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BARB CONFI GURATI ONS FOR BARBED SUTURES TECHNI CAL
his invention relates, in general, to
WQL?I h‘fj%’-glpgeful for connecting bodily 5 t|ssue%Cﬁ'%s‘g&’q"mo664
vari ous surgical cont exts and nore particularly, to
. the optim zation of the gposi ti on and/ or
configuration of the barbs on such barbed sutures.

! oy AR GRALIERT KNS ROk W R s e} "o

closing or 10 binding together wounds in human or
ani mal tissue, such as skin, nuscles, tendons,

i nt er nal organs neTEEHINHIALFEd el s, and the |ike.

ol B on S pgean A8 Dbt el P Phine by

tlssuebi% VAris PRI cARB Ak s AdiRthore pak 188, tob&UpflitizkiibR6EME )
to pierce the tissue alternately on opposing faces of

disposttienied/atcenfiguration of b barbsenieeibarbedstareswhet her t he
wound i s accidental or surgical, |loop stitching is the
nmet hod 15 often used, especi aIIy for surface wounds.
The surgical BOOKGROUNIEOFEHERVENTIONe ends of
the suture are tied, typically wwth at |east three
guigicebsthods SraplhY RS EibHes have beeniseq g pAast for closing or

binmﬁgﬂ%égﬁfef &gﬁ(}?ﬁyny grr?;oxc Qieus%e Q&L ?s{/’sgc?g %ﬁﬁl:ﬁs,r{@ﬁcﬁ}hh,%temal

ol yester, ene, or o
organsPhdroes, bioobd sresselb,eandfthd)hk::- a‘ﬁemrslpamﬁealfmt}wrsuageonumty s a surgical

s B2 RS AL £k Sy o o

- a muliofieaRhi) @@pmﬁ'%rtf?@l@ssﬁélﬁlkgrﬁeﬁely‘&l'O%Boﬁﬁﬁ 48081 @b oufdl aﬁdl‘ fhus sew

same materials as conventional Sutures, have offered -
the wound¢losss. a%ﬁta@lesvméus aﬂcmismagowmgmgl, IQﬂPtShtchlﬂg is the method
often oncg'ggéelggi ¥ g%tfﬁ%%ﬁ%q wwgg s bgl?rgl 4 Igfge g 15 Udrgélog&l and the ends
of theMungB afy Ride Byfpidall pRithhe Idagdures i éasd ﬁir@\ﬂgtd floem hagit.

Iength The barbs are arranged to all ow passage of
Bareldamowm enmyentipnghwitypy € begi non 45’@@1[‘)?3‘? Ie saatgeiah gych as

silk, Igﬁ ?0 ﬁétgp:i%@mkleg&. &r@gtt?rﬂ op &ch ﬁé"& i5- a'bE'ong'tﬁ? n‘gtterba] such as

mal - advantage o
glycoﬂiu h%@ljms m&chpbt}mqm mvla&:lmldnpolgnnmmﬂlqopolymers

attribute. Accordin arbed sutures _do no v
b et Bine of el CoBrkPHAD: BHRd el Sdich fig dosprally of the Same
mate AN EUnOR BnaBikES hatt (l;f?érafﬂimﬁ%ﬂﬁ SdvaRBeDEver RRRIHe8Founds

into tissue using.a surgical needle. For instance, *fi)
with ¢onSentizmabsturkio. A dabed s@vi indudéscammonizstak tidskyshaghas one or more | )

Iora d. cor.d for ew human, f] e e h
specef SREFn 6 BEUtRS o0 P DRSS AR D Yoty i bl e
arrangsy tbi‘alloﬁrlﬁkﬁgé bfe baded bitBreia Bie dire@ivnl throdgB tiesue but resist

relative to the body. The barbed suture can be _ passed

movepignbeithe babsd sutpsg in the appedierdiwstionuThyse hegpain ggyanagsiof barbed

' sutlmi,srhag 'BSenOtBQ 8?&55‘?019“ aer?o%i—s(?ﬁ' attribute. Accordingly,'ba_rbed sutures do not

have to be knotted, like conventional sutures. Like a conventional suture, a barbed suture
may be inserted into tissue using a surgical needle.

For instance, U.S. Patent No. 3,123,077 to Alcamo describes an elongated cord for
sewing human flesh, where the cord has a body portion and sharp—edged, resilient barbs
projecting from the body at acute angles relative to the body. The barbed suture can be

passed thrdugh tissue in one direction, but resists movement in the opposite direction.
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Sutures with barbs disposed in a bi-directional
arran%errent al so call ed doubl e-arnmed sutures,

- WOBHPUTM U. S. Patent No. 5,931,855 to Buncke &T&ISL%"@M’““
Patent No. 6,241,747 to Ruff. More particularly, the
suture has barbs facing tmg?rd one end of the suture
for about half the suture“tength and barbs faci ng in

t he op ite direction toward the other end of th

ﬁﬁ%% paghselisppsralin g Hi-dIrgetiqngbarsanegment, élﬁ@f:ﬂie&ﬁﬂugle -armed
suture afARIRAEA . @'ﬁ%ﬁ@Nb@ ODREDS 10l BuERY Gnd 1.5, PRRn? RTB6 6,241,747 to

direction as ‘each respective suture end 1S 1 nsert
Ruff. I\ffur@parhaﬂﬁnly,she Qe ﬂ;es:ba:rlis ﬁilcmgstowﬁrda)ne\md ofltheSutdre for about

half the s Fieth §94 barBElagie s AREoulE b SR R s cndl b the
suture ?&Rﬁé @ﬁlel%lﬁj e &SR 1GRY. alT8is! 78n P&RELt B0 E MY BaurBbYhéve in

ends together wth knotted |Ioops. 10 O Interest Is

the sarﬁmdlaxp:@an aperivhirsipectivesnne embislinsezed into M. first Bid5eeetBl sies of a

i d M khai | ubl d
wound, %&i“sg’d@if‘?%‘}‘88§@ﬁ§ﬁg skiiiRash Py SR pp Ay ruifibly Tt Ypsne
wouncﬁ ¥t &' n, But ARPEviatd tleHeell Yo se@uRRlduture ends
991037 l\/arch 1@99) whi ch shows coni cal barbs

togeth@rwlﬁhlgw lgpential |y along the length of a thread and

h d
18 S Hlyfodh PEGRR PARRERbiEeahSp NSL o st 187 °5
Sulamaridéz zthMlkﬂnmﬁavt pﬁlﬂ&hé&EeHrbﬁr@&dZ@D ladetiesd frdidlm"IURU99/00263
interest is S. Pat ent 376 to Ruff.

(published %W‘%%ﬁ%ﬁ%ﬁ Septembes 8. ZQQQ% Ré@ﬂﬁﬁg’c RU§969%??1% (Maéﬁh 3,

11999), RS hB0L BniBaI VURGa S VeBudniall U gtt% LRSS HiRHRha

n device recei vi ng
orientegd madhemcmlﬂpposte tathcht pf ﬂmmm genabspwhla&eai:étmu&lbetW@n barbs

being st i Qe B tead Saeiebmonded 20 For use w th

bk b 8flinfedést iU WO PAEnINE §342L57% 18 Rk, OrhiPBarst shBHE b Gfdertion
i ncl udes barbs facing a direction opposed to the

device that souspiyh fafpositigeing adarbeg sutvrsimtardesgo wiash amumd The insertion

aeice ORI S o REEGHT Bhp L UAH hbrhuf) o Rl o
facxlltaﬁﬂhﬁﬁpulalﬁmi dfahé Henise BREht isoresh. NEleinaértion dewdtoBrat@timended
reference. 25 Escarpnent of barbs into a

for useﬁ*ﬁﬁb% barherbsuiure yehses e sfursPartien bripg tr@aqtedep@ﬁleﬂﬁes Paé%@églg a
mrecniﬂl}tﬁ)@%&ﬁb WY diRddlibn bERSLLiEH Sgﬁ hilesith %a{]ﬂg %g? %ﬁfe\’ e

I ameter 1s decrease vvever

« directignuiflingegtivai dre also skeovgt im ‘876 &0 Redfbed sut ure shoul d be

aBRYEfobuia ot dpdires il PR saphHOu R GpeRfere it incorporated

bymfe?éﬁg@rdance with the United "~ States Pharnacopoei a since
failure of conventional sutures.(which have to be

iBsearpdntaf dbade intoatmensdidamenti depauding no thehach cetedepth, eeduces

the stra‘_f?’éhqt Slrl]ﬁ {en%ﬂé) sct?e%gél smc‘f”:tthéc LRSS tsJIIXreaJJartht%r h;né%cregéje%l. I-?owevcr,

- the straight pull tensile strength of a barbed suture should be compared to the minimum knot

- - pull strength of a conventional suture (a non-barbed suture) in accordance with the United

States Pharmacopoeia since failure of conventional sutures (which have to be knotted and
must meet a minimum knot pull tensile strength) occurs most frequently at the knot due to

increased focal stress.
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the performance of a barbed suture, it is advantageous

to consider varying the barb geonetry (barb cut

angl e, barb cut depth, barb cut |ength, barb cut

di stance, etc.) and/or the spatial arrangenent of the
barbs. This should not only enhance the tensile

strength of a barbed suture,3_ but also should enhance

the ability of a barbed suture in hol ding and

To HRinitcthé bé\ﬂ)rfﬁ@hﬁé%f addmd shiRREH kﬁdva%éoh@tcﬁ&ﬂ&@éﬁ\ﬁamlthe
sutures, which rg ace tensions directly at the knots

barb geomefpy(barh cyiangleckarl aut degtfr %@G@Lﬁngﬁh@afb evisistance, Qi%lﬁftdl‘m? the
spatial arra%%é?ﬁérf? §ﬁlr1]§ Hﬁng erh!ijsf‘églgfgg I’n?I r fegwga{%ﬂlw%( f?ﬂg'%}%]?h%ﬁ Pt‘i f Hé%gﬂ suture,
but also shoifld emf@ntmmbsley@@a dartblaé setbierie hélding hed malntalmm)tmh edges

ness . of new bar be Xi, m. zi n
togetrer. Ufls SRl &4 e W e SRR STy P K oL Frs oan
spread out SHeaargsidnhonguRsiidapag esturelBgytth, BfteeEventy Rmgtthelehgh) O'ptlmlzmg the

for pronoting wound healing. Al so, such new

) .. benefjcial
disposition palefthe Siyighratonist BRI HPE tsstere et ecigarekp igatvaness of
the new baﬁbBB ‘sG’the' iR FrRxi Y R holdifg Sfdhgiihd %ﬁﬁﬂ%r 'tﬁé"gé?.)f fofnlaRienflong the

Q!é to mnimze scarring, due t
wound edg@*elﬁherl alﬁﬁatﬁgulwm’c@ﬂeﬁ@i fonpr@mom wwdmh@lmbar bs. The
bar res_ wo eci al useful in .
Also s g e & e tﬁgus#gur?ﬁ Wo#;gproglﬁ'nagé) |ssg%%1¥lﬁlyn\ﬁjﬁ\ %oproprlate tension,
alleviate dTSm‘iiah af fiséae, ahd GBI &S MINHIER bd=frir\ |8 @6 Yhe F-r¥BInIng@Bnéfils imparted
ries where space is limted, such as endoscopic

by the bari, FS%P?N Barboed Bftyer vged pe cxpaaRAly et ImsMgoeriRy ERAB AImization of
scarring is M5t NGich 8s Bodnidtie burgaRess wal astif SurBéRs Gitlerd dh4BSIsTiRRed, such

there is provided a barbed suture for connecting

as endosceRieBIHOYY obmicragHrgelyssue, said suture conprising (a) an
el ongat ed body having a first end and a second end
and a dianmeter and (b) a plurality of barbs projecting
fromthe body, SHMMARY OF THEINNENTIONA di recti on and

Aooiifloh Y £ 1reFas8in o ke Bl Bote s pveska baheR s for
connectmﬁ hifi&h biQhinhd) thb Chaid Sifur® 86 hprsiiges) anVéTﬁfgﬁieG HoB§ hg\ﬁf'iggé first end

ave a confi guratl on conprising a barb cut an

and a secopd gnchand ¢ disnglssand () @ rsdliteeldarhs pigiewing frpm tu%g@cyegach barb
facing in ﬁﬁfé@fﬂ 44 bbfg @lgé@&gﬂ)ﬁar e ﬂmo@ménpﬁf thE ERGRLwhdh ﬁﬂééug Nn an

ere I's provi suture conhect |
opposite dingption fom the dinedition inshich, the bart faet uvrmrmmtiplbtamsﬂ'@vé a):ora"lguratlon

.. el ted h fi d d
oy B 8 el OB S 7,
Accérdingtd dsecbadlyspestast the paddeht inimtich] theft i8 prbviee hibarbedRdture for

. bein g adapted for resisting novenent of the suture,
connecting ugTan i aiy Imaldigaue, sAid SHiuBp pRIBRTISIIO AR k asalpngistad ke g a first

end and adéé'csﬁd &rtfarldh MhERr SAELDED réliﬂpﬁsb% féc'ﬂn% nﬁ@l’é%dy, each
have a confi guration conprl sing a ept

barb facing inza figeasipntaind b@mdamecumt%lstmgmemnmféhe autareewben in

tissue, in %ﬁ%gb&gtefdﬁrggﬂoﬂt%%% th% G(i)r%cﬁo% lﬁ%lijctl"l tge garb%gc Qre%no e barbs

have a confi guratton comprising 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.




According to a third aspect of the present inventyMarch 2007
there is provided a barbed suture for connecting
human or animal tissue, said suture conprising (a) an
el ongated body having a first end and a second end
and a dianmeter and (b) a plurality of barbs projecting
fromthe body, each barb facing in a direction and
bei ng adapted for resistingasgovenent of the suture,
when in tissue, in an opposite direction fromthe
direction in which the barb faces, wherein the barbs
AcddRi®) t8.a Aralas| Sétrt af th@ Breg&ﬁﬁﬁ/éﬁtioﬂ Ghéte b.?ﬁr@\zlﬁédta b&BEd Butlel iBr
aratio of th cut length to the suture dianeter
connecting hgmayy of arumi'ﬁbiuf@ue @@sutureaa@mnnsmg (Alcaroeldngaged leody having a first
t, .
end and B%géc?r@ &%gé%garﬂérgfa all gﬁ%:])ﬁurbﬁ{gﬁﬂié%rt%ﬂ r&gé‘tng fira?n the body,
each banbrfacmg it @ dﬁrealomctbamg ad@ted)quesasth@ r(la\)ermht ef tmg;atwel, when
hav

in vssue f AP B Retis® Bomile dreiondh SBER e b rEee e g barbs

have a cddi@urbﬂdycom@ﬁhdlﬁbé}b clielehdts with adathh 6/aRé bad canidnil itd e suture
apted for reS|st|nl'% movenment of the suture, en in
t

dlameterqu rom ooy 0.2dp889%%4% direction fromthe direction
AcddidiNg¥o @odrheasBad: Br ﬁw@%?e%ent‘mr@ﬁt%h Nhées Hatis zb@éfﬁec?suture for
configuration conprising a cut distance wt
connectingdwimgn of apifmal inspe, said suglire p@mmsmgdal dreclgnaataddrody havm @first end
and a sec][oﬁgtgh&%ws’cf eré cg?}n@?:? %i{'gld H)e)gi gsugar@})oqnlﬁ%gb%t pr@‘égtﬂ{gh edr?wgtl}eooo%y, each barb
facing in prdimd:tabe@nel blemgtmizip@dtfowmaétﬂtg mavemeaiodfitiegsuturaBahenrin tissue, in an

: ni |, tiss sai. re copprising . an e| ongat ed
opposie el i G Gortthat whith hedheid Hecoutrie b e s bive
configuratibrde@h @ isingbdrb euedigthnbedtithtayrafs of e Brirb BitQiistsrck REthé 5QlRe

the body, each barb facing in a direction and being
diameter rgqgipg EW@B?UtlﬂeEWOQbPW@ noverment of the suture, when in

A e RS 5L 1R, LTS Sl
connecting bunamorraninal tissueossst $ubire goraprisng (@jgatebuhgbted bodywwing iadiest end
nct o secPRERARD iRl SRR SRS B AR R b

facing in axlirzationcind anmngmua;bte@ﬁm massrsg rdoﬁ#dtenf of tmmre St i tﬁs)su@rh an
second end and a

opposte {fpGRETaR L drLAsT 1 WO et ot o, WhPB 3 BiTEBEARG PrigHeton

comprising B@oQled vaaArlhdeadda. facing in a direction and being
adapted for resisting nmovenent of the suture, when in

Accprding: e a sidh asned ohibe prasentdnvertioni therefis praviserka barbesbautuse for
comerin 15 DA 08 S AG67 coHRRGR @) M BoRBEAR RS ot n
second en_dcamd adiampetérand (5 evpursl ity afsqafbsmrcqxéctm@&orp theshedy, each barb facmg ina
arecion o 5B B o BB T R DRSSP B b copose
direction fANRAE disdchieh i ayhicANhEhHH ﬁa%é@ WhBRIMhE BAbE Bavd d dohfdurdiod comprlsmg

30 March 2007 3b a second end and a dianmeter and (b)
an arcuate;bath B3st i t y of barbs projecting fromthe body, each

AccBRIHS t6 2Sévasi 3ped ofjfh% Bhdsbiit rhv@ﬁ]t%n bRbRgs APaRLES befxrﬁéd suture for

resrsting novenent he suture, when in tissu In
connecting huragpersininesl tissiueeesiid smure comprising (¢l ameimngatedlhodmmm e fivgt end,

barb faces, wherein the barbs have a configuration

conpri si ng ' S




varying barb sizes. According to an ei ghth aspecig farch 2007
the present invention, there is provided a barbed
suture for connecting human or animal tissue, said
suture conprising (a) an el ongated body having a first
end, a second end and a dianeter and (b) a plurality
of barbs projecting fromthe body, each barb facing
in a direction and being adapted for resisting
novenent of the suture, when in tissue, in an
opposite direction fromthe direction in which the
a second8Ad Bnd 26Bfetarbifd @) & pmréﬁttyfb%é?ﬁs P@}é@tir@fﬁonﬁh@ B&% &48h trb facing in
angl e ranging from about 1400 to about 175, (ii1) a
a directiomandbeing a%@@td forwgristiag mieermert ptthe suttieewitrarib tissue, inlepopposite

ecton 9y S BHEHS L AMEL 1 RO 8 BBy S

varying bioshsizegut | ength to the suture di aneter ranges from
about, 0.2 to about and (iv). a barb cut, .distance
rocfiiibee P @obBaRerr (4 piBhay blion drae Brbeided Sy ge or
connectindi FUIMRINIr ahial@ Rub, 2 sUaRY tofpAsind(apB®blbngfled Ay MHading G first
to a ninth aspect of the present Invention, there is

t
end, a sefons{ el ancir GanBienaa o)A BRI STBATROIPHGS RaRR by, each barb
facing in #&ird¥bn SAPHNR) aPled FGHUELKHRg ?ﬁHV@Hegﬂ cg gwg(sgl%udrégvhgh WERLEG an

_ body having a first end, a secon I anet er
opposite gjfpgligrpiyona thel direefidntiywhith therbatb fpess) wiierein ¢hef raos hake (ibbrh cut ©
_ f acd ' ' [ i or
ot rnRE ol 3R e 112, 0 G5 SALMLAR 09 REDHS 0 ot
to the sutiae diapyeés rdnges filorm abbut @05 to abaiitltes, diiy £ledrb ot lenytivivhas thdwatio of
barb faces, erein the barbs have (i) a rb cut O
the bard i eRat 5 sl iBite e a9 g i o008t 573 ()3 Jorg ot
distance WdTr® tHeLibticETRd bamb et Bistaée thdd sut@é dibBteP@inGesTikbm Rt 611 to about
to the suture dianeter ranges from about 0.05 to about
6. 0.6, (iii) a barb cut length where the ratio of the
A . . . -
T A
connecting humpaa of anivél tiskiee, bait buto cotipsisiag (8 an@ldnbated body laving a first end,

' r..ranges.f.raom ahout.. 0.1 t o about nd_ (v .
a second ShE L SLiahARE B4 ) AT PENRIKs Ptk mirE o fewoRl et begf fecng
in a directibh engbeisgadaptetvarntdising nichementi of tHersoiiré] @theA iri@s b€ ¢h an opposite
o sut l[!'re,for ,coF e%ti nl% human or. animal tissue, said
directon fea e Sireeiiop,T WP, e BRTFEo8! Whisaln A1 tHERR/ MR () ¢ £ oytraggle
ranging fré¥ Bpol® 15666 BSbuR 1@l 1 P8*diiRa BhBRE 8&ptR Aleretle AtiB bthebhftYeut depth
of barbs projecting fromthe booPy, each barb facing

to the sutyrg d?@nmteré@mge@ﬁromﬁbogb@.e@tomm &6 (fiipa barb sudengtiywhere the ratio of
o. . . . .
o vr PRI L Ll ARIBH I bk D534 otk 15 cisnce
where thebatidofftizckear) cuhdistenae tb ke sadurb slidn@oter rangesdrdrasatinuc 04 10 aBout 6,
rch 07 ..3c angle ranging from about 140 to about
and (V)a%%ﬁ?gﬁofswo"a barb cut depth where the ratio of the
Accdtaing 16 dtentlil@giclt 6fahd préssitinventicH, 8ERs BlpréviRaesbarb&iButure for
apout 0.05 to about 0:6, (iii) a barb cut | engt h where

connecting Rman gk amaktispirs spid stueagomreisigakan elengatedigeiehaving a first
end, a secdh@BR 8hd & 8RAREr LR (BI) %gﬁh‘élitypof%aﬁﬂ%tpﬁtg&ghg ﬁom tHed idg,tegeﬁ Barb

. cut di stance where ratio o cut ance
facing in atdirection apd beingadiiptatderaesisting guyeineoimf tHecutur® wheh in tissbe,un an

oppositg d\%e%tﬁﬂ groé%tl}l? girti%/t\f?ﬁ E’?nvé l‘:'t%eh tﬁg bér:l?g%%és \%%%41 g%gq%ﬂ)oséiatvcia ﬂpa barb cut 8




to about 25. According to an eleventh aspect of &dfarch 2007
present invention, there is provided a barbed suture

for connecting human or ani mal tissue, said suture
conprising (a) an elongated body having a first end,

a second end and a dianeter and (b) a plurality of

barbs projecting fromthe %bdy each barb facing in a
direction and being adapted for resisting novenent of

the suture, when in tissue, in an opposite direction

angle ranging foftabod; 148210 abauii 39 1467 .dh admry e dppih wheredbe ratipigbtheibarb cut
i

ot EREAA i Y5618 98408 @) 838 e o

ratio of thetbarty it jengibfto theesutise diameter ratiges forh abdut 6.2dutibwwe 2, (iv) a barb cut

about. 0. 05 to about 0.6 i
distance grhgrg?lﬁ: ) tatl eng? ﬁa%cg?n gls a(:ﬁ%to tg? Isgtun(')eréjl ?rﬁgteblangé%{ﬁ)m a?oof} 0.1to
about 6, heh@) b twist dubsuBiplespral diispositich witloa galify aage alrangindfren aBout 5°
b out 2, (iv) a barb cut distance where the ratio of
o about£pa parb cut distance to the suture di ameter ranges
Acdofdiy RkAievBnth dsPect %P@l%tpr&enﬁﬁ%rftlﬁﬁ tRdte ‘i’sV;ﬁ'Erlna&Pé BSrbed suture

di sposition. According to a twelfth aspect of

for connegfingsfiman i aeinal tysue saidt eutyrg cgmewrwa@) an plangster %Qdymaémg a first
end, a sef:&’fd erﬁ%ﬁ%‘?& érﬁ&an o g%zgg gﬂ{yﬁhaﬁ)ﬁE%Fé%tlnggﬁnqthﬁ%ﬂié%g?h barb

conpri si ng rst
-facmg in aadlmti@’rmddmmgaddptad thir sersisting mavedrd pf the pliturcaivhéryindisue, in an

ovosto iy PRG35 48 B hEER B i bor

cut © angIeh&ngmg ﬂ:tfn@abc&ﬂtl @40°it0 abdiR 9 WE’,, (|||) Q baﬂb cthHHiﬂiS‘lvh@e (ﬂ'id rﬁﬁé beﬁe barb
|rect|on i n which aces,

cut depthy it g i@ngesfram Aot 0% aa?+5|0e6 K'ﬁor?glque Critiggth whers
the ratio éfbl%’ﬁar%@t Eéﬁbtl@ﬁ.ﬂHé 5&715 diddter r&‘agﬁ@ﬁ@m%%ut%%ﬁ) RL¥RET &) a barb

the ratio of cut to the suture
cut distang where ée riafmg‘é@ baff@)mtaiﬁwtce @o mg stigreatigueteragges(fran abeut 0.1 to

aboutB,ef?@r@taﬁ.Li{veh ﬂb'a.sp&r 5 the ratio of the barb cut

e“su e dianeter ranges fromabout 0.2 to
Accaidingtio 2{weffthespect bithé present intterstioa there whgrovidddreebarbéd sutark for

connectlnppwmag[?g agalr%l qsls?n% asrz];\ %ht?regzgr%aﬁgrtmg? {;\5 agggggﬁtig#g(ﬁﬂ%%%g a first
end, a se€urdiEPdiahd @dianfaseingi (P %uraﬁ@*b@ﬂérﬂ@ﬂb}écﬁ?b floRBth® bESLBAch barb

- invention provide a barbed suture for connecting
facing in affiieglionand Seingragaptedder resistingénqyameaicpf dersyiuse. ygpn dblisspe dean

opposite %%gf.i’dn_cli_’he t- b@(gigbf il A bﬁ‘ e@alfb' fhcks, ﬁﬁ%|ﬁfhg baﬁ)s%%é)(‘)‘% barb cut

_ suture urt er nay
angle ranging freah Abaut @40° haatysit HFa3| (@a bary cﬁtrdemhtvherebﬂnelyatio oEtbetvarb cut

con o PR Tl OB G 85 T 0 DR300 oo

- ratio of the\barb cittrlerigtisteies sutlﬁreﬂmdérfrﬁg‘es @Bmtdbalit 0.3 toPRas2, (i9) 4 baBcut
irection in which that barb faces. The barbed

S h
distance g g "RHRPF s R pultisi@nceda therautya diRnalwi rApoes fEse aReyt 0.1 to

about 6, 2 (V) Erah@sY dispdsit@ndi sposi tion selected froma
staggered disposition, a twist cut nultiple spiral
Accerisghpsimbodimentgpf tf@\péeseafppvaﬂ@ormrgma barbed suiure fangonnecting
human or ghmﬂiﬁ%%@fﬁﬁggﬁbgs?@Lm%%gﬁpfkg ?F] %%Engatgﬁ? E)oéa}heavmg a fi r?t end and
7 a second eids ﬂ' b6 barbedh sutanedﬂrtherhimg comprisecppiunality of barbs projecting from the body.

Each barb may be adapted for enabling the barbed




di sposition, the barbs may all be facing toward gngmhzogy
one of the first and second ends. Alternatively,
barbed suture may have at least a first portion and a
second portion, where the barbs of the first portion
may be facing toward the fjirst end and the barbs of
the second portion may be *facing toward the second
end. Also, in an alternative enbodi nent, there is
provi ded a barbed suture for connecting human or

suture to éﬁﬁﬁtrﬁ'lo‘@m% tehenip issgreip hegdirection thatjs eppadte fsan the direction in
which tha? bé}B géggg Sroh% Ibe Q%Mﬁuﬁgmés\ﬁ ftﬁﬁ?%/%{)ﬁprtl%QIQJbarbs"bél l%cﬁépog&pon the body
ina dlSpOleler seldcteg frofn detaqeered dJﬂmsltiomgl tivisbent trimélpleksow dispasifion, an
overlappn?galgpogm%; %\?\rﬁ ?rf%l]ggosm 0,9 ?@Llpﬂ%nf, ture to resist

e su in the

Fordie stagigened dib@dsitisRythb ewisip@e siditpld spam dli].’ﬁ)s!ﬁblﬁ %Hdi’o@ tthd éverlapping
b rb faces The suture

hat
d'spos't'Oeothﬁ BAE Tyt BN VRO e e ta%f*ra{ nehPece phdsy Atematvely,

the barbeﬁ lsQfirePmBR RS eCdl loaBN @Bt Sorfici Ed0sdcbborfidt? WhetARe barbs of the first
rees to about 175 degrees, a barb cut depth with a

portion m?bagév feipg taward e firsh epdard g barbs ef thgweeqnd merignimpyrhedaging toward
the secorfd@@t 0. 05 to about 0.6, a barb cut length with a
ratio of cut length to suture dianeter ranging from
- Alsca fyoan aligrmatiteceratingiimer?, there Isaprvidagta biirsddasubiee fur cbnreectingt iuman or

ance fq suture er_rangi ng from about
animal sy oS R ol oo oAby SEMEA Yo clat o
base, varying sizes, or conbinations thereof. For the
twi st cut nultiple spiral di sposition, the barbed
suture preferably has a spirality a angle ranging
from about 5 degrees to about 25 degrees. For the
over | apping disposition, it nmay be neant that at | east
two adj acent barbs are disposed where one overl aps
the other. During escarpnent- of the barbs, the
overl apping may be created by a barb (i.e., the
over | appi ng barb) being escarped into the topside of
anot her adjacent barb (i.e., the overl apped barb),
and so on. Hence, part of the topside of the
over | apped barb may becone part of the underside of
t he overl apping barb, and so on. Thus, with the
over | appi ng di sposition, the barb cut distance between
t he overl apping barb and the overlapped barb may be
shorter than the barb cut |length of overl apped second
barb, whereas, in general for barbed sutures, the
barb cut di stance between two barbs may be ? the barb
cut length. In still another enbodinent, there is
provi ded a barbed suture for connecting human or
animal tissue in conbination with a surgical needle,
where the conbi nation may conprise a barbed suture
attached to a surgical needle. The suture may conprise
a plurality of barbs projecting froman el ongated
body having a first end and a second end. Each barb
may be adapted for enabling the suture to resist
novenent, when the suture is in tissue, in the
direction that may be opposite fromthe direction in
whi ch that barb faces. The ratio of the surgica
needl e di ameter to .




the suture dianeter preferably is about 3:1 or |®BRarch 2007
Suitably, any of the inventive barbed sutures

descri bed here may be attached to a surgical needle.

BRI EF DESCRI PTI ON OF THE DRAW NGS FI GURE 1A is a side

vi ew of one enbodi nent of the present invention,

showi ng a barbed suture with barbs disposed in a 180
degree staggered spaC| ng; FFGURE 1 B is a sectional

first end ar'g* agﬁvépg#(gg{% %bg 3 'r"@ I%Jr@eéﬂygy %%%g%@rﬁggg)jggr%g [)r()jeictlng from the
body. EaciPbdrb W/HeHd8SE8 R enabind IHedhEre20 rédist ovbMBntVivEM tRE suture is in

anot her enbodi ment of the present invention, show ng
tissue, in the gjectionthatipay ke anpasitejfomhine directien ingvhich thitbartaedss The suture

s e e i ST

about 140 s!amraesetmabom g6 ﬁegr@ee a barGuUREeBHwitls a zatioi of sutvieptivtasuture

str SRS Bt S e

diameter ratgagg@rrmboapmz tdrgmuﬂ:z UERD c&Bdustan@ WiICE &l cuddigimea @ gure
_ lipe 3B - 3B theE{:arbed suture in Figure 3A

diameter fﬂ"f\g@ﬁi@mﬁo%o °s%b85f P &RrtedBters e AnFBRHARRAS ORngSizes,
orcombmdﬁb@sstﬁ%oﬁ nventi on, showng a barbed suture that is

' -directional with barbs disposed in a 120 degree

For tla% Bsfequé o utirde rsnlgei digpegiiten 4he ibarkedsadurieariafierallehas spitplity a
angle randFt?@REggoKt |é ?e%g lgeabpfrﬁrzlé%@ gL ure in Figure 4A7 10

e VI ew o anot her enbodi nent of the
For tipr esaiappingvdispositign, sthoay b@meanbﬂuabadieauit twoeadjwdelnt babb xire

cispose h GBABE @uehel il Hiind Freaufns 3 e s e Svaperino ey be
created by B®abR(i e Ahé bl aHa®ping b%rtgtﬂeﬁwg%carp'éhwaﬁh&fbplsmeaﬁsh&aer

vi ew of anot her enbodi nent of the present invention,
adjacent barB\j- frg theso ¥pslapRad Sathlr and smen. Hense. aart & thesteasidgiof the

overlappe@ﬁérg%agr'b%@&ﬁggad 5 tﬁe ﬁﬁﬂe%decdﬁherﬂﬂaﬁ I@In‘a =, & sclén Thus with

ISOSItIOﬂ IS a sectlo Vi ew a ong 'l né
the 0verla®Bmg dsmosition rbe tbartb@d dmng:eéaetweem the owedapinghaBIREd we

oveaped Sof B B3Rk e My o SUBEALRY LG oY s
general forhartiadtibrespine darboius gistandel I:@nrvdehk\ﬂo bérBT hay bﬁd tieUtdarty @ut Iehgth
~ _Fi but illustrated.i a nl arg secti.on;
In stiFp@her SRbodmARE, est i BaIiog ke bs CMES fof CoSTeedng uman or
animal tlsEUQHf&)n?ﬁ}naﬁBH witRbalueslcaMéede! ARBROtheQorbingfior rh&’y QRipghiSe a
for measurenent of the cut di stance between the barbs;

barbed sutpregtirghesl tp 3 saraigatieeedec Fhetutun Bta spmergscip sl obparbsirojecting

from an el&{ng%%rgod ﬂ¥\‘ﬁ§g{; b ARt e Q%C%Eﬁ% Redn BLh i b Jd?ptgél dzk?

I a ran sposi tion; I'S a sectional side
enabling the seiurefo resistinmyement) wtemiba sutofe is Indispues ethe direntienthadbmay be
opposite from the direction in which that barb faces. The ratio of the surgical needle diameter to
the suture diameter preferably is about 3:1 or less. Suitably, any of the inventive barbed sutures

described here may be attached to a surgical needle.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1A is a side view of one embodiment of the present invention, showing a
barbed suture with barbs disposed in a 180 degree staggered spacing;

FIGURE 1B is a sectional view along line 1B - 1B of the barbed suture in Figure 1A;
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25 showi ng a barbed suture having a barb with a 35 pmarch 2007

corrugated or serrated underside; FIGURE 1CA is a
sectional perspective view another enbodi nent of th

ﬁﬁs%"é‘w” i nvention, showi ng a barbed suture hd’\ﬁTﬂészﬁ":”"?‘““ﬂ‘

barb with an arcuate base; FIGURE LOB is a sectional.

top plan view of the barbed suture in Figure | QA

FIGURE IOC is a cross-secti®nal view al ong line 1CC -

IOC of Figure 10B; 30 FIGURE IOD is a cross-sectional
mpgmé ig 2 side yiep of apethepembpdmet afghs presynimEntian,sgowing
[ [ f
a barb%dégtgﬂr# ﬁ?ﬁi@é}?} tdlﬂg%t}’d ﬁlfl b%ghggﬁﬁﬁgﬂ qu Sgr%gér\?mg lﬁgge%e%gpacmg,
OFIG‘QR[B:Q.B iS4 geRfionad @wM?dloﬂig ROOTB -\IB a0fd baded Sture in Figure 2A;

P 003/ 030664, -6 FIGQURE 12A is a sectl onal
gréﬁg&%@ %@W‘”@W Aripether B RYECRERT hepropems ipfeatigh showing
r s in an
a barHeH‘é d With Vi hdsct iR 2198 %‘%‘é léflagééﬁ‘leé Q%ak%g{g? .

over applng sp Sition; spective
vIFEGURE 3B | px selct)mabﬁueuhdong/hné 3B pi3Bjolthe barbed sdthes in Figure 3A;

re12 5. Fl E.12 C a plan view o
tﬁgﬁgﬁ% mewso GRotBpRFRROd HENt ogﬁﬁ@rﬁ%nimepg% showing
a barb%ﬂ dtud B @'b@@ﬂe&ﬂdﬁ% witirbarbd af@p8§ed':h qUnE adgke s@Bkred spacing;

FIIGURES 13A, 13B, 13C, and 13D show vari ous sur gf cal
nEFHAURE, ARfser @caorbaéwiwohlomhm 4B <ihaof the hatbed sutameah Figure 4A;

¢ HRR S5 e . ST Lol AR pent veiifon, showing

a barbed @A WRR baﬁﬁ\dﬁslpsﬂad ih b SWite ey mﬂﬁﬁlccb@ﬁhﬁinspwum in
human or ani mal skin or other human or ani nmal bodil

¢ FEGURR SEjs aentonab siey] aloning:SB —t WEneli fhe arked ppron Sigre SA:
- SHIGORRGA N 2008 Dw @bl HodineR I freldnt iindon, showing

a barbbd seturd thet ik di-dirédtionsiueith babt didpssedbint twikt aatmuliipletspidal
to, tissues such as skin, fat, fascia, bone, nuscle,
dwpc’%‘i“@}hns nerves, or blood vessels, or fibrous tissues

SHRHURE 6B %@s‘&@ﬁor% vielWOASE fite cRL6ROYERe bﬁrB@d Elﬁ[u@ in Fi igure 6A;

“pol yner" as used here generally includes, I's not
| FFFYBE 140js a seotiorpd biderwieay, ofcopabgthertere( which ualsn -ditegtikmal with

varts 5B PR o e SR BRR LT itn St s Figore o4,

but illbiRkROh anfld Ry BBich; the term "polymer” shall
i ncl ude all ossi ble structures of the material. These

sFIGIR B Bs isithe sagtienal pide Viesy as Whystratedvin Egured A, but rotated and

cuplF 1 A5 SO b et USRI e b

PFEGEREis ershizdiier of andthdt emboidimertaf the present invention, showing a

barbed suture with barbs in a random disposition;

FIGURE 9 is a sectional side view of another embodiment of the present invention,
showiﬁg a barbed suture having a barb with a corrugated or serrated underside;

FIGURE 10A is a sectional perspective view another embodiment of the,pfesent
invention, showing a barbed suture having a barb with an arcuate base;

FIGURE 10B is a sectional top plan view of the barbed suture in Figure 10A;

FIGURE 10C is a cross-sectional view along line 10C — 10C of Figure 10B;

FIGURE 10D is a cross-sectional view along line 10D - 10D of -Figure 10B;

FIGURE 11 is a sectional side view of another embodlment of the present 1nvent10n,

- showing a barbecl suture with barbs of various s:zes

Ry
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cross section, the sutures could also have a 30 March 2007

non-circul ar cross sectional shape that could 25

i ncrease the surface area and facilitate the formation
WO ™Mar bs. Ot her cross sectional shapes RGI/US2003/030664

i nclude, but are not limted to, oval, triangle,

square, parallelepiped, trapezoid, rhonboid,

pent agon, hexagon, cruci for“Eq and the like. Typically,

barbs are cut into a polyneric filanment that has been

f STAEHER Ads msacfions! RrssTSgiee Yipw ofiamether emhodiment of thegpsesent

inven6iELhBng A8 ATud Bin ST AP RRRE alBEyhit AT

s FGURELIZBSE aperspotine few 64 potEoof the @SerapitdeobtSsramR suture
; made W|th any desired cross- sectional shape. 30 March
of Figgeotl2Aiwp 2004/ 030704 PCT/ US2003/ 030664 -7 Hence, t he

t efEURE 1@@%5%?@355&4% Sorion Sf bRLEHIR gean the

transverse e Cross section; regafdless of
WHEGHBE 12Pds asblevisealong tine 42010 aff FigiredaTe and her

GEREGRES e P 1y SPEATR o el raabpecdinn phcEBbed

| suture]is ﬂ@fﬁch&{‘@ akh & {c§13neeHi%e diameter may be from about

01 mm to abou .9 mm or fromabout 0.015 mmto
about 0.8 mm The typl caI di aneter ranges from about
0.01 mmto about 0.5 th of the suture can
vary dependi ng on sev%aﬂgﬁ‘ such as the length
anggdd e the ©fm tReuNdURshnk @ sBBidl RiRRtbn, Eﬁﬁla(:é’rﬁﬁor@fsevered

. tissue to be joined, the |ocation of the wound, and
tissue ppecideptal WW@A dunanqsagimad slgintes othen heman enaniiolbodilydissue,

o o B8y Sl PO UL SR 20 o

connegtmgliseite nmydeirequiridat i on to the di sposition of barbs |
on,a suture re i ntended fo rrean that the suture has

af*15° @3 Stedihier- s termp sy bickudas, Ditis noblimiged toafisgyes such as
skin, fﬁ@%&ﬁtbdn@ rﬁé‘s‘éﬁk 8RS ’newlt@{(g‘ %&Sl Je's{]ég OISﬁBro'g§ tn@édegﬂﬁ:ﬂ as

ongltudlnally on the sutu e secon
tendong|or fjgerdentongi t udi nal |y on the suture, but a pl ane
endi gul ar to.the,sutur and cutt.i transver sel .
HEPERN: MikeSTucnmsr g rictheessrerlyindtisssBligs n@wi{qsi-m,
homopalyrhdis, cbpsigmesabuchld BlbIK, ﬁﬂﬂ%m}nﬂ&rﬁ A8 Glterhigh PAPBIYRerd

barb of the second set. arbs project fromtHhe
terpol)@&%rqt gterg pdlends and modifiatipes theigof. rmnneret the tmn bs

t. _
“pooriee o AGBEE) AR BT B U5 e, b
are notfdirpitw_eﬂi_sothﬂlcg eytnmmhct;ud, m@ﬁhd@tﬁrsmn&ﬁﬁasﬂgr e suitable
ltadygh ghe e arp devpld E&ﬁelpw o PrFTHLFRbOGaR with a circulr
Cross s@&fokﬁsth@rsﬁtu{:@?, rc%uﬁl‘é'lmv@ aln gﬁ-c%guljaloélﬁésn&c 5 El%ai%@ﬁ% 8lid

ti ssue, 'such as col agen ense tissue ove,
mcreaﬂsathaa%mfas@ ergn esd frailitive ﬂrmﬁ;banﬁumftthmb&rbme()ﬂmt erokssestional

napes 5, B 81 R B 2B S0 e copeoi,

rhombozd, pentagon, hexagon, cruciform, and the like. Typically, barbs are cut into a
?olymericfilament that has been formed by extrusion using a die with a circular cross
section, and thus, the cross section of the filament will be circular, as that is what resulis
during such extrusion. However, extrusion dies can be custom made with any desired cross-

sectional shape. .
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depends on the strength and flexibility requiremgdifrch 2007
More specifically, barbed sutures may be forned froma

bi 0- absorbable material that 25 allows the suture
WRAVAE¥%hd thus to be absorbed over tinme int oP?T{ESZOO:"’“:"O““
tissue as the wound heals. Cenerally, bio-absorbable
materials are polyneric, and dependl ng on the

parti cul ar poI ymer sel ect ed’- t he degradation tine in

th vvoud gesfromabouglmnnthto over 24
moAteRee, ¢ Hﬁsélameteé. # ud Beg dpingendad & mgisthe tapsyesedangth of

the érl%]?s s@&ﬁﬁs ?é%l&fs of %gﬁﬁkf‘@g g:{)b?ﬁ%fﬂlﬁ Ecirchla@ 8 LA other shape.

arious bl o-a YMers i nc
b uﬂuﬁahie diamekdrafdrelt ingentive Isymrasmmhed be]m} k@ ednigel €rom about

0SS, ROLNERE, A S S0R ML 01 s o o

0. 8 S50,k 30T o hE i rom o

0.01paTyto 82003 HB06H4E lengh of tHelsugxrfscmgwamyiﬂe];mnﬂmgem) several factors

I f 1% id bout 30/
suct{ PR ERE aftof d5ith ob e bS SoRRE e oLiTebatadipdeiied. the
locafi6®b5the Wotnd, RS Jiled Ty &ithid lér%hs%'dﬁ@ fr8in about 1 cm to about
sutures), and copol ymer of about % gl ycol 1 de and

30 capsgre m@@r;hy BPpacabone? ¢mdd dbang 22 m\locRYL( ry, a

tr « S «£.Q_Johns
ARG SR SRR Ly RS0l s on o
barbbion agbmey dra bitenduite meai: thaBithe sUﬁ@é hids dt Teadt tidotkRts GRS that are
of .applications. Additionally, barbed sutures nmay be

Offst JfifAES e L eACIA DM BT st retdedligned 1%@%1511"3%9“ Be siture and

the s@@&ﬁﬁrﬁ@ is a %ﬁéq 18R IYIHFI{ oﬂ% e itk 2 &ﬁﬁv\ﬂﬂ fz:ma?go the suture
to, po ypropyl en al'50
and gdtlg@s'armwex(sdycthoagh ﬂmlsymtemddanterseemwﬂhbrblam @f,a barb of the ﬁrst set

abhr evi at d her s 10, PET ol yt et raf | uor oet hyl ene

will patypigrsgert ?B%ﬁerd)g&%ﬁfh ?fttg? F‘%F’P‘gﬁettoet hyl ene, abbr evi at-ed
hefe Babs $3JdcERBRE SkirbYsulfatEofife SERecBay on)which the barbs are
pol yet her-ester (such as pol ybutester, which is the

dispesseid Pﬁs@ndilrtgmpiﬁ\bymtemdezlmid ose ofthelbarbed yututce babh oﬁdta‘ie@m sizes

oy BB S B 5P o A 8 s o

. tissuSuticli 3 dht, tisSONHENOftaRsued e the yhel NeR, sthall e baibieard aiRe suitable for

NOVAFI L(r), which is a trademark registered to
joinipg ather R 6f tayum sushpsrcoHagendgniedissusit ur es), or
POk Hf)t%fl Q@&% b%&@ ELR@I{EE Ylﬁ&%ﬁ e ffﬁ?@ﬂ%@iq{eﬁﬁﬁ%ﬁﬂs used for
al T oys,

materi a met a
makmgtcmwmlntlbmdi dzmop(samges Any #arnﬂﬂmahnsenahatﬁﬁhldoa)he hartetdistire
Most o e .par bed sutures di scussed bel ow are
dePeH%%‘E’r‘ihBé‘ﬁe’%h ﬂ%‘{/ﬁ?fﬁgj‘%ﬁeﬂ U ei ng  poi nted and

f OMES?éjsp@&ﬁ@alwtbﬁfHeﬁ lsupts i ¥ TbtteStrbinfa 518-&@!;61‘9%1@ ﬁi’atenal that

pi ercing tissue. is contenplated that the ends of
allowsthe pviedd degrade md tﬂragltOqubsmrbei avm’mrga ink thadiestieas thewound

healsta{tit}ezlgﬁaﬁlghl?lgpagpgér %% ﬁ %ﬁéur |depen 1n£ on 919, pamcular

polymer selected, the'degradation time in the wound ranges from about 1 month to over 24 -

- months. The use of bio-absorbable materials eliminates the necessity of removing the sutures

from the patient.
Vanous bio-absorbable polymers include, but are not limited to, polydloxanone
polylactide, polyglycohde, polycaprolactone, and copolymers thereof. Commercmlly

available examples are polydioxanone (sold as PDS I, a trade name used by Ethicon for

)
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wrapping, heat shrinking, or eyelet threading tosgRurch 2007
surgical needle for insertion into tissue. Attachnent

02%) swa gl ng is well described and is typically
WO 0P 4shed by inserting the suture end i nt BCEH§2003/030664

surgical needle hole that is longitudinally disposed

. at one end of the surgical_needle (usually the hole
has been drill ed Iongltudiﬁﬁlly into one end of the
25 fol | owed ing the resultant about

. heedl e), ri
Seﬂmgt%gl??ﬁéaﬁlléewoeo@awm gb wlh@{%lﬂmoétdp and abqyt 3% tgmeHyylene

;
carbordlt GIB%: MERENe, £lrpdoEEK IoaRlk b AMFEHECyRRn (61 3l
sutures)] srd@pblysitrion kbt es%tglswoﬁﬂb ahd absutP398 cHhslusbna {(JoRT as

i nsertion of the suture in order to attach the suture

MONQGRYR D, frasicamrk vegistared todgbmaondh dphngon Serrmutuses zgndcsamre
necde7 36451 I8Ny Bhaa BBRINSE BiosiOit e Shudifls Sl fng Vi renee

- of appléhtispcur e the suture to the surgl cal needl e. Surgical

needles with a conventional eyelet type of hole

A ddiionallye barbed sbres may be deranegfermfa nmeabgmbgbl@ apaterial, which -
d
ey SRS A5 Sy 0 Bg  SLEGYE e
(also kdmsn as sylon), pelyewer Goetr %poﬁﬁbtﬁf&éﬁteﬁ@ﬁ%]at&ﬁbﬁ%ﬁt&ﬁ&?@ﬂs
p /US 003/ 03066 surgic needl es swaged w
ET), i uoreg egweﬁaf ewpéng%ﬂﬂ%)ﬁtﬁ%ﬁlwoﬁwnwpb@wa@ﬂ here as
ePTFE%HtS@@@n(t}H%?ﬁ?J%F esﬁ%ﬁ %’o@%ﬁh&lﬁggt}ﬂe ﬁg&?? Q&yﬁﬂ@ét&y\gﬁiich is the

Attac ed

condendatiar pdlpuietization Sf dRadtkyltterdphthBid) @&lﬂ&?am@@ﬂylﬁ@herlglﬁol and
TR S pea. e Aot o US P et L
ooy A 4 S g S0

Cyanalﬁiﬂ for gangjcalkuBureBa bepdlyivethafs. 0ARerdatvel, ths henﬁabsoﬁiabbﬂ taterial
o Esteves et al

ent 163
may beiBEtabie & cheeath el Al ke i) Bbos B S CHRBPEFSTa), and the like
AFSS o H%%drlﬁbcﬁéuﬁxre:? @E&@&d'ﬁéiev@m@%ﬁ%ﬁ%@a@ h%’dl?'g i é‘lldsé being

Further, it is noted that the surgi nee
pointedaysk formed pba owtariahgffidicwiy sigf foorlovhior peeding tleiuet lItes

I dl e/ barb
conerpf e ERPARE bafled iy Tl SEmBR SR B anae
embodinkent,tBe Batb@d edtlire iP Q@R TR A cRMlent QBEIELL byTRPaghka bhdhdel

be a olymer, for instance, a silicone resin

Wfappl%ileﬁfrf@ﬂn osegleb theeading torhe susigakngedledior imsertion into tissue.
?&g{agh@?%thﬂﬁw L%]@ g‘}e;rl]lre st bieg %m? L&C’t&b c'aﬁ? Qéég&p&ﬁﬁesd bfy%ge?tmg .

the sutwe end ono Zexcbusgicgineedle hele thae id longesdinalbedisposed)atone end of the
3 to. G anger et aI 15 The bar bs

-, Pat ent ;
surgioal ey %@@Q&iﬁ Folg e B caiied nglly tpfoge Suigt B needlc),
followe‘dhﬁ( GHEMEE thefaSuIRAf Qﬁmt RYedfle Eefe%%é‘c%@g}t%)‘ls secured to the

sui'tabl e et hod, 1 ncluding Injection no
surgicabneedis fog i ;nscmqnumg tisstleas’dsq, same sturgicdl mkexﬂes\/\ﬂttln al@gitndinal hole

. t tin ner i hr ead i | ament s
+ in one 4R ol OGRS ot Bt Shianf et B3GTR gt s i order
* to attach eyttt 16 GBYsurgical needle. Additionaily, some surgical needles have a

. channel or trough at one end, and the suture is laid in the trough, followed by wrapping to

secure the suture to the surgical needle. Surgical needles with a conventional eyelet type.of

‘hole transVerseiy disposéd in one end of the surgical needle could also be used, but are not

preferred fo_r baJ_'bed sutures. For the present invention, part of the discussion below regards
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| effect%ﬁfufﬁﬁ@ﬁhﬁ&l a4 §Sh&RY F{Fﬁgﬁgﬁm&%m QMfR)s ARE

The cutting may be manual, but that is |abor intenfiavs 2007
and not cost effective. 20 A very suitable cutting
is disclosed in U S. Patent Applicatiaon _Seri

_ ' al
_ Wﬁ%ﬁ”’@@%%, 733 to Genova et al., assignors t&Ca(f5§p03/030664

Medical, filed August 31, 2001, the disclosure of

which is incorporated by reference. Such a cutting

machi ne has a plurality of tl-ades for escar prment of
suture fil ane A typical cutting

_barb t 5 t. .
surgial BFE REC AR STVGES. Bt ibis eoRgmpaied Tk any:pder guitable

k2g; ' nore bl ade assenblies, and
meanggfr‘ét'tt#%%eﬁa&g% i’lderﬁrr% ??%8%@ gui de for the blades. The
s UAitacbment efrsaitres sdpbegied needl¢she desedbedith BEL Batoyt N 8,981,307
i S ith e verse di ion of _the bl ades
Boryon B thlpneNep s DRE0RH R Rtk TE b oFdertafa. adoR Rt toprangeretal.,
Us. Patt_&xﬁ:rfb.fSI,iz@mritto Clrih gt 8811, 1S Pben®NO. 55580, 00Y tcplf)el%largst etal,

axi al ly Spaced barbs di sposed on the ‘exterior o
U.S. BaieniNo. 57228 tto Oailigany €iSe PetereNo.dud k42 o Bitearvs etgd, and U.S.

r i rence .nuneral s .desi gnatg 30 . .
pacnf 35§54 885 B SRS PRI BBt spentneedtesis
describd @i B1S. Pafib NosHeuR98 o RigR eCall FultherditSd Afed Wabile Qirgfoal

bar bed suture according to the present invention and

needly mpgbgicogied dbe gertingdllawing fogthemgedln of ginvengive combination

N L I T TR

needis eetd W camdd! The codiidl MdydieeSpdlymer) ordnstird, 4siliGone resin coating.
illustrated in one enbodi nent as being pointed for
For expample.-aqimpgovedisdicqaizeg sareical peediedhtapqpiizes significaptivlsss force to
%'bed in U.S. Patent
i nse on into tissue. er“end 1s not shown.)
No. 5858 0)1 3ctotGmanget et alc| udes plurality of 5 closely spaced
i onal

g et AoRBPAT wser pifebir s U PESEbe g de barbs

may bk fefrfied @ih@hdyysuitabid Rerbe ruldid SR8k aRidihs QMR cutting,
staggered wi t'h respect to axi alTy spaced bafbs 9, With
laser, padl Bs like. Vith sigaryl fosuningdinegegerdl, polymesaric theadoér fambats are

fi ‘ that i.s stantially coplanar with the
purch il B RPNt MG ol on R P 2pde 0™ and ne
- cOnhseaqiiaghay, bexaamal, but Hacieliboe imelpicaidinat bost ffective.
same one plane due to the, 10 radial 180 de

A Ve SHERe cuifing machine 15 giscaed h .S Pateat Appliqatiom Serial No,

- | ] _ 1 el ' #HPEiEC]
oSSBT O AIE! O S 2 e

of whithds eomoraiedbyeitrende. [Sacha céttinginidehinepe a pluralitaf blades for
9. As_also can be seen fromFigure |B, the stippli ) '

eSCATRRqT; Of ParpRomrisaiigs ﬁfﬁmwbgﬁmg@fﬂlﬁ%ﬂg&c edor Puihcugne

barbed QltEeS AtiR A zf‘cu(tl!i}%t beNS\M3e,| dﬁfe'ﬂr W bibE) assBRBliLd) Eﬁd sk:)onéetimes a

seens to be 15 | arger than farther away first bar
templaje op anide for, the bladeso Fhesusrafjlpmennis. placedrimfebed siad peldroy the

i 4 R e BBt PR e A W cion

of the sidu€s Siadient, i ofiRE® Rt a pRifalRFloP aBialy shREPBarBs disposed on the
exterior of a suture filament.
With reference now to the drawings, where like reference numerals designate

corresponding or similar elements throughout the several views, shown in Figure 1A is a side

- view of a barbed suture according to the present invention and generally designated atl.
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Suture 1 may be made with a cutting machi ne thatsg March 2007
produces two sets of barbs 7, 9, usually one set at a

' I.h, & staggered position along suture 1, suc
Wé%@?@{ﬁ@ﬁ ng device 20 described in the abovep%tj%%ﬂm’m“““
Serial No. 09/943,733 to Genova et al. First set of

barbs 7 is created by pl amgg and holding a suture
filament in the vise, and hen, the set of bl ades,

¢ St bl fonatg) G RS S@%ﬁia%ég%? seetion and that
temmﬁ%'s '?ﬁ bl'itg4 ' En@ﬁ?s Fukiestd Abok @We& ?tg gﬁ&lpéﬂ:{ f?xtetl%ﬂggatmg

barbs 9 i's created S|mla
tlssue,tthlé 1tb$ a@é@npiategltha:;@ndlélnhqy cobprice eamgldahaeesﬂea@geshom) for

sy B B ST e B sl d MR neqi ﬂfr%;tg of

closely kﬂa@%ﬁﬁrb@b@&nﬂr@@d GRS r&fhdlflﬁ‘re&ﬁ&ﬁl

equi pped to accomodate Tirst set of barbs. 7 that are
specifig Masallmapaceslbexm Tiane ﬁdgﬁlﬂwmngédsab@ut 180cdepees fivnTind s

_stagge?éa%éﬁgt s i ys&)%{:ec{% esﬁ}nlt%aﬂi%'?\é azzljngrf)(}lanted en?.M First

set of berbsl7 ﬂeﬁﬁd @p]ahe thatiis $isstaitiallp 6bplaas with B pREaUEEn A kecond

12 that is generally circular in cross séection.

set of l@r%%aw@aomym barb#7 rihdafinejsubstantialy thmspmeemsrpipne due to the
ﬁ.ﬁﬁl 16 for penetrating tissue. Also, it
radial ?gsu C n%e %ré that one or both ends 14, 16 may
cliigprei 15 V\Ehldus giccass seioahlevi¢watongiawnB £ OB of Bstefel I @IFigure

|nt tissue. 30 NMarch 2007 WD 2004/ 030704
f%g 6@%@68@@6 % pamelyghe gagial 180 degrpe amenpement of barbs 7

with rdﬁbé& @ bir¥s 0 AGlaRSLhY b RAAGFHDB{RSe 11, th1;,l §t10113p]h%!87 11%9&trates that first

arranged in a staggered bi-directiona
barb 7 pbbarbs as¢lbsar 40 pyintedicnd 41 (botyshowvn ax Frjute/ 1B) an@tlmb,a;ems to be

e U e O E SN I

is perpbmdi &lﬂark&sutﬂré Bodiax fisd dhatlifterskis iRCHRE oPOIBRE 79 Barkd 7 does not.
for a porti onw&rabout hal f of the length) of suture 10. .
intersedd; the page|of any pusndfibaybsk axi al |y spaced barbs 18 are

SR 1 kel AR Ao SR FEPrIRE PR Spp < patteg o

usuallytxmetsst A0 tins, uinabaggaedﬁosie& dlang sigureAQbushed thnehtds ddsice
i the other half of t

deserit e aoBre-uored e BB O 5 i & vtk 17, 13
Q'*‘flfst 82 ofbRbaNEs ér@?ct:d b§ g Al 'hb %Rﬁjfgﬁérégwigwtm and

pl ane defi ned to se “set o
then, theggudftbladgs) with a pmmgnmmed 1hgthl, 9plic2e mte thermmture filament at an

gl SRR B o B TS ROF LS 5 DBl Sond st

barbs 9k bi&ateﬂ@ﬁﬂﬁﬁly ifer sEsansl 8RbLRks Pﬁ;@ﬁﬁdﬁn&ly @8 crefateQHE ﬁaéé%ring)
is a cross sectional view along Iine 2B™- 2B of sutu

approxipgately half of the lopgitudinsl distaneabétyeen twsofrbarbsiganthgb@rorting the

, Irr.ange Due t
suture BBV S efes U E TR 5500 s BBy oD iR Ty s o
barbs 7plvitriedreadg cid ( not shovvn in Figure 2B), and

Shown in Figure 2A is suture 10, which is another embodiment of the present

invention and is like suture 1, except that suture 10 is bi-directional. Suture 10 includes
elongated body 12 that is generally circular in cross section. Elongated body 12 terminates in

first and second pointed ends 14, 16 for penetrating tissue. Also, it is contemplated that one

- or both ends 14, 16 may comprise a surgical needle (not shown) for insertion into tissue.
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thus, appears |arger than farther away first bar
of barbs 19, as is illustrated by the stippli ng.gokﬁerh2007

I erse plane that is perpendicular to suture bod
Wéﬁ&gﬁém%at intersects the base of one barb WT@&“"X/‘B"““

barbs 17 does not intersect the base of any barb 19 of

barbs 19. Likew se, a tran yerse pl ane that is
per pendi cul ar to suture bodg “12 and that intersects

Atso e R0 MRS bRy oSl i B0 1705, 1L 2angnd ne

staggé{@dlﬁﬁmr&ﬁjmsﬂgsfd&n.t he sanme cutting machine as suture
1, such as the cut ing devi ce described in the

aBdyis spentbenliye pluadlityof axiad]yspacerdgrhsol Toen cadialbt arednged about 180

_ t Wi he )., fol Lawi h . j.n bl .
cegre G BBl Bab i L SBT3 Gl e B 9.1
17, 19 ficingfgodited Bl B44dd b oftiona BRI hilf oPIRIGELIRYYE siRkdl10.2 Similarly,

I.n the vise, the blades splice with a first cutting
pluralify of axially sprca pribs i frarcardialiy pranged mheut] 180glkeprees frommad

LE ' r 1 cing, i .
stagg A Wi stip BN Blughlly B B4y RECREbaRe o iy P G0 acipe
pointedonat i6dof btk poam (SproXiatatdithe otlick HARWE ﬂifﬂ@ﬁ?tﬁ}joﬁ siiture 10,
Fi t he opgol%Ltg direction and over the uncut half of the
rst seLpihagbs I d 8 siefipe a plape thahissubstansially coplans) widethi plage dhfined by
.f190 ' t fi i 1
oo s A0t 1 1. Aot Pt Sart 19, 4514, 30 bEARLRBN M he
same @mlmmdwgéba;jtadiaﬁ il8(bak§g'frmrtalngan¢htp;giﬁmleldt (emﬂ( 15687, 18 with
xt, the s.are offset longitudinally (to create
respe%%ﬁoes%?%‘gﬁ%l‘*ﬁ@tﬁsé hal f of the |ongitudinal
- JFRAURNIZR iEE0BERe wWoAGSlinkAR 2 :
fi Fggrrent lﬁé r ot at g(ydiﬁégl%ut BI%ElII\;hgerzc% g%o Sﬁ% T@nﬁﬁtgHEeezA,

more dlogly iffgeraingpogelSaooehobe 6alal 130 Zegi@e atengeaent.obug tuethe
0]

ool ' i $1 kpped to,.acco da first set_of

s Eepst Il 57 8 oA TR ob G RATRAFT kg Bl e 2, nd

thus, appears ldrgar tsecfantersdtay Frsttbartsl] 9 6CHIBN P, 2D iSstdRed BPthe :

. ,the blades splice wth a first cutting action into

stippling,., A fzangyares plapg;ihpt is perpradienlar r@fsum@b@cﬂt L anc thatdnensects the

. : | I on (L owar

e o e SE63050R1097 .4 0102 NG.E01 AR 501y 1o,

Likewlsg, 2 anavémg plane thok Bespendieglat tockivnat: byd{ 89 afle glaemtersedts the
the opposite direction

h di d i
base of (45 o £¥ o bR HdSerdfol irsech ihe by irED B ab b o8 6
t fiatreal0l RAEB: Adde Sith itifeesahf&tcﬁttfr{%‘ﬁ?&bthﬂﬁar asi@hfe Pfsubf) %sg the cutting

. length of the suture filanment h a second cutt]
deviceglepqribgd inptheabeyr-sotod Serial Np. /9133 o Ghroempak, dxeept with the

j I | O . ginted end 14. In an alternative
fonowgiﬁtfgglﬁé?el_ﬁtbﬂii’Cngohtyn%g'ﬁ%lv‘m) for bi-directional suture 10,
tHee fipstrstd ofibiafitectionabbdrbg €7,4Q, sdrihdanie flidment9s PBYed and held

) have tqem facing toward pointed end 16 and the portion
in the e, the plades sphiceyvith a isst sytting acthan inty/appavsmatebnhalfiof thg length of

the sutl@¥adeR b Biar sk L hi ARl 40
© suture woul (f% %e [ nslﬁagé\éﬁﬂ?% 4‘?65}3%% i%w}rg P QWE‘?%E%T Zﬁm’
the bladesvdre mtated ¢ B0 dsgredshatthat igyraré Aow ligspakaMa thoOsRDsith drection and

' Patethhlo. 5,342 3%%%0 Ruff. Additionally, it is o
over the 8{]-%"8 alt of the length. The blades are then allowed to splice into the other half of
the length of the suture filament with a second cutting action to create barbs 18 facing in the
opposite direction toward pointed end 16. |

Next, the blades are offset longitudinally. (to create the staggering) about half of the .-

longitudinal distance between two of barbs 17, and also the suture filament is rotated about

L,
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that, if desired, barbs may be escarped so that &Hg{fch 2007
may be two portions with barbs facing 15 one end and
one portion with barbs facing the other end, or two
WOo49¥i% with barbs facing one end and two PETITS30N3/030664
wi th 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 thdde barbs are adjacent,
then, the barbed suture would be inserted into tissue
180 degidek oarthd visg vHicinis denippad toAncanmaddta fiest oét of bbdirdatidnal barbs

17, 183 greaready P8 dns Tommecaboelnp et et g 40; aterkyades
splice tvﬁdﬁrd 153 @Rk adkiph &ltd &ﬁﬁrﬁxiﬁiﬁﬁé& halF ﬁ{EElEI]?éth of the @Hﬁfrgh 1313&% to

the staggering inproves anchoring performance.
create parbs B) dacamglindhwkeidirastion toweipointedhend1G Ehweafifsteoutigng action is

i s, desitab t.h t. d i . .
followgd e g e oD O oy ot abioey e digosedin
the opsaiie d@redtiching ovéy thel AR el of thederiifl TN B ardhek BBSwed to

enbodi nent of a suture 25 according to the present

splice inge thetqtlens halfied thgdenatinpf the seregilament with 8 seagnd catgng action to -
f i [ K ut-ure i .sh in Figure | A except
create ?ﬁg’? lgﬁ%%}ga%idé © 6’3@? %‘g“"’ gt toiwuafor%gm fi“gtii‘zo degr ees
- ilngheddmafivd absthgefghotahowa) fldMiirt@ionslutlire 10, thdMpdr€ion of

- particularly, suture 30 includes elongated body 32
suture 1@ yithy tsaﬂgseWé#%may bayg thgmdacing toward peinksianddf aaf shepeation of

s OSAYBSRELS, 2B RS SRS GO, s
variatigny thy eabedaeutt evofihibte indeated inte vistteatith einseition devde) stuch as

oo R SR EL 8, PR ER 7, APy e
that, if 385, BAtbL BAY be ¥E2aA1RA46 G3R AlMe ReY bb/BRE Qgﬁﬁlﬁi@@@cﬂ barbd $acing

spaced barbs™ 35, 37, 39 arranged so that all face in

one end ped eemportipn withiberbstfening the pdientrd osielo partionswith darbs fecing

i i tion of.bar 35 7,..39 is uni-difrectional. .

one end hERT b 3Pn ik ByBF e el o G oPf R an hus. 6
a porti@PefiliarBsie ndeBciag shd suture andito whieh 8Ys€ 8aibk bt ddpeBRCiheh Ghe

axi ally spaced barbs 37, which are radially arranged
barbed syiyig Wovld bs ipcied 4o HsgavaREIInSEFIRT &Yis6 t h respect to

' : : inal .l ;RS

21 Shatspoae 2ol Aty S O SR B

staggergigag dieat thee 10t degree spaing is ocaalily dhbricatedpmaekitibay bmald Giankser

rlamerg e SR ang b ey TR B it
tissue, Wh&Re sps8RPNIuRSS d&fraba! s sﬁg%é}&i hmde%@épaah'% g&ﬁsegates

~another sanme one plane; and tThird set” of "bar
effectivgainchering pesfosmeancgl |y still anot her same one pl ane.

I as. barbs. 35, 37, 39 arranged [n.a
50MRne POy Y Kol 75 PPRAGS 31 iy B oo spBnl St fsuture
accordifig @ithR paBenSinfertiod ShdpRaékN dbsipiaaw alsamee 30. undB 30 iShke
of suture 30 in Figure 3A and shows with nore

suture Lsfiom g Hge ) Aa sgent that the rskial sparing fogiseiure 3is d 39 degrees

instead 3F 1 36 865BE 259 sHORYSr Srture 1.

-~ More particularly, suture 30 includes elongated body 32 that is generally circular in
cross section and that terminates in pointed end 34 for penetrating tissue. It is contemplated
that end 34 may comprise a surgical needle (not shown) so that the suture can be inserted into

tissue. (The other end is not shown.) Additionally, suture 30 includes plurality of closely

A
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W th respect to barbs 37, barbs 37 with respect é@March 2007
barbs 39, and barbs 39 with respect to barbs . 15

ated by the stippling, first barb 35 of
v@grdggoglgﬂ because of the staggering, is cl osefCl/ES2003/4030664
poi nted end 34 (not shown in Figure 3B), and thus,
seens to be larger than fartg away first barb 37 of
barbs 37. Also, first barb 37" of barbs 37, due to the

spachl P54 2 3 SRR 6 el LBk 3 B o Bkt itneedend 4.
Hende2 e tBeposiBivR e Bér5§35 @qr@?s%n@fdl@amﬁl 39. A transverse

plane that is perpendicular to suture body 32 and 20
t hédso, axialrspacsddattiy 85 Bas rdiflyonmn pat dboBE12f ddgeeeh $rodband

stop G5 s 0 &6 apad 2864, PLnieh o il farPoeed i 2

degrted fEoik bi®sthRRYed3AtPRIpdR B axidljt @h@&%a?bstﬁ l@é"&@ z%algf‘s?aced

barb 37 of barbs 37 does not infersect the base of
barbg, 39 ere@@O@rranm 4pouiRtR0 ®grnes &nomwndastaggamdwatfwsmﬂcameamny

p r baod

spac A etr)gs 1250 t%é? ﬁe@&bgfs’l {lﬁo gga%g 51? E’gs 9 ta%l%agbs 35 define
substantiallythe smﬁndﬂ‘lﬁleb @e‘t@n@fsetaﬁ %aﬂ:@ B d@ﬁn@iubst%ﬁtlﬂﬁf RiothRP same
OrlaIiuture be made wth the same cutting machi ne as

! ird s bags CRlotine sybstantially st banghes simpe en¢ plantyeThus,

'sutur@ %g\ﬁﬁs BRbESs, 39T 3%21}%&1 H0A gtgggezg’c?u& Odax?éﬂ? Y 156 g8 ree ésposxtlon.

ting nachine I's ITOW use "y e&” §
baFlQSre% 1sf&hos§ Sectioaalatity atvng lmeBBaI 3B of buttre 3(1”inEF1gure 3A and

PRI O A TN .
with fdsh@Tedbarbd37, BErbY B9 Srith feQpdcOMWhY3d, BRd Q+r39 §5 WIff‘sfrE?ﬂect to barbs

havi ng been adj usted to a predeterm ned | engt
35.- splicing into the 30 March 2007 WD 2004/ 030704

P HRRGRL ORI Soasn.

closef Etcpd‘igedl Bnd M(rﬁ)ﬁmi‘)mﬂh@gﬁrb oB),!RMahth, RRIRUE e T{l}deﬁf}an farther
| ades are offset Iong|tud| nally (to Create

awaylis '@f‘h@b@# basbp 37 pfbiediieeas 37 Rhbarbs 37, dudo the staggering, is closer

e v R e
away\ﬁrsebarmw offbartss 390 UA ppedetse phagahatidpdrpeddidutir t6 etitugf body 32and

N O TS
of barbk B@Mﬂ@m@@ tRhRERS ﬁﬁl@ tl‘ﬂ'ﬁ"i’d l?)hr?om dR&llar! t? QLQLH L{%Jd?%lzl aNd that

(to create estagrlng mat e
interspesp Eiethask @fannedaaslzt Fhefcbaest edoes tmlomb:frsdoaﬁ]bsba%of zmycbarb 39 of

loS yuture s rotated about e
barbs° Rihl162 d ipferss @R s Rroheh B dered RHmn R abp it A
intersadts gRtscoflonkibafy 356 baghs RS ndPinfidskcRhk PASE oGl barb 350f -
second set of barbs 37. Follow ng the | ongitudinal

barbs 38y enent and rotati on, third set of barbs 39 is

CISafir€90 by e AL Wit HBDAEL cutting machine as suture 1, such as the cutting
device described in the above-noted Serial No. 09/943,733 to Genova et al. The cutting

machine is now used to produce three sets of barbs 35, 37, 39, usually one sef ata time, in a

staggered position along suture 30.

First set.of barbs 35 is created by placing and holding a suture filament in the vise,

- followed by the blades, after having been adjusted to a -prédetermined }ength; splicing into the

N
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' tcrmin%%g %5%1%?

Preferably, each successive barb is escarped at @ pmarch 2007

positi on about 120 degrees around suture body 32 from

(iheygrecedi ng barb and does not overlap with an¥ ot her
WOUOHH4 h ref erence now to Figure 4A, il ustFGH/ERPUI30664

suture 40, another enbodi nent of the 15 present

i nvention. Suture 40 is si rrH)ar to suture 30, except

that suture 40 is bi-direcffonal. Suture 40 includes

s SRR S R 4093 ST Y B a5 8 came

directivdl toived pondsd g 36 for penetrating tissue. Also, it is
contenplated that one or both ends 44,46 may conprise

a Negih dhechipdog aeptiset nagitadinally) (to ereaiorhiestaggerivg) ippsevimetly half
of thegpﬁo@éﬂﬁ%}ﬁg%gtgg%%g{v 31141%6; (%r_}{arl'bze?rg’s ! }éls(g gl%sﬁ%p%{léjlﬁ Irtt)t¥1t68 fabout 120
degreaw orethg eite] whish K @@iped to Micofinicdale fb@det 8f 5ABS3S ha@tlrhave already

For, @?out hal f of the length of suture 40, axially
been Qi Auddhapseerndset of barbs 3 Tiserastediiniagimijar manngnged about

1 . L 5D e to axi.ally
LBl SEMLE SR AIE D, (S5REE L Al
approdidttale halé b Ibnginadinalidistaaggieste Senivid DRSS, ahdald indlshdire

aced ga bsa‘% ., Consequent |y, axially spaced barbs 51
ﬂi?P';‘t éé’&g%?s%a&l Scel @B cpEppedimagsrmmodate both
alread?fﬁﬂgﬁ@f R oPbdrbs 34 SRPARLAY Gy rglsc’ll s\élé ?@gﬁ%’g?@c{gﬁm‘ﬂg the

_Thus, a portion of suture 4 ;
longitudindlaneyementindgotation Hbird actmf birbs 89 iicreteddr asipdian tragher.

e a.. For. the other .,half of fhe | ength. of ture 40,
Bty S biSrahBanlssertped Al GimosTion PbG 2 daigaes around
suture bd@y A2 Glofrethe hreeiap Bal AAGREL Ao \WvEAlap REARAY ofter Barbal | Y

s%ced barbs 50, _which are radially arranged about
1 MthJeteranss npw soFignee 44 aidlysirated isisutare 43 poothet embodimbityf the

e SREGE AT D 2RSS GBI LG PSR

Suturestlaggedescimightzdbedpas thdt s goneally virswacmtrbarsb&ioh8ind that
other portion of suture 40 has all of barbs

seedRpRigd eads 4da AR TofineReirateg tssumarilspdt ist ed

ghed ) Foi :
cone e R 0 S aba e 1y ey PR Bteical necdic ot spyn i
order tgdg inserted mgmigsrenbutufd 46 furthet inofudéxaplbmligy of dABsetlespiace] barbs

S tially the sa on l.ane; segond. set of barbs

47, 48’4%%@@(3%?%%’%56%?5%3%3&98 %ﬁ“ﬂ%‘a SPREMO8ne pl ane;
dfeet ab&ithdIf o thedbn R 6D Suthre 400 AiBRf §idCedbRBL N bicAlilmeerentially
%:il |1 another sane one plane. Figure 4B, which is a

arranged ghout belkdagmea from and sagasepd wittereapsct toiXialy spatest earkk0r9,

i b A s VRS3ROSR B

- spaced Awrtis| 31u Stonsdgeentby, akiably spade bhibg 51 fatd Alko Daddyed Ab&lt 120 degrees

on account .of the staggering, is closer to

_ barbs 47, | .
from ap{stgeste i weapqch it wdmbnFpared barBiA o BB, 2 andionragsuture 40 has

_ £ r 4o lsa : [ _ 49 of
all of bERB AL 49, 511168 oA AE BERSOR Wl cbitea BREAL 19 Of

bar bs’ 49. SO because o e stag
For 8te ather belf 49 thedengdth o suttse 40paiiaiteshaead baths 48 ote radioly
i, Fi and thus, %ﬁ%ﬁfs Iartger t han even

e, 4B
arrang aarb{)ﬁtgltﬁr()éiﬁgg%% frpgqt and stagge respect (o axially spaced barbs 50,
which are radially arranged about 120 degrees from and staggered with respect to axially
spaced barbs 52. Consequently, axially spaced barbs 52 are also arranged about 120 degrees
from and staggered with respect to axially spaced barbs 48. Thus, another portion of suture -

40 has all of barbs 48, 50, 52 facing in the same direction foward pointed end 46.
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10 barb 51 of barbs 51. j A transverse plane thag piafch 2007

per pendi cul ar to suture body 42 and that intersects

Hﬁ 4Zase of one barb 47 of barbs 47 does not intersect
WOHEMMRE®46f any barb 49 of barbs 49. Likew sePCE/US2003/030664

transverse plane that is perpendicular to suture body

32 and that intersects the base of one barb 49 of

barbs 49 does not intersectl?he base of any barb 51 of

barbs 51 imlarl 15 transverse plane that is
oS R T e el VA0 oo atrpmmmaaisa et st Of bt 4% db define

A Bl QR Lo 05 gy e

one plmn anethird setpifamebsta?2 ddimubﬁmm&lglsaﬂ ahothswamf:emb @Iﬁﬁe
base,  of _one_barb 48 of

and ntersects th
b FiBee A5, Hnist s Siorees B SHRIGRT  oirsp iae
4A sﬁéﬁ@&o?@e]e&‘bkﬁ‘l@lé? néndly ‘é& | nt ith éneaater specificity.

er pendi cul ar to suture” bo
Asil techBye thefstippling, firdd bad @fofbmrlissﬂwn ﬁ@:odmecsf thottaggering, is closer

t,t base_of a of r bs
to polg e TR mbOhoPRTE Fiam ), 350 g b 5Bt B foathrgpvay first
barb 4DoSbirby 49. DARY biZaBE 6 thb §iaggéﬁn%r ﬁﬁs@b&bu%f%ﬁﬁ 4@f15 Ab&:r to
barb 52 of barbs 52 does ? not intersect the base
pointed endAd (et sharer iofFigae BB).48d tlm;t appsarsOangesthive evemderther v ay first

BEHEs utting machine as suture 1, such as the
barb%ﬁ?ftl ng - 1::iew ce described in the above-noted Seri al

NA traiRvBrs8 plida thap isGRmmsndicatar & sutu@hbﬂguz\é‘?ﬂ Ehaz: hﬁ‘crtse%%fthe base
or first set o

follown hange in bl ade direction
of ong parti e PRSI AT s Bt Taiprseardhe base of sy barb P ot barbs Hrbikewise, a

_ transxtﬁeﬁh%@ﬁaﬂg‘ gelgﬁlncﬂculinnco SiGreboilr 32 4a tf?:it%‘?t@%eﬁ?t? LI-L qﬁfe of one

a first-catting action 1 ntc approxi ma

 barb 4%ef hagmgihdazk not intereat the base dfanpbtatt 5 mfrmﬂssesmeﬂlmaaﬂy a

f aci i.n .ane dir ct|onto nted end 44. The
transeiE Rifhecs B R PePp RGO sudre o BBne S falerais s of ane
barb S10NY BAKISIISRREs Bt ihiescenie %h&%f%? 861 Aordaths39. %l% altPfasverse
' uncut half of the length. The bl ades then are al o]1
planethat igparpendiqulas to hlé!l@tﬂ@éy 4B and th;:ft mwm@:ts Gagate cnffonb Iberb 48 of

t t t ion to creat
barbs S8 HE o hBRER il B LB P L bty 7 £ s s plane
that imrpendituiit o 4fure3ddiBR @hd meﬁtery@@ﬁ@ﬁé&?&&é barb 50 of barbs 50

PCT/ US2003/ 030664 - 16 he bl ades are of f set
docs RS TR RS Of #ny bR BF biths 32.a8HBIAg tmsveem plane that is

‘perpeﬁkﬁbﬁlalt Su dr@ﬂ&# ﬂjﬂr{a&lhatq fs@ﬁtge ﬁ%eqfatsg\’gf{;hetﬂe%b g%ou?z{rgﬁ,}odoes

SOt esuture IS rota

notmtbm;r:ﬁbsbmdffmybmsbe%oﬂhaﬂiﬂias equi pped to acconmodat e
ional barbs 47, 48 that are

fi.rst t o dir
aF @5%@? tbeﬂ?élﬁ"”lﬁ'&be SERGARIRE magling as ﬂ%t'l’f@clt: pughas the cutting

devicd@dsBSbeiBn tﬁ@ab&%o@d@éﬁﬁl Ro. S(Ei/ 942279 ihy |3}éi’1o(/é f Qi’éegi Wiih the

action into approxi mately half of the engt o
follovgng change in bladndirecion.

For first set of bi-directional barbs 47, 48, after the suture filament ié 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,

the blades are rotated 180 degrees so that they are now disposed in the opposite direction-and

over the uncut half of the 'l_en_gth. 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.

R

Ny
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create barbs 50 facing in one direction toward pagMaech 2007
end 46. The first cutting action is followed by

rot the bl ades 180 degrees so that they are
WWS@%@%’&"‘. n the opposite direction and over tPﬁ:gf[Eﬁ%Q}tm“““

hal f of the suture filanment. They then splice into the
other half of the length of the suture filanment with
a second cutting action to -dPeate barbs 49 faC|ng |n
10.the.o site directio ward poi nted end 44.

¢ theg e Bladss e afisstfonsidiselly &tﬁgﬁ%ﬁhﬁﬂalgﬁﬂ}ftgd f@rr@a%half the

longi H&ﬁna‘f HABESS bdidded Ko s 47Mahd a}ﬁ@%& d?lgt Ve Tk %ﬂstrﬁtgted about

di stance between two of barbs 4
120 degtegs en fhielvisspwhichagequippes! to atamaroddtofitst 42 0f Ypdirationalrbarbs

47, 4t oot e, EeSe Bt s 8 BeTipioned baea 48, sy laces

splic&With %Q‘ﬁﬁ%ﬁttﬁ@acﬁ’én Rio %ﬂr@ﬁﬁa@i‘?halpéf 1S 1éh3th dthe Quturehﬁlament to

Fol | owi ng thé | ongi tudi nal novenent and rotation
creat¢ harbs) 3@ Ecingfin phe directiontowaid pointbbendst§. BR: fnskcuttingsadsipn is

n the ce Wt first cuttin
rolof@Y Bl B R4 BEER SeB etk Pabbl hine bR B e Bgposic
d1recﬁd>ﬂ aftegVer the vat Rl o) Hdngs fllArdmMIThEy MRE splideShlo tRP other half
oward pointed end 44. The first cutting action is

of th@f leneib g elsyiurpfiamengwith e serandenttingrction feersats batbs 49 facing in
t he opposite direction and
the opfiie Birdtriofl W BRARGCEruhal NC OPP they 20

er the unc the suture fil anent.
nébtensthe biades avé agdin effedthengitadinkllp{totdieatd B gt@géﬁn &) & about

]té}ure‘{]j%{a‘l ment wth a second cutting actio
half thg 5Tagse beruresrraof FEbT AR omllse eisypce filament
agamﬁ?i’éﬁétgd Mumﬁﬂd%?&s%ﬁ th V6L 8RB %s g&ﬁ&%g%wg&ﬁﬁﬂo\ﬁ@te already cut

barb i s escarpe t a position a degr ees
first sgt efihidlizegtiomal earbotl 48 2nd nbeadyrmt mcené eketrod bbdirkctzonal barbs 49,

s0. FiERpRR DUEkBEN MR ry el Brian, e indiel B bttt barbs

51, 5§bﬂelﬂiﬂe$9,hahhg 1IRMBILdRRpREc WP a%t%ﬁ&mg(hcﬁ&‘{ iME api Bﬁ&ately half
51 may have them facing toward poi nted ‘end

of theal%gth ﬁéthe Surd Fament togremebarbs facmg ihanp @rﬂ@xorﬂowa@aaomted
end thgﬁ}@?c&tﬁﬁyhét gﬁ)&fogyg?rbg rg%é gxebbg n&jersi égf) {ig%\/}{aita%o tgatsthey are

vari a
now chsfmsefbnmhd dppasité disetibh and deatitheuncus HEh oBthe stifad fikBRW) They

S. Patent No. 5,342,376 to Ruff
next SRE?ﬁ W%‘ﬁ E{‘g‘? Hﬁﬂ{’ ﬁd e 1%%% i alfturq filagpens w%asw?mégumg action
to creﬁ% bﬁl%@ 80 PRGh SR tﬁ@@ﬁepckng bifte nRQci LAPAG Wi th

barbs 30 facing one end an one po ron wth barbs
f Redfergblyheach steeessévecharyis dsowappbatta mosgiond abbubm(hiagrees around

d d t.h barbs f
suture 0 19 SR 18 2 Bfing At B! e B Vel vt i 20
B Z080hRE @ﬂibﬁ’@ﬂeﬁt]%@%v@g%@ﬂ difebtibhi Sutukd 405t the portion of

portion of barbs is not facing the suture end t

sutureQderingzhaths 47; 49.4d] masehave thém cmgwr@wancap@eud@ud&ﬁend the

portioff U bituRug ISR b 48, 30.' 2 B bl ey Bocilie i@ Poinged gpd 44.

With thROvaieters ehectiatibodgRiee ok Eehﬂ&erteEQntohﬂbthSwﬁP{ eh inskAloallevice,
in t hr ee distinct planes that conplinment each other,

such asithat sh Q\’H‘gllll tﬁe abovc—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

facing one end and two portions with barbs facing the other end, and so on (nbt shown), and

1t
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5 maxim zation of the retention force of the sutys e ch 2007
overall. As noted above; the staggering enhances
anchoring perfornmance. Turning now to Figure 5A, shown
W@ 20043X70er enbodi nent of the present inventi oPCT/USINEB0664
i's generally designated at suture 60, with radial
spacing that is in a twst cut multiple spiral.
Suture 60 includes el ongat ed-body 62 of generally
circular cross section. Elongated 10 body 62
thus, if e pritivato baibe igwit facel teduide émi thpahesertatbsnge hdjacane then, the
o, it _is contenplated that end . 64 may conprise a
barb 'cé%ﬂ“léé%’d’ls%ﬁ fo %Bmtﬁfaﬁﬂnﬁﬁﬁ%’@rqcl‘”@ﬁ- into tissue.
F Ukt P4y, ncl d‘"?éi
s%g cag d baregjs:f a?#%?&%“g%ﬁ@% 1Jg{q'*ltgﬁ\;v]i jglt ute a}rr%épg%nﬁ%g e
barbs exsirt forcen three distingt plands Hmtigors@imend edchoother, rasulting isame

IR SRR B 450 S AL b ebiin

enhandsGMER D peH8fnante. t0 the twi st cut nultiple spiral
di sposition, each respective barb 67 seens to be

s hemingrnoznie FigerglSiAs shewn iscanbthics emthodiment efitie preserdiénvention,

. i nted end ot _shown.in. Fi.gure 5B), the,
which Y @bt B RBUGES e B Vel gl SPHeineurt S0 6 gt ool
spiral.sSutpRl 60rigcludusteleryafd byay. 6RO f Goeedllybicarhr Widsh sétivh "Elcdgated

cutting machine as that used for naking suture 1,
body 62 [eynigates Wepaitted pothOH EFipsRetEEE tispied 4180, ifHe contemplated that end

o gty S b i LA 03 38 V0 B, o
60 includeswpilitalipl of ciguetyedpacddizsdrbs §7 ataizadina Briet cut aail@sle spiral pattern
ihe _sfgma tine as, the sgjtur_e filanent is held
around hahy; 05 f yacing, iy the §rB¢ direRion vy 2oued G-« he
CRibfireE 1 Alceshs Rb@foRal WBK %1 R@ ik S 258 Yr iWnﬁ?ggme 5A. Due

filament that is about 7 in€hes (about
to the (asipubmultiple $piraddispolitier, legcht mistied: ayb 63 spang fode sofaller and

e BB AT B e T o 30 g0, e

illusion efgid\dififfense bélfg ﬂ[lﬂtrht%d%?%ﬂs@lﬂ)pliﬁ%d the other end is
rasped and rotated 360 degrees, 39 tines, so the .
e SR ey herronsfgeaiedwith psieiter chgingmdocbingdisbasmsechfor making

: j l e in the vise. hSkal
suture S48 o 18 bR B BE ARG NP bl it SR NS 33 10
Genovpet floWitida twisiecutiing msthod, isulsh67anayl Be p@dwed intBdltiple spirals that

f af)u\ﬁitabl AR Stiﬁ% may be from about 2 to about 17
preferaply are §f‘%@ﬂ a thersamg timexgs thesyiurefilamgeniigheld statiopary; ipstgad of
being rofedd, wﬁénﬁ@%itin%éﬁhs%.t 13 twists per inch (per inch

"“’being per 25.4°mm. 30 March 2007 WD 2004/ 030704

PEmepszsokiy3 s6ure fllgmbaixthat is Azoubl/ dnides (Akoutt7Smui)iglength, is

.. heen adi d to. det er nj | ength,. .. . .
gy PERERTE bOuf BE BB RSP HERSE I o ot s
about 4C3!irichédq Bt 100 niBKSBhE Withrel IOndh CThs, BRERS is@%c&ed,tdﬂaghe other

. all are faci ng in the same direction toward pointe
end is gagped and ptated 3pQ\legrees, B9 Hinles.ispltee pestipmbf thersbbue filament is

twisted when the suture is then placed and héld in the vise.

Twistingpreferably is performed 28 to 50 times, and may be performed more or less,
such as 19 fo 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).




suture 60 is released fromthe vice and untw st edg pmarch 2007

barbs 67 are disposed in nultiple spirals on 5 suture

60. Turning now to Figure 6A, shown is another
WOIBHOMINt of the present invention, which iRCT/US2003/030664

general |y designated at suture 70. Suture 70 is of a
twist cut multiple spiral disposition and thus is

simlar to suture 60, exceplts"that suture 70 is

bi-directional. Suture 70 includes el ongated body 72
t hgEL P‘&%&a&wya@nﬁ beanadiystedde gpsedséssminnd lemgih,tshraitaneously

-t i i i . i ed d 7 s 76
slosfR0IREE S, PR AT I s e t
facinggotire savle dinediSory thwar®pointedend b ACeRtvsigr @it @;ﬂimﬂlg gﬂh@ barbed

at _sho for inpsertion into tissue. Suture
suture{f)t rlcASe Mrombe Vise rentgstel Datts 6 95 dispesed hammiplerpirals on
5 sutire®® arranged in two respective spiral patterns, each

being a nultiple spiral around body 72. Barbs 77,78

afeminginopooddigae GA,dhidwen pembihonedvBodiheht bfthe present invention,
76 mm) of 15

. capproxi.mately 3.inches_(approxinmately 7 ) .
which3E B8N T ReSintaeca aCATE 70" SBis K bt wteinpl spsting
disposhflind AR is MefiRir BREdthE 02K cYpt tRASHAIL 4 is Qfdi@gﬁ&ﬁ. Suture 70
) are arranged in a nultiple spiral pattern w a
includgsglopgated body 73 ghatasaengrablyicirceldr inemdssaéctiar and thattérminates in

: . i ddl.e portion MP along the | ength of
o st addRo i dofla 7% POR REIRE £ st 108 RpetorplaiBnt e or boh

of enda74,86 @y domnpiseal sutgit<t nsqilé @lot SRR For WsdrhoRidto RA&LLS
78 facing toward. pointed end 76 for another part (the

Yiue 79 Ewlaﬁgiiaﬂwsmiwl)ﬁy@f clopeitlispaced tbaths TP7Simanged itetlwo
© eItys Y 1. a ro. Q }
rspcL GRSl S LB Bl L2 R G6CH, e

vi ew al’on
disposedbort inisidiaupartiph MB fiat &l apponfrhgelly B incies (EHROXIEREILTS hS) of
nd smal | er as each is

b,.77 |
17, sulure ?@:‘}"H‘e‘?ﬁdﬁﬁﬁgggﬁﬁﬁ %\r/@?f?e 7 heipa Prbeliea riforapartigaiarly, plurality
© of barts 9 WR: drBmBE@IH £rfBiple §Siral e%ttéﬁa gvﬂh%ﬁ l'QYbst’Fiefag‘ihg P@Ladgﬁ Bointed

25 Suture 70 nay be nade e sane cuttin
end 74 Jar aspart (ebow halfy of midde pértion MR slong tiedungtk of ascrei e Girnflarly,

oo BRSSP0 3 R g v

- pointedindef6tfopaothéaipag (iHedthispapprokimdid RANTBEINAH RALH MY 1Zlong the
be, produced in nultiple spiral's that preferably

20 iength‘ggra%‘“lf?g%t ed at the sane time, and then after the
HARCER WY 3 2 bagbs, 7 b
prquuced |%%%%Ptﬁ1%e vgs%??%‘%ﬁ%i%% %rﬁe)?fesruﬁbrgﬁﬁ%ﬁﬁlg 6A. Due
to the nyléple epiflltconﬁ@raa«m eh%mspewwbadu 77 Rgerhdi®d> %B&ﬁzi%ll@%and shfaller
suture fi nt is held statignary instead, of being
as cach 3 [l and 3R e S50 Popisa so0 47 G Ab@wn 1 Figure 6B), 25
illustraeLhY W28 %,@0664 -19 More specifically, a section of
about 4.5 inches (about 114 mm in length of a suture

25 Spqumﬂmm_a}r be nwids tvgth the suhe asti§Ombehies ad orure 60)duch @s the
cutting 898&! deZcﬁQ:%qg %he( ﬁ)%%%—tnogéé%em Nclrrb9|/9e¢&?53g to Genova et al., but with

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
30  are created at the same time. Thus during the cutting, the suture filament is held stationary

‘instead of being rotated.
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Thus, an end is secured, and the other end is grg@g@gﬂchzoo-f

and rotated 360 degrees, 39 tines, so the twste

section of the suture filament has about 8 2/3 tW| sts
WOapo4/03em4 (per 25.4 nm) when the 5 suture fil amrEmusees/030664

then is placed and held in the vise. Tw sting

preferably is perfornmed 28 to 50 tinmes, and may be

performed nore or |less, sut®h as 19 to 70 tines.

Suitably, twsting may be fromabout 2 to about 17

t Mgltessppxeﬁcalnc h seation oéiblount 43 incheat{ahitut 154 inth)Sih Sen@f of a suture
inch (per inch

b 13
Alampgf i iSled S5H s 3 e R Al SONE T inchge GboRS Ve mmain kagth
Thus %%d&@'kdéﬁie%daﬁ@m@ oPlePERE 8'ps aﬂ&%@&t‘%ﬂ (gﬂ!léﬁ?% 144 Bnes, so the

pr oxi mat el -of the  appr oxi mat
twmtf(c&@mmfﬁhe emtyremamm Hag n@m 8G¥3 reiviktd per zmlr (bex25 Mins)when the

ly 114
sutar (g RBES TR afeclt skl Rt TR |\ ament Tn a f1r5t
C Utviibtivg 7;ﬂ‘éfdrﬂﬂy W deffolhied 28 ROBHMBK | hﬂ@nﬁygé PEHO&&[%&(& or less,

barbs 77 so that ~ all are facing in one ect

such gsohfte FOdisnes: Switably, trdstinpapastleti ii'ngm@hoﬁtcﬂ/\tombnyt o) tadmsper inch, or
o 153500 AR, 6P 08 28 TG 8 g e

25.4rmm9 all barbs 77 sinultaneously, or there may be
eat ed iﬁdétl motions until the desired nunber of
e@gearlﬁawagih% agjustselt tooh prsdetermmingd tlength, splice into
fdnll d €s S0
ol S o e 8 UBAE B B o

portloarMmeelhctdpproinhetelyhtaS findf (dppeoximpiedx i MReh)y twWisted @ébuon of the
20 of mddle portion

ely 16 | e h
suture R i e s v B l4cep bR RN Sl vt DR 77 5o thr
all ard Mblfﬁg@ﬁi o€ AirkQbnAbwhidSotMEAIERd Tt ?@g@ﬁ%r&g Pﬁ hl%vélﬂ C 3 n%s there

then allowed to splice into the o

- are on; et quiigngamrerkine wnd howhmaby henbs Titedie g sicedt, share rmyelad ene cutting

n, t he

motioff AR afthett, 11 Mmool e inati Bveni CORmB gt gl he

desired hastber diltaktss 2 ge eﬁtai'ﬂad int6 dtportish GRRObWtGreaSmBAW Many
b,g{lbs 78 are desired, there may be one cutting notion
@y therjadgs)arg, pytated Y80 deswensisaiikas dkgyyare Gﬂwtdnmoeedmyhtbepposﬂe
directib h sj.red
e S BalT Rl Tk Obarc S SRS ebitas B i) 1eme

of middid gortion MR\:Ethe tappoinately L inch(gppaeiifmatelp 1begh)wisdsection
70 i s untwi sted, the first

I th d
of the e S T A bt BB s 5 ot s s scond

cutting RetiotOw[tB IRE Bladd¥e mafiH 2 L & %h{eaﬂarﬁsa% &b Mhat Ul Lféqacmg in the

respective portions of suture /0 two respect
opposiffpdifecting togarddpefinted ng;l 0. dﬁlegerpbmg pn hoivRnaidy hladest thSre are on the

re pa ticularl
curting, ke SRERQY ey e 87eE OBiieta er b a6 etial i to cut
all bantmmsf siafultafebusly; @M theranahy |b@ri%ﬁéaté'tﬂ\éhﬁi9g3m9ﬁ@l{§eﬁrﬁﬂ @t desired
ut 0,018 ﬂ|‘91&[190I2%21b0ut 0.457 mm and spun from 3
““mbeﬁ/ﬁ barbs @ gre toysprrtion pOthe 98Re08l080664 - 20_

‘When twist cut multiple spiral barbed suture 70 is released from the vise and
untwisted, the first cuis and the second cuts result in barbs 77,78 being in two respective
multiple spiral patterns on two respective poi'tions of suture 70, the two respective portions
defining middle portion MP of about 3 inches {about 76 mm) in length. .

More particﬁlarly, several twist cat mﬁltiple spiral, barbed sutures were manufactured

* from a monofilament having a diameter of about 0.018 irich (about 0.457 mm) and spun from

)
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pol ydi oxanone (which is a synthetic absorbabl e sif Mafh 2007

material). A dianeter of about 0.018 inch (about

0.457 mm) is slightly larger than the size 0 synthetic

WOBUPUN e suture, which has a di aneter rand@EHFBH3/030664

about 0.35 mmto about 0.399 mmin accordance with the

specifications of the United States Pharnacopoei a

(USP). 5 Each suture contafted a total of 78 barbs

introduced in two respective nultiple spiral patterns
polydigaems vetieh isiarsynihbée apsotable subwe mptariad). Asiliaveterlofabout 0.018

inch (ol OESTS Y 5By Pl i S8 YsvtaP B ARGt i, wpich has
a diaméter 3ih gPfoin HBu0d.35 hen &VAYOUE0.309 hrd il A@bidaBEOWRh Wit h 39

..barbs on a_second portion of the suture, each group
specifigaligns pitge tUnited StatesdthagmacopoeindUSPher group from the

9988 B Pl e BB RS

~ pattemngaound tle BRuiddbice dffiifs sutwer Sinde et barbkg sufat Was bi-Gifeotional,

., Wth the bl ades being offset with a guide

3 =39).,. W _ : !
the barpy etz i 1ies iy ok rove will) 39rhgrhsaiposechera Biat ppwiones the suture

~ anda r%gpgﬁgg Wé@?l??ﬁgﬂﬂpﬁ lech @an bg ﬁ%%uy}% r?gélg%lgﬁp BBhdsi the

_ I nches (‘about
directioparfithe other grhep Hdmithe bpprohiatatemiddle st e paulrd. 1The spheific thtting

ST R R
motionP® % 198395Rviek tHeRay ]béilhg oﬁg%tewi‘ﬂﬁg Buidi8 $dt ALIPYA thé 3 cutting

_ inches (ag’out 51 mm) 1 ong. pendi'ng on the suturing
motiong.echni que, one or both ends of the barbed suture may

.Gl Ly . REI d rigid f insertion iLnto
e e s Rbu T 305 miyfiote The R PPN s
about 3nisdah Cabod07d hen)Jbheang! tontlindd e 78bafhs Gkt were ésdaiped #dS the
barbed sutures was tested b% two net hods. e
suture famgply Eytendingheyand e 3hiarh (T6omai)barbsd meiddie wortica MRjwae two
i Iz, e i
e G o Pane bl ers Shcf il R BBa it fone
Dependirgnei the ssturiep dgechnigee,soncenrboih, ente sf thedarted spard mapbe

. using a . Test. .Resources .Universal Tester, Model 200Q.
S"fﬁcw'?ﬁ)ép%v@%a qgéfﬁﬁafH&eswnfstort@wapéwwawﬂmmghtg Curved
surgical®@8lef or each kind of suture was recorded for the

bar bed sutures and for the conparison unbarbed
$he straagth dohe twisow, Timch ( Biddmay) barbed sweres was tested by two

metnocR DY BB SRR FERITe LoD LARRGRPIBk o

other meth0d &ak BE by {iab pefortnahde testWith dagut 0. 015 i nch (about
, and about 0.0115 inch (about 0.292 mm)

0.381 mm) _ . - '

ior tee st sl teRsple strprash yegsuremmenty tesingjuns paEmen gsing a Test
Resour0h i 53, FIETASEROTE St saflin ol A0 e e
made fogeadhddn@bbsursreRivarecadabier thedpesidi suaatd aidSor fhefcomparison

b baynt hetic absorbabl e sutures, size 0 has a dianeter
unbarbeAH{ESof . about 0.35 mmto about 0.399 30 March 2007

* Comparison unbarbed sutures were polydioxanone monofilaments (a synthetic

o

absorbable suture material) of various suture diameters of about 0.018 inch (about 0.457
mm), about 0.015 inch (about 0.381 mm), and-about 0.0115 inch (about 0.292 mm), which

are respectively slightly larger than the United States Phannacopoeia sizes 0, 2-0, and 3-0 for '

‘synthetic absorbable sutures. In accordance with United States Pharmacopoeia specifications

- for synthetic absorbable sutures, size 0 has a diameter range of about 0.35 mm to about 0.399
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. WD 2004/ 030704 PCT/ US2003/ 030664 -21 mm size 23@“@% 2007
a di aneter range of about 0.30 mmto about 0.339
size 3-0 has a dianeter range of about 0.20 mnto
WQ%‘U(‘”’WOMQ mm Each barbed suture was gri ppedCA{USSER30664
end by being held with cork gasket padding in two
respective serrated jaws, whereas each unbarbed suture
was gri pped at each end by -Bking 5 w apped around two
respective capstan roller grips. Capstan rollers were
min; giged-Ofhgs ard@ammgrangeeofmbbatr(bé@nmtmtwt 033 uun;candtsize <) has a

ciam QS Pao J KPRl P24 sbout € “Prches.

( ol barbe safike W déxﬁ)wﬂ Bt eadhichidd by b8 %hﬁl@@ﬁl@ cérk gbﬁiebﬁﬁdmg in

sutures, cont ained the entire I NC of t
two respeeiBg smra@ﬂea\ps; wehieenas cach urambeé pBreEas mspeé g} ¢aghi end by being

wraph RSl Bk Fyl 00l L5050 g

the utashbedsaiehd a&alddﬁesﬁdxﬂam&ﬁslcmul | tensile strength.
The results, are summarized in Table 6A below, and the

dieppgian fsagh e seedgen h@tWGEBFhW@tgl‘fﬂPPﬂ plages;was about 5

| 1nche§'tdi])bﬂpﬁ6r Iﬁgﬂ ]§ fe[ﬁ%hé\?\fhg gr mctﬂ %@Uf 8 cd g%ﬂ%ﬁ@r&%@md th(-I: entire 3

sutures etlc sor
inched €ifl rar Af the Tranizad mdﬁldmﬂmm) 20 USP M ni num

PUAFh PESGHEIS roF BHIIBRE ALY Aot 9t 2t b5 Bebesgaadht 234 mm)
per m%nﬁ@untﬁ’mkﬁ O&UQICé.lTﬁé?éﬂ(quad WRbREBRES %s the&u8nhSputlensite

25 Bar bed 03 not appiicable As can be seen,
strengils.car pnent of barbs into the size 0 pol ydi oxanone

SR nee B e e Bbulab. ol BBl dfiynn aenotes e

USP kv pal tdsﬂﬁﬁ’fluW%ﬁ%&t@ﬁr@oﬂ@nﬁ@hﬂ§ﬂﬂﬂﬂ@ed} sutures made from a

nonofi | ament (7 pounds 40% of 17.72 30 pounds).
synthedis absarbablemaatetialai ght pul | tensile strength of 7.03

pounds at breakage for the size 0O pol ydi oxanone

bar bed suture (which, due to the escarpnent of the

barbs, has an effective 30 Tsbled 2007 WO 2004/ 030704

PCTI US2003/ 030664

{Tensile Strength)
USP Minimum Requirements
- Barbed or Unbarbed Suture Size  Straight Pull (pounds for Knot Pull (pounds)
Unbarbed 0 17.72 8.60
Unbarbed 20 11.86 _ - 591
Unbarbed 3-0 - 8.82 - 3.90
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

conventional unbarbed size 0 polydioxanone monofilament (7.03 pounds =40% of 17.72
pounds). _ .
However, the straight pull tensile strength of 7.03 pounds at brcakagé for the size 0

polydioxanone barbed suture (which, due to the escarpment of the barbs, has an effective
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22 dianeter that is smaller than the dianmeter of g4 March 2007
conventi onal unbarbed size 0 pol ydi oxanone suture)

co ed favorably with the m ni mum USP knot pul |
W"r%’%ﬁ“@%nt of 8.60 pounds for the size 0 BCT/0S2003/030664

- pol ydi oxanone conventional unbarbed suture. Additional
straight pull tensile stre h tests were perforned on

additional size 0 5 polydi‘6Xanone barbed sutures, as
ction with

i Low i n.Tab K- 77 ] ]
dtam .féﬁ#é%ﬁ%ﬁeiﬂ% CigBpeF A eﬁ"(}?%(’b@ﬁ\%g%ggﬁ% gige 0 golydioxanone

sutureyos@pered Ba@eabl @ 34t taBiHimbth P
the si %&%,@(ﬁ? inci Si oﬁs were made at i %@%@ﬁ%&gﬁim pounds for

ydipganoay coveatienal yebarbed suird] i ne, and

' . of the 7 | i.Si havi 1, 2. 3
P PRy B2 B Bopld refsttoiS bR s MonP o aodirgheize
polydiox amonebatted Quinrdsngddifcabedbelodv & TARles! 7K 202U Hnh&EBE ith

. bout. 101 nm and the depth of each incision was
F‘g“rqga]é*h‘i“%qw@-superfi cial dermis to the peritoneum Using

rogae e psttpfiied SuhollAdopk YT 5 488, YAl B

dog, 7dnsipians were, madeet Kerthdmk (igvicd)] beshv@wRe); AR epirkinidline, and

vari oughd}lgg t.er. . sizes of conventional unbarbed
parameiRy, cagh phthe/ipcigippsghayingel, 2. or 3 plogussips cbherlpnathrefreach 6

Ty i i Y fi X ite
s 0 g 3 28 RS es el 16 ]
the depthof eech ingisionorasSiomy the fsupsrficial damiper the pertdnassor di ng

ta.. andonized scheme., The do re nonitored daily,
aﬁﬁ%% eennbag‘&%ﬁzsélg%so@ﬁ c?‘a_é‘ﬁ_}ﬁ?é‘h si¢¢ 0 palydiorangrrsmongfilament), 24 of
the sitdsl wte @fosel® aldt, cobdpari$duG the irONBMY Giel VREADEH with varions diameter

. o?acrosc_opi cally. Wth regard to various tissues, .
sizes of geneengenal upbarbedypineodaiteorith sire 20silldyasidedfilansit; 6sites with

. il e, .Si-Ze | vdioxanpone 20 bar be .
2 D8RR ol e 2 B BB pamens, v
were knottatal Al cloking of bitastw s perfodnétbatcofideeioiah @R ed s®eme NO

hi scence OCC'u”q?g@ The site apposed with the
cﬁ}‘?\fgﬁﬁ EEEIDORsS daily, and theg sebipeted tnwnthanesia it bhdays. At the

. . A ' | [ 0Oxanon
e oRB0E S iy A SARIBI AR O, SIS B e
Incision eFes @b dasatensumrtbel dogdSalFsitestapposedtveifhi ihalsize Kipadlislidx@gone

wi th . the sjze 2- | on_nonofi | nt
b Rl oo, BB RO B 14 oy

observtRnt pelod O NoClATR&1c8 oSelirkéde | 0SS, apparently due to
self- mutilation by the dogs. Knots in the

dosvitn epRad withithe cenvertinoabunbadedstl sutusescnt diet sity apposed
; ' cal i X re. .and _animal § cannot
with o e SR AL ERBRE sy e d o8 SR
complisations.eBlo dehisssncbacdmp@dsut ures shoul d hel p obvi ate the
o&l@e of rfqani ma] manj pul atin 30 and pulling out
&rﬂé LﬁT‘:‘:?P’ééf SKfthsIt ﬁ%?é?%fwltgﬁ‘@ §i7¢ TP wylgyanewn{ttemens cofventional

k54 Pl NDER AH158 By ol

ef
mutilatfoi|byrthe dogsn Fardbeid theitanverstionaheutsiez posditfly caused discomfort by

creating localized pressure, and animals cannot understand that they should not manipulate

.the sutures. Thus, barbed sutures should help obviate the problem of an animal manipulating

and pulling out the sutures.
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
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30 March 2007 WD 2004/030704 PCTI US2003/ 030664 m?@ach2007
nyl on nonofil ament unbarbed sutures, and the size -6
&olégioxanone nonof i | ament unbarbed sutures. In an
WQZPM4380% ve enbodi ment (not shown) for bi-di r BETUSAAB/030664
- twist cut, nmultiple spiral suture 70, the portion of

suture 70 on which is disposed barbs 77 may have barbs

77 facing 5 toward pointedz%hd 76 and the portion of

suture 70 on which is di sposed barbs 78 may have_ bar bs
nylonzgogoftlpment yiharbad gnses.<ad dhsize3-Owol yienanene,menefilugant
unbathB@ siafhed suture would be inserted into tissue with

an 1 nsertion device, such as that shown in the

alowe alfemetve trtbodiiReit émdt shiovwnbioB BRdiddttiohal thist tut, Alultiple spiral
may_be escarped so

[ ired, it i .that barb
suturg Iﬂ%t S porEPh Oh%}ﬁ%ggg}n%%h TR R TEmpeR bavearhs Bhiacing
towardPintePerid 7@%11&}’3&1& onlﬁfﬁﬁ BE sftAGi70%bnt \blgﬁg ﬁsgﬁ%pé)rl?d 606s 7 {Iﬁg have

portions wt arbs facing an end I ons w
barbs|78fheing tvvard poineedeni Gd. &Yigh thisvatiation,ahe babed shmemould be

e} i R AT P S R 0
Patent N6. 5340876 oURMTE EAWSY dbsREd i %bieﬂ‘ihit%ﬂystxﬁaéﬁ%éeessé‘%rh% so that

an _insertion device. An advant aic[;e of a barbe
there piay bR RErigRsSYithcbarbs faping iaplead epd I ppriwnsyithsharbofacing the other

: : fford tter . d
e o e 248 s RS sl 2L ARk TRl s e
and s o (rodl shaw e ahdstiihis) ifea porién bEBEBisint Fdaaty thdutliienll to which

ut, multiple spiral pattern results in groups of
those E%\‘i%Béfet"rﬁ‘é‘tce% thsndhe hirbed tgsyarid B inspitekiaty tgueywith so
insertRh dadfchs, which tends to provide inproved anchoring
~ when the suture is in tissue. This feature is

e dpaxivahthge osebarbed suture havdisgl e twisttutasultiple spixabdigposition is that
ich, has f connecti,ye. fi bers. conpared with ot her
such 4 el i G RRL LE0E Vebiga WRicine pab > B h-ammarecipdin [ hdegree
spaced Birbed bude SThARh®N iW¥hhhthe 8 A 8ACA I be%ﬁ;g?&%?lé%ﬁ’ts in

shown is a sectional side view of b ur e
groupyak basbs Hat crreplgpetaucosssivesdnidiprecsiling groegsyof dprsewhioh tdsls to

oo SR R 5, BT SOl o

 tissue suithiesefad e ge, twidéHiRds fevioricdnectise FBER cdinpaRHSHithSEheSHES of

) length L, barb cut depth D, barb cut angle O,

tissuess §¢ Hgf gregtes sgpes roisntion forge iy desitddle: ession CD, and tip T
R G R S T

Barbed Fetieetf has pliralny of hipsdipsheed barbyda ouredonated @htukdleod3i82 of

i stance P. between_barb Barhed suture 80 is a .
sonerly PGS prostctipR| Bec aeﬁﬁl,l b RBES; PP B g onitudina
axis ASstittleQiathbtLS Wath Bndfhl 11, Baftl G B ! ififity ang

as an enl arged sect in%n i'n or(gjgr @It) 0 s’r}b%% cr]fit%?lééﬂ?ig? %IFA%W angle
o, cut-80t deprdssioafIdcmdttip T bicuc-onf dgpussiona@D of bar bs 81
VIL.S- a-%ai s suture |ongitudinal axis A, suture
igure 7B is the sectional side view as illustrated in Fi gure 7A, but rotated and
clamped to align the barbs for measurement of the cut distance P between barbs §1.

Barbed suture 80 is a twist cut, multiple 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 Jongitudinal axis A, suture

diameter SD, barb length L, barb cut depth I, barb cut angle 9; cut distance P, spiréjity angl

o, cut-out depression CD, an‘d'terminus T of cut-out depression CD.

L\,_,,./;(
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di ameter SD, barb length L, barb cut depth D, baghseién 2007
angle 0, cut distance P, spirality angle a, cut-out
(g%pres& on CD, and term nus T of cut-out depression
Y8897%ar ch 2007 WD 2004/ 030704 PCT/ US2003/R$I0EBA03/030664
-24 More specifically, several twi st cut, nultiple
. spiral, barbed sutures were manufactured from

monof i | ament spun from poI*}ﬂh oxanone and having a

dj anet er _of about 0.018 inch _(about 0.457 mm which

i Mogg ngrificyll yrse veralliwist ﬁlﬁem%mlqwal barbed suthres epre mzpufgctured

fom TR o 1 DR SSA naFRE R RS SEP) ) e
(aboutifet ¥7anms whichu slighis Iﬁl}ré mmftlaer EBB @eqmﬁrehi@ﬁt ®Hh ize 0 sShihesc
s_were bi-directiona were divided into
absorba&r’é’f‘ <§r &Agh stem coptaingd Bg gt ing; ssppratd mﬂﬂs@ spiral
patterd3@Fdid tﬁ@&?cu%i@t"éﬁce SRROSIRS. kggf, b ‘9&6%5 dhgé’u ﬁr{ey

group fromt approximate m esu ure.
were dswudftd intovakftairout with B9 blwbs agdib cight g”tﬁiﬁp with 30 baghs, BH&B group
o gi 2 Oor“@ﬁ@ V\@ﬁfabou 3 inches , (about 76_nmm
pposipg e direghon ghite BOHB dropribe prpigxinpe widdle qthe Sut“fe Each .
suture 48§ a6ARY iheHed g&b%ﬁt 1 10hQ, ﬁmbm&n% oﬁi&%' Abat? %ﬁﬂé&
the 3 inch (7 rbed m ddl e |ontovvar
(about g mgaRof the Sllterechnd@patamm thmlﬁdrthMrp esctarpudsnmfthd: higure

t 2 h
Lk T T e L
end we@d& tvb@tulibaﬂfﬁdsendfpofthﬁs BAMhe e Gursfilatheft BV WS et dHoat 2 Rich¥s
inted and rigid for insertion into tissue,” or may
(about B #pR) lopg o Dependingm the stitehing sehnigue| ame of Bothrends d%ﬁhe arbed
s G818y B B A B B e Rl FBR AR o
straight ogghirvednesdls. used t ogether with a CCD brand vi deo

amera. in order to neasure selected barbs 81 at x21.5
ﬁaa&? i charesierioe i SRBRUBRoR Akbarat § 1. 4n Ppiom giopmgti9 fystom

microsdd}R2 VAYIEHGH %n%ﬁd E?&I&i’g{hﬁgg Qaf QcdtBed tﬁé}%ﬁggcbar s anzéieg

measur enent s from I eft gro
camerafip opder ﬁemeiafgm Seéfrcmakbadis Han 331 6nn€tglndnmﬁmefrsm aack pf thedéft and
right re made for each of cut angle 0 and cut depth D.
PH cut angle 0 was neasured fromthe surface of the
(e abexagdvas O Rited 118G Epcalcd RasBRImE 1 35 frofifthe ﬁf@ff Broup of
cut. depth D was neasured al ong a perpendicular from
barbs ap¢) g feame the right gwup obbarba pp the S@@p@u@r@@)hattm made for each of cut

angle 0BT HAEBL KK By e TRt ke B sosPiipe gt o the
outer smface of bhl@eﬁ OukthRVE0N Bk O£ pth 12 Yvab n@é&uﬁ’:d‘ﬁléﬁg a Gédpendicular

angle a of spirality was neasured

fomd

{from thﬁoe% sdise o4 bpiped ﬁltmraodgwm@dpmmdm wxied ibarbed suture 80.

The measurements enabled cut length L to be calculated using the following formula.
L =D/{Sin (180 - 8)}

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

filament is being held in the vise. If the vise does not leave a light mark on the suture
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as follows. Wien the twisted suture filanment is
gripped by the vise during cutting of barbs 30 8%0 MahchOOT
vise |leaves a very light mark designhated as |line M
WheeeW&¥ on the suture filanment. Thus, |ine INTW$2003/030664
be parallel to the longitudinal axis of the vise while
the twisted suture filanent is being held in the
vise. If the vise does not {28ave a light mark on the
suture 30 March 2007 WO 2004/030704 PCT/ US2003/ 030664
filamept thicn| linedvitcan bh édrtemhingi M thatrit isg)ad’é]bbtom livectonRedtingtthé two
ne connectin respective

L] |
respolyR RS Tof e o EIVE et doprssions CR G Bestushgody 82
from@R: és%faﬁpnidiit S RckRdve Babs B1.ORY P@utgﬁ%g{ %EB@;% %Va?h%bed

successive barbs 81. After cutting o
suturg 3P herpleased o thovissandaintwistid sortbahsutvee 80 Kes faex] then line M

spialf MR Bnd 2t Pt Bt G ite Sl ieioalect prpuiriey.

f f
B L e Ry —
was smt w;thsmg;ilfghtmgat @mnd\hatﬂlghm@ dticgirsd DY ad fifO1RN AR $aging

al t|n coar se 12 and fine 10. Al so, inmaging
an Yé‘ﬁ %‘F’g arecpesised. wiEalifa anle egvasghen @Pw»ye@wgwgendhe outer

su t t he
a6 SR BE AT RELAF O Wil s oo R B0 g
measfiemet® (6 émenthedefl fronpaf baresand S from fheeight Houp of baxﬂﬁ Ok fhe same
sutl f barbs and 5 fromthe right group of barbs on the

anme suture). Then, barbed suture 80 was nounted in a

t itfeh, BiSbSIPAINES Siidb nﬁﬁﬁteariﬁ a @i sﬁPé Héﬁcéﬁ%g 3&@ IREGr hdture 80
a fixed position. The other end of~suture was-
clampegtin g dixed @0$1h91®r Tha ethetend of shtutredbwas Biatedtocingdri gﬁadmnl barbs

ot B P R E, RR0PBa BhRAREE, P

barbs mlommn@@maldnymb@tpmﬂp bbiRch IR th%sxe&;few@tehﬁ{n% fIU& ﬂTe two
of the twg successive cut-out depreSS|ons

SWCS%%Y%&”@ oybespressions G leftdn swbrerhedy B fogm ﬂmsc&uwemtwe

T ed for 10 re
TR B R e
left grfonp of biavbs amcgﬁnfrog'r the pight groap 68b:0bs bltheSame seiukd) €) . The

ed in.the follow ng Tables 7A,

ults. are sunmay
" 58 et S sz e folloming SRS BALER LY 847D o)
Ratio of D, L, or P over Suture 25. Measurenent Units

Left Right Di amet er (0.457 nm cut angle O degrees
156 + 2 157 1 not applicable cut depth D nm 0. 15+0. 02

0.16+0.04 0.35 g4 (size 0 barbed suture)

Ratioof D, L. or
P over Suture

Measurement Units Left Right Diameter (0.457 mm)

cut angle 0 degrees 156 +2 157+ 1 not applicable
cut depth D mm 0.15+002 0.16+0.04 0.35
cutlenghL ~ mm - 0.36+0.03° 0401+0.10 - 0.87 -
cut distance P mm - - 0.90+0.17 0.88+0.15 " - 1.92°
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cut length L nm0.36 0.03 0.40 0.10 0.87 cut di 5% fM2e&h 2007

P mm 0. 90+0. 17 0.88+0.15 1.92 30 30 March 2007 WO

2004/ 030704 PCT/ US2003/ 030664 -26 Table 713 (size O
WORARBA04 ut ure) Ratio of D, L, or P over Sut C/US2003/030664

Measurenent Units Average Standard Deviation Di aneter

(0.457 mm 5 cut angle O degrees 151 1.642 not

applicable cut depth D nm®: 215 0.027 0.47 cut |length

L nmm 0.446 0.042 0.97_ cut distance P nm0.962 0.073

2.1 spirality angl e JkablesH ésize @ barkg S

applicable 10 Table 7C (size 0 barbed suture) [ L or

of D, L, or P over Suture Measurenment Units

St andard Devi ation Dianeter (0.457 mm 15 cut am@heei&uture

degrees 154 _2.870 not, applicable cut_depth D nm0.205
M@%ﬁ@é 0. 45 13 | engt HAYErage 0. 4ciandagd Reyiaon  diameter (0.457 mm)

e
t | gt ance P 975 0.{443 2.13 spiraljty angle .
cu anggéegr ees 19.%%[. 506 n1(])5:a appl i cabl e ﬁ% Tabl e 7'5%(381’]}‘511’16
cut depfh Dar bed submre) Rati @.2f5 D, L, or ghxpwver Suture 47

_ %zslurement Units Averag% St andard Devi ati on Di aneter
cutleng 1457 ) M8 cut angl®MP degrees 135942 390 not 0.97

cut distah@ p cabl e ut depth 0. 186 O. 0.41 cut le h
iR P 08 o o o6 096" 3 i

spirality angle o degrees 20.833 1.602 not applicable

Table 7C (size 0 barbed suture)

Ratioof D, L. or

P over Suture
Measurement - Units Average  Standard Deviation  Diameter (0.457 mm)
cut angle 0 - degrees 154 2.870 not applicable
cut depth D mm 0.205 0.033 0.45
cut length L mim 0.469 0.044 1.03
cut distance P mm 0975 0.103 2.13
spirality angle o degrees 19.333 1.506 ot applicable
Table 7D (size 0 barbed suture)
| | Ratioof D. L. or .
‘ P over Suture
Measurement 'Units Average Standard Deviation  Diameter (0.457 mm)
cut angle 6 - degrees 155 2.390 not applicable
cutdepthD mm 0.186 0.026 0.41
~cutlengthL. mm 0.437 0.039 0.96
cut distance P mm ' 0.966 - 0.071 : 21
spirality angle o degrees ~ - 18.833 . - 2.137 : not applicable

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

: bi—dj_rcctionql twist cut, multiple spiral barbed sutures with a diameter of about 0.018 inch
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cut distance P nm 0.966 0.071 2.11 spirality an
degrees 18.833 2.137 not applicable 30 Al so, so%sﬁapchzo07
“addi tional nmeasurenments of angle a were perfornmed on a
woem4adatios i onal bi-directional tw st cut, nul tPOTES2003/030664
spiral barbed sutures with a dianeter of about 0.018
inch 30 March 2007 WD 2004/ 030704 PCT/ US2003/ 030664
-27 (about 0.457 mm slight-Ry- nore than the USP
requirenent for a size O synthetic absorbable
(abous QMGT em, sTightlyrasre thue iieddSRasqulenBit fane sizb 6 syhhetdasskorbable
rege\ij ation was 0.85, Additionally, measurenents of
suturg), [

© ZRAn aYefRege Was Kabh a?%ﬁ’&tsﬁﬂé?fd@&ﬂé“@fuﬂaﬁéi&%- D, and
oSBTl BT A S A B bR gy e dspin D, and

cut distehes R svetd pegfosbdio®s aditioRaltbi imeLiehabvel st n@iiliple spiral barbed
ahbout 0.0115 inch (abgut 0.292 which is sli %ht Py o
sutuy spfgs §0n Butiemingaliametes af aoyt 0.1 ingh ahgut().20% atm,ovhich is

' _ : C ool
e N 0SS TSl e
measiembetd of sitilieangld N 3ere pedcicoN Y 6f thése 3aidditional BB Esutures.

0, barb Ien?th L, barb cut depth D, cut distance P,
Also, megsureppats i barb sniangled e lopattlabaducu degh D dit dlisraate P, and

B o P e i
barbe®sithRes ke ButhiAR 86! bif} withla H%ﬁine’t\e} of Whtiue 0.01§ ithl (%G&dtﬁo.:«lﬂﬁﬁm,

. than the USP requirenment for a size 2-0 synthetic
whichgp slighibyynereshan the USPisquiraseit for agize 20 wymthétieabsorbableasiture).

o BRI baynd S e 002, 1

Suture Measurenment Units Average Standard Devi ation
Dianeter (0.292 nmm) cut angle O degrees 166 1.651 not
appl i cabl e cut depthd sizg 3-0b 1t8g) 20 cut
length L nm 0.443 0.042 1.52 cut distance P ?ﬂaﬁogpﬁ% or

0.079 3.27 ) spirality angle a degrees not
appl i cabl e not applicable Table 7F (size 3-0 b@#dedSuture

" Meas sut ur e) 25 Bat io of D, L, or Me )
~CASHRINEN enent “BHE t s Ave S d Beyiation onl 292 mm
c;nt anél@-ﬂzgz ) degrees 166 1.651 - not applicable
cut depth D~ mm - 0.107 0.007 | 0.37
cut length L. mm 0.443 0.042 1.52
cut distance P mm 0.956 0.079 3.27
spirality angle o degrees nottested  not applicable not applicable

Table 7F (size 3-0 barbed suture)
Ratioof D, L. or
P over Suture

Measurement ~ Units Average Standard Deviation Diameter (0.292 mm)
cut angle 6 degrees 164. 2055 o not applicable
cut depth D - mm - 0.106 0006 - 0.36
cutlength L mm 0.395 0.042 - - 135
cutdistance?  mm 0.959 0074 - 328

spirality arigie_ o degrees 7329 0.547 - ' not applicabie

L
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cut angle O degrees 164. 2.055 not applicable cgg March 2007
depth D mm 0.106 0.006 0.36 30 cut length L nmm 0. 395
1.35 cut distance P nm 0.959 0.074 3.28
W(E%ﬁ“?’%“""{“y angl e a degrees 7.329 0.547 not apRGHEIN/030664
30 March 2007 WD 2004/030704 PCT/ US2003/ 030664 28
~ Table 7G (size 3-0 barbed suture) Ratio of . D, L, or P
over Suture 5 Measurenent t3¥7ts Aver age St andard
Devi ation Dianeter (0.292 nmm cut angle O degrees 165
1. 031 not applicable cut depth D nm 0.104 0.009 0. 36
cut length L nm 0. 390 [ ce P mm
0.975 0.103 3.34 10 s o076 dizd 4.0 Elibediably s 7.258
0.636 not applicable Table 7H (size 2-0 barbRglioofD. L. or

suture) Ratio of D, L, or P over Suture 15
Measurenment Units Average St andard Devi ati on [ﬁﬁl@l&tﬂ__

Measg{ afl M) ygpi angl eAOe:Q r %fién_dga%@ %81?0 ]ﬂﬁ[‘geﬁr (0.202 mm)

pllcable cut dep th
CUtangﬁlﬂn 0. 449 degps® 1. 18 16th di st artc@1P nm 0. 944 Gb&shlicable
20 spirality angl degrees 9.40 1.606 not
cutdegtgéj?l cabl e ™fable 71 (§1’1§‘é 2°0 b&99¥9d suture) Rati d-36

cutledgth L, or RBpppver SutupgogS Meas @,rgent Units Avera%§4
t andard Deviation Dianeter (0.3 mm) cut angle

cut disgangg Bes 161mm 1. 707 no®.9ppl i cablOelOBcut depth D nm3.34
splrahgfajngﬁacg Ol4de%re4é% cut '?E% h L. mg](i% 489 0.054 1n%t8 applicable

Table 7H (size 2-0 barbed suture)
Ratio of D.L. or

P over Suture

Measurement Units - Average Standard Deviation  Diameter (0.381 mm)
- cut angle 6 degrees 160.2 1.320 not applicable

cut depth D mm 0.152 0.019 0.40

cut length L mm 0.449 0.057 1.18

cut distance P mm 0.944 0.098 2.48

spirality angle o degrees 9.40 1.606 not applicable .

Table 71 (size 2-0 barbed suture)

Ratioof D, L, or
P over Suture
Measurement Units Average Standard Deviation - Diameter (0.381 mm)
cut angle 6 degrees 161.0 1.707 not applicable
~ cutdepth D mm 0.158 0014 0.41
cutlength L. mm 0.489 0.054 - 1.28
cut distance P | . mm - : -0.962- 0054 : : 2.52

spirality angle o degrees - 796 . 1.075, - notapplicable -
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cut distance P nm 0.962 0.054 2.52 30 spirality Q@ﬂia@ch2007
a degrees 7.96 1.075 not applicable 30 March 2007
2004/ 030704 PCTI US2003/ 030664 -29 Table 77 (size 2- 0

- WO HE0WEt ure) Ratio of D, L, or P over SutulPET/US2003/030664
Measurenment Units Average Standard Devi ation Di aneter
(0.381 mm 5 cut angle O degrees 161.0 1.506 not
applicable cut depth D mMm+#9454 0.017 0.40 cut |ength
L mm 0.474 0.058 1.24 cut_distance P nm0.973 0. 068
2.55 spirality angl e kabled}size 250 babad swmeh ot
applicable 10 ,...> Additional neasurenents r.e L or
performed on several other tw st cut, nultipl
bar bed sutures manufactured from nonofil ament SPyyer Suture

from pol ydi oxanone and havi.ng:a _di ameter of _about
Measyregaanti ncn (dBisut 0. 45%eRge masaaéa@gzaugaummmsmm)

t he USP equire for a e 0 syntheti
t
cut at ggr babl e s%%ﬁerege) and urBS siml a?oﬁo t he n%tapphcable

cut depto¥e- descriagd tested).bsy bed supuigs, except that p49
these other barbed sutures were cut with a different
cut lepgthil, ng  radAmne, nanel 94% machi n@8A8t h one bl ade t Had4
| ongi t ydi nal 'y al the t d filament
cutdlbgﬁﬁ%gn cut tr%ﬁ‘rili‘g strokes@g%gd t hat WI\(/?glfggcontrol | ed Wlth255 ‘
spiralograpgleex t o degkees t he vag.fpus cut 3.759r the escar RBB4Pplicable
of the barbs. These other barbed sutures were al so
‘tested for straight 20 pull tensile strength and for
chanois cloth closure strength. (A discussion of how
chanmois cloth closure strength is perforned can be
s duitlithmlabmeksuranemewtieqrrionhiéd bn gaveas of3Arvattut, IdR@tiple spiral,
he result for(htxgese ot her barbed sutures are

barbed eSS o ORIl e BB Gomoly Gopemose pabiying a
diamefdr dfabsgt 10 ALBE Abe 04 £) mFR WHRCHE s ﬁ)%htbr mote tA¥Ethe USP

Suture Meas urenent Units Average St rd Devi ation
requirgingpitos e s{ze 045mthatg abse:habwmemmgmmms@ tBe BboktSlescribed

tcstedq)%}be%ps% urg gxccpt?’ t?mt tHise ?ﬁer%ar%eﬁm utcl)lrt=:252v:.|r'erg cgtl\%ltl?a d18ffcrent cutting

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

filament between cutting strokes and that was controlled with a computer to make the various
cuts for the escarpment of the barbs. These other barbed sutures were also tested for straight
pull tensile strength and for chamois cloth closure strength. (A discussion of how chamois
cloth closure strength is performed can be seen below in connection with Figures 13A and
13B.) The results for these other barbed sutures are summarized in the following Tables 7K
~TZ.

Tab{e 7K (size ( barbed suture) |

Ratioof D, L.
| _ : P over Suture
Measurement Units Average Standard Deviation Diameter (0.457 mm)
cutangle ® degrees 152.6 0718 ot applicable
cut depth D mm 0221 0011 - 048
cutlengthL  mm 0479 0022 ' 1.05

cutdistanceP  mm 0784 0015 171
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cut length L nm0.479 0.022 1.05 cut distance P3ffMarch 2007

0.784 0.015 1.71 30 March 2007 WD 2004/030704

PCT/tJS2003/ 030664 -30 spirality angle a degrees 12.9

WQROAHSIF: applicable Table 7L (size O bar bed®CIHN3003)030664

5 Ratio of D, L, P over Suture, Measurenent Units

Aver age St andard Devi ation Dianeter (0.457 mm) cut

angl e 0 degrees 152.4 0.9473tot applicable cut depth D

mm 0.216 0.014 0.47 10. cut length L nm 0. 465 0.024
spirality gpgle @ut didsgraesc 29 nm 0. 77@468 015 1.69  spi r aht applicable

angl e a degrees 13.2 0.349 not applicable 15 Table 7M

(size O barbed suture) Ratio of D, L, P over Suture

Measurenent Units Average Standard Devi ation Di aneter

(0.457 mm cut ‘angle O degrees 152.3 0.576 not

appl i cabl e 20 cuilabledili{size fbathed3quEE)015 0.50 cut

length L nm0.489 0.034 1.07 cut distance P ngl 0. 733

0.018 1.74 spirality angle a degrees 13.1 O, 1 L
applicable 25 Table 7N (size O barbed suture)pRBatifiture
of DL L, P_over Suture Meas urenent Units Average

Measwementar  Deldnits i od\verageetSiandand Deviation 30 cuLDW_M_L@‘ﬁfﬁm_)
cut angR €€S 152&%;%6]@22“ app'd{ﬂ)' eocgggdgpg*;e;Dong@pggcable

. 207 0, 007 cut” length
cut detythr]b h 2007 mm- 0.216 0.014 0.47
cut length L mm  0.465 0.024 1.02
cut distance P mm 0.774 0.015 1.69
spirality angle o degrees 13.2 : 0.349 not applicable

Table 7M (size 0 barbed suture)

Ratio of D, L
P over Suture
Measurement Units Average Standard Deviation Diameter (0.457 mm)
cut angle 0 -degrees 152.3 - 0.576 not applicable
cut depth D- mm 0.227 0.015 0.50
cut length L - mm 0.489 0.034 1.07
cut distance P - mm 0.796 0.018 1.74
~ spirality angle o - degrees 13.1 0.193 not applicable

. Table 7N (size 0 barbed suture)

Ratio of D, L,

. ‘ P over Suture
Measurement -Units  Average Standard Deviation Diameter (0.457 mm)
cut angle 6 ~degrees 152.8 0612 - ' not applicable
cut depth D- mm 0207 - 0.007 0.45

cut length L mm 0453 0.016 0.99
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WD 2004/ 030704 PCT/ US2003/ 030664 31 cut distancg ﬁgmg]zow
0.798 0.017 1.75 spirality angle a degrees 13.6 0.56

- not applicable 5 Table 70 (size 0 barbed suture)

w0404 D, L, P over Suture Measurenment UnPC$/US2003/030664

Average Standard Deviation Dianmeter (0.457 mm) cut
angl e 0 degrees 152.9 0.549 not applicable 10 cut
depth D nm 0.188 0.016 0.4%3l-cut length L nm 0. 413
0.030_0.90 cut distance P nmO0.787 0.024 1.72

cut dighmeaPi ty amgine a @29 ees 130910. 270 not appl i cabl e 1.75

: le 7P (size arbed syture) Ratio of D. L, P _
SP Hﬁ%@e%%]%df ure %ﬁ%u&éﬁent Uni ﬁs‘;g ver age Standar d not applicable
Devi ation Di aneter (0.457 nm 20 cut angle O degrees

153.1 0. 655 not applicable cut depth D nm 0.204 0.007
0.45 cutlengthL mm 0.451 0.019 0.99 cut distance P

mm 0. 792 0. 018 13%& ﬁgiétal;i !té %n |e a degrees 13.6
0.410 not applic 1 b %%‘-ﬂze 0 bar bed
suture) Ratio of D, L, P over Suture 30 Nbasugﬁggtlj L

Units Average Standard Deviation Dianeter (0.4
cut angle 0 degrees 163.1 0.505 not appli cabl e Paer Suture

depth D mm @, 245 0, 013 0.54 30, Narch 2007 WO . _
MeastieBicll 270 Un ) tsibeo Sindita BBt Diameter (0.457 mm)

\J

cut angle 0 degrees 152.9 0.549 not applicable
cutdepthD mm 0.188 0.016 041
cut length L. mm 0.413 0.030 0.90
cut distance P mm  0.787 0.024 1.72
spirality angle o, degrees 13.8 0.270 not applicable

Table 7P (size 0 barbed suture)

Ratio of D, L.
P over Suture
Measurement Units Average Standard Deviation Diameter (0.457 mm)
cut angle 0 degrees 153.1 0.655 not applicable
cut depth D mm 0.204 0.007 0.45
cut length L mm 0451 0.019 099
cut distance P mm 0792 0.018 | 173
spirality angle o degrees 13.6 0.410 not app]jcafale
Table 70 (size 0 barbed suture)
Ratioof D, L.
o _ _ P over Suture
| Measurement Units Average Standard Devi ation - Diameter (0457 mm)
cut angle 0 degrees 163.1 : C.SOS o : not applicable - =~

cutdepthD - mm 0.245 0013 . 0.54 -

:“u/
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cut length L nmO0.842 0.045 1.84 cut distance Ps®March 2007
449

0.774 0.009 1.69 spirality angle a degrees 10.8 0.
not applicable 5 Table 7R (size O barbed suture)
Wolﬁﬁ?‘ﬁf@“%ﬂ D, L, P over Suture Measurenment URGI&S2003/030664

Average Standard Deviation D aneter (0.457 mm 10 cut

angle O degrees 161.1 1.126 not applicable cut depth

D nm 0.233 0.017 0.51 cut -F&ngth L nm 0.721 0.035 1.58

cyt_distance P nmO0.773 0.010 1.69 spirality angle a
cutlengtkees 12.8m. 188.8%dt appl OBl e 15 Table 7S (si Z689

cut disPAEOPd Sut . ey of D, L, gover Suture 20
: asurenment Uni ?@’Z@%rage StOé?r? ard Deviation Di ametlé?9

spiralifyGindle i M) degies angBe O degoere 160.9 0. 708 not pot applicable
appl i cable cut depth D nm 0.240 0.014 0.52 «cut length
L nmO0.734 0.037 1.61 cut distance P nm 0.774 0.009
1.69 25 spirality angle a degrees 13.6 0.312 not
applicable Table 7T (size O barbed suture) Ratio of
D, L, 30 P overTabid IR GizeNEbabedbdipit) Uni t s Aver age

St andard Devi ation D aneter (0.457 mm cut angl_e 0
degrees 154.6 1.434 not applicable 30 March 2QGtEHo L,

degrees 154.6 1434

2004/ 030704 PCT/ US2003/ 030664 -33 cut depth [} Suture
0.210 0.009 0.46 <cut length L mm0.492 0.026 7%,
Measurement Units  Average Standard Deviation - Diameter (0.457 mm)
cut angle 6 degrees 161.1 1.126 not applicable
cut depth D mm  0.233 0.017 0.51
cut length L. mm 0.721 0.035 1.58
cut distance P mm 0.773 0.010 1.69
spirality angle ¢ degrees 12.6 0.189 not applicable
Table 7S (size 0 barbed suture)
Ratio of D, L.
P over Suture
Measurement Units Average Standard Deviation Diameter (0.457 mm)
cut angle 0 - degrees 160.9 0.708 not applicable
cut depth D mm 0.240 0.014 0.52
cut length L mm 0.734 0.037 1.61
cut distance P- om 0.774 0.009 1.69
spirality angle o degrees 13.6 0.312 -not applicable
Table 77 (size O barbed suture)
.Ratio of D, L.
P over Suture
- Measurement Units  Average Standard Deviation ~Diameter (0.457 mm)
' cut angle ‘9 ) | | - not appﬁéabl_e -
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cut distance P nm0.538 0.011 1.18 spirality angbg,lagch 2007
degrees 12.3 0.223 not applicable 5 Table 7U (siIze
%ﬁ‘ﬁ% suture) Ratio of D. L. P over Suture 10
AMEnt Units Average Standard Deviation RGHB$2893/030664
(0.457 mm cut angle O degrees 152.9 0.809 not

applicable cut depth D nm0.212 0.014 0.46 cut length
L nm 0.464 0.026 1.01 cut ostance P nm 0.530 0.015

1. 15 spirality angle a degrees 13.7 0.411 not
cutdgﬁ%ﬁ?cabl e HHble 3»3%(39 ze Og{b%(?goe'd suture) Ratio of0.46
cut lddethl, 20 P Quer Sglehe Mea %rent Units Average

_Stgg{r;dard Devi ati on D?arreter ?d(;é 57 mm cut angle O 1.08
cut digggmee8s 153.1m00. 906.588t appl i@l e cut depth D mm 118

. 221.0.010 0. 48 t lengthL npm 0.495 0.023 1.08 25
splraﬁﬂftang}esq anc "9B156H g.ﬁl@S? 0.0104317 spirality angnetapplicable

degrees 13.9 0. 605 not applicable Table 7W(size 0O

bar bed suture) 30 Ratio of D. L. P over Suture

Measurenent Units Average Standard Devi ation D aneter

(0.457 mm 30 March.20Q7 . WD 2004/ 030704

PCTI US2003/ 0306648163 4U {sige O batbgd sutagedr ees 155. 2 0. 829

not applicable cut depth 0. 202 0. 008 O. 44R@ﬂt ,E,Q L

length L nm0.483 0.017 1.06 cut distance P
0.031 1.73 5 spirality angle a degrees 12.6 0. R8vérGuture

= e = &

Measiiidnf 20! © Units Average Standard Deviation Diameter (0.457 mim)
cut angle 0 degrees 152.9 0.809 not applicable
cut depth D mm 0.212 0.014 0.46
~cut length L mm 0.464 0.026 ‘ 1.01
cut distance P mm 0.530 0.015 1.16
spirality angle o degrees 13.7 0411 not applicable

Table 7V (size 0 barbed suture)

Ratio of D, L

P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457 mm)
cut angle 0 degrees 153.4 0.903 not applicable
cut depth D mm 0221 0.010 - 0.48
cut length L. mm 0495 0023 1.08
cut distance P mm 0.537 0.012 1.17

“spirality angle « degrees 13.9 0.605 not applicable
Table 7W (size 0 barbed suture)
- | o Ratio of D, 1.,

P over Suture

Measuremgnt - Units Average Standard Deviation  Diameter (0.457 mm)
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Table 7X (size 0 barbed suture) Ratio of D, L, 38mMArch 2007
over Suture Measurenent Units Average Standard
Devi ati on Di aneter (0.457 nm cut angle O degrees
WOR8§/030794799 not applicabl e cut depth D nm 0. Z3O/G520080030664
0.44 cut length L nmm0.484 0.027 1.06 15 cut
di stance P nm 0.798 0.017 1.75 spirality angle a
degrees 11.8 0.362 not appBftcable Table 7Y (size 0
bar bed suture) 20 Ratio of D. L. P over Suture
cut anglefsur enentdelirdes s 13%2r age St0f2@ar d Devi ati on Di amt&pphcable

57 nm)  cut 0 degr 155.4 0. 560 not
cutdepfB i} i cabl e O deﬁghfo mm 00488 0008 0 43 25 cut 044

cut len ﬁﬂgth L mpf 4710Qg917 1. 03 piqut distance P nm 0. 798
019 1.75 splra?lty angle a degrees 11.8 0.496 not

cutdmmmPcabl em®0 Ta®l7897z 30 NHBdh 2007 WO 2004/ 0307043

fSZOO 030664. 35 Barb uture Straight Pull
spxrahtgtaln Cl‘lliﬁﬁ% 88th ¢ os@%@§8t rength (pound?§tapplicable
(pounds tor ture) Sanple 1 7.29 11.23 (Tables 7K-
7™M 5 Sanple 2 8.73 12.14 (Tables 7N - 7P) Sanple 3
8.5 9.22 (Tables 7Q - 7S) Sanple 4 5.92 9.27 10

(Tables 7T-7V) Siaatlr)?e SIZ76 (? garget? suiure

Ratio of D, L.

P over Suture
Measurement Units Average Standard Deviation - Diameter (0.457 mm)
cut angle 6 degrees 155.5 0.799 ' not applicable
cut depth D mnm 0.200 0.010 044
cut length L mm 0.484 0.027 1.06
cut distance P - mm 0.798 0.017 : 1.75
spirality angle o degrees 11.8 0.362 not applicable

Table 7Y (size 0 barbed suture)

Ratioof D, L.
P over Suture
Measurement Units Average Standard Deviation : Diameter (0.457 mm)
cut angle 6 degrees 1554 0.560 not applicable
cut depth D mm 0.196 0.008 - 043
cut length L mm 0471 0.017 1.03
cut distance P mm 0.799 0.019 1.75
_ spiralityangleoc ~ degrees 11.8 0.496 ot applicable
Table 72
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(Tables 7W- 7Y) Although all the above-noted 30 March 2007

nmeasurenents were perforned on bi-directional, tw st
bar bed sutures, the

[tiple spiral
wégzlmgw:;%@gd desirabl e ranges for neasurenment s B(J{US2003/030664
barb length L, barb cut depth D, barb cut angle O,

and/ or cut distance P shouyg be the sane for the
vari ous other inventive bar éd sutures descri bed here.

BarbA ul eable ratio Qf .cut_length L to b(a} bed suture

“—@g%%%-er SD rangeg—-ﬂﬁgﬁpﬁl’é!b%tﬂgw 2 to Cloth Glesure Strength
preferably from a@gﬁd%. 4 to about 1.7, efé ) g@ S
preferably from abou .8 to 20 about 1. 8 e tu,re

Samplady suitabl e barbed sUR%res may have a ratio ofl.zut

'CTabiézg'?ﬁt—hmlrI t.o barbed suture diameter SD from about 1
own 2\

bout 0.2, whereby the ratio of the highest
Samglegsi ble ) barb elevagyon (the el evation of baypi4ip
85 _above suture body 82) to the suture dianeter S]D
(Tab'&%Wes?c)ndi ngly ranges from about 1 down to about O. 2.
e hi ghest possible rb elevation is the sa S
Samélgg barb length L.) Alfgs?g, a suitable ratio of 2%%23
(Tabldep@h- T3)t 0 barbed suture 25 di aneter SD ranges from
S [g‘pgut 0.05 to about 0.6, nore preferably from about
AMP¥q1 to about 0. 55, eva9? nor e preferably from &bdlt
(Tables Zrtagbout 0.5. Regardless, length L may be
desirabl'y vari ed dependi ng on the intended end use,
Sampd¢ fice | arger barbs ar&.6fbre suitable for joini gy
. ce;é,ai ypes of tissue such as fat tissue or soft
(Tabl?sls u‘e?yf/mer eas smaller barbs are nore suitable for
joining other types of tissues such as 30 fibrous

tissue. As discussed in nore detail below vis-a-vis :
Fifdthough all thetaboge-nptedl medasieents imese peré@medivarbé-diedimnbl, twist

cut, ik GHEA bbb Kiblcs! the Do R Ss6iAp B anish Tor mBsurcinants for
barb IBNgHh L) GR0Q3( 8306 4 barb3I8t hlde, AUARLELSisAd P@ft.oglzd‘fﬁe the same

suture w Il be desirable, for instance, when
for the, yanpuwg other inventive barhed swrds desctibekheret hat has

dif ' t le O d pet
O L Bt A bR o2
about Ramge: freferablp Goin doddt 0l gs SRt 1T, @@Mhoﬂeﬁﬁcﬁ?f%hgﬁ&n about 0.8 to

b {{gre referably would range from about 5 145 “degrees
aboutl 3. JHBWEVer7 ey shitahie barppdbsuinges may dree 2 eatioftcublength Lo barbed

suturel dméty SH YT ab AR w16 Do %olg gvrt%gegyytstﬁ? %}?@%tl{%ﬁq : heﬁp Igcssible

i nstance, for a polydi oxanone
barb eltivatiest ¢he dvaivadf bart(iB85 atelve simbobedyB25d thEs)ursdibsbter SD

' ' | i,ght | he LI SP [ f
comh i et 3650t LSt b5, SR o tevaion

i DRGSO A0S, DT D Bl
diametgh §Ddangns | fepnp abas 9.0fdgabent 0.6, nmvg prafeiiahby frapabow @. 1 to about
0.5, I8k WBELIp ARGl R b S SPSHRSY ©ffected with the
Regardless, length L may be desirably varied depending on the intended end use,
since larger barbs are more suitable for joining certain types of tissue such as fat tissue or soft
tissue, whereas smaller barbs are more sujtable for joinihg other types of tissues such ag

fibrous tissue. As discussed in more detail below vis-a-vis Figure 11, there will also be

instances where a barb cpnﬁguraﬁon that 1s a combination of large, medium, and/or small
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creating as many barbs as possible along the sutgf®arch 2007
and is a factor in the ability of the barbed suture

WO nchor ti ssues while maintaining firmess.
? gi%?: d farther apart, tissue- anchoring @%5@29‘3?1030“4
decreases. Nevertheless, if barbs are spaced too
close, the integrity of thg 15 filanment nmay be
j eopardi zed, which could | 8 to a t endency of the

rbs .,to peel back an | so.to_a_decrease in suture
barbs ﬁlé*ﬂ%%eflené %aﬁgwtur@@wgla%ﬁ gsyrablg, @5?&8&?@% whenitks Tarbed guture is

emploYeS At Se Mal SWr Uirberiicgmet er SD ranges from
Po? bout 0.1 Fo&gt&%% m)re p?llegerably fromabout 0.5

t ﬁfua:h@lﬁt 0 ﬂorﬁl,ed ev\%ﬁ\nacﬁﬁ'fcd)aﬂj eidhablopgited mmrea:i@ay deslraBlyt Wwould
? %) Very sui tabl e barbed sutures may have a
range frgf $popt 140 degares tophout B3 dgmps paptsauctersbli wowld asnge §iom about

eh
145 acgbes T MART acyles” 28 ks ARty Pop B T B ity apges from
about[lm"tbbboul\deoi’_appi ng barb enbodi nent, which is
di scussed in nore detail below vis-ii-vis Figures

189 ingtage, fop @ polydipxaname baduidisivpweivith a clsapnaftai dftapoutriydi® inch:

n i tudi di rection
(about%)fiﬂrgﬁl : ong\gfs sﬁgbtll @F%er gglef $IL qﬂw:nsx?n 3@1{:1 sme? Ppl e
absorbabkrsamrmrdamb She preRrred Bht@éléﬂagth Wokbifld BS0U3NEA; the 9Pefcrred barb
bout 5 degrees to abaut 25 rees, nore preferab

depth PraaBo e fvmdé'gjr e §rqf@1‘eddﬁ'®1m9ut2mglﬁe’g¢%be 1531@6th

Qﬂ&fﬂﬂﬁﬁﬁgl sgﬂ v\feg xgltl\vc})@diﬂ’éls e altl fﬁftetcdu&%lbglﬁtgoal of

tiple suture
creatmgas TRy riartg an q)mssﬂﬂe Ebggjﬂre sBiurs hﬁd/lin a ﬁicﬁm inithe aBilicy sihthe Barbed
ot her e di ment .of .the present inventjon, .
suture %?’tfpg F @5ues i f&*@?ﬂ@f%ﬁ%ﬁf%@%&ﬁig@swa@ faubrs appntytissue-

anchorfig cighdfy deBreasdS NeIStinBsh '1PBarb§hl‘élr§E %J;J gé/c g?a 18tgg?t3f of the -

termnates in first and second po
filamegfanayt bajeppaydized, sdhieh cauid Jead U.‘omteadmcatoé md‘thabs topeeldack and

d _ rise a surgical needle (not
also m%?# K %h%ﬁ?)%‘?c ’%{}ﬂ%ﬁﬁ;‘ggmm PCT/ US2003/ 030664 37
Sherallyf ©Euitadsaatid 6fcuit Aistantct PIY Sarbbd SarlieQfidhdi¥e 31§ WAnde§ from
90 includes plurality of closely spaced barbs

about Oy} o#RpuE0: THOE Dreferably; fmms pbeii i e, 2bsut 415, ven mmfyplb&rably from -

“about lr@gﬁaﬁﬂ'ult, BstRe i E%ﬁﬂeﬁ%u%%gﬁgzﬁ% Q’I?? ofn cut 8istdin(c‘e P to

above-di scussed su ures 0
barbed duiior dibeter St fioem abot d -SuidvarltoSboined.2 Noherftd/ Qd Aiséade Penay be

as low GO BB s o BPORG R &H{hﬁ’éﬂg% high isaiscussed in

more déliaBl ek V83 vié Fighwémllzﬂquc 330 degree
di sposition (sutures 3 and or the tw st cut

riditiquiaBy sspiralitly anglie opfosined betwieen fing Mbarfilthe KgitBdihal direction

ot B S e e g BTV o S
range ftom bbbk 5deBreBRINabBAI 35 @g%teﬁi% g::}‘éig blyRE abQl: 7 deﬁrdpcs to

anchoring I'n tissues an or uperi or wou

about ZEG!eglrenag 'ﬁumlpesttpr@sued/ungﬂa ¢ lier dl0barbsatoartveistsqua,shiliiple, sElral

yture vvog,ld be inserted into tissue wt

barbed fores bt EeAboRels

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

secticm. Flongated _bbdy 92 terminates in first and second pointed ends 94, 96 for penetrating

~ tissue. Itis contemplated that one or both ends 94, 96 may conf:prise a surgical needle (not
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such as that shown in the above-noted U S. Paten
5,342,376 to Ruff. Wth regard to Figure 9, shom%ol&@mgzow
sectional side view of barbed suture 100, which is
- WS bodi nent of the present invention. BGT{IS2003/030664
100 i ncludes el ongated suture body 102 of generally
circular cross section. Al so, suture body 102 has
di sposed on it a plurality -f- 15 cl osel y spaced barbs
107. .Each barb_ 107 has a barb configuration such that
showip) 9§ 1RFHIaNdNtadissum gAdditienslly ayustire 9 incdides ghirality oOnlesady spaced
: wn) are pointed for
barb%?nzg{%gﬁqﬁga%ﬁg%ﬂg&ghﬁal " is contenpl ated that one or

boftiume®) eyt ade witls theghma buttiag dhhing ok thesdboweisbEed sutures,
Suture 100 may be nmade with the

insertion into tissue.. t
such g5 (b L{iPE dRyon AeNTiRe gl fRovasoied SeriskNaQRIMILTH3 to Genova ot
. Vo SR e 89 O SR SR A poi

above- not ed
(sutursg dp1A)Othe 120 idagyes dispexitbeh (smularsS0040)] A&1/bistha ediseste ﬂmumple spiral

. vibrat] il]afi sutting bl ad f th
cispaBp P B 70" e e Heurs 98 vith rus i sendpeineh dispontien s
obtaifk@THefaddantABa ¥ thd AREG diésstiﬁén isthé %ﬁ@%ﬁ&g gﬂg’leé’ﬁrovide

the barbed sutures of the present inventli
superifs gpehiopag ithdsseenhand thas/affdrd superior wound holdinggpropdriiesn With the

i nel t ed ted 25 underside.
rendol) Bpdsfont B8 bafbed Shb . SO e SREHHE Rt Wit iptesip dpvice,
such & thatrshovfl inthe SbavePRSIEP BT, PhRnt Nbeysandrgientaied in

Fiﬁ_ure 10Bis a top view of bar bed suture 110, which

i VithEgpkto Fagrse 8i shewm ivp seciengsideanew ofibahed sirture 100, which is
: kFpcl t ut ur e dy 112 of

ot IR o LSS, 5L 900 St 0 el b e v 10

of geretdliyhrirsulii spssedtion  Alsopsuplre bolly 102 Bis Béposbdeit ¥ plurality of
barb tips 117 (one barb f15 i S

0108612 ﬁgﬁ(,:ﬁ%g P%%rs gﬁ? éégtg&?%llp 1 has\a hagh configupatipnsuply hapbarb underside

108 iseithicd bF bt (Ghedth hcsgxﬁk - or 10
IS atf.:t ached " to suturebat)o y %ﬂ%@sﬁ%ﬁ@%{e&o&’rﬁ%ﬁ%
penetigiipg tigshe and K avwonteamplatpd that enk 6rdrotip anagicomiptinga birgRblne3ddle (not
l\ﬁ 07. 2004/ 030704 PCT/ US2003/ 030664 -38 and
showy t&lci_gSez M TOPRPEd that one or both may conprise a
S Buigrec HI0 MEEE Madd@ith Fohk chting thithilel dsMe bHvE-discussed
tissue. Figures 10C and 10D are cross-sectional views
sutures,Supfhas the ening devige fesqabeioie the govemdted Semigl NEDY LI i to

Cono 911558y 5 AL It b i

the cutting blatigs ofShe eniging HBvisawhbebabs ereWeiry dsbﬁpécﬂﬁiﬁa ﬂ]@'bbgf@f a
as the

rachi ne as th agag\/e-di scussed sutures, such as t
monoffinene, gt dyeried daat any Bl the i surs S hroprognbinpations.
describy R4SmAy BadebarSE0RY ?igﬁﬁ@k ﬁo@&??ﬁﬁ%ﬁ%& abs%['xjgtleé 12 corrugated

! v
havi ng arcuate base e evi ce
undersidegyi ded :

With reference now to Figures 10A and 10B, depicted in Figure 10 A is a persiaecti ve

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 fdr purposes of
brevity). Barb 115 has a configuration with an arcuate base 119 where barb 1-15 is attached

to suture body 112. One or both suture ends (not shown) are pointed for peﬁehﬂating,tissue .
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with cutting blades with ends that are correspongh Makeh 2007
arcuate with respect to arcuate base 10 119. It is
i ntended that any of the barbed sutures of the present
WQ UM Yn as described here may have barbs vﬁ'@ﬁ”ﬁ%‘m’mo““
configuration that includes an arcuate base. The '
arcuat e base should enhan ti ssue anchoring as
conpared to a flat, linear~Base. Regardless, it is not
anditdeSi Leed ftor hthe base to be circul ar, or oval, which
Botree iRl thaf prgothol waY cameriae Bueisal nesdie(petshewri far
insertidR ifd6 Gikg@se ti ssue anchoring. Shown in Figure I1 is a
sectional side view of a barbed suture that is another
eHigas H8Gtandf10Dae prosseactional waaves respectively tilvag lins 10C - 10C and

i 188 5 255 ot B0 e R s e

narrovee? @bingTronEbeRuAbagwiady 472  terminates in end 124.
End 124 is pointed for penetrating tissue and it is

cEn]Danestbe made with Secame sutiing mawhine s ¢heatowe-giscedsed
_ . .l fi into t]s. .
suture 6 & th€ BB AL ASLbAIGR e Byt AafreseRi i Aol iBepes o

* Genovpenslt rTatdchipve badbul ShadingRycraRiiaké S0, IS EdviceBvRIed

ith far E‘eaaetrati ng tissue.) Also, suture 120 includes
with ciyfigg Slages, wish epfisghan aje eoreespendingly srcpats, wigh respect toarafate base

119. closely spaced barbs 127, and plurality of closely
spaced barbs 129. Barbs 125 are relatively small in
2bisgntended thht anyrofitist bavieddysuaiey of thapesém igiichiias as described here

co red.to barbs 127 which are relatively nmediumin
may hay PRtz i doomienratin At iRcdpdgs B aFapalediage nThepscusimbnse skpuld

 enhande Qs shdifs as%hﬁﬁreﬁﬁ@la A k@%ag@eéﬁ,gi;ﬁ%é& r?\éé%lééa for

a relatively long barb I ength. Suture

the basgjte be eialarLirovel Mhichgvonad tisnlke frasn ¢dnicad bleaped Hexbs rds e could

Wr e .e_made, such as the cutting device
decrea%éﬁssgé? ézgﬁs{lﬁg't he above-noted Serial No. 30 09/943, 733

tSho®arin¥iguet 1 Bls a Bytiddal ek Mwt dren BIBsNunet thk 8d8other

m)vengnt during cutting into a suture filanment, then
embodingrat gHing pEgseny iRKeption; Adithalds eenemally dssigohied ael20. Suture 120

: ' ol : the three sets of rbs
includelSEheR6q oody 155 84l i ebn AR inclar i Erghy FEPafy Bhpdied R 122
terminagesiiviend 19heEead 304 Khroihe D penstiiting 04418 30d dds contemplated that

CT1 US20031030664, -39 the varying sizes are designed
end 124 55 GOAPTeA S I8 S bATIR ThsvHiGmBEioisstes d TRagiher end

is not sBOBE) andalso thay B Soidtb@ Rt \beh& Eatisll | 0 W‘&gﬁk}}é '
barb base m:\ig/y béggos]hort,\ﬁ%ne%fdungru%%%ﬁf an etargﬁrg]ca]
needle fo pepedtaling tissued barb base typically is |ess than about

A Bl g8 AT e R 05 S

‘'spaced barbs U2A and plustilesy @B sloE@Y apdc¥@ birbs 1Y) BhrRaADE aréAehitively small in
a

. size witg

 mediunf &R § RN HERI RS RS as compared to barbs 129, which are

esirable for joining fibrous tissues. Use of
&fﬁiaﬁg%ly Showg parbdengsh asompaned terharhsr 128 nwhichisee telatively

relatively large in size with a relatively long barb length.
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. B y altering the amount of blade movement during cutting into a

suture filament, then the barb cut length is made longer or shorter, as desired, to result in each

of the three sets of barbs 125, 127, and 129 being of a size different from the others, where
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maxi mum anchoring properties when barb sizes are
custom zed for each tissue layer. Only two diff?é?gnr?{(:hzoo-{
si zed sets of barbs (not shown) nmay be escarped into

W@ d0s070ody 122, or additional sets of bar bsp€Tos2003/030664
shown) with four, five, six, or nore different sized
sets than three 10 sizes as illustrated for sets of
barbs 125, 127, and 129 may3%e escarped into suture
body 122 as desired, in accordance with the intended

the vagyidg sizes arsldesigned fohvarigius sutgivabadRidaticnsi Mhe %&ﬁb&ﬁ@dn? also vary

in they ek G et 4 Pk A e igramedio, gt s

regardléss) e Yhfbthasé BRfeall) iXEGAR 1 Y4 dtfind Aftu Mgl oD @ SO
rrg% be bi-directional barbed sutures or random barbed
s forinskanes, relajvedy latgee babb ere desirabie fordoinmgtfechnd bt tigsues,

cyibed, here. Figure 12A.i s a perspective_ view of
whereh I RB1 HB8ler Ris sritibie o itifiod fhvenitoones. Usneifng
combiatiBEF 1ateinedik30 ahBd e Eb-LHRIG §d s@g)ﬁg etfls to ensure

.generally circular cross section. r bot*h suture
maxingHg gu¢hosing gwenertjes arhen berbreizes afocuspemiecd for bmd tisssskager. Only

. | t hat th end
ovo a8 g RSP Gy B S A o
additional sett bfldths (ndOsHBWNY weth1536k, Fivk {$he for nifé HERsenP Ei%é@éeitté than three
a

. of barbs 135 progjecting frombody 132 such that
sizes s dlustrafed dor stz efhahsiad] 127 andd dhimay ibe sscagred istesutude body 122

i fi ;
o deshi B osradte th WOARAORNEE, Wi YRR bk R
with thedgybsbeingmidirectiaal i is iappdeeiat bdbhPdbsed wih 85®s havigdg a

flat on body 132. Figure 12B is a perspective view of
contiglrain OF g Vie ies 1 SE5PrAECith hedmungion slke ey be bi-dircotional

barbed BRItk SONaNEoH baded kithRY opgsogmpé W ﬁv&%feqfﬁfd;éggg@% |

_12A, and Figure 12Cis a plan view 0
descrifeddigre 12D is a cross-sectional view along |ing 12D -
nore .cl ear seen from

.'é’ﬁf%fel%@é %,rp%isib%f%"gﬁﬁes“i%?m ¥ e odianart Bh%‘ﬁtpr%?ntawq@&ion,

-

- showink3mrbeabseitra 0P havihig 615hghad Body3B2i o o%ﬁ&ﬁﬂpﬁiicdl&tc%dse @%&ion. |
S .

3{? topsi de TS of overl apped second cbarb 135, an
One orfioth ifpxe eggs (noh shayen) 78 pefinted o peppieatingdissirechnidsit is coBBmplated

i , f,ov apping first
oo B85y S 8t B0 o S FLT B i e
Haxtdre d 30 fatither anvheleb pluvden of barbé lmpxb'ebﬁﬁg fr@ﬂﬂa(ﬁiﬁqgQQuch that
shorter than the bar{) of

o 135 be, t | t
at last 3ol Acens i and con bake GRS esponys on body 132

/ - b [ ..
v S S SR 8 198 5B

appareny4f barbs. 13haredaidflaton bodyeligt h. Particularly for the
osi,tion, ui t.ab) e bar

is arb..di s ve ed
Bifihe 108 100 oM VRt o rton o QyerlBpeing baPs fan eithe
overla digyidaRibnHatbed SulirA IR §TF b b : Q@/\% .
. pgg?ut 9% 2, nsi nce ?he bar b c:l‘l%t@giQ gt’ gﬁ%:lgljggérray gtt%ﬂagvvew
of Figuges T2, obigurs, 12D saeaossiseetiong] viawators 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

135, and so on. ‘Part of topside TS of overlapped second barb 135 becomes part of underside
US of overlapping first barb 135. o '
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 6f-overl_apped second barb 135,

[ \ .
i J
R
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5 7 for comrents vis-a-vis the barb cut |ength asgmah® 2007
barb cut distance.) This overlapping disposition
all ows for closely packing nany barbs 135 on body 132,
WOMM/3PHPMcal |y, barbs 135 are thin, as conparI’éHfﬂTS2003/030664
when the barb cut di stance between two barbs > the
. barb cut length. Also, although suture 130 is
~illustrated with barbs 1354Being unidirectional, it is
intended to include that suture 130 in accordance with
wheregs, in gengrahfor barbsfl serurasythe dawb guit distapceibetween oymbarbsip erbarb cut

f ures 13A
length BHicfaf9 sRE DU NET Srb ERAIER, Jotitapibl: papengines may
have astticiofthe smtotmaadcette teebbed uBihre Aant@Qdtdin ab&xtqrsi&éwn to
o faci|litate insertion into tissue, the surgical

about ﬁae%av@sth%%r 58t digfanasd’ ey e as oy geabout 0.4+ (Se m@%on astlgure

1 ; 258
7 for HESENGSH NS I Tal ki na D PRI Bl
dispositiontatiats fer c&)selyrgﬁclghg neng bk 435 bR ®oHE 132) ahb €ypically, barbs 135
| tud| and that is generally circular

|
are thif, FA Spmaered G whesn 56 BaE A1tAHGR e oy DG Dt kb enjength.
TAjsh Odlthbﬁﬁlesrutdré’ A30) Pstlﬁu&h?éuf;\t@lrﬂgp%g?hgﬁ;bgﬁg a}éﬁﬁkrgct}l@nal jtis

. Surgical needle Nl i's | suc
I'ﬂteﬂdqbtobpcmdﬁgatrsgtum t3(iardoecrdsniteuvich the InveBa o eldo snitylbeen 1§

s 1S a d suture cluding, but not limted to, any

d"‘f‘*"“‘%}}alﬁ?{g ‘iﬂ&?&%éﬁ%%‘tg‘s Bar bed sutures. Additionally,
g6 18.5,3138)230) MANBD w408 Sirefoh deddieB Swhere a barbed
transverse directi on, which is ill tstrated as a

suture isftaehedde pachisirgienl apestier In ardertio dasilithie inse@i@Cinimiissue, the

i S0 oy B SN 9 G, Bt e wov

gl ng, “surgi cal

u.s. Patemtem S 5801 8 tdCrargktlet afmy be cri nmped by standard
' to hold suture Si in place

BJ' oceggé ﬁ about_hol e H
SFUTR P4 SPONYS tutgisaldeede JY batisp syh@hbelgregaqucmed]we dhee

n
il Bk o G 2SR S0 RSP ol e
pointed tip €t éargnseatixi iotw. tisSur gidcalio traddlceH N2Sigical peddhs Nd id illastrated

as attach. ofth o iinnelends oo SE St BubeaSute sl fobarbispture
includi® bRyn&tWasiteade, 409 obﬂ{eb&ﬂvéﬁéééhﬁecﬁgarbgﬁ&ﬁﬁgs S WlH{i®naity,

is a barbed suture includi ng, but not limted to, any
surgicabpeedleaN hhesdiametse Pl e thelieanbesdsestitegtion wwﬂxsulimddws a

e ter he transv
relatlveg)}‘ﬂlg{ ?Jgﬁ@? Wﬂéh ?]s%g{}ta(? Pg e ilb()dlt Qsl dm?%&) ‘gﬁ Fl{sg?ﬁs ?}Pﬂ"]’? vis-a-
vis swagingnetrgical rosdib NiS afdtiaving 082 5 Dakes@bius hdle 311, Fybe

&g s thin as dianeter D of surgical needlé NI. -
crimpechRy 6‘?%‘3,36@ Brogedisesaboyt holg Hite heldsyiwig S1 4 plgre far subisingdissue.

e JE8E
_ By LiP ol B ned %Iggi\{%g%%a?é%%gﬁ?gr s ims
longltudtoaleilﬂe@t;lomyzl that ic gémepaly dincubit mwﬂaswheﬂﬁcm: estirpieal mdedletN2 has
hoId sut ur 2.in or,use in__ .

pointed 5 fob sk fiof b cfnang aBo sed HBlGILS urichl needBch @ isiljusiated
as attacﬁé&@hudhsas By&Wayag, B/Haneatsatrd82dhebA sidife 52 is a barbed suture
including, but not limited to, any of the above-described barbed sutures. Additionally,
surgical needle N2 has diameter D2 in the transverse direction, which is illustrated as a
suitably thin diameter, such as about 0.032 inch (about 0.81 mm), but not as thin as diameter

D1 of surgical needle N1. As discussed above vis-a-vis swaging, surgical needle N2, after
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| ongi tudi nal direction and that is generally ci rgGJMgrch 2007
|n cross section. Surgical needle N3 has 5 pointed
B T3 for insertion into tissue and al so has hol e H3.
OSIPYIOH* needle N3 is illustrated as attachedPCHUSROHEB0664
by swagi ng, to barbed suture S3. Barbed suture S3 is a
bar bed suture including, but not limted to, any of
t he above-described barbed®utures. Additionally,
surgi cal needle N3 has dianeter D3 in the transverse

havmgoﬁurlgeﬁﬂéwe fip hols Ha, mpyiheprisped dyzstandardpriogesiugestahpyt hole
H2 to 18'5&&1% chai%rﬁ&%its&gmgéuk&%h (about 0.51 mm). As

|scusse ve VI S-11 S swagi ng, surgical needle
I\Egumf]BéIrshbm isagricalihesdie 193 thap g1 digded elbagdiad ﬁ?eeh& m fﬂﬁ’e}/

st andar- rocedures about hole
loﬂgmrr@ra& %m%ﬂ@ngéha}tﬁs Fng Yf%éff’m@’é’él GIRSSSGERRT- rfglrgucals@eéle N3 has
pomte«g Ihg 4i3Gor msbrRBR Yo fikdu@iand lals H%ﬁgb&gl B §l§é1 RafeNy/ %qllustrated

ngated needle in the ongr |on

as attachiedt such agbp ewaglhg, toibathel antura S r Babed emmaﬁﬁ 1s$lha§1»erd&hture

imcluclfE St Gobliaptas o, s Bl PEC et Betios sbed Bt Addifignally
surgicdl nbatié NBURE dBSnedriBrHate n&%grs@%hrgé’h 0?1"‘%'16?193 iliReRRERed

suture S4. Barbed suture I's a barbéd suture
relativgly ¢hip diamepterbsichras about g Q?gajch @bour@.S binmheAs discussed above vis-a-

. - ' t I
vis sw Y B R ORNR TR E o B U s Lhrip i e o e
crimpedibyaeindand, prsduidatesiaboutHoltSIIs & ksld asfe S35 plakd sor hEH in suturing
di anmet er, such as about 0.032 inch (about 0.81

- Hssue.hut not as thin as di ameter 20 D3 of surgical needI e

i cal
aurf 3308648 SadiAPRAMN tal 14! QPR kne,
longitudihal diegctibe and thapisgrehgraly amiﬂmdp RE®S GekitioRs Supgivil needle N4 has
ace Qr _use in suturi

pc:nmte-:{_k4 %i"g éoqu%gﬁgrtéyn{tq? Bgssﬁe:egd 50 q@ol%ﬁg Parrgieg needle Ng4 is illustrated
as attached B heBY !;\ya%ﬂlé Ys 551‘35&’ i PO BB st ﬁzllai% Sb%.rb lshture

knovvn surgica heedl es come with various
includipgbut vet limited tosanshofabe alaqryerdepxmheﬂ battedentur@S Poddlmmna@y,

surorcapﬁl%cdfeolﬁ% gres Sl Eer Eﬁﬂﬂ% t’ra}rgvri:rﬁef &gefggn? -tgh} hd? ]drétratﬁquts a

suitablniin diameten) stuelﬂ a$ SbovR 01033 sk (BBAA 0 1t hRS; but FBEhs BRI RAldiameter -

taper cutting, and dianpbnd point are preferred needl e

D3 of sprgical f'%qdl%hfﬁguﬁesahsqré@érabnge@-w swaging lsergieal meedie N4pafter
having Eﬁ’tu 34 inl p}]chgﬁélaﬁlg QSI%%J&E gy Qﬂﬁ& eéggc?c%grgr)eg gbou% klole

l'es USG cohve I Ona

_H4tohsldssut1&e$risnphnefcdersechwmmmgoﬁstswt and often very

are used with thin

i\gi k su 30 peed e% |
. RE o7 [d'ﬂaf T arddd emmaticaly allpsiraregd aﬁfpoyr% paas s el
known %ﬁ%ﬂa@ nedAGRIBe with v&%ﬁé%ds‘@%hgﬁé& ﬁ'[%sg %’g ggl}ﬁit,\,\%}er

or even higher,. such as
cutting, gt pobs 0tingRaiRe| 20084 0606 Biin 1ind 2aniddancet pole ahﬂ ittik éntended
nbr nation of th

to inche ) Y vl on B B et Mo pRingypsteatime, g famond

point aré pEer@iledeRdletips fbf‘ﬁlrgfﬁhlrlfé@&lei ARl wiEbRYE@sRRlesneed! e

is, then
As is well known in the art, needle diameter for surgical needles used with

conventional (i.e., unbarbed) sutures is considered unimportant, and often very thick surgical

needles are used with thin conventional sutures such that the ratio of surgical needle diameter

10 conventipnal suture diameter is 4:1 or even higher, such as 4.43:1.

(-
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barbed 34k {5 tﬁfg%@@ﬁgl nepdp diapefershopldde.

the nore preferable that the surgical needl e/ bar §€ﬁ/larch2007

suture is, wth the desired needl e dianeter be

t hi nner and thinner as it appr oaches the bar bed suture
WOLOUHRE0E4, and it is possible that 5 the need RETUS2003/630664

di ameter may be even thinner than the barbed suture

dianeter. In general for the present invention, a

relatively thin surgical néédle attached to a barbed

suture is nore preferable for approximting tissue
- wHewexsn vtk |th®5%ﬁﬁdﬁﬁdléﬂb@@éd selteercombinasioatof el present inkention

(for el?llé%{é g on Fhﬂfe%g{e%{ %‘I% ?‘g?%épb %ﬁ?‘%ﬂg %rtg"i%J %'%él %ﬂle%’g is, then

the mare pasférebliettiat ahdaugiest nﬁedlelﬁbﬁrbaﬂ b@wEe i, gmﬂﬁ ﬂl%ailgﬁfed needle diameter
and, therefore

of 10 barbs in tissue,
being ﬁﬁ‘fg\?g&gq%@ﬁwt@mgaﬁ hes therhapbpdisutuse dismetgsangyit isgossible that
the neddié 8l Hay RATeR Bfifhes rtﬁgb&%e(?g&x&%mﬁa 3 opposing
des of cI osed wound from I ng apar
clorgeacwmtifarshe present svemtions b ltdﬂ@wtemy mi®surgdieal ﬁe!édle attached toa

st BB e e b S
a relativeBitHICR shidical R&atOMmRianad alarfedQuiie. %xf@{eﬁ{bﬂqg 1t the

attached to the 15 bar b{vgﬂsuture I's tha e surgrcal
relatively sein surgicatpeasiie gtaohditobebagbedsutdre allews fonAgchater |engayeﬂhem of

th d,
barbs if s I 5 Bel3Rir pBbvidhs BRI ol ek dho, Smipammited igpus that
has bedm¥utured & prebent @ie dpposiaRaiaBebs thbRlREd %hﬁ@ﬁo gﬁmmgeapan as

surgi cal needle dianeter increases, the sur
ComPaWé‘éa [ﬂ%?' Glesuse strangth prowided teapproigiated tissue thatthias bedn suheed with

the rel nmeter to the barbed suture
‘ e¢z§ ter F@%géﬁe%ﬂ% 1 or less. 20 Accordingly, a

dﬁelmadbhmpmmﬁlt feaafre Soiniy cahbingbst of thé AFBIcErneelchanded to the
sut ure for, either a strai %ht needl e or a
0

rfifisicnt widsh ibprgler to
make a@MIbr 2éHanndllin HRSSd, SRAD Qﬁ-ﬁﬂ;‘F‘J %\%\ﬁ%% ettich of t2d barbed
| ess. Furthermore, particularl¥y i annel needl es Are

suture iamihe el onthechaantlo Neivehelepscal the sﬁgioal mhc&hf&hﬁﬁetéﬂncreases
be .as _| ow as  about

r,hed sut 1:
the surgREEAR 0o P e B e TG PEHE S S Bl Gameisr o the
barbed bﬁ&ﬁe. m@me&bmaboﬁ& 1oPlesd.ess, or as 25 | ow as about

. It wil] be appreci at ed t he person of
&Fﬂ?fﬁw@y@wﬁsmblwam@f éi\ﬂl(glqahafbe%fadleme@h toubatbesksutuk drameter,

o L o A, A0 S TR bl 21

- or less, axmsppmferal&iylab&all% lbﬁl%st | ButtheBho®y pAtisilaeN Schamie] héddles are

I cal eedle both having a ratio of surgical
"'mP‘OYﬁ‘gég? gitio gl St fhirgelsr thaibad %ﬂﬂaﬁéta@ret@mla)'ahﬂ as low as

about 1f1%8¢ léﬁeopé\féﬁq&ircﬂ f&ﬁﬂﬁn%?g ﬁbﬂgﬁgﬁﬁ%?&s,ﬁtﬁa it e\gf%r legsoor as

Various pieces of ¢

low as abogt 0 @tiaribmll bé apjireciated py ﬁm@a@na)ftobdmdmyekﬂ! iafthedrothat care
wound _havi ng

should e Qi Salomery i SRR e iy posepi R hovaized
- weakneg) WhichiRay O8ANOR AR hkd iR 03/ 030664 - 43

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 (abput 15.2 mm) were cut with a wound having a length of about

- 1.25 inch (about 32 mm).
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* potyafpRipar hatbed Nt i Gfig

A first specinmen was made froma piece of chanoi 80 mMarch 2007
| eat her by stitching together the respective edges of
%%%3&% nd with a drilled end surgical needle (item no.
R7045ur chased from Sul zI e Conpany) whi ch RGF&US2003/030664
swaged with a barbed suture. In other words, after
~insertion of the barbed supgge into the needl e hol e,
the needl e was crinped about™the 5 hoIe to secure the
cl osed

ba ture duri stitchin After itchin
© T R a8 ol 1501 4 G e ervtafss' ing aeiner the

& b
respe”cﬁG ﬁ}@y b?:lggi)h}tﬂai@ {2115@%5? (about 32 nﬁg? Fﬁ%?-}ﬂ

Purclws@iq Fompailde Copipanywahichi wanswagediwith mbaidd:césmlﬁre Ein ether words,
ater BRI R0 A ASBRS B BB ol Bty B 95 G o bout e

ol nt

" hole @ sfeethxe)he bhichedl sitddre agtife ﬁtc@ﬁ@ UA £8P stiiERiAd doded tglz g}o'u}{&ltﬂe piece

thin _di aneter of about 0.020 inch 10 (about
of chaygais leathgr wph@ogan@a@gulﬂ@hamf@omchcss(em a6 mm) in length

b . o -
Y ke IRIR S I G0 s - SE€p 8L Py Baginghomidie of
the lenpth and umadsversithgwidth dTI’hé h&ﬂleﬁ@é’s ﬂag? pb%it &&e&i ﬁngksﬁ{&dle (3/8
£a 9 38 27[18§ urchased from Sul zl e swage
of a gircle). Wy bopt Xeaamand grelatiyely thm ﬂm@m@ iabeit 0.020 inch
(abou? 08| gmy¥as Cri rrped about the needle hol e, 15 after
insertion of the barbed suture into the hole, to
s élfmnslstﬂgethbmmtsluhgl Ir&thibd[ a pgosd spechhdigwas made frBM another
edl e was a taper point ‘curved

pieceg 3 F@ﬂ“&‘ﬂ? %ﬁ@égg% 3‘3(@718%' ERB" 1eg fhecregpective pdges 9f theveyndppsing a

dnlle& Bfdiur gidalfie A8 Qitéin %H' 3@9‘7 PAtphﬁdﬂa% ai:lﬁﬁ QA C&Qﬁhﬁh{) swaged with

0.032 1 nch (about not as t
the sagmecking afharikad S@turc,h@ rﬁhfeﬁirgcalmcﬂ& G&rasfcnmped spmnmamedle hole,

after %@&g?l?gff: t?lg g?@?& k'lftsreflo Eﬁl&s t?%%({:ugee B’B%e% suyge during stitching.
For t}pmhgoﬁd@pw‘mﬁﬁ, thandaaitt wak Maﬁeﬂ polinft cBfed sBrof@hi hBedrd Gg 8f a circle),

th%é ept that each barbed suture had a dianeter of
with a,jgpgth o a‘m*ié’ e And a peitablethirodiamater mmhmt 093g|mqynanmo 81

un), (R b0t P Tamb R 68 TeMe Lo B it Sactien,
- dEaCFl’eb%bedﬁutlab GuteacsgietBnenneds 4 bibdittctiOnaAS6/isoEke mBRipT spiral,
secongos ci nrens of stitched chanois

E@W%’t XEFR} ttippt Gaghpredmasyre had
a dianf3es QA BBAS 0191119 SchAhbole D19 mdYDFEh 20 aﬁx%tlf%beﬁq%? HARFsp

was gripped by two respective serr
requirgmert fetsizadf syadetieiktsetbablersyiurelinsead wf atutare dizabter off about
per mnute (about 254 nm per m nute)
0.018 mpl{{'boilg%sfpﬁrupt ure. The peak |oad in pounds
r Baihhthelfibehnl fic ceoRlispeinesish sthbd Bhirhdls W &e&%&&ﬂfm

the closure _strength. The results were that

- as
closurg strengthyusing arkest Reppureesvide versal (Foster, Wiode! 20Qn Eadh q:et:hwafm was

' gnppeB%Q t‘%Q ﬁgéﬁi\égb&&%ﬂg&s gfh%%aéggﬁ I%rjeﬁﬁcl?na%%t lg%dqongnuﬁmally ata.

rate ofdnbelauj@tmdms per:mummal(abmt ASHenB PRt nieile)AiH:i 86mpRE fuphas kThe
reas the second specinmen (whi CR

peak 1%"?' P Eﬁ SIFERed ﬁ%owefé’mr&e@ e disruption wagisesordast as the closure
strengtfll TRBLARLIOHeRRAMIBORS gpe%gn%ﬁc}?\gggsutured with the needle that had

arelatively 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 stitc;hed with the needle that had a suitably thin diameter of about 0.032

& .\
l\_,,-i‘:




WO 2004/ 030704 PCT/ US2003/ 030664 44 inch, about 20 Mitch 2007
mMm but not as thin as the needle for the first

ozBecl nen) took only 2.88 pounds until the wou
WO HBt®on and the specimen pulled apart bacl?qTﬂt’%o"?’”“““

pieces. The results are summarized in Table 13A
bel ow. 5 Table 13A (Chanoi g?‘b oth Cl osure Strength)
Speci nen Needl e Di aneter ed Suture Di aneter Rati o*

0 upt First O, 0115 inch 1.74
inch, aBSYRFR ofh, BERGYSS e, s e o B pescimmy ity 289
pounds maflite Whuddigiupabn HREEE @g&ixﬁéﬁﬁxﬁredta?aﬁ%ﬁa@ﬁtéﬂfp%&

di aneter. Al so, various pieces of skin were”cut

aFhe tegults @rrosnmerizedse Table dBArhstaw.sur gi cal  needl es

swaged with barbed sutures as follows. Three freshly

kill ed Sprague-Dawl ey rats, each about 600 to 700 g,

5 were used. Two 'ﬂa’i:lékﬂAE@Handi@@ﬁﬁhEﬂkbéﬂréS‘&é%‘@ns wer e
made on the back of each rat to creatée wounds. Each

wound was about 4 cmin length and parallel to the

Specinfl 1 NeEQle SRR - Gk DilRe O Rt BLOSET Rupiure

First Sul zl eGi26rimetn. 382273A, Wo1db ines 318 ci gghe. The 588
a | ength of 18nm and a di aneter of about

eedl e
Secondy 22 pg)%%"c‘gbout 0. 56 nm2-Uldpdech { he need’8 had a 288
10 UG O?Qn' meeﬁ%ecﬁ%rﬁetgﬂtgb‘ﬁﬁﬁﬁ%um%% e tip had
) been grou acet cut to approxi mate a t aper
' cutti ng needle tip to facilitate penetrati on of rat
S swa edtogcgrbed ture. The
@ S

ARG o et S R e B8 S0 slchied Birfesting of grgsurgica

‘ needlemdgeawhtlﬁM|squﬁesgg%ngh a drilled end, curved
: surgical needle that was a Sulzle item no. 832679A,

vikreerraphly Igjisl SpragpesDawiey ratnsean!e ebivus GRAdo 00 gngers uséd. Two

| 0..026 inch
ke A S R S
wound Miap abditd cneidiepgthand puadedo tie spidear bed suture. Each
arbeg suture for each specinen was a _bi-directiona

&Rt ORfLPh thip Feo §’}9P’Ffé‘>'l was qhosed aithamdialed ek pered surgical -
needle ﬁl'df Hﬁsea ShBR i géﬁ%% e38397 A »ﬁh&y{}vﬁ? §§b g%?é: eﬂﬁf g&altc }ﬁl@%qength of

bed sut ur ad " a arreter
18mm 41‘affmlhametet38ﬂabmt 0:R2 ch:hl(sbcmlt Dgitohm).| Alspethetrradic hhda tiper

0 oo PSR e LS SEROC L e
cutting b&sdle Md&:]rﬂltéggne?ﬂ_ﬂﬁ%n ratMids68 PROAecdRva0RH4L30 Qbarbed -

) PCT/ 2003/ 0306
suture.

The other of the two wounds was closed using the same suturing technique, but with é
drilled end, curved surgical needle that was a Sulzle item no. 832679A, which was 3/8 circle.
25 The needle had a length of about 18 mm and a diameter of about 0.026 inch (about 0.66 mm).
Also, the needle had a diamond point needle tip. The needle was swaged to a barbed suture.
Each barbed suture for each specimen was a bi-directional, twist cut multiple spiral,
- polydioxanone barbed suture like suture 70 in Figure 6A, except that each barbed suture had
a diameter of about 0.015 inch (abeut 0.381 mm, which is sligﬁtly larger than the USP
30 requirement for a size 2-0 synthetic absorbable suture), instead of a suture diameter of about
0.018 inch (about 0.457 mm). | |
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- only a few exemplary embodiments of the invention, it should be understood by those slqlled

For each stitched wound, a tissue specinen that 3@®March 2007
approxi mately a square neasuring about 4 cm x about 4
: j the stitched wound in the mddle paralleling
w‘?%“}aﬂgﬁi‘b& ng tissue edges, was retrieved forP‘éTfB%PPfié‘m““
strength testing. The force to open each wound was
determ ned using a Test Resl?érces Uni versal 5 Tester,

Model 200Q For each ti ssue™Specinmen, the two edges
itched wound were nounted in the

paL a ach
Es® el e S Tosshegr et s BT P T ey
Hoand I I f
measRREATRC b Mt Fem. PR e ARE o if 1R paflEtle two
Opposgegidsste edgagpwes @chdlfm@wsuﬂ%lwenghltmmugf orce

¢ aRS HHEE RS GoontBeR POuliP B ForemiRe Seite SreR ReSness Gniregsal
Testef} Modd) 2000 Bt $40R tikdueShechfibn, the T f&fgg%ut i r% 5 %&? %hed

. with a needle having a dianeter o
wound 3¢seqmopnisd ity tea despoetiye derrasedjavmrdf ek esteir e, Al so,

%ﬁ'ﬁ%@%ﬁ?}n %@cgﬁé %ﬁl%@ d f rﬁi&eﬁ%hgt azre ?eoq ghét?tte?rl%{:)l?ets per mmute

(aboubfibmim PerQRfuic) Qhul((@h@wte fphfre BBdurdad THARER g f@rce encountered
The results are sunmari zed.in Table 13B

d sut
bEfomo‘é%"ERthe %‘B‘%Z‘bﬁf@t@yyﬂ@ reaordad; as te elesire s@mgdngt h)
A 6P, MOMICT o PRGE R AL o PSS LSS

Suture D aneter
havmga dla@EESrqu @ho@. 002 1ntric(|abdut4)756]ﬂmﬂ aﬂ@ swagednd advatbe@butdre. Also,

inch 0.,015 i.nch *Rati o of surgical
the e RS %2 et drore BeGeroBiddocselithios VAR pigted WHUTeetlschaving o

diamele® 6EEDSURO.028tihh @bot 0168 fiﬁb aflf&Hhdeadh Q@Ffb%& stitfirePar bed
suture dianeter, then better"the closure sfrength
%T%Wﬂﬁfﬁﬁgmmwmuﬂabl@slé@ Wilow. a surgi cal needl e
attached 25 to a barbed suture. In general, the
thinner the surgical needle, the better the closure-

. strength, particwhmhygtmtmﬁmh%g&e%%ﬁs; however,
for tough tissues, such as nuscle and bowel, thicker

needl es are preferred. Thus, what is irrportantAveraaeof3Wounds

S ecnﬁfﬁﬁar dllq leof)x %?érher#llggd §§1ﬁﬂ§!§ gtgral Segérhl ago["f é;qlgang%oé Ru pture

First Sﬁ@éal e dloaﬂmtma:h t o bar bed GoOtdineh di anet er4shoul d bg.9

bl bout 2:1 |
seconG g 4F 3 DG G o esent pﬁ&éa%shyhgsogeeh Zhown and.l
dheRfeiol IPRrgidhl HEdad diaibiepho" lﬁgﬁécpsumed 2 few

exenpl ary enbodi nents of the 1nvention, % shoul d be
understood by those skilled in the art that it is not

[ m,.t t.he invent to the s fic '
ST it Bl ot Bfeic i eRlocRadtionto tapbesairodemeter then
the bettéflﬂﬂeld&?@ﬁé%étﬁb?@ﬂﬁ&hen suturing a wound closed with a surgical needle attached

to a barbed suture. In general, the thinner the surgical needle, the better the closure strength,

particularty for delicate tissues; however, for tough tissues, such as muscle and bowel, thicker

needles are preferred. Thus, what is important, regardless of whether the needle is thick or

" thin or somewhere in the middle, is that the ratio of surgical needle diameter to barbed suture

diameter should be about 3:1 or less, more preferably about 2:1 or less.

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

in the art that it is not intended to limit the invention to the specific embodiments disclosed.

S
L




-46 Various nodifications, om ssions, and additiS®&arch 2007
may be made to the disclosed enbodi nents w thout
mat eri ally departing fromthe novel teachings and

WO ZYes of the invention, particularly i POIYER039B0664
t he foregoing teachings. For instance, the barbed
suture of the present invention can be used al one or
with other closure nethods#such as st apl es and/ or
skin,% adhesives, to aid in holding the position of

Varioysygodifigaiinms, oxpisenp, Ayl 3dditians maay; herasrledel theptisniesed embpdiments

. e . P, S a _ )
el AT —
patticdahpin light ofitheiforegoin tnckiagd eforiestaray, thbBarbed hwiedd the present

v R B 0 B GO 0 g

dhesi - g NWBN 1 j
N T e
such niqdifications] omisticns seidisivas,cnd equittalantiaamay ®e imnaiedittan the spirit

lurality of 5 rb roj.ecti.n romthe body, each
and scg%er%ﬁ}'%\#ﬁ@hqwgégp‘?@%f% ﬁ&g‘ﬁ‘é‘ng Q{aﬂ'@s- adapt ed for

resi sting novenent of the suture, when in tissue, in
an opposite direction fromthe direction in which the
barb faces, wherein the barbs have a configuration
conprising a barb cut angle O ranging from about 140
degrees to about 175 degrees. 2. The barbed suture
according to claiml, wherein the barb cut angle. 0
ranges from 10 about 145 degrees to about 173
degrees. 3. The barbed suture according to claim 2,
wherein the barb cut angle 0 ranges from about 150
degrees to about 170 degrees. 4. The barbed suture
according to claim1l, whereiin the barbs are configured
inat |east two sets, each set having a barb size
different fromthe barb size of the other set. 15 5.
The barbed suture according to claim1, wherein the
suture is nade froma nmaterial selected fromthe
group consisting of a bio-absorbable material, a

non- absorbable material, and conbinations thereof. 6.
The barbed suture according to claim5, wherein the

bi o- absorbable nmaterial is selected fromthe group
consi sting of pol ydi oxanone, polyl acti de,

pol ygl ycol i de, 20 pol ycaprol actone, and conbi nati ons
thereof. 7. The barbed suture according to claimb5,
wherei n the non-absorbable material is selected from
the group consisting of a polyner, a netal, a netal
alloy, a natural fiber, and :
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conbi nations thereof. 8. The barbed suture accorggmmhzoo-{
to claim?7, wherein the polyner is selected fromthe

oup consisting of polyam de, polyester,
WSO‘Q“%%W@WI ene, pol yurethane, polytetrafl uor o@CTYISIMS/030664

pol yet her-ester, and conbi nations thereof. 9. The

bar bed suture accordl ng to claiml1, wherein the barbs
have a disposition on the #édy selected fromthe
group consisting of a staggered disposition, a tw st
cut nultiple spiral di sp&g 1, an overl| appi ng

random di sposition, and conbi nati ons 30
thereﬁgﬁéaﬁl dzisbar bed suture for connecting human or

ani.mal baibeglsueure $& dibnﬁwtmg Qu@anBf higihdad tisdud) sad suture compnsmg (a)
el ongat ed body having a first end and a second end and
an elgngated hadyyhayig 3 Byst sndpag aseaopd 30d vad @rdizoer am(b) a pluralxty of

oo LA R TR ASSp l hiin
movenesinh gf ﬁié&qutzﬂd, Whkn inrtesies ti ﬁgomﬁﬂﬂﬂbctﬁfn frbi@ thalHiE®ion in which
in tissue, in an opposite direction fromthe

e
the bgfg’r i Hherewhwb?@ﬁ hfwf‘ea peIfiguratioasomprising abarh eubanglsso ranging
fr r sing a barb cut depth wth
Omgﬁéﬁgtliagggg%%% E%S%th to the suture dianeter :
r amgrmbefrbmmmtﬂcc&dﬁ@ tb @lagB Ay tvhrefn th Balb clthihighas PRtes from
suture accordi ntlg?to claim 10, wherein the ratio of thé

aboulpldsig legrses troghomt T13degreessut ure di aneter ranges from
2. Jh bar

chgﬁh %r%b i @Fﬁ,ﬁéﬁoﬁ e %Ci iy 3 Ve glﬁ%ffﬁf?“tﬁ?gb&ﬁaﬂges from

aboufcl$0 ddgredto dtut ['H 5¢ge di amet er ranges from about
0.2 to about 0.5. 1 The barbed suture according to

cHailhetard eﬂw@ﬂ@ accmbnmrobemak evheoain ittgmaehs dre camfxgtlre;ﬂ inat
least !vﬁ?s%ts, %:Wﬁ sc? P FLE tﬂ? t'?’r%n? ssl#%gf 5 ergeﬂt

fromt b ar e s e
sut Uihe baﬂmdrsdtlmg adoordi::i@ﬂomlalﬁh 1 \Mﬁf@h [hetdﬁthrs W HAd: frém a material

oma material,_  sel ected fromthe grou %
select By Fistarcoa i ofpup Batsr eI meleril, a tgn-Absorbable material,
andc@}ﬁﬁnmm&%p material, and conbi nati ons thereof.
. The barbed suture accord| ng to claim114, wherein
t ﬁe ThE badied cmamaceom@tmcw] mi’% whifeirs tHedit-absdibaiie hrial is

: isting of oxanone, | ac

sclectlf B0, 60 B oSS Dokt iSRG polyfrgtitle el setcotife

polyc:tplﬂellaet@flc aﬁﬂcoﬁbﬁaﬁ@;ﬁﬁﬁ&e&ﬂt ure according to claim 14,
wherein the non-absorbable material is selected from

t he The barbed éwy;esecpwgingto alapre |5y whereimthemoatapserbatde aiaterial is
T AR U M R R
combinhieorpaheraefc i s sel ect ed from

8. The barbed suture according to claim 7, wherein the pblymer is selected from the
group  comsisting  of  polyamide, polyester,  polypropylene, polyurethane,
polytetrafiuoroethylene, polyether-ester, and combinations thereof.,

9. The barbed suture according to claim 1, wherein the barbs have a disposition on

the body selected from the group consisting of a staggered disposition, a twist cut multiple

- spiral disposition, an overlapping disposition, a random disposition, and combinations

30

thereof.
10. A barbed suture for connecting human or animal tissue, said suture comprising

(a) an eloegated body having a first end and a second end and a diameter and (b) a plurality
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the group consisting of polyam de, polyester, 30 March 2007
pol ypr opyl ene, pol yurethane, polytetrafluoroethylene,

__pol yet her-ester, and conbi nati ons thereof. 18. The
W‘E%?P "uture according to claim10, wherei n RATEBIHS0664

have a di sposition on the body selected fromthe

group consisting of a staggered disposition, a tw st

cut multiple 25 spiral di 54[§osi tion, an overl apping
ndom di sp05| tion, and conbi nati ons

i t
of bafglﬁs glg%tﬂllgg Oﬂwbs deach bl facdng aardiwciiony and haing aﬁrapted for
skl A A ErGOR o Bl s g eion

ongat e
in whigh dhfahabefaceanWhérbm the bubs bve ¥ confi gubﬂfdﬁscoﬁ’fpﬂlsﬂagtd mb cut depth
in a direction

b b f
with a0 06 bR SR By 2 b e D akovg 02 sbout 0
WRENThe bhibed Y8turd RoARBABY bfngmi'mfél A L8 {gﬁéﬁ}ﬁ%‘arl'%gut depth

direction in which th aces ereln
tOtheh‘éivEe@am@tnrraggtﬁmmab@nﬂﬂrnoabngwi’narb cut length

ot 2L by i i iseelp hraso b pastegnt dopth

to the 2610ré didEEORALATRAR 4bdtiedl246280F (030664  -49 20. The

barbed suture according to claim19, wherein the ratio
ok 3-t Hlee bribosl siare neqegding ta Qaitth £0, syhterie thi baiastae cordizyes] in at

The r bed
east o 8 AR st dmiink 8 B b rom A netB 528 Bt o
cldt. Tlaﬂgirl?ed duturt Aecogdih g foee] S I8 tvierdi A ARG NE BhARTHm a
out 1.5. 5 22. The barbed suture according to

.0.6,to ab
materigh S&leﬁ{eﬂg‘f o i PP $9Raisting ofs bipebserhablg matadial, @ non-absorbable

materihlC &% cdiBinaidns thef@Fh set having a barb size different
from t he 1t])arb glize of the other set. 23. The barbed

skft. uFle baclerok sturg a¢cordihgionldith 14)weieadin thieltgo-gbkodsadld Baterial is
m t he group

selecte§3iFh bie it porais G sl BB AR UR i, Py Elcolide,

polycap@lacbhBO kP& ngbindiRh§ fefdos, and combi nati ons thereof. 10
24 The barbed suture according to claim23, wherein

%e&adw@nma@om&m cldimi ki, whetear theahofwabmrbﬁﬂe material is

seIc;teQ ?ﬁ%ﬁ?fh%%?ﬁpﬁédnggg )}p gninggx ang gzﬁ %‘ﬁ'ﬁt% Bﬁﬁb‘} :qul%fusﬂglber, and

comblrtahensathfsreo?.S The barbed suture according to claim 23,

vYﬁer in t e non- absorbable material is selected from
'gl? ﬁgp@tqcp@d@g tg %W}@rwhegelnéh@polymem mlected from

the  @bbPY, cohsBahdlr b | g b her gal
6 IpThceCél‘b e%%d S ut r or d’f')(Ji es;fé?- %ﬁ#@@ﬁe‘{ﬁ]er i P‘urethane,
polytettdﬁleothe pdyethd:mtee,chnﬂrcombmahengmempf consi sting of
ester pr onurethane

831 ﬁ%ﬁ&?ﬁ AR Ivslbw@ry HFsisstha pirbg hevs 4 aisposition on
the bod?%ﬁktﬁdﬁdﬁﬂﬁletéi‘&lpﬁﬁﬁsmung of a staggered disposition, a twist cut multiple
spiral disposition, an overlapping disposition, a random disposition, and combinations -
thereof.

19. A barbed suture for connecting human or anirnal tissue, said suture comprising
(a) an elongated body having a first end and a second end and a diameter and (b) a plurality -

of barbs projecting ﬁom the body, each barb facing in a direction and being adapted for

' resisting.movement of the suture, when in tissue, in an opposite direction from the direction

- in which the barb faces, wherein the barbs have a configuration comprising a barb cut length

with a ratio of the barb cut length to the suture diameter ranging from about 0.2 to about 2.
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27. The barbed suture according to claim19, wheB@wmMarch 2007
t he barbs have a disposition on 20 the body sel ected
fromthe group consisting of a staggered disposition,
WO FRM07ut nultiple spiral disposition, an PCT/US2003/030664
over | appi ng di sposition, a random di sposition, and
conbi nations -thereof. 28. A barbed suture for
connecting human or ani nal t%ssue, said suture
conpri si ng a) an el ongated body having a first end
andl-aThebaher alercaaeprding tarstaimy 1% Mierely) the rplieiofithietharb cut length
' j t y, each barb facing
o thiggutgie |$Jé%§ﬁ Igiﬁngégﬁlg) gig'%%bggegp‘{gggpgg'r resi sting
NMOYENEHE babed figus dhtordingwb elhin R0, Wheteth theFaidd oPRIRMRD ut length
directjon fromthe direction in which the barb faces,
to the s diameier 13agas dromm deou 0uierabgwr bdi on conpri sing a
ba . iy . _
o 2T B ARE Sechhci o 3k o, nchctf sl copfigrdin
leastttwo sethymath Set h3Gng 9 barbruizeodifibmtit frointthebad cize dif mig: dther set.
cloﬁ):{rtch , Wherein the ratiq of _the barb cut distance
t 0*+-hEN% U3 AreOEHng ihialm 19.0thesuB the e ipmagoiiem a
ma / / 5
e el TR e B ol DG QB0 e Pl et Al itorbabie
mateyiple ped conbinations thereeff. t he barb cut distance to the

IR R -
selectederdiR teSgradPconeRfin® of Sslydiox afone) ﬁﬂ‘ﬂﬁctfdé@p(ﬂ?él‘gcolﬁﬁ:? h

set having a barb size different fromthe barb size of
polyqageolantonsy andegombinagipns thegedfar bed suture according to

| ' . i 5, made..f i al .
408 2 T A e
selectedtfem e, graup@nsistispotapdigmeTRiraEthiah medd) il Pl v, and

t hey eof.. 33. The barbed suture according to claim 32,
combipations fefa9% pi 0- absor babl e material is selected from

t g, ITRUBarBAD Stk 4480rf ﬁg@ ' Rei bAfhd

pol ygl ycol i de, 10 pg?ycn ro%%??g%g? anlgﬁgéﬁgmétriqgﬁ%lecmd from
the tgrenpof comBisting heofoapbbensdd,ur pobesier; di pgjypropgleaé,m $3lyurethane,

R A g e R e

alA70YThedaftRl itdte AccORling RNIainC DTHIHRAAL MR DaFHR&I80E dish8sition on
The barbed suture according to claim 34, wherein the

the bosy sphestedifeons thegseundcansisting b2 staggegeddippasisingi, s twisycwfmultiple

o i de X . vpr en ol yur et han L
BT S BT an SR BT o 5 5o
thereafornbi nati ons thereof. 36. The barbed suture according

tq clgi m Zg, wherein the barbs have a disposition on
28. A barbed suture for connecting human or animal tissue, said suture comprising
(a) an elongated body having a first end and 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 the barbs have a configuration comprising a barb cut
distance with a ratio of the barb cut distance to the suture diameter ranging from about 0.1 to
about 6. .

29. The batbed suture according to claim 28, wherein the ratio of the barb cut

distance to the suture diameter ranges from about 0.5 to about 4.5.
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t he body sel ected fromthe group consisting of azgMarch 2007

staggered disposition, a twist cut nultiple spiral

di sposition, an overl appi ng disposition,.a random
WOR0YBETMi on, and combi nations 20 thereof. 37.PGI/BSA0BEPO664

suture for connecting human or aninmal tissue, said

suture conprising (a) an el ongated body having a

first end and a second end-¥nd a diameter and (b) a

pl ur of barbs projecting fromthe body, each

Lit
b3 Fhechashed subare prsedingrfo el @ yhersip thedatior of the barb cut

) ey _ r Ln tissue, in
distand SR e RETE Hon s e el Gro AB0F 0" 5" T W o

t3ie D nrbalcesyre aberding té Haind 38 pshdisiehabadhie Gonfbiedin at
1 con%ré'l Si n? ?‘éc_orr gat ed g%rb underside. 38. The
cast tHa S Pach 95 having abeh Hep differmhftemathe baghesize of thvetherebs

- . V

I Tl ey BoBhging BEChich 98, oftin, BEGIRST, w0 o
materigieselec®d frobh thelgrolpecbnsisting of abivedtdorbgbleanatbiala Boh-absorbable

wherein the suture is made froma 30 material sel ected
mateﬂws‘?ﬂe?%b”@? hegefli sting of a bio-absor babl e

BY. erileHarbed s i i je2di CRERLARAL L RARSial i

Chor el SRfe RASRERE R BrialTa i e SlouBERbARE hffiia i
selectepdrmmuzere/0SBsBEng obpolydioxJivme hpnpectidsy polyelyaclide; di ng

- i.m 3 erein.the bio-absorbable material is
pOchaé'gﬁla%Eq%gwc&W%}ﬂa@oaP g}fﬁéq,fonsi sting of pol ydi oxanone,
ol YiheGaitibd sufdé ¥@opEng tel@aim BB weadh HeAsdnoRorbabE materiat is
cqonbi nations thereof. 41. The barbed suture according

selecte drog) tie Brap, coppisting af 2 prlymen adbeiak basty allay.cr tashral ber5an
combinﬁ%loﬁf&@gof’romthe group consisting of a polyner, a '
metal, a nmetal alloy, a natural fiber, and

Goniiltratbarbers sutiner obrdingRio dhien B4y WReteihUhy rpegmqs délbged from
to claim4l, wherein the polyner is selected from the

the  gPYRIp ©RSHag i n%{ oPObBmIdtr d8OlYEYrE esPAypropylene,  polyurethane,
polytetﬁﬁluﬁﬂfe&@%n%[‘?oly&ﬁéﬂé&éﬂ mm?ﬁic%% ﬁ{c?égfl uor oet hyl ene,
ef

pol yet hér - es , and conbi nati ons ereof. 10 43. The
Bar B&d badred setursecasoordiingtotabaind 28, mBi&in thedraehsrhavbe dixpodigon on

a.disposition on. .the body selected.fromthe .
the body R HioRP R iy e bR e ORI oo st puliple
spiral déspbsitiuh,tanverlagiing alspeHied 8 irhinddh diBpdHNd0 Thd combiﬁataons

di sposition, and conbi nati ons thereof. 44. A bar be
thereofsyt yre for connecting human or ani mal tissue, said

t i si . d dy hayi ..
L AT T -
(2) an efringpiatl bogty bividg a fiastlead phd h eedond @ndl aadh thenddadnd (BaLHlurality

barb f.acing in_a.direction and being adapted for
of barby projesting, _Bfogm_e bRgrcash barﬁé”é%s v dircquien and being adepted for
resistin@hodBRes drehdittge! Whsh ff @éﬁé,%aﬁbﬁﬁﬁt& Qe tfbnWis he direction
in which the barb faces, wherein the barbs have a configuration comprising a corrugated barb
underside.

38. The barbed suture according to claim 37, wherein the barbs are configured in at

~ least two sets, each set having a barb size different from the barb size of the other set..

39. The barbed suture according to claim 37, 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.
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the barb faces, wherein the barbs have a confi gug@Magsh 2007
conprising an arcuate barb base. 45. The barbed suture
@CCOTdI ng to claim44, wherein the barbs are

03P Ed in at least two sets, each set habfHYSH03/030664
barb size different fromthe barb size of the other

set. 20 46. The barbed suture according to cl ai m 44,
wherein the suture is made-$Foma material selected

fromthe %&oup consi sting of a bio-absorbable materi
al40. F'hebatosd seiuraascerdingdpstain 39, wherebuihb bitatbsortmble mateﬂal is

Selec*&ﬁ ?Iro?ﬂ){he lg_.;ﬁ‘c?up %ﬂ&c@@b@e é’ﬂ}f 5%&1&% E’)Cﬁriqcbﬁg &é)?yé}{zcahm? 'r om

polychﬂsmla@tawmrﬁ%ﬁib&tam& ®Erepp! ydi oxanone, pol ylacti de,
poI y%élp%ol i de, 25 pol ycaprol actone, and conbi nations
arbgd sitHes asspigeng teglaimaOawherem thy nparabsoabahlamatenal is -

I ected fr
selectiEiofd ‘E‘ﬁ%%g%&?% QTR b o nsta) 7000 § sl B8R, anct
combniahogs,tharenﬁtural flber and conbi nati ons thereof. 49.

Tg§ E@\gq?edbsuture accordl ng.to claim 48, wherein the
y Abedl LT aoariligto StumHEL §rsten dasneelymenis sslected from
m t e r ne,
the  RRGYAT QfsisiRR] Y ! Chol mkaépl %Mke;gfes &gr%vg@@é}% ' polyurethane,

poI tetrafl oet hyfe
POlyte(tRaﬂbomthytms, pdimtmfesteﬁmnwnombnﬁﬂ&ﬁ thm)fzoom 030704

30664 50. Th di
o AR A gr aiedo BaPB a7 b U BB hevechigpgaiion on
the b(ﬁ? Soleoidl o @ tgﬁﬂltprcbﬁmﬁﬂ'geofgf %eféﬁ%p%&lhﬁﬂ Phvid cut multiple

st aggered di sposi a tw st cut mul'tiple spiral
spiral disppHtipa.jagandaam dispesition pn&@mbmms;ttheﬂmf a ran d 0 m

dj h
ﬁ 5%‘;153%%6?1%&1%%% gogtcgﬁ;gecﬁ ﬁ:%%l? o%ﬂﬁwgf tigspe, Ssa%i suglg? aompnsm g

(a) an sldngmed bodjohmﬁn D@ first and, Aedrdgdtaad al@ﬁ)ﬁﬂetaadﬂdrlg) @pl urality of
a second end and a di ameter and (b)

bars pojetng fipfhe Sody.seciybesp dethass & dcwrionenboeys e foresising
moveRSHtdF iRCIuide) Whéh AR inﬁzﬂl cg{l}»gsxpee&fb% 8 ABLEHe d:rectlonlm which

resisti ng novement o ture en In

the badnfaogspvdetetn dhe bedsks ihave 4 carfigubaiodicoapiisiag ah rarmhtethb bie.
uration

b wherein the b rbs have a confi . P
O TRES R P A st 1 Aas 44 yhasein 0 B B sanhaured in at
least tWH btk 208 samqm? altrtrdiad Brredont NORY 1B Baﬂ:hs?ze%rﬂl%sotﬁéreset

configured in af |east two sets, each set having a
b%ﬁ bTkg basbes] subure egrording to ¢lhien #hrwhegtin ¢heofutyrhds wedefrom a

d d I
L L T TR TN e —

materlﬂl; Qﬂiﬂédlﬁblgﬂﬁnjﬁ tik@esti sting of a bi o-absorbabl e
a non-absorbable nmaterial, and conbi nati ons

t e?’é‘éﬁabaﬂiﬂsi syt 9ordiag feelaian f4veeseia thedbingibsasbalilematerial is |
selectedFrontags &bl LoRishhL oPPA9ERIM e npolﬁﬁétﬁ{e bglyglycohde

polycaprolactone, and combinations thereof.
48. ‘The barbed suture according to claim 46, wherein the non-absorbable material is

selectedlfrom the group consisting of a polymer, a metal, a metal alloy, a natural fiber, and

- combinations thereof.

49. The barbed suture according to claim 48, wherein the polymer is selected from

the - group consisting of polyamide, polyester,' polypropylene, pblyurethane’,

- polytetrafluoroethylene, polyether-ester, and combinations thereof.
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selected fromthe group consisting of polydi oxangneiarch 2007

pol yl acti de, polyglycolide, polycaprolactone, and
conbi nati ons thereof. 55. The barbed suture accordin
WQ 0UP307% 53 wherein the non-absor babl e nat erF@EI/U52803/030664

sel ected fromthe group consisting of a polyner, a

netal, a netal alloy, a natural fiber, and 20

conmbi nations thereof. 56. T2 barbed suture according

to claimb55, wherein the polynmer is selected from the

g 56-uf5h@barb¢¢$litmg aoforpmigytanfiathe 44 pwhereintthe barbs have a disposition on

e b B KB R S B B o e
spiral Hﬁbbﬁﬁoﬁ%%@ﬂa’i@ﬁ@cﬁkﬁb@;tﬂ)ﬁ ﬁaaa@m?!sgomgﬁ esélﬁ cb%nﬂgéﬁé

have a di sposition on 25 the bod el ect’ed from
thereofr oup consi sting of a st agger ed di sp03|t| on, a tw st

| t.i t ..
L bt B R B hRE B Sl 146 R pmprising
(a) an eltRE&Ed bodPhavind2fiRe Bnd Ulsekohdlend aﬁ@ 7} 'ﬂ%:%ét%l’gmﬁl(ﬂ?i‘pﬁfahty of

animal tissue, said suture conpr|S|ng

barbs proiseag ey yom\mﬂgbng facing m@rﬂirecgozs @ubbﬂjngm@pmddoareslsmg
move TR o 1 R bl AR BBuPhRHAE gl e

the batbelates, wﬂaﬁtrﬂﬂe baibs had S¢dnfiguriior FBMprisihg WG/ st bdsb Sizes.
: V\genlntlssue in an opposite direction fromthe

2-eLhs Rasbsdsufie @pcording t%%law p hohereintes arbs ar sonfigused in at

Ny N Y R e

-58 ’Hm’haﬂ@dd Sutwge beronding to ceipt hi \Ahmrfﬁn thecsutiat hsomacﬁe ﬂrdsm a
e, di er. range

materigicHicte Tyt “%ét&%o?%ségé ¢h ¢ bip-abSerkpble aggter %—%h%e&b@blc

matenﬁihgnd@ﬁﬁlﬁngfonfslﬂﬁ:raﬁrb cut length to the suture
di anet er ranges from about 0.2 to about 2, and (iv) a

b3 SThelharbrdsutime aconrding to tlaim 5aitwheredf theHsoahsdybahie material is

d f b
selecufl FARIEAb LTRSS BB T AP v
polycapfolaﬂ:!brﬁﬁhndctcﬁﬁﬂﬁatuﬁ@ﬂi&r@ﬂt ure conprisi ng (a) an

elon ated body having a first end, a second end and a
%%9 ageopiing tr qlaiin B, whgain thepionjabseibable faterial is

selectell lz)g?eg%% L&faér‘clglg?gfti of :?ﬁtl) e} ) rﬁetﬁi' Q?r%gdlgﬁ?ﬁ al?%j;i%oer and

combmatlgn&rmpraoﬁ an opposi te d| rect| on fromthe directi on in
[ arb faces, wherein_the barb have (1))
#&r gﬂh“u gecg *lcﬁﬂ‘ij‘f%g oSl éio‘tﬁ]i‘crilﬂd SD%YE‘EF‘&tIS i‘@e"ted from
argr c he
the ghéPp (ddn)slsﬁné’ & CYlolahld) \r’;g&é@str i g%(ﬁﬂn;apgl%]né Bgﬁﬁféthane,

cut” depth to the suture di'a abo
polytetgilugroeth ydansupolgetbor-gsidri %)nda;omshutatmm i:l'iemmgi h where the

B Sl et 6300 00 P56y BB iSbosion on
the bodli sdlafdefrafiethe gidip Edlkisng of atsﬂa% E&@ﬂbh%ié titidh S Q«E’ﬁ?cﬁtctnulhple

the suture di aneter ranges from about 1 to about 6,
spiral glﬁgosety)n aan overlapping dlsposmon a random disposition, and combinations

thereof.

58. A barbed suture for connecting human or animal tissue, said suture compriéi_ng

" (a) an clongated body having a first end, a éec_onc_l end and a diameter and (b) a plurality of

30

barbs projecting from the body, each barb facing in a direction and being adapted for resisting

movement of the suture, when in tissue, in an opposite direction from the direction in which

 the barb faces; wherein the barbs have (i) a barb cut ) angle ranging from about 140° to about
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staggered di sposition. 15 60. A barbed suture foggMarch 2007
connecting human or animal tissue, said suture
Q (a) an el ongated body having a first. end,
Q"g@@&ﬁjﬁﬂend and a dianeter and (b) a plurali tP§T6f52003"03"664
barbs projecting fromthe body, each barb facing in a

-~ direction and being adapted for resisting novenent of
the suture, when in tissue,-3n an opposite direction

fromthe direction in which the barb faces, wherein
175% fi9 adutpeutiriepth whyreahbratio of the Barbngl deptiatgihe gufueodiumeter ranges

tron e 05 o o R vk cwdpne S oo pE s bartorisiensth to

the sheiRe @S mbH: '
°9 gﬁ%t h meg?gﬁétéﬁgfo rngf Q%tg)g ?%H%tﬁb&g (é‘h d%arﬁ °B?&‘ ahtd where the

ratmtorﬁ ﬁleémhmn distaneetie ﬂlersahlg@élampt@ma@gw&om zibouti) hbwatiou6.
l%’ag%ebd Li_g st ance.. E‘F the ratio of the barb
2, Stire tof oG EE Bk Dlpnifah disies Fi s gomprising

" (a) aﬁ) elbngﬁe@béﬂli hfvin@ Tacfuét\/énd?a s&d@n&tenﬁ 4hd 'H‘Jh'éin@ie? faﬁc@ Elaf)%! plurality of

di sposition with a spir angl e a rangi ng
barbsprgigeting fremdhe hedy, 2501’212?1']3 @PlﬂgAﬂ Balitoetiorsand ireang alapted for resisting

movErHe 6F fhle '%ghﬂ%’r(?ﬂ' ofn éT%% %& o%g gi}e H%%%qd{als (t:n%llrtﬁg liregtign in which

conprisin
the barbfm,rwhaaﬁ thd Hanbs ﬁa #Barip 8t § dhgldrdle d{gé}‘rdrﬁ ¥ib&ft 140° to about
arbs projecting fromthe body, each barb facing in a

175°dﬁub abesborut sapthiyeharg thedrafie efithe barly estidepiing thervtersedismerér ranges

t te dj t
o LR ) B ORI e B o
the sithe diandiSr RaYes frbth Aol 1 Atddt 2NGLV P bABL WP Aistne hgre the ratio

about 140 to about 175, (ii) a barb cut depth
of the harbyoyt distapee i dhepaprtprediameternrangesofromeatsut Orletodibanes,camd (v) a
tgéx%ﬂ m about 0.05 to about -0.6, (iii) a barb cut
Slage %EOSI %ﬂr)etheratlo of the barb cut length to 30

I\/@c A Dabed sWird Godénaedtig HgEnUS200R408006 4said ﬁﬁuﬂéh&%mpnsmg

ur ter ra es from about 0.2 to about
(@) ansely %ﬁagedg‘iﬂ Yohaving.a SryieBia 95end grd and éfd"tfh@elb%n%(bé grplarality of
barbs rFERAE SrdrR tﬂeﬁﬁ)d?uéééﬁ Bafl f%fﬁ fla Bi@&g g{n% t%(gfojf Jesisting
spos

to about 6, and an over appl ng
movemnwcth@ sreturee whon io dissvecini amgoﬁpumdmmmnlffmh tHel dimaﬂon in which

oM B AL RS 17
115 B B, B B L0 R AU OOy bt g

from atest 805 g abowkbeg(i) obarb ket BhgtineherdiR ratit of itkSHRb cliflength to

osite direction fromthe direction in which the
the suffte (faefes sanggs draim bR 02 Uik ayE) @ I)arh cpfoia i e it

o st g1 O RAR A8 s R AT o 0 o 5

twist euy muHepls spiraledidpasitbirewith arpirality Gnigteomraiging fFAnDEbdud 5° to about
about 0.6, (iii) a barb cut length where the ratio of

_ 25 the barb cut length to the suture dianmeter ranges

fﬁg;ne afp%géc} gutaré for %Qﬁﬁgcugg bt of AR tﬁ’-‘.lsjige Ut ange 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 the barbs have (@a barb cut 0 angle ranging from about 140° to about
175°, (i) a barb cut depth where the ratio of the Barb cut depth to the suture diameter ranges

from about 0.05 to about 0.6, (iii) a barb cut length where the ratio of the barb cut length to
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of the barb cut distance to the suture dianmeter namnEsh 2007
fromabout 0.1 to about 6, and (v) a random

di sposition. 15
WO -2004/030704 PCT/US2003/030664

-54-

the suture diameter ranges from about 0.2 to about 2, (iv) a barb cut distance where the ratio
of the barb cut distance to the suture diameter ranges from about 0.1 to about 6, and (v) an
overlapping disposition.

62. A barbed soture 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 the barbs have (i) a barb cut 8 angle ranging from about 140° to about
175°, (ii) a barb cut depth where the ratio of the barb cut depth to the suture diameter ranges
from about 0.05 to about 0.6, (jii) a barb cut Iength where the ratio of the barb cut length to
the suture diamneter ranges from about 0.2 to about 2, (iv) a barb cut distance where the ratio
of the barb cﬁt distance to the suture diameter ranges from about 0.1 to about 6, and (V) a

random disposition.




