ﬁ mm)
petitintie @eiafchihddcturtdd! Tho p&kbAARvds 'i‘éc%rdeﬂ 2SHe strﬂéht%ﬁﬁﬂ tensile
conprise a straight or curved surgical needle
Sm%%ﬂbngth of the twist cut, 7 inch (178 nmm) bar bed
SUl i S3suif@ sﬁﬁhﬁﬂzekaxn t['ﬁﬁe 6 Eﬂa@dg‘nd tﬁ@ﬁh‘ Hgﬁtl'égﬂln%n es the
straight pull tensile strength tést Uni ver sa
USPdoetanllesy mtuhmumréqmmemts fre coroentigas] @nbarbedy superes made from a
Wi th dogs. For the straight pul
ad ﬁg?#gﬁﬂﬁgg%%%hlneasurenent testing was perfornmed
using a Test Resources Universal Tester, Mdel 200Q
The average reading of 10 eated neasurenents nade
for each kind of suture was? ded for the barbed
sutures and for the comp@ehskrStrengbar bed sutures. 20
Conpari son unbarbed sutures were pol ydi oxanone
nmonofi |l aments (a synthetic absorbable suture
material) of various suture dianEterS'@&Pﬁ@ﬂﬁhnﬂﬁﬁﬁﬁmmmm

inch (abqut Q.457_ ) about 0. 015 i nch (about 381
Barg o Uit o Sy el 5 267 daginauRu fpouncs)

ar eygaRact i velgy slightly h@ﬁger than the Uni ged

St at es Phar macopoei a si zes , 2-0, and 3-0 for

syn¥Hstied absoft¥abl e sut ur 5861 n accordance wooh
Unitrgdmeliat es Blgar macopoei g gpeci fi cations 253%gr
syntheti c absorbabl e sutures, size 0 has a dlaneter

r ari@psbagf about 00.35 mMmto adBut 0.399 nmm  setzgplivable
has a di aneter range of about 0.30 mmto about 0.339
mm and size 3-0 has a dianeter range of about 0.20
nm An:aa fbe menoesﬁaﬁtpmmnof Babhintvahdeze (Sptﬂydlexaname mongfieknt

Wi i Ld wwth c i in
reacd TR GEpERtmDersl Pipdl oy allebRmRie @l BBt B
consmtﬂmnﬂ unbeabal size[dasblyalioxafee nendfilinee’7 08 powtlds wraappsrd 7.72
und two respective capstan roller grips. Capstan
@T1ers were used for holding the unbarbed sutures to

av Q[dives'élf eRsrapkt pll $dneisitRnath HIe. oppédddm Uaéak@gm’er the size 0
ture specinen between the two

polygligsaons barbg Frere (¥ highdug Esthﬁﬁacaﬁpﬁlen&fgherbaﬂ%;ﬁ%ﬁnm%?fﬁptwe
diathé&6r tﬁﬁfr@sﬂiﬂepﬁﬁlpﬁg et 86the EARVEAIREurbRSed ﬁEé U] goig?dioxanone

i nches (76 of the barbed m ddl e portion.

sutugp)cempard fRyer w@om wigmndiSFaoy pelt reguirament @it 8. Gmwynds for
the 8% 0 P& pﬁgxélh ‘ﬁ"%] AT hehEl (Migut e until breakage
e pea

occu was recorded as the straight
pu IAddtt@nsh Strelgh@lﬂléﬂgﬂh streTipih testsswire performed mumdammmeldsmerﬂ
mlMaﬁon%%aﬁ)gh Wares I’Ag dllspu%sed% lo[v| i ti'tabl% 1Ilg 2, 1% Igglll n w1

Figures 7A and 7B.

For the in vivo performance, 3 mongrel dogs, each about 14 kg, were used. On each

dog, 7 incisions were made at the thorax (twice), thigh (twice), flank, ventral midline, and

paramedian, each of the 7 incisions having 1, 2, or 3 closure sites. The length of each .
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5 USP knot pull test mninmumrequirenents for
conventional (unbarbed) sutures made froma synthetic
absorbable material. Table 6A (Tensile Strength) 10
“USP M ni num Requi renments Barbed or Unbarbed Suture
Size Straight Pull (pounds)2fler Knot Pull (pounds)

.. Unbar bed 17. 72 8.6 b d 2-0 11.86 5.91 15 '
*“‘E&?{Bﬁ?ﬂ&gﬁi "%)% abous 9.§3pc3(géé%g§{£§@n§ teyalgyt ‘ﬁwfheamor%%v@m) and

thd\deptadt dach HEEIdn waS i M berfitiaD@ihf th e QedBfeusd. 2€ O

pol ydi oxanone nonofil ament reduced the straight pull
t ens1oi8 1§ basbrdisytugss @lpads,framsias § pelydionagoredronsfilament), 24 of

thé §i@s RLreCIiR¥E NEdr@BRApacdBb MAeMaiing it Wt Mgée‘a)@ﬂﬁ‘lq)ﬁgious diameter
_monofi |l ament (7.03 pounds = 40% of 17.72 pounds).

stz espRyentiopad ugbarbadghiures (1 sitepveiristized-Q sifidngded Hamanto@sites with
s AP Forpmo AR50 anf PSinks WA, Fpo PALUALRAANAfmeno), which
wesknsted.hAH closing of sites wesperidrmerbaceordingdt a randemiatd ssherhhran

t he~4i : v, ' . arbed size

ot T BEIR ke At 0 S8R R A MR OE a5 214t At the
tinggi afidmath tuSiacikions wene kevaluatsiumaceoreoyicaly. 8VitGegoditadgribay tissues,
. 1 [ze .ydi oxanpne gconventi onal , unbar hed. sut ure.
incidih 4k "onfl 18R R ERNAT of S aDhosRl P A D3Pl s
baybed fuwnmeedayed chdel dndapgdareditd Be Realifp@hottialx dishigBodd @fei@diay

ssed below in Tables 7K-7Z, in

sutures, . as.di scu
Ob%BBWﬁgﬂPﬁérboﬁ' \Hdot%ﬁlsﬁnﬁ%‘?c@gmfl,& and 7B. 30 For the in vivo
per The sirnpposed with f@cBhved @@l uRacied 31M0siurdsanki $he VBY £Hposed

.Used. On each ~dog, 7 incisions were nmade at the
W"?'ﬁ%‘r Cepventgnal dnbarbed nofydroxapang putures glsg healedyyil avithagtd) i ne,

codplibatiOR! ARRhREencEeeHhrf, the 7 incisions having 1, 2,
or 3 closure sites. The length of each 21 incision

r an§&dhg ¢ ericabdin sties Gosed vith tervian 2-9 2Ylen meyofilamerts gonventional
kSl S, O Bt
mugilstiag by the dogs: Henbtssinthercesvefitibnal suidres passiblyshesed Giscomfort by

Vi f f he site re .
oSG ATy G Sy i
theshwsed Thng, barbert subuss stowdrbelp pbvibte shiez@sblah of amangnil intenijulating

nhar bed . sutures (1 site wwth size 2-0 silk braided
an#?q?@nﬁeoﬁ'g?heéu%lfets’es wth size 2-0 nylon nonofil anent,

andinSumintaeys thl itz ivs parfor@atie(d0 the iz003NARX MRV birbal@iMins was
effi‘c’:@cli(():ug when compared to the size 2-0 silk braided filament unbarbed sutures, the size 2-0
nylon monofilament unbarbed sutures, and the size 3-0 polydioxanone monofilament
unbarbed sutures.

In an alternative embodiment (not shown) for bi-directional twist cut, multiple spiral
suture 70, the portion of suture 70 on which is disposed barbs 77 may have barbs 77 facing
toward pointed end 76 and the portion of suture 70 on which is disposed barbs 78 may have
barbs 78 facing toward pointed end 74. With this variation, the barbed suture would be
inserted into tissue with an insertion device, such as that shown in the above-noted U.S,
Patent No. 5,342,376 to Ruff. 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 othef 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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were knotted. Al closing of sites was perforned
according to a random zed schene. The dogs were
nonitored daily, and then subjected to euthanasia at
.14 days. At the time of death, the incisions were.

eval uat ed macroscopically. -\N?t h regard to various
locations on th

10
tnde S8 e o e (o8 Bl e PR LP SEor iR 0o
indeatidnefdviseit ur es stayed cl osed and appeared to be
the 14 da observatl on

heal h t
por 130 REre e beebetl G Bt neroost . S ol apm dooRans tha
sutthebabuisatitd Ffvads Henbarduad hsldlng cﬁpﬂbﬂ §s caﬁﬁakh % Bk (8P degree

gc{%ﬁﬁ Ed with_the conventional unba pol ydi oxanone
SpGH hrcbed spurey Thegcatpns fbpt the g et wlt@éﬁrﬁmrrldmtrn@ﬁ@ultm

grélpB bSEABARat @Sﬁﬂlﬁfn@ﬁ sch‘é§31\Iel'hﬁd Er&gﬂd%%?{) lﬁf Bar§§ Which tends to

closed with t size 2-0 nylon nono
PrRYRIBREVEH archommatmé@p e isdn tissge. sThle@ar@ms bépeeially uscful for

tlsﬁﬁrsﬁélﬁis A% s§i19 %@tgﬁas% & Snﬂegﬁ‘% fib%ﬁ%%fnﬁ%ﬁ Wit et Brpes of

mutilati on
US%ﬁ\?@ﬁlat grager Sgtlﬂtﬁtﬂe@stl(pm@mem r;esxxahlrsed di sconfort by

cre can
on dg&flgrpgfﬁlgz eﬂrldthl?:q: é@.{rg 2 h Wn eatholngla ‘%tvée“ﬁﬁﬁfaﬁ%ed suture 80.
Bathgt guters. BOhha.rlslprabt_yrdﬁ elbsaly spncedsbesﬂss(ﬂll o ehmgaxe@hmurabm)t $Baof

oo 8. S o0 ST T 30y B R B  e

axis iAz eutlre ﬂtﬂn}bdalr SE@I&@H ®np@h Q&bS:Ui de@rSD W cubiddc@chOtSance P,
when conpared to the size k braided filament

sPifahibaangledt. sufr Qi deprespina CR), E@d tip ’@ of eppogideprestien CRirent
un bﬂ?g@l%@BSiyﬁlH rs@cﬁon% @ﬂg tvg:% RlifBuaed In‘ﬁ %ﬁr{{g Vﬁxﬁﬂ 2% d and

nonof’i | anent sut ures. alternati
clappebiei aifemthe babs for mpanirerhant obthe ditrdéstncoP hétweo b}irbsc&lt

rruI %r%cﬁsuﬁﬂé %ﬁs a tgflleég(yl% alln%lgp@t?&ﬁaé@oﬁtg%c 0 ‘ﬁrb[‘@ %&unfrgclqﬁ

sutumm iwdFiguie rﬁmeUutemrktr‘a’ﬁd anah dntergqaiaedtion in Grdersty shive még: dethil

hich 1 s, di spose have barb 78 facing
wit e g PR Eor Stparen  Rpr Se hiina s Ao
diateietiSP, bhﬂuleﬁigtﬁﬁ Bb birepth €8] bhiblcht dnloRTH Bu\ sttahlc@f’ spirality angle
i nsertion device, such as that shown in the

o, cieyileprsssion CD.and tpminsn L ofsut-oit depessipa Chb Ruff. Al so
i f ﬂ&%‘ &:ﬁ’ﬁcal sé%rzﬁ %ﬁlﬁ fed %huﬁ\%ﬁlflﬁal . ATDE e l%'SSC %51% g}langprflratured

t hat er e ort’ions
from m@nmﬂbmenn spun fzwm rpobramraanofna and'rlgpvtﬂga cmrmr of ehsmh; 0.018 ﬁlch

rti A faci n and 2 ort|o
(ab0457 Bk Wrlich Sy ol it 80 1o meneioH S wpiaptnetic
abseubable Buisre). |Eachlsmmttcommmai 78)wrhﬁnlrddu6@1m Raspdige hiilﬁlple spiral
acent,. then

h t b
patBifh Biop £ ot it i . r S B e Pisdrmetioga ey
wera ﬂlvxdeﬂ&ﬁﬁ & narngrdrqywmess: rﬁrtbﬁﬂmamghlgm@;f with BRBRBE Bl 6

atws nmul tiple spiral di sposition is
°PPPﬁ&¥ g e gieagon 0%*5 b SRR B ke AppEpSirple midia gfpRuture. Bach

sutdﬂ@bvdé ABuCARats (Abolt B8 neRRaL. eﬂhérﬁrdﬁi@%o&%ﬁ v I6RE 3 imhes

paced barbed suture. The réason is that the tw st

(ab% 6 MRy of ths sutuessng gpnipined de 78 parbytheiswerp escarped into the suture

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

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

(about 51 mm) long. Depending on the stitching technique, one or both ends of the barbed
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groups of barbs that conpl enent successive and

precedi ng groups of barbs, which tends to provide

i mproved anchoring when the suture is in tissue. This
‘feature is especially useful for tissue such as fat

ti ssue, which has fewer contikctive fibers conpared

Wi th es .of so that greater suture
S“‘Pr&”@ﬁ’?’ﬁ‘ ??IF‘F'S?‘/@%PQ‘@“H%‘E# ‘gﬁ’é ‘“Si@OW'E‘h“i%lé?* EF BARLEOTWF fo
stradigty Of QurvedneSl@WN i s a sectional side view of barbed

sut re 80. Barbed suture 80 has plurallty of closely

lep i tharegteriznihe potigatation of hathe S Ligndyptan Zgpm 100 custom
m@@s@ faeablluyb&h ﬁ%%hﬁfba@!& Riftin §%§ bea tog%ﬁi%f‘wﬁﬁﬁ @cﬁibﬂa@@wdeo

barb tip 8 own are-suture |ongitudinal axis
camgzq {praadey Fcaweasa;w sgiectedbirhs $1e3ig2hS magwifigdsion fompsgh nf the left and
ngg%?gggut angle 0, cut distance P, spirality angle a,

ut depression CD, and tip T of cut-out depression

CD. Tiesvetagriwes caRulatedifore] Ogepriated meshsusénpkents (5 dvomathe left group of

' ' i t
v LS BB ol B e BFRR s e
anghed neiamnt fatthD. Birb cuBﬂ‘@mlwsuheHsﬁeB Gronsh@surfatsof theldut to the

mul tiple spiral, bj-directjon bar bed ure, |ike
ouIEE P OF BArbrR HYE ?{% g# &f{epﬁﬁ? Hé} meastigd 2608 4 PeiRPIiGHLA
fro Qe dulit siface b BArbddsufROR0 1GWaf 16keiinal AMstA of IRSHRAGhtubeRB0.
the configuration of barbs 81 vis-a-vis suture

Thq Beastretgnth srabledicut langth {1t becajeylardisingdhe fofowing fermula.
length L, barb cut depth D, barb cut angle 0, cut
distance P, spirality angle a, cut-out depression CD,
and termnus T ofLed/{%nfi&e®ressi on CD. Mre
specifically, several twist cut, nmultiple spiral
bar bed sutures were manufactured from nonofil ament
S puklsd, angle paif gpitadixaw s aeAnedd hmtosagplaalﬂloarmﬁars bafbed bmtmtes 80
0,018 ch about 0. 457 which is slightly nor

as fofloys- #ﬁ@enw@w&f@aﬁ ﬁgﬁm%lﬁ eHPRSH Py i iFrAUREE PtngsOf barbs

81, aRsehalber v Hélﬂ)mar@&slknﬁdé& B e Thple 84 orf theRauRSfilament.

i ntroduced in separate nultiple spiral patterns
Thugy g wilhbe earaléqb HF e agidudinal prgolthe visewhidy the bvistge suture

ﬁlaﬁéﬁtk?§béi\?g 1P tgé ﬁ%t If‘i?igb"tl'l ot 164vE §11?{t\fﬁagl‘? Bn Lh@tsﬁ’tux%

group wth arig
ﬁlamambtben lénedyf cgn b@éﬁterwpdsm trhgt it h@aullclé@tauhoﬁ cmcttthre tlest thver

e AP SR L5 ek 9 By

fromritet b @rppmant oﬁlwms:ewmhar‘t@ 8iln é:lﬁ@smmﬁhg(ﬁ ﬂ)@nln’s SPGthibaubéd

sut&r£‘§0 %%lg [s&a Qr(let eovqgeal H%(rjlt“h Qec‘f SO%hEH%lrl 40 1es free t%en lineafl
escar peqal PR ot he sutdre 11T Sneht. 581 ng beyon

spirhls en Sutie ®bdy FHarovid teeticdsdturs 8idfcemfagrahglem: dfgpidlidy.each
suture end were two unbarbed end portions of the
sutpeafigally feraneasuning spifglity angle ¢ the BatermZeore Hcustomypigroscope

wast Wil mjlgol tm ot H lﬁfkghhéat%t)hjs&m 49 HRG0N1 AYS imQe

or both suture nay be

© anakysif Systﬂrremfﬂwgarqomsniseﬂ %mahm @gld ozf\ms thmaa;asumah bétween the outer

surthde T batod TR n: R Phe el P sl s e

mea%ﬂremans Grernthedeinzbp of heabsoaind Srftcm e elgp@rmﬁ dF tagk bn the same
ng and back |ighting was used together with a CCD

“nﬂ?and vi deo
Then, barbed suture 80 was mounted in a twisting device with one end of suture 80

clamped in a fixed position. The other end of suture 80 was rotated to insert twist until barbs
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5 canera in order to nmeasure selected barbs 81 at
x21.5 magnification fromeach of the left and right
groups. The average was cal cul ated for 10 repeated
nmeasurenents (5 fromthe Ieft group of barbs and 5
fromthe right group of barBg on the same suture) that

SIBEEGERY GRS, Aol e B B

baghst81tvas mnieesulddl mistoacopioally betwesnf thdmvrdreshestireltereniBi T cBat[ﬁhwo

ol BB SRS B AL BP0 AR e 420

sutcerivelbactisi3a] Thxhverae Ofas basdiae B 0ifePeBEl meabk@ments (5 from the
1 asurﬁmnts Sgabl d cut Ien%th L to be cal cuI at ed
e1f, Z5OHP, ot brLosrag © PEpiripuR Of Parbs pp thjspme gudwe) 0)}

Al s qhe aRgtstrdsuRimaiRbd @l thd ﬁbnw@ﬁ TRBRT B, 7C and 7D.

m croscopically on various ged sutures 80

foll ows. When the tw sted suture filanment is gr| pped

by the vise durin I (B DA Rure)81l, the vise
| eaves a very Ilg(gfaﬁlﬁtt?rAk eﬁs)lt)dé%sat ? s |line M
i npressed on the suture filament. Thus, lin L, or
be parallel to the longitudinal axis of theyyise while
the twisted suture 20 filanment is being heﬁ%—rnsﬁ-re-
Megperementf theHﬂ.ﬁe doesLefot | eav@ightl i ght Diameten (0.43Tanm)
7 fila then line Mc be determ ned .j
Cu%%g’téalet is para‘ng %l tolée?ljr?ne cgﬁ%'é' i ng th‘é"?ﬂ%‘cg]"b
cutrdepthdt i ve t eyl nus T @15 Lbe)ztvvglsqu@z;sm ve cuyjssout
tjg{ggqe sions CD left in sgture bog% fromthe
]grrent of o succ®EPO3paf 110 Aft er Of% i ng
cut@fisti@e bs 81, nehen bar bggo +utyur @.88Q. ¢85 ' el easgahyf rom
the vise and untwi sted so that suture 80 lies free,
then ine M 25 spirals on suture body 82 around
barbed suture 80, formng angle a of spirality.
Specifically for measuring spi raI [ ty angl e a, the
Opt em Zoom 100 cust om habta dk(izp rd swate) Wi th ring
lighting at 60 and back I|ght| ng at coarse 12 gnd ff}ﬂeL or

10. Also, inmaging analysis system software wa
Spirality angle a was then neasured between t he PawtSuture

A of t arbed guture ang IllnggM The avera
m%&rsé—nge%?cul at ol or 10 TEhEE ‘& @@ﬁ'&i@ﬁ;"—m@

cutahgle Bef t gr odgereds bar bslsztnd 5 fromthe4zight grn@ﬂ;g;pﬁéable
5%5}&?3 on the sanme suture? Then, barbed suture 8

cut 2d in a™isting d®%t%e with on®0%hd of sutur@480

cutqdn@mged i N apfh xed posigimn. The ot hgpgend of sut U .67
80 was_rotated to insert twist until barbs -24- 81

cut@istagcel | gned™Next on BAP¥ed suture BB73 | ongi t udi nal
iy nce t ween adj acent bs 81

P rreasauglggpm c‘rigs%gpl cal ?(;x%etween the WO respe\(l:\?ts%?ghcable
termnus T of the two successive cut-out depressions

CD left in suture bod 1% om Ige edc,c rpment of two
successi ve barbs 81. 1 | ated for 10

repeat ed neasurenents (5 fromthe Ratio of D, L., or
P over Suture
Measurement Units Average  Standard Deviation  Diameter (0.457 mm)
cut angle O degrees 154 2.870 - not applicable

cut depth D mm 0.205 0.033 045 -
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5 left group of barbs and 5 fromthe right group of
barbs on the sane suture). The results are sunmari zed
in the following Tables 7A, 7B, 7C, and 7D. Table 7A
- (size 0 barbed suture) Ratio of D. L, or 10 P over -
Suture Measurenent Units t&¥t Right Dianeter (0.457

ut angle O degree 1 not applica
C”‘ci]:%ﬂg‘hd%pth DOm0, 1o50- 0348 1640, 614, 35 but | engt pof
cutrniist4éhc8B+0. 03 nin 40+0. 10 Q9BY 15 ©0.003 d| st ance P nmm 2.13
0,.90+0, 17 0.88+0.15 1.92_ _Table 7B (size O barbed
spielify Angle Rat | §°BFOSD, L, 1973320 P & é%"f Suture  notapplicable

Measurenent Units Average Standard Devi ation Di aneter
(0.457 mm cut angle O deorees 151 1 642 not
appl i cabl e cut depth [Iapal ARy . cut length

L mm 0. 446 0.042 0.97 25 cut dlstance P mm
fD. L
0.073 2.1 spirality angle a degrees 20.833 1. %ﬂn"—'g

applicable Table 7C (size 0 barbed suture) RaPiomerduture

Me%ur%%% 30 T.P ¢ \éﬁr DSUA%rFa%e WE{ tﬁiag\é%' @%’7 mm)

cutdagie @es 154 Bedley not aml i cabl e 390 dept h D maoOappl&able
0.0 0.45 -25- cut L nmQ, 469 0.044 1.03
ttﬂiF%tgiwce P nfA™. 975 O 1 53;62 13 dHiality angle a 641

cutq}@@ﬂﬂgs 19. 33mn 1. 506 nqj431;pp| i calj@o5 Table 7D (sigesO

barbed_suture) Ratio of D. L, or P over Suture
cutigstaacs Brent R ts Aver &y86st andar®evi ati on Di anet-&t
spu(aﬁtﬁiﬁglem degrees 18.833 2137 not applicable

-

Also, some additional measurements of angle o were performed on a few additional
bi-directional twist cut, multiple spiral barbed sutures with a diameter of about 0.018 inch
(about 0.457 mm, slightly more than the USP requirement for a size 0 synthetic absorbable
suture). The mean average was 16.87 and the standard deviation was + 0.85.

Additionally, measurements of barb cut angle 8, barb length L, barb cut depth D, and
cut distance P were performed on 3 additional bi-directional twist cut, multiple spiral barbed
sutures Zﬁke 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,

25

30

Also, measurements of barb cut angle 0, barb length L, barb cut depth D, cut distance P, and
spirality angle o were performed on 3 additional bi-directional twist cut, multiple spiral
barbed sutures like sutures 80, but with a diameter of about 0.013 inch (about 0.381 mm, .
which is slightly more than the USP requirement for a size 2-0 synthetic absorbable suture),
The results are summarized in the following Tables 7E, 7F, 7G, 7H, 71, and 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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cut angle O degrees 155 2.390 not applicable 10 cut
depth D nm 0. 186 0.026 0.41 cut length L nmm 0. 437

- 0.039 0.96 cut distance P nm 0.966 0.071 2.11

spirality angle a degrees 18.833 2. 137 not applicable

15 Al'so, sone additional ned8urenents of angle a were
Eerg med onéja few additiénal bi-gg ectional tw st
cubiiee Sul t i pl °85FY al barlBed suturt&hith a di amBPt@pPlifable
cubdpttDO. 018 im@h (aboup.187457 mypogti ghtly nore tpan
the USP requirenent for a size O synthetic absorbable
cutleRgib L) . The WBan aver aé4das 16.@%4%nd the standadd?2
cufl@Mh@bipon Wasn,y0. 85. Adgdigkg onal | yg pigeasur ements of 3 99
barb cut angle 0, barb length L, %arb cut depth D, and
sppgity. engledit st ardegreds wer e npetesied nedotappBeablidi t | onahot applicable

bi -directional twist cut, nmultiple spiral barbed

sutures |ike sutures 80, but having a dianeter of

about 0. 0115 i nch (aboUibl&7TR8%e BV baedahmiesd slightly
nore than the USP requirenent for a size 3-0_synthetijc
absor babl e suture), and neasurenents of spi &éﬁ?—g‘gﬁ'—ﬁ
angle a were perfornmed on 2 of these 3 additi ®gn@ler Suture
bar bed sutures. Al so, neasurenents_of barb_cut angle
Megsurgment | engtE, bar bA¥sHRES e Sizadard Deviation s%@ﬁ—lﬁ&u 1292 mm

cu@ledS Spi raldefyesangl e gegvere perj@ggred on 3 ot applicable
addi tional bi-directional twi st cut, multiple spi rgli)

culglgphdd sutur @am| i ke sut O4@% 80, LUB0GA th a di anet eP.36f
0. 015 inch (about 81 mMm ich is slight
cunopl%g{%han théﬂﬁJSP requi(r)'g?rbgnt forO%W;i ze 2-0 synt hg‘%@;jc
cutzigocbBbl e smmre). The%%sults GOE summari zed i n32Be
fallowng Tables 7E, 7F , TH, 7 nd W 30 Tahle .7
Splfaglftyzaél\glf-(% ba?ﬁ%ﬁcssut ur eg‘#gti 0 ofol'{ﬁaL, or Po rapphcgble
Suture Measure nent Units Average Standard Devi ation
Dianmeter (0.292 mm) -26- cut angle O degrees 166 1.651
not applicable cut deg $iee @-Ohbpyoed sBigre)y. 37 cut
l ength L nm 0.443 0.042 1.52 cut distance PrygR 1936 or
0.079 3.27 5 spirality angle a degrees not tested no
applicabl e not applicable Table 7F (size 3-0FPuyehuture

Measlkdth&) Rati D, L, P 10wy
Measur enent @Jr!lll £s Aver%ge‘%ggt aﬁ%-ar—o%m—a‘ngt i Hinfon oRigmeter (0.292 mm)

cut@gle92 nmm)  degrees 165 1.031 not applicable
cut depth D mm 0.104 0.009 0.36
cut length L mm 0.390 0.035 1.34
cut distance P mm 0.975 0.103 3.34
spirality angle ¢~ degrees 7.258 0.636 not applicable

Table 7H (size 2-0 barbed suture)

Ratioof D, L., or

P over Suture

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

cut length L mm 0.449 0.057 1.18

cut distance P nm 0.944 0.098 2.48
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cut angle O degrees 164 2.055 not applicable cut
depth D nm 0. 106 0.006 0.36 cut length L nm 0. 395
0.042 1.35 cut distance P nm 0.959 0.074 3.28 15
-spirality angle a degrees 7.329 0.547 not applicable
Table 7G (size 3-0 barbed s@#/ure) Ratio of D, L, or P

over Suture 20 Measure Units Average St andard
sPB%@P’ﬁP@SHC Di a%@fegf‘ (0. rzrngo cut®fgle 0 degr #8kapplicable

1. 031 not applicable cut depth D mm 0.104 0.009 0. 36
cut length L nmm 0. 390 O 035 34 cut distance P mm
0.975 0.103 3.34 25 spitrlE arbed gpigredes 7. 258

0. 636 not applicable Table 7H (SI ze 2-0 bar BEfo of D. 1. or
suture) Ratio of D, L, or P over Suture Measurenent

Units Average Standar d Devi ati on Di amet er (0. 3Bavel/BHuie

M@Q,U&erntanm%: e _]%g%egr ei;é%&%%gz %%aﬁé@dﬁ%m%fnpl I%%Ebal gg(O%léi mm)

ep
cupargle7® 1. 18  cdegreds st anc@6R0nm 0. 94400D. 098 2. 48 ndifapplicable

ity angle a degre 40 1. not applicable
cuﬁ&gF 21!)71 (si 3‘8"‘2 0 bar b§§5§uture) gn&gﬂ o of D, L, of#5
cublengtl. Sut ur enmMeasur emgaBo Uni t s fgs4 age Standard 128

vi ation D aneter 3 cut angle 0O degrees
c“ﬁ%Tmﬁef 707 B appllcaﬁigé2 cut d®fth D nm 0. 158 02624

s @a} a%qgal engfebrebs MM 0. 489 0. 054 {1, 10 cut dig bl
P nm 0. 962 0. Ogr4 2.52 spirality an%lge a degrees _?ﬁgl ©
1.075 not applicable

Table 7F (size 2-0 barbed suture)

Ratioof D, L. or

P over Suture
Measurement Units Average Standard Deviation Diameter (0.381 mm)
.. cut angle 0 degrees 161.0 1.506 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

25

30

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




10

15

20

25

30

Table 7J (size 2-0 barbed suture) Ratio of D, L, or

15 P over Suture Measurenent Units Average Standard
Devi ation Dianeter (0.381 nm cut angle O degrees
+161.-0 1.506 not applicable cut depth D mm 0.154 0.017
0.40 cut length L mm0.474 -®3058 1.24 20 cut distance

ST R P BB LGP s e

—'B&r f ormed on several other twist cut, nmultiple spiral,
25 bar beg ] uf actur ed from monofi | ament spun
from pol y& ; i #Ag a dianeter of about
0.018 inch (about 0.457 mm which is slightly ®Ric&fD. 1.
than the USP requirenent for a size O synthetic
absorbabl e suture) and thus sinmilar to the P over Suture

MaRgnsrhescr i te oD except
these ot her B‘g_l?%ed %‘%’e?‘z&e@%’e@%&%‘? a dif ﬁ%g%{_wl

tting machine, namely a machine with one bl ade that
| ongi t ugi | o2l ong t wi sted 30 fil anment
Cuggeh;/g?/\egeen cuttiu(%& s%r gs and {bﬁa}% was control | ed®kEPpjicgble
cutdappiuer to nmke tl22tari ousO(nwts for the escarprmens
f 1 bar bs. Thes her r sutures were al so
cuﬁgrs’ﬁtgg for st ghteo%ull rqgﬁ e strength and for 1.0
cucdigtaiwe ® cl ot hn@l oS WmB4st renglolms(A di scussi on of hqw;

agam) cloth closure strength is perforned can be
spigglity, a‘@iﬂ% egEfndét on wit R4Bgures 13A and -m8applicable

13B.) The results for these other barbed sutures are
sunmari zed in the followng Tables 7K - 7Z. Table 7K
(size O barbed suture) Ratio of D. L. 5 P over Suture
Measurenent Units g 2 r viation D aneter
(0.457 M) cut a TE e AR % 0.718 not
applicable cut depth D nm0.221 0.011 0.48 1QRagitbfD,L
length L nm0.479 0.022 1.05 cut distance P gunaoE 7t§rAé

0.015 1.71 spirality angle a degrees 12.9 0.
Mappbhenbl e 13hliabl dvétagé s Seadfd Davidgsh Sut ur €)Diameter (0.457 mm)

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

Table 7M (size 0 barbed suture)

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

cut distance P mm  0.796 0.018 174
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Ratio of D. L. P over Suture Measurenent Units
Average Standard Deviation Dianeter (0.457 mm cut
angl e 0 degrees 152.4 0.947 not applicable 20 cut
~depth D mm 0.216 0.014 0.47 cut length L mm 0. 465
0.024 1.02 cut distance P-89n0.774 0.015 1.69
spirality angle a degrees 13.2 0.349 not applicable
spigalityrapigled 7 [dsgrges O‘3aar bed s@if?e) Ratio of D. notapppcable
over Suture Measurenment Units Average Standard
Devi ation D aneter (0.457 nm 30 cut angle O degrees
152.3 0.576 not applicable cut depth D nm 0.227 0.015
0.50 cut length L cut distance P
mnm 0. 796 0. 018 1. e Pt sttt |l e a degrees 13.1
0: 193 not applicable Table 7N (size 0 barbed RatiooED. B
Ratio of D.L, P over Suture Measurenent Uni]tﬁ g
Average Standard Devi ation D aneter (0.457 Qe suture
Mangtge® degr &mis 15AW8rafe 6 $8ndmd Daviplioncabl e 1 ®igwdter (0.457
m&ept h D mm 0.207 0.007 0.45 cut length L nm 0. 453
. 016 0.99 cut distance P nmO0.798 0.017 1.75

cuteREed ity angbg&es deggees 13¢G1H. 560 not appl i GRPARlicable
15 Table 70 (si1ze %;(aﬁrbed sgtOg?re) Ratio of D, L, P

cutglppth ISyt ur e mMm 0.45
cut length L mm 0.453 0.016 0.99
cut distance P mm 0.798 0.017 1.75
spirality angle o degrees 13.6 0.560 not applicable
Table 70 (size 0 barbed suture}
Ratio of D, L
P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457
mm)
cut angle 6 degrees 1529 0.549 not applicable
cut depth D mm 0.188 0.016 041
cut length L. mm 0413 0.030 ‘. 0.90
cut distance P mm 0.787 0.024 1.72
spirality angle o degrees 13.8 0.270 not applicable
Table 7P (size 0 barbed suture)
Ratioof D, L.
P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457
mm)

cut angle O degrees 153.1 0.655 not applicable
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Measurenment Units Average Standard Deviation D aneter
(0.457 20 mm cut angle B degrees 152.9 0.549 not
~applicable cut depth D mm0.188 0.016 0.41 cut length
L nmO0.413 0.030 0.90 cut distance P nmm 0.787 0.024
1.72 25 spirality angle a dégrees 13.8 0.270 not
i.cable Table 7R .(size O bed suture) Ratio of
cu%%%@}g 30 P ¥ S‘fﬁ%e N@agﬁﬁznent Units A\/erage&45
cuStmsgtidhr d Devimhi on 0l@saneter (001457 MM cut angle §99
degrees 153.1 0.65 t applicable -30- cut depth D_nm
Cub‘?elgﬁifeg. 007 ("%5 gwggl engt ho-ﬁ?%m 0.451 0.019 0.991.73
spiédlity highf@nce dgere®d 43692 0. 01841973 spirality apglpudble
degrees 13.6 0.410 not applicable 5 Table 70 (sI 0
barbed suture) Ratio of D, L, P over Suture 10
Measurenment Units Average Standard Deviation D aneter
(0.457 MV cut angle 0 degrees 163.1 0.505 not
appl i cabl e cut d@&ghit70 (vizeObaphed sGtubd3 0. 54 cut | ength

L nmO0.842 0.045 1.84 15 cut distance P nm 0,774
0.009 1.69 spirality angle a degrees 10.8 O.E#@lgg%lﬂ

applicable Table 7R (size 0 barbed suture) 20PRatiSungé
P ove

D, L. ut ur,e Measur t .Units Avera
Me%?uremﬁnt d Deerﬁ 's_ on t Sﬁr@";&. !igy#atpon %?ameter {0.457
rnm!

cut angle 0 degrees 163.1 0.505 not applicable
cut depth D mm 0.245 0.013 0.54
cut length L. mm 0.842 0.045 1.84
cut distance P mm 0.774 0.009 1.69
spirality angle o degrees 10.8 0.449 not applicable

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

P over Suture

Table 7S (size 0 barbed suture)

- Measorement - Units Average Standard Deviation Diameter (0.457
mm)
cut angle ¢ degrees 161.1 1.126 not applicable
cut depth D mm 0.233 0.017 0.51
cut length L mm 0721 0.035 1.58
cut distance P mm 0.773 0.010 1.69
spirality angle o degrees 12.6 - 0.189 not applicable
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MM cut angle O degrees 161.1 1.126 not applicable 25

cut depth D nmm 0.233 0.017 0.51 cut length L nmm 0. 721

0.035 1.58 cut distance P nmO0.773 0.010 1.69

spirality angle a degrees 12.6 0.189 not applicable

30 Table 7S (size 0 barbed-sbture) 31 Ratio of D. L.

P over Suture Measurenent Units Average Standar.d L

Devi ation Dianeter (0.457 LM 5 cut angle O %ﬂ%@‘—‘

160.9 0.708 not applicable cut depth D nm 0. 24GefSid

0.52 cyt length L 0.734 0.0 1.61 cut distance P
M?’?ﬁgét.&#4 0. Og@i. 6%@5&&@%&#&% degr eew
m) 312 not applicable 10 Table 7T (size O barbed

suture) Ratio of DL, P over Suture 15 Measurenent
cutgneled Aver agdemeaindf9-8 Devi aPi78h Di aneter (0. 43wt agplipable

culGdehinangl € 0 degreegohf4. 6 1. 4344 not applicable cup
udeiﬁt h D nm 0.210 0.009 0. 46 g?tﬁl ength L nm 0. 492 b2

cutemtel.1. 08 2Bncut 0FB4t ance @08™ 0.538 0.011 1.18 1.61

| pty an a pees 12 . 223 not appl i cabl
ol bl (si NN S u9'§9&25 Ratio of D. L. L
spicaliey anBietour e  dbpessun@gent Uni 0312Aver age St andar dhot applicable

Devi ati on D aneter (0.457

Table 7T (size O barbed suture)
| Ratio of D, L

P over Suture

Measurement Units Average Standard Deviation Diameter (0.457
mm)
cut angle 6 degrees 154.6 1434 not applicable
cut depth D mm 0.210 0.009 0.46
cut length L mm 0.492 0.026 1.08
cut distance P mm 0.538 0.011 1.18
spirality angle o degrees 12.3 0.223 not applicable
Table 7U (size 0 barbed suture)

Ratioof D, L

P over Suture
Measurement Units Average Standard Deviation Diameter (0.457
mm)
cut angle O degrees 152.9 0.809 not applicable
cut depth D mm 0.212 0.014 0.46
cut length L. mm 0.464 0.026 1.01
cut distance P mm 0.530 0.015 1.16
spirality angle o degrees 13.7 0411 not applicable
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Turn) cut angle O degrees 152.9 0.809 not applicable
30 cut depth D mm 0.212 0.014 0.46 cut length L mm
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 O barbed sutdie) Ratio of D, L, 5 P
over Suture Measurenent Units Average Standard
Devi ation D aneter (0.457 MW) cut angle O degrees
153.4 0.903 not applicable cut depth D nm 0.221 0.010
0.48 10 cut |engt o gg10.4 . 023 1.08 cut distance
P mm 0.537 0.012 fT. a degrees 13.9
0. 605 not applicable 15 Table 7W (size O bar beghio of D. 1.
suture) Ratio of D. L. P over Suture Measurenent
Units Average Standard Devi ation D ameter (O. er
MaBuesitntangl e hideqr8Rmed 5SiAdRd BR%UANH aPP! i cahleeteCilsy
epth D nmm 0.202 0.008 0.44 cut Tength L mmO
£017 1.06 cut distance P nm0.789 0.031 1.73
cusi ity an ees 12 . 328 not applicable..
g‘gﬂgﬁregjbl e 7X S(mlsegrg‘gs ggg'gr bed sg' Bge) Ratio of D, rt)?applgcable
cutrigpth IXut ure 180 Me@2lenent QWRI@s Average St andar do.48

oSt | On D gpter 5(85457  ngpss 1.08
cut distance P mm 0.537 0.012 1.17
spirality angle o degrees 13.9 0.605 not applicable

Table 7W (size O barbed suture)

Ratio of D, L

P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457
mm)
cut angle 0 degrees 155.2 0.829 not applicable
cut depth D mm 0.202 0.008 0.44
cut length L mm 0.483 0.017 1.06
cut distance P mm 0.789 0.031 1.73
spirality angle o degrees 12.6 0.328 not applicable -

Table 7X {size 0 barbed sutnre)

Ratioof D, L
_ P over Suture
Measurement Units Average Standard Deviation Diameter (0.457
mm}
cut angle 0 degrees 155.5 0.799 not applicable

cut depth D nm 0.200 0.0i0 _ 0.44
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cut angle O degrees 155.5 0.799 not applicable cut
depth D nmm 0. 200 0.010 0,44 -33- cut length L nm 0. 484
0.027 1.06 cut distance P nmO0.798 0.017 1.75
spirality angle a degrees 11.8 0.362 not applicable 5
Table 7Y (size 0 barbed sutd¥e) Ratio of D. L. P over
ut ur Measurenment, Units Av e Standard Devi ati
‘m€¥g#%ﬁer (0. 48% 1@4%5 cut §ﬂg?e 0 degrees 155.4 206
cufdisiefee POt  apphmcablogrogcut depbhyD mm 0. 196 0. 008 0348
cut length L nmO0.471 0.017 1.03 cut distance P nm
SP‘E'?I%@Q? ©19 Hegwesid18piralit§38hgl e a degrees Jptgpplicable
0. 496 not applicable Table 7Z 20 Barbed Suture
Straight Pull Strength Chanmpis Coth C osure Strength
(pounds) (pounds to rupture) Sanple 1 7.29 11.23
(Tabl es 7K - 25 (Tables 7N -
7P) Sarrple385 : 79 el “9“%5) Sanpl e 4 5.92
9.27 (Tables 7T - 7V) 30 Sanple 5 7.69 9.97 RafiabiBdL.
7TW- 7Y) -34- Although all the above-noted
nmeasurenents were perfornmed on bi- dlrectlonal—i%%ﬁ§¥——

Meastremeni| t i pl @i r @lvefage bBendad Dedstiod he bel oWisfdt@d0.457
mngesirable ranges for neasurenents for

cut angle 6 degrees 1554 0.560 not applicable

cut depth D mm 0.196 0.608 043

‘cut length L. mm 0471 0.017 1.03

cut distance P mim 0.799 0.019 1.75

spirality angle o degrees 11.8 0.496 not applicable

Table 72

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

Sample 1 7.29 11.23

(Tables 7K — 7TM)

Sample 2 8.73 12.14

(Tables 7N — 7P)

Sample 3 : 8.5 9.22

(Tables 7Q — 7S)

Sample 4 592 9.27

(Tables 7T - 7V)

Sample 5 7.69 9.97

(Tables TW - 7Y)
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barb length L, barb cut depth D, barb cut angle O,
and/ or cut distance P should be the sane for the
vari ous other inventive barbed sutures described here.
5 Asuitable ratio of cut length L to barbed suture
di aneter SD ranges from aboed#-0.2 to about 2, nore
pre r abl about 0.4 to about 1.7, even npre
pre F*ab&'ﬁﬂ I OMRoSE Ot BT aaGR P@Ifoenem\ﬂgﬁctw@r fvist
cufs i@ SpilPbRRM stifcttRSbAIBY-nBRY Bestrabid bin@eObr mbdsulefiRgis or
L to barbed suture dianmeter SD from about 1 down to

bagylength b, barb gy derth I, bak cytanple Bo@ndlcﬁ@mmlgﬁ@gi’ sheydd biythe same
foPRE barﬁ]u@ﬁ%&l 1@%1121%‘&?%%}5@%3%@5 gll ot tip 85 above

sut ure e suture er SD 10
cor p“e@ﬁdﬂ@lmﬁgl@cmmm torbarhed bwiute diantkoen$Dt rangel from dbo@t. 0.2 to

b.el '
ab%%?.,eglg{e%ﬂ e n g So%' z} o%ﬂ ('.Pé?{o abgu ﬁl]v’? tg%%gm?rgﬂegergtfly %ﬁfn a%out 0.8to
aboigdth HOWeJVeb,arBiyadltzﬂJﬂH lnarlsed sdtueame@mam fado gesit leh@InL to barbed

LTI NOR T WL CO R (T T

baﬂa eIevfaﬁorﬁ(ﬂmﬂlertuﬁx. ofﬁiagarpcﬁm5ve duﬁﬁ@bcﬁﬂylszmwch@ﬁmue dlamctcr SD
vari_ed % g ng on he i ntended end use

COE‘FSHB 5’@8386%% glqtlogo |(&he ]aghe]swqqgh]ﬁ barb e]evatlon

is @8 kdnad af% the/RES1eRdth !LJ)SAEES aséﬁﬁﬁblélfamﬁ 3f ciltlassin® o lbm%@é duture
tissue, whereas smaller barbs are nore suitab f or

- digmsier SPyaRsen Spmyahpit . (5o abagis Q8smeRs pFPTersbly fiobr f{begt 0.1 to about

0.5 @@Hgﬂorebﬁegf&gm%dupom&oq% ail belowvis-a-vis

=t gure 11, there wll also be 1nstances where a barb

conRegpudlessi léll‘igﬂ! Iqatambg desirablytyeried dependig ¢Ddh‘gleltend@tﬁudmsc
smggﬁ{'og%f btﬁ‘%ﬂe mo; %asﬁlﬁeﬁ)léjf& ﬁg Vﬁ?ﬁm tpﬁeg%gﬂ?sué c fa%gslue or soft

) esir | nsta arbe ure I'S
tisspe, eleptas yleallqr harb$ are oo mblh &z joining ethientypésanf ﬁssues such as

SNBSS 5SS B LR

instipcastwhtdth hegeanfigurhiionatharid a dofbinkeign @€ BirgelMedium, and/or small

fera woul d ran from about . 145 degree 0 .
barf, g Byt e B bRt i o nsbine, R g et pgpee i
emplolediianissue tian gRiffardglayepatictt®0 to about 170. 25 For

i ns nce for a_pol ydi oxanone barbed suture with a

di atréaagle §rfomed hetwsemths bagheand theclpngated s ey desigghly prould
ran!g@f@ﬁl'a%ﬁtll}m hEh&8 ko ARAL 174508 = nfg%ﬁefé%fa oulPf %er om about

Soég heti c absorbabl e sutur he pre
143cagkees @rﬁ?@ﬁi 173 viegrees. Bhe Boatprofenred dueangled for alk Hatbairanges from
.be 0.2 mm and the preferred barb cut
abo‘fP# b&ugi e 153 degrees. Longitudinal spacing
betmmteﬁwag férpobAidandns ba®BE st Yidfal dhedd ophBdut 0.0€8 inch

| of 30 atln as many barbs as, possi bl e al ong
(@bPHD 45 “’%%fﬁc‘ﬁ stighty Yosger ot the USR &eaispiment forgrsypthglic

~ absbidable %m&l&“ K20 the ROEhed bdrb feﬁﬁﬁi Whiil 8 085 Bindichd fBferred barb

firmess. As barbs are spaced farther apart, tissue-
depghlpesid g Q- apas pad,the prefessed darb oNparhe el bes153; deglsat: bs

ar I

AR s FAO8Ee, WS, ALAFE il e i oo
cregling de mayy b‘fr ¢ #epotsitipgongihp ewurebamlks afedtor il the ahlbtya)f the barbed
sut\ﬂg‘fcr dnefdr tfsghe§ Whild Saﬁ‘l&ﬂﬁﬂé f?rn’ﬁxtegse rl%tngbs are spaced farther apart, tissue-

anchoring capacity decreases. Nevertheless, if barbs are spaced too close, the integrity of the
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Generally, a suitable ratio of cut distance P to

bar bed suture dianmeter SD ranges from about 0.1 to

about 6, nore preferably fromabout 0.5 to about 4.5,
~even nore preferably from 5 about 1.0 to about 3.5.
Very suitabl e barbed suture$>mmy have a ratio of cut

di stance P to . barbed, suture dianeter SD from about
FUBFBEH TR B SERATLBED Whighe %'ﬁ%aea?amfinahe hebarhs topge baék and
aldottd/a decrélOihtsureltenddi@irdrigtt. ar 1y for the overl apping

bar b, enbodi nent, which is discussed in nore detai
bel &RAGTRIL: pisuitable retiqefcutdistonce Po harbaduturg digmetepSD ranges from

abb6td. 1 oABH: B}’mo&%’ré &IaMS/ YroR HBbE: 035 fo%B&ﬁq PetGRie gfef’&at% from

and the | ongi direction of the el ongat

abeyfilfte abery %f aéersasmtaklg barbegt sutures ma)maee 8 pritioaf calistange P to
baﬁJéEl 's‘t'itﬁretdy A SDENR Wt 15 %P'glﬁ g{){b%ﬂ%%%ﬁ%g%& St%flsgﬁlge bBay be

about egrees, nore pre rees
as o aseﬁbolattﬂ R pardegadefor thiglowertnapping parbfembnédaeam ghiehds digussed in

iral barbed
Im%%?ﬁggﬁﬁéwgggﬁ?gﬁgﬁ%o d%ou?ykgigTﬁ i'ng now to Figure
8, ] Sldditinndlly, spitbiity enge o fodnted betwemlind Mend i&[ﬁj@ﬂﬁlﬁl&iﬁﬂ ddfection
e ese i nvention. re. 90 includes .
of e&l?@‘&%fﬁﬂﬂ%ﬂ Safof AR @eﬁ@r c¥pirg! barbed sytare tymically guwld
rarfg Eloirdboutts B RAULBAADY dBdedsCmbiePraRb] 'ty'?roﬂ adht ﬂéﬂééreeis {.0

second pointed ends 94, 96 for penetra tissue

abowt 2¢ Gearespilbr wgstpraerrasirasls o foptlhbashion mlst 9@, maljiple spiral
babi RS & a%&qggg) a?Jloutnl%edl e (not shown) for insertion

Into trssue onally, suture 90 includes
pI uﬁ‘admrgyaowfto Figosees, yhovprie eture Bﬂl\blﬁcwiz aﬂditharmﬁ:ddmﬂa)f the

andom di s OSIt A I he
s B ERERY R acheiud el it Sonsly ol e el AR et b Eross
sccsluthbﬁga‘tdﬁlﬂnodjd D2 ten@indRY inCirst8 6écoh@poihiBd btk 94, 96 for penetrating
aboye-noted, Serjal No. 09/943,733 to Genova et al

tissp+ 1 L SRISTRLARIOR oBe of hoth e b 99avay com@E SRR R npagile (not
shd W ifdiGnsehidn 40 tiSHA8 A84iHbRRY ShiturO% mélﬁ&gslﬂ&&t} of éllgs)ely spaced
the 120 degree disposition (sutures 30, 40),
barp &7 grignged i grandom qigpogitiemi r al  di sposi tion (sut ur es

60, suftbke 98Nay pb %a@@ qlltﬁ H{el-éﬁlgl e 20 ?{% fnlcHineVE e db ?@ﬁ%u@&ﬁgutures,

di Sposi tion s bt ai ne he® Bavant age o
such&p the eHiting %metde@cmbpé ing th%mbowtreotnﬁﬁgnab HNobOUMH, B3 to Genova et

al. BRRY b ffbinaBURES (ftﬁe{) Tbgog - BALGEA hdtadd %&Waﬁch %?ﬂ {g(‘)%l% ﬁ% %fvgsltlon

superi or woun properties
(suthiresdo £0)t the h20 tﬂdgeeebhapbﬂdors&auwree 30»&:410[) dnder the beistt oadmulmptm spiral

cishosFEH Rl o 07 Bbb B ¥ B VBl Bl gl
obtéihed Thegdvalitdge offihg wandod m@hﬂm ik thatithe @nhy bablanglegovide
sut

i. f ch th
supfcr S fHonite e Sps il e sHiRER vishhd helii s @oRBles. With the

. ranilois Hispition| e pabedls®ut Wb@ldlbe thsedddntoWssud &R Al ihdértion device,

ircular cross sectio suture body 102 has
sucfja %8%938‘”’6}? the a"aOVﬁTHBFQH ¥ ;?a@iﬂt Ne. 5042376 &R¥Ed bar bs
1 07W1tE%§Brdtié1nguﬂe@ shévn 18 aBa%ibnl GRAE VW dthh®Bd Sl#&h lb@ &hich is
un

erside 108 is serrated or corrugated. One or

an"H‘t?f Radingend obthe Brosens invenfiin Sutirel09dneledeg elopgatedsgture body 102
of %ﬁé}ﬁw GlchRPerbéssetifondNsd, butis bde‘gﬁ'm% ispisled Bt a QREaIRY of

% compri se a surglca
closely spaced barbs 107. Each barb 107 has a barb confi gurat]on such that barb underside

108 is serrated or corrugated. One or both suture ends (not shown) are pointed for.
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shown) for insertion into tissue. Suture 100 may be
made with the sane cutting nmachi ne as the
~above-di scussed sutures, such as the cutting device
“described in the above-noted Serial No. 09/943,733 to
5 Genova et al. Barb 107 havfng serrated underside 108

j [ N . Vi ' or oscil].atin t.he cut.tin
P BrdBRHENE fnd i ol RS o RO LolhabrpdSs St Rbate (ot
shewnXiopissertion mtd tissudbody of a nmonofilament. It is
i nt d at_.an f. bar bed sutur.es of the present
nvel |%%d°2f§ay %ﬁ%ﬁ%@gﬁ%@}n& CHEpE magting ashe akgye-fisgussed
sutoesf sughl nathe owutih$ adviderded cbieBin thes®bVRh®EH SriafNb./098AL §93 to
Gundea3£§§. i87VVth refg&ence_nOMIto Fi gures 10A and
PO @b g 407 hving sgiptet dnsemide d 03, insehieprddy wheatingios wscillating
theewkinbepidet 6fthe ButfthOdbvite WABh batbPark BAnY b&WpEd inﬁﬁt{és’ﬁ&hy of 2

msué re 110, which is another enbodi frent of t

& iThis deiendsd thatany of thebarbed ptpigelebihe prosegbinaention as
deSuribed Ber®REY havbbafth widaRBhR | aisfigﬁ o HcRfaedd %ﬁ‘%ﬁeé rglg(ﬁrr:&gated

Al sg, suture body 112 has osed on It
unggrside| osel y spaced barbs 115 having barb tips 117 (one

bar Ky; | - of . 15 brevity). Barb .
15 e R e MR DR kel i o S ghptive
vigygag denistedl in BigtrgdAB ds a top viewtaf barbbdsiyturd 120, whixh io anddek h

. t. i nted trati
okt o et Bt i R BN 1 RANHES el BT sk Rbdiafl2 of
gensgatfyrcirswancress E_gdﬂoa,l Afse,esghme miiru I:1) S hasMigpok&¥on it m?_efaliiylaﬂ

| | SS . I, gur e are Cross-sectil ona
°‘°§%§%‘1%?d2%%§% lﬁ&gwg ﬁﬁ‘f% ﬁas fﬁ%ﬂ%ﬁb I et foppprpossigof

breivdf). BattOT1 5dfas EiconftgaraliOBwithrag) begatd Bise sl whQPbib 1l M Qlattached
narrower going from

to cl ari)f%, tlga\%aabar%) %15 becomes ) m
BELE S e oRap 4 bqth sufre ends (ot shovwmarapgintprdfonRenstrojingriissue

and 0 & cOABRPRLEIIthA SndBUBINBayAoniphse @Qﬂg@m%&ﬁ%&g@&own%@

. sutures, such as the cutting device described In the

MSGHBY BINGPRY Serial No. 09/943,733 to Genova et al. To
achkigye | - . GUbEL

~devi lge ?gm?ig&@e%@gﬂg%ﬁ&gﬁ{l ‘?‘?’%‘gﬁgﬁi‘ﬁ”s&‘%@h”ggﬁgs %C and

ling 101} — 40T Of:g'gﬁ@éﬁBn Figurel 1pCaand 16D dumtlier hlarifystha barbt1d5 becomes

narffwel 8di %ﬂaﬁ%asell(])i%-t?‘k%digﬁﬂi‘tended that any of the

bar béd sutures esent invention as descri bed
herfuturerdi0 tay be raddrsitiwiht kange anttivfei machkiao the tab@ve-discussed

i . T t h
surlrBE LS8 PR L6 RN RO 11 Rl B0 ST AL M raap
Geriyays et al REg achidvedarb 116 hiwngmtuateldse €10, brcuBgdbacdia povided

. ir.cular ..or _gval, which would result from conical
wit Eui el i on® Breare Drserhoniigd sl Withaspeet o movate base
119%anchoring. Shown in Figure 11 is a sectional side view

of barb suture that s another enbodi ment of the
or AEi8 AT P51 it SRS O 1o Broa {iveion g desecbaihere
mayliZfie babé Witk a bafkigukdtich Hﬁ?ﬁxcﬁh&%%}&gtekﬁ‘ﬁ%}/ Thé grcgﬁ}gba L Rhould
erally circular in cross section. Elongate odsy

en ]
enh%ﬁ tissue anchoring as compared to a flat, linear base. Regardiess, it is not desired for

the base to be circular or oval, which would result from conical shaped batbs, 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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-37- termnates in end 124. End 124 is pointed for
penetrating tissue and it is contenplated that 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 fof3penetrating tissue and nmay

L se Le for penetrating tissue.) aat

teﬂﬂr'gg“ %5*93?- él%bf%%ﬁwneegf%u)w in8 tisgie ofl Y papteamplaed

end Bbfaylobmpribd &Rkt Yieddle @bQRBROWY) foSiRReEsh AR tRSuel ¢Fhe ARG end

plurality of cloSely spaced barbs 129. Barbs 125 are
is rjop phowiny widyalsemay) beipginted;forpepptrating tissge and may SPIPHES ¢ SWaEH

nﬁhﬁng;ﬁma@ﬂ&ggggéed to barbs 127, which are relatively
mediumin sifze wth a relatively nmedium barb | ength,

as -Abapaive! 20dn¢judep plutadity; ofighnselly spaced barky 125 pletaym o pl}*eely
Wi I t
AR ) OB kDD 50 s o8B B i
Slzamihr e -I'QJIHB’CIYI shext! barb ilﬁngﬂhels cowapazedimdberbs $ 2% whivh apdwelatively

G cr| | above-n
meffiinh 3o S5 o laf HORAER oy 165, ARAEARA iR Rl Pyl ove
reldjivalg}dargmmatmnﬂthcﬂreﬂaﬁ@l;chhgbng lengtho a suture filanent,
the arb. cut le h is made | horter, as
ot 120 §7 b ikte Vil st SR TP Fas 06 ba Sk tirds
sutdrgSwerk 2nbde,a06h k28: &m&iﬂggieﬂf:e es6rited iflihk kB HotelIsealtNe
var si zes are designed for

ool s Ggﬂffvrgﬁ&éf’ Baaﬁfmeé%/ Qunt gpladspgyeEiEnteupg cufinginto a

sut&‘r@ FYameht) tHell $he Baf Y R SR 1%5&‘151‘1339 or SNOREEAVIehiR, 1B83Et in each
be ‘short, nmedium and regardless

of tbﬁ@f@&éﬁ% opbagks kzépi%amcg/l%‘)éveme §§a ﬁlﬁ%\wffammor& Ihe offers; where
the Sy ek eea&sgued ?&rvaﬁaﬁtse[gfcs} g&ﬁéﬁbﬁs\’ efp¢ bhdsBE mBH B ary

aré desirable Tor J ol ni ng soft tISSUES
in thihieinseegserditegliony wheselshihe bab bergminy beshorti eaidivab joelofgrand

regSlell 18 phir Yok Sl ke mol ol el R SRERARAECT T
hel Ifn; ntsmn@r,l sallaterelyﬁagfprrbams awoiemrabtagfopjomng foi ad sufihEissues,

b h | . I
il T BB B R aREe ol tosan e
congisaiop efilargel mecﬁurhmhe/ob mﬂa&l Hazlik, onahe santbcutureotivdys t6 Bxisreof

har bs (nhot shown our , or .npre
e R g DA et b aer e et st S Stopriden Tor neh ARG YR @l
twol differsitise@betdefbatbs lﬁb’é sholvh} mag Be eskdPedBio QRure 5681 1280or

into suture, bod 25 as desired, in accordance wth
addtf}?@al SR Shbrsbs @ﬂ%shaﬁg | Wil (o8, Tp-t5He QfmOm GHt{Frent siged sels than three.
sizels la$ ket ASEEr sefd diibab €290 25 P Ind 29Yadkd sz[rg&flhﬁréﬁi!ure bddy 122

is intended that barbed sutures with bar havi n

as degired; guaeeardanpe with (hgintendgd sndress. Nﬁoa@@’@%]hiw&@e mln ﬂlqﬁtsated
with ¥ SRk Ban%gl}ci& égﬁbfna??t Qb 8 HhLS d su el bRk Hﬁ\ﬁﬁ%a

or random be sutures or any o he ot her 1 nventi
configiratéan of yauyingssizeslmssedrdande With ehe 13®nﬁmgd$cem432hb higlirgctional

BB S OB SEROAE Rl bR

re 130 ng el ongated
desdyibedgf hdr82 of generally circular cross section. One or

gg é%‘&%{ #‘%g a?qrég% Vgﬁlgwl 0? %@%gﬁ?gﬁb@é&eﬂg g{eoprresent 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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that one or both ends may conprise a surgical needle
(not shown) for insertion into tissue. 38 Suture 130
further includes plurality of barbs 135 projecting
frombody 132 such that at |east two | ongitudinally
adj acent first and second bdBbs 135 are di sposed on

S P A B R TEGRT r n
at bp?;tawelmiuhfdlﬂaﬁy bdjadeBdbfiat dlsedodd Hhrs lmré)&dpbsé&&l bdly 132
RSP Sl SRR ot g i et

appaerinefcbaﬂjstlaﬁ ere1d0 flof onfbiogyn®. 12A, and Fi gure 12C is a
i,ew of Figure 12B. Figure 12D i
ot A aroRer G S A PO D daPpIng baos £ i ibe

cro

' ovar&@pm g ARp&RTbnALIR kR 180 bf Highe QQAf M&'ﬁ ;ﬁr& K‘@ﬁ atéiplan view

d 12D, during escarpnent of

a
of ’\%frel légp Fragrer 120538 agEgsprsectional gleé@@mgé@a 121at—d2‘p?’a1ftFlgute 12C.

A
scRPB St toally sl SiohPRRRE, PRSI, W12 i Recaliftnidhvars
13pcveiapping first byb 18 ibeserinphd into/Bart bf topsidd Epef qvgrmppmecond barb

13?%@301@15 ‘P EQ,H’ 31\% tI‘g ol“ H\?erlgﬁ)%rds E %b ié@gocihltaé gag%gﬁagemde

barb cut |sta ce between
USipfoperieppingfigst bebdB®rt er than the barb cut |ength of

oL ThBRORE S SEA R o, oS0 Sl AEBRLR Y o

andygedrl barbt 136 nivgyrbe shaetter iHfan kertgtthcut Ragthio€ bvedlappedfsédontl B&b 135,

Q45 BB PR RS i A, S S e o
lenglhe Phxitiiatly foulthd oerllippiiig berb disheditiaH) Qety; sditabledAVMed k@ures may
the barb cut distance P may be as | ow

havg 2 réﬁ)o%tthed)aib cuyt E@@ngﬁ to dhgcharhed spiprepdizpgter from wgpt 1.5 down to

- aboROODBCE thélbarbAeuy HigtahdteP ﬁ@f Be £4bw h€MBLb0 fNEhet HEFLFQBP of Figure

cut distance.) This overlapping disposition a

7 fqr gpmpenls isy-Yin kiR bAg chbleysth ardtse bab ceidisands.) This ovarlapping
msﬁdéi@lloﬁ aiidnvs, foP@bLREy Pading tha g]e mar&h% %n@%ﬁ% ngcﬁgplg&uwﬂﬁ%% 135

cut di stance

are rf%gﬁ Fpmpamdég Wwhep thedadtrusdistamce beBGeh brd barbsst thabert) cwi iedth.

bar ' i ntended to. .
_in cflgﬁod éﬁ?}h EE glﬁgrteg?g % gﬁlltateaac Corc tgr% (é:ib%]% FPFeEt fonf it
intengagdn irichde mawtmaym)m agcdyiancel with dieiioveatiorhalsdaay iy bir e

r res 13A, 13B, 13C, and 13D show

me\?g?ﬂ%agﬁég %ﬁgf{agldgscggﬁ‘?g% where a barbed 25 suture is

at tragumd 3Aolmahcswdgj3mdhow eathe surkitalaled@Es, Where a barbed

oo MOESERLB A By S5, e

surgtim rgeﬂbe thag boveuad Vgttaa ydlﬁlieg:g&hnsﬁﬁéeeﬁg de%&bleé a@o’ifg lv%la?\ﬁus
geL. e i gur e shows surgical needle
U3, ﬁ?ﬁ?ﬂt&g §5%8t’¢1§|tﬁﬁa"§t"‘iﬁ‘?§ht ed needle in the
| o Fiute I Anébowdl sir@iehl iRBala Rd i ﬁsta ﬁﬂ?&@t{sﬁ{ehée&ﬂé HYhAT

i,n Ccross section. Surgical needle ol nted
longiingingl, direeijoniznd thet JS@ﬁnqrﬂMmculg@a@rqm gpCtoTS osunasal motdie NI has

pom%él 1) Tldor Hﬁﬁ-ﬁ&?mﬂl uésée drld! a}b.%%ﬁ%&cﬁ g@%}c 1{%‘3&’1& Ny?ﬂlus ated

y swagi ng, bar bed suture ure
as a{gagh% guck ag gy ewagmg, to barbed suture S1. Barbed suture S1 is a barbed suture

including, but not limited to, any of the above-described barbed sutures. Additionally,
surgical needle N1 has diameter D1 in the transverse direction, which is illustrated as a

relatively thin diameter, such as about 0.02 inch {about 0.51 mm). As discussed above vis-a-
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including, but not Iimted to, any of the

above- descri bed barbed sutures. Additionally,

surgical needle N has dianmeter D1 in the transverse
~direction, which is illustrated as a relatively thin

di aneter, such as about O 03 4 nch (about 0.51 nn) As

dlscussed above vis-a Vi s r
vis jwagng swzicabpeedie Ndadfich Ba‘grt& spuge &b %m‘%ﬁ?tg g"’l‘%ﬁﬁo“’ﬁ&’%

- cnﬁ%ed Hﬁ‘z’a{ﬁﬁard FdcBmRE &Mut%bﬁ%%oﬂrsﬁﬁ@éjgf R1AP @ HsullBhEtissue.

hol d suture S1 in place for suturlqg tissue.

Fi gﬁg@e 138 shovewraicnt predigNZ{Bads estraeht plapedied ngedle indhgyht
Ion?: iR gl b egH tﬁatup etn@ﬁny L bR ke, s&tgicgrheemg N2 has

hat 1s genera Yy circular in cross section. ur I Ca
pointed tp 82 Kpr ingegtiondgntp dissite e alsqhay hole d12. | Syegieal nepqle; Nﬁ i illustrated

r
o R0 6 3 S0 R My S BRORY BB REE Mokl apty
1nch1d111|gr Tt 53t lnﬂwdhadm; ufﬂlc gboSe- des;:nhedjarbwduMUAéditionally,
ed to of the ...
sock S8 PO PR P L o B Wb, G foynsated a o
suitabilyghia dlaneeedheh N2boaH.032 svvh (FouDR81 mnd) et hotan thiesssBameter
dlrectlon i.s il trated as a . suita t.hi
19f Sraeu plead B Bs Bttt BOUu B Reip e beefi afer
havbngt sufv@d SAfsdritidintd fold FRMBREbe driingdd b9TstaBtkrd pRaéduRB@bbu hole
As d|scussed_%bove Vi S-a-Vvis swagi ng, surgical

Hzﬁ%@ﬁﬂ@“ﬂﬁszé?P%We RUSFimEIEinafisees2 i nserted into hol e
H2, rip@Y 19 sifdviiRRskabYee 8l MBAR4Gs PERCRIEIG DA RMle da eee

H2 to hold suture S2 in place for use.in suturjin

Jongituglingbdiractien ansl thasds generally irRulr Engrosisestion. M%Cﬁlatee‘i“% Ng has

: po1ﬁl‘é& ﬁ? 43 2RI RIntD BEAE Gnd Asd 18 hol MY SubHEaD Aleafti NS 1RRated

hat is generally circular in cross” section.
as e@@ﬂgdcsach aﬁémﬂveigmg, therbed Sityse Sht Berbed prtarg S éy a barbed suture

oG R TS ool Sl

surgio geedlly NB basbharbﬂd &lmmluearﬁmersﬁambadmswhmh & iB®stiated as a

i | Bl B fooves
el Fin e epeiiabeh PRea T ekt Rt o shgyfas8le viss
vis Sw@mg; alrgioslatbdle N3, 4fes haliay mtues smsamdmkte hble &iis mey be

rection, which is. il ated as a el
criped g el ding oL Sk hoR T Fr BRo i 0%y o Sy
tissgd.scussed above vis-a 20 vis swagi ng, surgical needle
N3, _after haV|ng suture S3 inserted jnto gle H3, .may
be FigHe R anays stisigalpedle fdhaldts euversdonsang perdiaan iy

lon%ﬁ{dﬂlaﬁ&ﬂ‘ééﬁ& adl thd zdoécﬁ&ﬁllyf é?fcuH@ﬁl drbssSbdtidh! Pékgichl r§:§&l@N4 has .
ure 13D shows surgical need N4 that is a curved

Poipipd R &t & infsgigndntp Hssupand glyriys hde&ﬂaﬁu&waéquw%lﬁ glustrated

as atttQ@Hed ' sﬁctgﬁrliéxsﬁjagﬁ‘ng Gb E%édg{uuir@ S&r ﬁ%@e@ﬁﬁﬁr& QR js A1 SRtre

needl| p0|nte or 1nsertion into

- inclufligg, hut netdindted do, laayoftthy @omdesgqb@ hoghed getures.c Afditiprally,

e
suitalblg thinldiampeteh Lstlchmstabdaut fi082 theh @aboamzs blﬁmt)ﬁmt not as thin as diameter

ove bed s t ures,
D3 g e R R A RS e A B v b AR e ML el ey afer
havﬁigrsemt'd Sinsetied o héle Bl ms§ beadeRiped Sy atandatd pabédards Iabasut hole
ter as. aboyt 0.032 inch (about 0.81 mm,

Ha Eﬂ}t EEE%F“% ﬂ’h{’]lﬁceafgf WE Hhpupng tissue.

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

known, surgical needles come with various kinds of pointed tips, such as taper point, taper
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30 D3 of surgical needle N3. As discussed above
vis-ii-vis swaging, surgical needle N4, after having
suture S4 inserted into hole H4, may be crinped by

- standard procedures about. hole H4 to hold suture 4

in place for use in suturindgOtissue. Needle tips Ti,
are ache ti.ca

cube, fltpo g B SRPRT bk i TeePt e e e
tomlcﬂlhleybut nows likmt&dﬁo el snﬁ:ﬁlneétﬂd?ﬁsl [Maperpoint) tasr &lﬁﬁ)@g and diamond
i nt uttln oint, cutting edge,
el afrefe i ieedic i F el nastlesrsbEu pebe st 1o | s
I nt endetrell kfovinis kieder, ndddle ddhetd ol suffidaPkbeliRs usdh wiguch
dle tips. Taper point, taper cutting, and di anond

| COB‘&HHPWA fies- plrrec) Beprpie aplﬁlqereﬁs!mﬂ@wor@m gfidefien Nera diigls surgical
- nebd&hrudel vRARR @mﬁ)‘éﬁtiﬁn@lssuwﬁﬁ udh the 508 g‘f‘s&%{ﬁﬂ g&d?é diameter

needl e di ameter for surgica es use
to eenygrtinabyyiire ¢ipmeter is 4 ive errndighentsuehess 448:lconsi der ed

uni edl e

ar o oenh ity B0 RufhaRHabaodd e Bt of MR S jryention
(for githes agtraightmgédicdr avvoct peafic tbe ﬂ‘nnnet thaithewuegitdl aesfle is, then

0 her ch as,4.43: 1.
oo Rt ke e he Rl S BRLALATr wishlhE P nect® damerer
being thinmea pirdthinpér ll't&lpm)aﬂlenﬂ)e ibasbedsuitnd diapde@r, aad iti€possible that
t he thinner that

eed cur
the '#eglg %Jr gice 5fna¥1 g e%l‘feg ”é“er %/tﬁ'g ﬁh%qi"ﬁ é“tﬁf‘?rdéa"ﬁt%f erabl e
t hain gdnerabiist the peesend emetimn, Datdieely h virgichlheedM htthchdtBo a
|red needl e dl?% ter being thinner and thinner as

ba‘i%F SHP SEHE SR or BRRION MR R EtiRe Yhenstitching @ Woungl glosed than

a rﬂﬁl‘&\@!l)bﬂh&ktsﬁtgical rlebBe heRAtEwh 3 BRLES sufthY, PR £XER 1sttﬁz'1trt‘1'ﬂ=?r
thag’ he barbed suture dianeter. In general for the
rel sprgiahieedlp attaghedsio aciagherl yuttgiaHows fogisteater eneagineent of

barB} {rAGREL addPhérefoRAIERGEs Defidt cfoshie SHB{O% Refed %?CR rﬁatécpt'issue that

approxi mating tissue when stitching a wou

: ha%h?ﬁﬁ sutyrsd g preNent the epppsing pidks ofiiheytlowst wmeecﬂfremphumgawt as

o @ (BEIGH sHht frovi 1 AR oA el g sy wit
theg@lﬂftmreéy T&iCﬂ(@mlCﬁmet@e eater engagement of barbs in

tls es .better closure.stre
, TR b B ol gt b 6 SRR LR S v
barpwcbsuam: istthes theppesiahgedt damend smdmm Ied ¥ efficispunidttl ih @Fder to
syre str

oy . co e o the_cl
R Rt B e B oY Felfe: RS RerdPegiin oE e bridgd
sutwie fiito tiaGholelve tl're&:hﬂinbl\/ @eﬁeﬁl’iﬁléﬁk as tHeGfpadal RREM |dﬁameiai‘ $hcreases,
th nost &rtanl [ for the conbi nation of the
o Suretse MR iR sliEB 2 thettiio oftipg Wercal deadlcinmeterathe
barbddisufitié dibGarkr B ekt ©1Qk peet er shoul d be of sufficient
ng’ghln order to make a hole or a channel in the

endrecgrtingly, ¢ dasisableirafiy, of seraisrl nsadlp gfametes & barksd sotture digmeter,
for Bieteb ﬁ‘é‘tralgﬂe{tnb’écﬁ’e 6r'1tcﬁrvt35' Redaft, E ABbutlat orqg@ A& e preferably about 2:1

Nevert he as the surgi cal nee
or lesspes peeferatipahontl 814 oy lesal Flm@emcee, |partlsu1|aﬂy 1f$ham1a]b1r:=edla$are

eratl s [ gﬁ&% di arret
I% ﬂ)ﬂﬁ @ r%l%‘g)f G ﬁe? ggé 1% {I}g gtglr !i%Sb d s I1;er e as R)w as
abopicks b pdliessg blyevelalodles iforaidtance,abow Och' 1 stiegi crabout®8 dl o2 less, or as
low%'s ab5i 8- 1t St \Pﬁr b%%%pr%%Et%é gy gmle person of ordinary 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.




16

15

20

25

30

for either a straight needle or a curved needle, is
about 3:1 or less, nore preferably about 2:1 or |ess,
nost. preferably about 1.8:1 or |ess. Furthernore,
particularly if channel needles are 30 enpl oyed, the
rati o of surgical needle di-direter to barbed suture

di apet er b s |ow as  about 1:1 or |ess, or even
" onbrastie sHENeL AR sulialiredife ot naving Btago SFirggpeede
didikrel tobarbeisturadiarsier suybléefor HeQudser) ifvertion], vatebted BEfollows.

a ciated b he person of ordinary skill in the art .
© D S icos et P DR B DY Sh Ghemupts ot ROEd R ving

a thickids dfAbATBIE i (Mot 15EmBY$tddut Wi a QbulOfRin %96k gth, of about

akness, which may conprom se tissue insertion.
I'Zg’é@dﬁ@%@@ﬁ@th of thin surgical needles, both having

a 1 Atficy spleifis WasGRlde MR Fiedl FTRAHis E&hgﬁ%téﬁ@hﬁlg%’éeﬁler the
di ameter suitable for the present 1nvention, wa
respecdive edgss off the wewwsd withadiilledeng pwgied noddicGtamoios 382037 Aer

. _ : : ;
ol TR 5 S Pty B TRl ELOSAB 1B, P o
afteyiinsertipn b the dathed sutgre intd dhegetrloliols outeed!S whs @fmpetcdbout the
ol e 38 T 5 PR SRl 9 Sl 8 e
of ghagypisdeathee weslge so Dfectahgnlavahapd ofkbidut Aindhds! (higat B61hm) in length

rgical _needl e, (jtemno., 382077A purchased fro )

by B} 25 R TRA VTS N e B e 18 gl of
thellength dvdrtrauyeds the vilithe Thi iedictvRA thfer bdi, QavdIaRlrSeH HERle (3/8
fi ntc%at h%t nleedhe ilI})ol e,.. the needl e was crinped about the
of & Grofy witlh length of abopt 2?2 mEyand @ relavelydhian diameer of pbouk P Qg0 inch
(abitt0ed1 ).t chi ng cl osed the wound, the piece of
chaﬁ?is | eat her was cut to a rectangul ar shape of

0

abotfengsingdheemeshishing rethes) a sepondenerimen wgs mars from axgher
pietd 6iRBSmdid RAME lﬁéstiﬁﬂ'glg:tggemeg R re gt%\%teﬁgﬁ of HeWrdRl, using a

_wund was in the the and transvers
driljedend syrgigal mpedle Giedioe 3§32 1 A pishased froru)zleCompany) swaged with
the SMEOL; I 3 il | th_of

0K RISl 0, byl bl by T OBl
aftep irgextion pithe barbed subweiintdth holeytp sechiedhe barsddrsgturdidurigstitching.

' ' ’ , ond speci nen s.made fr .
For3hd sofoli Becib . BncfinS B5PE 3B s Pt it Aol O ofa cirele
with m@algﬂh@f aﬂ:déuezz mspamltai su'ﬁatgﬂgﬁﬁdiaﬁctéﬂtﬁ abent 0032 ieh (4dboat 0.81

rilled e Ur gi.c nee itemn 83271 A
b 6 el Shouteis o B e B g S RECCI: s e
ki rHiclobarbal sagfle foid bath@pediméh wast 4 1-d5tbn Sictwif e SIHPRSpiral,
lghlgged ggpgt th@kneedle hole, 20 after insertion of
polydiapiehatPed TP kP iterer/Aan Highis, 64 sxcspidhit&aghhariea sy bad
a disiéteyl of aBoUt 01 Sinch ERLND.20170h, Whieh 8SESNY 18R&GhAERe TSP
needl e was a_taper point curved surgical needle (3/8

requifementcior 3 figg 3-0iynthetis absarlpable syfurepiasieadof asmerriiargeter of about

0.01BUhdtAEbS bR Pne)anet er of about 0.032 inch (about 0.81
, although not as thin as the dianeter of the

ne &@thethe Sesganidghe secenst spsgimenmadistitcheddhainais sloth weteuesedffor

i i St C | tiple
closERCRoMRPESIPLTAE Recbultes O BEA 208, Mol Bbob hol Hichiy s
gripped W tyiomrespeosive esrcabgultjawh dfhee ambh fymribed was pulied lowgdtudinally 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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a di ameter of about 0.0115 inch (about 0.291 mm which
is slightly larger than the USP requirenent for a
size 3-0 synthetic absorbable suture), instead of a
suture dianeter of about 0.018 inch (about 0.457 mm).
Both the first and the seco®Rd speci nens of stitched

hamoi s ¢] oth re tested for 30_cl osur ength .
a el tan piseier LTy ehoutl's Fm dook SRS wound
disfap§éh SRS WRPeciféd PR aphyt Ba¥PinkSS Piesds] Wiker&e ifeabQfd
jaws. Then, each specinmen _was pulled 1ongitudinally at

spegimep fwhicly rapgitihed wethitheaisedle fhathadiasuitably hglismeterof ghgut 0.032

inci @holto trrh, BHRhbt as AR BE ReelildRoMHhEfirsd PRcinkRRAK ok 8¢ 2138
pounds reached before conpl ete wound di Sruption was

pounde et ghe veosind Hisruptionanddhe speeima pilled Epast bask inte 3 pissese

th j [ ' s sutured with the
nezfﬁeg&tﬁﬁg E%\%ﬁ%ﬁrﬂgﬁ?ﬂé%gt‘%%é y thin dianeter of
about 0.020 inch, about 0.51 mMm) took 5.88 pounds

until wound disr i cur.r t i men
pul | ed apart bac it : %,ijo Posur%%t econd

speci men (which was stitched with the needl e that had

Firsspeci nenp.ot@ikhonl y 2.88 50poisidsh unti |l tihpst wound 5.88

di srupti and the speci nen led apart ck inta
Secﬁ?éces. 8'$ﬁ%1“|°]ésul ts are sgﬁmm‘i‘bd inT ?Be 13A 288
bel:@iio dedtir@cal 3éedLdianBbrto ChbédbufdrO8idingteSt r engt h) 10

Speci nen Needl e D aneter Barbed Suture D aneter Rati o*
Pounds to Rupture First 0.020 inch 0.0115 inch 1.74

5. 88sooemPnd p%c&etla’ rht iR vWrOdt 2nd fisRed fof &esBnBE mérgﬁ‘ﬁr'?gﬁl

of surgical 'needle dianeter to barbed suture diane
needlss gwaged with bprbed sytirecasdolltwsr at skin were cut and

sti h: ' i.cal

ot (T el Sl Bhy 1D AR 00 RO £ eRIRAS o
full Spiclrgseskidaintieipny wers madacinthe banktof 680 retgo E@Gtegyounds: diach

used. [T ful lL-thi cknes N _i.nci sions were made on
wotSfks a4 ot ol A BEARIEIE b 5L O B or Cnoung vas

ab @k eatheat) ore off @regivh venakdspeds alosel wittoa difiigedepd arved Gurgionl

neefiE i B 4907 Qoo G SR Vs sl el opegn of

18nirh @id H@iamSSLF 2But WIR2 GAth@soutd. 8 cim) C Wiso, the Gedtibecitide tiyael

.a lepgth of 18 and a di ameter of about 0.022 inch
poirt sl oW Hifyccaly Gphad Uren FOLRA @ 213a4ok CHLIBEPPIOBI R taper
cutti@8bde lip B MARfE JehQrai6e et Bt dosid. TR nBREwaY HHBek foQ tarbed

3-facet cut to approxinmate a taper «cutting needle tip
Sullk® facilitate penetration of rat tissue. The needle

Wasrh3 WRRLEE thOtfd WIS Has dosed H%Hé e saes e teRhiqhfBut with a
two wounds was cl osed using the same suturin
drilled endh icegyed susgical weedie that was a Sulzle item no. 832679A, which was 3/8 circle.
The needie had a length of about 18 mm and a diameter of about 0.026 inch (about 0.66 mm).
Also, the needle had a diamond point needle tip. The needle was swaged to a barbed suture.
Each barbed suture for each specimen was a bi-directional, twist cut multiple spiral,

polydioxanone barbed suture like suture 70 in Figure 6A, except that each barbed suture had
a diameter of about 0.015 inch (about 0.381 mm, which is 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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drilled end, curved surgical needle that was a Sul zl e
item no. 832679A, which was 3/8 circle. The needle
had a | ength of about 18 nmm and a di aneter of about
0.026 inch (about 0.66 nmm. Also, the needle had a
di anond point needle tip. J4%- needl e was swaged to a
bar bed suture. 30 Each barbed suture for each speci nen
wasFef sBeh itghed WPGlaR HSSHGREEIRETHINAY IHAE ARPFRXITBRELY g square
meRRE%E LORD SRS BBESh, SHihUEEstidHEE wolidinhe/BiddR pE{“aﬂéﬁr% two
6A, except that each barbed suture had a dianeter of
PRSI tisHe GdEPsi washetriaysd der dosspstRgth (Hingh is sl i ght |y
| ar i , :
oy pefotcd W psc ot S LA (ol g Top IR Ciiversel
Tesfi¢raMotiel 2000. Emmach US(Su@IQSCHmn,th( MECSCP&ZB@%WCII stigched
wol OJ wer%%{]ousgeflgnctﬁg gvovﬁéﬂ%gﬁve%e}rétg@ s %Pﬁg 'teggp that was
square mreasu ou cm x about 4
c m Thmnt éach bpscsﬁantv@h @uﬂleddongjitudmalﬂ)hﬁ anatel df aboptelk iathes iperginute
| osur e

b SRR e TSRl A e

befdﬁfjoefxmd&esdounalmpaoﬁ aad reRrdadssabsclbiiestiesgth. 5 Tester,
Nb For eac e s i nmen, e
o Vg s oY gt raoh B8 Boshgehi (e ouags o Wl}d?%m?sdle

haViMDa BiBSBIBEST 2¥Eut DA RcR qaﬂoams@ﬁuﬂ) lARd $vREbEo. a DERRA sutBfs Mlso,

speci men was pulled longitudinally at a rate ofﬂ¥$out
the gesulig Hers aﬁ@ag%fwm e secaiybist othregiogeds dlrsediv il 2 perdiq haviog 2
dlaﬁﬁfépbieib%utrmqﬁ&n (@5Fab6, 6@91111)'5!18 sWERgeh R bdr B dCBture.

encountered before conplete wound di sruption was

r echiecetnlia gresshmmerizesiim Ealde LERBelAW.- 10 The results were

averaged fromthe first set of three wounds cl osed

with a needle having a dianmeter of about 0.022 inch

(about 0.56 mm) and swaged to a barbed suture. Al so,

the results were averaged fromthe second set of three

wounds closed with a needle having a dianmeter of

about 0.026 i nch TaiboldB RabBkimflosaredSiengthed to a
barbed suture. The results are summari zed in !iabrlaee%faﬁ

bel.ow. 15 Table 13B (Rat Skin C osure Streng

%’#@%ﬁages§ ﬂ JEZO V\bun?BS mi‘ S I\Ieedl gﬁg%{ ture

Flrél@étcﬂ’f_% 3 0g.022ntich 0. 015 iomak ideh47 11 91cﬁecond SeL.9
026 inch 0.015 inch 1.73 8.1 *Rati o _of surglsc?l

Se‘ﬁ‘f@‘ééqtef%h afO2emch o parbed SHAMENG| anet erl:73 25 Thust
t hes Z0Rf sﬁrEi@alrn@édl@dl%etéﬂ%B%hﬁﬁh sER U anettiameter to

bar bed suture di aneter,

Thus, the lower the ratio of surgical needle diameter to barbed suture diameter, then
the better thé closure strength when suturing a wound closed with a surgical needle attached
to a barbed suture. In general, the thinner the surgical needle, the better the closure strength,
particularly for delicate tissues; however, for tough tissues, such as muscle and bowel, thicker
needles are preferred. Thus, what is important, regardless of whether the needle is thick or
thin or somewhere in the middle, is that the ratio of surgical needle diameter to barbed suture
diameter should be about 3:1 or less, more preferably about 2:1 or less.

Although the present invention has been shown and described in detail with regard to

only a few exemplary embodiments of the invention, it should be understood by those skilled




the better 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, -f48r tough tissues, such as
. huscle and bowel, thicker 30 needles are preferred..
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is that the ratio of surgical néed iameter t

vighorbaatedalty departing fiora thernoypldeachingrangdigdvantagesiofdhe ingension,
pafRuBR i figE 80hyY fd?&% t€achings. hﬂ’o? ?r&tan%, HE%%Q% gv.gﬁle r?f the present

~ present invention hasS been shown an SCr |
yRatien famkie tubedrakane od with othenélgsuze methodsx iy hestaples and/or skin

' adg‘i:;ﬂ{%g,i tgrglﬁtnilllcﬁﬁlg% ng flog?iﬁl{]{’fﬁg&ésrs é. t%%?r%:in%l)ﬁ gt iér’: {)ﬁ?e%ﬁgc{ t%%gver all

ose S
su¢cnmeditieations) otissiohs, abditionsy andteqoinalems ddeaystpandlfided within the spirit

mbodi pent s _di scl osed. ] di ficati ons,
wuf O3 oERE e 2 808 e SRS HAt 0t he o scl osed

enbodi nrents without nmaterially departing fromthe
novel teachings and advantages of the invention,
particularly in light of the foregoing teachings. For

i nstance, the barbed suture of the present 5 invention
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 elongated body having a first end
and a second end and (b) a plurality of barbs
projecting fromthe body, each barb facing in a
direction and being adapted 5 for resisting novenent
of the suture, when in tissue, in an opposite
direction fromthe direction in which the barb faces,
the barbs having a disposition on the body sel ected
fromthe group consisting of a twist cut 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 overl apping barb 10
and one being an overl apped barb, the overl appi ng barb
has an underside and the overlapped barb has a
topsi de where part of the underside of the overl apping
barb is derived frompart of the topside of the
over | apped barb, and wherein the random disposition
is such that the relative radial and | ongitudina
spaci ng of the barbs along the body of the suture is
random and the barbs face in random directions '
including at 15 | east one barb wherein the

| ongi tudi nal axis of the at |east one barb is not
parallel to
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the longitudinal axis of the body of the suture. 2.
The barbed suture according to claim1l, wherein the
barbs are in a twist cut mnultiple spiral disposition,
an overl apping disposition, gr a conbination thereof,
and the barbs are all faC|ﬁE in a direction toward
only one of the first end and the second 20 end. 3.
Hhempar bed suture according toclains 1 or 2, wherein
the barbs are in a twist cut nultiple spiral

di sposi t} datbednsubire rfog sonnrsting dpwrant pomninesl tissue, said suture
cORBiaRY fa q{ P 5n EIB ?éa?é?if ﬁ%é zhﬁrsp%[ e assg&%ﬁ%n&] %?d 0@ a plurality

| east a barb ortl on and a secon
pbbarboproj eCtmg freimihe hedh zadisbab fatdn@ i  ditcotion hdheiag edapted

n r n _.towa the first. 2
ey S CLOE R B sty et e Sion 61 e
directioh il which e bhrb fdcys, thebarbeEaMeh £0Rposttion| BiEthe BbPEstlected

uture according to_any one of claims 1 to 3, wherein
?‘ﬂ@ @lﬁt&*jﬁ%’ qaustsfingial § fwist et raylipleaipirgbfispesitipr; p @vetapping

Aispotici0 AShiidon @ispsitRnPARr RRPHPBIN SicFRE, Q)}Heﬁém tift ove%ea)pmg

non- absor babl e mat er | al , and conbi nat'i oris t her eof
dispopHionyia serbithat for atdleast b alj angnt barid, @nerbdmg wh evalanping darb

ALRBAUDI FARLE bl 1 oRFGEHE Dpft] B ' SniSiPand the

consi st oxahon

pariappeddairh Hes a tqpeidy ederooparsiomhe ,unaétﬁide @Hﬂie&ﬁkﬂ&izﬁbﬁlg barb is
%ﬁgyig%; 6. E&e bar bed s%éure according to claim

P o Rt o0 1, B05106 451 1S PP PABY and viereih ferandom
dispoRitiol §s SifcBURat GRO el adilvk Fé]hé?fana lcﬂ% dt}ﬂgigxé;go spaciflB blhe Harbs along

metal alloy, a natural natrons
the bpdioe! thy sutyreds mdb@daxwh@ b@ba&\;o uldrangomalmcbtmmmﬁ:ludmg at

G o 9 564 5 8 O Mg ot
tbokmgﬁmﬁmﬂamhofﬁwmmﬂyﬁﬁmﬁﬁﬁMﬁoroethyIene

pol y tq‘r-e t and c nbln tjons thereof
Dar bkt 156 PDES SURGATTGNELS SR Srubgndhepabs pregs afwist cul
HEpR sﬁumﬁsﬁb@ftbﬁ alﬁ&\%rllaﬂplﬁé]a dfag&ﬁﬂlap Bkﬁ%oﬂfbﬁf&ﬁé%ﬁie%f and

suc for at |east two cent barbs, one bein

the, barhy ave| allofaring iba direction toward bmlmglmf the €irst zpp entd tharsbc;ond

ﬁ gch of the overlapping barb and the overlapped barb
aving a barb cut length, and the overl apping barb and

t he B0Thvearbaimede haohlidaeiclimal bAR bvketéin dhebaaticee in a twist

bet them,that .is | ess_than the barb cut | engt h_of
“ﬁ’&’ G PRy ﬁE” disposifion, ap overlapping disnesiion,prea ae@bmailwgth@@of

: aﬁdi A Dabed R hls hiNBasPaths b%fb%d éﬁrtﬁﬂl a.rﬁve?gécaﬁ)cpbé}gear%omon

di sposition such that for at t two adj acent
wheeei Bierhgrbsof the Sirgt arppmngarb iatcbngmja alirectiomi tmgvaah only the first

eRY Ghd He %grbg fbche sgcond poréolﬁemgvfgcxhga R | n(%recgon toward only the

second end.

4. The barbed suture according to any one of claims 1 to 3, wherein the suture is
made from a material selected from the group consisting of a bio-absorbable material, a
non-absorbable material, and combinations thereof, | |

5. The barbed suture according to claim 4, wherein the bio-absorbable material is
selected from the group consisting of polydioxanone, polylactide, polyglycolide,
polycaprolactone, and combinations thereof.

6. The barbed suture according to claim 4, wherein the non-absorbable material
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15 the overl apped barb having a barb cut |ength, and

the overl apping barb and the overlapped barb having a
barb cut distance between themthat is |less than the

barb cut length of the over)apped barb. 10. The

bar bed suture according to claim3, wherein the barbs

are in an overlapping disposition such that for at
lieagibctéd\RoRdiha GRMp LAk ' r hRaRp

bar b and ongﬂhgei ng %ﬁl&%\ﬁ/} r%ﬁ@gfng%rag@e%g%hﬁég? Jflﬁg & Hohural
dibsr. [2agh pombindinptharedf. t he over | apped barb having a barb

tl |.appi.ng bay b t ,
over | 2patep B hC et ndB B o e bolfurpeeted from

tﬂhfen‘group ag:onsistiggs &{t bilyabﬁ]hieb, bps1estef If,dlﬁngls}mmﬁf pdlfurethane,

QVer | appe rb. : arbed suture faor caonnecting

Wﬁﬁﬁwagﬁorgﬁgﬂﬁ‘?e’ P‘iglgfétﬁfgjes@éi : Qkipations thegsgfpr i si ng (a)

an el @NYR$ BEbRP&Yurl AdoRtingtd My%ne%f%l%ﬁg 180 586 A48inqR barbs

and a dianeter and (b) a plurality o ar%s

Breof S tVAdaPping ispREtigroweph thah fir ablends tiva@dljacent barbs, one being an
' E [ esisti nmovenent, of

Fhnghing Bt RE ORI Pk BTG RHFEERL o an

theooverlappadi babtliavingi o batbi cit lehgihpand thaoedlapphigtRitn and the

| he, bar bs .hav dj sposi tion on the body sel ected
YRR Bt Banf sh 8RR peBrech Tagmh GigbRakes then the barb cut
Engthes iHe voslapped WArB! cut nul tiple spiral disposition,

an over| appibgg di sposi tion, a random di sposition, and
conbi haf ioharbed suaee acepsding (tp| glainh @, lyehreben Hbw dadbs are in an

j : | : S| f t up;:.consi sting of .a
Gl Hdbfiagleal B 6P 0% 3B RURAC R, (hebeifly on
ensdapping bartl agd ens being bapverippedchiirh,daph bf ietovertappRigitarb and

b depth,to th { [ t . '
B gt oo 5aviEE s, oo Tefieth ek Hhec verieping I e the
averlapped bafb Kdvinglabdtb 6uldidtARE bBiwetn telPthatis Y48 tihh IELED cut

ragntﬁi nt% fromabout 0.2 to about 2, a barb cut distance
Igpgth ofthe oxerlappetbarthe barb cut di stance to the suture

Corr aur 0 RERCR g Pt doled 2 ST dhe blos gpe in wn

dvedappirgndispesitiono fuchbthab ot Meastiohio Sefjack@Vbaibs, Soreabding an
ize different fromthe barb si.ze of the other set,
Nbolin L e it lasped Fa. ashBdhe gy lagping barb and

 the ooEttipped tharbC hai | :
oo&rtipped bCha’Mﬁ@dlalbary\/fbﬁf it %dSﬂleg&%Egg;&g Baeribn%nd the

diﬁiqposition includes a first set of the
OVerAPREd Dark haviag absdh eut dstnerbrtwesn themnthat is desotidn tietharb cut

168t &ihd 13. The barbed suture according to
clal ms 1§L\%glfgﬁf§?’m\?herei n the staggered disposition

i ncl udles\ dafbied ssuhsetfoo feofittetinga hmal eb gnifatlitRbdey said suture
cslgaced out 128‘6%58‘5 ees. frgma second set of the

PAPEENG, (#) ap flong Yshavings a fipst epdh and; a seqong epd anchp dipmeter
afiPE a@lurality of barbs projecting from the body, each barb facing in a direction and

being adapted for resisting movement of the suture, when in tissue, in an opposite

direction from the direction in which the barb faces, wherein:

)] the barbs have a disposition on the body selected from the group
consisting of a staggered disposition, a twist cut multiple spiral disposition, an
overlapping disposition, a random disposition, and combinations thereof, and

(I)  the barbs have a configuration selected from the group consisting of a
barb cut angle 0 ranging from about 140 degrees to about 175 degrees, a barb
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about 120 degrees froma third set of the barbs. 15
14. The barbed suture according to any one of clains
11 to 13, wherein the barbs are all facing in a
direction toward only one of4the first end and the
second end. 15. The barbed suture according to any one
of clainms 11 to 14, wherein the barbed suture has at

| east cut dfipﬂ'switlbardtbd)fﬂim’bdtbuutai’eﬂthao slecsmnadle l‘hambtedranging from

porti bs the fir on

are f g@?urtl %rq%nto SOt ecfl %8% “ g ‘i‘S’fli]IJ § 13490 f?tf“’r g“fr{’ Shifengih to
and t He shﬁifeb&amétei faggise HeMbeer (.2 HbahEe2, h BaMRAL diftafce with a
dlrectlon Bﬁmg g only the second end. 16. The bar bed

sut ur BIREShbH Ctlfodlétﬁ‘}Fedﬁ éheoaﬁuﬂéﬁahwterranwglgom about 0.1 to

wh
er eptbut BEa cSritigdled bath Lﬁﬁgﬁufe i ég%sor gﬁ%r 158 18 sets of

fromthe group consisting of
mat er barbs withsaeh sebbaiingabbab mmeehfﬁa‘bnt feomul thedoathi sizt ofithe other

there Lzmﬁ%m%ﬁnmg Q%:?ed suture according to claim
erern e bl o {6rbable material is selected

f r om IhEhgbabel aons aez:i)rdi@ of clpied Y1li vihiedi® B2, staggered disposition

@obﬂﬁl ac%l ge ﬂ%' CO| [ a(g pol ycaprol act one, and
SIRIFFish it of Hie et being radhly spaesbitbout, 40, deeses Bpay aigoond

deDofihabaibi.0, mherein the non- absorbable nmaterial is

- sel ect ed fromthe group consisting of a polyner, a

net al 13. alheghaghedagutugy acczprdlag) telaima| 11 erbkk, ,wlmmin the staggered
t: arb Ul ur e

BARIAR GRS ERE R or e pEBE ALOSESY b1 AR5 150 Mo

ﬁgwm upsecmthscs tof tig lnafrbsmidythﬂ‘sdﬁnd Qlai ofethié Bifirlbs being I‘?]diilllly spaced
en P e n pol yt et raf | uor oet hyl ene,

% e//]goﬁgéwﬁiﬁ@}‘ ?lg%’gs E%ﬂﬁ‘?g?&?‘f ons thereof 48 20. A

bar begd. $1¢ bmecdfsqau@&e&aﬁiglt@ By SHEIT cRiméTi {8k, \R/héréﬁ-l%e barbs

sai d suture conprisin an el ongat ed body’ havi ng a

¢ albfacing dn a direction oy mme @fthe arséc@randm secdnid ead.

~pl I b ch.bar b
Fact g, i 8 alrok S Qo HE A Y, o TS i e

batbed mmhitre difis ahdeastua diire , bavifed rpdrﬁbrt aﬁdsuesecarﬂ ibedlppertion, eand
c¢ch the parb

d|r ctl n fromthe direction in |
i B 5 R ot 45 s e EEo L 381 or, e it ond
ahﬂl Qbé)BﬂMs 6PHRI seSdnd PoRich! 26 $8%ifHin %ﬁ&%httb@é}d oaﬂﬂm@'slaond

the barbs have a configuration conprising (1)
cgdit 0 angl e rangl ng from about 140 to about 175 (||)

a bar t t|o of th arb.cuyt . .10 .
dept 15 SHE pABE! ' ddodtahlh Upf one 18 PR T I Bngisin the
sttoreails oudde Frofiy a(maten)al &léwddbﬁ-@ﬁtthé gidgp Rondistifig af & did-absefbable
th%ﬁfarb cut ag gthgﬁg He suture dj aneter ranging
afep@Epsasb (pnd sombngtiensithereofhar b cut
di St NCEhMtatbed fultirt QolirdindCtoPiattn Gl wherein the bio-absorbable

material is selected from the group consisting of polydioxanone, polylactide,

-polyglycolide, polycaprolactone, and combinations thereof.

18. The barbed suture according to claim 16, 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,

19. The barbed suture according to claim 18, wherein the polymer is selected
from the group consisting of polyamide, polyester, polypropylene, polyurethane,
polytetrafluoroethylene, polyether-ester, and combinations thereof. |
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di stance to the suture dianmeter ranges from about 0.1

to about 6. 21. The barbed suture according to claim

20, wherein the suture is made froma 15 nateri al
selected fromthe group consigsting of a bi o-absorbabl e
material, a non- absorbable material, and conbi nations
thereof. 22. The barbed suture according to claim?21,
V\/ner ek tAhbaﬂbieda szahls@rfhabbmlecmgt domanh drsmmhlentsael, faid nsuture

]ngﬁrou con %@g%glae yqﬁrgxa one%ﬁ?ﬁg %% (L?il]alainetcrand

T(Ib)eat plfafahty?Qf &ﬁbs plofechiay Besl tREbUAE cAGCRiEitRGhd B £4iddcbn and

%1 wherein the non-absorbable naterial is selected

g OpRted fuissistings mevemept of the pesgrshen dn figfugy in gp opposite
RERbon ?Iloirpc}ie d@ectiﬂﬁmﬁgh fhk B&D faB dyife %EE' nations

t her eof . . The barbed suture accor g to claim 23,
wher e{lh th@e poirhsrbave 8 digpositivadon fthoodheompdsipg a staggered

consi gting. of pol yam de, pol yester, polypropyl ene,
pol yu?hj[S % ’ar%ZS pol yt et raf | uor oet hyl ene,

pol ye(Ir)er tas i)aibs haveth e@afBhraadd mﬁprtshgr(gmfbarb?&nt 0ldagle ranging
barbe& ureﬁ ordn to ané one of clains Oﬂtitg %4

wher cirpm@heut4PY o abarelTry (i) & AUt fepgh with @ tiqyef the barb cut
t OVar gbpMoVthe @@tuféf dibRcf fshgihe Bith A DS (S S6ANG E ) a bard

26. The barbed suture accord |ng to any one of clains
20 t ocupEengthteittes ratiplof theBJarttm:d leslgﬁu;to Qleisaslrcadlamefastanang from

first ar bed por
50" wiiBE 8210 B8R0 £ In) B PR DAY SRS AR th i cu
in a diswmtomasﬁmmainaeﬂrangeh&oﬁuabsﬁt Oelinig aamt 6t he bar bs

of t ortion efaln in a direction toward
onl yh"ielhi%% g@g?fﬁsutqgﬁ@cc %F'g%—%“@ﬁ‘iem the pgpre 1s made from

ﬁl@t@ﬁﬁcﬁdlééﬂadhﬁ'ﬁﬁn tHer %hsﬂ.t SHFa 5idlafsoPbb aftfial, a non-
corrrgr|3| ng (a) an elongated having a first end, a
dhse

Nﬂe@ﬁtﬁﬂahalchcmmmgkﬂlmdf (b) a pI urality of

bar bs,,prQj.e bo geac b fagi
i ot oo A8 s s Y e o Rhetgn enpoBpae
thhteria ufsu rselccwm efdotn ﬂtel %301@ cbrisistifig 0pP qRlyidioxatibrieg Gidlglactide,

frmin ES ectlonlnvvn the barb faces, wherein: 5
glyoqlide, p gam‘a%toae, and epmbipations tierephe body

C 0 MPri3sSiTheg Bhrbdd ﬂm&uiccﬁﬂdlng B @lanﬁ' i1’ &lhettis RRS inbh- 3hsorbable

with a spirality angle a ranging fromabout 5 to about
p8erial dn selgctet) froh dhé grobp chesisting of @rfalyguerad intel, a metal alloy, a

f a_bar 0 angl e ranging from about
r%ﬁ'g%ﬂtb&l g%io&’tlﬂbﬁaél n‘?& fa barb cut depth with a ratio
of t 2. D¢ barbed sutd@ feq@tingtto claf ﬁy%&&uﬂmawtya{er is selected

ng from ahout 005to about 0.6, (iii) _a barb cut
beﬁ SPh cansisting o ob polyamidsa mglyester, | rppyiene; ppelyurethane,

Hﬁéﬁaﬁu@ﬂo@tﬂﬂ%ﬁ‘& pbRE@L k! Bd'combinations thereof,

25. The barbed suture according to any one of claims 20 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 20 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.

27. A barbed suture for connecting human or animal tissue, said suture
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about 0.02 to about 2, and (iv) a barb cut distance

with a ratio of the barb cut distance to the suture

di aneter ranges from about 0.01 to about 6. 28. The

bar bed suture according to ckeaim 27, wherein the

suture is made froma 15 material selected fromthe
group consisting of a bio-absorbable naterial, a non-
absprifiap (@ amelaghtad podynkhvirgrdfinatid) asetdndrepdfind 2 JiamBiee and

b t -di.ng _t | ai m 28, in the .
3P Bibediy 2 b iticeiniom e Bpds cath PorBrfheiie gt gistion and
Geingi laptad forf reRligd @R Of RO kithRC WheR in tissue, in an opposite

pol ygl ycol i de, pol ycaprol act one, and conbi nations
Hertogitrom the shrectipndn which & bath faces, whersindi ng to cl ai m

28, rei fat : I ri .
from the orsuarsans: SRRy of iR ooty SR RPLFEhulcple
met al spifdl dispositiomwithi ragpirélith engle andngingifiomastionns° to about 25°,
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32. The barbed suture according to any one of claims 27 to 31, wherein the barbs
are all facing in a direction toward only one of the first end and the second end.

33. The barbed suture according to any one of claims 27 to 32, 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.

34. A barbed suture for connecting human or animal tissue, said suture
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about 0.2 to about 2, and (iv) a barb cut distance

wth aratio of the barb cut distance to the suture

di aneter ranges fromabout 0.1 to about 6. 35. The

bar bed suture according to ckaim34, wherein the

suture is made froma naterial selected fromthe

group consisting of a bio-absorbable naterial, a non-
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barbs are all facing in a direction toward only one of the first end and the second end.

40. The barbed suture according to any one of claims 34 to 39, 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.

4]. A barbed suture for connecting human or animal tissue, said suture

comprising (a) an elongated body having a first end, a second end and a diameter and
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10 about 0.2 to about 2, and (iv) a barb cut distance
wth aratio of the barb cut distance to the suture
di aneter ranges fromabout 0.1 to about 6. 42. The
bar bed suture according to ckaim4l, wherein the
suture is made froma nmaterial selected fromthe
group consisting of a bio-absorbable naterial, a non-
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material is selected from the group consisting of polydioxanone, polylactide,

- polyglycolide, polycaprolactone, and combinations thereof.

44. The barbed suture according to claim 42, 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,

45. The barbed suture according to claim 44, wherein the polymer is selected
from the group consisting of polyamide, polyester, polypropylene, polyurethane,
polytetrafluoroethylene, polyether-ester, and combinations thereof,

46. The barbed suture according to any one of claims 41 to 45, wherein the

‘barbs are all facing in a direction toward only one of the first end and the second end.

47. The barbed suture according to any one of claims 41 to 46, 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 facihg 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.




