-1- BARB CONFI GURATI ONS FOR BARBED SUTURES TECHNI CAL FI ELD Thi s
invention relates, in general, to a barbed suture useful for connecting
bodily 5 tissue in various surgical contexts, and nore particularly, to
the optimntion of the disposition and/or configuration of the barbs on
such barbed sutures. BACKGROUND OF THE | NVENTI ON Various surgica
met hods enpl oyi ng sutures have been usél in the:past for closing or

bi ndi ng toget her wou Qﬁgﬁgggnag skin, nuscl es,
t endons, internal orggﬁ@é ?@@@ggtgiggéﬁﬁgﬁﬁﬁfﬂgﬂilke. Mor e
specrflcally, the surgeon may use a surgical needle wwth an attached
conventional suture (which can filament or can be a
multi-filament) to piene the tigﬁﬁgﬂgﬂ?@h2§iﬁﬁ£ on opposing faces of the
wound and t hus TsyintdatonRlaeg, ialpared, meﬂJ&&mﬁd&%s&iﬂlfBﬂbdnﬁecﬁﬁgi)&ﬂ@t al or

surgical, loop stitchi ng IS the thod 15 en used, especially for

surface woRiefsn Vevigns Sure) Yem%@%ﬁmf’ﬁef@ﬁds of the
suture aredﬁpo@i@onhﬁ&br@@ﬂﬁgﬁrdﬁbﬁbfﬁébﬁ@éﬁsdchb%e&m&and throws to forma
knot . As is well known, conventional sutures can be of non-absorbabl e
material such as .silk, nylon, polyester, polypropylene, or cotton, or can
be of bi o-absorbabl e mtergmm(ﬁmmwol yners and

copolymers or lactic acid polyners and copol yners. 20Si nce the tine of
thei r concept i OffHOBAEER! Beth QU ftupshaye brep apad fn g pastforslgsing or

mat eri g S WadALRYSR wWoRRls 1§Hﬁﬁ£rﬁ&mﬂ§x¥ﬁséﬁfefsﬁém SRHNREQUS, @%@gﬁ@&gﬁagver

cl osi ng wounds” wrth _conventional sutures. A barbed-suture in

~ el ongat ed BEHy: NEF%S: %VWr@d%HWSMMF%;WM%Mmﬁ t he
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passage of the barbed suture in one d| rect
movenent Fmuldilgpgmbide pistee thedissye althmatshymsippesing facssiof the wolihdiand thissewaii n

advant age Ndles U aE:h%m
attribute tQéA‘gE%{ di n%‘?ymb ﬁgg&g@?ﬁges 0 ng%/d“% 1‘?‘%%tcﬂ%g {%bﬁw ke
conventsi ommmrw@mmm |'B1¢amminn0él,emhemmdvalmdrﬂem be

inserted i anc U. S. Patent
No. 3,123, 68%@ to A#%a%h@ @’Fl egl] g‘% tg nga gn cor t‘evvl ng human
fl esh, where tHe:&wltﬂuhm,@nb@ﬂyn.peummsnarammbm»oﬂﬂgbuhmssdchﬁsnt bat hs

projectin t t ute an es relati od e bar bed
sut ure ca% e?@gﬁoﬁ{%ﬂ#@g PO ?er%fﬁ?'%&g@?ﬂ?&\éﬁl& Hovement
in the oprgb&pheamﬁprﬂpnemmdcopﬂymersoriac&lidﬂpcﬁymeﬂshld)wpblgnﬂtssposed ina
'-dir ctional arr al so_cal bl e d sutuyres,. amshown in
I‘~7'§tent Nosmge EE’F’G %%“%MP‘XE% e’%{ Ziihef‘&'f'cto Ruf f .
I\/br e par t incattrials| ay poﬂvbﬁm&altsumhme bfiered nfuﬁabwdmd o Clogifg welndshe
suture for_.about hal he sujure | engt rbs acj n n the opposite
di rection"f “Fﬂi@i%{“ﬁ%% &‘H[’%jf W@t@%hﬁmﬁ&rm@r t he
sut ur e | eggichd bakhs, whith Wm&h@ﬁd@w&ealohg&mo&ﬂeﬁmemab%&é ane
direction as a&a}&ch ses ctlve suture end is inhserted into the first and

second si G&&R dhe Prrbedispiugs ip Sas firgeliey Bepugh tissug Sutgstiston| y ar e

especizal | mowhé:alameb%ecpéuaﬁe AGhY\ERHRSIE: dibektiort GRS, Y 1BA8 s RnBEPaf rild.an. but
al so obviate the need to secure suture ends toget ‘her with knotted | oops.

100F i nt eFEWes as heen (e pmwision of 2 spreslivpiibhie. Aﬁﬁﬂ almwwlqcsdwoms A to
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PCT/ RU99/ 00263, (publ i shed as WD 00/ 51658 on Septe er 8, 2 00 pr| orlty
to RU 99158Y3boinsgpeddnio tssug yging 2 suxgirdlmeediows coni cal bar bs arranged

sequential ly ETANN patel éféﬁlg :‘S‘% E%Eﬂ t| on
opposite to tﬁig%} of ﬁy?hreaﬁﬁégﬁ%?lgz?ﬁp tE& taﬁice et Okgfr:l barbs IS
bei ng3hot sevanghumasflesh, svhese;thascard hastarhod v glontion awst sherp-edged, resilisatcbadis i nt er est

Id:vrucg thg}ofda&n%g%?%%?&ré&gg%% Tr%am)a-ﬂg q[b)[%%i@ &.{'ure o ord&ﬁ%%gl glnose a

wound. Theespassdhropgivtisserdin cpedinstion butssista movesot irothe pprositvdiregtian. bar bed
suture, and preferably also has a handle to facilitate mani pul ati on of the
device.by the surgeon. The insertion device is recommended 20 for use with
a barbed suture where the suture portion being inserted includes barbs
facing a direction opposed to the direction of insertion. Such sutures

wi th barbs opposing the direction of insertion are also shown in '376 to
Ruf f . The disclosures of all patents and patent applications

menti oned here are incorporated by reference. 25Escarpnent of barbs into a
nonofi |l ament, depending on the barb cut depth, reduces the straight pul
tensile strength since the effective suture dianeter is decreased.

However, the straight pull tensile strength of a barbed suture should be




10 The latter is particularly beneficial for pronoting wound healing.

Al so, such new barbed sutures should approximate tissue quickly with
appropriate tension, alleviate distortion of tissue, and help to mnim ze
scarring, due to the self-retaining benefits inparted by the barbs. The
new barbed sutures would be especially useful in surgeries where
mnimzation of scarring is inperative, such as cosnetic surgery, as well
as 15 in surgeries where space is |imted, such as endoscopic surgery or

m crosurgery. SUWMARY OF THE | NVENTI ON Accordingly, the present invention
provi des a barbed suture for connecting2human or aninmal tissue. The barbed
suture conprises an el ongated body having a first end and a 20 second end.
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For the st eeﬁ g'sposi ion, the tw st.cut ltiple spiral disposition,
and/ or thetﬂ%ver app#oﬁﬁsa?cgwgmv%ﬁ?uu?ﬁgagﬂsﬁg%?tg?gmbg’dfsa‘iﬂn § rd .
only one ofounde Stdhibétiranidng babadisunesnot Shlyarawapicily yuitd-Rerobabdgd suture

may have at |least. a.first portion and secon ortion, where the baths of
the first ‘%)% W%%ﬁ%ﬁ%&?Pé’%ﬂ@oPgmg‘@ﬁquﬁﬁ?%sof t he

.second 30 tpgetier with Aictefl fovipnlg t oward t he second end. Al so, in an

alterngtive e diment,_the ent. inventi,on_provides a barbed suture for
connect'i ng hu%‘%ﬁ%ﬁé@’j@,mwa@%@-é’@éﬁﬁ?ﬁé& an el ongat ed
body havi rigisnanidde andfmmcan%wmd@ema@rmMgdeﬁw@ﬁsﬁtmﬁme

conpri ses a@lﬁg@@alw (&é %gr %égrojnecti ng fromthe_body. Each barb is
adapt ed f dP¥ 135 | ng 169 o Septpmbers 2AN0)ps0EkeA RU S91E3732(MamhBure is in
tissue, i rnopfewsich s esnitddhirbh m&g@@%ﬁ&&&iﬁﬂbﬁ%&%@:ﬁ%ﬂ%&&%&m ch that
barb faces.. The suture further conprises the barbs having a configuration
sel ect ed fPSHPGINZdECcIonOPRRRIF & thatyf the theadtepsienywith the distange besgreerdarhso  about

175 deg@r e@gingdotlass fhabUls sl hdall dAndett] O Of cut depth to suture diameter
rangi ng fromabout 0.05 to about 0.6, a barb cut length with a ratio of

cut |ength to Sroaf@temshitdl-8rPaanbip 342 FhteBuil Tis patens shivensn igsertinbar b
cut di st age@cd¥hitis @seﬁ@fdrggﬁﬁo {ih a%ﬂrﬁ&%’ﬂﬁ@e iher&P{o%&eQ'v?o%E%efher B9 from

about 0.1 to about 6, a Corrugate nder si de, an arcuate base, varying

si zes, or devierdanatubylasbedyderwsecivinp Fbarbedeitirovand preferabipuilsd ise hspdleml
di sposi t1 @faiithd GraRBhI G of dhe eSicP 5gwsﬂmegn. AR iffbeiidh ragﬁbetéé r&o&%%h&gr anging
egr eés. of apprng

from about 5 degre s to about € over
di spogPt i &o1us¢ with 3 barbedrauturdiwhens thel setist partvn beitjgdnserted inclatis tarbs fatinppos ed

wh ther. Dyt nt of the barbs, th
)

escar ped idimcgion hiinsedjwi agkealgsf shawo it 8976 1bRefflj acent barb (i.e., the

over | apped barf),, i 0 . ce art qf the topsi of t.he over| apped
barb becones p'g‘%etd'%jf?’g?x%eo u@c?ggg‘ﬁégd B?’W‘ﬁgpqﬁ%‘ff?m ?ﬂfggﬁieﬁm %W?W‘Ln.
Thus, wi thytelfieeree.er| appi ng di sposition, the barb cut distance between the
over | gppi ng barh and .t verl apped.,bar b be shorter than the barb cut
| engt %Pof ove%%‘@ﬁ“@gggﬁﬂm&?%&%‘m : é’Hg?"aH B Resessut ur es,
the barb thaitraispald casikatremeh sinvxhbalfiSivesinlie damelr Bibcrb 888t Howedidr,| N Stil |
anot her epbodi.nent.. th resenf invention prqvides a barbed suture for
connect i n{g‘gm%f’w r?&?“ﬂgws%‘mﬁhﬂgﬁbﬁwwtamwmedl e,
wher et hepullostieigtR bf DEoneETIRNA SBEIA(a Ad4%-BEYediiil)en AlcbRERARIWIOMA TR cal

needl e. 'g@e syture conprises_a plurality of barbs projecting froman

el ongat e %‘Bﬁtfhm\%’ﬁ@ﬁ sipge; faiture glcopkentignal setares (keh hava g bajmotied andadapt ed
for egablimdg nicben kit khét puB $énSite Wositrdai&s Sk P, T SSue,
25 in the directiqgn that ,is?ﬁgpposi{ﬁgﬁ romltuﬁe di rectio%%ﬁmﬁﬁgﬁ&t hat barb
faces. TH® fT%%e surgical needle dianeter to the suture dianeter
preferably is about 3:1 or less. Suitably, any of the inventive bathed
sutures descri bed here nay be attached to a surgical needle. BRIEF

DESCRI PTI ON OF THE DRAW NGS 30FIGURE | A is a side view of one enbodi nent
of the present invention, show ng a bathed suture with barbs disposed in a
180 degree staggered spacing; FIGURE IB is a sectional view along |ine 1B
- 1B of the barbed suture in Figure IA, -5-




FIGURE 2A is a side view of another enbodi nent of the present invention,
showi ng a barbed suture that is bi-directional with barbs disposed in a
180 degree staggered spacing; FIGURE 2B is a sectional view along |ine 2B
- 2B of the barbed suture in Hgure 2A; FIGURE 3A is a side view of another
enbodi mrent of the present invention, showng 5 a barbed suture w th barbs
di sposed in a 120 degree staggered spacing; FIGURE 3B is a sectional view
along line 3B - 3B of the barbed suture in Figare 3A; FIGJRE 4A is a side
vi ew of anot her enbodi ment of the present invention, show ng a barbed
suture that is bi-directional with barhg. disposed in a 120 degree
staggered spacing; FIGURE 4B is a sectional view along |ine 4B - 4B of the
bat hed suture im@mmhdﬁeﬁdﬁa&b&mﬁé&du&n@n&édﬂaﬁﬁ cBRGdener

enbodi ment _of . ta} resent ntion a bat hed suture wth barbs

di sposed i &g F?'EY Icgtg‘é*er %‘%B‘E Yariyept lenpthy jrmrb G distange,

sect i onal msm&bﬂh’@phmalen‘ﬁ%emelﬁlafﬂfcbhhﬁ mﬁmﬂltﬁi&hlﬁl?ehﬁbnféﬂb'{eﬁmﬁp‘
FIGQURE 6A is a,sid fl'\é?tgsw of .an to(ﬁ%r embodi nent of the present I nvention,
showi ng a HEPERSLE U Ut Lsonovil eakanphepbilify oha bapedsugire ipdwiding n a
twi st csit asadrhiifhRingWdbad edes RRShdr UMikELSMVER alnsi,eW al ong
line 6B - 6B of the barbed suture in Figure GX%E?%J%E%%#’S a sectional

si de view YB’&P%’EH‘%M“%P@MM“&PF@@W dn@gtbmqmasmm sposed
I n a tw stiefisth d¥eh bt @F@,h
Fi gure 6A, b%tii |Iluse?irygat1§%l‘?%'eg%hen ar Qgée‘f:l%ﬁs W%W |s t

secti onal ©f Barbyshewid therefore furthen insteaserth ﬁ@ﬂmmofmmewm&mmm cl arrped
to align tmm,%sﬂ,;&g fg‘ §{‘ bat hs;
FIGURE 8 is a side vi eﬁﬁ%@?ﬁg%‘lgﬁ%ﬁ%ﬁh&% 0 %g(‘i%? O%ﬁ(rilv ‘i on,
showi n¢f a sqgrtieplarly bensfipiak fax promoting wouhdrrealingposi t | on FI GURE 9 i s a

sectional si d e M’sda Wiched %%Q@ﬁungrgﬁglghﬂ%%lﬁg t‘nalt.eq:'sSLB gqé'f&i(} w1h1na\é§$ci[pl Otg .

showi ng a bar bed suture havi ng a cor
under si de; teps delmoseﬁﬁssmwdrp@@pmutmmcmgvmmmeselﬁmﬁzdmgmnt of

the presententdly ag%@b ‘Qﬁféi a arb th an

ar cuat e base; E%J 10%9?%91'8%(: o ona ti%%'%gp 3@8%8%“8‘?[? 5’thed suture
in Figure @mnwwhmmammglsimmsmtmc suigesy, & wellas! i ne
10C - C; | . L 30F]. cross-sectional view along |ine
10D - ODlg%mE%%grR@e%%ﬁ?ce% hgjengsgcé’glﬁw O PYEOHFEW - of  anot her
enbodi nent of the present inventlon, showi ng a barbed suture wth barbs of
various sizes; -6-- A i | perspective view of
anot her enbodi ment of the p‘? S ﬁ%‘tm&oﬁ\?‘%ﬂ%g a barbed suture with
barbs in an ov@cbw&pglgghdpﬁmsinwmﬁ provideRibdB8A sufrdfoP 86mRSiSla hufay beW Oof a

portion of_ t 5 veng barbs of the suture of Figure 12A; 5FI GURE 12 C
is a plan®™ 5 YA Spmptises an glonga haiz H sre 289p | s a side

vi ew adoongedohmendmwmﬁﬂmﬁrcﬁhﬂﬂf@miﬁﬁes Mxtyofbﬂs?% ngdfom #eB  13C,
and 13D show var S needl es, where a barbed suture is attached
to each s &P& C]gq hﬁ@% aglg&eg ﬁ}r ena%ﬁng the barbed suture to resist movement, when in
' tissue, in the direction that is opposite from the direction in which that barb faces. The
barbed suture further comprises the barbs being disposed on the body in & disposition selected
from a staggered disposition, a twist cut multiple spiral disposition, an overiapping
25  disposition, a random disposition, or combinations thereof. _

For the staggered disposition, the twist cut multiple spiral disposition, andfor the
overiapping disposition, the barbs may all be facing toward only one of the first and second
ends. Aliemnatively, the barbed suture may have at least a first portion and a second portion,
where the barbs of the first portion are facing toward the first end and the barbs of the second

30  portion are facing toward the second end.

Also, in an alternative embodiment, the present invention provides a barbed suture for

connecting hurnan or animal tissue, where the suture coméﬁscs an elongated body having a

()




10DESCRI PTI ON As used here, the term "wound" neans a surgi cal

i ncision, cut, laceration, severed tissue or accidental wound in human or
ani mal skin or other human or animal bodily tissue, or other condition in
a human or ani mal where suturing, stapling, or the use of another tissue
connecting device may be required. 15AI so as used here, the term"tissue"
i ncludes, but is not limted to, tissues such as skin, fat, fascia, bone,
nmuscl e, organs, nerves, or blood vessels, or fibrous tissues such as
tendons or |iganents. Mreover, the term"polyner"” as used here generally
i ncludes, but is not limted to, honmopolkyners, copolyners (such as bl ock,
graft, randon1and alternating copolyners), 20 terpolyners, et cetera, and
bl ends andﬁmmcfﬁlidaﬁma@enméﬁneﬁunﬁmthmeommaplhmht}arfmmbppin)ﬁ&ﬁﬁgﬁahal I

i ncl ude al Q erlal These str res |nclude
but are no?’%ﬁf’t%ﬂ’%ﬂ%@gﬁfl g&abmgglmﬁ ¥ fesist,pgv Wﬁ‘d&' @‘

Althoijgh t hretissug, trthesdivecko: njh&dsoﬁqmdi' tdfmd»m\thcldneml opﬁxeﬁrhfch&ﬂtmﬁiml 13 vmth a
circul ar cr ss sectlon res co al so have n i rcul ar cross
sect i onal AVt GompHisgs gﬁ:“z‘?:ag?%’é"a "?‘ﬁ%‘“’é’ﬂ E"éedaf?%agﬁ cypegle B at e the
f or mat i on mmgmmzmm%mzmhb%em B dYakis'Gfout UL are
not limte oval, triangle, square aral | el epi ped ezoi d

r honboi d, g“éﬂﬁ?ﬁ’g‘t} dipmetes saneing fpm gF&PbPWé)q’lalbéfh"W]ﬁP@gmtba%r bs are
cut into aofk ucsu&twlaaﬁ%rfaﬂgh ﬂéﬁzd&@-& 4@%@@2%&&&&9&&9&%5‘9 a

die with a cwg ar cross section, and thus, the cross section of the

filament wiaRP ohet disianqste sutums dianetir rangmg {EEm phowt .1 & abgutd, o congasted h

extrusi on. m’rdéwednanﬁéﬁe%hh%l %ﬂg@ﬁe&aﬁc&ﬁn&uéﬁ de with any desired
cross-secti onal shape -7- Hence, the term "di ameter" as used here

i s int&hded to Feg dbe byiet ‘E‘I"a‘ﬁ@lﬁélcs@mabﬁﬁwﬁl@ thee basbesk sutere cureforablyr bagaa dl ess

of whet her oAy & rﬁ%&%‘f&&h& H%L@ ts%n& Ql Eer shape.
Sui t abl e d| ane ersélfgor t |nver(11t9|5v sutures des€ribed bel ow may range
from about 0. 0Gpr thenoveniapping disposithon, dh dk ulbantdhﬁsﬁ , ledsh ewaliadjwedne rbarba yarb e

from about g rom ab 0..015 t o.about, 0.8
nm The typlicai gl arr%‘?eb a’%gtgeég rg%nmbg rﬂtlﬂf %‘ﬁog{%’n CHADRNE e

| engt h of ereatedsby arberbcém \thar;avedbppngmag:)dnmgeasarrﬁd Iha:cthermpﬁdwﬁ adtiehe
cl osed, ..the type.of tissue _to be

I th h d
j gln%ed 5an éd?{coca {11 ?I?e ot tb ?fgar{dh%" Pp- kge“c’?’yB%/rng they, fapsige |of 1R hs
range f romvatlappbd &arb:hemmeapmjﬁ tBé)unrl&mmmaw‘éﬂI@pin@rbhﬂs fdadonbDitls, witiem t o

o0t n P chGHaod S0P OBED TR oo GRS i g ¢

t he sut ur eoviedspped bd:emaybemmeﬂﬁnﬁfemwmla@atofawiagﬁéd%e&n%m WRERRCt tO
each ot her, \/\/nergcﬁJ g ill’St et i.s aIJ ned [ongitudinally on the suture

and the sdBgrFa %WW%W"(W@W@PQM’EBH%I ane
per pergi cul ar H:Dsﬁ}h%naﬂéruérﬁb@mﬂexﬁ,uiﬂd ?@séﬁf HNRMEInS BloVidkd = Obiikat Bfeurs YEU

and intersectin ghe base of a_barb o e first set 15 wll not |nt ersect

the base &PR¥Ee oti*ﬁﬂu%é% combinatigye Wil r b Susgical aeqdls, rwhare Itee
exterior s;uﬁ,i,aﬁ@m%mb Wathed sr@RYanadh rsﬁmgé
H&és% o & leé] nd2f0°TY bar bs ﬁ ggfaf erent

Dependi ng on the_ intended end use of the barbed suture,
si zes may PHEalEyef B%apmwﬁ%ﬁemam clppgagedrbody hwng pdirshomd aod et sebind dndr

j 0i Ni NG CeabiRbdih dffiedfor bhbAHES tRUaRrdD rfzﬁgtf]% ré@%ﬁ@ﬁmﬁﬁéémg{h&%ﬂ% the

ot her hand, smaller ‘barbs are hom suitab ] oI ni ng ot her types of
ti ssuesd smeﬂlempm@mmeérqm e direction in owhisd this bat, fatrar Fbe riotofithes may

be nade f MR- 88 BnRRE '?nﬂ-é%ﬁﬂn I“%Ei R I sutur es.
My part|cuflilla% chosen nat er&{izglél or t e&%rr € ‘g Et;urgyg’epenegésjl %&ﬁ

st rengt h ghtheinventivsbrbeg sutargs desonedticre idyrbe agiashed fd cargisal ndzdiebed sut ures
may be formed from a bio-absorbable material that 25 aliows the suture to

degrade and thus to be absorbed over tine into the tissue as the wound
heal s. Generally, bio- MEWWNQETHMMWH@S c, and dependi ng on

the pagticul ar the eqra ontlrremthe wound ranges
from g@out :nth {o ngslgc%?&e‘ irTBE ] m%?ﬁgw %Wﬁ“&%ﬂ%é‘lﬁ‘@n%t erials
el i m nat ebarbd:tBuneaz:Mbm’gs dl&paseim\ﬂlsgdegeeaagguxb&spafcﬁ@m the patient.

pol vl | oxanond TCURE ol &Rk it ectee, thof e oot bl idbien b
copol yners thereof. Commercially avail abl e exanpl es are pol ydi oxanone
(sold as PDS I, a trade nane used by Ethicon for




-8- selling surgical sutures), copolyner of about 67% gl ycolide and about
33% trinmethyl ene carbonate (sold as MAXON(r), a trademark registered to
Anerican Cyanam d for surgical sutures), and copol ynmer of about 75%

gl ycol i de and about 25% caprol actone (sold as MONOCRYL(r), a trademark
regi stered to Johnson & Johnson for sutures and suture 5 needl es). Barbed
sutures made from such bi o-absorbable materials are useful in a w de range
of applications. Additionally, barbed sutures may be forned froma
non- absor babl e material, which nay be a pol yner. Such polyners incl ude,

but are not limted to, polypropylene, polyam de (al so known as nyl on),

pol yester (such as polyethylene terephthlate, abbreviated here as 10 PET),

pol ytetrafl uor dHGURMw(a%!&M@Son&MMo@i&leﬂﬁtﬁﬁ ' Mo Bfdwing

?lsog(r:ﬁvggt gdP ﬁi @rfeetsan ﬁ%nd ég{ % Core as I%?E EX0), polyet t;qej;g-;ester
di met hyl t er eplIGURERB @Q's&&ﬁ%ﬁﬂ&iﬁﬁﬁbﬂg@ﬁ@&%oﬁhyﬁﬂwﬁﬁﬂe&ﬁi@fgﬁedi ol ,
and which is mspﬁﬁg@ﬁ y Davi s & CGeck and by U. S Surgl cal, conpani es
owned by Tyco, j“f"h‘é SRS ARgtherembogigment pfitae presentiavention  shosapss t er ed

to Aners cambe&d@ﬁwm%&egam;ﬁalu@aeg%%)ggﬂatsﬁahgur et hane.
Al ternatively, .the non-absorbable material %ﬁ?e metal (e.g., steel),

metal . al | oys, rapHREI3Eris pépctippal yiew algngline 3Bt f@b@@ﬂéﬂ@emm% li ke.
Most of the b h
st of the batiGURBUAUE §3idvRGHT RGN suf‘?u cﬁ{e‘énst?l‘lﬁy ‘%@“‘P’r ﬁt eir

ends being pointed and formed of a materi al | ow
for piercihipreeds mmatﬂsblmmmﬂmwmwdumlmmgmm
sutures may commm@yt&usﬂwe%ﬁunghntagn or it A AhIR Fighlig at hed
suture is adapted for attachnment, suc y swagl ng, chann or app| ng,
heat sHtinki ngFIGYREj4|isa Sﬁhm&mfn@m@ﬂmtgmfﬂwlpmwdmmﬁmt stiowiigy t i on

into tiSSUfparped @Hﬂ@%u I Lhed and is
typically acco ) t:Hg eIl y In e%télu?té\ﬁtqht%t stmg%%ﬁ%ﬂ The sur gi cal
needl e hol e t hFIGYRE 5Brigj sagtonad viey amngﬁus.*éﬁ af the: tertetd sbtutc e Figure Giac al

needl e (usual l | n di_nal | 0 gne.end of
t he needl e), ??ﬁﬁg%gagﬁggﬁ%f%%ﬁ@?@g‘ﬁﬁé% %/nvteﬂnté ErSRATE hol e
so that tt@@nﬂwtg&tltb&tgéuMmdmﬁ@aﬁlsmpcmﬂlmmﬂdkteun‘mu]nplasﬁrﬂl| on into
tissuex cﬁs?, é&ge surgical needles with a longitudinal hole in one end
are heat shrin | e tubes that are heat shrunk after insertion of the

suture in ot heFIGUREGBachsdctienss viewmlng &ind 6B — ﬁBk@lﬂfb&imﬁM@dﬁﬁmﬁ@&b%ﬁQna' ly,

some sur gi cal have h at e nd the suture
SO T e e MR 2ARRY SecBor A Viw B p birBtings, vaukb s B-dire! Fe e
sur gi cal rbetbslﬂxspos&‘nutngl et cinanaltipis spifal hts@smﬂmaﬂabem&dﬁméﬂmwsﬁtpf hol e
transverse)l‘;r/‘Jia . sed |n one end of the surgical needle coul d al so be 4

used, but “6’ b'f%q‘ ¥&4%%har bed sutures. For the present invention,

part ab the dlBE}IMEBxﬁﬁé%bﬂﬁ&dﬁewa@ﬂlusﬁdﬂ&ﬂh%éﬁ@%ﬁ%md Wi th
bar bed sutures §!|1 I@l’% | at ed that any ot er suitable neans of
attachi ng ﬁ@’@ﬁ‘?@ 180 thebarbg ent of the ggtdistinse batwesn theathses and

surgi cal needl BRBURE Qmmbﬁn%&arﬂﬁfdﬁﬁénthﬂheﬁe%im$&ﬂo§% ‘%ﬁhg

Pat ent No, 84, 063 to Korthoff, U S. Patent .7 5,102,418 to nger et
aL, 5 U. S“‘g‘r‘fi Wh barbg tnoa mgmdom disRQeitieBer et aI , U S. Patent No.

3,500, 991 to Demwpesd 1s%tse&ional sitiediew @Fﬁaﬁle%boémze%go é?\%&négﬂtégg&s

Patent No. 6,012,216 to Esteves et a., and U. S. Patent 48 t

Est evéd efhox{ing abaskadiues bavingacbarwith seqrmeated or ssrrptgil uedersidsed| es |s
described in UgGyrea it is noted
that the surgical negglpiga%ym%g%g% teeehtgﬁe%]%tggtl ng ?ﬂef’:ovfﬁtﬂtnL th

needl e ofWﬂ@@rﬁh@ﬂtﬁg\ﬁé’aﬁ@ﬁﬁ%@tﬁaﬂwibﬂbw@twmww bar bed suture to be
inserted '”toﬁlbiﬁéﬁeidﬁxtsgs&%ﬁaﬂt@{%&& Bfthfeb SHEIiL gée il e were not
coated. The coating nmay be a pol or 1 nstance, a Ry |c resin
coating. For &% 0Cain aicrrss-snptionad view abmp Zisel 16T GOC af FigeredOB; t hat

requi ges signi f ration than a

st andg(?d sili cIf)Inl zediO?ulfL’gl%?szoas% 9&%%2;.3'@5&0%%@%% F@g %ﬁ"%ﬁl geedifant No.

5,258, 013 toWﬂé‘dﬂzeasqmonalsfﬁheiebmfhmtharemdoﬁmedthe@mmmmm
arrange el d ture. . The barbs nmay be formed using any
sui tabl e %%% I ncP'lS}g%éng I Nj ec‘t%%arhmﬁﬁ’lzﬁ ng, stanping, cutting, |aser,
and the like. Wth regard to cutting, in general, polyneric threads or
filaments are purchased, and then the barbs are cut onto the filanment
body. The cutting may be manual, but that is |abor intensive and not cost
effective. 20A very suitable cutting machine is disclosed in U S. Patent
Application Serial No. 09/943,733 to Genova et al., assignors to Quill
Medical, filed August 31, 2001, the disclosure of which is incorporated by




Wth reference now to the draw ngs, where |like reference nunerals
desi gnate 30 corresponding or simlar elenents throughout the several
views, shown in Figure Ais a side view of a barbed suture according to

the present invention and generally designated at 1. -10- Suture 1
i ncludes el ongated body 2 that is generally circular in cross section and
that termnates in end 4. End 4 is illustrated in one enbodi nent as being

poi nted for penetrating tissue, but it is contenplated that end 4 may
conprise a surgical needle (not shown) for insertion into tissue. (The
other end is not shown.) Also, suture 1gincludes plurality of 5 closely
spaced barbs 7,9 arranged in a staggered um -directional disposition. Mre

speci fically, amcamdmammmmmwmﬁdf addther 3baiaeH ofQ PreschB0

degr ees fr?rm er. g ﬁnth re to axi.all, spaced barbs 9, with

barbs 7,9 faclng &P é‘fa‘b?"eﬂ diSRgsitipRie a pl ane t hat

i s substantial IMW%a%ﬁM?@wﬁb%ﬂ@pﬁﬂéﬂﬂQﬂcbﬁrﬁﬁﬁM% feufdfty S 9,

and consque#‘lg%dz‘gat hs 7,9 define substantially the sane one plane due to
Ia

the 10 rad ‘egree arrangenent. Figure 1B, which is a cross
sectional vi ewHm)mmmﬁdﬁanwéﬁopﬁle?&hﬁﬁsfﬁhﬂbsrhflﬁﬁg% A, more clearly

illustrates anghg;giggsl nely. the radial 180 degree arran énent of barbs 7

Wi th respect t lsﬁ‘%l?@%%l’é‘élglee# ?IIICB, the stippling

ilTustrates thafGURES!13Rat4B,430f aldaBBShdw 'vﬁncﬁls%cm %&Q?ﬁg}gﬁl (not
an ftar

shown in F'xgurg aﬁ% and thus, seens to be 15 | arger thar er away
first bath® s B‘%“’Q’a“' WF@W staggering. A transverse plane that is
per pendi cul ar to suture body 2 and that intersects the base of one barb 7
of barbs 7 does not intersect the base of any barb 9 of barbs 9.

Suture!® nmay be made with a cutti nBERGBEHON hat produces two sets of

barbs 7, 9, usugiuss RRE tRSbmPéwdmb? MBang s gurglcrﬁllt g&%@{;%q%ﬁa%glténopeval

g
suture 1, such as the cutting device 20 ove- ed
Serial No.5§% GAazidegtal weurtkin ot aimal Ekin ot otbexthunfan basdimalbotily tissegt ed by

I gl th t of
Dl adea w th e SnBfof ibdbihf an@iFRhert b, M, H00 4 BF ol PP e o
an angl e sPEctingdeyise sayde sedvireds 7 p0| nting in one di rectl on toward
poi ntegy end 4. A%%Qﬂ&dﬁﬁ%{’e ?J t&ﬁ[‘%ﬁu@ f[“%h‘ [eal, Ssg?q h‘E tleg éﬁg‘:‘%ﬁ‘? of f set ting

t he bl ades | ongi t udi nal to crea e st a Tt el y half
of the | orfin fi’élfﬁaps hﬂms,tra!nicb dugammet:,\mbhi;dbaqsﬁs o?ﬁaﬂﬂs fdsae sueiat i ng t he
suture fil <180 degrees on the vise, which is equipped to

acconmodat e |rst set of barbs 7 that are already cut. Shown in Figure 2A

:sksut u[e 10, WMvireoheri te serot* melymﬂ’msdmmmeh geﬁerm,e;tnarua@sfmtgr{wﬁm%@ anfl 11 S
i ke sut un i Tectiona ut ure I ncl udes
30 el ongat ggﬂ)%%gﬁ &ﬁggﬁgﬁ 3“2 "ﬁigﬁsetfl#r% 30, JHeANE.CopRlymETS)y ‘

El onga®ed tégmiymd;ﬁ, etmmmaﬁbbndsmnﬁlnﬁcﬁﬁﬁoaﬁtﬁmwdFﬁﬁieﬂh&g Ry 14, 16 for
penetrati g} IOl conterrp ted that_one or both ends 14, 16
My conpri AyRer |"?:cz§‘|l ﬁé‘é’&f‘*‘é d\{,ﬂ}enpaé?nql nERssE fasturesiesludecitie

Al so, sut mmoﬂmmtmbudﬁ&uplsyh&btam Qid:ﬁﬁdbﬁ?&y&hzﬁéiﬁ&ed bar bs 17 18, 19,20

arranged in a ered bi - d| rectjopal disposition.
speci fically, f‘ﬁ’% P’??“ éﬂ’&‘?e‘% Driese W?ﬂlﬁ‘?@nﬂﬁwﬁlalmldm anged
about 180cmecseenm, he m&m&m&%&ﬁ%ﬂ&%ﬂﬁﬁmg&ﬂ g@&?t&’, wgf axially

spaced_barbs 19 vvlth barbs 5 .17, 19 faci ngﬁ%m nt or a portion

(abouf® haFregie the surface ateq And fycilitate thedorpptionpfane harby. Othet arossiséctipnadf  axi al | y

spaced baﬂh@eshﬂayaﬁ@udeaﬂht%ﬁbtﬁﬁﬁ@@ﬂ:e&a?@ﬁg] e taggered
aced ba %Q%%P' g ba?%gﬂsw 20

wth respelﬁ urality of aX|aIIy sp

facing pofRmbgl %&?ﬂm@@‘ WS%MP%GM%M@W@HNM@IMmmm her hal f of
the | engt hoiyféricHiicen® thhfh Iﬂe&sfonﬁg.f H.p?[gnbas ilz:7) fl n Iane that is
substantlgt?ll y CO Ianar vﬁsh t he rfgx I ne %gnse(%rﬁ ar *of barbs
19, 20. Aecton, s, thg |crospgechion @qﬁm@:awmgemcmmnmwmmmsal ly the_

sanme e girb SuditéRmtstont an of fir t set of
barbs 17, lBEWIth resgergsovf&ggﬂsg%ong dgg%’fe&b%%tﬁ l%ﬁ%ﬁ%’ any- Bis a
Cross sec‘FF‘Eﬂi‘a]lSh%Reew along line 2B - 2B of suture 10 in Figure 2A nor e
clearly illustrating angle X, nanely the radial 180 degree arrangenent.
Due to the 15 staggering, first barb 17 of barbs 17 is closer to pointed
end 14 (not shown in Figure 2B), and thus, appears larger than farther
away first barb 19 of barbs 19, as is illustrated by the stippling. A
transverse plane that is perpendicular to suture body 12 and that
intersects the base of one barb 17 of barbs 17 does not intersect the base
of any bash 19 of barbs 19. Likew se, a transverse plane that is

per pendi cular to suture body 12 and that intersects the 20 base of one



Suture 10 may be nmade with the same cutting machine as suture |, such as
the cutting device described in the above-noted Serial No. 09/943,733 to
Genova et al., except with the follow ng change in blade direction. For
first set of bi-directional barbs 17, 18, after the suture filanment is
pl aced and held 25 in the vise, the blades splice wth a first cutting
action into approximately half of the length of the suture filanment to
create barbs 17 facing in one direction toward pointed end 14. Next, the
bl ades are rotated 180 degrees so that they are now di sposed in the
opposite direction and over the uncut hdtf of the length. The bl ades are
then allowed to splice into the other half of the | ength of the suture
filament with aHewsedhelteen'diameterd @s hagd hers iginteades! th aneps thedrahseveisagnith of he 30

opposi te dige@eds! %ﬁ&p\g%mch] ' &D@f ion i or ke, Bl ades am of f set
| ongi t udi nalel y (to cr'(_a e %ﬁé@f"g‘ﬁgg‘% ng Seggg%ltscﬁgﬁmﬁo?%%{’ e ngrtudi nal
di st ance bet weebritahls difmetess fos the Tyvestivg sutvses desveibslitelovemby raapefiom iaout ot at ed

it set SPOb R a80R an g ubidf s ne Mihhs by BIRLRAREY H 1 G RY O,

second §et 08fmhj ordioreaboidh@il5 rivatdabot00.8 26y, Tiecypits dexmessp ringes frvint dboat f i r st

cutting achi i nt ximatel v, hal.f the |length of the suture fil anent
to create Eg?ﬁlsnkg’oa%% acl n’gmr n%Sﬁ% ioggtet BT CONVAY SePAmeSR seyrepl fagtorsTy, o
first cutt such aateiogth ador St cftbdwndre bativig, hégpb bhgiete oo gikadthaal | y
180 degree o _that they ar w di sposed i.n the opposite directjon and
over the uncu onﬁ’gﬂ}ev%) g’ﬁgdﬁ'@:ﬂ%‘?h’gyﬂ%@%m&if@ﬁ W”%P‘I‘t(}ﬁb“’tah"“éplice
into the o$hen, shat partituladinefrdra abiun2 ofn thabons D2 ke fil ament with a second
cutting,action fo.create baths 19 facing in e opposite direction toward
poi nt ego end 14.'1Lheterms ng&ﬁdaﬂéfﬁw @WB‘S%P%WE leion todhrodisppsition of

Ei - di rﬁct i ?mwomremﬁamﬂdb@togﬁmigmﬂﬁfsu?wmmé&t Wdéats?,abaﬁs thdtarel 9 MRY .
ave them facjng towar inted end 16 and the portion o suture 10 wi t
bat hs. 15, 20 Ry R e A i G dmaly i pitge and

vari ati on, the Bofibécd BGIiEMdUSRIMERAIY dathd AREE 1Rla biRkOpependidBlattb i Bfire
insertion device, such zis t hat shown in the above-noted U S. Patent No.

5,342, 376 5 CH¥HPE trangyersety Sgiigh he supure andjptersgeting the basq of pcherty efdhe Myatses nay

be esca pedlilisot infect thebRe BBYbIB of O sd2Bhd 4e@Ns W th baths facing 15 one end
and one portion wth baths facing the other end, or two portions with

bat hs faci ng or@eAds BRIEct fom Hisexieaacsupipesolifhe sygirs bedyay Witieh the basks aand, and
S0 on ( not gisjasean int kb r ' - aclng.the
suture end t@g whi ¢ %ﬁs@qﬁ‘yﬁ %&d%rdggg%ﬁ %ﬁ%@ﬁgﬁfé ' tﬁﬁgpﬁfadcrl%ger‘bdn glﬁ%r e
woul d be iR esEtploxee oln geseralelarger barbyare moss suitable fhryoitiog cotairlgpesef age of a

bat hed sutyike Jdi&4 s Gf tiskBO | ] ing is
that the 160, degr%s?g?%s‘%?ﬂa@ﬁ‘ G P S, B bt ity SRR
di anet®r fipp typergofttissucssualyarofliagpnidapsedisss. anchori ng per f or mance.

Thus, in thin Li cat i r?zﬁs lde uture is sirabl e,
the staggered %&°%S@'§%@8?§%?ﬂ% es g’?ﬁé%‘i %avméné AN A
per f or mandeakinp popyantjonrdlpop suthieguAry Batticulieghoser thaiesialfosthd barbedswuné  anot her

enbodi nent 5 ing t.0 the present invention, and

gener al | ydggm g?\%@%g aigisad]?@%g{bg'& uture 30 is like suture 1 shown in
Fi gure 1A, excdpre speaificillyebarbel saturess maayi be ot fou 4bi6-aB&brbableiRferfle@brees

i nste of ees .as i S 0 for suture 1. . Vbr e rticularly,
sut ur 2£30 #l%\g%)ﬁlg%%[%l oﬁeg%?dg&n%gw%poé)f ng#equ YRR tl“?“ﬁ“?éﬁﬁ%?’"‘i“ﬁl Cross
section arkeals. NGenetadlynbic-abseebable nudirialsese Sulgnddt, b depertigiyl ail thdyghriiduis ue. | t
is contenplated sqo, that .end. 34 may, C rise a surgical needl e (not shown)
so t hat tﬁaﬂaﬂfﬁﬁ%ﬁ%@ﬂ%@}?ﬁmﬁﬁw@ﬁgﬁ Wt fapntis ipPVEL24n ot
shown. ) Adhinthis0TaE hse,of Bistabsa@blk: innehaldl@fmiphted @b hdcbssHl of fe@RRInY the shidees
spaced barbs 35, 37,39 arranged so that all face in the sane direction

t oward poi CBH¥™34. Hence, the disposition of barbs 35, 37,39 is

uni - dispect i onaW aridds iv-abasbatic SEIKEEE ifdRid Sous re AbBlirhidd 18 dolydxapged about
120 degrees fro E‘Hggi?'t 8gered Wi th respect to axially spaced barbs 37,

whi ch ar e PP dolyppueiactons. androgeizmers theswl aRempermipdsr ed wit h
respect t guakibia bkamsaaeesbiRasRson Isold BIBSS NaX ke i BREGeros are

al so arranged about 120 degrees from and staggered with respect to axially
spaced barbs 35. As a result of the radial 120 degree arrangenent, first
set of barbs 35 define substantially the sane one pl ane; second set of
barbs 37 define substantially another sane one plane; and third set of
barbs 39 define substantially still another same one plane. Thus, 10
suture 30 has barbs 35, 37,39 arranged in a staggered uni-directional 120
degree di sposition.




Figure 3B is a cross sectional view along line 3B - 3B of suture 30 in
Figure 3A and shows with nore particularity angle Y, nanely the radial 120
deno arrangenent of barbs 35 with respect to barbs 37, barbs 37 with
respect to barbs 39, and barbs 39 with respect to barbs 35. 15As
illustrated by the stippling, first barb 35 of barbs 35, because of the
staggering, is closer to pointed end 34 (not shown in Figure 3B), and

t hus, seens to be larger than farther away first barb 37 of barbs 37.

Al so, first barb 37 of baths 37, due to the staggering, is closer to

poi nted end 34 (not shown in Figure 3B)-8- and thus, seens to be l|larger than
even farther away first barb 39 of barbs 39. A transverse plane that is
per pendi cufdling syrgical sntered) cppolyMenefabat 62% giyralids amdeber88% ttihethplee of one
barb 35 of .har inter t 1 se of apy barb. 37 of  barbs
37. Likew se, %&t(gogﬁgs\?@ri‘gdﬁ ’aawg%nf%g%g‘?%e o Syanagud for el o gy 32
and t hat i stteesecakisopdipmdras bt 75% glybelide add abdut PF bspraidcréicGoldat | Nt er sect

per pond cuMSOGRE R, F ey e o e (hesnior SHESTIBE one barb

39 of bat hfcedRs) Bashel Qe iRASREH shdhbidAKBriable AAErAR R wiulh a2Add@hRs 35

Suture 30 rg’rtﬁ%)8 e made with the sanme cutting machine as suture |, suth as

the cuttin andes_cri bed in the above-noted Serial No. 09/943,733 to
Genova et al. TAgiGdsally, BEbERGINARCmEPL OWLASHRSn b RoiRENGSe IR, whks Of

barbs 35, 37, 39, usually one set at a tine, in a staggered position al ong

suture 30.™30PF # BAlymE: Sg¢h podymers Bxlude, bt are netdinted i, aelyprgpyist. pelvamidy a
suture fil @%%Owiﬁrﬁ&nl‘p%grestéﬂ%cﬁ‘@ﬂo Mth 1Bk ﬂ%@gﬁtﬁﬁb ﬁ%{eﬁﬂeﬁ%ﬁer&g been

|
adjusted to a predetérmned |en , spficing In suture
filameit aFEBmpelgraluprstiylese (sHesasexpanded palytetrdfinntosthgBne abhrenistedibdre ar e

facing in Iﬁ%ﬂ? [ ' )\ | | . he .bl.ades are
of f set Ion%i tu |Eg‘f]%’&%t%%é%%?M@P&%g%gFﬁ%ﬁ?‘ﬁgg‘n‘%&%ﬁmﬁﬁe&“’yh‘%‘df “of the
| ongi t udi nesindetisationrpolynissization of diwetiy! tekephtbiate3 bolyttiramnethyibre cftier giyesl}ands

rotated ab . s on,the. vise ich i ' d, to accommodat e
first set g«?—%gé%%éoifgﬁﬂlhgct% ’?1‘31\%3'5?%5’8?3 é‘\(,a%?fic?ﬂ? Eyﬁ%lsg%écﬁl SUPRRF set  of

DGR of T Sat T On at ma Ly o o e R R o 2l
again s 0 udi.n o create the staggering) approxi mate a

t he | ofgi t@@nﬁtﬁ}%gtjﬂf% SR WP NG A8E- HlepaIvaly, the Rop-alserbablp materalr o

filament igaydné@deabosdn, k2 RGL SRR %&F&F.gM IsTHI€ cotfddl &Qeﬁeﬁal),%ﬂél’ kHege to
accommodat e boé\&, 10_al ready cut first set of barbs 35 and already cut
second set of shaf theybarkedd sutgs tiscyssed belovy e dascribed avdoing Heir gnds Beveat i on,

third set RinRPdndFordRdoba ﬁﬁﬁﬁhlesqmcfbnﬁyﬂfﬁidﬂﬁwrf@%ﬁi&éinﬁﬁssue. fieferably,

each successive barb is escarped at a position about 120 degrees around

suture bodiprSTPReg At Hie epscaf den brgpes stgres ey qomprinasurgicel seadiewin thisany ot her
bar b. 1t RenliRhRicAN R bR hituck iClilaficd for atdchitSh GGG By nilihll Gaffly anot her

enbodi ment of the 15present invention. Suture to suture 30,
except t harrapRing beat siyinkingher ayplettbrepading to the Qugical eceil fonimbartiersingl tomgat ed

body 42 that i ?ggﬁggn% i | - } . ternm nates in
first and seco% poi nt ema%id{gqﬁﬁgi %%?%%%ﬁﬁ%@?%&ﬁ%gy&gbyﬂ%@i t is
cont enpl atthesutiraendinte tey supgicah neadbbcholeahat@s longinddonily disppsed stungemiadf treedl e

(not sho i L Ger i t J: i ssue,.. Suture 40 further
i ncl udes w%h%%} ﬁ&'}!a%@ 6?5‘.\%)&133%41@? E%ab%gnd&lﬂ%rat})én%&wy 1&!@ ,onﬁ@cp%fél} © r?fﬁe);") 2
arrangsd ifollawedtbygroping tix resiiltmecbow thwl needis pals k6 thatthe fure ddsecitred@ltife of t he
| engt h of axial | aced,barbs 47 are circunferenti al
arr anged g%@%@gg%&%egn#%%“gﬁ 2406 EF Fe% %{0“ Bldé[?l%ql‘fy
spaced baitenetfd awthieatsheinknbicatdbea lthay ara hea shrank s iisediah ofithe ©ea@s if ragp and
staggered _wf.h Lespect t.0 axiall paced barbs 51. Consequently, axially
spaced ba%‘g&zgti{hg g eé?%?l)‘é%dgbgg‘&m? ydsé’ﬁ}eélé’?‘?g“ﬁe&]%?a&ﬁé st agger ed
W th respejsdnmelor tosighl dt yns@rCad thogdige B laid TS wofehpRilloWedbPlrpping i 40 has
all of barbs 4tt71 49 St%efacjg%i t he sanme direction toward poi nted end

0 secure the o) eecﬂe. Fl)

a4 3 suturk t surgic urgical needles with a conventional eyelet type of
hole transversely disposed in one end of the surgical needie could also be used, but are not

preferred for barbed sutures. For the present invention, part of the discussion below regards




For the other half of the length of suture 40, axially spaced barbs 48 are
radi al |l y arranged about 120 degrees from and staggered with respect to

axi ally spaced barbs 50, which are radially arranged about 120 degrees
fromand staggered with respect to axially so spaced barbs 52.
Consequently, axially spaced barbs 52 are al so arranged about 120 degrees
fromand staggered with respect to axially spaced barbs 48. Thus, another
portion of suture 40 has all of barbs 48, 50, 52 facing in the sane
direction toward pointed end 46. -15- As a result of the radial 120
degree arrangenent, first set of barbs 47,48 define substantially the sane
.one plane; second set of barbs 49,50 define substantially another sanme one
pl ane; andsttrbcalalesﬂéns swhgeldarithhafhibd siired dfut tés conemiphitid: by cther bhitaleot her
sanme one p whi.ch cross sectional view along line 4B -
4B of sut ulrng&}(? I'n &%B@%%Abceg‘?g\ﬁgd“mre clearly angle Y, nanely the
radial 120 arr afwelmeet ofunkegimdatgicabyedief isdeiciibedis U.S.IRashi M6.88h307 he
stippling, i r.st 0 cunt of esta rin is
closer to pm H%a%%e‘ﬁqo( %’8?‘?@%\%3{7%"% @% i,(ﬁz Al g §‘Hé’g 3 :

| ar ger % hatl.s RatedidNo. a,\m%mfllt:csﬂmd:gafb élzﬂgﬂsfPa?laithﬁ ﬂ&;ogylagpb@d glagdgﬁ%of t he
staggerin rst .ba 0 r bs s closer to pointed en not
shown in I%PQS“P %f;g’g%gﬁlﬁﬁﬁﬂ%'béﬁéﬁ%geﬁemﬁ 6 @ Esevenptithemdimy first
10 barb 51Pmént bar §)5635048 to Estevelef 412 ASHER &R oPHS Rniiidhre o8 s g&ntﬁe&tﬁi&éw ar to
suture bod‘yﬁs %}g& du#ng |§Jt@ersects t he base of one barb 47 of barbs 47
does not Eet & B Rizk of ol Further ipis notpd that thewprgisal g

t ransver senepliia ARy bb adatddsthe e&mg dn@wtbgt oritRe feedllb bEHE A¥ntRR caffinhhAl

i nt ersects t he base of one barb 49 of barbs 49 does not intersect the base

of- anyharra3aal peedisbarbed sppure 4o hg méﬁrtcguntenasse with fpse foraedhan ifthe swgigel s
per pendi ¢ Ueadie WereSiét sbaRdDaEY cben @R wg f bar b
51 of barhbs 55 does ngt i nt e‘r:segg % ase %1?03%& gérggﬂ o:mgﬁ Qﬁ?g

Al'so, a t rEn&vEnEie apimmeved tcomeedp%lﬂ’p@ha Wmﬁcmtbﬂps&fgmatwd t hat
|t er Sect sedieishdYendhiOab btindht GhodiBER ucdBudosh RakeckBlh PG pabfle Dase
of any barb 50 of "barbs 50. Likew se, a tranSverse p ane t

per pendi c ad-258 HatePmgseyal32 and that intersects the base of one barb
50 of parbs 50 Qggéfgl%o hs 52.
Simlarly, tgglggver se sh@hﬁﬂtﬁ&tm&ﬂgr engmg}tﬁj %;&34??%%3?%1%69% %%42 and
t hat |nter@%%cmmsmmltebiemmlﬁcﬂur@ﬁ“bmcwﬁﬂddgmamn ,cmtisg. sect t he

base of a fou 1,840 with the
sane cuttp%ggpaﬁ&)ﬁléﬁlé@asﬂgu fndao puting, eg?l?&e%ygluflf%ea\éﬁgﬁlﬂﬂg‘ve%rl bed in
t he above mmdmnmmwmomemetmaxmm et aI : except with the 25
foll ow ng chan s gge first set -directional
barbs 47, 48, gﬁ er tne suture fl‘m'}‘t‘é%ﬁ‘a‘?"§“t§?"et‘e’8&“ A %F’ﬁe‘inﬁ ®t he vi se,
the blzades spl Aoerwuﬂtkblacdmmm&iehs&g:lmﬁﬁrﬁﬂ&Pdtéht&@vpli@ﬁbﬂﬁérﬁlNoha|f of

t he | engt ure | anent t o one
directi on%@&%&#‘;ﬁﬁéﬁ?‘eﬁ t (ope! Dr%tﬂg%“l ﬁﬁ?@“’ﬁ‘rg’{i‘gz gf%@ﬁ?é‘tﬁ’di Bl9s¥egr ees
so t hat théwhﬂhammpaiatscpbysefemn&etbﬁ:hw&ﬁigﬁ&clﬁhémta! ef Bi8deRYRr the
uncut hal f_of the th. The bl ades then re al | owe o spllce into the

ot her hal PSBPHEC b@ﬁgf’ﬁm&fs“ lament é‘WP‘F FEIHRE MetHnefos manrmeingt i ng
action t o babedieuraanilisestiouttigiveg, am@&e&m&m&&ﬂ&a&m& QR ddaitines £OI Nt ed

end 46. -16- geﬁroth the bl ades are offset |ongitudinall to create
the stZgg&ORiYs oreidsdpdhe badgss T?‘ﬁé“‘!“ﬁl%*}rﬂ%tsri’&ﬁ"e‘%ﬁ“ obrdang bel et wo of
barbs 47, viagdvit thOmrReerse ittt for dflia Bites F@nef'ﬂsrﬁis?gseélﬁpﬁle u&%@agéafeaﬁtﬁ,bon the

Vi se, V\/m ch is equi pped to accommbdate Tirst ' se direction ar bs

47, 48 t haft e sute lamept, in erdgn fa qut & piprality of pxialbespaest baths dispesed pothal  bar bs

49, 50, tBRemiriofh tmeFibrhee W th a first cutting action into approxi mately
hal f of the length of the suture filanment to create barbs 50 facing in one

direction towa &hﬁfﬂﬁ%‘@dwéﬁ@lﬁw@m\ﬂlh& phersike tefareneg namedalsdesignateol | owed by

ratti t%@qﬁ %ﬁ@t{ d i
oppos:gtge directi o%%ﬁ%ﬂgﬁgfﬁt e uncut Hﬁ@?‘y@ the su%re %Iﬁ éﬁgsn%g%tey
then spl i Bewiohie barberbsugirn agcorslingf to thegiresetan yeatigrt andeendrilly desiguated 4till anent

with a second cutting action to create baths 49 facing in 10 _ the
opposite direction toward pointed end 44. Then, the bl adec are again
offset longitudinally (to create the staggering) for about half the

| ongi t udi nal di stance between two of barbs 47. Additionally, the suture
filament again is rotated about 120 degrees on the vise, which is equipped
to accommodate already cut first set of bi-directional barbs 47,48 and

al ready cut second set of bi-directional barbs 49, 1550. Follow ng the

| ongi tudi nal novenment and rotation, the third set of hi-directional barbs

ﬁ-‘




portion of suture 40 having barbs 48, 50, 52 may have them facing toward
pointed end 44. Wth this variation, the bathed suture would be inserted
into tissue with an insertion device, such as that shown in the
above-noted U S. Patent No. 5,342,376 to Ruff. Additionally, it is noted
that, if desired, barbs may be escarped so that there nmay be two portions
with baths 30 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 (not shown), and -17- thus, if a portion
of barbs is not facing the suture end {lBat those barbs are adjacent, then,
t he barbed suture would be inserted into tissue with an insertion device.
An advant age ofSulirhhishidessclongpied badyl? thatris g¢ngtally gitculie iy gessacctiomgehtbat i S
that the hatRs:8%8 OF84 {s Wikt Lins b . t ha [ t each
& ehd b3 4 {s Fnds n%@ Wt%@%ﬂ%%ﬁ&w&%ﬁnﬁ%

other, resulting 1n 5 maxi mzation of t retentron ce o e sture

overal | . Asyepbuldt is pepiemplathdthet snd § eriyregmprisea muegicahnez i ot ghgves) far nance.

Turning n Ei 5 i iLent . af the.present
i nventi on%ﬁ%ﬁbﬁgsﬁ Q%échglﬁaeﬁ@\%gsli? %‘ﬁgﬁ%‘%;tﬁg%@g@ﬁﬁ lflﬁmlrugd)?al spaci ng
that i i rfleselywpased barbs Tafl drfapged inpstaggeredSui-direetiGi] dispdsitidesMetongat ed body

62 of gen . i S ecti.on.  El ongate 0, body, 62 term nates in
poi nt ed e%h%éépg’ra&%gk%%ﬁ%fﬁéﬁgﬂngﬁu& C ﬁ‘?"%’%’{ﬁ% t hat end
64 may corstrggered with mspict il axiip cpaced(bagts & Indaivibirbh 012 fasis@pdintedendy. Filst Ssue.
Fur t her norg, 0. .i.ncl s pluralit f clgsely. s ed, barbs 67

arr anged isgtog%#l\%n%tﬁe @lﬁtapﬁﬁeﬁ%fses%g@ﬁﬁy éﬁﬁ"ﬂ%‘ﬁ%é‘ﬂﬂ%@ﬂ@dweﬁw& faci ng
in the samet afibarbe 9, and comsaqurettiy) barbi 2O dufisle Gubstantially the samb b iSlghedBe kStha Cr 0SS
sect i opal ré’diﬁvi’ Iy%line 5B - 5B of suture 60 in Figure 5A. Due 15 to the
twi st cut f‘gf‘e PRt posi ti on, each respective bath 67 seens to be

smal | er and snEigherlBy svhivhdda érbssfsedtiohal visnslodglide®— BYGBsufubdMngkwt ed end
64 (not s on . of size difference_ beln

wn in,Fi e 5B illusj [
U1l ustrat o8 Wﬁ%@@ﬁ‘ﬁﬁ?‘ﬁ%@e “m‘s&iﬁa@a@@wamww plhags Ti th a
simlar cuwithirspedaebireg. ass ilftadan U6 &dn FRmM FRik 18, &4 ﬁn%muéﬂséaﬁ?éﬁ}she
cutting d%é_})%eq#e C Lb?iﬁ? in the above-noted Seri al . 09/943,733 to 20
Genova et °4P. 5 4 1% Gipset toggnisd,ead fbpat shownia HimresiB)nend this, ssewatrcsd i n
nul ti plse  $apier 8ol fArbiat awayeirSI AR &/ofdafhs O s@:@%e%hggé?ﬁgs AMBniveA® pﬁg ﬁﬁfhe

suture filanment is held stationary, instead of Deing rotated,

cutting t BEEPepfigpiar to suture hody & andthatiintgrsegts (e base ofipnerhary T ofherhs(7 dobwmot s

about 7 i nfdrest hebaelor APl of Birtls®N0th, is longitudinally twisted for a

portion of the suture |ength, such as 39 tinmes for a portion that is 25

about 4.5 i nchaduredgeanbemage wigh agpiting mashine thet fredugesitwo Tétsief bagys %eAd i s

secur ed. G} 5% o0 A80as&h J SagtAPRRH A Rhtk o A00: AEULEESacS L1 TeS.
anent en the's

so the portion of the suture T I's tW ste ure™is then
pl aced? andrsprdhed in the pheveyjotas SefigliNo. 09G4H 7 lorGebdwa et &l. per f ormed 28 to 50

times, and ma T . Q 70 t.ines.
Suitably, tw ???%dgﬁfag e from aggéita&ﬁgg%d ‘zl"%{‘]ﬁg%?‘l'?&fa&e%“ﬁ ‘flﬁ‘c?ﬁd or 30
about 3 tfberatﬂmﬂetqfsam%s,sxiﬁxmdmmwwgwmﬁmﬁwmamﬁmmuims per

navi g oeBR- o et Bebpal el Lol i st oSkl e seye B pEe 1 nto

t he sut urtetlfsi9 iaeated sifitirly afitriofigetdng the blateddengitadinalyt (& demethe stgdeissp7 SO

t hat I f ac] i he san i.r ecti.on toward inted end 64. After

tw st Zour BREr RS Rals s &P Sr B ET iR URByD ot o s g AR e and
unt wi st edsutupafilametiabautel 80idsgrosses thervisey vhich liceq@iphédd cddbmibdsid i Qe -

Tur ni ng nQ Fi gur,e 6A _shown i s another enbodi nent of the present

i nventi o%ﬂma& e?"é‘lly designated at suture 70. Sure= 70 is of a
twist cut mul Shpwe isFigte2A0E Sy L0, veicipil dndthdtembsdifkAfiof e priestut Ur e 60,
except that gut ure 70 is bi-di retchtgrlr onal . Suture 70 includes el ongated body
72 that (SeYRALFNG B ke SuE L froqn that wture 40 isibi-direciinprls Bpre@inalydss es i n 10

fir stagandichgaed BodOi2thads gaelily 4rebfir iPdrof8R&0h aklonghtdd RaY €2 tehhirefs i

cont enpl %&%d %hat pne or both of ends 74, 76 nmay conprise a surqgi cal
needl e (M5 284 SRATE PRt pRds g 16 fos pepgrating Sigwe.  Also, it & qoptempiatedsthat ohe r

| ncl udes opbbthahdsl M, 96 iz 6pcibo SRAGRA RBIE Tnof fholh) A RAGGH irkd idsO
respective spiral patterns, each being a nmultiplée spiral around body 72.
Barbs 77,78 are disposed on mddle portion MP that is approximately 3

i nches (approximately 76 nm of




15 suture 70, with each end portion EP of suture 70 being barb-free. Mre
-particularly, plurality of barbs 77 are arranged in a nmultiple spiral
pattern with all barbs 77 facing toward pointed end 74 for a part (about
hal f) of m ddle portion MP along the Iength of suture 70. Simlarly,
plurality of barbs 78 are arranged in a nultiple spiral pattern with al
barbs 78 facing toward pointed end 76 for another part (the other
approximate half) of mddle potion MP along the 20 I ength of suture 70.
Figure 6B is a cross sectional view along line 68- 68 of suture 60 in
Figure 6A. Due to the nultiple spiral ebnfiguration, each respective barb
77 seens to_be smaller and snmaller as each is farther and farther away

f rom poi nt édscepriure 40 inclidespiarlity oficleiclpspacegitharbs 43, 18] 19)20 arirged by t he
stippling. %gg&g-%-nz&- .be.mde with the same cutting machi ne as suture
60, such ag e cﬁttl ngogg)g\l/s%sé&%escri bed in the above-noted Serial No.

09/ 943, 733 t o CMeenapegitically, plurklity ofvixidiiytspaceti bhtbo 1 £ rk1ip GGarigad Bboe €80

di rection. j t i St tin t ho bar bs, 77 be produced in

nul tiple sg’rér ai gm%d %%q@%ﬁg@g@%fﬁﬁyﬁ@c sti9pnwith Babs ¢ hen
after the &f.ri@dedingpaittehed 1f for atpheioh|(atsbeshalfiisienHh) BRYuthe 10 @i!uﬂﬁgr in

mul tiple spi referabl.y 30 are created at the sanme tine. Thus
during theﬂ%@%f%%a?ﬂp%gp?lﬁfbﬁé1¥W§%§ﬁ®?’?“ﬁﬂ%’°§@§?%ﬁ%@ead of

bel g, of et sepet o phily o pa rasid s 20l b 9{20KBHE 4.5,
inches (a in.len of a _sutur ilanent is twi sted, such as
39 tinmes flgdrﬁ%&g%d[@r%rgﬁgﬁf P&W@?@g}i@ﬁﬁfﬁe qther halfjof the longhy pisunrpd®, an
end is seckireest ofibatot 1% 19tdfine a platle thet ig baARBALIRNphRL Aifthea RiheMRELERS, 39
times, so Qgﬂtqﬁ%imi %? of tgﬁq%uture filament has about 82/3°tw sts
per inch (BET9sELY n ¢ fesylt.allof parbp 17, el 20 defing substantiallysbed and
hel d in t hsameioneplane due to Tisirlial 18D dMpRk AFaRlcnchBof iRl k@ B2 H Eé’&:g times,
and may bereé)ertformad m)rﬁ gr | ess, such as 19 to /70 tines. Suitably,

twisting mePenel FE8Rd s 1P#%bout 17 twists per inch, or about 3 to
about 15 twi st Figees 2B R trose becBRBINiew alded - | (ol (per inch
bei ng per 25.4 W 10Next, the bl gdes(f%gg{‘ﬂteg% %v‘?f\r%%&%?gﬁﬂ;%g}éd to a
pr _ede':] eE & c\e@nﬁﬁ%m%&mﬂ@fﬁﬁg @ﬂahhﬁ@%hmgomethuaﬁmoxi mat el y

i nchis( appig £ S Barkk €9 .of..
appr oxi rmtﬂgtl}éw 4@? |1 agé:ep f;h(ag?apr)é oxXi n&gegrg g:g% mz‘?\%&i’kg%}“%é@l&%#%mt%
suture fil TRPeHR i AMam s 1hes blilhdesedking cuts to
create bakhgplifg. 3Crdnbsed f,g,ﬁém - irection.toward painted end
74. Depenc?i %l on how rran?/’dlg?gigﬁg t ereuﬁtée)lérhgmgh&ﬁh%a&%w&?%%tg ®ne and
how many Baieisd onebagh 47 gibarysdd dogsinet intarsept the bsnef anythaitniy ofbhibenct o cut al |

barbs 77 sixaideanggis I eate tting. notions until
the desired nunber o?é%eﬁlﬂ%%ﬁérg es%%%ﬁégﬁmﬁﬁ%%gﬁ@agwwﬁge sut ure
fil am@ht . base of oleasb 1§ pibatits 48 decsaptintepteat thelbakB6f ST oFBarbhIdh. t hey are
now di sposed i Ita8e G L..on _apnd over the other half of the
appr oxi mat el y %Ut%l}r%gﬁ%%g%%rom %’E@Ft}?‘”’%“%ﬂ‘éﬁmﬁwﬁ% ’?ﬂcgﬁ e GBERE on WP
of the apgvise desarided inthéatione hotéchfminbNb nO®43y733 1GEREa Lol SRept sAkithon of
t he Suwrﬁ)ﬂﬁ“@ﬁﬁﬁemﬁa@ are then allowed to splice into the other
cuttrng

half in a seco ZctTon with the bl ades maki ng cuts to create

barbs 78 so t HEr fiaitisetaf bi-direciiong! barbst 17 1) RRGAHE Suu8é HREHQD E@a&%ﬂuﬁ@i nt ed
es..there are on the cutP' machi ne and

end 7 ' ow..many, bl.a in

how mgsny D’%ﬁﬁ%@%‘%’?‘@%@’%ﬁ“’f ,a-Wg?@%WB%‘%@P&HWQ halhed thelengthefit 25
al | ~bar bsthg Sutserfikiahen axueske/hartR 117 FAbRSinBRY dheibe RARKEfH ddad, Rld ons

unti |l the'f]gg.lsi red niigﬁﬁ.@; bar bﬁw?%eare escarped into a portion of the
suture fiTaREde EET S0 PP nepidisppses n the gpragtieidizection drgi

rel eased dveotie thaut hls 6f Ao ngth! Theitts ateBer 41 Tefm.ﬂ cuts
resul t iggbfr%ﬁ 5@78 bei.n gt?n_two respecti vlg%rr%ﬁ%g e sglwr](g?&pa tggr ns on
two respdly C0Et SoFE B Ipment, pith 8 seqgnd ewfting ssion toxqrents: bayhs 18dadinginghe30

def i ndeng oppokidaiirgaioni ibd &aogt 3 i nches (about 76 nm) in |ength.

More particul 3\{5'%1&5 veral twist cut nultiple spiral, barbed sutures were
manuf act ured Y8 e pHeklongitusinaly (ta coatertix steggafing) bloank h€lf 6ltBe i nch
(about O.j¢krftudinhl ddshes Bétedn' : L ich IS synt hetic
absorbabléeu_gguture mat er i aﬁn.tﬁgbg?%%e%jgr%%&ogﬁg%.ﬁ%nflﬁwgﬁ%%f 0. 457
ram) is slightly larger than the size 0 synthetic absorbabl e suture, which
has a di aneter range from about 0.35 mmto about 0399 nun in accordance
with the specifications of the United States Pharmacopoeia (USP). 5Each
suture contained a total of 78 baths introduced in two respective multiple

spiral patterns around the circunference of the suture. Since the barbed
suture was hi-directional, the barbs were divided into a |left group with




20The strength of the twist cut, 7 inch (178 mm) barbed sutures was tested
by two nethods. One nethod was a straight pull tensile strength test with
a Universal Tester and the other nmethod was an in vivo performnce test

wi th dogs. For the straight pull tensile strength measurenent,
testing was perfornmed using a Test Resources Universal Tester, Mdel 200Q
The average reading of 10 repeated neasurenents 25 made for each kind of
suture was recorded for the barbed sutures and for the conpari son unbarbed
sutures. Conparison unbarbed sutures were pol ydi oxanone nonofi |anents (a
synthetic absorbable suture material) of, various suture dianeters of about
0.018 inch (about 0.457 mm), about 0.015 inch (about 0.381 mm, and about

0.0115 i nchsgg othd 9e, Whlich BinGPped %o AcBmiRARE Sist éé@bﬁﬁilh%&i%hwba{b%r ger
d 3- 0

than the United States Pharnacopoeia sizes 0,2-0, an r synthetic

absor babl el&Uhat are alrpady cuto Them der sprond sehaf bidirestionabbarntds A dhnjdades
speci fi cat L } & ; t TerSh ' ter
p ESIRS Wil Fi9Y BhBRS a&oﬁﬁigg@gﬁgaﬁggrf_huﬁm%% lentf é&oﬁ e i

range of about 0.35 mmto about | . si'ze I amet er
range of aPf§ue babs feeing in e direction Yovprdaeinied ands16z &hg fist huttingactioaiset er

range of af iy bi’a%@ﬂ Was

gri pped at egg'hﬁlé’ﬁ% by Bgi ng g?%waﬁtgﬁ%or%% 3@‘%‘%@3‘%@’“@%@1}9@
respect i veths eppesitedirachowand oves thawncutivlf of thedleiptid Bhethiades ara theg elippatioat each
end by bei : ; -;%ﬁ . L %6 %ﬁ‘xR% n.roller. grips. Capstan
rollers m%%g\&lﬁ?%&h%ﬁ’%?ﬂglt e %ﬁgagr edﬁsu ure£sh soec%\‘/ic?lg%mgta?tg?éoand

di st ensi orcreate barbsTifaging inj theoppbsitatihction towerd ppindesd Ibhet ween t he two

gri pped pl aces clelelh) | Nehe:s . dn.length, . which in the
case of barbed ﬁé\%?ﬁlr es,p%on al ”gg({cﬁg&en %‘r%'g” .H%“éé‘ﬁt“%t}ﬁﬁip O‘Eﬁtje

bat hed!mi dutture powith barbs I ES olay Spedchere facivgsowart beidtel end)i g anditiagdryjordf a rate
of about ' 0 24 er mnyte until  br e, gccurred. The
peak | oad%%égggﬁé%%#%yﬂeﬁeﬁ#%ﬁ Vg REinied © ff%?l%’tthgus The
resul ts ararigtiomtheibabed sund siohid b6 Anstrédinto thae witheanfifsertioh @btics; @hdk® denot es
the USP k | 1. test mni uir t r ,conventjonal . (unbar bed)
sut ures mar}g%t SB ‘}jl%%néﬁ% ﬁfﬁg?%wﬁg%%ﬁg%ﬁﬁoﬁuﬁ%f@“%’ ‘té | e

St rengt h) tB&liBRedidedibarbeniae Go bscemedicthBantie hag be bDRHHGE Wil AR £520 :
Strai ght Pull ounds%flg8 g(gtg ull . (pounds) . sko Unbarbecl 2-011. 865. 91
Unbar bed 3-8 SBS F1dtye peagp éﬁ*gﬁgﬁ%‘é‘%ﬂp G e (08 two portions with barbs facngn

escar pmentonekendaidieo ipbitions With BirBefabing ee)otiep ) AR MRt khAB Mnaaduged t he
straight pull  te ?)iﬂ_be. st rfgnigt B_ﬁ_b appr.oxi mately 60% as compared to the
convent i orfHOTHMH ‘d’g RsdpLiacipg I%%PQ%W ichHio8t barbyiEhadigcentoendids = 40%
of 17.72 3Iarkeayinthe)wouldbetnRfed hftfistle Wit infididn deGiasi | € strength of 7.03
pounds at breakage for the size 0 pol ydi oxanone bar bed suture[gvvni ch, due

to the escar pmé¥ad¥ntags gf barbed sutprehayingar miah 18) degree arrangement wi
: 20  staggering is that the 180 degres spacing is readily fabricated on relatively small diameter

filaments and the staggering improves anchoring performance. Thus, in thin and delicate
tissue, where a smaller suture is.desirable, the staggered 180 degree spacing generates
effective anchoring performance.
Turning now to Figure 3A, depicted is a side view of another embodiment of a suture
25  according to the present invention, and generally designated at suture 30. Suture 30 is like
suture 1 shown in Figure 1A, except that the radial spacing for suture 30 is 120 degrees
instead of 180 degrees as is shown for suture 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
30  that end 34 may comprise a surgical needie (not shown) so that the suture can be inserted into
tissue. (The other end is not shown.) Additionally, suture 30 includes plurality of closely



-22- dianeter that is smaller than the dianmeter of the conventional

unbar bed si ze 0 pol ydi oxanone suture) conpared favorably with the m ni num
USP knot pull requirenment of 8.60 pounds for the size 0 pol ydi oxanone
conventional urtbarbed suture. Addi tional straight pull tensile
strength tests were perfornmed on additional size 0 5 pol ydi oxanone bar bed
sutures, as discussed belowin Tables 7K - 7Z, in connection with Figures
7A and 7B. For the in vivo perfonnace, 3 nongrel dogs, each about 14
kg, were used. On each dog, 7 incisions were nmade at the thorax (tw ce),
thigh (twice), flank, ventral mdline,-{&nd paranedi an, each of the 7
incisions having 1, 2, or 3 closure sites. The length of each 10 incision
ranged fr oRAEEISEs 8% 37 A9arangndiso thep alf fagajn thesamisclirectibnitonzard poipbent 34101 )

and the demifie Ghe Gltbd b?zEcQ Y 3 -&Qf‘m erficial dennis to the
peritoneum U;%iiﬂg tﬁle ar g}é%s’sutsﬁjr%s a?‘:r@'rrade fromsize O
pol ydi oxanone Hd¥effilspasad parb935 are radindlysirawged weue 120 degeeds frémmnd onpar i son,

theremairytd%g' ! g!ﬁﬁ 1 i i t.er _sizes, of
convent i onal %Iﬁ%ggﬁe# sut ur es? %Wﬁffﬁﬁép%%ﬂﬁs g‘%ﬂﬁ?‘ﬁé&"fi | anent
6 sited wideRressirgn ard staggenay With respert fo axdatiyrspaced batbs73%s iHemse, wkially spazed 3- 0

pol ycl i oxapgp i i were knotted. Al.l closing. sites was
per f or med accg?(rﬁ%%foto g r%%%%%%%ﬁﬁgswm%@mﬂ%‘ Yoni t or ed

dai | y, andpadeéharby}fj. ofot semisulinféhst tadinliditaiepe drflang@yént, bt st birbeBS5 @ffindenr h,

the incisiggns we | uat ed macroscaopi.caj | ith regard to various
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30 with respect to the configuration of barbs 81 vis-a-vis suture
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The results are summarized in the follow ng Tables 7A, 7B, 7C, and 71). 20
Table 7A (size O barbed suture) Ratio of D. L. or P over Suture

Units Left Right D aneter (0.457 nm degrees 156 + 2 157 + 1 not
applicable mnmm 0.15 + 0.02 0.16 + 0.04 0.35 nm0.36 + 0.03 0.40 + 0.10 0.87
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As a result of the radial 120 degree arrangement, first set of barbs 47, 48 define
substantially the same one plane; second set of barbs 49, 50 define substantially another same
one plane; and third set of barbs 51, 52 define substantially still another same one plane.

Figure 4B, which is a cross sectional view along line 4B — 4B of suture 40 in Figure

5  4A, shows more clearly angle Y, namely the radial 120 arrangement with greater specificity.
As illustrated by the stippling, first barb 47 of barbs 47, on account of the staggering, is closer
to pointed end 44 (not shown in Figure 4B), and thus, appears larger than farther away first
barb 49 of barbs 49. Also because of the staggering, first barb 49 of barbs 49 is closer to
pointed end 44 (not shown in Figure 4B), and thus, appears larger than even farther away first

10 barb 51 of barbs S1. _ -

A transverse plane that is perpendicular to suture body 42 and that intersects the base
of one barb 47 of barbs 47 does not intersect the base of any barb 49 of barbs 49. Likewise, a
transverse plane that is perpendicular to suture body 32 and that intersects the base of one
barb 49 of barbs 49 does not intersect the base of any barb 51 of barbs 51. Similarly, a

15 transverse plane that is perpendicular to suture body 42 and that intersects the base of one
barb 51 of batbs 51 does not intersect the base of any barb 47 of barbs 47. Also, a transverse
plane that is perpendicular to suture body 42 and that intersects the base of one barb 48 of
barbs 48 does not intersect the base of any barb 50 of barbs 50. Likewise, a transverse plane
that is perpendicuiar to suture body 32 and that intersects the base of one barb 50 of barbs 50

20 does not intersect the base of any barb 52 of barbs 52. Similarly, a transverse plane thaf is
perpendicular to suture body 42 and that intersects the base of one barb 52 of barbs 52 does
not intersect the base of any barb 48 of barbs 48,

Suture 40 may be made with the same cutting machine as suture 1, such as the cutting
device described in the above-noted Serial No. 09/943,733 to Genova et al., except with the

25  following change in blade direction.

For first set of bi-directional barbs 47, 48, after the suture filament is placed and heid
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 biades are rotated 180 degrees so that they are now disposed in the opposite direction and

30 over the uncut half of the iength. 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.



nm 0.90 + 0.17 0.88 + 0.15 1.92 -26- Table 7B (size O barbed suture)
Ratio of D. L, or P over Suture Units Average Standard Deviation
D ameter (0.457 mm) degrees 151 1.642 not applicable nm 0215 0.027 0.47 mm

0.446 0.042
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Next, the blades are offset Iongitudinally (to create the staggering) for about half the
longitudinal distance between two of barbs 47, and also the sufure filament is rotated about
120 degrees on the vise, which is equipped to accommodate first set of bi-directional barbs
47, 48 that are already cut. Then, for second set of bi-directional barbs 49, 50, the blades

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

10 _  the opposite direction toward pointed end 44,

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

15 50. Following the longitudinal movement and rotation, the third set of bi-directional barbs
51, 52 are made by having the blades splice with a first cutting action into approximately half
of the length of the suture filament to create barbs 51 facing in one direction toward pointed
end 44. The first cutting action is followed by rotating the blades 180 degrees so that they are
now disposed in the opposite direction and over the uncut half of the suture filament. They

20  next splice into the other half of the length of the suture filament with a second cutting action
to create barbs 52 facing in the opposite direction toward pointed end 46, '

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

In an alternative embodiment {not shown) for bi-directional suture 40, the portion of

25  suture 40 having barbs 47, 49, 51 may have them facing toward pointed end 46 and the
portion of suture 40 having barbs 48, 50, 52 may have them facing toward pointed end 44.
With this variation, the barbed suture would be inserted imto tissne with an insertion device,
such as that shown in the above-noted U.S. Patent No. 5,342,376 to Ruff. Additionally, it is
noted that, if desired, barbs may be escarped so that there may be two portions with barbs

30  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 (not shown), and



0.97 mm 0.962 0.073 2.1 degrees 20.833 1.602 not applicable Table 7C
(size O barbed suture) Ratio of D. L. or P over Suture Units
Aver age Standard Deviation D aneter (0.457 nm degrees 154 2.870 not

appl i cabl e mm 0. 205

10

15

20

30
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thus, if a portion of barbs is not facing the suture end that those barbs are adjacent, then, the
barbed suture would be inserted into tissue with an insertion device.

An advantage of a barbed suture with a radial 120 degree arrangement is that the
barbs exert force in three distinct planes that compliment each other, resulting in
maximization of the retention force of the suture overall. As noted above, the staggering
enhances anchoring performance.

Turning now to Figure 5A, shown is another embodiment of the pressnt invention,
which is generally designated at suture 60, with radial spacing that is in a twist cut multiple
spiral. Suture 60 includes elongated body 62 of generally circular cross section. Elongated
body 62 terminates in pointed end 64 for penetrating tissue. Also, it is contemplated that end
64 may comprise a sufgica] needle (not shown) for insertion into tissue. Fmﬁemore, suture
60 includes plurality of closely spaced barbs 67 arranged in a twist cut muttiple spiral pattern
around body 62 and facing in the same direction toward pointed end 64.

Figure 5B is a cross sectional view along line SB — 5B of suture 60 in Figure 5A. Due
to the twist cut multiple spiral disposition, each respective barb 67 seems to be smalier and
smaller as each is farther and farther away from pointed end 64 (not shown in Figure 5B), the
illusion of size difference being iliustrated by the stippling.

Suture 60 may be constructed with a similar cutting machine as that used for making
suture 1, such as the cuiting device described in the above-noted Serial No. 09/943,733 to
Genova et al. With a twist cutting method, barbs 67 may be produced in multiple spirals that
preferably are created at the same time as the suture filament is held stationary, instead of
being rotated, when the cutting takes place.

More particulariy, a suture filament that is about 7 inches (about 178 mm) in length, is

longitudinalty twisted for a portion of the suture length, such as 39 times for a portion that is

about 4.5 inches (about 114 mm) of the suture length. Thus, an end is secured, and the other
end is grasped and rotated 360 degrees, 39 times, so the portion of the suture filament is
twisted when the suture is then placed and held in the vise.

Twisting preferably is performed 28 to 50 times, and may be performed more or less,
such as 19 to 70 times. Suitably, twisting may be from about 2 to about 17 twists per inch, or
about 3 to about 15 twists per inch, or about 5 to about 13 twists per inch (per inch being per
25.4 mm}.



0.033 0.45 mMm 0.469 0.044 1.03 mm 0.975 0.103 2.13 degrees 19.333 1.506
not applicable Table 7D (size O barbed suture) Ratio of D. L, or P
over Suture Units Average Standard Deviation D anmeter (0.457 mr) degrees
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Next, the blades, after having been adjusted to a predetermined length, simultaneously
splice into the suture filament. The cutting action makes cuts to create barbs 67 so that all are
facing in the same direction toward pointed end 64. After twist cut multiple spiral barbed
suture 60 is released from the vice and untwisted, barbs 67 are disposed in maltiple spirals on

5  suture 60.

Turning now to Figure 6A, shown is another embodiment of the pméent invention,
which is generally designated at suturs 70. Suture 70 is of a twist cut muitipie spiral
disposition and thus is similar to suture 60, except that suture 70 is bi-directional. Suture 70
includes elongated body 72 that is generally circular in cross section and that tarminates in

10 first and second pointed ends 74, 76 for penetrating tissue. It is contemnplated that one or both
of ends 74, 76 may comprise a surgical needle '(not shown) for insertion into tissue.

Suture 70 further includes plurality of closely spaced barbs 77, 78 arrapged in two
respective spiral patterns, each being a multiple spiral around body 72. Barbs 77, 78 are
disposed on middie portion MP that is approximately 3 inches {approximately 76 rom) of

15 suture 70, with each end portion EP of suture 70 being barb-free. More particularly, plurality
of barbs 77 are arranged in a multiple spiral pattern with all barbs 77 facing toward pointed
cnd 74 fora part (about half) of middie portion MP along the iength of suture 70. Similarly,
plurality of barbs 78 are arranged in a multipie spiral pattern with all barbs 78 facing toward
pointed end 76 for another part {the other approximate half) of middle potion MP along the

20 length of suture 70.

Figure 6B is a cross sectional view along line 6B ~ 6B of suture 60 in Figure 6A. Due
fo the multiple spiral configuration, each respective barb 77 seems to be smaller and smaller
as each 1s farther and farther away from pointed end 74 (not shown in Figure 6B), as
illustrated by the stippling.

25 Suture 70 may be made with the same cutting machine as suture 60, such s the
cutting device described in the above-noted Serial No. 09/943,733 to Genova et al., but with
the foliowing change in blade direction. Using the twist cutting method, barbs 77 may be
produced in multiple spirais that preferably are created at the same timne, and then after the
direction change for the blades, barbs 78 may be produced in multiple spirals that preferably

30 arecreated at the same time. Thus during the cutting, the suture filament is held stationary
instead of being rotated.



155 2.390 not applicable mm 0.186 0.026 0.41 mm 0.437 0.039 0.96 nm 0. 966
0.071 2.11 degrees 18.833 2.137 not applicable -27- (about 0.457 mm
slightly nmore than the USP requirenent for a size 0 synthetic absorbable
suture). The nean average was 16.87 and the standard devi ati on was + 0. 85.
Addi tional ly, measurenents of barb cut angle 0, bath length L, barb cut
depth D, and cut distance P were perfornmed on 3 additional hi-directional
twist cut, multiple spiral barbed 5 sutures |ike sutures 80, but having a
di anmeter of about 0.0115 inch (about 0.292 mm which is slightly nore than
the USP requirenent for a size 3-0 syntl®etic absorbable suture), and
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fol | owi g Shalat Elmek is then isflaced ddd heldlin thedse/ 7. Tabl e 7E (size 3-0 bat hed

suture) Twisting preferably is performed 28 to 50 times, and may be performed more or less,
such as 19 to 70 times. Suitably, twisting may be from about 2 to 2beut 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
254 mm).
10 Next, the blades, after having been adjusted to a predetermined length, splice into

approximately half of the approximately 3 inch (approximately 76 mm) length of middle

portion MP of the approximately 4.5 inch (approximately 114 mm) twisted section of the

suture filament in a first cutting action with the blades making cuts to create barbs 77 so that

all are facing in cne direction toward pointed end 74. Depending on how many blades there

15  are on the cutting machine and how many barbs 77 are desired, there may be one cutting

motion to cut all barbs 77 simultaneously, or there may be repeated cutting motions until the
 desired number of barbs 77 are escarped into a portion of the suture filament.

Then, the blades are rotated 180 degrees so that they are now disposed in the opposite
direction and over the other half of the approximately 3 inch (approximately 76 mm) length

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

25  all barbs 78 simuitaneously, or there may be repeated cutting motions until the desired
number of barbs 78 are escarped into & portion of the suture filament.

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

30 defining middie portion MP of about 3 inches (about 76 mm) in length.

More particularly, several twist cut multiple spiral, barbed sutures were manufactured

from a monofilament having a diameter of about 0.018 inch (about 0.457 mm) and'spun from



Ratio of D, I... or P over Suture Units Average Standard Devi ation
D aneter (0.292 mm degrees 166 1.651 not applicable mm 0.107 0.007 0. 37
nm 0. 443 0.042 1.52 nm 0. 956 0.079 3.27 degrees not tested not applicable
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polydioxanone (which is a synthetic absorbable suture material). A diameter of about 0.018
inch (about 0.457 mm) is slightly larger than the size 0 synthetic absorbable suture, which has
a diameter range from about 0.35 mm to about 0.399 mm in accordance with the
specifications of the United States Pharmacopoeia (USP).

5 Each suture contained a total of 78 barbs introduced in two respective multiple spiral
pattemns around the circumference of the suture. Since the barbed suture was bi-directional,
the barbs were divided into a left group with 39 barbs disposed on a first portion of the suture
and a right group with 39 barbs on a second portion of the suture, each group opposing the
direction of the other group from the approximate middie of the suture. The specific cutting

10  machine employed had 13 blades. Thus, for each group of 39 barbs, there were 3 cutting -
motions (3 x 13 = 39), with the blades being offset with a guide for each of the 3 cuiting
motions.

Each suture was about 7 inches (about 178 mm) long. The middie portion MP was
about 3 inches (about 76 mm) long and contained the 78 barbs that were escarped into the

15  suture filament. Extending beyond the 3 inch (76 mm) barbed middle portion MP were two
unbarbed end portions EP of the suture that were each about 2 inches (about 51 mm) long.
Depending on the suturing technique, one or both ends of the barbed suture may be
sufficiently pointed and rigid for insertion into tissue, or may comprise a straight or curved
surgical needle.

20 The strength of the twist cut, 7 inch (178 mm) barbed sutures was tested by two
methods. One method was a straight pull tensile strength test with 2 Universal Tester and the
other method was an in vivo performance test with dogs.

For the straight pull tensile strength measurement, testing was performed using a Test
Resources Universal Tester, Model 200Q. The average reading of 10 repeated measurements

25  made for each kind of suture was recorded for the barbed sutures and for the comparison
unbarbed sutures.

Comparison unbarbed sutures were polydioxanone monofilaments (2 synthetic
absorbable suture material) of various suture diameters of about 0.018 inch (about 0.457
mm), about 0,015 inch (about (.381 mm)}, and about 0.0115 inch (about (.292 mm), which

30  arerespectively slightly larger than the United States Pharmacopoeia sizes 0, 2-0, and 3-0 for
synthetic absorbable sutures. In accordance with United States Pharmacopoeia specifications
for synthetic absorbable sutures, size § has 2 diameter range of 2bout 0.35 mm to about 0.399



not applicable Table 7F (size 3-0 barbed suture) Ratio of D, L, or
P over Suture Units Average Standard Deviation D anmeter (0292 mm) degrees
164 2.055 not applicable nmm 0.106 0.006 0.36 nm 0395 0.042 135 nm 0. 959

0.074
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mm; size 2-0 has a diameter range of about 0.30 mm to about 0.339 mm; and size 3-O has a
diameter range of about (.20 mm to about 0.249 mm.

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

5  wrapped around two respective capstan roller grips. Capstan rollers were used for holding

the unbarbed sutures to avoid siress and distension.

The portion of each suiure specimen between the two gripped places was about 5
inches (about 126 mm) in length, which, in the case of barbed sutures, contained the entire 3
inches (76 mm) of the barbed middle portion.

10 | Each specimen was pulled longitudinally at a rate of about 10 inches (about 254 mm) |
per minute until breakage occurred, The peak load was recorded as the straight pull tensile
strength.

The results are summarized in Table 6A below, and the far right column denotes the
USP knot pull test minimum requirements for conventional {(unbarbed) sutures made from a

15  synthetic absorbable material.

Table 6A
(Tensile Strength)
20 USP Minimum Reguirements
Batbed or Unbarbed Suture Size  Straight Pull {pounds) for Knot Pull {(pounds}

Unbarbed u 1P 8.60

Unbarbed 20 11.86 591

Unbarbed 3-0 8.82 3.90
25 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 monofitament (7.03 pounds = 40% of 17.72

30  pounds),

However, the straight pull tensile strength of 7.03 pounds at breakage for the size 0

polydioxanone barbed suture (which, due to the escarpment of the barbs, has an effective



3.28 degrees 7.329 0547 not applicable -28- Table 70 (size 3-0 barbed

suture)

Ratio of D. L, or P over Suture .Units AverageStandard

Devi ation Dianeter (0.292 mm degrees 165 1.031 not applicable mm 0. 104
0.009 0.36 mMm

10

15

30
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diameter that is smaller than the diameter of the conventional unbarbed size 0 polydioxanone
suture) compared favorably with the minimum USP knot pull requirement of 8.60 pounds for
the size 0 polydioxanone conventional unbarbed suture.

Additional straight pull tensile strength tests were performed on additional size 0
polydioxanone barbed sutures, as discussed below in Tables 7K — 72Z, in connection with
Figures 7A and 7B.

or the i vivo performance, 3 mongrel dogs, each about 14 kg, were used. On each
dog, 7 incisions were made at the thorax (twice), thigh {twice), flank, ventral midline, and
paramedian, each of the 7 incisions baving 1, 2, or 3 closure sites. The length of each
incision ranged from about 0.5 inch (abont 12.5 mm) to about 4 inches {about 101 mm) and_
the depth of each incision was from the superficial dermis to the peritoneum.

Using the barbed sutures (all made from size 0 polydioxanone monofilament), 24 of
the sites were closed. For comparison, the remaining sites were closed with various diameter
sizes of conventional unbarbed sutures (1 site with size 2-0 silk braided filament, 6 sites with
size 2-0 nylon monofilament, and 7 sites with size 3-0 polydioxanone monofilament), which
were knotted. All closing of sites was performed according to 2 randomized scheme.

The dogs were monitored daily, and then subjected to euthanasia at 14 days. At the
time of death, the incisions were evaluated macroscopically. With regard to various tissnes,
incision sizes, and locations on the dogs, all sites apposed with the size 0 polydioxanone
barbed sutures stayed closed and appeared to be healing normally throughout the 14 day
observation period. No dehiscence occurred.

The site apposed with the conventional unbarbed silk sutures and the sites apposed
with the conventional unbarbed polydioxanone sutures also healed will without
complications. No dehiscence occurred.

For the 6 topical skin sites closed with the size 2-0 nylon monofilament conventional
unbarbed sutures, 3 sites exhibited partial or complete suture loss, apparently due to self-
mutilation by the dogs. Knots in the conventional sutures possibly cansed 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 sumres was
efficacious when compared to the size 2-0 silk braided filament unbarbed sutures, the size 2-0



0.390 0.035 1.34 nmm 0.975 0.103 3.34 _ degrees 7.258 0.636 ..not

appl i cabl e

Table 711 (size 2-0 barbed suture) Ratio of D. L. or

over Suture Units Average Standard Deviation D anmeter (0.381 mm
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nylon monofilament unbarbed sutures, and the size 3-0 polydioxanone mopofilament
unbarbed sutures.

In an altemative embodiment (not shown) for bi-directional twist cut, multiple spiral
suture 70, the portion of suture 70 on which is disposed barbs 77 may have barbs 77 facing
toward poimted end 76 and the portion of suture 70 on which is disposed barbs 78 may have
barbs 78 facing toward pointed end 74. With this variation, the barbed suture would be
inserted into tissue with an insertion device, such as that shown in the sbove-noted U.S.
Patent No. 5,342,376 to Ruff. Also if desired, it is noted that barbs may be escarped so that
there may be 2 portions with barbs facing an end and 1 portion with barbs facing the other
end, or 2 portions with barbs facing an end and 2 portions with barbs facing the other end,
and so on (not shown), and thus, if a portion of barbs is not facing the suture end to which
those barbs are adjacent, then, the barbed suture would be inserted into tissue with an
insertion device.

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

With reference now to Figure 7A, shown is a sectional side view of barbed suture 80.
Barbed suture 80 has plurality of closely spaced barbs 81 on elongated suture body 82 of

.generally circuiar cross section. Each barb 81 has barb tip 85. Shown are sutare longitudinal

axis A, suture diameter SD, barb length L, barb cut depth D, barb cut angle 6, spirality angle
@, cut-out-depression CD, and tip T of cut-out depression CD.

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

Barbed suture 80 is a twist cut, 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 longitudinal axis A, suture
diameter SD, barb length L, barb cut depth D, barb cut angle 8, cut distance P, spirality angie
¢, cut-out depression CD, and terminus T of cut-out depression CD.



degrees 160.2 1.320 not applicable nm0.152 0.019 0.40 nm 0. 449 0.057 1.18
nm 0. 944 0.098 2.48 degrees 9.40 1.606 not applicable Table 71 (size 2-0
bar bed suture) Ratio of D, L, or P. over Suture
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More specifically, several twist cut, multiple spiral, barbed sutures were manufactured
from monofilament spun from polydioxanone and having a diameter of about 0.018 inch
(about 0.457 mm, which is slightly more than the USP requirement for a size 0 synthetic -
absorbable suture). Each suture contained 78 barbs introduced in 2 separate muliiple spiral

5  pattems around the circumference of the suture. Since the barbs were bi-directional, they
were divided into a left group with 39 barbs and a right group with 39 barbs, each group
opposing the direction of the other group from the approximate middie of the suture. Each
suture was about 7 inches (about 178 mm) long. The middle portion was about 3 inches
(about 76 mm) of the suture and contained the 78 barbs that were escarped into the suture

10 filament. Extending ﬁeyond the 3 inch (76 mm) barbed middle portion toward each suture
end were two unbarbed end poﬁions of the suture filament that were each about 2 in;:hés
(about 51 mm) long. Depending on the stitching technique, one or both ends of the barbed
suture may be sufficiently pointed and rigid for insertion into tissue, or may comprise a
straight or curved needie.

15 | In order to characterize the configuration of barbs 81, an Optem Zoom 100 custom
microscope with both ring and back lighting was used together with a CCD brand video
camera in order t0 measure selected barbs 81 at x21.5 magnification from each of the left and
right groups, '

The average was calculated for 10 repeated measurements (5 from the left group of

20  barbs and 5 from the right group of barbs on the same suture) that were made for each of cut
angle 6 and cut depth D. Barb cut angle 6 was measured from the surface of the cut to the
outer surface of barbed suture 80. Barb cut depth D was measured along 2 perpendicular
from the outer surface of barbed suture 80 toward longitudinal axis A of barbed suture 80.
The measurements enabled cut length L to be calculated using the following formula,

L =D/{Sin (180 - 8)}

Also, angie o of spirality was measured microscopically on varions barbed sutures 80
as follows. When the twisted suture filament is gripped by the vise during cutting of barbs
30 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. I the vise does not leave a light mark on the suture



Units Average Standard Devi ation D ameter (0.381 nm degrees 161.0
1. 707 not applicable nmO0.158 0.014 0.41 nm 0.489 0.054 . 1.28 mm 0. 962

0.054 2.52 degrees 7.96 1.075 not applicable -29-
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filament, then line M can be determined in that it is parallel to a line connecting the two
respective terminus T of the two successive cut-out depressions CD left in snture body 82
from the escarpment of two successive barbs 81. After cutting of barbs 81, when barbed
suture 80 is released from the vise and untwisted so that suture 80 lies free, then line M
spirals on suture body 82 around barbed suture 80, forming angle & of spirality.

Specifically for measuring spirality angle ¢, the Optem Zoom 100 custom microscope
was set with ring lighting at 60 and back lighting at coarse 12 and fine 10. Also, imaging
analysis system software was used. Spirality angle o was then measured between the outer
surface of the barbed suture and line M. The average was calculated for lovmpeaied
measurements (5 from the left group of barbs and 5 from the right group of barbs on the same
suture).

Then, barbed suture 80 was mounted in a twisting device with one end of suture 80
clamped in a fixed position. The other end of suture 80 was rotated to insert twist until barbs
81 were aligned. Next on barbed suture 80, longitudinal cut distance P between two adjacent
barbs 81 was measured microscopically between the two respective terminus T of the two
successive cut-out depressions CD left in suture body 82 from the escarpment of two
successive barbs 81. The average was calculated for 10 repeated measurements (5 from the
left group of barbs and S from the right group of barbs on the same suture).

The results are summarized in the following Tables 7A, 7B, 7C, and 7D.

Table 7A (size O barbed suture)

Ratioof D. L. or
P over Suture
Measurement Units Left Right Diameter (0.457 mm)
cut angle 6 degrees 156 +2 15741 not applicabie |
cut depth D mm 0.15+002 0.16+0.04 0.35
cut length L. mm 0364003 040+0.10 0.87
cut distance P mm 090+ 017 0.88+0.15 192



Table 7J (size 2-0 bathed suture)

Units Average Standard Devi ati on D aneter

Ratio of D, L, or P over Suture
(0.381 nm degrees 161.0 1306

not applicable TrimO0.154 0.017 0.40 mm 0.474 0.058 1.24 nm 0.973 0. 068

Measurement Units
5 cutangle 0 degrees
cut depth D mm
cuf length L mm
cut distance P mm
spirality angle o degrees
10 _
Measurement Units
15 cutangle © degrees
‘cut depth P mm
cut fength L mm
cui distance P mm
spirality angle o degraes
20
Measurement Units
25 cutangle degrees
cut depth D mm
cut length L mm
cut distance P mm
spirality angle o deprees

3¢
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Table 7B (size 0 barbed suture)
Ratioof D. L. or
P over Suiure
Average Standard Deviation —Diameter (0.457 mm)
151 1.642 not applicable
0215 0.027 047
0.44¢5 0.042 097
- 0.962 0.073 2.1
20.833 1.602 not applicabie
Table 7C (size 0 barbed suture)
Ratioof D. L, or
P over Suture
Average  Standard Deviation  Diameter (0.457 mm)
154 2.870 not applicable
0.205 0.033 045
0.469 0.044 1.03
0.975 0.103 2.13
19.333 1.506 not applicable

Tabie 7D (size 0 barbed suture)

Ratio of D.1. or

P over Sature

Average Standard Deviation  Diameter (0.457 mm)
155 2.3%0 | not appiicabie
0.186 0.026 0.41
0.437 0.039 0.96
0.966 0.071 2.11

18.833 2.137 not applicable

Alsoc, some additional measurements of angle o were performed on a few additional
bi-directional twist cut, multipie spiral barbed sutures with a diameter of about 0.018 inch



235 degrees 6.53 1.755 not applicable Addi ti onal neasurenents were
performed on several other twist cut, nmultiple spiral, barbed sutures
manuf actured from nonofil anment spun from pol ydi oxancnme and having a

di anmeter of about 0.018 inch (about 0.457 mm which is slightly nore than
the USP 1.5 requirenent for a size 0 synthetic absorbable suture) and thus
simlar to the above-described tested barbed sutures, except that these

ot her barbed sutures were cut with a different cutting nachine, nanely a
machi ne with one bl ade that noved longitudinally along the tw sted
filanment between cutting strokes and th2k was controlled with a conputer
to make the various cuts for the escarpnent of the barbs. These ot her

bat hed sut {(Abeat Qiy/enm slighthyanere than the YSP migyieme20fop e bize © symsheckie asdottablgt h and
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cl osure streng can be seen con
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cut ure) - Raf e S Bl 85 ) ERaided) FEipeio® i il e bamedi at i on
D anet ef ( Oxturbylikeusnjures 80, but having a diameter of about 0.0115 inch (about 0.292 mm, which is

slightly more than the USP requirement for a size 3-0 synthetic absorbable suture), and

measurements of spirality angle & wers performed on 2 of these 3 additional barbed sutures.

Also, measurements of barb cut angle 0, barb length L, barb cut depth D, cut distance P, and

spirality angle o, were perfonmed on 3 additional bi-directional twist cut, multiple spiral

10 barbed sutures like sutures 80, but with a diameter-of about 0.015 inch (about 0.381 mm,
which is slightly more than the USP requirement for a size 2-0 synthetic absorbable suture).
The results are summarized in the following Tables 7E, 7F, 7G, 7H, 7L and 7.

Table 7E (size 3-0 barbed suture)
15 Ratiocof D.L. or
P over Suture
Measurement Units Average Standard Devigtion Diameter (0.292 mm)
cut angle 6 degrees i66 1.651 not applicable
cut depth D mm 0.107 0.007 0.37
20 cutlengthL mm 0.443 0.042 1.52
cut distance P 11113 0.956 0.079 3.27
spirality angle o degrees notiested  not applicable not applicable
Table 7F (size 3-0 barbed suture)
25 Ratioof D. L., or
P over Suture
. Measurement Units Average Stendard Deviation Diameter (0.292 mm)
- cut angie 0 degrees 164 2055 not applicable
cut depth D mm G.106 0.006 0.36
30 cutlengthL mm 0.395 0.042 _ 1.35
cut distance P mm 0.959 0.074 328

spirality angle o degrees 7.329 7 0547 not applicable



i .022 1.05
rees 152.6 0.718 not applicable nmm0.221 0.011 0.48 mm 0.479 O _
gﬁ?0.784 0.015 1.71 -30- spirality angle adegrees 12.90453not applicable

Table 7L (size 0 barbed suture) Ratio of D, L, P over Suture

28

Table 7G (size 3-0 barbed suture)

Ratio of D. L. or
P over Suture
5  Measurement . Units Average Standard Deviation Diameter (0.292 min)
cut angle 6 degrees 165 1.031 not applicable
cut depth D mm 0.104 0.009 0.36
cut length L mm 0.39¢0 0.035 1.34
cut distance P mm 0.975 0.103 3.34
10 spirality angie o . degrees 7.258 0.636 - not applicable
Table 7H (size 2-0 barbed suture)
' Ratioof D. L. or
P over Suture
15  Measurement Units Averape Standard Deviation  Diameter (0,381 mm)
cut angie 6 degrees 160.2 1.320 not applicable
cut depth D mm 0.152 0.019 0.40
cutiength L - mm 0.449 0.057 1.18
cut distance P mm 0.944 0.098 248
20  spirality angle ot degrees 9.40 1.606 not applicable
Table 71 (size 2-0 barbed suture)
Ratioof D, L. or
P over Suture
25  Measurement Units Average Standard Deviation Diameter (0,381 mm)
cut angle 6 degrees 161.0 1.707 not applicable
cut depth D mm 0.158 0.014 0.41
cut Ienpth L mm 0.489 0.054 ° 1.28
cut distance P mm 0.962 0.054 2.52

30  spirality angle ¢ degrees 7.96 . 1.075 not applicabie



[ I ati ' 152.4 0.947
Units Avenge Standard Deviation Dianeter (0.457 mm) degrees
not appl i cgbl e nm0.216 0.014 0.47 mm 0. 465 0.024 1.02 nm 0.774 0.015 1.69
degrees 13.2 0.349 not applicable Table 7M (size 0 barbed suture) Ratio

of D. L,
-20-
Table 7F (size 2-0 barbed suture)
© RatioofD.L.or
P over Suture
Measarement Unitg Average Standard Deviation Diameter (0.381 mm}
5 cutangle® degrees 161.0 1.506 not applicabie
cut depth D mm 0.154 0.017 0.40
cut length L mm 0.474 0.058 1.24
cut distance P min 0.973 0.068 2355
spirality angle o degrees 6.53 1.755 not applicable
10 -

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

barbed sutures manufactured from monofilament spun from polydioxanone and having a
diameter of about 0.018 inch (zbout 0.457 mun, which is slightiy more than the USP

15 requirement for a size 0 synthetic absorbable suture) and thus similar to the above-described
tested barbed sutures, except that these other barbed sutures were cut with a different cutting
machine, namely a machine with one blade that moved longitzdinally along the twisted
filament between cutting strokes and that was controlled with a cormputer to make the various
cuts for the escarpment of the barbs. These other barbed sutures were also tested for straight

20  pull tensile sirength and for chamois cloth closure strength. (A discussion of how chamois
cloth closure strength is performed can be seen below in connection with Figures I3A and
13B.) The results for these other barbed sutures are summarized in the following Tables 7K

-T7Z
25 Table 7K (size 0 barbed sumre)
Ratioof D. 1,
P over Suture
Measurement Units Avempe Standard Deviation Diameter (0.457 mm)
cut angie € degrees 152.6 0.718 not applicable
30 cutdepthD mm 0.221 0.011 0.48
cut length L mm 0.479 0.022 1.05

cut distance P mm  0.784 0.015 171



P over Suture Units Average Standard Devi ation D ameter (0.457
degrees 152.3 0.576 not applicable nm 0.227 0.015 0.50 mm 0.489 0.034 1.07

mm 0. 7% 0. 018 1.74 degrees 13.1

10
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30

spmahty angle o

Measurement
cut angle &

cut depth D
cutlengthlL _
cut distance P
spirality angle o

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

spirality angie o

Meassirement

cut angie 8

cut depth D
cut length L

Unis Average Standard Deviation
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degrees 12.9 0453

Table 7L (size 0 barbed sutore)
Units Average Standard Deviation
degrees 1524 0.947
mm 0.216 0.014
mm 0.465 0.024
mm 0.774 0.015
degrees 13.2 0.349

Table 7M (size O barbed suture)

degrees 152.3 0.576
mm 0.227 0.015
mm 0.489 0.034
mn 0.796 0.018
degrees 13.1 0.193
Table TN (size O barbed suture)

Units Average Standard Deviation

degrees 152.8
mm 0207
mm 0453

0.612
0.607
0.016

not applicable

Ratioof D, L.

P over Suture
Diameter (0.457 mm)
niot applicable
0.47
1.02
1.69
not applicable

Ratioof D, L.
P over Suture
Diameter (0.457 mm)
not applicable
0.50
107
1.74
not applicable

Ratio of D L
P over Suture
Diameter (0.457 mm)
niot applicable
0.45
0.99




0. 193 not applicable

L, P over

25 Table 7N (size O barbed suture)
Suture Units Average Standard Devi ation D aneter

degrees 152.8 0.612 not applicable mm 0. 207

10

15
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30

cut distance P
spirality angle o

Measnorement
cut angle 6

cut depth D

cut length L

cut distance P
spirality angle o

cut depth D

cut iength L.

cut distance P
spirality angle o

Measurement

cut angle 8
cut depth D

mm 0.798
degrees 13.6

Table 70 (size 0 barbed sutnre)

Units Average Standard Deviation

degrees 152.9 0.549
mm 0.188 0.016
mm 0413 0.030
mm 0.787 0.024
degrees 13.8 0.270
Table 7P gsfzc 0 barbed suture)

Units Average Standard Deviation

31-

0.017
0.560

degrees 153.1 0.655
mm  0.204 0.007
mm 0451 0.019
mm  0.792 0.018
degrees 13.6 0.410

Table 70 (size 0 barbed suture)

Units Average Standard Deviation

degrees 163.1
mm 0.245

0.505
0.013

Rati o of D.
(0.457 rem

175
not applicable

Ratio of D. L.

P over Suture

Diameter (0.457 mm)

not applicable
041
0.90
1.72

not applicable

Ratio of D. L,

P gver Suture

Diameter (0.457 mm)

not applicabie
0.45
0.99
1.73

not applicable

Raticof D. L

P over Suture

Diameter (0.457 mm)

not applicable
0.54



0.007 0.45 Mm 0.453 0.016 0.99 _
spirality angl e adegrees 13.60.560not applicable

suture) Ratio of D. L,
D ameter (0.457 mm

cut length L
cut distance P

spirality angle

Measurement
10 cutangle®
cut depth D
cut length I
cuf distance P
spirality angle o

15

20 Measurement
cut angie §
cut depth D
cut length L
cut distance P
25  spirality angle o

30
Measurement

cut angle 0

-31- cut distance Pm®D. 7980. 0171. 75

degrees 152.9

32-
mm 0.842 0.045 1.84
mm 0.774 0.009 1.69
degrees 10.8 0.449 not applicable
Table 7R (size 0 barbed suture)
Rafioof D. L,
P over Suture
Units Average Standard Devigtion Diameter (0.457 mm)
degrees 161.1 L126 - not applicable
mm 0.233 0.017 0.51
mm 0.721 0.035 1.58
mm 0.773 0.010 1.69
degrees 12.6 0.189 not applicable
Table 78 (size O barbed suture)
Ratio of D, L.
P over Suture
Units Average Standard Deviation Diameter (0.457 mm)
- degrees  160.9 0.708 not applicable
mm 0.240 0.014 0.52
oo 0.734 0.037 1.61
mim. 0.774 0.009 1.69
degrees 13.6 0312 not applicable
Table 7T (size O barbed suture)
' Ratio of D. L,
P over Suture
Units Average Standard Deviation Diameter (0.457 mm)
degrees 154.6 1434 not applicable

Table 70 (size O barbed
P over Suture Units Average Standard Devi ation



0549 not applicable mm 0.188 0.016 0.41 aim0.413 0.030 0.90 nm 0. 787
0.024 1.72 degrees 13.8 0.270 not applicable

suture) Ratio of D, L,

10
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cut depth D
cut length L
cut distance P

spirality angle o

Measurement
cut angle §

cut depth D

cut lengih L

cut distance P
spirality angle o

- Measurement

cut angie 6

cut depth D

cut iength L

cut distance P
spirality angle a

Measurement
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mm 0.210 0.009
mm 0.492 0.02¢6
mm 0538 0.011
degrees 12.3 0.223
Table 7U (size 0 barbed suture)

Units Average Standard Deviation

degrees 152.9 0.809
mm 0.212 0.014
mm 0.464 0.026
mm 0.530 0.015
degrees 13.7 0411
Table 7V (size 0 barbed suture)

Units Averape Standard Deviation

degrees 1534 0.903
mm 0221 0.010
mm 0495 0.023
mm 0537 0.012
degrees 13.9 0.605
Table 7W (size O barbed suture)

Units Average Standard Deviation

Table 7P (size O barbed
P over Suture Units Average

0.46
1.08
1.18

not applicable

Ratioof D. L
P over Suture
Diameter (0.457 mm)
not applicable
0.46
1.0t
116
not applicable

Ratioof D, L
P over Suture

Diameter (0.457 mm)

not applicable
0.48
1.08
1.17

not applicable

Ratoof D 1.
P over Suture

Diameter (¢.457 mm)



St andard Devi ation Di aneter (0.457 nmm degrees 153.1 0. 655 not
appl i cable mm 0.204 0.007 0.45 nm 0.451 0.019 0.99 nmm 0.792 0.018 1.73

degrees 13.6 0.410 not applicable Table 70 (size 0 barbed suture) Ratio
of D. L, ,

-34-
cut angle € degrees 155.2 0.829 not applicable
cut depth D mm 0202 0.008 0.44
cut length L. mm 0.483 0.017 1.06
cul distance P mm 0.78% 0.031 1.73
5  spirality angle ¢ degrees 12.6 .328 not applicable

Table 7X (size 0 barbed suture

Ratioof D, L
10 - : - P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457 mm)
cut angle 6 degrees 153.5 0.799 not applicable
cut depth D mm 0.200 0.010 044
cut length L, mm 0.484 0.027 L.O6
15  cut distance P mm 0.798 0.017 175
spirality angle o degrees 11.8 0.362 not applicable
Table 7Y (size O barbed suturs)
20 Ratio of D. L.
P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457 mm)
cut angle 0 degrees 1554 0.560 not applicable
cut depth D mm 0.196 0.008 0.43
25 cutlengthL mm 0471 0.017 1.03
cut distance P mm 0.799 0.019 175
spirality angle o degrees 11.8 0.496 not applicable

30 Table 72
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nmm cut angl e Bdegrees 163. 10. 505n0t applicable cut depth .
Dm0. 2450. 0130. 54 -32- cut length L nmO0.842 0.045 1.84 cut distance

P mmO0.774 0.009 1.69 spirality angle a degrees 10.8 0.449 not applicable
Table 7R (size O barbed suture) Ratio of D, L,

10

15

30

-35-
Barbed Suture Straight Pull Strength Chamois Cloth Closure Strength
{pounds) {pounds to rupture}
Sample 1 7.29 11.23
(Tables 7TK -7M)
Sample 2 8.73 12.14
(Tables TN —7P)
Sample 3 8.5 922
(Tables 7Q - 75)
Sample 4 592 9.27
(Tables 7T - 7V) _ - .
Sample 5 ‘ 7.69 9.97
{Tables 7W - 7Y)

Although all the above-noted measurements were performed on bi-directional, twist
cut, maitiple spiral barbed sutures, the below-noted desirable ranges for measurements for
barb length L, barb cut depth D, barb cut angle 8, and/or cut distance P should be the same
for the various other inventive barbed sutures described here,

A suitable ratio of cut length L io barbed suture diameter SD ranges from about 0.2 to
about 2, more preferably from about 0.4 to about 1.7, even more preferably from about 0.8 to
about 1.5. However, very suitable barbed sutures may have a ratio of cut iength L to barbed
suture diameter SD from about 1 down to about 0.2, whereby the ratio of the highest possibie
barb elevation (the elevation of barb tip 85 above suture body 82) to the suture diameter SD
correspondingly ranges from about 1 down to about 0.2. (The highest possible barb elevation
is the same as the barb length 1..) Also, a suitable ratio of cut depth D to barbed suture
diameter SD ranges from about 0.05 to about 0.6, more preferably from about 0.1 to about
0.53, even more preferabiy from about 0.2 to about 0.5,

Regardiess, 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 suitable for joining other types of tissues such as
fibrous tissue. As discussed in more detail below vis-a-vis Figure 11, there will also be
instances where a barb éonﬁgm‘aﬁon that is a combination of large, medium, and/or small



P over Suture Units Average Standard Devi ation D anmeter (0.457
degrees 161.1 1.126 not applicable nun 0.233 0.017 0.51 mm 0. 721 0.035 158

mm 0. 773 0. 010 1.69
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barbs disposed on the same suture will be desirable, for instance, when the barbed suture is
empioyed in tissue that has differing layer structures.

Cut angle 6 formed between the barb and the elongated suture body desirably would
range from about 140 degrees to about 175 degrees, more preferably would range from about

5 145 degrees to about 173 degrees. The most preferred cut angle © for all barbs ranges from
about 150° to about 170°.
' For instance, for a polydioxanone barbed suture with a diameter of about 0.018 inch
(about 0.457 mm), which is slightly larger that the USP requirernent for a synthetic
absorbable suture of size 0, the preferred barb length L would be 0.45 mm: the preferred barb
10 - depth D would be 0.2 mm; and the preferred barb cut angle would be 153 degrees.

Longitudinal spacing between any two barbs is generally effected with the goal of
creating as many barbs as possible along the suture, and is a factor in the ability of the barbed
suture to anchor tissues while maintaining firmmess. As barbs are spaced farther apart, tissue-
anchoring capacity decreases. Nevertheless, if barbs are spaced too close, the integrity of the

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

Generally, a suitable ratio of cut distance P to barbed suture diameter SD ranges from
about 0.1 to about 6, more preferably from about 0.5 to about 4.5, even more preferably from
about 1.0 to about 3.5. Very suitable barbed sutures may have a ratio of cut distance P to

20  barbed suture diameter SD from about 1.5 down to about 0.2, whereby cut distance P may be
as low as about 0.1, particularly for the overlapping barb embodiment, which is discussed in
more detail below vis-a-vis Figures 124, 12B, 12C, and 12D.

Additionally, spirality angle o formed between line M and the longitudinal direction
of the elongated suture body for a twist cut, multiple spiral barbed suture typically would

25  range from about 5 degrees to about 25 degrees, more preferably from about 7 degrees to
about 21 degrees. The most preferred angle o for all barbs on a twist cut, multiple spiral
barbed suture is about 10° to about 18°.

Tuming 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

30  section. Elongated body 92 terminates in first and second pointed ends 94, 96 for penetrating
tissue, It is contemplated that one or both ends 94, 96 may comprise a surgical needie (not
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(0. 457 degrees 160.9 0.708 not applicable mm 0.240 0.014 0.52
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shown) for insertion into tissuc. Additionally, suturé 90 inciudes plurality of closely spaced
barbs 97 arranged in a random disposition.

Suture 90 may be made with the same cutting machine as the above-discussed sutures,
such as the cutting device described in the above-noted Serial No. 09/943 ,733 to Genova et

5  al. With combinations of the above-described methods for making the 180 degree disposition
(sutures 1, 10), the 120 degree disposition (sutures 30, 40}, and/or the twist cut multiple spiral
disposition (sutures 60, 70, 80}, barbed suture 90 with a very random barb dispositon is

- obtained. The advantage of the random disposition is that the many barb angles provide
superior anchoring in tissues and thus afford superior wound holding properties. With the
10  random dtspas:tion the barbed suture would be inserted into tissue with an msertlon device,
such as that shown in the above-noted U.S. Patent No. 5,342,376 to Ruff.

With regard to Figure 9, shown is a sectional side view of barbed suture 100, which is
another embodiment of the present invention. Suture 100 includes elongated suture body 102
of generally circular cross section. Also, suture body 102 has disposed on it a plurality of

15 closely spaced barbs 107. Each barb 107 has a batb configuration such that barb underside
108 is serrated or corrugated. One or both suture ends {not shown} are pointed for
penetrating tissue and it is contemplated that one or both may comprise a surgical needie (not
shown) for insertion into tissue.

Suture 100 may be made with the same cutiing machine as the above-discussed

20 sutures, such as the cutting device described in the above-noted Serial No. 09/943,733 to
Genova et al. Barb 107 having serrated underside 108 is achieved by vibrating or oscillating
the cutting blades of the cutting device when barbs are being escarped into the body of a
monofilament. It is intended that any of the barbed sutures of the present invention as
described here may have barbs with a configuration that includes a serrated or corrugated

25  underside,

With reference now to Figures 10A and 10B, depicted in Figure 10 A is a perspective
view and depicted in Figure 10B is a top view of barbed suture 110, which is another
embodiment of the present invention. Suture 110 includes elongated suture body 112 of
generally circular cross section. Also, suturs body 112 has disposed on it a plurality of

30 closely spaced barbs 115 having barb tips 117 (one barb 125 is shown for purposes of
brevity). Barb 115 has a configuration with an arcuate base 119 where barb 115 is attached
to suture body 112. One or both suture ends (not shown) are pointed for penetrating tissue



mm 0. 734 0.037 1.61 mm 0. 774 0.009 1.69 degrees 13.6 0.312 not
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and jt is contemplated that one or both may comprise 2 surgical needle (not shown) for
insertion into tissue.

Figures 10C and 10D are cross-sectional views respectively along line 10C ~ 10C and
line 10D — 10D of Figure 10B. Figure 10C and 10D further clarify that barb 115 becomes

5  marrower going from base 119 toward tip 117.

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

10 119, R

It is intended that any of the barbed sutures of the present invention as described here
may have barbs with a configuration that includes an arcuate base. The arcuate base should
enhance tissue anchoring as compared to a flat, linear base. Regardless, it is not desired for
the base to be circular or oval, which would result from conical shaped barbs, as that could
15  decrease tissue anchoring, '

Shown in Figure 11 is a sectional side view of a barbed suture that is another
embodiment of the present invention, and that is generally designated at 120. Suture 120
includes elongated body 122 that is generally circular in cross section. Elongated body 122
terminates in end 124. End 124 is pointed for penetrating tissue and it is contemplated that

20 end 124 may comprise a surgical needle (not shown) for inserfion into tissue. (The other end
is not shown, and also may be pointed for penetrating tissue and may comprise a surgical
needle for penetrating tissne.)

Also, suture 120 includes plurality of closely spaced barbs 125, plurality of closely
‘spaced barbs 127, and plurality of closely spaced barbs 129. Barbs 125 are relatively small in

25  size with a relatively short barb Jength as compared to barbs 127, which are relatively
medium in size with a relatively medium barb iength, as compared to barbs 129, which are
relatively large in size with a relatively long barb length,

Suture 120 may be made with the same cutfing machine as the above-described
sutures were made, such as the cutting device described in the above-noted Serial No.

30 09/943,733 to Genova et al. By altering the amount of blage movement during cutting into a
suture filament, then the barb cat length is made longer or shorter, as desired, 1o resnit in each
of the three sets of barbs 125, 127, and 120 being of a size different from the others, where
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the varying sizes are designed for various surgical applications. The barb size may aiso vary
in the transverse direction, whereby the barb base may be shost, medium, or long, and
regardiess, the barb base typically is less than about % of the suture diameter.

For instance, relatively larger barbg are desirable for joining fat and soft tissues,
whereas relatively sroaller barbs are desirable for Jjoining fibrous tissues. Use of 2
combination of large, medium, and/or smal! barbs on the same suture helps to ensure
maximum anchoring properties when barb sizes are customized for each tissue layer. Only
two different sized sets of barbs {not shown) may be escarped into suture body 122, or
additional sets of barbs (not shown) with four, five, six, or more different sized sets than three
sizes as illustrated for sets of barbs 125, 127, and 129 may be escarped into suture body 122
as desired, in accordance with the intended end use. Also, although suture 120 is illustrated
with the barbs being unidirectional, it is intended that barbed sutures with barbs having a
configuration of varying sizes in accordance with the invention also may be bi-directional
barbed sutores or random barbed sutures or any of the other inventive barbed sutures

described here.
Figure 12A is a perspective view of another embodiment of the present invention,

- showing barbed suture 130 having elongated body 132 of generally circular cross section.

One or both suture ends (not shown) are pointed for penetrating fissue and it is contemplated
that one or both ends may comprise a surgical needie (not shown) for insertion into tissue.

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

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

Thus, with the overlapping disposition, the barb cut distance between first barb 135
and second barb 135 may be shorter than the barb cut length of overlapped second barb 135,
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whereas, in general for barbed sutures, the barb cut distance between two barbs > the barb cut
length. Particularly for the overlapping barb disposition, very suitable barbed sutures may
have a ratio of the barb cut distance to the barbed suture diameter from about 1.5 down to
about 0.2, since the barb cut distance P may be as low as about 0.1. (See discussion of Figure
7 for comments vis-a-vis the barb cut length and the barb cut distance.) This overlapping
disposition allows for closely packing many barbs 135 on body 132, and typically, barbs 135
are thin, as compared to when the barb cut distance between two barbs > the barb cut length.

Also, although suture 130 is iliustrated with barbs 135 being nnidirectional, it is
intended to include that suture 130 in accordance with the invention also may be a bi-
directional barbed suture as described here. _ .

Figures 13A, 13B, 13C, and 13D sho;w various surgical needles, where a barbed 7
suture is attached to each surgical needle. In order to facilitate insertion into tissue, the
surgical needles may be coated with a polymer, for instance, as described above vis-3-vis
U.S. Patent No. 5,258,013 to Granger et al.

Figure 13A shows surgical needie N1 that is a straight elongated needle in the
longitudinal direction and that is generally circular in cross section. Surgical needle N1 has
pointed tip T1 for insertion into tissue and also has hole H1. Surgical needle N1 is illustrated
as attached, such as by swaging, to barbed suture S]. Barbed suture S is a barbed suture
including, but not limited to, any of the above-described barbed sutures. Additionally,
surgical needle N1 has diameter D1 in the transverse direction, which is illustrated as 2
relatively thin diameter, such as about .02 inch (about 0.51 mm). As discussed above vis-a-
vis swaging, surgical needle N1, after having suture SI inserted into hole H1, may be
crimped by standard procedures about hoie H1 to hold suture S in place for suturing tissue.

Figure 13B shows surgical needle N2 that is a straight elongated needie in the
longitudinal direction and that is generally circular in cross section. Surgical needle N2 has
pointed tip T2 for insertion into tissue and also has hole H2. Surgical needle N2 is illustrated
as attached, such as by swaging, to barbed suture S2. Barbed suture S2 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 sorgical needle N1. As discussed above vis-2-vis swaging, surgical needle N2, after



Units Average Standard Deviation D aneter (0.457 mr) degrees 153. 4 0.903
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having suture S2 inserted into hole H2, may be crimped by standard procedures about hole
H2 to hold suture S2 in place for use in suturing tissue.
Figure 13C shows surgical needle N3 that is a curved elongated needle in the
longitudinal direction and that is penerally circular in cross section. Surgical needie N3 has
5  pointed tip T3 for insertion into tissue and also has hole H3. Surgical needle N3 is illustrated
as attached, such as by swaging, to barbed suinre S3. Barbed suture 83 is a barbed suture
including, but not limited to, any of the above-described barbed sutures. Additionally,
surgical needie N3 has diameter D3 in the transverse direction, which is illustrated as a
relatively thin diameter, such as about 0.02 inch (about 0.51 mm). As discussed above vis-3-
10 vis swaging, surgical needle N3, after having suture S3 inSeﬂed into hole H3, may be
crimped by stﬁldard procedures about hole 3 to hold suture S3 in pk.;:tce for use in suturing
tissue, '
Figure 13D shows surgjcal needle N4 that is a curved elongated needie in the
longitudinal direction and that is generally circular in cross section. Surgical needle N4 has
15 pointed tip T4 for insertion into tissue and also has hole H4. Surgical needle N4 is illustrated
as attached, such as by swaging, to barbed suture S4. Barbed suture S$4 is a barbed suture
including, but not limited to, any of the above-described barbed sutures. Additionalty,
surgical needle N4 has diameter D4 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 -
20 D3 of surgical needle N3. As discussed above vis-a-vis swaging, surgical needie N4, after
having suture 84 inserted into hole H4, may be crimped by standard procedures about hole
H4 to hold suture 54 in place for use in suturing tissue.
Needie tips T1, T2, T3, and T4 are schematically iliustrated as pointed, but, as is well
known, surgical needles come with various kinds of pointed tips, such as taper point, taper
- 25 cutting, ball point, cutting edge, diamond point, thin line, and lancet point, and it is intended
to include, but not be limited to, ali such needie tips. Taper point, taper cutting, and diamond
point are preferred needle tips for surgical needles used with barbed sutures.
As is weli known in the art, needle diameter for surgical needles nsed with
conventional (i.¢., unbarbed) sutures is considered unimportant, and often very thick surgical
30 needles are used with thin conventional sutures such that the ratio of surgicél needle diameter
to conventional suture diameter is 4:1 or even higher, such as 4.43:1.
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However, with the surgical needle/barbed suture combination of the present invention’
(for either a straight needie or a curved needle), the thinner that the surgical needle is, then
the more preferable that the surgical needle/barbed suture is, with the desired peedle diameter
being thinner and thinner as it approaches the barbed suture diameter, and it is possible that
5  the needle diameter may be even thinner than the barbed suture diameter.
In generaj for the present invention, a reiatively thin surgical needle attached to a
barbed suture is more preferabie for approximating tissue when stitching a wound closed than
a relatively thick surgical needle threaded with 2 barbed suture. The reason is that the
relatively thin surgical needle attached to a barbed suture allows for greater engagement of
10 barbs in tissue, and therefore provides better closure strength to the approximated tissue that
has been sutured to prevent the opposir;g sides of the closed wound from puliing apart, as
compared to the closure strength provided to approximated tissue that has been sutured with
the relatively thick surgical needle.
The most important feature for the combination of the surgical needle attached to the
15 barbed suture is that the surgical needle diameter should be of sufficient width in order to
make 2 hole or a channel in the end, such by drilling, to allow for insertion of the barbed
suture into the hole or the channel. Nevertheless, as the surgical necdic diameter increases,
the surgical needle is still suitable as long as the ratio of the surgical needle diameter to the
barbed suture diameter is about 3:1 or less,

.20 - Accordingly, a desirable ratio of surgical needle diameter to barbed suture diameter,
for either a straight needle or a curved needle, is about 3:1 or less, more preferably about 2:1
or less, most preferably about 1.8:1 or less. Furthermore, particularly if channel needies are
employed, the ratio of surgical needle diameter to barbed suture diameter may be as low as
about 1:1 or less, or even lower, for instance, a]:gout 0.9:1 or less, or about 08:1 or less, or as

25  low as about 0.5:1. It will be appreciated by the person of ordinary skill in the art that care
should be taken with extremely thin needies so as to ameliorate the possibility of localized
weakness, which may compromise tissue insertion.

Closure strength of thin surgical needles, both having a ratio of surgical needie
diameter to barbed suture diameter suitable for the present invention, was tested as follows.

30 Various pieces of chamois leather (menufactured by U.S. Chamois of Florida) having
a thickness of about 0.6 in (about 15.2 mm) were cut with a wound having 2 iength of about
1.25 inch (about 32 mm).
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A first specimen was made from a piece of chamois leather by stitching together the
respective edges of the wound with a drilled end surgical needle (item no. 382077A
purchased from Sulzle Company) which was swaged with a barbed suture. In other words,
after insertion of the barbed suture into the needie hole, the needle was crimped about the
hole to secure the barbed suture during stitching. After stitching closed the wound, the piece
of chamois leather was cut to a rectangular shape of about 3 inches (about 76 mm) in length
by about 1.25 inches (about 32 mm) in width, where the stitched wound was in the middie of
the length and transverse the width. The needie was a taper point, curved surgical needie (3/8
of a circle), with a length of about 22 mm and a relatively thin diameter of about 0.020 inch
(about 0.51 mm). .

Thcn, using the same stitching method, a second specimén was magle from another
piece of chamois leather by stitching together the respective edges of the wound, using a
drilled end surgical needle (item no. 383271A purchased from Sulzie Company) swaged with
the same kind of barbed suture, i.e., the surgical needie was crimped about the needle hole,
after insertion of the barbed suture into the hole, to secure the barbed suture durin g stitching.
For the second specimen, the needie was a taper point curved surgical needle (3/8 of a circle).
with a length of about 22 mm and a suitable thin diameter of about 0.032 inch (about 0.8]
mm), although not us thin as the diameter of the needle used for first specimen,.

Each barbed suture for each specimen was a bi-directional, twist cut multiple spiral,
polydioxanone barbed suture like suture 70 in Figure 64, except that each barbed suture had
a diameter of about 0.0115 inch (about 0.291 mm, which is slightly larger than the USP
requirement for a size 3-0 synthetic absorbable suture), instead of a suture diameter of about
0.018 inch (about 0.457 mm).

Both the first and the second specimens of stitched chamois cloth were tested for
closure strength using a Test Resources Universal Tester, Model 200Q. Each specimen was
gripped by two respective serrated jaws. Then, each specimen was pulied iongitudinally at a.
rate of about 10 inches per minute (about 254 mm per minute) until complete rupture. The
peak load in pounds reached before cémplete wound disruption was recorded as the closure
strength. The results were that the first specimen (which was sutured with the needie that had
a relatively thin diameter of about 0.620 inch, about 0.51 mm) took 5.88 pounds unti! wound
disruption occurred and the specimen pulled apart back into 2 pieces, whereas the second
specimen (which was stitched with the needie that had a suitably thin diameter of about 0.032
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inch, about 0.81 mm, but not as thin as the needle for the first specimen) took only 2.88
pounds until the wound disruption and the specimen pulied apart back into 2 pieces.
The results are summarized in Table 13A below.

5 Table 13A (Chamois Cloth Closure Streneth)

Specimen Needle Diameter Barbed Suiure Diameter Ratio* Pounds to Rupture
First 0.020 inch 0.0115 inch 1.74 5.88
Second 0.032 inch 0.0115 inch 2.78 2.88

10 *Ratio of surgical needle diameter to barbed suture diameter. .

Also, various pieces of rat skin were cut and stitched for testing of more surgical
needles swaged with barbed sutures as follows.

- Three freshly killed Sprague-Dawley rats, each about 600 to 700 g, were used. Two
15 full-thickness skin incisions were made on the back of each rat to create wounds. Each
wound was about 4 cm in length and parallel to the spine.

For each rat, one of the two wounds was closed with a drilled end, curved surgical
needle that was a Sulzle item no. 382273A, which was 3/8 circle. The needle had a length of
18mm and a diameter of about 0.022 inch (about 0.56 mm). Alse, the needie had a taper

20  point needle tip where the needie tip had been ground to a 3-facet cut to approximate a taper
cutting needle tip to facilitate penetration of rat tissue. The needle was swaged to a barbed
suture.

The other of the two wounds was closed using the same suturing technique, but with a
drilled end, curved surgical needle that was a Sulzle item no. 8326794, which was 3/8 circle.

25  The needie had a length of about 18 mm and a diameter of about 0.026 inch (about 0.66 mm).
Also, the needle had a diamond point needle tip. The needle was swaged to a barbed suture.

Each barbed suture for each specimen was 2 bi-directional, twist cut multiple spiral,
polydioxanone barbed suture like sutare 70 in Figure 64, except that each barbed suture had
a diameter of about 0.015 inch (about 0.381 mm, which is slightly larger than the USP

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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82) to the suture di ane?lgeérn c&(;frﬂ?gg%gen ngl y‘&r‘%ﬁgfe‘?&ﬁ%‘?%’ﬁ‘feéﬁ’sw{f’mi‘ down to

about 032, TestreMafig}R80Q. Porarlbtissudrpedimen, thetvioadpéspatalicting@ash sichédie bat h

length L.) wohsPw | EQE '|§ 8[ ut . depth to barbed suture 25

di ameter SD rang%rgn@%{ﬁ]&a %ﬁ : VS%%IB%?JCFJQU? Bf)mﬁgeft@r'pref erably from

about 0.1 to abibien. @ckspecancarwarpulied irngiediaiilyat b eaenddbostt2 ifchds pe@ nahast 0. 5.
(about 51 mm per minute) until complete rapture occurred. The maximum force encountered

before compiete wound disruption was recorded as the closure strength.
1o . Theresults were averaged from the first set of threg wounds closed with a needle
having a diameter of about 0.022 inch {about 0.56 mm) aﬁd swaged to a barbed suture, Also,
the results were averaged from the second set of three wounds closed with a needle having a
diameter of about 0.026 inch (about 0.66 mm) and swaged to a barbed suture.
The results are surnmarized in Table 13B below.
15
Table 3B (Rat Skin Closure Strength)

Average of 3 Wounds

Specimens Needle Diameter  Barbed Suture Diameter Ratio*  Pounds to Rupture
Fistsetof3  0.022inch 0.015 inch 1.47 11.9 |
20 Secondsetof3  0.026inch 0.015 inch 1.73 8.1
*Ratio of surgical needle diameter te barbed suture diameter.

Thus, the lower the ratio of surgical needle diameter to barbed suture diameter, then
the betier the closure strength when suturing a wound closed with a surgical needie attached
25  toabarbed suture. In general, the thinner the surgical needie, the better the closure strength,
particularly for delicate tissues; however, for tough fissues, such as muscle and bowel, thicker
needles are preferred. Thus, what is important, regardless of whether the needie is thick or
thin or somewhere in the middle, is that the ratio of surgical needle diameter to barbed suture
diameter shouid be about 3:1 or less, more preferably about 2:1 or less.
30 Although the present invention has been shown and described in detail with regard to
only a few exemplary embodiments of the invention, it should be understood by those skilled
~ inthe art that it is not intended to limit the invention to the specific embodiments disciosed.



Regardl ess, length L may be desirably varied depending on the intended end
use, since larger barbs are nore suitable for joining certain types of

ti ssue such as fat tissue or soft tissue, whereas snaller barbs are nore
suitable for joining other types of tissues such as 30 fibrous tissue. As
di scussed in nore detail below vis-a-vis Figure 11, there will al so be

i nstances where a barb configuration that is a conbination of |arge,

medi um and/or small -36- baths di sposed on the sanme suture will be
desirable, for instance, when the bathed suture is enployed in tissue that
has differing layer structures. Cut angte O forned between the barb and

t he el ongated sutuye hody desirably would range from about 140 degrees
to about 17T au%n?%?‘@r%aﬁd\%ﬂﬂ%awﬁlﬁéﬂ%ﬂ?% embodimeya gr ees

to about 1%@heagh@enlly M%ﬂ@ﬁ%{%ﬂg&ﬁ&%&&é%m@kﬁmbs ranges

from about 1500 to abo For instance pol ydi ozanone

bar bed sut BrrEcHyindighf of thefaregeing @MESOFGIRBSWW&&% bisbadisutgresS therpmgsentnhi ch
is slightl ﬁwk:ﬁicﬁ%ﬁnﬁé"&%d&l@ﬁe&ﬁ?tﬂ&ﬁﬂﬂ'cfcﬁﬁ@ &B%&éxﬁ! rbabl e
suture of size 0, the preferreé barb | eng t lﬁﬁ@ d§§a&the

preferréd Béepves E’éﬂﬁhddmﬁ}hméiﬂoOﬁﬂﬁmsuandcmnwwmme@wﬂbvmﬂl angl e

Gencral Ty o P enatonsy omipsors liol s cn A i b RERAE i e SBEPC 1 ©

al ong the 2ansagepe of frednyention ssylpfingd byrthe followimgicigims. of the barbed suture to
anchor tissues while maintaining firmess. As barbs are spaced farther
apart, tissue-anchoring capacity decreases. Nevertheless, if barbs are
spaced too close, the integrity of the Is filament nay be jeopardi zed,

whi ch could lead to a tendency of the barbs to peel back and also to a
decrease in suture tensile strength. Generally, a suitable ratio of
cut distance? to barbed suture dianeter SD ranges fromabout 0.1 to about
6, nore preferably fromabout 0.5 to about 4.5, even nore preferably from
about 1.0 to about 3.5. Very suitable barbed sutures may have a ratio of
cut distance P to 20 barbed suture dianmeter SD from about 1.5 down to
about 0.2, whereby cut distance P nmay be as | ow as about 0.1, particularly
for the overl appi ng bath enbodi nent, which is discussed in nore detai

bel ow vis--vis Figures 12A, 12B, 12C, and 121). Additionally, spirality
angle a forned between Iine Mand the |ongitudinal direction of the

el ongated suture body for a twist cut, nultiple spiral barbed suture
typically would 25 range from about 5 degrees to about 25 degrees, nore
preferably from about 7 degrees to about 21 degrees. The nost preferred
angle a for all barbs on a twist cut, nmultiple spiral barbed suture is
about 10 to about 18. Turning now to Figure 8, shown is suture 90, which

i s anot her enbodi nent of the present invention. Suture 90 includes

el ongated body 92 that is generally circular in cross 30 section.

El ongated body 92 terminntPs in first and second poi nted ends 94,96 for
penetrating tissue. It is contenplated that one or both ends 94,96 nmay
conprise a surgical needle (not -37- shown) for insertion into tissue.
Additionally, suture 90 includes plurality of closely spaced barbs 97
arranged in a random di sposition. Suture 90 may be nmade with the sanme
cutting machi ne as the above-di scussed sutures, such as the cutting device
described in the above-noted Serial No. 09/943,733 to CGenova et 5 al. Wth
conbi nati ons of the above-described nethods for making the 180 degree

di sposition (sutures 1, 10), the 120 degree disposition (sutures 30, 40),
and/or the twist cut nultiple spiral disposition (sutures 60, 70, 80),

bat hed suture 90 with a very random barb di sposition is obtained. The
advant age of the random di sposition is that the many barb angl es provide
superior anchoring in tissues and thus afford superior wound hol di ng
properties. Wth the 10 random di sposition, the barbed suture woul d be
inserted into tissue with an insertion device, such as that shown in the
above-noted U. S. Patent No. 5,342,376 to Ruff. Wth regard to Figure
9, shown is a sectional side view of barbed suture 100, which is another
~enbodi nrent of the present invention. Suture 100 includes el ongated suture
body 102 of generally circular cross section. Al so, suture body 102 has

di sposed on it a plurality of



15 cl osely spaced barbs 107. Each barb 107 has a barb configuration such
that barb underside 108 is serrated or corrugated. One or both suture ends
(not shown) are pointed for penetrating tissue and it is contenpl ated that
one or both may conprise a surgical needle (not shown) for insertion into
tissue. Suture 100 may be nade with the sanme cutting machine as the
above- di scussed 20 sutures, such as the cutting device described in the
above-noted Serial No. 09/943,733 to Genova et al. Barb 107 havi ng

serr at edlaimsier si de 108 is achieved by vibrating or oscillating the cutting
bl ades of the cutting device when barbs are being escathed into the body
of a nonofilanent. It is intended that any of the barbed sutures of the
present].i AVigRbddsutas foes@micbitek hana omynihal dsdvay desd wittne @ngisinggay ari on
that includes a serrated _or corrugated 25 underside, W re elLice.now to
Fi gur esclamgatedrpdydBvingeh figst endapd isgennd el %%i %alémﬁ@ff?ﬁégﬂ %Bﬁ“?l}‘ﬂ%\?vf and
depi ct g¢ 4n. F i OfhcH| i ifddlith Qnd Heinghtiapledi for

anot he?%é%}é%:l%eﬁjﬁg %(Qlﬁt éebg?%s%ﬁ}t{ %Ziﬁll?%%%gbt ure 110 i nc%l udgs el ongat ed
sut ur e tesistyngl iibvefnegienérthd [sytued, r whémiin disees isewt iopposital diesctisutiigre hedy 112
has disposed on it a plurality of 30 ¢l os spaced bat 1 ' bar b
tips 11 “Pgﬂ%l%éﬂ%@ﬁﬁg]ngéhﬁ%m“%g?ubﬁwgﬁgégh% %F%W%?%%iméégﬁgﬁ%gygas a
config i ' Ciisth 0ldégradian abbat 1751déprdes, aidwhdied the
sutureq%%%§HQ?%gé§%§B%?&both%gﬁgﬁeg end%g(not shown) are pointed for

penet r afdrghdvic asoafigurdBen canptising arsarcoate baghl ased t hat one or both may
conprise a surgical needle (not shown) for insertion into tissue. Figures
10C and 10D are cross-sectional views respectively along |line 10C - 10C
and i 2 . Fi o aBut QBT Ud tridges Chahi Ty

t hat bair'bﬁ%fé‘%gjeegognlg@egjcﬁ%gg%@r 318%1 r%gk‘?iré%e?nn base 119 tgé%var d tﬁlf,% 117.

Sut ur e gbbly14fedevrets tovkbdut i desges. cut ti ng machi ne as the above-di scussed
sutures, such as the cutting device described in the above-noted Seri al

No. 09/943,733 to Genova et al. To achieve barb 115 havi ng arcuate base
119, the GHEUDGAGHE kSO St 2, withdifl tdibbnay Bhades hid feads that
are correspondi ngly arcuate th respect to arcuate base 10119. It

i s inteqtdrdl sthédgressyo abouth@0 dageedd sutures of the present invention as
descri bed here may have barbs with a configuration that includes an
arcuat e base. The arcuate base shoul d enhance tissue anchoring as conpared
to a flgta biB&Rkut r cBERRfisd 88%an bbb ahSnd YssRe8difl @btutOEomprisiih@) base to
be circular or oval, which would result Bear conical shaped barbs, as that

coul d 18onetedkbaly hivimue fastehndrndg. seshsdond and-p giameterjanddbha paraliy il si de

view of a bathed suture that is t -enhodi . Of .
inventi@ﬁ?sgﬁﬁeqﬁﬁfﬂW@1@825@&1FV%Sggpgégﬁ%dgéﬁH@%%Pﬁéﬁpnggﬁgggilﬁ%ﬁﬁdes
el ongat gdishRdnhgndnP @ the @AREr @by ifi fisué,aln b pposiec dedtioanfroml trgat ed
body 122 termnates in end 124. End 124 is pointed foQr penetrating

tissue dimebtion ip svigentherparhtfeeps: Naerepp thonbarbs haymp coBHSHALRN SOBPHYPE 3|
needl e {npt sho for_i.ns i .t i i shown,
and al séarﬁﬁyts%eé’\{%gﬁl%taer&h?S?E}%et%g? tht‘l%ﬁ’gi ?@ga% an m?rl%{%{agag H%fg%nggélﬁr gi cal
needl e §0F tHaPKIIRS,i4n8 Whcssi@hg barbs have Abewligusationr @nii?Birignal ardese parbr al i ty
of closely spaced barbs 125, plurality of closely spaced barbs 127, and

pl ural i b3seof cl osely spaced barbs 129. Barbs 125 are relatively snall in
25 size with a relatively short barb |l ength as conpared to barbs 127,
which are relatively mediumin size with a relatively nmedi um barb | ength,
as conpar dihetharbedrdotd 28 ording et chire 4, sthetrdin dheyratiaroféhd barbicabdepith o the
relatively Iong barb | ength S%}ﬂre 120%g?y be made with the sane cutting
machi nes#dreihanephag ipee ULt abeut §Pe nade, such as the cutting

devi ce described in the above-noted Serial No.

6. The barbed suture according to claim 5, wherein the ratio of the barb cut depth to the

suture diameter ranges from about 0.2 to about 0.5.



30 09/943,733 to Cenova et al. By altering the anmount of bl ade novenent
during cutting into a suture filanment, then the barb cut length is nade

| onger or shorter, as desired, to result in each of the three sets of

bat hs 125, 127, and 129 being of a size different fromthe others, where
-39- the varying sizes are designed f,qr. various surgical applications. The
barb size may also vary in the transverse direction, whereby the barb base

may be short, nediuni, or |ong, and regardless, t he barb base.géﬁ#cally is

| ess t hanAabubed ursiox ernneeng BprmABRUFal BEHe; 14 SHEE, P atis/8l §°1 ar ger
bar bs_agye, s BAR) Blia 1k Bh@Und Blscllith G dndld EHRRr aRd LK BRSINPIORT T Vel y
smal | er"bH b ar esirable for joining fibrous tissues. Use of a

combi naldrb padjedtiag feom kel ibudy, euohl/tarb saihd hatdiscton ehé bemgeadsaptedr 7 hel ps
to ensure maxi mum anchgqrj ng 8&ope$ties when .bat h SiZ%§ re.cu%%gnuigd for
each ti%8ing ayeemenh P§Q/ IS 1 BREht™ 152 Bet's OBPODEr CERRTYROWR) may
be escagpedoh h QM HoCod?O Beel 2&heiRin BlMbdbORMe & 0bsiQiatlvdr Rnfridig shown)
with four, Plve, six, or nore different sized sets than three 10 sizes as
i |1 ust risdreduf length atith axfatibaf e taabeut1ampth toride sporedigmeier wagRe e Abays

suture d 22 as desired, i ccpordance mith.the |nt Al so,
althoudﬁgééﬁ&PB*i@@gﬁgkﬁFFhﬁ?ﬂﬁﬁghﬁ““%%C?ﬁ@QEQFﬁéaggﬂﬁéﬁgﬁ?éﬁ?@%f?%ﬁa|,it
is intepgded that barbed sutures with barbs having a configuration of
varying sizes in accordance with the invention also may be bi-directional
bar bed sutures or random barbed sutures or any of the other inventive
barbed gutures 15 described hersg,. i : I f j Vi ew
of anot eﬁss?ﬂﬁ’ﬁﬁﬁﬂ?ﬁe ol ﬁmeg %r‘“gesughg’ W%%rgﬁt;ggz%ogﬁfgtvhmh%&b%?%e st({%lr%e 130
havi ng gleRuRiRehanes 52 gouwemeoabbyt K7.r cul ar cross section. One or both
suture ends (not shown) are pointed for penetrating tissue and it is
contenpl ated that one or both ends may conprise a surgical needle (not

shown) 50@%%%&)%@3 l?.lré %H;c?r i ;ﬁsﬁ)gﬁginig%weﬁl thd Qa6 B8 battNGltuslpsh B) teal i ty

of barbs projectin ro 2 such that at least two

| ongi t uglitin@!diameérel dagsstirdn alsdut &rfdtosooinidS.bar bs 135 are di sposed on body
132 where first bath 135 overlaps second barb 135 if first and second
barbs 135, which is readily apparent if baths 135 are laid fiat on body
132. Fi gyr ' ' ) BV rOdniBalifshd, @GNSy eshpRHhA th)lar bs
135 of 'egg%ggggru%g%?ﬁgmgggg%§P¥F%#)barbed suture 130 of %? uggOIZA, and
Fi gur e ddfgatsd Aodyopavihga firstendoind B speped ¢nBand-p dipneetareny (b} a plurality of

cross-sectional view along Lin 2 D of. Fi . re
clearlyg@%éﬁ“W?gﬁﬁF @Bﬂggquﬁzg%%kﬁggﬁgmfgﬂ?zﬂ%ﬁ%ﬁgﬁéggéé%%gﬁgqgglggrbs
135, OVRL|BAR MGvdnhdnt lof DAL ub@b, whepSaatifae imte dppoiitcotireaipni fromT feof
over | apped second bath 135, and so on. Part of topsige TS of over.l apped

second Haedsion3B whick s byhrfacess whetran dheybarp bers arcogligypuph CHRYPRSIPEE bar b

135. Thys, with,the .overl appi j jtd L Afrstance
bet ween ¥ Ewﬁef@%E%%HO§§§§H%Bhg@hg%gﬁ&igymggugﬁag?ge&%ﬁ%ﬁﬁ?ﬂgﬁ%ﬁth
cut |engpdutaf1 avesddppasd seeais tiabirbd Baye a406nfigdreiicnsomprisinge me reduafeor
barbed sutures, the barb cut distance between two barbs > the barb cut

| engt h. bakrbepsul arly for the overl apping barb disposition, very suitable
barbed sutures may have a ratio of the barb cut distance to the barbed
suture di aneter from about 13 down to about 0.2, since the barb cut

di st ance] PThayadbed asuleaioc@dinahoulaif. 10, whees i saiosefi thnbab chi dsteacesto7 f or
comments vis-a-vis the barb cyt Igggth aq%_ he barb cut distance.) This
over | apfherigtute dipgwtarrgiges fogneborbP-3p g8 hacki ng many baths 135 on body
132, and typically, barbs 135 are thin, as conpared to when the barb cut
di stance between two barbs > the barb cut |ength. Also, although suture
130 i s ilp] UBte bdrball saiturh abandisg 16 8lapeildgwheret t%@mwfdh? barb quk disehitfed t o
i nclude that suture 130 in acgor ce Wt he invention also may be a bi-
ro diredts %‘HgF'a’l:?é‘Feﬁeéd"W gl}oéﬂ?ﬁ ugil@ct?iag%%%%re. B Fi gures 13A, 13B,
13C, and 13D show vari ous surgi cal needles, where a barbed suture is

attached to each surgical needle. In order to faciljtate inserliO@linto
ti ssue, 18he barbgd suthrerfor connscting hyaar puemahissasasbie compEsingat afhce,

d | bed I.S-aVi .S ! , gal.
151 gur &lopaB RO PEIR P Dk g bR B aPr 4y ol ) PoFERART s S

in the



| ong,inidinal direction and that is generally circular in cross section.
Surgical needle Ni has pointed tip Tl for insertion into tissue and al so
has hole H . Surgical needle Ni is illustrated as attached, such as by
swagi ng, to bathed suture Si. Barbed suture Si is a barbed suture
including, but not limted to, any of,ythe above-described barbed sutures.
Additionally, 20 surgical needle NI has dianmeter DI in the transverse
direction, which is illustrated as a relatively thin dianet%éf such as

about (ProRciing fromathe odp, eeh hayb fasineging daecdign 2p8 Peing; adagied;ler &R5HPAg,

surgi cal _need| 1 er. Vi taur J 3 i I ; y be
cri rrped:l1 %\{/&g néﬁ)gglrl% S%tf#]%)eéé” u?leﬂéln[gsggﬁtlﬂh% gb ﬂsﬁ??ﬁiﬁ%ﬁgf E}E@u?{ea (%irééi{%n glﬁ ace
for sutwhichahd bssUBcesFivtitiieth 1h3Brasthold ey @bardl cun & dhge Mengihg frois atzout
straight elongated needle in the 25 longitudinal direction and that is
gener al 140° ¢¢ peanitd759. fiica barb cubdentbmhesuihgiraiig ofibe apd qud depth o Sienligctip T2

for insertion into.tissue also 1l e H2 | cal LS

1 ust rSeaehengrs GmanotsGln <esRy DR e I GReriBE G e
sut ure JRegb bt BndiRtORE sHittie! aﬁnidtuflrm%e@gmnbmoumom tbiabohted] ahd (ivaaparf cut he
above-descri bed bathed sutures. Additionally, surgical needl %r N2 has

di anet ekistBrcd wharhdhe ratin o dhesbarhjcubdisiagge L SHIUFS ARmIcs FRACS droxs aBow o

sui tabl y, thi i anet.er C R & En , bt not
as thi ndggocﬁrgg%e%e dD‘fh%rf%Hls@regljca{:a Rénueee%)lcg%d.r As di cussgg%l%f)ovee Vis-a-vis
swagi ngpassur gi cal needle N2, after -41- having suture 52 inserted into
hol e 112, may be crinped by standard procedures about hole 112 to hold
suture 52 in place for use in suturing tissue. Figure |3C shows surgical
need| e PP’ A%}bédssuﬁrg %ryc%gnﬁltﬁlggﬂrﬁﬂ HERANA tsfuel B8 LOREH Edthbrikdhe (G hECTI ON
and that "is generally circular”in cross section. Surgical needle has 5
poi nt edelbigatciBbddyr havivees firdrndd ahd atsesendecranahdad dignistes and|(k) 4 pBiral8yragi cal

dl N3, | i.l lustrat tt h. i .t t
55 Barbitte BrieRBesuom dhe BRATHER B T dchirs oD apd psine PRASRre. any
of the RboN&: desehi-RE A RAE Redrs UbHES Sn tﬁgﬁﬁ,tihomloky@si@uwédﬁah fieadihe N3

has diameter - D3 in the transverse direction, which is illustrated as a
rel at i vditectibhiim veiicintiteebarb Jacsly, whembothe arbp havech coalpieti@EIOHRPYSINANS

di scussed, above .vi a-a-. 10, vi a, swagj sur.gi cal |l e N3, after.having
sut ure XabicHEERgle§ raneinenEem byt ?4923‘4%%850 iaﬁﬁgdp@i&ﬁ%ﬁﬁ%%@w%%&ne%\ér es

about ﬂ%,@ t O R dSHLEHEr {,ﬂyﬁﬂg%gj figks Use in suturing tissue.

Fi gureh%ﬁ)ss ov(a;s surgi cal ne@éﬁgm that is a curved el ongated needle in

the longitudinal direction and that is generally circular in cross

section,_Surgical needle N4 . has 15.pai.nted ti 4 for. insertion i

tissue %dﬂi? ?@aq‘iﬁs“uw @ccﬂ@n&?ﬁ‘ ﬁfaeglc“n(g,@&{eén ﬁﬂf&-ﬁ?agblc 1‘I&Hl@?er @t %‘gg%ssi%&

attaCheQnouﬂ'@ihdﬁg%?éﬁo%Wﬂilﬁgdeéﬁe@?‘r bed suture 54. Barbed suture S4 is a
c

bar bed suture | uding, but not limted to, any of the above-descri bed
bat hed sutures. Additionally, surgical needle N4 has dianeter D4 in the

transverse _direction, which_.s ilJustrated as,a . suitably.thin di er,
such asl%bgg? b@ﬁ@@f“?“ﬁ"c AcceLdipg to ﬁi.ag’il W?leffﬁf ﬂﬁolfalrj%ggﬁ :ﬂ%’gfl.e gjlsraag%s’anlg?%r 20
D3 of SW&??&déﬁﬁgltgaﬁt 148 gdhReyssed above vis--vis swaging, surgical

, after

needl e aving suture $4 inserted into hole 114, may be crinped
by standard procedures about hole H4 to hold suture 54 in place for use in

suturing tissue. Needl e tips Ti, T2. T3, and .4 are i |y

U1 ust r bl-ef baEbesRE doT sspecting Renanen imel st g léis BRE SRR B! Y.

vari ousglshdsd 95%99&&50;?@ frbtRshd HUGEscRénd SREAndRidMmetéran@r (b2 fuklifyngf, bal |
ge, di

point, cutting e anond point, thin line, and |ancet point, and it is

i nt endebarbe prajedtingefromuthe odybeadhi harbefdgcing in A diregtion mdekping adgded fefper

point, taper cuttin nd di anond.poi.nt._. refe n tj fiRr

sur gi caf®® %u“é%"ea%%& 03] R %%F ed’ hgﬁtltr}r%%.{lg’Ais:fl ?lfsl %ﬁ%{tekgg%n@nnﬁg ﬁle art,
needl e dirai@hanh Wiith St Brbatacse @dleRsn tise Barbk thAve a coafipwetidi ocomprifing e.
unbar bed) sutures is considered uninportant, and qoften very thick surgical

30 needbash cut denibk avdthvg raowhithe ash gl GPéhE the SEHFEEARGICh FANEE TR 3b3li o of
sur gi cal) 4§ dag)guﬁb.ﬁg%(? R?V}{egsir? U BAtbE PAH aSUBhHEGraHbR B hBFisihg vAryin®bafdyen

hi gher, “stc
sizes.




However, wi th the surgical needl e/ barbed suture conbi nati on of the present
invention (for either a straight needle or a curved needle), the thinner
that the surgical needle is, then the nore preferable that the surgical
needl e/ barbed suture is, with the desired needl e di aneter being thinner
and thinner as it approaches the ba[%%q suture dianeter, and it is
possible that 5 the needle dianeter may be even thinner than the barbed
suture di aneter. In general for the present invention, a relatively
thin surgical needle attached to a barbed suture is nore preferable for
appr oxiygat4ng 1 4 ] thamy, i t hi ck
SO gi ool ooy abE S AG b S e 13, WRHDR B ARRDIACRLE LML KL

rel ati viglyte dhinfet@utugies Sonnatedit 6.1ab tholtéd53.0 a barbed suture allows for
greater engagenent of 10 barbs in tissue, and therefore provides better
closure strength to the approxi mated tissue that has been sutured to
prevent | Q%urs! irf? 195§ Her AR rddot P thdIbdrb Rt &R {o ths
conparel'Iﬁ?éﬁé§%1osurgggﬁgggg%ﬁﬁgﬁégiﬁg% to gpproxinated ti ssue that has
been suwuture diamididr ruhges fimnashong D2 tolabelt Gur gi cal needl e. The nost i nport ant
feature for the conbination of the surgical needle attached to the , 15
barbed suture is that the surgical needle dianmeter should be of sufficient

width g OAQ%EbeH%uHRK?oraeohﬁé&mg Thusha® R RARhalitiRste) €aie Rotures¢tpipringl(a) lahi ng,

to allow for insertion of the barbed suture into the hole or the channel.

Never t hdbmgased bslyt ryinga §irg shnd nod @l secendaenst @d 9 depets aad (Phe PREIYY @4

needle s still suitabl s .l on ) .y at | . nai d

i amet drreo Pt B bER Br Rt ARRrb AT 53, BroghiR s 12l BRACksE
20Accor@iiBtihy méveslRai bakhe suiké, owhén Surigseql innee dpposieadietcton tfoorhathbed
suture dianeter, for either a straight needle or a curved needl e, is about

3:1 or diegstion iwreigh Hiechath|fycesppierem ﬂleoli’?rb%éé‘,'e PSSR BTV SHPRIISIRS it
1.8:1 Ol%ari) %?tslen Chfbel 1%953)? tﬂ%aﬂ’a% &Hh@ﬁ%@ft fhe %h\gﬂﬂﬁﬁm%ﬁ% thedtdm gpRloyed,
t1o Of 'S e rto ed su

the ra gi cal nee I anet e arb ture dianeter may be as
| ow as @Pawhabokit 2, ad Wessin the babehaveavamfightation nemansiag vatymgtbagh 97ds. or

| ess, or about 08:1 or less, or as low as about 0.5:1. It will be

appreci ated by the person of ordinary skill in the art that care should be

taken wj hT@l&d}ﬂé@glﬁfmjé B'bﬁrnag‘i’(égﬁilﬁ 00 23hdrRindRE HBIAR: B8 cqesdtRid ey Of

| ocal i zZéd weakness, whic nprom se tissue insertion. C osure

st r engt sutad didmetersranggsdedm alemd Oekto adbotthl.Ravi ng a rati o of surgical needle
di aneter to barbed suture dianeter suitable for the present invention, was
tested as follows. soVarious pieces of chanois |eather (manufactured by

U S. Chaioifs Rfibéd Qi akcdiankRg cRir hil ChR@sH Bé rald@fithDbdbb bax 16ahibus the52 mm)
Were cut wth a wound having a | ength of about 1.25 inch (about 32 mm).
-43- A futwretdianeed ranges\feean abets %& torabaupl-ece of champis | eather by
stitching together the respective edges of the wound with a drilled end
surgical needle (itemno. 382077A purchased from Sul zI e Conpany) whi ch was
swaged it R wrbat fede Joit etnectlng Hefher orvimiesl, tisafid, enidisnaee torapridhg (d)embar bed

suture into the needl e hole, the needle was crinped aggﬂt the 5 hole to
secure ¢lnegaied bedy baving @ fusirand pndta seeandhgnd Apq & diamstercand) & PhEakin: He

wound, {h L ece. of [ e LUt 1.0 48486t : a@ﬁ@g@ f
about 3B?ﬁ%%g§&%g%dgﬁgiggéﬁggi%&@gﬁgﬁﬁﬁgggégéh?@?&ggE?ﬁgﬁggf(aboutﬁ%é nm
in wi dt Rsishe roddieens tdft thbeditwoumtienan dissueha pi deppesief dirbwiohefrgnh thend
transverse the width. The needl e was g@%sggrQ%%rn, urved surgi.cal needl e
(3/ 8 of digecsiopdpeyhickyithe, barby fapgsy Khsreiy 5 bAYs & fanaevEaRgR FORPYSIPR

di amet ef, chuf‘ﬁﬁjcétnc% V\@@x% LRshr i 6P dRiaade Hhe suture diadiBRR rang$idiofmhe
same stitching nmethod, a second specinen was nmade from another piece of
chanoi sabeaOheto dbpusé, andhiimgein diyebirbs haviea comeationecospgisipgofaryipng bagdund,
using a drilled end surgical needle (itemno. 383271A purchased from

Sul zI e ®fipany) swaged with the sane kind of barbed suture, i.e., the
surgical needle was crinped about the needl e hole, 15after insertion of

t he bathed suture into the hole, to secure the bathed suture during
stitching. For the second specinen, the needle was a taper point curved
surgical needle (3/8 of a circle) with a |length of about 22 mmand a
suitable thin dianmeter of about 0.032 inch (about 0.81 mm), although not
as thin as the dianeter of the needle used for first speci men. Each bat hed
suture for each specinmen was a bi-directional, twist cut nultiple spiral
20 pol ydi oxanone bat hed suture |ike suture 70 in Figure 6A except that
each bat hed suture had a dianmeter of about 0.0115 inch (about 0.291 mm
which is slightly larger than the USP requirenent for a size 3-0 synthetic
absor babl e suture), instead of a suture dianeter of about 0.018 inch



di sruption occurred and the specinen pulled apart back into 2 pieces,

wher eas the second specinen (which was stitched with the needle that had a
suitably thin dianmeter of about 0.032 inch, about about 0.81 mm but not
as thin as the needle for the first specinen) took only 2.88 pounds until

t he wound di sruption and the specine& pul |l ed apart back into 2 pieces. The
results are summarized in Table 13A° éfomﬁ 5Tabl e 13A (Chanmois Coth

Cl osure Strength) Sueci nen Needl e Di aneter Barbed Suture D apeter Ratio*

Pounds 34 Rhpbarbed Ritprstacoordng i i@ 3o whereinfhe rafionnf tae e SHHANS 1932 i nch
0.0115 inch 2.78 2.88 10*Rat i ungl cal- needl e di aneter to barbed
suture 4f § ee%?mEter rm&?ss%?%%\?gg?tgijss§op‘irﬂg)(l?g§'5bf rat skin were cut and
stitched for testing of nore surgical needl es swaged with barbed sutures

as foll ows. Three freshly kill ed Sprague-Daw.ey .rats, ch about

800 ¢ o H00Tl:, bubrbsgE ARSI 4 AASKHRDS T8 Al Thcrel St Made on

the bact ?lglr.l&atﬁgltﬂ f’éllraﬁlgescfr&ﬂtagoﬁpfj@ﬂ?abogﬁ§@ wound was about 4 cmin lengt h
Frets'o Ee spFne. For T

and para each rat, one of the two wounds was
closed with a drilled end, curved surgical needle that was a Sulzle item
no. 382273A, ich was 3/8 circle. The needl e had.g IeQ%th Of‘18§SE3nd a

di anet efo- oft {Sure 505 GORREFLng HUTHARPT S5 TR SRS, §1C SHETHEIRTISIREYY 3%t aper
20 poi rl%loﬁg%;%' oy v IMAE! Grst 881, Ra8ER drdrnbadiifieas: HAqung pheality 3f badet cut
to approxifate a“taper cutting needle tip to facilitate penetration of rat
ti ssue.projeeting éohethedwdgneayb darly facitgirhe dirseionrand being adapied for KSISUSE t he

t d | d i t he,. . sut ur.i t i t L
ari 1| ecPevett /B g R HebaRe inay Rhs EPE S B atdilndy o
whi ch V\@ﬁjcgltﬁ%%fbcfages %e@ﬂ?tﬁéeﬁﬁbﬁhgﬁedg?aﬂﬂfw&m ®©fangloaubigidd fifvm abslta

di aneter of about 0.026 inch (about 0.66 mm). Al so, the needle had a
di anond1408itatbaaddbe (ii) o barbhet deptt | vehena theswtig efithe dard dudbptd te thasusure

Each bathed suture for each _specjne s..a bi-directjonal, tw st t
mul ti pl Gamgic aan,gewpyvoﬁh?ieéﬁ@gréo PR g restheit “‘k?@ﬁ‘Fe 6A,
except Gadngesh 00f toafpeut 2, Qmd 1) lansakb f@bout
0. 381 r'?%gh\}\ﬁ?féﬁh?gh%ﬁ%%|diykﬁ1?5§r gergﬁsﬁ%(ﬁﬁtﬁﬁgﬂusﬁ )k

distance where the ratio of the barb cut distance to the suture diameter ranges from about

0.1 to about 6, and wherein the barbs have a configuration comprising varying barb sizes.

27. 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 angle © ranging from about 140 degrees to about 175 degrees, and wherein the

elongated body has a circular cross section.

28. The barbed suture according to claim 27, wherein the barb cut angle © ranges from

about 145 degrees to about 173 degrees.

29. The barbed suture according to claim 28, wherein the barb cut angle @ ranges from

about 150 degrees to about 170 degrees.



30 requirenent for a size 2-0 synthetic absorbable suture), instead of a
suture di aneter of about 0.018 inch (about 0.457 mm). .45- For each
stitched wound, a tissue specinen that was approxi mtely a square
measuring about 4 cmx about 4 cm wth the stitched wound in the mddle
paralleling two opposing tissue edge§ was retrieved for closure strength
testing. The forte to open ea %hwound was determ ned using a Test
Resources Universal 5 Tester, Mdel 200Q For each tissue specinen, the

two edgis pdriedeuiumgfossonnesting duman W6 aRnahEsBientid SEHTS SPPIRISE(3) an

respecti,ve [ d jaws.of th . T, ecl :

pui | ed SRR AR R ARt by Bnd 3kl ong and 5 BmcRRGHI TEEDAETRE .
per m By priidiing GRUTR RS Bollylpéach ehagis Catingeth a Trectim anditefngr adaptedciount er ed
bef ore co_rrpFete wound di sruption was recorded as the.cld%sur.e ztlrre t h.
10The russighng mgvemeal ef sl SUREGNTVREE 1 s84e, 481200 PPRIFIE HEGHAY ST d88d with
a_need! . av) 19 i AIRLRS Al ARAULIDHAAA A GRC(2ADH o RuiRh epprie gvaged
to a bathed suture. so, the results were avenged fromthe second set of
three waubdst ddpiseith wirttio af thedditecliaepthgo shadsusure déamasér rabging fEnoa®Utnch
(about 0.66 mm and swaged to bar bed ture. The results are summari zed
i n Tabl @03 tahout 84, andovhergindhe %Bn%q%ffb%ﬁ'i S BCHEHAECTER ¥EUOH) Average of 3
Wunds Speci nensNeedl e Di aneter Barbed Suture Di ameter Ratio* Pounds to
Rupture First set of 30.022 inch0.015 inchl.4711.9 20 Second set of 3

0. 026 i 3ichThdtbbédwinire 26@rding Ratiaon 36, wherginghe ratieed|tke barhent dspth & har bed
suture dianeter. Thus, .the |lower, the ratio of surgical needle dianeter to
bar bed %Wg?i@f%ﬁtgﬁﬁ?ﬁﬁﬁ%@?{’“\?ﬁé tB@‘S?]ét?)t#%e cl osure strength when suturing
a wound closed with a surgical needle attached 25 to a barbed suture. In
general, the thinner the surgical needle, the better the_ closure sﬁthgength,

par t i cubZir The bashediwitire aceording s elpim Gdwerherein the panogfdhe bibsybdertatictie s
nmuscl e and wel., thicker ne ferred. Thus, what is inportant,
regar dI%@egl?mW trﬁ%gesﬁ?gl %beoeglogzstf’%{)&ﬁtlmé' or thin or sonmewhere in the
mddle, is that the ratio of surgical needle diameter to barbed suture

di aneter should be abqut 3:1 or less, nore preferaglé about 2.1 gé | ess.
ama s

30Al t hodiyhAtaebesl e forj gepaertinghupag 95 S8 HisHs: RET PRGN (W SR aj |
-wWithre Y. Bt HTYER WL Rty | dF

shoul d %gﬁ%rtl%%?(g oPc()a aeﬁﬁsg)s%g S |ala1 Sgg&lpir)lg% he a??ﬁt}nr?gét}eaint rq.gg tl%t iﬂ%’tended
to |i m barbprijectentfran the bole, sgphchdrd dacng duliandirdctiodiand| esegiadaptl fovar i ous
nodi ficatjons, om ss%Tg)ri]s and additians. ma%/ be made to the_ di Sf{(')ﬁsgld
enmbodi nESAISENRIRRETET A dht AUUC-0RBER (R STy ot FhEPROVE FELERi HgT Hia
advant a@x‘?&:ﬁgfl ih REenibIN YRN8 Facdda bbbt el Yarbd hhveOhtcofigirbgod esapeiing a

teachi ngs. For instance, the bathed suture of the present invention can be
used al barb cot lengthhwitht duetio of dthach meitibegls to e shtusasdismaist enginediUn B8RYth 5

dhesi ves, to aid in holding th ition of the ti Accordingly, it
s i nt oidansbo R 2o WARHGE ORGP Pl P b ek SR Bon 157 OL 0T 1

equi valents as may be included within the spirit and scope of the
invention as defined by the foll ow ng &l an. . ar bed

- 47 - Cainms . 1. A
sut ure Bér Thobarbed sutgehoeragding to glsimaP, whersindhe stiopfdhg bark cadengthio Beng (a)
an el ongat ed,.bo havi i.r.st a second end and a di aneter and
Hupg}&%ﬁc raB%elsg‘_gmgl a{)()ut%)A E)na%]pépp7

(b) ap projecting tromthe body, each barb facing in a
direction and being adapted for resisting novenent of the suture, when in

tissue, in an opposite direction froamthe directjon. jn ich t barb
faces, whelbs hﬂfggfbs%%rﬁ%(“ﬁé% ta C%Hf%gﬁp%{fﬁ eﬁ%ﬁﬁﬂI}it&? }l’%@&u P%ﬁé‘ﬁ Cangl e
0 rangi 04, [ Sl aBohod HbAIG05 A% L uRhOLS, 175 degr ees, and wherein the

a

bar bs have ‘a configuration conprising an arcuate barb base.

36. 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



2. The barbed suture according to claim1, wherein the barb cut angle O
ranges from 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. A barbed suture for connecting human or.
animal tissue, said suture conprisin& (a) an el ongated body having a first
end and a second end and a dianmeter - %d (b) a plurality of barbs

projecting fromthe body, each barb facing in a direction and being

adapt edlifegtion & ivdu¢hnthe rhavte faass. whel’@%ﬂ@uha%b%ba% ronfigugtiog Emprising 2
opposi tie direction fromthe dir i i i : gqﬁr in the
bar bs hbﬁtéc'g ‘%%tﬁ?(ieg‘ﬁl%fi ir%cho (():Ig{rlrlsr%%}sq %‘8[ dé ar 6[821131% Q@é%?ﬁ]&\}ét?ﬁﬁgg? ti (I)I? of the
barb cuihodel o bisout Bearsluvhireindhas®herted Bodyi ag afcironfandross sebti@b t o about
0.6, and wherein the barbs have a configuration conprising an arcuate barb
base. 5. The barbed suture according to claim4, wherein the ratio of the
barb c d ] 7 i t 0.55.
o The Dar boarirhft piisadbdtifieth PEHE, LARSRRM A0 3 R bard e SR par
cut dephb siitore digmstat tangesdranmebeut 0. atggwuf 46m about 0.2 to about 0.5. -48
- 7. A barbed suture for connecting human or aninmal tissue, said suture
conprising (a) an el ongated body having a first end and a second end and a
di amet efg apgh fpde Pt adbdrlidhe@b RARDS, Rhek@stenatid bPMetbat badystarRaed barb
facing 1n a direction and being adapted for resisting novenment of the

sut ur e, thevsenrd diamptesmeges fromaboppod i @boyt Bection fromthe direction in

whi ch the barb faces, wherein the barbs have a confi.guration conprising a
barb cut length with a ratio of the barb cut length to the suture dianeter

rangi ng3d. r RaaRAWine forlcdnadinl hdmannst anhigdl eistuel Red baRscoreprdsing (a) an

configuration conprising an arcuate barb base. The bar bed %%ure

8. (
accor di elepgateddiady havingwhaseend. esecondiang apf adiameser anddb) a phwgltty; of §abpe
t di t f 4. t : t
ecor iR FratE Tk b Vafh bnciuf'n £ g0 b Foingpaaple (BREREMAZ T T €

sut ur e bR ol Ttha gesird, rvaenaiotissud, t amw oppwite direbtion fOm hebdirdvidn Sut ur e
for connecting human or animal tissue, said suture conprising (a), an

el ongatwhichdhiy barvfaery, wheteins thedppabs havea(ik a baviucwt ) apglg ranging, Rbhd (b)

a plura)jty of Lbs ojecting fromthe bod h bar ' '

di rect ?{)@ i%ab%gﬁﬁg éﬁiﬁ,b@r Cf’%gel?tés“(r%ﬁ f tl%‘é%@%ﬁ’ s &}t %86 tgl&{’ @% e%u@ur en in
ti ssue, dihReRP rARLO Fbinabduf €05 @ Bbdut @B, thD adiaite el iepth Avhokd @b ritieotbiaeb
faces, wherein the barbs have a confiquration conprising a barb cut

di st andmrivcethlength 40 the sufure Hiamsigriyangas Teme abotd €3 1 abrut L@nd (&) 8ibares®r
i R t. 0. t b i .
on?t ool RS bt (P Bith o AR RO T, okl QoA Sl Bt sbour

accor di mg t4 sbdik 81 MdWhervihehieéibngdied bady Imsafciichiar basdsectivn.di st ance to the
suture di aneter ranges fromabout 0.5 to about 4.5. 12. The barbed suture
according to claim11l, wherein the ratio of the barb cut distance to the
suture gy agq)ta%e}_dlrs%ﬂﬂg §orfcroﬁﬁéfﬁ]ilﬁg%m}anoortaﬁ)ﬁrﬁ%q}§gué sAd shdre @brﬂﬁqﬁ?@sﬁ Yhure
for connécting human or ani nal “t1ssue, sald suture conprising (a) an

el ongat @ondsdybdibviiavingaa first ehd end ,a wcemt emblarehal dencktar adid{hee pluralstst ofb) a

plurality of barbs -49 - projecting framthe hody, ea bar b, faci in a
di rect i‘?ﬂ*ib%ﬁﬁ)ﬁfé'inﬁgf.f%éhf é’GdY’p?a"&‘el%q%Qtfjéﬂﬁg r’r’ff)\?e%é‘fr#‘(”&.fmﬁ Hégu?ﬁ!ﬁp 4 {Men in
tissue,, i@ché] M%Bf %gth]esﬁ{dr&_nwfhfaﬂ%ttli@ua' e&h iPPodift WEBnt ffembaeb
faces, erein the barbs have (i) a barb cut 8 angle ranging from about
1400 t odisdwtioh id FhicK ilie) baxb facds, sineregie phchbavhe have heonguratiasf comprivag B cut

depth to th t di f bout 0 t b .0, Ll
bar b cubirh Mg HIGALIBE R AP D1 1 et B et | erdeeSotihutigpe | ®
di a”Eteloﬁga@&ieéodgﬁlﬁg‘ﬁ%ﬁ-‘éﬁrc@a?cfogs ahkayt 2, and (iv) a barb cut distance

e Tatio of the

where t arb cut distance to the suture dianeter ranges
fromabout 0.1 to about 6, and wherein the barbs have a configuration

conprising_an arcuyate barb hase. . 14. A harbe uture fo onnecting human
or ani rbl- 1hedabed suiuge acrerfiae & plsinstth g gﬁ’%@ﬂb f8% @o@f}g?‘?a%?lﬂg a
first e iameter and (b) a plurality of barbs
projectﬁﬁggP?%ﬁ$$ﬁ%qﬁg%@?qgg?%g%ggb facing in a direction and bei ng
adapted for resisting novenent of the suture, when in tissue, in an
opposite direction fromthe direction in which the barb faces, wherein the
bar bs have a configuration conprising a barb cut angle 8 ranging from
about 140 degrees to about 175 degrees, and wherein the barbs have a
configuration conprising varying barb sizes. 15. The barbed suture
according to claim 14, wherein the barb cut angle O ranges from about 145
degrees to about 173 degrees. 16. The barbed suture according to claim



-51 - 24. The barbed suture according to claim 23, wherein the ratio of
the barb cut distance to the suture dianeter ranges fromabout 0.5 to
about 4.5. 25. The barbed suture according to claim24, wherein the ratio
of the barb cut distance to the suture diameter ranges fromabout 1.0 to
about 3.5. 26. A barbed suture for ggnnecting human or ani mal tissue,
said suture conprising (a) an elongatéd body having a first end, a second
end and a dianeter and (b) a plurality of barbs projecting fromthe body,
each bath Thebaed nutardiccentingte caich Béi wheraitatpe dartf ot angls| @ rimges fepe ment

of the sutu when in ti in an opposite direction fromthe direction
in whi OPhgﬁb@¥%@¥é%@ f“32€5@$?ﬁﬁhe barbs have (i) a barb cut 0 angle
rangi ng from about 140 to about 175, (ii) a barb cut depth where the ratio
of the barb cut depth to the suture dianeter ranges from about 0.05 to
about 043, A (Hartieyl satupafdy connedting drumanies aaingd dissugt sasd seturerONBEIHE@ 2 engt h

to the suture di ter ranges . from about 0.2 to,. ngd_ {1 bar b
cut di s‘?ﬁﬁqﬁ%e%v@]oégg%t% 3 ﬁﬁq gn%]ar@ i %{#abengiu it & a(rglt% aﬁ% (?)h%p f‘é%%ﬁlﬁ gf

di anet egarbAPRFSHng OFom R boly, ledch Habo Wiy iadiwbeseand emgbatbdhfave a
configuration conprising varying barb sizes. 27. A banﬁed,su%g%g or
connecttesighing)mayepenaof g stiuss yhers an J1SSER, R A0 SAPASHE | HEPCEYY Bngat ed
body haying a.fir S i :

ol ur al ;LB b ofit, B bB adhsr GEAR BUERCNA T B @i biriig o

di rect i wuib ancidpeti withadaté eflihedartr agidepihng thosware riianodtert iaaging toneabantien i n

tissue, in an ogﬁosite dirgﬁﬁéon frqrbéf:hdirectloakin mhicg the barb
faces, Whekeahout Bé. mul wherpfhe lopgied BRAYES GROREHSIRE PSS °BMb cut angl e
0 ranging from about 140 degrees to about 175 degrees, and wherein the

el ongated body has a circular cross section. 28. The barbed suture

accor difg Tie edrbédsudiie asdrediizno then B3y whewin thegitie  thababsuf depth ulbat 145
degrees to about 173 degrees. 9. The bed suture according to claim
28, whéW@Fﬁ%Fﬁ@ﬁﬂé?%gﬁgﬁn%ﬁﬁﬁ%Oé1?§h@@§9§§0n1about 150 degrees to about
170 degrees. - 52 - 30. A barbed suture for connecting human or ani nmal
tissue, said suture conprising (a) an elongated body having a first end
and a s#toHik earbedasudura adécadivp e clama 4¢byherch the satior9f the biyhcpsdgtlpfelei ng
fromthe body, each barb facing..n ifection and bei ng adapted for

resi st i F ?ﬁﬂ%ﬁﬁ¥ﬁﬁngﬂPﬁgé*Dﬂﬁgﬁlfﬁ tissue, in an opposite direction
fromthe direction in which the barb faces, wherein the barbs have a

configuration conprising a barb cut depth with a ratio of the barb cut
dept h t49-t Adashed susirg iferaonercting ARG arregimaliiseie, 6aid SURES SBRRSIRE B) 28nd

wherei nt he e i i r bed
A T e
t he sutbrbs gicering! fréange dolly.oeachbienb fBeifdg tiw aadication .ab8 . beirB2 addpieel frar bed
suture according to claim31l, wherein the ratio of the Rﬁ%% c%& depth to
the sutigPisling anesiegicnt 9hde Sufwen WHEHD JISSUEoia i PPPESIE direghion d
suture éi?éctiﬁﬂ@ﬂ?ﬁﬁhﬁ'%ehbﬁmrf Qs, AL tHle BRYS hawdh QosihithiforC SMRprising1d (a)
an el ongated body having a ?lrst end and a second end and a dianeter and
(b) a pbarb abi leyethfwither tasiopf diechetrh oaf lEngshrta the shiodydiamatchrdngimg ffamiabepti n a
direction and b i%%1aga ted for rgfhﬁiiﬁ% nmoveneni of theisuture, when in
ti ssue, O-2 0 abpw gpdid whergin Be eloperted Bordt IR afOPE U HEh “1o%° WRIEN t he bar b
faces, wherein the barbs have a configuration conprising a barb cut length
with a ratio of the barb cut length to the suture dianeter ranging from
about 42 The besbed sutyre anchrdingte claim Hé. whemiydhe tmtieed yhaasb suidprghtathecr oss
section, 3%é TQe bar b S“&%ﬁ?z?@%&ﬁdipg to claim33, wherein the ratio
of the BEFH ARCHLAGER TU ERE S0t 88 dhet er ranges from about 0.4 to
about 1.7. 35. The barbed suture according to claim34, wherein the ratio

of the barb cut length to the suture _dianmeter ranges from about 0.§Bto
about 14%. Thegarbad prwsagcardingrie clogn 44 oWheeH the ratigral thobars fhtigneth it Bige
said suture conprisi I ody having a first end and a
second & eaﬁﬁggméggggggﬁhgn t?&%%%%%ﬁﬁ¥glity of barbs projecting fromthe
body, each barb facing in a direction and being adapted for resisting
novenment of the suture, when in tissue, in an opposite direction fromthe
- 53 - direction in which the barb faces, wherein the barbs have a
configuration conprising a barb cut distance with a ratio of the barb cut
di stance to the suture dianeter ranging fromabout 0.1 to about 6, and
wherein the el ongated body has a circular cross section. 37. The barbed
suture according to claim 36, wherein the ratio of the barb cut distance
to the suture dianeter ranges fromabout 0.5 to about 4.5. 38. The barbed
suture according to claim37, wherein the ratio of the barb cut distance



46. 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
di aneter and (b) a plurality of barbs projecting fromthe body, each barb
facing in a direction and bei ng adapted for resisting novenment of the
suture, when in tissue, in an oppos[tg_direction fromthe direction in

whi ch the barb faces, wherein the ba? s have a configuration conprising a
barb cut length with a ratio of the barb cut, length to the suture di aneter
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f r om abigubs Brofectiog dhmntthel bddy, «hBh bhite fivdnd &d asliteatien and dettignafaptedcioai m 47,

wherein the ratio of the barb cut qugth to .the suturedﬂianetqi rqﬁ es
fr om abEtistieg SqvgmgBoat the suture, when I jigsuea 1 A0 QRPSYE ([FECHER TEBRABEL i ng
human oy, an| i SOHE: batBliihes UivHESIC RSB RSe(AbomTuBhiRnoainstisnoy

havi ng %I ??@?ﬁgﬁ%agﬁﬁlgﬂzgggﬁhkgﬁgﬂgnd a diangteroanq (b) arﬁfﬁ?gfity of
bar bs pbavh eot distgnderwith & hatidbofithe tedr buthlistandede ithgsutwre alianetectanging 4ran bei ng

adapted for resisting venment_ of . th ture, when.in tissue, .in an

opposi t oyt 0-4 e gyt gr %ﬁo ‘F]P'Féelﬂ}iﬂrl%ﬁlf’fl%ﬁquﬁo 2R PRES CIPQ%Seeglm\?mer ein the
barbs have a configuration conprising a barb cut distance with a ratio of
the barb cut distance to the suture di ameter rangngghfron1abqut 0.1to
about 630.aftie hirbediuiutchecatimegarckimyd@dyhersin the riie-odithe barhcutdisiareedact i on.
50. The, barbed..suture accordi t | al , Wherein the ratio of the barb
cut di <bBReEs ya SnBtr Rt R s B AR e

ranges from about 0.5 to about 4.5.
51. The barbed suture according to claimb50, wherein the ratio of the barb

cut distance to the suture dianmeter ranges from aboyt 1.0 to about 3.5.
52. A bik-bEae babed @tméracwm%dpi%mrﬁﬂ@%ewn 15 TARe 0? r@i’w@;c 1Hans6 W e
conpri sin . hayil fzirst end, a second end and a
di anet eérheglrll (%%Hgt%%o%ﬁg‘gﬁtj?&?tﬁggytblégﬁig%}lg?ésbti ng fromthe body, each barb

facing in a direction and bei ng adapted for resisting novenent of the
suture, when in tissue, in an, opposite dij réction f.romthe directjon in
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di anet eg{ANGe S’ AR RAtciP e bALARRH (i abﬁﬂﬂcﬁ‘t’f@raﬁglé fahgingliRngabad body
has a non-circular cross section. 53. e barbed suture according to any
one of t4Ritabdil 176°,4R) a bhdr @it depthevieon thei mitwbhthe badseut slepthi tothdhadure shape
selected fromthe group consistipg of oval, triangle uare, .
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t he gr odiptas@nshatitigratid afitht batbrduadigtance $qjtmrmfure disg@eter ipoges| fran epdged,
trapezojd, rhomboi d, pentagon, hexagon,. crucifor and conbi nati ons

t her eof 0-14&abogh 8, e‘é‘ﬁ&%&@n&@‘é‘gg‘&%n}ba’staom&h%}ml} CI5¥S }CHPWs 46 to 48,
wherein the non-circul ar cross section has a shape sel ected fromthe group

consisting of oval, triangle, square, parallelepiped, trapezoid, rhonboid,
pent agof3. Hbxhgrd semrecideording tmanycombeinelimsi) , @dferein ghe meciFalded

suture according.to a one, of .clai 49 to H1l. wherejn;,t n-cir.cul ar
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cl ai m Stheragfier ei n the non-circul ar cross section has a shape sel ected from
the group consisting of oval, triangle, square, parallelepiped, trapezoid,
rhomboi d, pentagon, hexagon, cruciform and conbi nati ons thereof

54. The barbed suture according to any one of claims 43 to 45, wherein the non-circular

cross section has a shape selected from the group consisting of oval, triangle, square,
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parallelepiped, trapezoid, rhomboid, pentagon, hexagon, cruciform, and combinations

thereof.

55. The barbed suture according to any one of claims 46 to 48, wherein the non-circular
cross section has a shape selected from the group consisting of oval, triangle, square,
parallelepiped, trapezoid, rhomboid, pentagon, hexagon, cruciform, and combinations

thereof.

56. The barbed suture according to any one of claims 49 to 51, wherein the non-circular
cross section has a shape selected from the group consisting of oval, triangle, square,
parallelepiped, trapezoid, rhomboid, pentagon, hexagon, cruciform, ‘and combinations

thereof.

57. The barbed suture according to claim 52, wherein the non-circular cross section has a
shape selected from the group consisting of oval, triangle, square, parallelepiped,

trapezoid, thomboid, pentagon, hexagon, cruciform, and combinations thereof.



