BARBED SUTURES TECHNICAL YIELD This invention relates, in general, to a barbed suture
useful for connecting bodily 5tissue in various surgical contexts, and more particularly, to the
optimization of the disposition and/or configuration of the barbs on such barbed sutures.
BACKGROUND OF THE INVENTION Various su_rqigal methods employing sutures have been used in
the past for closing or 10 binding together wounds in human or animal tissue, such as skin, muscles,
tendons, internal organs, nerves, blood véssEBEINSUNRMREBMore specifically, the surgeon may use a
surgical needle with an attached conventional suture (which can be a smooth monofilament or can be
a multi-filament) to pierce the tissue alternately on opposing faces of the wound and thus sew the
wound closed. Whether the wound is acciteRaNeEadedi8iLIBop stitching is the method 150ften used,
especially for surface wounds. -Jhg sugisalneedieissheniaraved andtha-ents i suture are

tied, typically with at least three overhand throws to form a knot. As is well lEnown, conventional
sutures cai BEOR GRS SBrBSH S FHETEY A7 (P RRACHRUATGrO St RSB~ SR Bt 6B lene, or cotton, or
can be of bigsphserhablzomateiialstiehAashgpeokcacisbpbiymer suarescopolymers or lactic acid
polymers and copolymers. 20Since the time of their conception, bathed sutures, which are generally of
the same materials as conventional sutures, have offered numerous advantages over closing wounds
with conventional sutures. A barbB&si{sufuR{ineEde HTEESIBOMY that has one or more spaced

barbs, which pmi%&mﬁ?gé%ﬂm&&@é}ﬁp%@ﬁ%%ﬁ&% e RAb3 Ate AL RRgRGI0 allow

passage of the barbed suture in one direction’through tissue but resist movement of the barbed suture

in the Bhpokirdiamsetrsher ISR MR RHRI) EBH B AP S SaBE S HESAMR BieWdion of a
non-slip attgluta, Ascerdingly BadedsLiw esslanathave tedig knotiadedikmepoucntianalasutures

Like a conventipnal suture, a barbed suture may be inserted into tissye using, a surgical needle. For
instance, Unge%geai’@ ?\’?oa.ﬂﬁ%ﬁ‘%@?’f%l%8%%%‘%3%1’@%%&3%%I%?{a%?g]dr%%lro 8?15’6(%5\?\%%? uman

flesh, where ﬂnﬁtt{_ﬁildﬂm) achpelypibrtitnmandishaikgyeclgerhossiliGrebal s p{@,:leétmg fh@m%h"e quy at
acute angleq elBte 48l DK LR SAEE QSR B AESSE0 YAl Bosaus g drecton.

but resists movement in the opposite direction. Sutures with barbs dispos i-directional

arrangéme i ssesatens diaiibferaniens sonnds, The syeiral reeslls irthes AeRy e YBitRSEES Buncke
and U.S. Paieft Nanf 24%idd (ically Ruff Mo paeicatuth@swivre faas basbe facing toward one

end of the suture for about half the suture length and bayrbs facing in the opposite, direction toward the
other end of the sttéiFe Y6 O Bth&P RS LHEET S4B AG R ARy MW e barbs to
move in thesHaneioigrlicsias peagpropspactivecsituieend: ibdnseitethintoatie tinstranduwbeand sides of
a 5 wound. Suc .bi-di&ec lonal baar (?od Osjutugresop%tcgnl%(cﬁ{e &s}?%%%aa!%%gitqb%g for closing wounds with
edges pron% ygosiecpaé:rla grzr?)ﬁtc’ AISo BRVALEThE need t6'S&cute Suture ends together with knotted
loops.20f interest iSifwribpdiar: PIbksheuRationt Yopbtid atiomesoviiich 75cau8eriito Siftaseaidze and
Mikhailov, pyblishec,Eelriana20Q.denyedddian 5&%&&%@&%@9&@@%@%&&0 00/51658
on September 8, 2000), priority to RU 99103732 (March 3, 1999), which shows conical barbs
arranged seifeAERIRPEfsAbsHIETendthashe SHEEIARISTBR B IR REhebtibAt SpbERTE Bt of the
thread tensigp.withihe distanssibenesbatss baingdbiaseihaalid tinesibipatbseae diameter.
Also of interest is U.S. Patent No. 5,342,376 to Ruff. This %%ent shows n.ins%gion 15 device that is

useful for pGSHUHIRE L LATREABR e IR BPUeT B5'8f648 S BHRe PrHaT TR SR RiES)

Wit&'Ras a tubular
body fof receiwag:ebat hed stithd estardipliefergbbitaldsochdsa Mansllétofaciitatemranipbiabish of the
device by the surgeon. The insertion device is rec ded for 4 ithia barbed sytise where the
suture portigﬁ Eg%%a?gk?gﬁgh(f %{%}982 ﬁ%/ﬁ@é”%ég’%gg& %}ggbt%n g%%gggg(\j%to the direction of insertion.
Such suturdzavfitle baknoith dsineptvenfionisttionsoflifsctwsn wtionsbsshowva WBPSWIRUff.  The

disclosures &%ﬁlﬁ@%@}gﬁm Raleht applications peationed here are incorporated by reference.

Escarpment of barbs into a monofilament, depending on the barb cut depth, reduces the straight pull

tensile strength sint& %ﬁ%@ﬂ%éﬁ@e%ﬂ?&i@‘fﬂiéﬂ%@éﬂ @e%}%ﬁ%&eﬁgm?%gﬁ%?@ﬁ%ﬁ "pull tensile

strengtfp of akahadsutueshaulddscompaediaihgominimudskaptdgidesngd bidconventional
suture (a non-harhed utureg in accordance with fhe United ggt%tesljﬁhgrrgg glﬁoreei% si%%e failure of
conventional SUREFEE f?ﬁfﬂéh t?g\‘}% %aﬁle"t?(%i%s SR RUSTTRSRTS mirimurn Knot puﬁr}ensile strength)
occurs mostreqddnty git dheknovdudrtotingr basedifocalosteassit 30MTe optimiiedithetiparformance of a
barbed suture, it isﬁ‘ﬁ%%(r%%?%;&ﬂig}?&éwﬂ VARG IG At aeame (bt cHiaRele AR cut

depth, barb cut len cut distance, etc.) and/or the spatial’arrangement of the barbs. This
should not owiipeshunckotie ieHsicPstranljh HPalsrdetisingre Bt aks s LR <httnédtie ability of
a barbed suture in holding and maintaining 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 length,
often evenly along the length. Optimizing the disposition and/or the configuration of the barbs should
therefore further increase the effectiveness of the new barbed suture in maximizing the holding
strength and minimizing the gap formation along the wound edges. 5The latter is particularly beneficial
. . .2 . . .
for promoting wound healing. Also, such new barbed sutures should approximate tissue quickly
with approprigte tersign-levterdistationoblisstacianthell teaininasaaninty dbesto the
self-retaining benefits imparted by the barpbs. The new harbed sutures would be especially useful in
surgeries wiat niRHRE Shsih 31 Eﬂ#ﬁ? ﬁ@ﬁﬁ]‘b%lr%ﬂ%?séﬁ(%%rgcsu%sﬁwwe Ifédots%!'l? ra%rﬁi,eﬁcs%c%vg%gas 10in
surgeries wheresdpate isHimitdtioSihenasrendgtcopitis argegeoemhidiowaige BRAISUNARY OF THE
INVENTION, . .ofecicingly. tiepieseniio vantionriflena: bARO s cRnaacipg:human or

animal tissue. The barbed suture comprises an elongated body having a first end and a 15second end.

The bafbedvseinge fnthei-corminnstbatsilFaREROREPPY BrofseaRigivoTHaRerBHs BEEh barb is
adapted for.gnapling#he:bar bRASHIUER QL8] Humavshaent: Haeikda tisssardRithesdirection that is
opposite from the direction in which that barb faces. The barbed suture further comprises the barbs
being dispolR&F8HF REIBESH B W position selected from a staggered disposition, a twist cut multiple
spiral disposition, an puesappihgepedishasition] Barandapl dispasion, GtScstbidinations thereof. For
the staggered.dispasition,.the. twist cut multi iral disp@siti @Mgr Veriopml isposition,
the barbs m%@lgﬁ'%%a?géﬁ%dg%v%g}? 6 %%ﬁ%%ﬁﬁnﬁ%g?égg%égg%d endsn.Ji t,}g\jtitjgrnativgla 6%1% barbed

suturelfhay trawdisietbasVONYE poriion SepicanbetSn portisintihier& the 883 offsechirst portion are
facing toward,gae fist.easharddhe.parbs abthe.sesond anyHionare fasinodonarthasecond end.

Also, in an alternative embodiment, the present invention provides a barbed sut%re for %o%necting
human or affRaIsE RdiTEREsE SRRPSIR RIS Re e LTBRGR SR O ARRARG EHEFLHE%And a

second endydihg sattiee fkikhes earnfises-aplisatityafl barbs projecting from the body. Each barb is
adapted for enabling the,suture to resist movem t ture is 30 in,fi ' irection
that is opposite fro st?ngf&?rtgc foR ﬁv%ﬁ%ﬁ?@? bd%%@o ugﬁz,lﬁulrsépé?&égﬁ ﬁ#w%rigg%k?ﬁ% barbs
havingi4 configirationi selelticd:frositiaiag butladgleads angity fﬂﬁb@o@wmﬂf@) dégresgtirabout 175
degrees, a %Rﬁc%%ﬁgﬁ%ﬁ%kﬂ%&aﬁﬂ%%é% BiQ syt diameles ranoing am abeu @05 to about

0.6, a barb cut length with a ratio” - 4 - of cutTength to suture diameter ranging from about 0.2 to about
2, a barb cufwiisicawinyiationief dTecit drsthn cke Bistmtive TharRetsi PaAGTIG s PABBYEHY to about 6,

a corrugateqyndersides BHRICHAIRRARS e YR ¥iND:6 i36Si0aneai bisatanmtherediabordhiegwist cut
multiple spiral disposition, the barbed suture preferably has a spirality, a angle ranging from about 5
degrees to 4HBHSB FRGraLL the d‘ﬁ?f%"f\‘/@ﬁ‘? n 68%1{? Ay, lﬁ{{g ar‘%esagr?lj Sél}g‘d%?east two adjacent

barbs are digpesec:wheretoe Dyaldapadiva othgTo BuRing. escarpment of the barbs, the overlapping is

created by a barb (i.e., overlappi arb) bei d. into 1opsi f.anqther adiacent barb

(i.e., the overIappefﬂr%’acgt%ge,{oe‘zﬂr)%r Ss(éeglr?.g 8%%&%5’?#%&%&@%8&1%& ggfgt%lé? T?%%%E%I%%Eed%arb becomes

part of the uhgeesidmaef. the overlapping barb, and so on. Thus, with the overlapping disposition, the

barb cut distance %g&%%em%@yﬁsm%m&mme@@%g hahpayeshaeariian the barb
eds

cut length of overlap econd barb, whereas, in general for barbed sutures, the barb cut distance

between twoaria srtmelispsieninendasinaecie sHetHE? SHBedirmesier dseosreasst iF08RIEh provides a
barbed;suturgder-iiconnesiing Human or Ahitwad issue shotdmeibatipawdtl esuigicalndadie, where

the combination comprises a barbed suture aftached to g surgical needle. The [ prises a
plurality of b& SBP&%EWE& ?P&%?‘é‘h"%%ﬁ‘&&f%é 68y ag\?%é’uett ﬁ’i%ne%‘: %ﬁ 3es‘g§§a&§feé}r%§%ach barb is

adapted for @nablifgathesiie tnce Sishmalementtivhdrsthas (tuhicishavessbe Xirptisd didection that is
opposite from the direction.in whigh Jagesdhsdationtihe20sHgiseRasalagiameter to the
suture diameter %ﬁéér%Wﬁglg%%?@%%%?s. Suﬁ%b?y,cany of the ierélentige barbed sutures described
here may beinttaetrddaeikssefgical needle. BRIEF DESCRIPTION OF THE DRAWINGS FIGURE IA is
a side gw of one embgdimentobtheResentinvaRiN.shewing Avmbiarbas:susigdsith baths
disposed in a 180 degree staggered spacing; FIGURE 1B§E a sec ionalg{ie ablon%lin :tLB - 1B of the
barbed suturéaRYBRIF IR SEPBEIEDSR LA EE R B B%é?aé?r‘fﬂf) ﬂgﬁéﬂ SFHE SHE2A% invention,
showing a bagbgdsubiiadbatia hirdireatianaliwitbharbsThisphseld imachButbgueetstagyédeed spacing;
FIGURE 213 is a sectional view along line 2B - of the barb u inFi ; GURE 3Ais
a side view osrt%aﬁ]gsfﬁgg 3%%6 |rsﬁ%lﬁf 0 Eaésﬁrse%%%%?i%@eaﬁﬁ%r% es?%glvlv?{%frag lt:;aarr%éegélé {gl‘jtgl%g?r\}%it: 3&sgr—irbs
disposed in ai®tdegienstaggdretispagrther. Unlike conventional sutures, which place tensions



FIGURE 313 is a sectional view along line 3B - 3B of the barbed suture in Figure 3A; - S - FIGURE 4A
is a side view of another embodiment of the present invention, showing a barbed suture that is
bi-directional with barbs disposed in a 120 degree staggered spacing; FIGURE 413 is a sectional view
along line 4B - 4B of the barbed suture in Figure 4A; FIGURE 5A is a side view of another embodiment
of the present invention, showing 5a barbed suturewith barbs disposed in a twist cut multiple spiral
dispositionyFlGHRE I3 saparcicnal-devhalnrgding b ehfopbie harbsdgutiretinerigure 5A;
FIGURE 6A is a'side view of another embodiment of the %nesoes%ggv%@}ég%es&%\ﬂ' Abatbed suture
that is bi-dileEBrRITIN BAHCMBOEEFTH & RUFSIZOERG iR apiral disposition: FIGURE 6B is a
sectional vigwakoe gHine 6Rrefif: fither hanbest suteffein Figenmeobiie new PREWYREVEIC § a sectional side
view of a barbed suture, which is bi-directional. witk: ' j ' JAkiples spiral
disposition %W‘B%Fﬁ%ggﬁpﬁ%%n#gﬁémﬁgﬁ Eﬁ}%ﬁﬁ%ﬁg\%ﬁiﬁion; EIEGURE 7B is the
sectiorfal sitlec\isterasitusuatidtemeligatdor ArtuetpgicyrthieaiiBamped to align the barbs for

measurement of the cut disianes BEINEERINE MBS FIGMRE Bl aite view gfaoataer embodiment

of the present invention, showing a barbed suture with barbs in a r.andgrytgiﬁ%oései%%-ain.ris%lGURE Ois
a sectional EREOVIENTAMBIF M SaTHTe ARDP IR BrosBREfRIEHHER, Sf0RING & barbed Suture having
a barb withacorugatedansertaiadundersiden20EGHIREs 1dNidba spctichslyseidiactive view

another embodiment of the present invention, showing a barbed suture ha Mi?& barbwith an arcuate
base; FIGUREETHS YOI SBLIBHAT 8D I%%ar\ﬁg%i%ﬁﬁée%%ﬁ’e%?%uture in Figure 10A; FIGURE 10C is a

crossSectionakidaieakdnglipect 00im O atkiguredtoR P SURE FUDTO#HEIBYs-sectional view along
line IOD - 10D of Figure 10B; 25FIGURE 11 is a sectional side view of another embodiment of the
present invention; showing a barbed suture with barbs of various sizes; FIGURE 12A is a sectional
perspective view of another embodﬁﬁ%@%%ﬁé@m W%owing a barbed suture with barbs

in an overlapping @&Qggj}j%g; 5&;&5@ 2Bris & parsRretivieutelsaha fartiomafithelovertapping barbs
of the suture 30 of Figure 12A; FIGURE 12 C js a Ia? vie\{vcg%gge Qggo%épgggsdg& Figure 12B;
FIGURE 12@1@%%%%@0@%‘?@%@%26@%6éﬁ SRR ARA S FIGURES 13A, 13B, 13C,
and 13D sheuoyariaus Shegicaboeadie Siniberemiassedbutlits ¢ katbrheirtsentRBdR§ical needle. -
6 - DESCRIPTIO As used here, the term - TRERRS: ical dncisionnektnlaceration,
severed tisi:l?éi%r%%%}&é“r?fé? 6\/‘%@%8 |(‘r)1r I&%Eﬁ)éﬁggir\%aaﬁ%r%ggﬁsgkin or%%%grg%@r#%cﬁ)#animal bodily tissue, or
other conditimsuin i khemamctomtiishisloppresite Sernrithg ditepinigroriite Heeterafsierii€sue Sconnecting
device may b AR rumd BHBILSEL BeFe: amicmpoiss uatibeiidan hutjsnobiinledto, lissuies

such as skin, fat, fascia, bone, muscle, organs, nerves, ar blgod vessels, or fibrous tissues such as

tendons or KpanreRs BB Ros AR fMist SEl TR e PEalL A REPE A AP TERIdEs, but is not limited

o, 20 disposition, a random disposition, or combinations thereof.

For the staggered disposition, the twist cot multple spiral disposition, and/or the
overlapping disposition, the barbs may ail be facing toward only one of the first and second
ends. Alternatively, the barbed suture may have at least a first portion and a second portion,
where the barbs of the first portion are facing toward the first end and the barbs of the second

25  portion are facing toward the second end.

Also, in an altemative embodiment, the present invention provides a barbed suture for
connecting human or animal tissue, where the suturé comprises an elongated body having a
first end and 2 second end. The suture further comprises a plurality of barbs projecting from
the body. Fach barb is adapted for enabling the suture to resist movement, when the suture is

30 in tissue, in the direction that is opposite from the direction in which that barb faces. The
suture further comprises the barbs having a configuration selected from a barb cut angle 6
ranging from about 140 degrees to about 175 degrees, a barb cut depth with a ratio of cut
depth to suture diameter ranging from about 0.05 to about 0.6, a barb cut length with a ratio



10homopolyrners, copolymers (such as block, graft, random and alternating copolymers), terpolymers,
et cetera, and blends and modifications thereof. Furthermore, the term "polymer" shall include all
possible structures of the material. These structures include, but are not limited to, isotactic,
syndiotactic, and random symmetries. Although thg sutures are described below in a preferred
embodiment with a circular 15cross section, the sutures could also have a non-circular cross sectional
shape thabéouldeingheaserthe Surfeceraremafiatoriits 3He Ao P HPHE BB AIRER cross

sectional shiapes My (NI it AkRe Bisi-oyaloti20gle, Souats s paralelebiped, trapezoid
rhomboid, pentagon, hexagon, cruciform, and the like, T ,picat&l/?/, barbs are cut into a polymeric
filament therdeasdsesn Wﬁéé’%&é’%%%i%%‘ﬂ@\ﬂ%ﬂ‘ﬁ ﬁ%ﬁ?&r cross 20section, and thus, the
cross section of thg filgmantwillbecifetdaspas taapissibal resUitstddringusy gheésmbisidis However,
extrusion dies can be custom made with agy desiretd cggg§z§e€§:eti é}gl shape. Hence, the term
"diamSter"AE LK A HBRE ERHER FRREPRTE AN RS B ARSUSRSS en&% of the cross section, regardless of
whether the crosgiseationis:irpular dsmeienotheisshape. 28Suititsié tianfeiereo PR idtfentive
sutures described below may range from about.0. e Qf-eaussmethe diameter
may be froRFRESH BT Hiif %%Lﬁggﬁf%. gtghefrh ?%%%%%l%%%@%%%%n? 5f%se;?lbou‘t O.8?ﬁ§n.%he typical
diameter rangesiftom: about0:0 Iimmvislatsos GEMhcTASIEHFE dRihdCURREEaR VA M pending

on several faclors such @%th%éeB%H@BQAOBQSEtQﬁ the ayoumshie, heutlegetietheptyre off thssue to be
joined, the f6eation of the wound, and the like. Typical suture Ieng&?s rangegromﬁlag%. ,Cm to

aboutl80 crveriromeparie breayp o BGhE ST EBbUE Y BrapPn e A ‘Staggered” and
"staggeringy as yised isredAgeiaian ie tberslisposiionef barbsorta surteppiesivehded thenean that
the suture has at least two sets of barbs that are offset. with r &dhe first set is
aligned lonGHTHPRAR LRSS Be Ogﬁ&i%tg?hélrg}e%gr%e gg% ?fgﬁtgna %gg%ﬁgﬁgrl%%ﬁrf the suture, but
a plane perpesdietil#sto-bedsuturesaihd utting mmwmmh%é%&ﬁ%mﬁmﬁbctmg the
base of a barb of{he st e} il gl JIBEREChibe RAs hadiah o heusecobiknat. Soabatbs project,
from the exterior surface of the suture body on which the barbs are 5di%oo ed.é%ep%rﬂglirgg[@n the
intendesd emdusetiitiaranher svmed, tisavpsif eRMNBAL ST, S4hdy BE ?ﬁ[;s)l?ﬁf “In'general, larger

barbs are 8&%%9'@0&5&8@Q%ﬁ%&%ﬁé&t&@%&&hﬂa&ua sughicasdatilissTkeousot ¢BspEse®n the other
hand, smaller barbs are more suitable for joining oth rtxsgeiof,tissaug g u&l&g@&gl@g&md&gse tissue.
As noted alsbislibapbeuEamREHH BT WM thE S Wiaérials tsed for 10making
conventiongdapp.syiyreRpRaY@asticliar teosendatesial fopthedrbbdrsrreidepetsseifthe
strength and flexibility requirements.. . More specifical \y Befamped flem a
bio-absorba‘BI@“?ﬁBf@ﬂb‘fr&%;’ttéﬁS\R}%ﬂfﬁg R A" e%%%%a%%@ﬁ&%?%?%ﬁ%rkﬁ% over time into the
tissue s thewwuanededhisiGeeralelsicabsorvaiste Mritsils B Pb STheriesind YEBEndHG on the
particular 15 nolymer selected, e dearadafion imein e weensd rangesdamaianut 1 month to over

24 months. The use of bio-absorbable materials eliminates the necessity of removing the sutures from
the patient. Various bio-absorbablé polymers include, but are not limited to, polydioxanone,
polylactide, polyglycolide, polygaaigiagioserand coRo)aEEE BERAcCN B¢ mercially 20 available
examples are polydioxanone (sold as PDS H, a trade nham db icon dorn selling,syrgical
sutures), copolym&rSHEBot 6795 R E6HE SRE 4B %%E}E#i%rﬁee r%}/_ég%tlre\i ca{%)onéte (solg as MAXON, a
trademark rggisteragie Amesicandiyanariic fBisirgicabsggered spasi@Bopolymer of about 75%
glycolide and abo 9 rolactone (sold QGRYLER 2 Hademarktegisterpsidorighnson &
Rl g R R T Ry

Johnson for sutur es). Barbed sutures made from such bio-absorbable materials

are useful in a widEIGHBE 6idpplitativies, of anateitiemangiBabRid e AT HYYBE R i Fom a

“Or'absoﬁb%%%@étsedé%e\% qp{ﬂ&ﬂe@f?oﬁa@%{%ﬁ‘@éxb%”ﬁ%@é%&%ﬁ&éﬂdﬁ@@e kt?g@ietmmaﬁmgef to,
polypropylene, polyamide (also known as nylon), polyester (such as polye ne. e,
abbreviated here JSIGVRE TR saiytstiomlsiout B%ﬁ&“@e@@%%%%e&%%ﬁ%%%géﬁ%lene,
abbrevjgted here ageRRIEE And:sold bk GorarmsHG:QREBENB): phijietiveresierdinh hepolybutester,

which Is the condensation polymerization qf. di | terephthlat Cgé/ ramethylene ether glycol,
and 1,4-butariedRse M&W%?Wﬂﬁ@&?&%@\tﬁs& gg%%gf?%?%ggy%ué?é Surgical, companies - 8 -
owned by Tyco, ungeriire taneaN@YAE k@ ywwiiol ina 3 deR afdhe jrbebirioraimERh Ayanamid
for surgical sutures), or polyurethane. Alternatively, the non-absorbable material may be metal (e.g.,

steel), metal alloys, natural fiber (e.g., silk, cotton, et cetera), and the like.



Most of the barbed sutures discussed below are described as having their ends being 5pointed and
formed of a material sufficiently stiff to allow for piercing tissue. It is contemplated that the ends of the
barbed sutures may comprise a surgical needle. In this embodiment, the barbed suture is adapted for
attachment, such as by swaging, channel wrapping, heat shrinking, or eyelet threading to the surgical
needle for insertion into tissue. Attachment by swaging is well described and is typically accomplished
by inserting 10 theFEGURE endsintadheisurgicadtheediebbdimehatishioprgientialy s pdsEdi one end of
the surgical feedle (snally (e el drndern dullscionatudnalydia.Rez e ehithadrgdie)

followed by crimping the resu out the needle hole so that the suture is secured to the surgical

needle for insertioRlAHRTsSRés AtseiiaBhiics rgRalineddesTitt RidHgtAHrniid BiSha‘end are

heat-shrinkable tubgsiiat areheatshrinkraiishinssHion efheo suipeirmidestibi ditadhghe suture
to the surgical needle. Additionally, some surgical needl?gg jtigr,trough at one end, and

i ) have a channe
the sutdre i€ PrPsH REH SUGHOFBIOHREES WAaBpthGHoS B?%%@B%u 10 the surgical needle.
Surgical needles liaRIDERanticaal @yelettydenaflihel S irardy efsehybdibpbsedrinipHeend & the
surgical needle coulelaisg b WSt ULATG RS RIFIRHERERANGE SUlUeSVERR AN REGaRR! invention,

part of the discussion below regar surgical needles swaged with barbed sutures, but it'is
contemplatedbtiiatdamyuosiiest du atsaieshs/ioh heseHiisgosed dastuis: 6 BRI arire! Attachment of
sutures and@?% @ﬂ@eedles Is described in U.S. Patent No. 3,981,307 Borysko, U.S. Patent No.
5,084,063 to Korthoff, U.S. Patent No. 5,102,418 to Granger et al., U.S, Patent No. 5,123,911 to
Grangé? et al., U.SIPAeRORdS s,?ge@?gél‘ft%‘”ﬁ‘é?ﬂaﬂ&%%?a.‘?%@?‘?.%%‘ﬁ%‘%?%} 385011 Colligan,
U.S. Patent No. 6,042 %6 1a EstexamefaldcanehSa Ratedtshinrg 1BB|04dtdiksteved eithl. A method
for the manyfactuye of surgical needles.is described in U.S. Patent , izk et al.
Further, it is% %%él?ﬁg?%g?g%%g%ggg}ggﬁgi/ pe8 Eggrést%égﬁntgge fé‘%t%gﬁ% Ig\%lﬁﬁg%%%%w‘%%%’dle of the
inventive combiiationicslUrgicaintreeetiststinbed suture to be inserted into tissue with less force than if
the surgical 30 neqgie were ot coated, The oA D %ReRNRIHDEk ol iRsiaRsRdassilicone resin

coating. For example, an improved siliconized surgical needle that requires si%nificantly less force to

effect tiSsuechamaidaHanAte Rabaforrer SneEsr el SF Gt REBErEIHEENBEFIY U.S. Patent No.

5,258,013 to Grange;ekal g 1:% siibeibarkmasa disposskhanaiouspassangamenta shdlvenbedy of the
suture. The barbs may be formed _usi%g (% suitable method, including injection molding, stamping,
¢

cutting, laseP35g #HETHE AR TG4 {5 Yeneral, polymeric threads or filaments are

purchased, and thenGhimRBarbsaasettutabsite theditdrment bodybdhaautthierassins mantian.but that is
labor intensive and nat cost effectjve, Vi SUJ ina.achine is.digclosed in U.S. Patent
Application §%Dr‘|héllnl%3.%@%%&‘?%%1}838%%8@?]2{% gggﬁéllé%w%%g %nguill Medical, filed August 31, 2001,
the disélbsure of WHIEREndYrjorarstimpleteanastise Sisehandtieqsghossnimt HA—ePtf ity of blades
for escarpm%ﬁ&%ﬁ%%{g 2espuse filanenis dvaicAl autinareaebase for manufacturing 10barbed

1
sutures utilizes a cutting bed, a vise, one or more blade assemblies, and so etimfg a template or
guide for the bladeg.gcfﬁg%}ﬁﬁésfﬁéﬁ%ﬁ?%tﬁﬁéﬁ@a YiPHha 556 RRRe A SHIE Ther$ie i the transverse
direction of the blagesgrpemilysdispaseddnthe dansieigaidireoton16thEptera Gilament, in order to
cut a plurality of ag%afl%\% &barbs disposed .on the exterior Sypste filament 115With reference
now to the drawings, miﬁ el?eaf(él}%sﬁbsgcﬁiﬁrrﬁle‘r%‘sﬁ é%slf‘ér{g}% %ﬁreggién%fifiﬁgggr silmifar elements
throughisut the sevEFaRRENS, showetimmBigdeeisvisfesidecvienbofianbair bEB S AT HECEAERR to the

present invention and generally designated at|, .. Siyre 1 includes elongated body 2 that is

generally circutar ir7 Cross section and that terminates in end 4. End 4 is illustrated in one embodiment
as being pointed foFisEART ARG LOREIRE RIS E6n rH S RAP L S RPARTLY LSRR surgical
needle (not 55'%3&95}{8%@%%%@&&&&%@%&&%%ﬂdﬂ%ﬂ@ip‘ﬁk@&lﬁpbs@dﬁm suture 1 includes
plurality of closely spaced barbs 7, 9 arranged in a taé%;ered qﬁg i-direc{ionlal %%R;%%Ej%{‘- Sl\élt%gee
specifically, axially SHAPEFBAHE ¢ BSHEHEN S ShiSqH80 Y 1¥0°IEGPBRLH M And staggered with
respecttp axialyospaced;barbs 9, with barbs 7, 9 facing pointed end 4. First 25set of barbs 7 define a
plane that is substan; lanar wjth the plane defined rbs 9, and consequently,
barbs 7, 9 define sﬁ@ﬁ%q}ég irﬁmevtl)an“é)ﬁg]ﬁep %é%o%é%%%%gg %ﬁ&qiﬁ

i 0 degree arrangement.
Figure 1B, which isEIGHRE $tionaldreiswdpugliee 180 18737 stfimre HFighfe 1A, more clearly
illustrates angle X, aamepstheadiaklsidegieeprnpaemeni:akbarhsmtanithiaspasibedarbs 9. As

also can be seen from Figure 1B, the sj[ipPIing illustrates that first
suture is attached to each surgical needle.



barb 7 of barbs 7 is closer to pointed end 4 (not shown in Figure 1B), and thus, seems to be larger
than farther away first barb 9 of barbs 9, due to the staggering. A transverse plane that is
perpendicular to suture body 2 and that intersects the base of one barb 7 of barbs.7 does not intersect
the base of any barb 9 of barbs 9. - tO - Sutured may be made with a cutting machine that
produces two sets of barbs 7, 9, usually one set at a time, in a staggered position along suture 1, such
as the cutting device described in the above-AHEERBEABIGN. 09/943,733 to Genova et al. First set of

barbs 7 is created hy plaging.amghglding Astue dlament ia heivise anddhemdhesetaf blades, with
a predetermined length, splices into the suture filament at an angle selected to create barbs 7 pointing

in one directiSHNAFHGHALY VG B Bues R urst irbere g (e AT Rossy §8%%ing the
blades longitiditely didickante shasiaggesing) approximatedy nalfing tbetengtudnatiistance between
two of bgrbs Z) anrjédmals% g‘gtatin%}ggg suture% filament about 180 degrees on the vise, which is equipped
to accommodate Tirstset of 10barbs # that are already cut. Shown in Figure 2A is suture 10, which is
another embodimesiof thaspddsantthntentiOhssued isdikdesubutes hotkosrdthatissitereutd 48 bi-directional
Suture 10 ingluglagelongated,badysi2, akis genetally GUcHIALMLErass ey langated body 12
terminates in first and second pointed ends 14, 16 for penetrating tissue. Also, it is contemplated that
one 150r botfiEiNas AAEEB#REY comprise a surgical needle (not shown) for insertion into tissue. Also,

suture 10 includes piuradiyofilesely spases batkhedlkrd 8edS 20 A Iangeshinsnstaggesec,

bi-direc{' nalhd‘iFs)Eo ition. ore Sé)(;citécalg, %I(urali of %xiallg SR cedtbarbs 17 are E’adially
arrange about 188 gle%rrs’éé:g&? ARG ﬁ& }% WAth reSpectt 1r1plﬁ 31]"[‘3&, %‘ﬁ&)?l%(f@mslﬁras ed barbs 19,
with barbs 2@&Folyentasisig-gointedddiehdglfal mogditianc(aliber:bb | fiof trenteng the ¢érsuture 10.
Similarly, plusgli axiaky: [ I nd
staggered wit ggg&%%%ﬁ@ﬁ%%%%& ﬁ;%stgg%g%%%}:}glsg %@ﬁ bar % %%%%?%%%%ﬁﬁd end 16
for another pBRisH [EpFdanitREs it svsthepsion et feny B Wialifdre 10. First set of barbs 17, 18
define a plane that jggbstanialiueRpianacibhdba dlenedelined dudh dacand sehefbargs 19, 20.

As a resylt, all of barbs 17, 18, 19,20 define substantially the same one plane due to the radial 180
degree ‘atrang&HEFSF i SuPBEsaE s NS AR PSRRI S Sa ST Cat SPaBe i Sh. Figure
2B is a crossiseetianat viefue! ang ine 28128 of SuituachCoin e guries 28 moreyaleartiprliistrating angle
X, namely the radial 180 degr rrangement. Due to the 30staggering, first barb 17 of barbs 17 is
closer to poiﬁfe“geé‘;r?ﬁfja 17 (r‘fi’)%eé own in gnﬁlr%dz%)?gar?dq;%&&g%ﬁgé%ér@é aréé%?ﬁg)ﬁ%é}-ﬂ%?gé\iay first barb
19 of barbs _1"99al§¢§iilmm@u byragersuppifegniandtisyikse "%ﬁbmi@iﬁtyabfi@bp@rpeﬁtimalar to suture body
12 and that intarsects fehaseafpRehai Meebbarbdddaesntingrec thgpaseof any barb 19

of barbs 19. - 11 - Likewise, a transverse plane t#at is perpendicular to suture body 12 and that

intersect® thé%4ER: 3P HEHARS T8 PRI $ha5basat Wil ieertheh asH¥ia YRS of barbs 20.
Suture 10 maype: MR R Hhe FRME 6L EigMaAchIe asRUtle h suevas the, adtieg device
described in the abqve-noted Serial No. 09/943,733 to Genova et al., except with the 5following
change in b|§8%“8l'i»§ i8R For first set of bi-directional barbs 17, 18, after the suture filament is
placed and held in Henvisehdherblddiemaplice with befiest outtinigdctimpzmtbeapsoxmedtalgtthaff of the
length of the syt i t cing. i irect i 14. Next, the
blades are ro%%e%%%%%egg Fétg%%%gtﬁgatt E%?e&%oé\?v&d%gg@i@ifn%%%%%%%%%ﬁﬁ%%ﬁ%d 10 over
the uncé# half of theSlEFin damctsrsdestin ésahvalivives deapid prlptheethargsdiost #ietength of the

suture filameppyitha seaond CHINGACHPNISEI RIS RAFRS %@aﬁfé RebiR 1BSuPORASHE dirgsdian toward
pointed end 16. Next, the blades are offset lon itudina%yl}(to create the staggering) about half of

the longitudirfsf FaACEBRAVEE 0 BFBABECY U 3RImis th&/BIFRlHamafert Rt StBR A°%8but 15180
degrees on tio@ Vieen whibbusOesipp ethédeagtosmme skadadicah serplifiiedirglianaheatiraciois 18 that are
already cut. Then, for secopd set of hi-directional barbs 19, 20, the blades splice with a first cutting
action into apsﬁ%xﬁi?r(lgé?e y](1 alf ﬂ%)fe%e@%ﬁ %fﬁﬁewgﬁl%luc%’fl Sr%é’%ﬁét%rt e f}r g%%%dl%ugmitr{f lI(%rlr?e
directiodGowrchpointé the nd s, Thethedtkeuting @t tomis follosedryy fotatirigpthé dlatesbtangitudinally

180 degrees &ga%%mﬁwmig 20 theppasite direction and over the uncut half of the
are

length. The blades en allowed to splice into the other half of the length of the suture filament with

a second cutting actibh R EPeAIRZEEBS 1 FIEEHI R 2 pprsshereirdstiivicn dieidiartient 14.

In an alternatiene b difeniatsiiewn) feabidirestional-suvie1df: the pastimabsdurerd 0 with
barbs 17, 19 may have them facin%gg ard pointed end 16 and the portiogigf S5suture 10 with_barbs

18, 20 may hS e TEERY 1B~ hoa e e Arshgah i Frpkened longitudinally on the suture and



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. Additionally, it is noted that, if desired, barbs
may be escarped so that there may be two portions with barbs facing one end and one portion with
barbs facing the other end, or two portions with barps facing 30one end and two portions with barbs
facing the other end, and so on (not shown), and thus, if a portion of barbs is not facing the suture end
to which thosedatisears aiaceningiedirtily batbesusumreunonlenbedmsadictinte HSsUEith an
insertion device., .. .An advant ] | il 480 degremarrangement with
staggering ?Isl‘%ﬁg?}t%tIfgavggagr}é%%%%%rg?ﬁ%%%l#g%%?gtkg% ?F}E?g‘iliively small diameter - 17 -
filaments andiithes srgpstithg rmsrolebahehBrsgpafStance. Thus, in thin and delicate tissue, where

a smaller suture igglosirable /e SagaesediRe seamaspacing ganaptaselttctiveancharing
performance. Turning now to Figure 3A, depicted is a side view, of,angther e iment of a
suture Bacbrenssito PR HHEEAR ﬁm&%%ﬁdﬁﬁﬁ lﬁgﬁéﬁgﬁ 8%&‘8%%%/5% 2%’?&?3@ %r%m @L%t%%gn 30 is like
suture 1 shewntndnigitre:dA I8 xeephihatgheasiatcpacingfobbubnpiddisce2gdegress instead of 180
degrees asis shown for syiure 1, ... Mere Rartieyla: suilreSfiagues-elongalatihedy:32 that s
generally CITGUIAF 1R CroSs Section and that terminates in pointed end 34 for penetrating tissue. It is
contemplatgdnifitlotites fpSdofiizssuso muchi se @liasd canaeBEEnot shown) so that the suture can be
inserted into tissug; (The: ok enddsnakstown, e ddiionally ttuie 3insaudasdfarality of closely
spaced barbs 35, 37, 39 arranged so that all face in the same direg%ilggﬁtow%rd gig&teu(geend 34. Hence,
the didBositBrkiBRISARYEmIoNSY7108D FutHE dRBYRIHAT RIS BT GFARR S hAH S 4Pe Tadially arranged
about 120 drgeaesdiane anehibsiaggerediniteqaspaetto axially spaced barbs 37, which are radially
arranged about 120 degrees fram and staggered with respect to axially spaced harbs: 39, Hence,
axially spaced ba rggpaelpé%%%yaﬁ%%%ﬁe%gggos&?Z%Gégla%(ﬁrﬁgﬁ% l@r%da 1?'stgelggereed with respect to
axially spacdibiarbs SSrAmalcesdt oiditesad iz dRomted e Himnn jeebatisiers SioraERs 35 define
substantiall die 28064 > Rlang: seaapthaeliok harhs 34.8efing subsiantial anoshecsame 200ne

plane; and third set of bafbs 39 define substantially still another same one plane. Thus, %ture 30 has
barbs 85, 3PoBuersaltgisd.ifha dagdaien LR B BERTRIC o Hadrem arEbsiTsA™ © O¥htite 3B is a
cross sectiopahyewralong ne;3Bis3Bafsubliug.8infigure BAmbestovisewithingahe panticularity
angle Y, namely the radial 120 degree arrangement of barbs 35 with respect to barbs 37, barbs 37
with respectfm%%é?‘and barbs 39 with respect to barbs 2535. As illustrated by the stippling,
first barb 35 of barbsr3mshesabsstebibediaggetingids, blosar twpbinted enppB4igienstbwn in Figure
3B), and thug, [eREhan [P R IRl SR AL OlRRIRS Bdmblseiiist barb 37 of

ems to be
barbs 37, d&glﬁ’oaﬁ%qe&%tg%%% ng, IS r'to pointed end not shown in Figure 3B), and thus, seems

to be lafyer thaitneiver famive nBopwrdidhatdnabobbas BT IS 3grasarans /erkiy e

perpendicu'@ar&gyavg&mqmgw%ypﬁmwwm bazepionm hesk: 35%thashsRhdoes not
intersect the base of any barb 37 of barbs 37. Likewise, a transverse plane thaé}s per _enldicular to

suture body @ariakidieMAKONE ISPy aBiHSE B DRV I JELUHEL MEPEH the base of

any barb 39 of harps 30 U P bANS¥er SeyBlae thatisopersendiptiaitonsuttie Body 32 and that
- 13 - intersects the base of one barb 39 of barbs 39 does r;got intersect the base of any barb 35 of

barbs 35. SUARNEEMdyBe dtalresEEahie 1R Haohme LTS P S As the cutting
device glescribeghin thaabovennetat.SerialNeci0S#948:33% b Grnois etabsd@hkicattidy rmaghine is
now used to produce three sets of barbs 35, 37, 39, usually one set at a time, in a staggered position
along suture®38PRIFEIEBY of barbs 35 is created by placing and holding a suture filament in the vise,
followed by the bladesitafietihavitgdaenadivsted fomeor édeer minebsehgble, wpiting Wishhe

suture filament 3t an angle. in %@%&?ﬁ%&é%ﬁ?&%m& SBatAbapiasnadntg.aame
10direction toward pgln ed end 34. ]
(also known as nylon), polyester {such as polyethylene terephthiate, abbreviaied here as
30  PET), polytetrafluoroethylene (such as expanded polytetrafluoroethylene, abbreviated here as
ePTPFE and sold by Gore as GOR-TEX®), polyether-ester (such as polybutester, which is the
condensation polymerization of dimethyl terephthlate, polyteiramethylene ether glycol, and

1,4-butanediol, and which is marketed by Davis & Geck and by U.S. Surgical, companies



Next, the blades are offset longitudinally (to create the staggering) approximately half of the
longitudinal distance between two of barbs 35. Also, the filament is rotated about 120 degrees on the
vise, which is equipped to accommodate first set of barbs 35 that have already been cut, and then
second set of barbs 37 is created in a similar manney, 15Likewise, the blades are again offset
longitudinally (to create the staggering) approximately half the longitudinal distance between two of
barbs 35, antaddd1ieysuturddfildmmennistiotatdd Bowh TR0 vegrdemui thisi sl WwhiEstisaquipped to
accommod%?angm@ég?%%&g firshest of Rarhada-Rnch alaadyay! secrndaeholRarbs-a4: Following

the longitudinal movement and rotation, third set of barbs 39 is created in a similar manner.

20PreferabljPas&ernsiRt essivieBats e bdianh aaturh Fusitfos bt A L GRS A8 Wture body
32 from the preceding: bark-ang d@esnet anerapivitivantotaeshabas havidgithetefatenemgpow to
Figure 4A, illustrated js suture 40, another embodiment of the present invention Suture 40 is similar to
suture 30, e&?fé‘beiétﬁ%cﬁ%‘?é ‘ﬁ%ﬁiﬁibﬁ%’a#@éﬁﬁﬁﬂ%&ﬁﬁ 04%{-!:?1\& a8 et %stseﬂg ‘body 42 that is
generally ci@ﬂﬁﬁﬂaﬁﬂdshgasfﬁmiﬁrdanﬂtﬂaétaﬁﬁt@mw@wmddmp&iﬂ@lmx:gim@ﬂ pgtﬁtedi'eﬁds 44, 46 for
P e Lpagdaioul BN SBAeQ R00P. A0 R A, 80 e comitine 8 S 1o e

needle (not shown) in order to be inserted into tissue. Suture 40 further includes plurality of closely
spaced barb¥#miag hag, shonkingsor gelpgatiinsadysisdiprdirseifoiRalpes titn iEYf-about half of

the length of suture. dQnadadly;SRacsrnarhs It cirguimicrentally 20amanaedmbawdnP degrees
from and st?‘ggered with respect to axjally spaced barbs 49, W?%;Eca%are radlgl(%éI arrang%}j %gout 120
axia

degreed from LA By I TSP LRI U0A (EEBRIEL BY TERWER LSRN AN spaced
barbs 51 arealseebricaigadsabloyttibddegraesfillaildsiagdents initharesprciithentatlie spaced
barbs 47. Thus, a portion of.suture 40 .has all of barbs 47, 49, 51 .facing.i iregtion toward
pointed end}}flfJ ?m-’ ?P ! Cnmﬁj&gt%g g}t?%? a%% tthgég lé%r?gi[%ho éﬁ%ﬁﬁ‘e%}g‘géﬁg%i S:Sgg%:?ecg I?a%s 48 are
radially arranget:ziveed!s 20 degroes fionisshe skdiygeray vuthirabprasies wikalljoaptedarbhpls 50,
which are ragliglly arsanorceleiideR dediees fremmand slagastedwithdespeetinurialiiapaced

barbs 52. Consequently, axially spaced barbs 52 are also arranged about 120 degrees 5from and
staggeted witrieshdis Yo uigIhe predchbaitsiea s st alRo s ptisdt IesalkR BB has all of barbs
48, 50, 52 faginghin shesama difestioniawardupeiierhiand 46.14s g eslidketithewagishi20 degree
arrangement, first ?ft of ‘barbsp47, 48 | efin%supstaqtiﬁugt e s‘qrﬁ\enqne‘plnagng}; second set of barbs 49,
50 define subStaff i Liother s aiHES B Biafie dAG thitd et of batts 51 52 detine "sﬁ/Bstantially still
another samsknepiae:it diFiguré iMBpodnidvisha orogsasectidivalonsinistdrglitie BB ard B bf suture 40
in Figure 4A, shows mprs.slealy, anale.r iamele e tadial 120 arapaRmIRtLEN e alsrapecificlty.
y the stippling,

As illustrate irst barb 47 of'barbs 47, on account of the staggering, is closer to

pointed@nd Bugadtmshd\wsaBrgurEL BAtbaA GUiNERS, BpGbr sTaKgar Rt thattar Aisayuidtibarb 49 of
barbs 49. Alsghecauseafibesi@eosring figiibak 49 of barbs 49 is closer to 15pointed end 44 (not
shown in Figure 4B), and thus, appears larger than eyen farther awt?é{ﬁrit arb [E géﬁr’@ 1. A
transverse plane tHat A& FERISH AP tBETHIFED e SHFIRARIA St HR D Ee barb 47 of
barbs 47 dogmneki)@iSaeithemIcost @6y hoklo @D U8 bBadéht DikeliEE, 4l  anSvenge plahe that is
perpendicul uture po that intersect seQfo 9 does not
intersect thea(g‘gég%?“é%ﬂ)?)b%ﬁb%ﬁgg Barf)asn%ef%#rilsg}r}?sp a r%r?i?fe%?ﬁ% a§h£§ ?%%E}l{s?)?&r;eg%ggﬂicular to
suture Bddy HBaRgatidiinfeTeads e Gebesnf brie Paieh: icof Wamksl§ 1aideevadtintemsddd the base of

any barb 47 pf barks 47; ¢)1595 3 FAASKE SGPIane alin ParpSdicHako AUl AMKAR and that

intersects the base of one barb 48 of barbs 48 does not intersect the base of any barb 50 of barbs 50.

Likewise, a tAgFREREGE piah&'2tomhAlasTpeib ebeiiediirist shidierhsn 4o nerihat irrSPEIEA the base of

one barb 50 gfbrhs pO-deasnatiisisastinsbaseohanydachbRofharbasddnbimilandy, a transverse
plane that is perpendicular to syture body 42 and that intersec,t% Ehe ase %fa o%et barb 52 of barbs 52

does not intet SRR BRFACAY SISHFAIAR Ussue Wil E&th the same
cutting Beachiredhsvatiturer 2osach Hsctheatugtngy3edemterdesiribeddncthe sbowve-rotedBeanal No.
09/943,733 ta Genova et al., except with the followi inblade direction,, I first set of
bi-directional Barbs § fe’48§l, 15?%?%% %{Yﬁfgflem ifame %glisql r%g%%?g{r%%e%}in %ﬁe %%se?tesésiifacdes splice

with a first cuatffee Betiorpénetratyr Samastdydasdistioprd seheireifalealiairdaarhenind creBtiéEMarbs 47
facing in one@&rgﬁ%@qg@r%g}%gﬁnd 44. Then,




- the blades are rotated 180 degrees so that they are now disposed in the opposite direction and over
the uncut half of the length. The blades then are allowed to splice into the other half of the length of the
suture filament with a second cutting action to create barbs 48 facing in the opposite direction toward
pointed end 46. Next, the blades are offset longifudinally (to create the staggering) for about half
the longitudinal distance between two of barbs 47, and also the suture filament is rotated about 120
degrees on the viséewtrietpis eiGoispe dntoraeEs AT T SPSBE SeAL A P AMFPAPS 48 that are

already cut.,Tham ﬁ&ﬁé%@ﬁ% 5 of:bintirectionalaihis 498 dheblagigsssptisegvitrafirst cutting
action into approximatel%r':a of the Ien%[h of the suture%ilarﬁlent to 1 Ocrgat?_ ) rbes 530 fcacing in one
direction toWSre PRriEd EndE! st Y% RERBHIS RYSIEUE Fotathg the brades 180 degrees
so that theyparenaes, disnsethirbiliesappositntingetivmand et the uncut half of the suture filament.
They then splice i s iher VRl elihe noinel.Nissuedlament wilhearegnd outting acton fo

create Barbs 49 facing in "8 postljrfleam diréction toward pointed end 44. 15Then, the blades are again

offset longitudinall: (tercseitablerrartstag gerdhigy fe dispisutdiafiie Reirituunbsdisttc@bdtveen two of

barbs 47. Aggjipnatly ihe Suuice 51!?%9%&@19@31%&@@@%&@%&%@@@@%@0 ithaisgeswdich is
equipped to accommodate already cut first set of bi-directional barbs 47, 48 %dogi)r%agé%cut second
tion, thé

set of bi-diréEtHHER BRSBTS, BOIRHINGthS YoR Gt tHAZITARGHRM A% AR Rird set of
hi-directionalsbaths-208baa3 areomadedyinaving thebladessplicawithaffirshouttingmetion into
approximatel f of the length of the suture filament to create barhs ing. lregtion toward
pointe(’ﬂoend%gfg%giﬁ?esst“%‘tf%?’gaézgf%l}”gigﬁé)’l fowed CE%? ngla]ﬁﬁ%f)t%geb?g%gib 1}%8%ra gg@roég&é;s%g)gﬁ%at they are
now disposeehipitirooppdsifer tircetidnsaithovenihElamcuitnalkotdia Satbed MdRfdhPYTHRY next splice
into the otheg il of tedsgthoidhe: su e flamean! wib-AsRaclculiing.aclon Aslctagie barbs 52

facing in the opposite direction toward pointed end 4 Preferably, each successive barb is

escarped at® Fosr Slsan o geisrdasubulerltifersly SR rdmame HrRaEging Barb and does
not overlap witB-Rpvothanhathaieman alternative embodiment (not shown) for bi-directional suture 40,
the portion of suture 40 having barbs 4}71, 49,51 m%ha‘\ﬁﬁh%p L%%L”&Q%fddgs?i% 9 end 46 and the
30portioh of suture M HETHEBABDE BEBETES My REle ifeh Facing toward pointed end 44. With this
variation, thedasyeddsutureiwmtiuic heinserted:gitautissuewitl eievinsertivn teligee ddels asitat shown
in the above.oled U42, Patent No. 5,242 37840, Rull Addionall. Jbisantest ibalidesired, barbs

may be esca\”rﬁ%‘edO 56 that there may be two portions with barbs facing one end and one 11(:ortion with
barbs facing the otBetentinoluties Pongaies ity Bakpbis-geBerFHKiFigEBHE BrIcShiFHIRY BBRIBHS with

barbs facingfhe.gther. end; ang, 30,00 fnakhovwn bnad:tBuamina Radiar plikrbeisaetiarigg the

suture end that those barbs are adjacent, then, the barbed suture would ge inse?zted igto tissue with an
insertich devicd e APFRAVHIHAGE UFE DAHSI ST GAtRPE AR 850 Je5ria 0 ARYEM it is that the
Sbarbs exertfgsae it assalistimetplanes:iba complimenséachothet, resultinglimiivaxinization of the
retention force of the sutyre overall. As nqted above, the st ring, enh ring performance.
Turning now¥8EYPe° %agh%\"’%r? i%r%\aﬁlgﬁ%éP gr%% w%tglﬁ 16‘?‘31%%89%2}%9%%%%%?2? \%?ﬂch is generally
designated afpscitiirel0xuith spalied Spasigithatdaily artwis@(tabwtjﬁtﬁﬂémb_fmﬁlgﬁure 60 includes
elongated body. 37.of aNEIA s yiancIscacian Slangaled paryGrdpimiaaiaa in paigied end 64

for penetrating tiSsue. Also, 1t Is contemplated that end 64 may comprise a surglcal needle (not shown)

for insettion Retofibethe 7Rafmretplons Hakiy WO MERBCODRmTN B BoRERF SSHREYWAHEEY arranged
in a twist cutypuiipleysRiralPaliRER RN Ghedy, 62iame aeinaniiiesamadirchiontawardipointed
end 64. 15Figure 5B is a cross sectional view along line 5B - 5B of suture 60 in Figure 5A. Due to the
twist cut muIﬁﬁ@%b@%@%ﬁ&gﬁ%&ﬁ%ﬁh respective barb 67 seems to be smaller and smaller as each
is farther and fartherigwaysTtarmigioistedrend@b¢natsthonlnng Eigure 5B theulitosion &fire difference
being illustrated by the, stippling. Suture n t ' imi ' ine as that
used for maléﬁxg !éeu%tf% yl%suljg{t: 5% %ﬁ%]%cu tf%ﬂ v%g%%%%%ﬁg%\g% %2%%&%%&%%%2[ No.
09/943 X33 to/Berevatat AhrtWih Atwise cattimoserrtion Hisetss 87 hrstipelipnducedshihitfifste spirals

that preferabl, 31q GEeaiadal 1 SADGIMRIA8Ie S Hamehis be siaiinaauinsioad of being

rotated, when the cutting takes place. More particularly, a suture filament that is about 7 ing}?hes (about

178 mm) in |4#7geR SeDBIBIE AN B RIS S PESRR OIS O iR S e BHTE fe g TSV 26 Yitles for a

portion that iqs%gﬁiali@p@e&%ﬁg@%@%ﬂmﬁaoﬁﬁmmum tepg . ohbsrian Eitdriss Setwrethtand the

other ‘
intersect the base of any barb 9 of barbs 9.



end is grasped and rotated 360 degrees, 39 times, so the portion of the suture filament is twisted when
the suture is then placed and held in the vise. Twisting preferably is performed 28 to 50 times, and
may be performed more or less, 30 such as 19 to 70 times. Suitably, twisting may be from about 2 to
about 17 twists per inch, or about 3 to about 15 twi%s per inch, or about 5 to about 13 twists per inch
(per inch being per 25.4 mm). Next, the blades, after having been adjusted to a predetermined
length, simultaneoyslyesplics tenthe suture-filanenicline uttinglactionmakesftutb40.¢reate barbs 67

so that all are - 17 - facing in the_ same direction toward pointed end 64, ter s} gut multiple spiral
barbed sutu"f‘%u%lé'igﬁﬁe?g%%?g&IWS’rﬁntﬁgt%grgnaoﬁr%%%satlg ,gt%r S g’flécrea %%os%}?% mljltiple spirals on

suture 60. desTriiraing thewbtodigtae BArENowWiP/84drntither @mbudingnt of the present invention, which
s generally designgied gt syle 7 SuViS 7 Bisaba iRl Rulile sliakisnasiion aud thus i

similar to suture 60, except that suture 70 is bi-directional. Suture 70 includes elon%ated body 72 that

is genefally ik 57 efSlsigestinanelaienmiikasit srlirse 10 becoMIddRmes 8htR 74, 76 for
penetrating fisseeeilicis codempiated thatane of beihiedantscihrd onayienmprisecarsingicil needle
(not shown) for insertion into tissue. OSuFture_ 70‘furt2(§r i CIUde%iﬁLEf{aEtté{ &1; ggg%el shace barbs 77,
78 arranged bt SRR RIEPLE AT S AR UBR A BATRY ARSI EpINE Around body' 72, Barbs 77,
78 are dispeseshoinmitidiatpaltien MBthiatdsdpproxipaetety Binch bertapprokrsateiiatie tim) of suture
70, with each end.portion EP of suture 70 bei rp-free; I ity Qf. S 77 are
arranged in %ltr%rﬁl ip g%né}?g?%gt@r%g%ﬁ Saﬁ?%%é%g %%ggg%g tg\{/’%ﬁ% ﬁgﬁﬁ%}ffgggr% %%Sggggart (about
half) of niddtesporiibai MPekiteAy e length of suture 70. Similarly, plurality of barbs 78 are arranged in

a multiple spiral pajjeRp.with;alkbarbs 78 dacing Jaward printeckanddsdor ampieespart (the other
approximate half) of middle potion MP along the length Qf;}lilt Ire 70. Figyre 6B 65. a Lross sectional

view along IA¥eBEOR 6RE SN E0 P ISR BA BT 198t e FRlMSle 2PIFET (EatgtiTation, each
respective badagaf-seems! oibe ismaltesianeismallerasse aotiiis: fafthey aebbiaihi wayadeonm pointed
end 74 (not shown.in Figure.6B), as illus d by the, stippling. Suture ith the same
cutting macr%:ilrrlséagléi §%ﬁ%’?§p§ ,tg%g ags!‘%hggct@ﬁi g ed%%/tfg essucfibjé:'H |hq%%§%%n§?ﬁg§gﬁggﬁgl No.
09/9431%33 to Benevds &t a6 bey withpPSerestotivwingedininge shopabe R ion LUSikg e twist cutting
method, barhs.Z7.may be:praduced.iniWipie.spital: thakpseterahinisrecisaindahthe same time,

and then after the direction change for the blades, barbs 78 may be produced in multiple spirals that
preferably afésEaE@ bl 458 YahtBsARTEICThus during the cutting, the suture filament is held stationary
instead of being rotated spRlYlere spreifinaly aisagtipaced sagyti4. brinalied (abentdd dowmsin length of
a suture filament is twisted, such as 39 times for a Utl,f]’te apout K inche% g%lbn% t917§ﬂ%r£})0£n length.
Thus, an end98 SRR YR BE thE I AR G IR 8588 h Atk 380 aegrees, 39 times. so the

twisteczgection of thensypoiadilament fas: abaidn8 @@ tiistsop Ereitrtytpert 28urerith) wikitthye suture

flament s (g o laced and IO 0 656 i, TSN BEGIETb KIS 0 A28 (0 50 tmes,

and may be %er ed mor ess, such as 19 to /0 times. Suitably, twstiﬁr)llg may be from about 2 to
about 17 twistsggeneinekth orsabste Bhaoakiboot 2Saivispaesertintss 26 B8RS o' bt e awists per inch

(per inch beipg pex 254 MmN iR hlages.aliardarpshernadiisied on prsRMIned length,
splice into approximately half of the approximately 3 inch (quroxirR%a}t}telk/&lYg tmm Ienﬁ;[g of rQiddIe
portion MP dﬁfﬁ%sﬁfﬁﬁr?ﬁ(ﬁﬁé?eﬂﬁﬁl@mf{}éﬁﬁ%%Fﬁé’[’éﬁaﬁ%HU af S LR SIRE 158

&'Gtdfe filament
in a firgtsuttingaction withthedh lares ynaking, cltstocted®, barbs, 20 dofithatublitawdatiicthg in one
direction toward pointed end 74. Depend, n how many blades.ther th ing machine
and how maﬁ%eg%%g%ng%l %té)s?’lk}% ,%ﬁgr%% mgae)grl%g Bhe: %Bier% {}?ﬁ%&%sfﬁ%o%gg%ggﬁogrg ‘%}7{“
simultaneoustgperithereemdsebef tepeat@d20utting motions until the desired number of barbs 77 are
escarped ino a porgign,0bie suce HAMENt iew AbARiHheblader @ sialed B dearees so tha

they are now disposed in the opposite direction and over the other half of the approximately 3 inch
(approximatehpTeriparly IBHERIDS aisiddleapiichovmcial 180 SepremRearas RER BHBroximately

114 mmytwisted-seeionebihe srtvinfilamentiths bladpsaaenthenalowed icspligednm) thaiother

half in a second cutting action with the blades making cuts to create barbg 78 so that all are facing in
the opposite URECHBSFSRHE P lHSh Y @éb%%%iigogrﬁg ﬁ%\?\/ﬁ%ﬁ)}sﬁﬁu ERLORNE

Ade< fiierd Are on the cutting
machine andshpwimpany thasversSpare: desiie getherdiauay tbedne butin muotitnttorcaeg@aticbarbs 78

simultaneously, oL A0Srs MY B SRS PACY HAT-MANENS L BLIRE HF5RE 19 of barbs 19.



number of barbs 78 are escarped into a portion of the suture filament. When twist cut multiple spiral
barbed suture 70 is released from the vise and untwisted, the first cuts and the second cuts result in
barbs 77, 78 being in two respective multiple spiral patterns on two respective portions of suture 70,
the two respective portions 25 defining middle port‘i“ol MY of about 3 inches (about 76 mm) in length.
More particularly, several twist cut multiple spiral, barbed sutures were manufactured from a
monofilamenitikavisg atdieavete pohaiout OpedR idch @b st @4 $ddn i) anddspimedrsmisgblydioxanone
(which is a synihetig ghsarhale,siiuie material.A-diametsr'AReYHE-H38 feh-(Rbaut 0.457 mm) is

slightly larger than the size 0 synthetic absorbable suture, which has 30 a diameter range from about

0.35 mm to about GHURHRRY Secerdanis (rraRe SyteEisasbing 8t TR AitstFstaths BiidRfacopoeia
(USP).  Eash-sulsresetaineshafotakal 8harhs edurediawevespactivespultiplenspiral
patterns_aro the circumference of the suture. Since the barbed suture was bi-directional, the barbs
were div?dedl%? Wé%?@?@ﬁ@@?ﬁ%rﬁﬁfﬁ% disposed on a first portion of the suture - 19 - and a right
group with 39 barb&arfisisecohdipatitnmef thebsullres,efeh groumopiiesiag theldirdctivrhaidthe other

group from tﬂleftﬁ@9{@%@&%&9&%@%%@%;@@&r&u;gg%%es&!Ih%acy%gmim hingiemplaved.nag13

blades. Thus, for each group of 39 barbs, there were 3 cutting motions (3 X' 13 = 39), with' the blades
being offset WityHgt ftenonicacrest trrshs EufingSmcnesirectiontakrd priredarddiouteinches

(about 178 mya)laRg: 210 %@EM@GQ%@@E‘S Mﬂﬂﬂ%&b%&%w @Eﬁ&s&@l}ﬁ) %37%{3&'3!96' ae:-aps £entained
the 78 barbs that were escarped into the suture filament. Extending beyond the 3 inch gfﬁ r?m) barbed

middle Borti TP WER o  HBSIAE End obirsies ERBIRYQTe iRHFwWarR 8RSt Finches
(about 51 mmak:lenghld Depeandifigzopihe: suiudoshteohtiqueonecarbot bendd Hidtiedarthed suture
may be sufficien()t%éogint%d a&%ri id for insertit@ into tissue, or may comprise a straight or curved

surgical needie, lrIeﬁelms}trengt ng‘}f#?g ?VI\I/?S cut, 7 inch (178 mm) barbed sutures was tested by two

methods. One methba inids Hskarghofied iengiteditrdiydth ceentodtl sagpivesabvesiel afdhthe 150ther
method was R W2 REHAID ARGR S WP EIPES1 7, and QENESHAII RUILIeRSHRleneh

measurement, testing was performed using a Test Resources Universal Tester, Model 200Q. The
averagéYeadifyBEISTEp St muhishrs FRHRS A A &ROruRe G TP LIPS WASHRRA RS for the
barbed sutures, apenhiertheleampaiSTRHMRRRe S eSH2Ec-empal iseBsUthat) et siites were
polydioxanone, monofilaments (a synthetic absorbable suture material) of various syture diameters of
Bout 0,015 TR BAS T S ABo N BV TR ELbOER CSa ARG A Chos Bineh (about
0.292 mm), wiigh ’gméas@ﬁﬁemﬁgeiywﬁgiﬁtbpﬁargmmﬁmmedgmmdd_Stmammmgiaisjzes 0, 2-0,
and 3-0 for S%@Bﬁ@& gggoqgeg @é&i&%‘ﬁoé’%ﬁﬁ%%ﬂ %8 éélﬂa NI PIRIGSE IRIAGORASA

specifications 25for synthetic absorbable sttures, size 0 a diameter range of about 0.35 mm to

about (2899 iherprsioat drppiomabhavetdhe anged brlapbiedSEihnT ke bisdeh TBBIMHPEIdSize 3-0
has a diametgyikange afahostRi20rmenia AR eriH 2438 MamentEAENNRERRE Qltine MR gsipped at

each end by being_held with cork gasket padding in two respective serrated jaws, whereas each
unbarbed sufifas RS H5TatE BARh BRAHY BIERIE B0V BINFGHE fto respective capstan roller
grips. Capstan rollers ayefemsa tefonbaldingtietitdaiedstitdies iomy eithsiredsianshdistession.

The portion of each su speci between the two gripped,places, wa out 5 inches (about 126
i TenothHodh D DAL 0 b BB b e B L SR B
barbed 2fiiddeostiGrwiti2Barbs 1B Atthrsmichivehwapolddvionditodindbpdih ratdtobibout 10 inches

(about 254 mmy. per minutewntil AeAlBYA ResHIRG: TheRsak inaduassecardgs.asha atraight pull

tensile strength.  The results are summarized in Table 6A below, and the far right column denotes

the USP knotiptrhespimMamithovfetinthentami ShhveitfoR &P toMstio SdLintslY M ERPH8m a
synthetic absgepableMslerabstaRledadignsis SHeRadInty bR\ WREGHirRMents

one end and one portion with barbs facing the other end, or two portions with barbs facing
30 oneend and two portions with barbs facing the other end, and so on (not shown), and thus, if
a portion of barbs is not facing the suture end io which those barbs are adjacent, then, the
barbed suture would be inserted into tissue with an insertion device.
An advantapge 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



Barbed or Unbarbed Suture Size Straight Pull (pounds)for Knot Pull (pounds) Unbarbed017328.60
Unbarbed2-011.865.91 15Unbarbed3-08.823.90 Barbed07.03not applicable  As can be seen,
escarpment of barbs into the size 0 polydioxanone monofilament reduced the straight pull tensile
strength by approximately 60% as compared to the12)0 conventional unbarbed size 0 polydioxanone
monofilarnent (7.03 pounds = 40% of 17.72 pounds). = However, the straight pull tensile strength of
7.03 poundsiririeakagenéatihe s Gvolyedioxanang afbadaauturEh{whickhidasdtdethatescarpment of
the barbs, has an effective diameter that is smaller than the.di ter of the co ional unbarbed
size 0 poIyd’ilosi‘?%leric‘);‘ﬁee iy %’lﬁ’ta(!%er)s‘é%urrﬁeﬁséégg ellg\}%’rta eI)S/ \?\ﬁ%ﬁr&d& r%?%?e ue%gé%g%(%%%ﬂﬁequirement of
8.60 poundsfizrtive sizbodugnppdioxsamone conventional unbarbed suture. Additional straight pull
tensile strength tests were performed an agldiignal size0 el dioxanone hesbad sultremas discussed

below in Tables 7K-7Z, in connection with Figures 7A and 7B. 30For the in vivo performance, 3

mongref dogSCREEE AP BIRPIesky Ivers U Erneraty deuE e R RiBHE Ve MR B i fhorax
(twice), thighdwiceinfanka Yentrah midliag: and parameadipaieacs elithe 0 idisiohgkaving 1, 2, or 3

closure sites. The length of each - 21 - ing;gision rarlged from about 0.5 inch (about 12.5 mm) to about

4 inches (aBBEETB T AHETHE BB Sr8hEiiRtision was from the superficial dermis to the
peritoneum.  Usifigdieriariadsl, sutore30(ait mid elfrogaisiZes0ypiiybio sograneeivsmstiiament), 24 of
the sites were closed. For G Is - ining $jt laseckwith yarious.diameter S sizes
of conventional unbarbed ds&%rﬁg?f? i}%%gﬁ@g%%g%%&ﬁ%?ﬁj%g filament, 6 sites Withasiz_e 2-0 nylon

monofil8metitatend 24&mas opPSise 3t Rreabrfc tRumo AR SHHIEh Akbe RATHEHTM closing

of sites was performed aeerEding foiaHapdomizes seheMesure 30hecdaws yegimeniloser daily, and
then subjected to euthanasia at 14 days. At the time of dEath, the, incisions were evaluat

macroscopicR§ VRS egard o ERB SO haL 21 B I I0R GRS I8 AR B PO e %%g',' all sites
apposed withi¢he=size Qspoljtioxdbene barbedSituresistayedatlosed and appeared to be healing
normally throughout the 14 day ohseryation period., No dehisc The site apposed
with the conventionéallsﬁh%{ér Sgécgﬁégﬁgtﬁggsmgnrg tﬁ%&ﬁg@%&%&%@%ﬂ%@%@%ﬁﬁr\‘,’g’*n%i}?},m unbarbed
polydiodanosiegastafewitiisesprsaloduidlinitiaoed hBbemplicalssise R idbnrsEered fiddd.  For the

6 topical skinsites.qlosethwithdhe-aiz6R 2 puenmanalilamentonvestionatdnkaragasures, 3 sites
exhibited partial or complete suture loss, agparently due to self- mutilation by the do%s1 Knots in the

conventionaPatREAEL RIS EEGE SHH: By Eranti R BHTE I L ESars Biid )

&rmals cannot
understand thattaew$hasldnat manipitate 20ihersulbies. dugehaiditsutarddabe ot déipobviate

the problem of an animal manipulating and pulling out the sutyres. In summary, the in vivo
performance’ ?ﬁﬁ&“ﬂ% S5 a?filg %%eaﬁ%‘éldg %u({%rgrs %ﬁ%ﬁ%@%ﬁ%@ﬁ@%%&ﬁ%ﬁ% %o the size
2-0 silkzbraided filansemidmhberize dfsutbecss, thfrsizet2tdhglbnstitbaofitamentisalibesr diwtes, and the
size 3-0 polydi f ) -_ln.analterpagly, gg@glgé@@ 0t (not
shown) for b?ufﬁ%%%%%%%%g%%%%%%%Q%@égﬁgﬁg% E%fituhné g%rticin of sutuf% 70 on wﬁich is
disposed barbs 77 Fieyrhadshansss sroienabviewalengdintstPendbrof sRyheC B Kigkie £ &uilife 70 on

which is dispgggel hampméR pavchavehats ¥ e iacingtewadpainted eedAmheWithtbihyaxdaton, the
barbed suture would be 30inserted into tissue with an insertion d(%q'%e, sucé: a%that srgct)wn ig the
above-noted i TERREHP Ny D8 4 Daste th BIHERIED 1P aaEe -ithe RBTR thit é‘?f?nse?na(i/bnaé &scarped

so that tgeregnay be 2 portions with barbs facing an end and 1 portion with barbs facing the other end,
O A L R S 0B g s on 0

closer to pointed end 34 (not shown in Figure 3B), and thus, seems to be larger than farther

away first barb 37 of barbs 37. Also, first barb 37 of barbs 37, due to the staggering, is closer

to pointed end 34 (not shown in Figure 3B), and thus, seems to be larger than even farther

30 away first barb 39 of barbs 39. A transverse plane that is perpendicular to suture body 32 and

that intersects the base of one barb 35 of barbs 35 does not intersect the base of any barb 37

of barbs 37. Likewise, a transverse plane that is perpendicular to suture body 32 and that

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

barbs 39. Similarly, a transverse plane that is perpendicular to suture body 32 and that



those barbs are adjacent, then, the barbed suture would be inserted into tissue with an insertion
device. An advantage of a barbed suture having a twist cut, multiple spiral disposition is that such
a barbed suture affords better wound holding capability as compared to the 120 degree spaced barbed
suture. The reason is that the twist cut, multiple spifal pattern results in groups of barbs that
complement successive and preceding groups of barbs, which tends to provide improved anchoring
when the sunigesdstritgsase of e hesh AR Us esbiedfaiinen seRIN R IR SSe RIS YRR SIS which has
fewer connegtivesfibers compared with other types of tissues, so that greater suture retention force is
desirable. 10With referegce now to Figure % shown is a sectional sidte viiwlg)fhbaarggd&ﬁ%ure 80.
Barbed suture 80 RES5IGPAEY GF TBCERI RSB 8% BRAIBREAET SuteFaDJIdy 82 of generally
circular crossectien:fHagkhnbackidldhasdiatbrii 186. St estitue iongltudhsaluig A, suture
diameter SD, barb length L, barb cut depth D, bar angl [ irali le a,
cut-out%ep%%%%é%eé , gr?&%% Orpg?%iﬁﬁgﬁ%%g%%gfg%%% ! %7503.%3‘%3?@ %ﬁtgh%tsée%i%%é %?(ige view as
illustrated ircRiggsredmustion @tgeitme2Slamped to align the barbs for measurement of the cut

distance P betweep Raths, Bi.:1s sBABEGVEreiR0Hs ativistaes soultiplaianisal ibicdiraetional barbed
suture, like suture 70 in Figure 6A, but illustrated as an enlarged section jn order to shaw more detail

with respect®\eHEEBIIGMAEH BIBLAEE PR AR : AGRTBIAGT S0& R SBUfHE 6t Ameter SD,

barb length tutharbiestaentih Bz hathcut angla B autdistahcasRpshitalityrarfgleng ittitecutgepression
CD, an ter%linus T of cu&-ou.t g%oere %on CD. More specifically, several twist cut, multiple spiral,

barbed SutufEEHEPe AU fr3rm monofilament spun from polydioxanone and having a
diameter of about Di@dBtindhagiab et GFas Tomgiingitidly itostighttyin otz srEpEhprSrmaglietient for a
size 0 synthetig 25absorbablg sHitek-Eash=ulure conined (8 hams-pliaduasd dns.eepayate

multiple spiral patterns around the circumference of the suture. Since the barbs were bi-directional,
they were diNEESS MRS 8T RSN ITERIPRR R 24 RRmMAgRIG BT S AP 38 Len BRAIEENA YFSHH opposing
the directiongiiheOtherigno s drarsthe Rk oximateamiddle afifie sulure. Each suture was about 7
inches (about 178 mm) Iongq}‘;rl'h%&imiddle ortiog; wgs al%ogt 1inf?%%§e§l% ggt%t 7gﬁru ) of the suture
and cohtained the 78H%Hs PSS LEA S SR RS HEMERE EXtentding Béyond the 3 inch
(76 mm) barhggaxicete poxtiahetbwgitdddad Histturetensowe redwbbaribarheddrdopbetimigof the suture
flament thatyyere each AROHEZ MRS UM, I9RGReRangibg andistishiagiachnique, one

or both ends of the bar suture may be sufficiently pointed and rtﬁid for insertion into tissue,

or may compiisedy sttdighiserafinabe ifcadialready priorienidsereirieterive Hdlestingiiation of barbs
81, an Optem, ZoamLOQ,cusiem Mmicrasseramitivhathying andhagllightingnwas saesktogether with a

CCD brand video 5camera in order to measure selected barbs 81 at x21.5}§18a§nification from each of

the left%hd right grBERS& 0Ly, CRRRRSHGRASHE RME CAMAEREH A B HETREY SEIEMEME 5 from the
left group of harksiad Sxfram the pighidgreuprethatenmthrsame shiturepirathubre made for each of
cut angle 9 and cut depth D. Barb cut le O,was, measyred from the surface fgg Syt tathe 10
outer surface of barbh etﬁ%’r%‘;%ﬁ?%é? [ %%%ltﬁ S@‘v%ggrﬁsesé{ls{ﬁrreeg é%l%kgr Slérlr%%ngllcplgr from the
outer surfaceebtanbechsutursB@<dia dndnyituginat dlissAcepthabutiuse tdis S0 dFpeimehsurements

enabled cut gl o G 6 R8HAIAS SN oloWRG VB FRUSILARG M 15:  Also

angle a of spirality was measured microscopically on various barbed sutures 80 as follows. When the

twisted ¥uturemarasaiidigippspideoissdeniig St g orBaiBEEsHE visEteiiRs a very light

mark designalgglas e Mdmprassemhondhesugimaflameantsd hutselne Mdewld] lae: pasaliglito the
longitudinal axis of the vise while the twiésgted S‘é?#e %é)filan;ent is beip%h I L%]_the \a{{i:sg. If glse vise
does not lea & IiGHERMSFRGh TSt HEIR AR TR PR BERSthmRedhA HRAe parallel to
a line connectingthest\io, s Pe clivva gednni nusgeofcthbi tdicestiotd skivesgitrout depressions CD left in

suture body 82 f“’.%heb%%%%%ﬂﬁe%égﬁ é#é%%ﬁ?esi;\be s At culing olhanhs Bl uhen

barbed suture 80 is reﬁgase the vise and untwisted sothat suture 80 lies free, then line™™M
30  arranged about 120 degrees from and staggered with respect to axially spaced barbs 49,

which are radially arranged about 120 degrees from and staggered with respect to axially
spaced barbs 51. Censequently, axiaily 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.



25spirals on suture body 82 wound barbed suture 80, forming angle a of spirality. Specifically for
measuring spirality angle a, the Optem Zoom 100 custom microscope was set with ring lighting at 60
and back lighting at coarse 12 and fine 10. Also, imaging ' analysis system software was used.

Spirality angle a was then measured between the oyer surface of the barbed suture and line M. The
average was calculated for 10 repeated 30 measurements (5 from the left group of barbs and 5 from
the right group of Banboribersimiisuans). of sutliivedl). baibiédsputeddBBsWASTHgIREY in a twisting

device with g a8t 31,00 Sampgs i 4 Jued easionThalanenshal suiiie0 was rotated to

insert twist until Barbs -24- 81 were aligned. Néxt on barbed suture 80, longitudinal cut distance P

between twd’ Q&}bﬁ@rﬁa%}b@gﬂ%Méa?&fﬁﬁﬁfﬁ%ﬁﬁgﬁ?&%ﬁ?%gﬁ@ﬁ%s% rR&pEdve terminus T

of the two sgﬁ&%ﬂ%ﬁ@gggoabﬁ%m@&&ﬁg @Hdé&mt@@eqbaﬂa/&% froamghraBsear pINgpraktwo
success Verl% arbs 8 The a erage was calcul ted for%g repeated meas emeptts (5tfrom the 5 left
? &"$5me su

group of ba IGREHFSHS 618 Vb%’%‘f? ey Fie PeStifs Are Simmarized in
the foIIowmg&G’hduieﬁ 5&%&& @&Sﬁrﬁd Thnghable TA(side:Cibareds oy Ratictof D, L, or P over

Suture Units Left Right, DIamgtel, QA7 39 180S0 H00 1 K0 et o iRt aApPIGARIe oM 0.15 + 0,02

substantiaily the same one plane; second set of barbs 49, 50 define substantially another same
one plane; and third set of barbs 51, 52 define substantially still another same one plane.
16 Figure 4B, which is a cross sectional view along line 4B — 4B of suture 40 in Figure
44, shows more clearly angle Y, namely the radial 120 arrangement with greater specificity.
As illustrated by the stippling, first barb 47 of barbs 47, on account of the staggering, is closer
to pointed end 44 (not shown in Figure 4B), and thus, appears larger than farther away first
barb 49 of barbs 49. Also because of the staggering, first barb 49 of barbs 49 1s closer to
15  pointed end 44 (not shown in Figure 4B), and thus, appears larger than even farther away first
barb 51 of barbs 51.
A transverse plane that is perpendicular to suture body 42 and that intersects the base
of one barb 47 of barbs 47 does not intersect the base of any barb 49 of barbs 49. Likewise, a
transverse plane that is perpendicular to suture body 32 and that intersects the base of one
| 20  barb 49 of barbs 49 does not intersect the base of any barb 51 of barbs 51. Similarly, a
-transverse plane that is perpendicular to suture body 42 and that intersects the base of one
barb 51 of barbs 51 does not intersect the base of any barb 47 of barbs 47. Also, a transverse
plane that is perpendicular to suture body 42 and that intersects the base of one barb 48 of
harbs 48 does not intersect the base of any barb 50 of barbs 50. Likewise, a transverse plane
25  that is perpendicular to suture body 32 and that intersects the base of one barb 50 of barbs 50
does not intersect the base of any barb 52 of barbs 52. Similarly, a transverse plane that is
perpendicular to suture body 42 and that intersects the base of one barb 52 of barbs 52 does
not intersect the base of any barb 48 of barbs 48.
Suture 40 may be made with the same cutting machine as suture 1, such as the cutting
30  device described in the above-noted Serial No. 09/943,733 to Genova et al., except with the
following change in blade direction.
For first set of bi-directional barbs 47, 48, after the suture filament is placed and held
in the vise, the blades splice with a first cutting action into approximately half of the length of

the suture filament to create barbs 47 facing in one direction toward pointed end 44, Then,
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the biades are rotated 180 degrees so that they are now disposed in the opposite direction and
over the uncut half of the length. The blades then are allowed to splice into the other haif of
the length of the suture filament with a second cutting action to create barbs 48 facing in the
opposite direction toward pointed end 46.

5 Next, the blades are offset longitudinally (to create the staggering) for about half the
longitudinal distance between two of barbs 47, and also the suture filament is rotated about
120 degrees on the vise, which is equipped to accommodate first set of bi-directional barbs
47, A8 that are already cut. Then, for second set of bi-directional barbs 49, 50, the blades
splice with a first cutting action into approximately haif of the length of the suture filament {0

10 create barbs 50 facing in one direction toward pointed end 46. The first cutiing action is
followed by rotating the blades 180 degrees so that they are now disposed in tiie opposite
direction and over the uncut half of the suture filament. They then splice into the other haif
of the length of the suture filament with a second cutting action to create barbs 49 facing in
the opposite direction toward pointed end 44,

15 Then, the blades are again offset longitudinally (to create the staggering) for about
half the longitudinal distance between two of barbs 47. Additionally, the suture filament
again is rotated about 120 degrees on the vise, which is equipped to accommodate already cut
first set of bi-directional barbs 47, 48 and already cut second set of bi-directional barbs 49,
50. Following the longitudinal movement and rotation, the third set of bi-directional barbs

20 31,52 are made by having the blades splice with a first cutting action into approximately half
of the length of the suture filament to create barbs 51 facing in one direction toward pointed
end 44. The first cutting action is followed by rotating the blades 180 degrees so that they are
now disposed in the opposite direction and over the uncut haif of the suture filament. They
next splice into the other half of the length of the suture filament with a second cutting action

25  to create barbs 52 facing in the opposite direction toward pointed end 46.

Preferably, each successive barb is escarped at a position about 120 degrees around
suture body 42 from the preceding barb and does not overlap with any other barb.

In an alternative embodiment (not shown) for bi-directional suture 40, the portion of
suture 40 having barbs 47, 49, 51 may have them facing toward pointed end 46 and the

30 portion of suture 40 having barbs 48, 50, 52 may have them facing toward pointed end 44,
With this variztion, 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. Additionally, it is
noted that, if desired, barbs may be escarped so that there may be two portions with barbs

facing one end and one portion with barbs facing the other end, or two portions with barbs



0.47 mm 0.446 0.042 0.97 mm 0.962 0.073 2.1 degrees 20.833 1.602 not applicable Table 7C (size 0
barbed suture) Measurement Units Average Standard Deviation cut angle O degrees 154 2.870 cut

depth. D ram 0.205 0.033 _ 9,5 cut length Lmm0.4690.0441.03 cut distance Pran0.9750.1032.13
spirality angle adegrees19.3331.506no0t applicable;g -

facing one end and two portions with barbs facing the other end, and o on (not shown), and
thus, if a portion of barbs is not facing the suture end that those barbs are adjacent, then, the
barbed suture would be inserted into tissue with an insertion device.
An advantage of a barbed suture with 2 radial 120 degree arrangement is that the
5 harbs exert force in three distinct planes that compliment each other, resulting in
maximization of the retention force of the suture overall. As noted above, the staggering
enhances anchoring performance.
Turning now to Figure 5A, shown is another embodiment of the present invention,
which is generally designated at suiure 60, with radial spacing that is in a twist cut multiple
10 spiral. Suture 60 includes elongated body 62 of generally circular cross section. Elongated
body 62 terminates in pointed end 64 for penetrating tissue. Also, itis contemplated that end
64 may comprise a surgical needle {not shown} for insertion into tissue. Furthermore, suture
60 includes plurality of closely spaced barbs 67 arranged in a twist cut multiple spiral pattern
around body 62 and facing in the same direction toward pointed end 64.
is 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, sach respective barb 67 seems to be smaller and
smaller as each is farther and farther away from pointed end 64 (not shown in Figure 5B), the
llusion of size difference being illustrated by the stippling.
Suture 60 may be constructed with a sirnilar cutting machine as that used for making
20 suture 1, such as the cutting device described in the above-noted Serial No. 08/943,733 to
Genova et al. With a twist cuiting method, barbs 67 mey be producad in multiple spirals that
preferably are created at the same time as the suture filament is held stationary, instead of
being rotated, when the cutting takes place.
More particularly, a suture filament that is about 7 inches (about 178 mm) in length, is
25 longitudinally twisted for a portion of the suture length, such as 39 times for a portion that is
about 4.5 inches (about 114 mm) of the suture length. Thus, an end is secured, and the other
end is grasped and rotated 360 degrees, 39 times, so the portion of the suture filament is
twisted when the suture is then placed and held in the vise.
Twisting preferably is performed 28 to 50 times, and may be performed more or less,
30 such as 19 to 70 times. Suitably, twisting may be from about 2 to about 17 twists per inch, or
about 3 to about 15 twists per inch, or about 5 to about 13 twists per inch (per inch being per
25.4 mm).
Next, the blades, after having been adjusted to a predetermined length, simuitaneousty

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



5Table 7D (size 0 barbed suture) Ratio of D, L, or P over Suture Units Average Standard Deviation
Diameter (0.457 mm) degrees 155 2.390 not applicable mm 0.186 0.026 0.41 mm 0.437 0.039 0.96
mm 0.966 0.071 2.11 degrees 18.833 2.137 not applicable ” 15Also, some additional measurements
of angle a were performed on a few additional bi-dirgctional twist cut, multiple spiral barbed sutures

with a diameter of about 0.018 inch (about 0.457 inm, slightly maore than the USP irement for a
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0.85. suture 60 is released from the vice and untwisted, barbs 67 are disposed in multiple spirals on
suture 60.
Turning now to Figure 64, shown is another exnbodiment of the present invention,

5  which is generally designated at suture 70. Suture 70 is of a twist cot multiple spiral
disposition and thus is similar to suture 60, except that suture 70 is bi-directional. Suture 70
includes elongated body 72 that is generally circular in cross section and that terminates in
first and second pointed ends 74, 76 for penetrating tissue. It is contemplated that one or both
of ends 74, 76 may comprise a surgical needle (not shown) for insertion into tissue.

10 Suture 70 further includes plurality of closely spaced barbs 77, 78 arranged in two
tespective spiral patterns, each being a multiple spiral around body 72. Barbs 77, 78 are
disposed on middle portion MP that is approximately 3 inches (approximately 76 mm) of
suture 70, with each end portion EP of suture 70 being barb-free. More particularly, piurality
of barbs 77 are arranged in a multiple spiral pattern with all barbs 77 facing toward pointed

15  end 74 for a part (about haif} of middle portion MP along the length of suture 70. Similarly,
plurality of barbs 78 are arranged in a multiple spiral pattern with ail barbs 78 facing toward
pointed end 76 for another part (the other approximate half) of middle potion MP along the
length of suture 70.

Figure 68 is a cross sectional view along line 6B — 6B of suture 60 in Figure 6A. Due

20 to the multiple spiral configuration, each respective barb 77 seems to be smaller and smaller
as each is farther and farther away from pointed end 74 (not shown in Figure 6B), as
illustrated by the stippling.

Suture 70 may be made with the same cutting machine as suture 60, such as the
cutting device described in the above-noted Serial No. 09/943,733 to Genovaet al,, but with

25  the following change in blade direction. Using the twist cutting method, barbs 77 may be
produced in multiple spirals that preferably are created at the same time, and then after the
direction change for the blades, barbs 78 may be produced in multiple spirals that preferably
are created at the same time. Thus dusing the cutting, the suture filament is held stationary
instead of being rotated.

30 More specifically, a section of about 4.5 inches (about 114 mm) in length of a suture

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

suture filament is then is placed and held in the vise.



Additionally, measurements of barb cut angle 0, barb length L, barb cut depth D, and 20cut distance P
were performed on 3 additional bi-directional twist cut, multiple spiral barbed sutures like sutures 80,
but having a diameter of about 0.0115 inch (about 0.292 mm, which is slightly more than the USP
requirement for a size 3-0 synthetic absorbable sufyye), and measurements of spirality angle a were
performed on 2 of these 3 additional barbed sutures. Also, measurements of barb cut apg le O, barb
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barbed sutufgyoximately half of the approximately 3 inch (approximately 76 mm) length of middle
portion MP of the approximately 4.5 inch (approximately 114 mm) twisted section of the
sutere filament in a first cutting action with the blades making cuts to create barbs 77 so that
a1l are facing in one direction toward pointed end 74. Depending on how many blades there
10 are on the cutting machine and how many barbs 77 are desired, there may be one cutting
motion to cut all barbs 77 simultaneously, or there may be repeated cutting motions until the
desired number of barbs 77 are escarped into a portion of the suture filament.

Then, the blades are rotated 180 degrees so that they are now disposed in the opposite

direction and over the other half of the approximately 3 inch (approximately 76 mm) iength

i5  of middle portion MP of the approximately 4.5 inch (approximately 114 mm) twisted section
of the suture Slament. The blades are then allowed to splice into the other haif in a second
cutting action with the blades making cuts to create barbs 78 so that all are facing in the
opposite direction toward pointed end 76. Depending on how many blades there are on the
cutting machine and how many barbs 78 are desired, there may be one cutting motion to cut

70 ail barbs 78 simultanecusly, or there may be repeated cutting motions until the desired
number of barbs 78 are escarped into a portion of the suture filament.

When twist cut multiple spiral barbed suture 70 is released from the vise and
untwisted, the first cuts and the second cuts result in barbs 77, 78 being in two respective
rultiple spiral patterns on two respective portions of suture 70, the two respective portions

25  defining middie portion MF of about 3 inches {about 76 mm) in length.

More particularly, several twist cut multiple spiral, barbed sutures were manufactured
from a monofilament having a diameter of about 0.018 inch (about 0.437 mm} and spun from
polydioxanone (which is a synthetic absorbable suture material). A diameter of about 0.018
inch (about 0.457 mm) is slightly larger than the size 0 synthetic absorbable suture, which has

30 adiameter range from about 0.35 mm to about 0.399 mm in accordance with the
specifications of the United States Pharmacopoeia (USP).

Fach 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



not applicable Ratio of D, L. or P over Suture Units Average Standard Deviation Diameter (0.292

mm) degrees 164 2.055 not applicable mm 0.106 0.006 0.36 ram 0.395 0.042 1.35 mm 0.959 0.074
3.28 degrees 7.329 0.547
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and a right group with 39 barbs on a second portion of the suture, each group opposing the
direction of the other group from the approximate middle of the suture. The specific cutting
machine employed had 13 blades. Thus, for each group of 39 barbs, there were 3 cutting
motions (3 x 13 = 39), with the blades being offset with a guide for each of the 3 culling

5  motions.

Bach suture was about 7 inches (about 178 mm) long. The middle portion MP was
about 3 inches (about 76 mm) long and contained the 78 barbs that were escarped into the
suture filament. Hxtending beyond the 3 inch (76 mrn) barbed middle portion MFP were two
unbarbed end portions EP of the suture that were each about 2 inches (about 51 mm} long.

10 Depending on the suturing technigue, one or both ends of the barbed suture may be
sufficiently pointed and rigid for insertion info tissue, or may comprise a straight or curved
surgical needle.

The strength of the twist cut, 7 inch (178 mm) barbed sutures was tested by two
methods. One method was a straight pull tensile strength test with a Universal Tester and the

15  other method was an in vive performance test with dogs.

For the straight pull tensile strength measurement, testing was performed using a Test
Resources Universal Tester, Model 2000Q. The average reading of 10 repeated measurements
made for each kind of suture was recorded for the barbed sutures and for the comparison
unbarbed sutures.

20 Comparison unbarbed sutures were polydioxanone monofilaments (a synthetic
absorbable suture material) of various suture diameters of about (.018 inch (about 6.457
mm}, about 0,015 inch (about 0.381 mm), and about 0.0113 inch (about £.292 mm), which
are respectively slightly larger than the United States Pharmacopoeia sizes 0, 2-0, and 3-0 for
synthetic absorbable sutures. In accordance with United States Pharmacopoeia specifications

25  for synthetic absorhable sutures, size 0 has a diameter range of about 0.35 mm to about 0.399
mar; size 2-0 has 2 diameter range of about 0.30 mm to about 0.339 mm; and size 3-O has a
diameter range of about 0.20 mm to about (.249 mm.

Bach barbed suture was gripped at each end by being held with cork gasket padding in
two respective serrated jaws, whereas each unbarbed suture was gripped at each end by being

30 wrapped around two respective 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.



not applicable Table 70 (size 3-0 barbed suture) Ratio of D, L, or P over Suture Units Average
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0.390 0.035 1.34 rum 0.975 0.103 3.34
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Each specimen was pulied Iongitudinaai at a rate of about 10 inches (about 254 mm)
per minute until breakage occurred. The peak load was recorded as the straight puil tensile
strength.

The results are summarized in Table 6A below, and the far right column denotes the

5 TSP knot puil test minimum requirements for conventional (unbarbed) sutures made from 2

synthetic absorbable material.

Table 64
(Tensile Strength)
10
USP Minimum Regquirements
Barbed or Upbarbed Suture Size  Straight Pull (pounds) for Xnot Pull {pounds}

Unbarbed 0 17.72 8.60

Unbarbed 2-0 11.86 5.91
15 Unbarbed 3-0 8.82 390

Barbed 0 7.03 not applicable

As can be seen, escarpment of barbs into the size 0 polydioxanone monofilament

reduced the straight pull tensile strength by approximately 60% as compared to the
20  conventional unbarbed size O polydioxanone monofilament (7.03 pounds = 40% of 17.72
pounds).

However, the straight pull tensile strength of 7.03 pounds at breakage for the size 0
polydioxanone barbed suture (which, due to the escarpment of the barbs, has an effective
diameter that is smaller than the diameter of the conventional unbarbed size 0 polydioxancne

25  suture) compared favorably with the minimum USP knot pull requirement of 8.60 pounds for
the size ¢ polydioxanone conventional unbarbed suture.

Additional straight pull tensile strength tests were performed on additional size 0
polydioxanone barbed sutures, as discussed below in Tables 7K-7Z, in connection with
Figures 7TA and 7B.

30 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 miidline, and

paramedian, each of the 7 incisions having 1, 2, or 3 closure sites. The length of each



degrees 7.258 0.636 not applicable Table 7H (size 2-0 barbed suture) Ratio of D, L, or P over
Suture Units Average Standard Deviation Diameter (0.381 mm) degrees 160.2 1.320 not applicable
mm 0.152 0.019 0.40 mm 0.449 0.057 1.18 MM

12

-21-
incision ranged from about 0.5 inch (about 12.5 mum) to about 4 inches (about 101 mm}) and
‘the depth of each incision was from the superficial dermis to the peritoneuin.

Using the barbed sutures (all made from size 0 polydioxancne monofilament), 24 of

the sites were closed. For comparison, the remaining sites were closed with various diameter

5 sizes of conventional unbarbed sutures {1 site with size 2-0 silk braided filament, 6 sites with
size 2-0 nylon monofilament, and 7 sites with size 3-0 polydicxanone moncfitament), which
were knotted. All closing of sites was performed according to a randomized scheme.

The dogs were monitored daily, and then subjected to euthanasia at 14 days. Atthe
time of death, the incisions were evalaated macroscopicaily. With regard to various tissues,

10 incision sizes, and locations on the dogs, ail sites apposed with the size G polydioxanone
barbed sutures stayed closed and appeared to be healing normally throughout the 14 day
observation period. No dehiscence occurred. |

The site apposed with the conventional unbarbed siik sutures and the sites apposed
with the conventional unbarbed polydioxanone sutures alsc healed will without

15  complications. No dehiscence occurred.

For the 6 topical skin sites closed with the size 2-0 nylon monofilament conventional
unbarbed sutures, 3 sites exhibited partial or complete suture loss, apparently due to self-
mutilation by the dogs. Xnots in the conventional sutures possibly caused discomfort by
creating localized pressure, and animals cannot understand that they should not manipulate

20 the sutures. Thus, barbed sutures should help obviate the problem of an animal manipulating
and pulling out the sufures.

In summary, the in vivo performance of the size 0 polydioxanone barbed sutures was
efficacious when compared to the size 2-0 silk braided filament unbarbed sutures, the size 2-0
nylon moncfilament unbarbed sutures, and the size 3-0 polydicxanone monofilament

25 unbarbed sutures.

In an alternative embodiment (not shown) for bi-directional twist cut, multipie 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

30  inserted into tissue with an insertion device, such as that shown in the above-noted U.S.
Patent No. 5,342.376 to Ruff. Also if desired, it is noted that barbs may be escarped so that
there may be 2 portions with barbs facing an end and 1 portion with barbs facing the other
end, or 2 portions with barbs facing an end and 2 portions with barbs facing the other end,

and so on (not shown), and thus, if a portion of barbs is not facing the suture end to which
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those barbs are adjacent, then, the barbed suture would be inserted into tissue with an
insertion device.,

An advantage of a barbed suture having a twist cut, multiple spiral disposition is that
such a barbed suture affords better wound holding capability as compared to the 120 degree
spaced barbed suture. The reason 1s that the twist cut, multiple spiral pattern results in
groups of barbs that complement successive and preceding groups of barbs, which tends to
provide improved anchoring when the suture is in tissue. This feature is especially useful for
tissue such as fat tissue, which has fewer connective fibers compared with other types of
tissues, so that greater suture retention force is desirable.

With reference now to Figure 7A, shown is a sectional side view of barbed suture 80.
Barbed suture 80 has plurality of closely spaced barbs 81 on elongated suture body 82 of
generally circular cross section. Each barb 81 has barb tip 85. Shown are suture fongitudinal
axis A, suture diameter SD, barb length L, barb cut depth D, barb cut angle 8, cut distance P,
spirality angle o, cut-out depression CD, and tip T of cut-out depression CD.

Figure 7B is the sectional side view as illustrated in Figure 7A, but rotated and
clamped to align the barbs for measurement of the cut distance P between barbs 81.

Barbed suture 80 is a twist cut, muliiple spiral, bi-directional barbed suture, like
suture 70 in Figure 6A, but illustrated as an enlarged section in order to show more detail
with respect to the configuration of barbs 81 vis-a-vis suture longitudinal axis A, suture
diameter SD, barb length L, barb cut depth D, barb cut angle 8, cut distance P, spirality angle
o, cut-out depression CD, and terminus T of cut-out depression CD.

More specifically, several twist cut, multiple spiral, barbed sutures were manufactured
from monofilament spun from polydicxanone 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). Each suture contained 78 barbs introduced in 2 separate muitipie spiral
patterns around the circumference of the suture. Since the barbs were bi-directional, they
were divided into a left group with 39 barbs and a right group with 39 barbs, each group
opposing the direction of the other group from the approximate middle of the suture. Each
suture was about 7 inches (about 178 mm) long. The middle portion was about 3 inches
(about 76 mm) of the suture and contained the 78 barbs that were escarped into the suture
filamenti. Extending beyond the 3 inch (76 mun) 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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suture may be sufficiently pointed and rigid for insertion into tissue, Or may comprise a
straight or curved nieedle,

In order to characterize the configuration of barbs 81, an Optem Zoom 100 custom
microscope with both ring and back lighting was used together with a CCD brand video

5 camera in order to measure selected barbs 81 at x21.5 magnification from each of the left and
right groups.

The average was calculated for 10 repeated measurements (5 from the left group of
barbs and 5 from the right group of barbs on the same suture) that were made for each of cut
angle 6 and cut depth D. Barb cut angle & was measured from the surface of the cut to the

10 outer surface of barbed suture 80. Barb cut depth D was measured along a perpendicular
from the outer surface of barbed suture 80 toward longitudinal axis A of barbed suture 0.

The measurements enabled cut length L. to be calculated using the following formula.

L =D/{Sin (180 - 8)}
15
Also, angle o of spirality was measured microscopically on various barbed sutures 80
as follows. When the twisted suture filament is gripped by the vise during cutting of barbs
81, the vise leaves a very light mark designated as line M impressed on the suture filament.
Thus, line M will be parallel to the longitudinal axis of the vise while the twisted suture
20  filament is being held in the vise. If the vise does not leave a light mark on the suture
filament, then line M can be determined in that it is parallel to a line connecting the two
respective terminus T of the two successive cut-out depressions CD left in suture body 82
from the escarpment of two successive barbs 81. After cutting of barbs 81, when barbed
suture 80 is released from the vise and untwisted so that suture 80 lies free, then line M
25  spirals on suture body 82 around barbed suture 80, forming angle o of spirality.
Specifically for measuring spirality angle o, the Optem Zoom 100 custom MiCIoscope
was set with ring lighting at 60 and back lighting at coarse 12 and fine 10. Also, imaging
* analysis system software was used. Spirality angle oL was then measured between the outer
surface of the barbed suture and line M. The average was calculated for 10 repeated
30  measurements (5 from the left group of barbs and 5 from the right group of barbs on the same
suture).
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



0.058 1.24 mm 0.973 0.068 2.55 degrees 6.53 1.755 not applicable Additional measurements were
performed on several other twist cut., multiple spiral, 25 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
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S UM e d I ing flloningnlables ey Z- Table 7K (size 0

for thesg ot@% gﬁg&#@ﬁ%iﬁﬂ

barbed sutur

These oth

P over Suturé Units Average Standard Deviation ~
The results are summarized in the following Tables 7A, TB, 7C, and 7D.

Table 7A (size O barbed suture}

Raticof D, 1. or

i0 P over Suturs
Measurement Uniis Left Right Diameter (0.457 mm}
cut angie 6 degrees 156 +2 157+ 1 not applicable
cut depth D m 0.15+0.02 0.16+0.04 0.35
cut length L mm 0.36 +0.03 040+0.10 0.87
15 cutdistapce P mm 0.90+0.17 0.88+0.15 192
Table 7B (size O barbed suture}
| Raticof D. L, or
20 P over Suture
Measurement nits Averape Standard Deviation  Diameter (0.457 mm)
cut angle 0 degrees 151 1.642 not applicable
cut depth D mm 0.215 0.027 0.47
cut length L mm 0.446 0.042 0.97
25  cutdistance P mny 0.962 0.073 2.1
spirality angle o degrees 20.833 1.602 not applcable
Table 7C (size O barbed suture)
Ratioof D, L. or
30 P over Suture
Measurement Units Average  Standard Deviation Diameter (0.457 mm)
cut angle 6 degrees 154 2.870 not applicable
cut depth D mm 0.205 0.033 0.45



Diameter (0.457 degrees 152.6 0.718 not applicable mm 0.221 0.011 0.48 ram 0.479 0.022 1.05 mm

0.784 0.015 1.71 degrees 12.9 0.453 not applicable Table 7L (size 0 barbed suture) Ratio of D, L.
P over Suture Units

-75 -
cut Jength L mm (0.469 0.044 1.03
cut distance P mm 0.975 0.103 2.13
spirality angle o degrees 19.333 1.506 not applicable
5 Table 7D (size O barbed suture}
Raticof D, L, or
P over Suiuze
Measurement Units Average  Standard Deviation — Diameter (0.457 mm)
cut angle 8 degrees 155 2.390 not applicable
10 cutdepth D mm 0.186 0.026 0.41
cut length L min 0.437 0.039 0.96
cut distance P mm 0.966 0.071 2.11
spirality angle o degrees i8.833 2.137 not applicable
15 Also, some additional measurements of angle ;1 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  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
20 cut distance P were performed on 3 additional bi-directional twist cut, multiple spiral barbed
sutures like sutures 80, but having a diameter of about 0.0115 inch (about 0.292 mm, which is
slightly more than the USP requirement for a size 3-0 synthetic absorbable suture), and
measurements of spirality angle o were performed on 2 of these 3 additional barbed sutures.
Also, measurements of barb cut angle 0, barb length L, barb cut depth D, cut distance P, and
25  spirality angle o were performed on 3 additional bi-directional twist cut, muitipie spiral
barbed sutures like sutures 80, but with a diameter of about 0.015 inch (about 0.381 mm,
which is slightly more than the USP requirement for a size 2-0 synthetic absorbable suture).
The results are summarized in the following Tables 7E, 7F, 7G, 7H, 71, and 71.

30 Table TE {size 3-0 barbed suture)
Ratioof D, L. or

P over Suture

Measurement Units Average Standard Deviation Diameter (0.292 mm)




Average Standard Deviation Diameter (0.457 mm) degrees 152.4 0.947 not applicable mm 0.216
0.014 0.47 mm 0.465 0.024 1.02 rum 0.774 0.015 1.69 degrees 13.2 0.349 not applicable - 79 -
degrees13.10.193 Table 7N (size 0 barbed suture) not applicable Ratio of D, L,

-26 -
cut angie 8 degrees 166 1.G51 not applicable
cut depth D mm 6.107 0.067 0.37
cut length L b3ave] 0.443 0.042 1.52
cut distance P aelse] 0.956 0.079 3.27
5 spirality angle o degrees not tested not applicable not applicable

Table 78 {size 3-0 barbed suture)
Ratioof D, L. or

P over Suture

10 Measurement Units Average  Standard Deviation Diameter (0.292 mm)
cut angle 6 degrees 164 2.055 not applicable
cut depth D mm 0.106 0.006 0.36
cut length L. mm 0.395 0.042 135
cut distance P mm 0.959 0.074 3.28

15  spirality angle o degrees 7.329 0.547 not applicable

Table 7G {size 3-0 barbed suture)
Ratioof D, L., or

F over Suture

20 Measurement Units Average  Standard Deviation Diameter (0.292 mm}
cut angle 9 degrees 165 1.031 not applicable
cut depth D mm 0.104 0.009 0.36
cutlength L mm 0.390 0.035 1.24
cut distance P mm 0.975 0.103 3.34

25  spirality angle o degrees 7.258 0.636 not applicable

Table 7H (size 2-0 barbed suture)
Ratipof D. 1., or

P over Suture

Measurement Units Average Standard Deviation  Diameter (6.381 mm)
30 cutangle 8 degrees 160.2 1.320 not applicable

cut depth D mm 0.152 $.019 0.40

cut length L. mm 0.449 0.057 1.18

cut distance P Ji1143) 0.944 0.098 2.48



P over Suture Units Average Standard Deviation Diameter (0.457 degrees 152.8 0.612 not applicable
mm 0.207 0.007 0.45 mm 0.453 0.016 0.99 nun 0.798 0.017 1.75 degrees 13.6 0.560 not applicable
Table 70 (size 0 barbed suture) Ratio of D. L.

10

15

25

30

spirality angle o

Measurement
cut angle &
cut depth D
cut length L
cut distance P

spirality angle o

Measyrement
cut angie §
cut depth D
cut length L
cut distance P

spirality angle o

degress

Units
degrees

mim

degrees

Units
degrees
mm
o

Ml

degrees

27 -

9.40 1.606 not applicable

Table 71 {size 2-0 barbed suture}

Raticof D, L, or

P over Suture

Average Standard Deviation  Diameter (0,381 mim)

i61.0 1707 not applicable
0.158 0.014 0.41
0.489 0.054 1.28
0.962 0.054 2.52
7.96 1.075 not appiicable

Table 71 {size 2-0 barbed suture)
Ratioof D, L. or

P over Suture

Average Standard Deviation  Diameter (0.381 mm)

161.0 £.506 not applicable
0.154 0.017 040
0.474 0.0538 1.24
6.973 0.068 2.55
6.53 1.755 aot applicable

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

barbed sutures manufactured from monofilament spun from polydioxanone and having &

diameter of about 0.018 inch (about 0.457 mm, which is slightly more than the USP

requirement for a size 0 synthetic abserbable suture) and thus similar to the above-described

tested barbed sutures, except that these other barbed sutures were cut with a different cutling

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



P over Suture Units Average Standard Deviation Diameter (0.457 degrees 152.9 0.549 not applicable
mm 0.188 0.016 0.41 mm 0.413 0.030i 0.90 mm 0.787 0.024 1.72 degrees 13.8 0.270 not applicable
Table 7P (size 0 barbed suture)

-2% -
I3B.) The resulis for these other barbed sutures are summarized in the following Tables 7K
- TZ.
Table 7K (size 0 barbed suture}
Ratioof D, L
3 P over Sufure
Meagurement Units  Average Standard Deviation Diameter (0457
mm}
cut angie 6 degrees 152.6 0.718 not applicable
cut depth O mm 0.221 0011 (.48
10 cutlengthL mm 0.475 0.022 1.05
cut distance mm  0.784 0.015 171
spirality angie « degrees 12.9 0.453 ot applicable
15 Table 7L (size 0 barbed suture)
Raticof D, 1.,
P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457 mm}
cut angle @ degrees 152.4 0.947 not applicable
20 cutdepth D mm 0216 0014 0.47
cut length L 415934} 0.465 0.024 1.02
cut distance P mm 0.774 0.015 1.69
spirality angle & degrees 13.2 0.349 not applicable
25
Table 7M (size O barbed suture)
Ratioof D. L.
P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457 mm)
30 cutangled degrees 152.3 0.576 not applicable
cut depth D min 0.227 0.015 0.50
cut length L. mm 0.489 0.034 1.07

cut distance P mm £.756 0018 1.74



- 30 -mm 0.204 0.007 0.45 mm 0.451 0.019 0.99 mm 0.792 0.018 1.73 degrees 13.6 0.410 not
applicable Table 7() (size 0 barbed suture) Ratio of D, L,
Deviation Diameter (0.457 degrees 163.1

i6

i5

20

25

spirality angle &

Measurement
mimn)

cut angle §
cut depth D
cut length L
cut distance P

gpirality angle o

Measurement
mimn)

cut angle 6
cut depth D
cut length L.
cut distance P

spirality angle o

Measurement
mm)

cut angle 8

229 -
degrees 3.1 0.193

Table 7N (size 0 barbed suture)

Units  Average Standard Dieviation

degrees 152.8 0.612
mm 0.207 0.007
mm 0.453 0.016
mm 0.798 0.017
degrees 13.6 0.560

Table 70O (size O barbed suture)

Units  Averape  Standard Deviation

degrees 152.9 0.549
mm 0.188 0016
mm 0413 0.030 E
mm 0.787 G.024
degrees 13.3 0270

Table 7P (size { barbed suture)

nits  Average Standard Deviation

degrees 153.1 0.655

P over Suture Units Average Standard

not applicable

Ratioof I, L.

P over Suture
Diameter (0.457

not applicable
0.45
0.99
L75

not applicable

Ratioof D. L,
P gver Suture

Diameter (0,457

not applicable
0.41
0.90
1.72

not applicable

Ratioof D, L

P over Sulure

Diameter (0.457

not applicable



0.505 not applicable mm 0.245 0.013 0.54 mm 0.842 0.045 1.84 mm 0.774 0.009 1.69 degrees 10.8

0.449 not applicable Table 7R (size 0 barbed suture) Ratio of D, L. P over Suture Units Average
Standard Deviation Diameter (0.457

10

15

25

30

cut depth D
cut length L.
cut distance P

spiraiity angle o

Measurement
mim)

cut angle 8
cut depth D
cut fength L
cut distance P

spirality angle o

Measurement
mm)

cut angle 8

cut depth D

cut length L
cut distance P

spirality angle o

~-30 -
mm 0.204 0.007 0.45
mim 0.451 0.01% 0.99
num 0.792 0.018 1.73
degrees 13.6 0410 not applicable

Table 70 (size 0 barbed suture)

Raticof D. L

P over Suture
Units  Average Standard Deviation Diameter (0.457
degrees 163.1 0.505 not applicable
i 0.245 0013 0.54
mim 0.842 0.045 1.84
mm 0.774 0.009 1.69
degrees 10.8 0.449 not applicable

Table TR {size ) barbed suturg)

Ratioof D, L.

P over Suture
Units  Average Standard Deviation Diameter (0457
degrees 161.1 1.126 not applicable
Hin 0.233 0017 051
min 0.721 0.035 1.58
mm 0.773 0010 1.69
degrees 12.6 0.189 not applicable

Table 75 {size { barbed suture)




degrees 161.1 1.126 not applicable mm 0.233 0.017 0.51 mm 0.721 0.035 1.58 mm 0.773 0.010 1.69
degrees 12.6 0.189 not applicable 30 Table 7S (size O barbed suture) -3 1 - Ratioof D. L,

L

10

15

20

30

Mesasurement
o)

cut angle ©
cut depth D
cut length L
cut distance P

spirality angle o

Measurement
mm}

cut angle @
cut depth D
cut length L.
cut distance P

spirality angle o

Measurement
mm}

cut angle 8
cut depth D
cut length L
cut distance P

spirality angle «

-3 -

Ratioof D, L.

P over Suture
Units  Average Standard Deviation Diameter (0457
degrees 160.9 0.708 not applicable
mm 0.240 0014 0.52
mm 0.734 (.037 1.61
mm 0774 0.009 1.69
degress 13.6 0.312 not applicable

Table 7T (size § barbed suture)

Ratioof D, L
P gver Suture
Units  Average Standard Deviation Diameter (0.457
degrees 154.6 1434 not applicable
mm 0.210 0.009 0.46
mim 0.492 0.026 1.08
mrm 0.538 0.011 1.18
degrees 12.3 0.223 not applicable

Table 71 {(size { barbed suture)

Ratioof D. L

P over Suture

Units  Average Standard Dieviation Diameter (0,457
degrees 152.9 0.809 not applicable
mm 0.212 0.014 0.46
mm 0.464 0.026 1.01
mm 0.530 0.015 i.i6

degrees 13.7 0411 not applicable



P over Suture Units Average Standard Deviation Diameter (0.457 degrees 160.9 0.708 not applicable
mm 0.240 0.014 0.52 mm 0.734 0.037 1.61 mm 0.774 0.009 1.69 degrees 13.6 0.312 not applicable

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

L

10

15

20

30

Measvrerpent
o}

cut angle 8
cut depth D
cuf length 1.
cut distance P

spirality angle o

Measurement
mig)

cut angle 8
cut depth D
cut length L
cut distance P

spirality angle ¢

Measurement
mim}
cui angle ©

cut depth D

Table 7V {size  barbed sumure)

-372-

Units  Average Standard Deviation

degrees 1534

om 06,221
mm 0.495
MM 8.537

degrees 13.9

Table TW (size § barbed suture)

0.903
0.016
0.023
0.012
0.605

Units  Average Standard Deviation

degrees [55.2

{1313 0.202

mm 0.483
mm 0.789
degrees 12.0

Table 7X {size § barbed suwure)

.829
0.008
0.017
0.031
0.328

Units Average Standard Deviation

degrees 155.5
Hm 0.200

0.799
0.010

Ratioof D, T,

P gver Suture

Diameter (0.457

not applicable
G.48
1.08
1.17

not applicable

Raticof D, L

P over Suture

Diameter (0,457

not applicable
0.44
1.06
1.73

not applicable

Raticof D, L

P over Suture

Diameter (0457

not applicable
044



P over Suture Units Average Standard Deviation Diameter (0.457 degrees 154.6 1.434 not applicable
mm 0.210 0.009 0.46 mm 0.492 0.026 1.08 mm 0.538 0.011 1.18 degrees 12.3 0.223 not applicable
Table 7U (size 0 barbed suture) Ratio of D, L,

-33 -
cut length L mm 0.484 0.027 1.06
cut distance P mm (.798 0.017 1.75
spirality angle ¢ degress 11.8 0.362 not applicable

Ui

Table 7Y {size § barbed suture)

Raticoi D, 1,

P gver Suture

Measurement Units  Averape Standard Deviation Diameter {0.457
10 mm)
cut angle 6 degrees 1554 0.560 not applicable
cut depth D mm 0.196 0.008 0.43
‘cut length L mimn 0.471 0.017 1.03
cut distance P mm 0.799 0.019 1.75
15 spirality angle o degrees 11.8 0.496 not applicable
Table 77
20  Barbed Suture Straight Pull Strengih Chamois Cloth Closure Strength
{pounds) (pounds to rupture}
Sample 1 7.29 11.23
(Tables 7K. — TM)
Sample 2 8.73 12.14
25  {Tables TN -T2}
Sample 3 8.5 9.22
(Tables 7Q —75)
Sample 4 5.92 9.27
(Tables 7T - 7V)
30  Sample 5 7.69 997

(Tables TW - TY)



P over Suture Units Average Standard Deviation Diameter (0.457 degrees 152.9 0.809 not applicable
mm 0.212 0.014 0.46 mm 0.464 0.026 1.01 ram 0.530 0.015 1.16 degrees 13.7 0.411 not applicable -
32 - Table 7V (size 0 barbed suture) Ratio of D L.

-34 .-

Although all the above-noted measurements were performed on bi-directional, twist
cut, muitipie spiral barbed sutures, the below-noted desirable ranges for measurements for
barb length L, barb cut depth D, barb cut angle 6, and/or cut distance P should be the same
for the various other inventive barbed sutures described here.

5 A suitable ratio of cut length L to barbed suture diameter SD ranges from about 0.2 to
about 2, more preferably from about 0.4 to about 1.7, even more preferably from about 0.8 io
about 1.5. However, very suitable barbed sutuires may have a ratio of cut length L to barbed
suture diameter SD from about 1 down to about 0.2, whereby the ratio of the highest possible
barb elevation (the elevation of barb tip 85 above suture body 82) to the suture diameter SD

10 correspondingly ranges from about 1 down to about 0.2. (The highest possible barb elevation
is the same as the barb length L.) Also, a suitable ratio of cut depth D to barbed suture
diameter SD ranges from about 0.05 to about 0.6, more preferably from about 0.1 to about
0.55, even more preferably from about 0.2 to about 0.5.

Regardless, length L may be desirably varied depending on the intended end use,

i5  since larger barbs are more suitable for joining certain types of tissue such as fat tissue or so0ft
tissue, whereas smaller barbs are more suitable for joining other types of tissues such as
fibrous tissue. As discussed in more detail below vis-a-vis Figure 11, there will also be
instances where a barb configuration that is a combination of large, medium, and/or smali
barbs disposed on the same suture will be desirable, for instance, when the barbed suture is

20 empioyed in tissue that has differing layer structures.

Cut angle 0 formed between the barb and the elongated suture body desirably would
range from about 140 degrees to about 175 degrees, more preferably would range from about
145 degrees to about 173 degrees. The most preferred cut angle 0 for ail barbs ranges from
about 150° to about 170°.

25 For instance, for a polydioxanone barbed suture with 2 diameter of about 0.018 inch
(about 0.457 mm), which is slightly larger that the USP requirement for a synthetic
absorbable suture of size 0, the preferred barb length L would be 0.45 mm; the preferred barb
depth 1> would be 0.2 mum; and the preferred barb cut angle would be 133 degrees.

Longitudinal spacing between any two barbs is generally effected with the goal of

30  creating as many barbs as possible along the suture, and is a factor in the ability of the barbed
suture to anchor tissues while maintaining firmmess. As barbs are spaced farther apart, tissue-

anchoring capacity decreases. Nevertheless, if barbs are spaced foo close, the integrity of the



P over Suture Units Average Standard Deviation Diameter (0.457 degrees 153.4 0.903 not applicable
mm 0.221 0.010 0.48 ram 0.495 0.023 1.08 mm 0.537 0.012 1.17 degrees 13.9 0.605 not applicable

10

20

25

36

_35.
filament may be jeopardized, which could lead to a tendency of the barbs to peel back and
also to a decrease in suture tensile strength.

Generally, a suitable ratio of cut distance P o barbed suture diameter SD ranges from
about 0.1 to about 6, more preferably from about 0.5 to about 4.5, even more preferably from
about 1.0 to about 3.5. Very suitable barbed sutures may have a ratio of cut distance P to
barbed suture diameter SD from about 1.5 down to about $.2, whereby cut distance P may be
as low as about 0.1, particularly for the overlapping barb embodiment, which-is discussed in
more detail below vis-&-vis Figures 124, 128, 12C, and 12D.

Additionally, spirality angle o formed between line M and the longitudinal direction
of the elongated suture body for a twist cut, multiple spiral barbed suture typically would
range from about 5 degrees to about 25 degrees, more preferably from about 7 degrees (o
about 21 degrees. The most preferred angle o Tor all barbs on a twist cut, multiple spiral
barbed suture is about 10° to about 18°.

Turning now to Figure 8, shown is suture 90, which is another embodiment of the
present invention. Suture 90 includes elongated body 92 that is generally circular in cross
section, Elongated body 92 terminates in first and second pointed ends 94, 96 for penetrating
tissue. It is contemplated that one or both ends 94, 96 may comprise a surgical needle (not
shown) for insertion into tissue. Additionally, suture 90 includes plurality of closely spaced
barbs 97 arranged in a random disposition. '

Suture 90 may be made with the same cutting machine as the above-discussed sutures,
such as the cutting device described in the above-noted Serial No. 09/943,733 to Genova et
al. With combinations of the above-described metheds for making the 180 degree disposition
(sutures 1, 10), the 120 degree disposition (sutures 30, 40), and/or the twist cut multiple spiral
disposition (sutures 60, 70, 80), barbed suture 90 with 2 very randorm barb disposition is
obtained. The advantage of the random disposition is that the many barb angles provide
superior anchoring in tissues and thus afford superior wound holding properties. With the
random dispositicn, the barbed suture would be inserted into tissue with an insertion device,
such as that shown in the above-noted 1.8, Patent No, 5,342,376 to Ruff.

With regard to Figure 9, shown is a sectional side view of barbed suture 100, which is
another embodiment of the present invention. Suture 100 includes elongated suture body 102
of generally circular cross section. Also, suture body 102 has disposed on it a plurality of
closely spaced barbs 107. Each barb 107 has a barb configuration such that barb underside

108 is serrated or corrugated. One or both suture ends (not shown) are pointed for



Table 7W (size 0 barbed suture) Ratio of D, L, P over Suture Units Average Standard Deviation
Diameter (0.457 degrees 155.2 0.829 not applicable mm 0.202 0.008 0.44 mm 0.483 0.017 1.06 aim
0.789 0.031 1.73 degrees 12.6 0.328

-3 -

penetrating tissue and it is conternplated that one or both may comprise a surgical needle (not
shown) for insertion into tissue.

Suture 100 may be made with the same cutting machine as the above-discussed
sutures, such as the cutting device described in the above-noted Serial No. 09/943,733 to

5  Genovaet al. Barb 107 having serrated underside 108 is achieved by vibrating or oscillating
the cuiting blades of the cutting device when barbs are being escarped into the body of 2
monofilament. It is intended that any of the barbed sutures of the present invention as
described here may have barbs with a configuration that includes a serrated or corrugated
underside.

10 With reference now to Figures 10A and 10B, depicted in Figure 10 A is a perspective
view and depicted in Figure 10B is a top view of barbed suture 110, which is another
embodiment of the present invention. Suture 110 includes elongated suture body 112 of
generally circular cross section. Also, suture body 112 has disposed on it a plurality of
closely spaced barbs 115 having barb tips 117 {one barb 115 is shown for purposes of

15 brevity). Barb 115 has a configuration with an arcuate base 119 where barb 115 is attached
to suture body 112. One or both suture ends (not shown) are pointed for penetrating tissue
and it is contemplated that one or both may comprise a surgical needle (not shown) for
insertion into tissue.

Figures 10C and 10D are cross-sectional views respectively along line 10C - 10C and

20 line 10D - 10D of Figure 10B. Figure 10C and 10D further clarify that barb 115 becomes
narrower going from base 119 toward tip' 117.

Suture 110 may be made with the same cutting machine as the above-discussed
sutures, such as the cutting device described in the above-noted Serial No. 09/943,733 to
Genova et al. To achieve barb 115 having arcuate base 119, the cutting device is provided

25  with cutting blades with ends that are correspondingly arcuate with respect to arcuate base
119. ’

It is intended that any of the barbed sutures of the present invention as described here
nay have barbs with a configuration that includes an arcuate base. The arcuate base should
enhance tissue anchoring as compared to a flat, linear base. Regardless, it is not desired for

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

Shown in Figure 11 is a sectional side view of a barbed suture that is another
embodiment of the present invention, and that is generally designated at 120. Suture 120

includes elongated body 122 that is generally circular in cross section. Elongated body 122



not applicable Table 7X (size O barbed suture) Ratio of D. L, P over Suture Units Average

Standard Deviation Diameter (0.457 degrees 155.5 0.799 not applicable mm 0.200 0.010 0.44 - 33 -
cut length L mm 0.484 0.027 1.06 cut distance P mm

ST
terminates in end 124. End 124 is pointed for penetrating tissue and it is contemplated that
end 124 may comprise a surgical needle (not shown) for insertion into tissue. (The other end
is not shown, and also may be pointed for penetrating tissue and may comprise a surgical
needlie for pepetrating tissue.)

5 Also, suture 120 includes plurality of closely spaced barbs 125, plurality of closely
spaced barbs 127, and plurality of closely spaced barbs 129. Barbs 125 are rejatively smallin
size with a relatively short barb length as compared to barbs 127, which are relatively
medium in size with a relatively medium barb length, as compared to barbs 129, which are
relativelylarge in size with a relatively long barb iength.

10 Suture 120 may be made with the same cutting machine as the above-described
sutures were made, such as the cutting device described in the above-noted Serial No.
09/943 733 to Genova et al. By altering the amount of blade movement during catting into a
suture filament, then the barb cut length is made longer or shorter, as desired, to resuit in each
of the three sets of barbs 125, 127, and 129 being of a size different from the others, where

15 the varying sizes are designed for various surgical applications. The barb size may also vary
in the transverse direction, whereby the barb base may be short, medium, or long, and
regardless, the barb base typically is less than about ¥ of the suture diameter.

For instance, relatively larger barbs are desirable for joining fat and soft tissues,

whereas relatively smailer barbs are desirable for joining fibrous tissues. Use of a

20  combination of large, medium, and/or smali barbs on the same suture helps to ensure
maximum anchoring properties when barb sizes are customized for each tissue layer. Only
two different sized sets of barbs (not shown) may be escarped into suture body 122, or
additional sets of barbs (not shown) with four, five, six, or more different sized sets than three
sizes as illustrated for sets of barbs 125, 127, and 129 may be escarped into suture body 122

25  as desirved, in accordance with the intended end use. Also, aithough suture 120 is illustrated
with the barbs being unidirectional, it is intended that barbed sutures with barbs having a
configuration of varying sizes in accordance with the invention also may be bi-directional
barbed sutures or random barbed sutures or any of the other inventive barbed sutures
described here.

30 Figure 124 is a perspective view of another embodiment of the present invention,
showing barbed suture 130 having elongated body 132 of generally circular cross section.
One or both suture ends (not shown) are pointed for penetrating tissue and it is contemplated

that one or both ends may comprise a surgical needle (not shown) for insertion into tissue.



0.798 0.017 1.75 spirality angle a degrees 11.8 0.362 not applicable Table 7? (size 0 barbed suture)
Ratio of D, L. P over Suture Units Average Standard Deviation Diameter (0.457 degrees 155.4
0.560 not applicable mm 0.196 0.008 0.43 mm

-38-

Suture 130 further includes plurality o% barbs 135 projecting from body 132 such that
at least two longitudinally adjacent first and second barbs 135 are disposed on body 122
where first barb 135 overlaps second barb 135 if first and second barbs 135, which is readily
apparent if barbs 135 are laid flat on body 132.

5 Figure 12B is a perspective view of a portion of overlapping barbs 135 of the
overlapping disposition barbed suture 130 of Figure 124, and Figure 12C is a top plan view
of Figure 12B. Figure 12D is a cross-sectional view along ling 12D — 12D of Figure 12C.
As can be more clearly seen from Figures 12B, 12C, and 12D, during escarpment of barbs
135, overlapping first barb 135 is escarped into part of topside TS of overlapped second barb

10 135, and so on. Part of topside TS of overapped second barb 135 becomes part of undersids
US of overlapping first barb 135.
Thus, with the overlapping disposition, the barb cut distance between first barb 135
and second barb 135 may be shorter than the barb cut length of overiapped second barb 135,
whereas, in general for barbed sutures, the barb cut distance between two barbs > the barb cut
15  length. Particularly for the overlapping barb disposition, very suitable barbed sutures may
have a ratio of the barb cut distance to the barbed suture diameter from about 1.5 down to
about 0.2, since the barb cut distance P may be as low as about 0.1. (See discussion of Figure
7 for comments vis-a-vis the barb cut length and the barb cut distance.) This overlapping
disposition allows for closely packing many barbs 135 on body 132, and typically, barbs 135
20 arethin, as compared to when the barb cut distance between two barbs > the barb cut Jength.
Also, although suture 130 is illustrated with barbs 135 being unidirectional, it is
intended to include that suture 130 in accordance with the invention also may be a bi-
directional barbed suture as described here.
Figures 13A, 138, 13C, and 13D show various surgical needles, where a barbed
25 suture is attached to each surgical needle. In order to facilitate insertion into tissue, the
surgical needles may be coated with a polymer, for instance, as described above vis-a-vis
U.5. Patent No. 5,258,013 to Granger et al.
Figure 13A shows surgical needle N1 that is a straight elongated needle in the
longitudinal direction and that is generally circular in cross section. Surgical needle N1 has
30 pointed tip T1 for insertion into tissue and also has hole Hi. Surgical needle N1 is illustrated
as attached, such as by swaging, 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-



0.471 0.017 1.03 mm 0.799 0.019 1.75 degrees 11.8 0.496 not applicable Table 7Z 20Barbed
SutureStraight Pull StrengthChamois Cloth Closure Strength (pounds)(pounds to rupture) Sample
17.2911.23 (Tables 7K - 7M) Sample 28.7312.14 25 (Tables 7N - 7P) Sample 38.59.22 (Tables 7Q
-75) Sample 45.929.27 (Tables 7T - 7V) 30 Sample;67.699.97 (Tables 7W - 7Y) - 34 - Although
all the above-noted measurements were performed on bi-directional, twist cut, multiple spiral barbed
sutures, the%@%ﬁtﬁé@@é@irﬁ?ﬂ‘é‘?%é&ﬁ?%&%ﬁ§ﬁt§‘?6‘f‘?§%\%%‘ﬁ&tﬁlll_’, B&¥5%ut depth D, barb

cut angle 0,-ang/es sylRisianacs R.ahrulshbe: thgssame fonthaveasioumothes foventivediated sutures

described here. 5A suitable ratio of cut len tr&%ll_ barbed suture diameter SD .ranges from about 0.2
i LRk RS R e

to about 2, more prerETaBRPFORY SBBEE! TR B RO Pi eraﬁ?/d Fom about 0.8 to about

1.5. Howevésnyauyisuitalbierbarbedisuisiesandy havela mioosf sutitendihriice! Wﬁ@d‘@h@ﬁ’e diameter
SD from about r%e%%%&g% 10Ut O ’igg:)%gspefa)mtsh%'%a%fh% highestnassiblabarb elgyation(the

elevation of ba ove suture y 82) to the suture diameter SD 10correspondingly ranges

from about Bekierhies abeiupoby SRSk ihbaes s8iBke BarPelbva i Thé Shd s thi¥ barb length
L.) Also, a syjtable,ratier abckidepth Bhiobaibeshsbigi ribed barbed sutures. Additionally,

surgical needle N2 has diameter D2 in the transverse direction, which is illustrated as 2
suitably thin diameter, such as about 0.032 inch (about 0.81 mm}, but not as thin as diameter
10 D1 of surgical needle N1. As discussed above vis-d-vis swaging, surgical needle N2, after
having suture S2 inserted into hole H2, may be crimped by standard procedures about hole
H2 to hold suture 52 in place for use in suturing tissue.
Figure 13C shows surgical needle N3 that is a curved elongated needle in the
longitudinal direction and that is generally circuiar in cross section. Surgical needle N3 has
15  pointed tip T3 for insertion into tissue and aiso has hole H3. Surgical needle N3 is illustrated
as attached, such as by swaging, to barbed suture $3. Barbed suture 53 is a barbed suture
including, but not limited to, any of the above-described barbed sutures. Additionally,
surgical needle N3 has diameter D3 in the transverse direction, which is illustrated as a
relatively thin diameter, such as about 0.02 inch-(about 0.51 mmy). As discussed above vis-a-
20 vis swaging, surgical needle N3, after having suture S3 inserted into hole H3, may be
crimped by standard procedures about hole H3 to hold suture 83 in place for use in suturing
fissue.
Figare 13D shows surgical needle N4 that is a curved elongated needle in the
longitudinal direction and that is generaily circular in cross section. Surgical needle N4 has .
25  pointed tip T4 for insertion into tissue and also has hole H4. Surgical needle N4 is iilustrated
as attached, such as by swaging, to barbed suture S4. Barbed suture 54 is a barbed suture
including, but not limited to, any of the above-described barbed sutures. Additionally,
surgical needle N4 has diameter 124 in the transverse direction, which is iflustrated as a
suitably thin diameter, such as about 0.032 inch (about 0.81 mmy), but not as thin as diameter
30 D3 of surgical needle N3. As discussed above vis-i-vis swaging, surgical needle N4, after
having suture S4 inserted into hole H4, may be crimped by standard procedures about hole
H4 to hold suture S4 in place for use in suturing tissue.
Needle tips T1, T2, T3, and T4 are schematically illustrated as pointed, but, as is well

known, surgical needles come with various kinds of pointed tips, such as taper point, taper



diameter SD ranges from about 0.05 to about 0.6, more preferably from about 0.1 to about 0.55, even
more preferably from about 0.2 to about 0.5. Regardless, length L may be desirably varied depending
on the intended end use, 15since larger barbs are more suitable for joining certain types of tissue such
as fat tissue or soft tissue, whereas smaller barbs-a#é more suitable for joining other types of tissues
such as fibrous, tiSS%J? As discusse%‘égﬁgnore ddetai.l tgetlﬁ.w 1\1is-a-vc'ﬁ Fic%ilflre'ltl’a there vy};l!eglif% be
instances wharE & BRI UOhG TR S Bt SR CBRIBIn AHBA B G S REBAR AR SisaBarbs
disposed ortdhechaimesuturéaihibeddesitatis; ferdhstamnce] sphepeitie thppbadtsgtaslidi2@enployed in
e e BRI NG aME L SUHEWIER corsfed] AGIRO e RSN D DT and 1he elongated

suture body desirably would range from about 14-0 degrees to about 175 degrees, more preferably

would range from ddatvElScaRyrde StrEpeiErE Fagtader THasAgwCcalemairddvEd angle 0 for all

barbs rangegfraguaheng 1o0d0akeyttils 2ofatnstanerinoh R0 bidioxaneBe; badred:siduire with a
diameter of abg tO.Ol‘ESﬁ%ﬁch %about 0.457 mT) which is Sgﬁ'hthvl I?é%%réhat the USP. requirement for a
synthetic ab¥SBEbESTiie BF S5t GPHRL BPAIEHEPB ARG IG'E WL BEES S P thEtEterred

barb depth B»wmitehbieai2wane, dnoethe paferredbaibtent anples wasitl be 153 degrees. Longitudinal
spacing between wo b r?? i, generally e ith,th l.of,3 ing as many.harbs as
possible along thealgﬁi?%lé%l |§h§ agr %ﬁ%%@%%?%%ﬁﬁ%%%r%%ﬁ%ﬁ%?ﬁ% r%é%or tissues while

maintaining figrmtiss aagbghbaeaféc spacet embet abake HEsoe butHerngpcabariticdeuéases.
Neverthelesgoifbathsate.sRARAMOAAREEnIBaINCAY Lfidhe:s; Jrr dilamepismesReieepasdized,

which could lead toa tendency of the barbs to pgel back and also to a dqcrease in suture tensile
strength. "TNSR PETRIBRE Pl AT G e B H G Ut AMBREF S Hibes from
about 0.1 toabaeidd: MintRtpretayablywomialouli: SHeo bt dibresamensre preferably from Sabout
1.0 to about 15. V%%/ swtaag[fearbtgrbed SL%tures may, ha}/ of cut %sntgerafe PaE%b£{Q%d suture

.a ratj
diameter SD from abBut 1.5 down 1o about WE?%%&%&%&@&&W 3 may%;(l-:-uas fow as about 0.1,
particularly ferrtid averidpping iparsrebibisd mmﬁwmigmwmeaﬁwmwmﬁ plottsd thigna-vis
Figureg 5. 2A, 128 12Cnaad 2R Addiionalive srialit drale a.iprneddehusen ling dband the

longitudinal direction10 of the elongated suture body for a twist cut, multiple spiral barbed suture
typically woaréa‘iﬂafﬁ@éth&aﬁfl%%ﬁseg@gwt@@g%%&%wd@awé%%%F@ﬁmwwawut 7
degrees to ahos A kieRGees HhednRasbPIRIckEad anglas faeadibay s eppeoRiisicdtisaudtiple spiral
barbed suture is about 10 to about 18. Turning now to Fijgure 8, shown js suture 90, which is another
embodiment 8t IRE B SATFR/ERHER “BIRUP O SR e S5 LB ERRy B NG E RegeRerally circular
in cross sectiomphiohgatec-hody SReterthnpnatizisdndissipand secondspeitte derdsrOlit@Gdovigenetrating

tissue.ibis Ct%@%%@@@&?ﬁhﬁ@@sﬁ; e.qr ngg&p ends 94, 96 may comprise a surgical needle (not shown) for
insertion into tissue. Additiona 55 suture 90 includes plurality of closely spaced barbs 97 arranged in a

random disposition! OBt iEmotrRbipderiatdattmhesisnethaingFnalcedaxashesysicdiscussed
sutures, suchashechiinghdevics.deserbaddaithe-ahayenairdparaliig AAU4s fds: 1@ Genova et

al. With combinations of the above-described methaods for making the 180 degree disposition (sutures
1, 10), the 156%fetRole ASHERMBH [BiRAAIS-SHChBY, dRliRs-trr iRl dRLATRTAPIR Spirbid&hosition
(sutures 60, st 8 daibBRstsHt e Danndth Heverhsandom barhutitaDsitidie Badbekhtaioedsethe
advantage of the random disposition .is,that the many barb angles provide superior anchqring in
fosuecand TS Ao SrELo s A TN R e G R e R SO D e
suture wouldibad setted ditodissyewithidminssrtion device, such as that shown in the above-noted

US. Patent No. 5,342,376, RUFL D tedetd I0-EIOMTE.SahauLis Aspetionalisidsadau of barbed

suture 100, which is 30another embodiment of the present invention. Suture 100 includes elongated
suture body PO 2iBRgarEragt aredinerassyabatte.AltPadre By wrTEsiaRPosEPyLit a plurality
of closely spaceekbaihs dekkashiban k97hasa barheanfiay ralienpvenibaidbarhdsderside 108 is

serrated or corrugated. One or both suture ends (not shown) are pointed for - 36 -
30 employed, the ratio of surgical needle diameter to barbed suture diameter may be as low as

about 1:1 orless, or even lower, for instance, about 0.9:1 or less, or about 08:1 or less, or as
low as about 0.5:1. It will be appreciated by the person of ordinary skill in the art that care
should be taken with extremely thin needles so as to ameliorate the possibility of localized

weakness, which may compromise tissue insertion.



penetrating tissue and it is contemplated that one or both may comprise a surgical needle (not shown)
for insertion into tissue. Suture 100 may be made with the same cutting machine as the
above-discussed sutures, such as the cutting device described in the above-noted Serial No.
09/943,733 to 5Genova et al. Barb 107 having serrated underside 108 is achieved by vibrating or

oscillating the cutting blades of the_cutting device when barbs are being escarped intp the body of a
monofilament. It is‘ii?%‘ﬁaéﬁﬁ%%?*m ‘B%/r%eé’gi,gﬁrtg%a Hring %F%%%ﬁ??ﬁ%gﬁéﬁeﬁedescribed here

may have bdirbssieithodediafigunatiaiathetincittiestar sberptedhari casmtigatedsuadat sidinl bOMVith
reference now to Rigur n depicted in Ei i r ' lew-and depicted in
Figure 10B is a to;ﬁ%ﬁé%%j%%%%%%%%ﬁg?ﬁ%Sv%ﬁ%@%%ﬁé%ﬁ élﬁr'rigbo f?ngé%r%%(\)f t\&eg préﬁgéﬁtgnvention.
Suture 110 Hélgieseldmyas§ -uredvddy-1 1o enerlitircwernd bes e ivwingdsbetture body
112 hassdisposedanibauphirality; of closely spaced barbs 115 having barb tips 117 (one barb 115 is
shown for purposes of 15brevity). Barb 115 has a_configuration with an arcuate base 119 where barb

115 is attached to SUfGHe B YOS D BHA R6RG& ShATPHIELREURY) SR B REE 5T Benetrating
tissue and ittspeonteraplaied thawoneionbotkiniay eompriseA medicacneas@s0ooyshown) for insertion

into tissue. Figures | 10D are cross-sectional views.respectively along line 1OC - 10C and
206 100 PSSR LR G PR LE L O T Ak S TH AR SIS rarrower
going from Béiseinsgtiowslthiipaldl suurSnturbekoditdyobe tadsdlitahetisaped abotthiihemachine as
the abgye-diggrssed siuesa AR asthe sitineavice described inihe AhovRsaoiesdqal No.

09/943,733 to Genova et al. To achieve barb 115 having arcuate base 119, the cutting device is
provided 25®ithEnfih G BREISENVHE Erivetiiasdrs Tome SpaRgIPeiet GRewitt rRSpdtiteticuate base

1109. It isyinteRded thatpry Mhihe barpth suimes pithePEaseRE RYendionas teselitteddiere may
have barbs with a configuration that includes,an arcuate base. The, arcuate base should enhance
tasue anchoHG L HH PR ot ey BAGB A SAMALE: RS ey SO Rl SO B 10 be
circular or ovah sitvich wobikd ieegtiltoff et GRicah shd pediBarvel, Gsthateordf dbore8 S22 gsie
anchorjag. (abomg\{pﬁﬁlliigure 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 12Phefatinsehe caime SiEbiae meheds sEamy. PreHpretrbBajer?m ZPhesrminates in
end 124. Englcb24fempiied-iaipenetating tissweand itisenteroplated thal et 1adnay comprise a
surgical needle (not shown) for insertion intg tissue. (The other. end iIs not shown, and also may be

pointed for FEHETSAGHEETR RS8R A SErROASRE SRR fo7ie OTRARY f¥a8ES) Bikiso,
suture 120 ideluaes kindalityabalicseleshaced haghs 2 dpuralib-afeld sehispaaecihsibis, 127, and
plurality of clasely spaced harhs 129. Barbs 1 re relatively small in sjze with a.relatively short barb
ength 20 comE e e R S PR ely IeHis T B o
length, as céimphredaondarissitee, tvhickadeerelatinsty Homfecin iz ewdttabore i vy wdagibdeb length.

10Suture 120;may e madayifhing.sams criipg W&%é&%@&ﬁ%ﬁ’fﬁ%@%&%%?s were

made, such as the cutting device described in the above-noted Serial No. 09/943,733 to Genova et al.
By altering tA&arABleREF Inadktpibitiedicnatngichrirs Heosed R sERaEmehen the barb cut

Iengtk? is mafde |0ng§l?f96§*ﬁ@ﬂt§§nﬂﬁi@?&%@p&ﬁﬁéﬂlﬁﬂﬂhﬁ%@i@édﬁ&ﬂmﬁﬁﬁ%ﬁ @hh@ée?ﬁe& 127, and
129 bejng of a size different from the qthers, where 15the varying sizes are designed for yarjous
sorgicat oo TR e BT SR AP ARG T SR e EAENBYTR Bt base
may be shori dnsgemyiabtend,(8id nedarites <. 26 toaubwizish typlighlly isressithetheatiBht 1/4 of the

sure damelglyendEprdnSianCs S RIBHAl e Be . s derliable /o (atAnc gl ssues,

whereas relafively smaller barbs are’desira ous tissues. Use ination of
large, mediu?1&riardr(gbeal bABsor the same suture helps to ensure maximum anchoring properties

when barb sizes arg#Hstemizeshfoheac s sye: A¥RE Pal¥ched chamois cloth were tested for
30 closure strength using a Test Resources Universal Tester, Model 200Q. Each specimen was
gripped by two respective serrated jaws. Then, each specimen was pulled longitadinally ata
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



two different sized sets of barbs (not shown) may be escarped into suture body 122, or additional sets
of barbs (not shown) with four, five, six, or more different sized sets than three sizes as illustrated for
sets of barbs 125, 127, and 129 may be escarped into suture body 122 25as desired, in accordance
with the intended end use. Also, although suture 120 s illustrated with the barbs being unidirectional, it
is intended that barbed sutures with barbs hav,in%Ta congjgr;uration of gar)égwg sizes i}r%i ceordance with
the inventiGHFaRb Thap B BIgiRE Qi GRArBAPBR FElnAPOL S rARIBMBADEY Euitlirad

Utlresor any of the other
inventive barhegremtutestesedirddpesandOiiiut epb/islaiperSpoetsewiewotiarsttedembodiment
of the present invention, showing barbed suture ;13 Vi redly circular
cross sectiGh: Ohe’ ‘F%‘g V%aﬁ’tﬁt}%:%féd?%%}es eg)x\%v:lj%)&aggl %%%%%%?ﬁ%@%ﬁ%féﬁ%ﬁzs
contemplategtithatomne.&F isothbehdst msalivesriprisecd s ipgibalfirecarcimer e Ay Iof-fisertion into
tissue. 5~ 38olied 4 Welhierdncludes plutaU, ol herin 8 prpieainadonybed 132 such that at
least two longitudinally adjacent first'and second barbs 135 are disposed on body 132 where first barb
135 overlaps secdrié Barbess semesmR s doha baroe38, which is readily apparent if barbs 135 are
laid flat on body 132. Figure 12B is a perspective view of a portion of overlapping barbs 135 of the
overlapping disposition barbed suture 130 of Figi re 12A.a1 d Eigure J2C is A top plan view of Figure
12B. Figure 12D is a cross-sectional viewaft T. " ] t2C. As can be more clearly
seen from Figures 12B, 12C, and 12D, during escarpment of barbs 135, overlapping first barb 135 is
escarped intg part of topgéjeem! $Lovgriappegdsecond.barb 10135, angd.gg-onrharioiiepside: TS of
overlapped"spécoﬁdnbarb comes part of underside US of overlapping first barp 135. Thus,
with the ovefigbping dispdsii8ringhe barb cut distahéd Beif@en first batbf35 and s&€8nd barb 135

may be shogterthan the bagacuidength of overlapped segend barb 135,78hereas, inggeneral for
barbed sutures, the bath cut distance between two %%r?bs > thecaartétgyt 15length. Particularly for the
overlapping barb didBeito &SR SR RABSIBAA STFELIHE WAV S ratio of the barb cut distance to
the barbed suture diameter from about 1.5 down to about 0.2, since the barb cut distance P may be as
low as about 0.1. (See discussion of Figure. 7 for comments visiazyis.thgharh cutle and the barb
cut disgnce.) This‘%@%ri’%ﬁfﬁgp %eﬁggi%ﬁ%ﬂg’wrsﬁfor o oseEchpack(iJng ma%arbs 135 on body 132,
and typicallycbéirs s a5 SaitetiriredanivorhpaleiPis when the barb cut distance between two barbs >
the barb cut length, .. Al5a, although-suire 489 fadlusticiedaviboariso k3S/beinganitirectional, it is

intended to include that suture 130 in accordance with the invention also maéf%%a %id'rectional barbed
n

suture as deslribisdrrerskimireonIEes 31maq St thg Tackatd GBI R TEE st &dles, where a

barbed 25sutuigds,aiashad: toerchmdagicabnapeles theakslet.to facilitate insertion into tissue, the
surgical needles may be coated with a polymer, for instance, as d ihed E& -vis U.S. Patent
No. 5,288,013 to Grafgap é?ta‘ﬁnﬁfégﬁ?ﬁj Ws%“g\%/‘?’sws%fré@ﬁ%g% Iaé%ﬁﬂ%ga?ﬁlgeggs}%%h{%ellongated
needle in thedafigifudina difstiettenddh3fiz’génetty vissHigrincdrodheaeadn hglidramithebdle Ni

has Sopointad iy JLJor dsedion g s ue,anch dlsa hassaledhll. Susoicelgadiadl indlystrated as
L,

attached, such as by swaging, to barbed suture Si, Barbed suture Si is a barbed suture including, but
not limited t@cimyeidihdinbipes desersfialtivhascersumiresd A fidrralF s IR GRRIP NSRRI NP AS
diameter chiﬁtiﬁgﬁ{e@@}%\‘t%ﬁé’i@iﬁﬁ%&%eﬁ\é’é}iﬁbiﬁdﬁkh‘it{@éﬁd ama rekalvehs thingiamalbsrisiich as about
0.02 inch (about 0.51 ram). As discussed above via-a- -39 - vis swaging, surgical needle Ni, after
having%‘i:tur@‘@fffnserted into hole HI, may be crimped by standard procedures about hole HI to hold

suture Si in place fgnguthsing tigswe Wighii 138cRheisssiy gieahneeniei? thetris e sedighthalongated

needle in the_ Igngitudinal direction and that,is generally circular in et IGal; dle N2
has 5pointedhﬁ%1e$frfoﬁﬁrs‘"’éeﬂ?%uﬁ r?tag ﬂ%%%ce%g%t 3?3%%%&3}(: ol | Iffé gj%%%%e@ad}eé IkingQ' @aﬁ?{l}gﬁated as
attached, sutheas:blishvagineggh biirbed $6tore 82, Bietcs of S H8%8 RefbEsL I8 MENding, but
not limited to, any of the Ahoye;desciher AR hEtisulranAddiionalmauaisakieadie Mdas

diameter D2 in the transverse direction, which is illustrated as a suitabléYt, in diameter, such as about

0.032 iABh (about (FBANAMPISRUHEE A BAPhABcaimTETEr AP DYGFUoRaic NSl B NP KB ussed

above vis-a-yis RiagintheBHgicadneRdIRNZaltay RavingsoiureSpinsardechinicbbb a2, by be

crimped by standard procedures apout hole 112 to hold sutur in ce for use i uring tissue.
P y adiameterp of about 0.015 inch (about O.SS?mm, W%ch xesghzgiqtl? Ilaarger%ant er‘i}%’f—‘t 9

requirement for a size 2-0 synthetic absorbable suture), instead of a suture diameter of about

0.018 inch (about 0.457 mm).



Figure 13C shows surgical needle N3 that is a curved elongated needle in the longitudinal direction
and that is generally circular in cross section. Surgical needle N3 has 15pointed tip T3 for insertion into
tissue and also has hole H3. Surgical needle N3 is illustrated as attached, such as by swaging, to
barbed suture S3. Barbed suture S3 is a barbed sutyire including, but not limited to, any of the
above-described barbed sutures. Additionally, surgical needle N3 has diameter D3 in the transverse
direction, which iSiustPhmstchecv et PR S eREmETR At APHBOTEES2 MEATabout 0.51 mm). As

discussed aROVE-ViS AR0) ISSWaIN0 sHigieal neediendByalies havingisdteedSEinsented into hole
113, may be crimped by standard procec%rﬁzga\é)out hole H3 to hold suture S3 in place for use in

suturing tisSHBOTAGUISICFEERONAS SHFHIE A HAEE 5°Red elongated needle in the

longitudinal directiog: andethasisgentrabycineutakeinrorves seotion! SuRgreakersédieyN#has 25pointed

tip T4 fgr ingertion int tigﬂ%g nd also has hole. rgical.needle Ndjis sty aigdias attached, such

as by s%vag%egs?% grﬂe S 'u%fg%%ﬁgggr g%sgﬁ%thgg%%i“is.a b%rgeg&suture %cluding, but not limited to,

any of the aboweldescritnedtbaibde: surreseriigisonang, SurgiEiIcied8le N4 has diameter D4 in the

transverse directiop, whigh, i&ﬂ%ﬂ@%@ﬁl&@%@?ﬂﬂﬁﬁﬂ?iﬁm@&&fcﬁﬂ&&ﬁ@ ;abigtyR:G3Aunch (about 0
3

81 mm), but not as thin as diameter 30 D3 of surgical needle N3, As discuss?gr&bo%%&/i%—f\gs swaging,
surgical neddhe 3! SFRPHAVIRYELIIIM SNSRI RS TR 14 AT BE ERMped By Sfandard
procedures @hgutdaalgidid 4tahbitAuitse S irdplded foriusdimstturnglissue. Needle tips T1,12,
T3, and T4 are schematically illustrated ointed, but, as.is w rgi es come with
variouskinds of péﬁ%?éasﬁlrﬁ%%&ﬁ% ¥ e(p?ésTr(%%)% ,‘%ésgé?‘ %ﬁ%%ﬁ%&ﬁﬂﬁ%ﬁ%ﬁ%ﬁgfg& edge, diamond
point, thin liheyiapd fmoetpoffyand .73 intk fdwu - Hfckme spleMedqinebrhbs ey &Sheedle tips.
Taper point, gegt, L. dod damandiaabaieefaed issdiedinedonaLisicaloRedizsused with

barbed sutures. As is well known in the art, needle diameter for surgical needles used with 5
conventionafigiresten Ab abBd) S2iPES {EDOBHRR AR FHHITSHEEA T AEBRE TR thick surgical needles
are used with thin ggayantional sulkmes sdeh Thektiem atimef surgical needle diameter to conventional
suture diameter is 4:1 or even higher, such as 4.43:1. However, with the surgical needle/barbed
suture Edbmbination of the present invention (for either a straight needle or a curved needle), the
thinner that the surgical needle is, then 10the more preferable that the surgical needle/barbed suture
is, with the desired needle diameter being thinner and thinner as it approaches the barbed suture
diameter, and it is possible that the needle diameter may be even thinner than the barbed suture
diameter. In general for the presentablgekstibiiial eciftlveEISiA ISR Eal needle attached to a barbed
suture is more preferable for approximating tissue when stitching a wound closegtihas 35a relatively
thick sukgicalynggdle threaded with a barbed suture. The reason is that the relatively thin surgical
needle attachgd ia&parbeg-suiirealiaws fopgreaisnheng@semest ofbaibs irPtissdeicaReptiwsref
provides better closure stren%g%éo, the approximateg éif?ue }t‘hat has be?q_,?sutured to,prgvent the
opposing side&bitHY closed Wit fom pulling apétt, a¥ cdmpared to thé closure strength provided
to approximaieshisstiefiiat haseanhsutured with 20848 methtively thickisi¥rgical needtel The most
important feature fardhe, compinalionafdng sulgical ngedls,aliganekig the barbed suture is that the
surgical needle diameter shoutd be of sufficient width in order to make a hole or a channel in the end,
such by@rilling, to allow for insertion of the barbed suture into the hole or the channel. Nevertheless,

as the surgical neegie digmgieringreass sy dahesaikalingedie is stilalitable asterg dsthe ratio of
the surgical needle diameter to the barbed suture diameter is about 3:1 or less. A ardingly, a
g éfgﬁge vd needle alta

desirable rati§oPLHghaF AEERRTERFHSYSF IS HEEE S N for'&Rfier'a straight needle or a
curved needlg, iy abeutditoriessmdanorapiaieratly sheit kaliteds; most heaforabhpiapiati. 1.8:1 or
less. Furthermore, particularly if channel needles are 30.employe [ IcAl needle
diameter to b%‘@@ﬁ%%’fdp?é %‘Tgﬁgﬁgﬁ Ty 8 g\éefovfélra%g E hofﬁgf%/’ S%ﬁé%%%k%l\%nﬁ !Iioﬁ\%g% for instance,
about 0391 ofdatiss arabduted: Tondesbaos asonaas mpades: i wiairrseesspréciatbit by the person

of ordinary skiit .16 ALk Hliat sevie. shauld Redakep Mib ipmaththindnedies so Reuaiamatorate the
possibility of localized weakness, which may compromise tissue insertion.
diameter should be about 3:1 or less, more preferably about 2:1 or less.

ggtetoghathrerefore

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

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



-41- Closure strength of thin surgical needles, both having a ratio of surgical needle diameter to
barbed suture diameter suitable for the present invention, was tested as follows. Various pieces of
chamois leather (manufactured by U.S. Chamois of Florida) having a thickness of about 0.6 in (about
15 2 mm) were cut with a wound having a length of gpout 51.25 inch (about 32 mm) A first
specimen was made from a piece of chamois leather by stitching together the respective edges of the
wound with & diritled beid ideirgicalerded ke (ireioin3sRomr furtpradeticmbriiapiedselpisdny) which
was swagedwith, 2 DARRd R EniRRIRe LMaIEs SHEeRINSEEIRMOL dhe- Ravkied sutheeditentse needle

hole, the needle was crimped about the 10 hole to secure the barbed suture during stitching. After

stitching cloSEtHERSTREY Hre BiEteBIe HERGC SRR STA L At 1A REE IrBTIAY SHigPe of about 3
inches (aboyh#Gmimy if kenosh hy Rbatdids 28:inches Rbouiadmm) tabidiumbefestheratiched
wound was in the,middl%of the I}en th an&jl trt%nsvlte;rse the t\gi%th.S‘Tifﬁeagletedﬂee was a taper point, curved
surgical nee%’l‘éefgfg"‘ 6Fa Girdfé ;a with 4 Vélng 6f 850022 i &g 2 refia%i?/elq’y in diameter of about
0.020 inch 1sitatives, 65k mmrhyidmerhesingitnecs dmdistitching oty ibisadonddesiMtenlivas made
from anotheg pieg, achamoisdeatbar hyatitehing dogetherihe tespective rdgesfihguaund, using a
drilled end surgical needle (item no. 383271A purchased from Sulzle Company) swaged with the same
kind of barbé#! of B¢ hewinyrefvimsd Bniaselimyes 8Bt the needle hole, 20after insertion of
the barbed suture into the hole, to secure the barbed suture during stitching. For the second specimen,
the needle was a taper point curved surgical needle (3/8 of a circle) with a length of about 22 nun and
a suitable thin diameter of about 0.032 inch (about 0.81 mm), although not as thin as the diameter of
the needle used for first specimen. Each barbed suture for each specimen was a bi-directional, twist
cut multiple spiral, 25 polydioxanone barbed suture like suture 70 in Figure 6A, except that each
barbed suture had a diameter of about 0.0115 inch (about 0.291 mm, which is slightly larger than the
USP requirement for a size 3-0 synthetic absorbable suture), instead of a suture diameter of about
0.018 inch (about 0.457 mm). Both the first and the second specimens of stitched chamois cloth were
tested for 30 closure strength using a Test Resources Universal Tester, Model 200Q. Each specimen
was gripped by two respective serrated jaws. Then, each specimen was pulled longitudinally at a rate
of about 10 inches per minute (about 254 mm per minute) until complete rupture. The peak load in
pounds reached before complete wound disruption was recorded as the closure strength. The results
were that the first specimen (which was sutured with the needle that had - 42 - a relatively thin
diameter of about 0.020 inch, about 0.51 mm) took 5.88 pounds until wound disruption occurred and
the specimen pulled apart back into 2 pieces, whereas the second specimen (which was stitched with
the needle that had a suitably thin diameter of about 0.032 inch, about 0.81 mm, but not as thin as the
needle for the first specimen) took only 2.88 5 pounds until the wound disruption and the specimen
pulled apart back into 2 pieces. The results are summarized in Table 13A below. Table 13A (Chamois
Cloth Closure Strength) Specimen Needle Diameter Barbed Suture Diameter Ratio' Pounds to
Rupture



First 0.020 inch 0.0115 inch 1.74 5.88 Second 0.032 inch 0.0115 inch 2.78 2.88 *Ratio of surgical
needle diameter to barbed suture diameter. 15Also, various pieces of rat skin were cut and stitched for
testing of more surgical needles swaged with barbed sutures as follows. Three freshly killed
Sprague-Dawley rats, each about 600 to 700 g, were used. Two full-thickness skin incisions were
made on the back of each rat to create wounds. Each wound was about 4 cm in length and parallel to
the spine. 20For each rat, one of the two wourtdstiEXlosed with a drilled end, curved surgical needle
that was a Sulzle item no. 382273A, which was 3/8 circle. The needle had a length of 18rnm and a
diameter of about 0.022 inch (about 0.56 mm). Also, the needle had a taper point needle tip where the

needle tip had beén/ghRathed RIS FCE SR 8 YFBIA R AR PSS Ee NG NS UBRY FL8ilitate

penetration.gtrat tigsued hhgynasale MaHNadrd 1o _RRrbed Bt ter alppiemalithe two
wounds was closed using the same suturing technicgue,, but with a drilled end, curved surgical needle

that was a ShprEsiRissEngsvEndee hndencards e - HESHRPRS S9EIABF S SE 18 nun
and a diameterot.ahout ARG Ingh: (shakt 08R.Mm):i g0, thesnegisshadip«diamondnpairt needle tip.

The needle was swaged to a barbed suture. 30Each barbed suture for each specimen was a
bi-directiorfdFesiifgt Burhiehibrbep S o8B Ehone barbed suture like suture 70 in Figure 6A, except

that each barbed gyture fadiadiamsier of abeuiR.a15ingk: (abayt Q:A8kanmomhiab igslightly larger
than the USP requirement for a size 2-0 synthetic absorbable suture) inst,eli%d of a suture diameter of

about 0.018 inch (ABBIHDHETnMAsEeas JisposHifine Aci et P WO SRl SHPLHECHNER that was

approyjmately a SgUa{gMBATMHIGI ABOUL A:eaBn aRpblidcMaviite tisistitchethwooldda the middle
paralleling two opposing tissue edges, was retrieved for closure strength testin

A he force to
open each wound{hs détehiERelEME R HRLFERSSITEES @ﬂﬂ}é?&éi%"}%&?@?}%‘&%g 3@6%. For each

tissue specimen, thg iwacrgesiparalialingrachstitched wobad:weselsmetntedinihet tvpitespective
serrated jaws of the tester, Then, each specimen was pAJIIed Iongjétuding{!lg/ at.a r%eogft(a}tbout 2

inches per minute tABAURE4 PAMGRF AR LIEY Bt RO DSt RIBRIFE '6REUR ARG AU force
encountered beforg,gempiete weund:disHgmioniwas reeorsiethadthe clasurgsirength.sh@iFbe results
were averaged from the first set of three wounds clpsed with a need]e havinfgi%diametefrtgg about

I

0.022liich (about HEBGRATTAABSHAYERIY L bRy Yirtu s PRISSUASTRST S)

earéage/eraged from the
second set of threg wpundg slasediwitheasteedlehaviagradiamatenofibhaut.0.02Gknah ¢about 0 66
mm) and swaged to a barbed suture. . ‘ .

corrugated barb underside, an arcuate barb base, at least two sets of barbs with

each set having a barb size different from the barb size of the other set, and

combinations thereof.

20

2. The barbed suture according to claim 1, wherein the staggered disposition
includes a first set of the barbs being radially spaced about 180 degrees from a second set

of the barbs.

25 3. The barbed suture according to claims 1 or 2, wherein the staggered disposition
includes a first set of the barbs being radially spaced about 120 degrees from a second set
of the barbs and the second set of the barbs being radially spaced about 120 degrees froma

third set of the barbs.

30 4. The barbed suture according to any one of ¢claims 1 to 3, wherein the barbs are all

facing in a direction toward only one of the first end and the second end.



The results are summarized in Table 13B below. 15 Table 13B (Rat Skin Closure Strength)
of 3 Wounds

Average

Specimens Needle Diameter Barbed Suture Diameter Ratio* Pounds to Rupture First

set qf 30.022 inch 0.015 inch 1.47 11.9 Second s&t of 3 0.026 inch 0.015 inch 1.73 8.1 *Ratio of

sprglcal needle diameter to barbed suture diameter. 25 Thus, the lower the ratio of surgical needle

diameter to barbed suture diameter, then the better the closure strength when sut ri%%ﬁ% ound closed
g

with a surgical neddihabatteri i BEAEHRLIAraTPER AESFIRR iR der e Lt
better the clasiire strength - RRgticaiclyfarieslisate dssHe suhneveloforiRUgheissuBS batish as muscle

and bowel, thicker

15

20

30

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.

6. The barbed suture according to any one of claims 1 to 5, wherein the suture 18
made from a material selected from the group consisting of a bio-absorbable material, a

non-absorbable material, and combinations thereof.

7. The barbed suture according to claim 6, wherein the bio-absorbable material is
selected from the group conmsisting of polydioxanone, polylactide, polyglycolide,

polycaprolactone, and combinations thereof.

8. The barbed suture according to claim 6, wherein the non-absorbable material is
selected from the group consisting of a polymer, a metal, a metal alloy, a natural {iber, and

combinations thereof,

9. The barbed suture according to claim 8, wherein the polymer is selected from the
group  consisting of polyamide, polyester, polypropylene, polyurethane,

polytetrafluoroethylene, polyether-ester, and combinations thereof.

10. 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 (b) a plurality 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:

(D the barbs have a disposition on the body comprising a staggered

disposition, and

(I)  the barbs have a configuration comprising (i) a barb cut 6 angle ranging

from about 140° to about 175°, (i} a barb cut depth with a ratio of the barb cut

depth to the suture diameter ranging from about 0.05 to about 0.6, (iii) a barb cut

length with a ratio of the barb cut length to the suture diameter ranging from about

le, the



30needles 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 about72:1 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 - 44 - in the art that it is not intended to limit the invention to

the specific embofifertsaissiesddivarkas erbdifieagenelomissnat henbrEteidHsaRtg e made to
the disclosed emhpdimentsiwithaut-malerialiy depardngdropythe novel teachings and advantages of
the invention, particularly in light of the foregoing teachings. For instance, the barbed suture of the
present 5invention can be used alone or with other closure methods, such as staples and/or skin

adhesives, to aid ify heling, i RASHioN oL R Jiasuri Ao dingiis iRAdediaoweRal Such

modifications, omissions, additions, and equivalents as may be included within the_spirit and scope of
the inventiohaiesidksircdedron fot swimrenrsisiine 44 Crigmpeprbable maggahnstahssdibnnecting
human or gpimal lissie. saigdsHtiesamprising (a) an elongated body having a first end and a second
end and a diameter and (b) a plurality 5 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 giregtiog, inwhighdhebathfacs sihereinihereid B Rarbsohave-atigp@sition on the

body selected from the group consisting of a staggered disposition, a twist cut multiple spiral
dispositionarieledeé rEgpi f—’d&r@@@itm%waﬁd%%@@@é&?iﬁéﬂ?%n%ﬂﬁ?&ﬁ%%tiﬁ%@ﬁ&%%and (II) the
barbs lraaveygﬂg,g ighuation salectachiramiiergieyp consisting of a barb cut angle T ranging from about
140 degrees t0 about 175 degrees, a barb cut depth with a ratio of the barb cut depth to the suture
diameter ranging from about 0.05 to about 0.6, a barb cut length with a ratio of the barb cut length to

the suture 15 diameteryanging fom-ahQu@2:t0 2hewt 2, anarbiewdisianseovibla satigiaf the barb
cut distance to the suture diameter ranging from about 0.1 to about 6, a corrugated barh underside, an

arcuate barts e eaiTeRShRE QB SUIHRINE it e RER et MR sbrloe AiRdtEAt Hoh the barb
size of the QihesSebiang combinations thereof. 20 2. The barbed suture according to claim 1,
wherein the staggered disposition includes a first set of the barbs being radially spaced about 180
degreés from a second set of the barbs. 253. The barbed suture according to claims 1 or 2, wherein

the staggered disppsitige inaledes:a-firstsatial e harbsbaingsadiallyspaced abeuti20degrees
from a second set of the barbs and the second, set of the barbs being radially spaced apout 120

degrees frotca tBIRYRet SPHEBarbS! 4B0lyamiderh NOLIEEr suRRE BISRS 8ty (P ANYEHESF claims 1 to
4, wherein %ﬁ%ﬁ@@g&gﬂ@@@lﬁgﬁ@m@g badhedpoitemmangkagecond 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. 5 6. The barbed suture

according to any one af,claimsddap: whergindhe suwure:ismadedomamalierkadiselecteebirom the
group consistinglof a bio-absorbable material, a non-absgjbable m%erial, and. combinations thereof.

107. The b JutiHe BEHARG TR BN AR &Ih Hrd BRb BB A S FrtE B s selected from the

group consisting of polydioxanone, polylactide, polyglycolide, polycaprolactone, and combinations

thereof. 8. The barbed suture according to claim 6, WPe ein th8 non-absorbable megerial is
15selected from th&0grtP RORSISHNG SFLOFORHEAY st faﬂfﬂ’éﬁaﬁ Hifol - MATGrAr ey Sld

combinationghene@far jeast a first barbed portion and a second barbed portion, and wherein the barbs
25 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.

17. A barbed suture for commecting human or animal tissue, said suture

comprising (a) an elongated body having a first end, a second end and a diameter and (b) a

30 plurality 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:



9. The barbed suture according to claim 8, wherein the polymer is selected from the groupconsistingof
polyarnide,polyester,polypropylene,polyurethane, 20polytetrafluoroethylene, polyether-ester, and
combinations thereof. 10. A barbed suture forggonnecting human or animal tissue, said suture
comprising (a) an elongated body having a first end, a second end and a diameter and (b) a plurality of
barbs projecting from the body, each barb facing in a direction and being adapted for 25resisting
movement of the Guiture, thenesrlin bissue disngsibppesithebedticmpriviteadirastion MWHRH the barb
faces, wherein: (Q{he bRAbsifiay s fitisaasiianAn e-hRdycampring a-sigaasiedsdispsition, and

(I) the barbs have a configuration comprising’(i) a barb cut 0"angle ranging 30from about 1400 to

about 175, (i) a bdfb culeclephs Wats acenficotatiensarBrsifieRpis b ews el aiansaterfakging from
about 0.05 to aboyt, 0.6, (i) @ bash qustengih it a:raiaalhe hah eyt iragthdedhg.puiyse diameter

ranging from about 47 0.2 to about 2, and %V) a barb cut distance with a ratio of the barb cut distance
to the suture diantBeeErySiEmeeT it Tos abeut 605 © ahquitthe pirbedutiGHe 58&8tding to

claim 10, whereinhe suture jsipads, ten-a.amaierdalasleated famathe.groum cansisingef a

bio-absorbable material, a non-absorbable material, and combinations thereof. 12. The barbed

suture according &etif 314 fRbremthesbidsrs BBl e md] e B ed fsiRriseyidtp
consisting of polydjgxanang.Reviagtidg.Relvalycelide, Lpalisaprolactone, and combinations thereof.

13. The barbed suture according to claim 11, 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 15

14. The barbed sutyreaceQriingta.rlaifctanyheraindhenlymemis:selecied fremithe aroup
consisting of polyamide, polyester, polypropylene, polyurethane, polytetrafluoroethylene

polyether-esaseriaheelestabiipmdhe FurREPROTR L He Birskacshibie BeEsWling 1528y 5Pt claims 10
to 14, wherginthe barbsare:aliacing.iea direction toward only one of the first end and the second
end. 16. The barbed suture according to any one of claims 10 to 15, wherein the barbed suture
has at least a first barbed portion and a second barbed portion, and wherein the barbs 250f the first

portion are facing {8 arfliregtion tawaehahathe drstend and thehatbsyl theseserdpestian are facing

in a direction toward only the second end., = 17. A barbed suture for connecting human_ or animal
tissue! SaidSURIFEEONNNISIAGE (7B tBRYEIEE KO PEURG ANt Brl s iz ol sicanda diameter

and (b) a 3Q,pltualitkebharbsareisstingdromdhebody, 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: 48 (1)the barbs have a disposition on the body comprising

a twist cut multiple;gpirgl digpesitian-with & Spisality angle avangingHeommabeuikiit-ahautialb, and (I1)
the barbs have a configuration comprising (i) a barb cute angle rangi%‘%&from about 140 1o about 175,

(i) a barb ciitsstRAPTRRSH SFEBS LR et e ARReRhudr B Rl S F41GHRY HBRY about 0.05
to aboyt 0.6.(iDAbarkicut lpegibrwith a ratio of the barb cut length to the suture diameter ranging
from about 0.02 to about 2. and (iv) a barb cut distance with a ratio of the barb cut distance to the
suture diameter ranges from about 0.01 to about 6.

21. The barbed suture according to claim 20, wherein the polymer is selected from
the group consisting of polyamide, polyester. polypropylene, polyurethane,
polytetrafluoroethylene, polyether-ester, and combinations thereof.

25
22. The barbed suture according to any one of claims 17 to 21, wherein the barbs

are all facing in a direction toward only one of the first end and the second end.

23. The barbed suture according to any one of claims 17 to 22, wherein the barbed
36 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.



t018. The barbed suture according to claim 17, 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. 19. The barbed suture according to4olaim 18, wherein the bio-absorbable material 15is
selected from the group consisting of poiydioxanone, polylactide, polyglycolide, polycaprolactone, and
combinations thereof. 20. The barbed suture according to claim 18, wherein the non-absorbable
material is selected from the group consisting of a polymer, a metal, a metal alloy, a natural fiber,

20and combinations thergof, .4 TRe-Pathedhaubisackeringdo alRmI20sshetaln thapelymer is
selected from the group consisting of polyamide, polyester, polyprop Iene,;olyurethane

polytetraftusroetinherie) poesaicsasty BrdnomBHions theaoFpdand a gRmgly B8 uture
according ?ﬁ@ﬁ?%ﬁ“ 8halaims; il Foni iRy eibdhe-baris:aeridacng macdisaciientemward only one

of the first end and the second end. 23. The barbed suture according to any one of claims 17 to

22, whereindhie dshiTads3tiRe P FREnhe S H R PRSI ELISHIfoR AhAPRSUESH D&  Bortion, and

wherein the,bagbs.of the fiigtpartien.aredacingdr.g direction toward only the first end and the barbs of
the second portion are facing in a direction toward only the second end., 49 24. A barbed suture

for connecting huftan or adimbitisstieycsaidiseRsiaosofmpHS NP ) SHTEIBHYALEn BETRARRVIRg a first

end, a second engi%@igggggﬁter and (b) a plurality of barbs projecting from the body, each barb

facing in a direction and being 5adapted for resisting movement of the suture W{ﬁn in tissue, in an
érlf' a

opposite directiondom thkedisbiGAvn e R SHEBARS FABEES i Ereinb D) fHd B ‘HaVE'E&isposition

on the pody compgisina,as,eYeNaRPing disnesition sand Wihachaiksinayeaconfigutalivreomprising
(i) a barb cut B angle ranging 10from about 1400 to about 175@{5&) a barb cut ?epih wit]g a ratio of the
barb cut depth to @RI EERPFFITENEEE ERBut T BEhY Aloth O Gif H P8 Ciength with a

ratio of the barb cyt lepgthio,the Suture siameiaeranoipaiamabaii2 teaabipit2oantidir) a barb cut
distance with a ratio of the barb cut distance to the suture diameter ri%ngesg from afSOUt 0.1 to about 6.
i HENELRARES

15 25. The bdlBed aboute adebiting barBISHh BsasRar Haget fdterial

selected from the group censisting:ohR.bigrahsasbableimateial, @ non-absorbable material, and
combinations thereof. 2026. The barbed suture according to claim 25, wherein the bio-absorbable

materil is selected from the group consisting of polydioxanone, polylactide, polyglycolide,

polycaprolactone, andreemhinationstheseting to 2faimhedbarhedisubierevaaeckdingitofebain 25,
wherein the non-absorbable material 25is selected from th% gr%%iﬁ consisting of a golﬁ@%l a metal, a
metal alloy "aakateiraalfieier Gowl BmHBSORY THFEOA Dio-abs bipls BRTHRA- QRGP BRI

ng to claim

27, whereinghe palymetisseiratad freredhe group consisting of polyamide, polyester, polypropylene,
polyurethane, 30polytetrafluoroethylene, polyether-ester, and combinations thereof. 50 are all facing

in a direction toward only one of the first end and the second end. 30. The barbed suture according

to any-gne of claimg, 24028 uharein thekarbed suitre hasiakteasicebissitarbsid porionaand a
second barbed portion, and wherein the barbs 5of the fiﬁst gortion are facing in a ir?ctiqn toward only
the first endaiaisREHaFER oI @roup consisting of polydiokanone, polylactide, polyglycolide,

polycaprolactone, and combinations thereof.

27. The barbed suture according to claim 25, wherein the non-absorbable material
25 is selected from the group consisting of a polymer, a metal, a metal alloy, a natural fiber,

and combinations thereof,

28. The barbed suture according to claim 27, wherein the polymer is selected from
the group consisting of polyamide, polyester, polypropylene, polyurethane,

36 polytetrafluoroethylene, polyether-ester, and combinations thereof.

29. The barbed suture according to any one of claims 24 to 28, wherein the barbs



second portion are facing in a direction toward only the second end. 31. 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 (b) a 10 pluralitysof 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: (I)the pbarbs have a disposition on the
body compFsmbfaciandbAriapistenasherisamné B BEhatb B SmssAoH omprising (i) a barb
cut e angle ranging from about 140 to about 175, (ii) a barb cut depth with a ratio of the barb cut depth

to the suture diameter ranging from about 0.05 to about 0.6, (iii) a barb _cut engthgvitg abr tio of the
barb cut length to3thd BElir@eflamiate AraRIgIRg HomMYAs R I B8 S 2> ST BhEPE &t distance

with a ratio,gf the harh cut distaneenie 20themsuye dismeteryangssdromaboutnkiowbeut 6. 32.
The barbed suture according to claim 31, wherein the suture igf@mﬁ_de frgg]ﬁma erigl gaﬂgl%ted from the
group tonsiEtigBraBIERREFARIE I ABKETIAhEN KB, StERLPEhHE SRTBRALGRS thereof 25

33. The bagbed SUBKR AGEOFILIH tlainnwhereinihe hioabsaihable material is selected from the
group consisting of polydioxanone, polylactide, polyglycolide, polycaprolactone, and combinations

thereof. 3034. The barbed suture according to claim 32, wherein the non-absorbable material is

selected from the-group gongistngsofiaLalymenndonatahametal allayA nstueal dibersant
combinations thereof 51 35. The barbed suture according to cl 'r%ﬁé wherein t el%olymer IS
sy B )

selected fréAMPIES GBI ToRSREHGIPBIPAITES Fohdbe? SSoRHr ¢
polyteraflugrestiylspeapalysiiaiestenandcoplinationsdhefechg in 36iilddasbedsiigre
according to any one of claims 31 to 35, wherein the pbarhs are all, faciri\ﬁ) in a direction toward only one
of the first @RtPEdehEcSisEBRaNEment O?f’?‘?ﬂ%a?f%ﬁ” SR GBI I S BHE B @%ims 31 to

36, whereipithg; Rarednl@isuie hasahdeaskrefieit:barbed portion and a second barbed portion, and
wherein the barbs of the first portion are facing in a d're%i}glré toward onl% the first dpind and the barbs of

the second portioftare &R LaFetatR dBhly SQBIRjIRG 2 random disposition,

and

15 (i) the barbs have a configuration comprising (i) a barb cut 0 angle ranging
from about 140° to about 175°, (ii) a barb cut depth with a ratio of the barb cut
depth to the suture diameter ranging from about 0.05 to about 0.6, (iti} a barb cut
length with a ratio of the barb cut Jength to the suture diameter ranging from about
0.2 to about 2, and (iv) a barb cut distance with a ratio of the barb cut distance to

20 the suture diameter ranges from about 0.1 to about 6.

32. The barbed suture according to claim 31, 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.

25
33. The barbed suture according to claim 32, wherein the bio-absorbabie material
is selected from the group consisting of polydioxanone, polylactide, polyglycolide,
polycaprolactone, and combinations thereof.
30 34, The barbed suture according to claim 32, wherein the non-absorbable material

is selected from the group consisting of a polymer, a metal, a metal alloy, a natural fiber,

and combinations thereof.
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35. The barbed suture according to claim 34, wherein the polymer is selected
from the group comsisting of polyamide, polyester, polypropylene, polyurethane,

polytetrafluoroethylene, polyether-ester, and combinations thereof.

36. The barbed suture according to any one of claims 31 to 35, wherein the barbs

are all facing in a direction toward only one of the first end and the second end.

37. The barbed suture according to any one of claims 31 to 36, 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.



