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-1- BARB CONFI GURATI ONS FOR BARBED SUTURES TECHNI CAL
FI ELD This invention relates, in general, to a barbed
suture useful for connecting bodily 5 tissue in

vari ous surgical contexts, and nore particularly, to
the optim zation of the dlspokltlon and/ or
configurati of the barbs on _such barbed sutures.
BACKGROND GPARTEQNTIEURARIONS POBSARPED SHTURRS 005
enpl oyi ng sutures have .been used in the past for
closing or 10 binding together wounds in human or

ani mal tissue, such as ERCHNIGAIFIELD t endons,

i nt er npis moaﬂaﬂ?dat&%\gm hb Q@drb¥esah ﬁseﬁﬁmcbﬁlﬁcﬁﬂg%duy
Mor e speC|f|caha¥ the surgeon may use a surgical
qo

nEBHE W YarieYs surgicat qoniersand mopecnarticylegl. 18 thepptimizationcef thean
bisgositidR Shdior ToRRiukd 3B the BirbS G subPbarBed Miulds- f 1 | ament )
to pierce the tissue alternately on opposing faces of
t he wound and t hus sem1 the wound closed. Wether the

wound is acci dentgl QﬁLmHF bahing is the
nmet hod 15 often use espeC| ally tor sur ace wounds.
The suYagioungurgiend thethodsemptiesing- swbvessdidvededn tded incthelpast foir closing or

t [ ] . { .
BRIl 5 ol S R8s, e
c@ﬁwmermdilooslmcie@nd the like. Miorerpecifidaliprthadvcazonuiag nécad surgical
%%Hle ¥ith aﬁ {t&he e{ﬁn%ﬁ%&f@% g@%aﬁﬁ%%%%&h Gibhoti ent or can be
e materral suc
o} lgmhkﬁileman) tet ppmeyhﬁetrswomttdmatepainmmmgcfaceb aftthe woumi aﬂd thus sew
n I e the tji of .th
SRR AR, SRR BE 05 el bpgmenoc
saien usedatspemd]ysfomrfmmmnﬂs (e lsurgithiureedie ishitenacmdved kadithe ends

TR B CC bR M R B PR e lsiem ot

el ongatsedwbibmo“mhaimmﬁm S@uRE cAilbedf nSIpmeﬁalﬂamb&nal such as

mt he body surfac ng.th
1ok e, B ph Pl Encs oy o e 4 b SR Ap R miprial such us
tdhﬁ:ohaﬁcb@ﬁolﬁm&rbl Bl doPolPmers @ [ae6d dcﬂibdlﬁﬁéwﬂﬁ cbiﬁaﬁm&s but

of the barbed suture in t

resis 5 m)ve t
oppost r&@ﬁﬂ cencgRrtiony pazbedesninres which afg gensrally of the game

ShidteHaBSas B&ﬁveﬁlﬁﬁiﬁl shfh@esﬂia@t\! bffér8d n@herdusHaPantdgbPover closing wounds
attri bute. Accordl ng%‘é?ﬁjt barbed sutures do not have to

puthgeBysnggnal pytyces. A Subinclydss #n glongateddody that has one or more
GPALEE Birbs) RhlchPrdjstk Somanddah Skt hlehSthe BBYy 1Bfth. "BIR HalSt are

into tissue using a surgical needle. For 'i nstance,
@rrengepie dlow mssagaofthesbaghed suigredn @Mﬂ&@%ﬂﬁ%é&ﬁﬁﬁe but resist

ehessied ﬂﬁmeé Qfture %Qhé@;}# Bek dHBR., f'['h ﬁé‘éﬁf&&aﬂtﬁﬁe of barbed

cord has a body portion shar -edge 111 ent

SEiREeS hagesn @emqwmoé nnpménmmryurat Aam@egla;tgrteé sutures do not
%% ip¥ §ndtRaliig c&ﬂgﬂuongﬂﬁm?é%r bad af)%[‘x%ﬁm&? 6, » 1RA5ESGure

rough tlssue I n one rectlon reS|s nbvenent
myﬂan ense@@osﬁoms@ jusing 8 swgical needle.

- For instance, U.S. Patent No. 3,123,077 to Alcamo describes an elongated cord for

sewing human flesh, where the cord has a body portion and sharp-edged, resilient barbs
projecting from the body at acute angles relative to the body. The barbed suture can be

passed through tissue in one direction, but resists movement in the opposite direction.
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-2 Sutures with barbs disposed in a bi-directiona
arrangenent, also called doubl e-arned sutures, are
shown in U S. Patent No. 5,931,855 to Buncke and U. S.
Patent No. 6,241,747 to Ruff. More particularly, the
suture has barbs facing toward one end of the suture
for about half the suture length and barbs facing in
the opposite direction toward the other end of the 5
suture for the other half of the suture length. This
arrangenment allows the barbs to nove in the sane

di r ect SunteHRitiCHEH: didRAGH b BRdifedlisHaParRREbnicht, RS 84118 double-armed
into the first and second si des d.

] of a woun Such
b FUtRges: SESPRRRIn Wha Rt Nt S50 it Bk and LhS Sagrat Nay 6,341,747 to

S Ruffa o peticufaklQ SthhturdRAE HARbs kil 16F4FE Snd X8 tHeQuture for about
separation, but also obviate the need to secure suture

e A5 the suspre langth apsl Parbsdiseing éfhe eRRgEe dirgotion towrd thespther gnd of the
Ebtiti S the iR haP 6t Ealng e ie_nége | Th‘fsaaﬁfaﬂékﬁleégt allbwd fi 13453 td¥nove in

to Sul amani dze and M khai publish February 2,

2ths pamejdirectieicps eroi rePEIVROTE 0 B anseyies iblojth farst and seyond sides of a
OG0 B8ctPt). BRI 308 sur 2RO on ol : -
99103732 (March 3. 1699, mﬁ%?ﬁ%ﬁ%&g&%ﬂé ?‘gguebf%%%smg
aWeudy &vith edges erene tol separationnpt alse o virtgthh neskl ta sachiresatireands

Ofol i i rection opposite to that of the thread
tg%?ﬁ%ﬁ?thvl\;ﬂ?lﬁe@?%@@.di stance between barbs 15 bei ng not

| ess tQfanterestds Eurppeon Phiglishér Regeit dppliveticnrNo. A0 5,84F Al to

| i'ﬁﬁlﬁ{aﬁﬁdzﬁ %ﬁv% Mlﬁaﬂd’ﬁé@ﬁ%bé&%eg%sﬁg%z@g%&?eﬁ% ?%@%9/00263;

patent S an i n$ rtJon S use
p@ublishestis O 404546 35euk September 8, R0GS), gpeinritydo RURSE037 30 Miacth 3,

o), S5 ) A B

f erenterd irad diravton qupbsiteite thabd! thenthreakbiension, bjth thealisaticg between barbs

T, i rtio vice LS r,eco nded 20 for use with a

bl%? ngg%g?ﬁ th?’ng‘aﬁr@?setﬁ? h’éeagﬁfaﬂ}%g%porti on being inserted

i ncl uddso dfantersst isAG.SnPatent Nadi $,84X,3761to RPIB.OTIEE pAtentishi®wvs an insertion
h sutures, wt

di i f.insertian. bar b __—
B8 e it PG e BT Rl o Givebiesiose orount P fpertion

-~ @Vige has ARubular bédefodlied€il BE dIbBBeDfunaé, landpleRAbSy Afhas a handle to

pl | cat oned here_are incaorporated

‘ %&E o én? ) i’t'iém orglgotg@%}ecg:?&me syfeeph i€ ipspitign gevice is recommended

FoFGE it Aafbed SRRE RAERIhNREO SR (RinG WseHEPIBludésVdHE 8Ring a

é@; stralggi pul |l tensile strength since the effective
£Ha8 BPEALodbe dicrrnsidusdion. Besheyiares withjparbs opeasipigithe

vt ticdn @ fisérBorbart BBT5HOWalin 237836 R@g. sut ure shoul d be

conpared to the mnimumknot pull strength of a

converhs disdesuees of @lbpatentsasd ppfentispplicatinng mentigned here are incorporated
aeaedance With the United States Pharmacopoeia since
failure of conventional sutures.(which have to be

knot t Eerammentd baibs interp anonefilpmerit dependington thel hark ewigepth, reduces

hd SRGHIPulAERHE strelBR SinkE §F YRRV siftire bidettP Rlac el CHowever,
the straight pull tensile strength of a barbed suture should be compared to the minimum knot
pull strength of a conventional suture (a non-barbed suture) in accordance with the United
States Pharmacopoeia since failure of conventional sutures (which have to be knotted and
must meet a minimum knot pull tensile strength) occurs most frequently at the knot due to

increased local stress.
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i ncreased |l ocal stress. -3 To optimze the
performance of a barbed suture, it is advantageous to
consi der varying the barb geonetry (barb cut angl e,
barb cut depth, barb cut |length, barb cut distance,
etc.) and/or the spatial arrangenent of the barbs.
This should not only enhance the tensile strength of
a barbed suture, but also should enhance the ability
of a barbed suture in holdings5 and naintaining wound
edges together. Unlike conventional sutures, which

pl ace Toaspinivashe Ifﬂrfbﬁﬁdnbalofatbafﬂa@ sitie]iis abamagébuﬁ t donSider

can read. out the t nS|o the arped suture
Hé“’ﬁ@?ﬁ gFP@W%WrﬁP SMSR eﬁﬁﬁ? gfﬂ%ﬁ?ﬁ Ighesh, hgrbepigistance,
déts.paflidr lthérspﬁﬁﬂélﬂngérﬁﬁlt 600E babY. qflﬁsc?sﬁoﬂﬁ notlddB; dAB4RS the tensile

_should therefore further increase the effectiveness of

ngRef Do B‘l’t@JSPﬁ ouldsahpics thegbilifeofiadiaghed guture in holding

Sﬁlﬁ@ﬁbﬁﬂtﬁinﬁ@ dJOﬁil %‘@1& NEnBRR oAV IHal Durd, FRiZh bﬂ@e tensions
wound edges Thel a Is particularl benefi ¢i al

f drectly & linﬁﬁ boshad guises P Fgreathpw ghe tension iegsensped suture
Slehglh, dfeS NVRHiyAI AR ﬁ{eQ&lgﬁ?t@ptﬁﬂIﬁﬁé‘ﬁle GH%&MO\Q afibbihe conf1gurat10n of

p riate “tension, | eviate distortion of tissu
Hheib shoyld qumrﬁmr&wg@@rpaspﬂgeffweeme@s efithe new barbed suture in

ShfimlzRle@hd Holing Ql%ﬂgto 'a{.(gmLe esg &Hlﬁﬂ&?{]@% thel B6und edges.

new barbed sut ures eC|a y use
stheddtier spatigalady hinaficitlfonnremoting wound hdakine.i s

Sur ger ol Sich B¢ BarBo SAREShbia RithARhte e YBby 3R bobrbbhar
stmsg@r i}llematerﬁlmgwfgss% and BelVNRINI Qe FedE T gNMENG K@Ngelf-retaining
%ﬁéﬂtginﬂghyd a’tﬂg b 'ﬁc\b %Xrﬁgg éugj s%cﬁchl Ige e%ge%m?@ u?e% in

suture Tor c nec unan
urgoseh Vdmeunmlmmmloé SRIIENg mexlmpmgawe shchcasiyostmhc slggay, as well as

f.] ar bed sut ur
1 Sherel R S e BB SN Otie RBERE S Pl ¢ o
the body. Each barb is adapted for enabling the
bar bed suture to rgsj tissue,
the direction that§$ga%%gggﬁ£%ﬂhﬁgﬁﬁﬁﬁgﬁﬁhrect|on in
vvhi ch Ah&tﬁ&nﬁ[@; the f)lgﬁbﬁgmvéﬂﬁera pxba;ﬂmgbamﬁumaref fof édheécting human or
ses rrbs bein I spQse
RO LRER oPedatin Sutre crPgs mLTagen B PE ST GRS g
tswdond el t'rmbﬂbwbm ﬁir!héﬂ coﬁipﬁﬁf@%lpldrzﬂfﬂy oAriA\R6jbARP dfh the
%ﬁ dé%ggg g %ﬁ@g n n1d|s osi tion, or _conbinatigns
ORey 5 is 3dpted 5@3#%* he| PRSI Tesish BoVERat: Wip in
Mddvie] iR kiR EiRbtichlth4li hssc;pgﬁdnb i@ thAMEbCHdn ih RhichQNe 'bhl%Ff@deQ OThe
arbs may all be facing toward é@selected

di t th
G fusior Binex croaiacs Tadradbeing duBoscn BEREE el dyspow

BRDEga el BRpSRIOnNANESt @ﬁt thifidslé slﬁ‘raf dh§p%§1tlgﬁ’ e l09EH B

second portion, mhere t he bar bs first por on
AHsaositian; HEneQmdisposttion, gricombinatipas tmaof he barbs of the -

Secongor P sRRkdrbd QispdsRich2 e Wit PhHipResRGF ARPoRRA; and/or the

overlapping disposition, the barbs may all be facing toward only one of the first and second
ends. Alternatively, the barbed suture may have at least a first portion and a second portion,
where the barbs of the first portion are facing toward the first end and the barbs of the second
portion are facing toward the second end. -

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

- connecting human or animal tissue, where the suture comprises an elongated body having a
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Al so, in an alternative enbodi nent, the present

i nvention provides a barbed suture for connecting

human or animal tissue, where the suture conprises an

el ongated body having a -4 first end and a second

end. The suture further conprises a plurality of barbs
projecting from the body. Each barb is adapted for
enabling the suture to resist novenent, when the

suture is in tissue, in the direction that is

opposite fromthe direction in which that barb faces.

Tﬁest ersl eind i @edonid &rive IThe @dit’ﬂlfelfﬁlﬂﬁr édﬁ@ri@ﬂraqﬂurhlﬁy loﬂ@ar@s projecting from

ol P Aahad o s Bia o Sy g
bartlms@w in theditdotion thit idoppatitedrodd the birectio@ R WhiklOth & Wath' feces. The
di amet er. rangi hg from about. 0.05 to about 0.6, a barb

SRt dyrencaprineshe barpschavigg 2 eonfigpfion teloctsd Siambard cut angle ©
di‘aﬂgﬁk Slom a@&&' 186 dl QYRR 179- dggrgétg aﬁl%gl!:’{:ug %g%tﬁ‘ waR o Ratfolf cut

distance with a ratio of cut ture

flepthstosptupe-digmates ranging fegspehou0.a5 fo@bets §:6: 2 Barb gut length with a ratio
CQFJ“H %étﬁ % Sumasﬁhtgﬁa?ﬁ%@')@ ld%u@ %@é Shout ? ra%'afl’)g:uﬁhlglﬁﬁze with a

or conbi nations thereo or t e tw st cut nu
st af cul distsbrs to punee dmmtﬂbaamam fromtabpuat Oplr tofaboud 6) q/colmagated

S o 00, L e S S,

about 25 egr ees ppi ng |sp03|t|on i't
i's medfor thehtwistaeut| malstplet spraladispesidion, thartesbedrsature preferably has a

R e R T T L T

by a [T hhe Dv@lappmildxspmdnaﬁtpisngednalth) ab @Ay tves edjiea barbs are
i pto e, to s i de of her._ 15 adj acent r i.e., L.
bRt Bt s B Sl oot SBRER of e batie i ectappng i

. tmmdj by afbatthd.c.,aieblappgifs babp bbing eRfpeAanto e tdpsRle of another

SDUELS] 05 O B RSP B8, B2 ot 0 of W o

dbvetiagee bib bvkaks bitCofakethil @R BYthE & aPidlg &S, and so on. Thus, with
%erla ped barb nay be shorter than the barb cut

f QVF agPing Wisppsitiors dhes Buh fyt Histapce Dptweaathe ovpriapgingchash and the
f Seri fped Bﬁb fi4ly BE SFortek ﬂﬁn Qﬁrbarbcdﬁ lefd® Bﬁ@\%’ﬁ aﬂféﬁ WEBHd b, whereas,

barbs > the barb cut length. 20 In still another

dRiseTahEtbarbed entyese gherhart M@mwﬁew@vtmﬂa >7he brsbicut length.
sut ur gy fsgn anﬁiﬁ&n @ﬁ%(ﬁ‘ﬁmﬁum@ r@é'egﬁamvgﬂj tﬁrﬁﬁﬁ@s hbarbed suture for

conmbi nation with a surgi cal ere

CoRwIcHag ihgma Wu@@shsauq)m iseuibisationr withta a@'s@el nepdlg, where the

deﬁﬂhﬁf%n &ﬁ%ﬁk& a bhfed Shthidr ﬁa&%%ﬁ% d;ﬁ‘n e sﬁ%reocfo%npnses a

bar bs projecting from an &l ongat e aving a
eperalithl of Bahe priestion from aelhngated hoily ha«i@a digstfepd and a second end.

H0eRbid % Jdaﬁteéfurléﬁzﬁahhg g{e%ﬁfu? o FoVdmen Mﬁ{é 'ilpe suture is in tissue,
suture is In tissue in e.he 1 ECt T on PY

dp Yeglireeidnrthanit oppositer fewmn ittmrdljiecnownn eich it bbmfbceﬁ a@bsratio of the
Eﬂﬁéagﬁ%?lgﬁie et‘},? to ?tu.ﬁ Alaﬁe%er%egﬁ %qgatlb%r{xté Z g}éggs. Suitably, any

er prere

- Siittedintentivedzbed shitutel éesnmedmbre\tmyhmmhaﬂe&mtaﬂu@cal needle.

descri bed here may be attached to a surgical needl e.
BRI EF DESCRI PTI ON OF THE DRAW NGS

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1A is a side view of one embodiment of the present invention, showing a

. barbed suture with barbs disposed in a 180 degree staggered spacing;

FIGURE 1B is a sectional view along line 1B — 1B of the barbed suture in Figure 1A;
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30 FIGURE 1A is a side view of one enbodi nent of the
present invention, showng a barbed suture with barbs
di sposed in a 180 degree staggered spacing; FIGURE 113
is a sectional view along Iine 1B -1B of the barbed
suture in Figure A, -5- FIGURE 2A is a side view of
anot her enbodi nent of the present invention, show ng a
barbed suture that is bi-directional wth barbs

di sposed in a 180 degree staggered spacing; FlIGURE 2B
Is a sectional view along Iine 2B - 2B of the barbed

sut ur FIGORERAUE & sidéviewof Adifer fibd®ment S HE piékein¥éntion, showing
anot her enbodi nent of the present invention, show n

52 barbed spiuke thatis biadigetionalydihherby dispesed ih 180 degrops gpacing;

st agg Q‘I@QRE Q@% ResctiblRF aBBg life 2B S880F @8 %L:b&! Sihrdinmgure 24,
line 3B - of the barbed suture in Fltgure A

FI GJRE*IQIdRﬁéAas glsrde vigwoharsther prabaosigent ahBe Pt inyentiophowing
S‘agﬁeﬂtsuﬁxf&%ﬁﬁiﬁa% %@G&W‘uﬂg 12081 RRE ResheRscfot hat i's

ect i onal barbs di sposed Th a 120 degree

st agg&TEHRE BRd$ asectimalyire alops fine 3B s 8B of thabirbed araindfighre 3A;
line 4;uRABAQL A Elgg VRGP &b Féﬂiﬁcﬁlﬁméht E% Pﬁse%nv?r&gn “showing

FIGURE 5A Is a side view 0 anot nment o
7 eesleed sutie\teat i to redirectivoaliwity barbs dispesediingut20degred sthegoigd pRacing;

i . it
Pl CORETERE 48 i dliofiltbipoht Bt BUp Bt P haBEF el frFigure 44,
t he b&IWERE Shtisia sidé vicFio§ anoﬂlesﬁnbodﬁn@ummmseet mveitige, showing

OVVI ngut%%&%&b&@s@&cﬁrp{ a{t c*tis}ﬁgtﬁ’ﬁ] ?pr?rgt ?,LIQ%@F]LI on

ure I'ona

- bar bs FiGEREB §Bds a sechortalwisy abbog limﬁB + B of thpbarbed dfure in Flgure 54;

di spo El GJRE .6B IS sect nal [ .
op © ESUREFAG Sy o et FRPGdRARY of bR PeBiaP Bl Rhoving
[ esbaaaeﬂ surtiieolfed is tdidttection s writhfbarbs bapttse@lmsuww eyt nwiitiiddspiral
ndj .ectional with barbs disposed in a tw st cut

Tpf’ I spiral disposition |ike the barbed suture in

Fi gur FIGRE 6B a sdclioitl view Glibng IinffJ&B 6B af e Garbatutiain BRfure 6A;

Fi gur EGURE Bie§ e apish i ten ol Shadhed s ish 1y i ABiiopd wits

fiarbs ARPSsId RIER st @t hllEple sﬁnamlggoaﬁexenbﬁhm&dshmfmme 6A,
|de vi ew of anot her enbodi nent of the

is
&“%J'@?ﬁat‘?dﬁ'\‘/%‘h? YEedSHffi ng a barbed suture with barbs

in a pryckR7Eishe Sdotibfsidd Vit RE8sttatedan BpGici 730 8ht 151af@ and

Vi ew of anot her enbodi nent of the present inventian,

Famged i ahign thebars & r@f@fwecrﬁavbﬁgngmﬁa%bwqeﬁ the barbs;

cor r ugRi el 9ks S§dd AL ot 4Hohef ShtRimenl re$eht inSenfion, showing a

secti onal perspect i ve view anot her enbodi nent of the
paded prtiure with datbs ima raadamflisgpsiiioBar bed suture having a

barb YdUREY & LHRinGl S@&SRew of another embodiment of the present invention,

showing a barbed suture having a barb with a corrugated or serrated underside;
FIGURE 10A is a sectional perspective view another embodiment of the present
invention, showing a barbed suture having a barb with an arcuate base;
FIGURE 10B is a sectional top plan view of the barbed suture in Figure 10A;
FIGURE 10C is a cross-sectional view along line 10C - 10C of Figure 10B;
FIGURE 10D is a cross-sectional view along line 10D — 10D of Figure 10B;
FIGURE 11 is a sectional side view of another embodiment of the present invention,

showing a barbed suture with barbs of various sizes;
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~ akendd Ginitbd @) {s8€cticOsyn@iviktic, bid ARELsynRHUAEE

FIGURE LOB is a sectional top plan view of the barbed
suture in Figure 10A;, FIGQJURE IOC is a cross-sectional
view along line 10C - 10C of Figure 10B; 30 FlIGURE
IOD is a cross-sectional view along Iine 10D -10D of
Figure |OB; FIGURE I1 is a sectional side view of

anot her enbodi nent of the present invention, show ng a
barbed suture with barbs of various sizes; -6 FlGJRE
12A is a sectional perspectivegview of another

enbodi ment of the present invention, show ng a barbed

sut ur eFIGURE bz s skdlionl peMBich APREW Bf MotRPSHSddRRbNt of the present
FI.LGURE 12B I.S ai perspective view of a portion of the

o VP FHGY esﬁutmalgllha@ﬁ@wmﬂwm@smwons

FI GUREFIG‘DI@lﬁBi@ LRPech Ve br 4 RRadaSEith |

F| ure 12B; FI GG% ?lth is a SllgtquI e\fvéaclgbgﬁsgpppfér??ig{)mesum
of Bignrsfl 24 gure 12C; and FI GURES 13A, 1313, 13C, and

13D s hPIGURE 12005 &%@@bf e @Ir°‘0f ?F%u}%%ﬁed

suture is attache to each surgical need

DESCRI PAUBY 12D iag side ai¢wrriong ling 12D + d2khof Rigured2Chadns a

SUr gi CAIGURES | a0 f3B,q4E, arld3SB Rl 92{1110u§ Eﬁfﬁiﬁ e%c@%j,zxfﬁje?e Dbarbed

acci dental wound 1 n huhan "or ani ma

h SfFe iittachefl tegaclhergical ne¢dissue,  or ot her condi tion in

a human or ani mal where suturing, stapling, or the use

of another tissue connecting device may be required.

15 Al so as used -here, theDEﬁﬁﬁﬂﬂﬂﬁwkue" includes but

i's notadisbd feed of & fascia
bone, Siiee) A theteent NAGHElm B Y s i3ion 3 o o} acorRR R

f fisspoeraceifental wumimmuman ott %mnntd) Elﬂn or othd:rgmmam bsanimal bodily tissue,

: n A \ég(éﬂdlt on n Lgﬁlﬁ% 'EFW r? %ut usnlegg {ng (ﬂ',gt}eeursg otl zXlother tissue

c@muboylngquesnayrbeaa]uhédnc k, graft, r andom and

al ter a: 20,1 er ners,

2 L7 D0 9GRS )80 LLROL MY 21 el CELELE, o o
t dmmfat"fmoiaybm:e"msd&bl, brgamChdiete, okbloop 96s3bIB) o8 fibfolisiGdsis8Bich as
t & tegltal These structures include, but are

N6t qnfgﬁ 8RS, isotactic, syndiotactic, and random

sy netMdresver, ﬂdettélﬁugblyfniw SubddRS g@ﬁaaw,eﬁ.emaae@ht ReloPNnited to,
with a circular cross

i,n_a referre enbaqd
et pRes  foPd yPam el 5y lovkpats b 4P RiRmEECPlymers),

Qé@ﬁl?mﬁﬁpdt c&Bra] andbRiags drddhodiRidtichs AR rddRC F@rﬂfeﬁn&r@ Eihe: term
ea and facilitate the formati on of

SRS G B kuPtible wiaicines S s ometiahy Thése RpaBTesisiude, b

paralleleplped trapezoid,
Although the sutures are described below in a preferred embodiment with a circular

cross section, the sutures could also have a non-circular cross sectional shape that could

. increase the surface area and facilitate the formation of the barbs. Other cross sectional

shapes may include, but are not limited to, oval, triangle, square, parallelepiped, trapezoid,
rthomboid, pentagon, hexagon, cruciform, and the like. Typically, barbs are cut into a
polymeric filament that has been formed by extrusion using a die with a circular cross
section, and thus, the cross section of the filament will be circular, as that is what results

during such extrusion. However, extrusion dies can be custom made with any desired cross-

sectional shape.
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rhonboi d, pentagon, hexagon, cruciform and the I|ike.

Typically, barbs are cut into a polyneric filanent

that has been forned by extrusion using a die with a

circular cross section, and thus, the cross section

of the filanment will be circular, as that is what

results 30 during such extrusion. However, extrusion

di es can be custom made with any desired cross-

sectional shape. -7- Hence, the term"dianeter' 'as

used here is intended to nean the transverse | ength of

t he crHemesthe temaridiahageashes ﬁelﬁﬁs M&ﬁd{dd&di mbislﬂhé? &égféﬁerse length of
ction | circu r. so ot her shape. ui tabl e

o SRR B AU AR, D G Te6 o B S e omog s,
may fr aﬁ@&bfermmﬁf& the Shvefive Biufed dedoAbd bb1omn1aﬁaﬂgeqfom about
di.aneter, may be from about

20907 = t? OB gy 2 obeRUE o dlemetfsmmet fémlaslaﬁ!ef ot 0 B1 mm to about

MM9 i Corifbtin Savht CIOBEh 86 abot e fund. "Dt AR BiamBePrhn b about
ggyt 0.5 mm _ The |length of the suture can vary
d

& FR Fwﬂbeht Q2 par Jihe fength of the sulyrerran yary depepding pmseveral factors
apebhQk tHd@dHath /ot tli’\SfLiﬁij&ﬁd Q(?b&él@s%& e &B@oftﬁéﬁfé t@f)e joined, the

tissue to be joine the ||ocation of thé wound

t Ipsatigmal thﬂ“lwméeand &@théw eTypigshsume feasyerangefiom Boavt T Imémbout

tgoa@oxusrep&%camurﬂaﬁﬁb&@ﬁ&fn%lmﬁuzé om about 2 cmto
about 22 cm ternms "staggere and "staggering"

as usebhetierms ‘ﬁtﬁggeeqdaando‘iqtaggﬁma easdisetbleps¢ imjrelptiaufto thsalispesition of
OBarfs S Hnfte %‘?nt&rﬂﬂé? &qﬁé!\ Auleial %tfl{bgte t?%&m&% Ef 3% that are

at least two sets o bar at are
r effyebwith raspeshioreadh gthar, wlwlrfethefmh get fsi aligneddengithdinallyi aqprieasuture and

Fl@ Qééog&i Fc‘? A i ﬁ%n%]oﬁ dlﬁﬂlﬁ%%caﬁqne s fglﬁrfe%ﬂaeﬁcﬁgulﬁr%o the suture

I gne ongl the sutlre,
adruiting dahsversely tltrh-ghglm WUtuge andnntexsu:th thy basimi 8\patbf the first set

g gﬁgﬁgn}@r 1 bl B 20 bAGLREEE L0 Lhe base of a barb

Tersect the base of a
bar b dFhetbabs payehiios dte. exfEher dnefad:asof piteojuined bddy onmwthive the barbs are

i D BB i Mo Y o st it fient s

t iney beoerysidyesiu fugeneral) a;r%w babs zd'g fn‘oger sfthbls for @ﬁn:ng‘rveﬁaim&ypes of
e e er arg r r re suitab

O R g e e ypp@Ofhe oPecnd Sl i hore Sutabe or
L joﬁmga:b tiodr typef bf ttsm&swglla asfafmllhgm ge@da;eirssdaand hs mal | er f

ar bs e for i ni ng, ot her types o
T soud tdRoge: BbityGres dian b6 rafe Bus hereme it eridor
bmm@gjccﬁwénﬂioﬁﬂ lé’@)éumﬁs MBaepiieiiarichsseh ﬁﬁ&nﬁﬁbﬁtbb BdrBed suture

maki ng conventional |oop sutures. Any

e
ﬁ%??? 8P§F sErRRiand ferblitureavigmenie bar bed suture

depenggor® @;fmfcmz}aw b&BEeH SR dndy Rtk iffolh 4 8 AbIoREBRnSaterial that
More specifically, barbed sutures may be fornmed froma

ALl ws Hiesriam degradeaing fus fohgrabsorbedgveriime infrthe tissye s thpwound
Q%ﬁfsa%né%ﬁlﬂl Bﬁ%s&rﬁ’abﬁemﬁgﬁﬁrﬁ@ﬁ’ol?ﬂﬂ@ﬁc bhd ®epbdfin dnftfe particular

ti ssue as the wound
polymer selected the degradation time in the wound ranges from about 1 month to over 24

months. The use of bic-absorbable materials eliminates the necessity of removing the sutures
from the patient.

Various bio-absorbable polymers include, but are not limited to, polydioxanone,

- polylactide, polyglycolide, polycaprolactone, and copolymers thereof. Commercially

available examples are polydioxanone (sold as PDS 11, a trade name used by Ethicon for




10

15

20

25

30

s T

-ICPRfémPIaWﬁéhat e enc'he)f Herbatbdd suires may ehmpriss s suigibal mesdlea rIe thls

heal s. Generally, bio-absorbable nmaterials are

pol yneric, and depending on the particular polyner

sel ected, the degradation tine in the wound ranges
fromabout | nonth to over 24 nonths. The use of

bi o- absorbable materials elimnates the necessity of
renoving the sutures fromthe patient. 30 Various

bi o- absor babl e pol ynmers include, but are not limted

to, polydi oxanone, polylactide, polyglycolide,

pol ycaprol act one, and copol yners thereof. Commercially
a%&éﬁngamwabsuanpﬁ),mpcﬂymem byt @39 plypalide and sboats33PDGnethylene

guﬂzr Q a%)(so?%% %ﬁw &%t:agi s fo[;reéﬁ t_9 é%}eelflld;él kgﬁ.aas unar gl(g%{asllrgical
SQ:%IEsr),I aive cbpol @RS of mbmglgccﬂﬂ@m a’b&utm?fo)actoﬂe (sold as
wmﬂrk rﬁgl stered to Anerican Cyanam d for surgical

tradsparkyragistersd tofpinsen dohnsoy faspytaes andputure
aﬁ&kifes)z BUered Btk Smb Y York §h Bio®DsoAINIARIEAL are us%ful in a wide range

trademark registered to Johnson & Johnson for sutures
aPfcrpBlipatiens- 5 needl es). Barbed sutures made from such

bi 0- abgpERARE bﬁétﬁ{ghﬂéﬁn b@ féi'ﬁ'e& dlyml T ho ~aﬂ§o%3'abfee}ﬁlﬂﬁ1al which

of applications tionally, barbed sutures
f B #olymera Spelvpokiseeny lbdbdlaebutarasmt Hinjtedioi mﬂwmm;enb@ohfanude

pcaisx ia%f s ogy %BMQE?&%M Gl (#’9’5% hgpeﬁa tegi{]l)ﬁth&?et aﬂsrgoiétgﬁm as

el yptr nlano(@uo}lers h:ypaeded pobytetiafitdrbetiiydene, abbreviated here as

rn@neemon @Bl Erizatidn Bf):lldlelihyl téiﬁptﬁhlﬁs Isagieﬁﬁaxﬂiy)e)m ether glycol, and

r-es such. as
o5 J%e‘ﬁ% i B’Eﬂ"{) Heprbele 4@?35 ket b%? mﬁaftoalpames
Fm"’rbéﬂ By Tod; Litdek e fané NOVAHIV® Owhr]mci@ﬁ(i traderflark kggﬁ.&@éii t8lAmerican
and which is nmarketed by Davi s & Geck and by U. S

Prudfor suggighHiwes), Qsmléare!bwrfé@maumbrthqm ahggieable material

|ﬂ1&tﬁl)(e g WAL mle il ﬁlotyg %Qtﬁﬁ?ﬁgerr(@%' SICEfEn,! e@cetcra) and the like.
Anerican 15 anam d for sur fures
pol yuldashefitbe barpedsuiees diseyssed below amodeserihed ﬂb}@imr@ their ends being
PRirdd Ak for%ﬁ of()fmgaéltlﬁlsu l]4" El&&y suﬁttﬁ ’Eﬁ o Jg?e?t!u%q:\sk&y 3t is

natural fiber

o)

FEBOREL R SabeY wiile L Mhie B RSO sp LB S ANE chame
pvrémnmgeat phoinking, orteyelst thmmmtp Itl*abtsargldahnftedlb ier imsacton mito tissue.
the bagbed I
s AERERt I SO Got F HpR oo BB R fPeerting
et S@mtmﬁtmtoshﬂ}iurml edis\vaigithag is laiphndieblly deamdla_ngne end of the

lg%fcﬁﬂs &IQ %l%sﬁ%l tﬁ l&oﬁé’ ﬁa{,ﬁ; cpfsllg% Emg&l(# ot h Id%? {he needle),
Solbogied gy lcnmpmg thedresuittint labaht tho deddte ltowsdxhitltbe suturc is secured to the
acconp rein t he suture . end. into the,

R e AR B R D e AISe,Soymt e AT i Jpeiycinl hole

at onmad eretheatfshiitil@able tubes that are heat shrunk after insertion of the suture in order
to attach the suture to the surgical needle. Additionally, some surgical needles have a

channel or trough at one end, and the suture is laid in the trough, followed by wrapping to
secute the suture to the surgical needle. Surgical needles with a conventional eyelet type of
bole 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
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surgical needle (usually the hole has been drilled
longitudinally into one end of the needle), 25

foll owed by crinping the resultant about the needle
hole so that the suture is secured to the surgica
needle for insertion into tissue. Al so, sone surgica

‘needles with a longitudinal hole in one end are

heat - shri nkabl e tubes that are heat shrunk after
insertion of the suture in ordgr to attach the suture
to the surgical needle. Additionally, sone surgical

neegics hedilesswagedolie batled ettuutet ®UGRis2bntefBlavA that /R bitePitable
suture_ is laid in the tro foll owed by wapping to

3Heans of piaching neqsiss can ey e@urgl cal needle. Surgical

need| eﬁtta\bhﬁlbnt%f &ﬁﬁ%@éﬂd's@@ﬂ:lal &mt:sett d&suﬁsedqﬁ U4 %@m No. 3,981,307
éansversel one end he sur
n

SRR, LGP Ao 100 308+ 0hia KopholtdF & Reismt Nor bRz ep Grgpeer et oL,

bard ?@teﬁtlﬂdl 58939106 dn eﬂét%ﬁ QF‘S PaEBﬁ?NB ' $4p0, 908 kd D&hardRE: al.,
di scussi on bel ow re i cal needl es swaged

R Parapt i 350 69 e Loigen T S:RstegNe. SpIP 21 619 Hefeses Gk, and US.
otvttsrtt N%UG AR to WRENs eCfl. Alrhedtddl tBhOREAUI RIS B subScal needles is

enpl oyed At'tachment of sutures and surgi cal needl es

ges@!@?é in YSa PatantBioss. 53598 e Rigs ot @, Gerthea(vis npjed thekibe surgical
Une%dle nﬁ?%@%m{\t&i the-cQith Qtﬁé’mkg f(#g{ H@%ﬁé %f e i%venﬁ@g EthbiRron

5, 102 8 to G anger
5sum@1 gqeﬂleﬂtaﬂ@dau@@rto b@ msﬂrted inth Ersuwitle fess fece tBnsibe 9ogical

| 9
Oo I I | g an, %ttedggthee rc#t’ﬁ%mgg%€é°®?%" {%g Yl%élsl?eé% gﬂslgoente resin coating.
aFOI exme,@ngnprom @mnlm Su@t@ﬁ@eghghm mmmm‘iﬂbss forCﬁ to

B e T I e

Fo.t3258, 0h3ttoC%;angateédl that the surgical needle may be

coate allavmn for t e t he
o e bl S B B ot o3 S oS 0Bl Sl e barbs
tmaybm ﬁonn@lntsmg an:m sujtable mthad Vindlidihemecliar melding amanfing, beting,

sur coat ed. Th cQa
S e B M Do hing B beiint. b bl Hlomiys e
ep(mmied arﬂnhdnifﬂémﬂﬁmhréwtbﬁlﬁmezfﬂﬂnﬁwb@iycal needl e that
requi?@%s n|f| ant gess Qrce.to é(ﬁCt tis
oot TER pRHie man BEmen il bt isTriog nsiag cadiay s ptve.
needl & ety slfi@ableich@ifly mbchikeds diRAédin U NOPate'in %@ﬁhcaﬁ&ﬁ%s&rﬁl No.,
%e barbs are dis in varl

t | 15 T
TR B o hoin o st BRI MiodisE S Avest BZBEh Hegsolosurs
ksF WhthTehlcorporattd B9 Yeférbilck ABh@ 2 BRIAG hachiRs hatQ [ﬂ‘lﬂ'ahty of lFllades for

i njection_nolding, st angl ng, cutting | aser, and
| sstampmeg ohbakspaie ugire filapegig A tywcej@n@.aa maclypg Vﬁ@ﬁi‘@aﬂmﬂg

tHafRA dftues uﬁﬁﬂe@%ﬁiﬁ%&ﬁ}eﬁ ViU SfRe biddthstdititict, 3fd sometimes a

barbs are cut onto t i | arent body. The cuttin

Bemplae @heuidefor therblades. SThe sewe filsmeshisiplasedinghaiond g beld by the
thé‘eeﬁftﬁ 8 trandderle YRENord b tﬁ@fhhtﬁs géﬂ&duﬁ@%g@&ﬁ '[in{‘ﬁe transverse direction

disclosed in U S. Patent atio

- of i seturdamentda eeientosut aaplurahtazsﬁ axgjalty spaced baxbisidisposed on the

. 30

NedlicAdra shinkEflaArgust 31, 2001, the disclosure

With reference now to the drawings, where like reference numerals designate
corresponding or similar elements throughout the several views, shown in Figure 1A is a side

view of a barbed suture according to the present invention and generally designated at 1.
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of which is incorporated by reference. Such a cutting
machi ne has a plurality of blades for escarpnent of

barbs onto a suture filanment. A typical cutting

machi ne for manufacturing barbed sutures utilizes a
cutting bed, a vise, one or nore bl ade assenblies, and
sonetinmes a 25 tenplate or guide for the blades. The
suture filament is placed in the bed and held by the

vise, with the transverse dirggtion of the bl ades
general ly disposed in the transverse direction of the

sut ur eSitirk dimudides £1Bngated B6dyt Dthaxs géheﬂllyl El&iulldr‘j/n &bss section and that

d_bar bs_di sposed on_t erior of a
S iimats RIS R o inap O pee 5 IR fgepenetrating
WH0€ bt kB cortRbRRE ﬂmﬂéiﬂﬁﬁﬁdyﬁ:oﬂ@ﬁ‘sﬂbﬁﬁca@@eedle (not shown) for
corregfond g or. simlar. el enents throughout t

(Shacrther poe iEnefshewnp Also, alt@fp a@cludﬁsgwrewaf

bélbéb%ﬁsp‘éwd%fbsac@ﬁfﬂg&ﬂnh@taééé?edﬂfnﬁaﬁ&hoﬂdi‘ﬁi@wsiﬁ@ﬂ Riofk
general |y designated at 1. - Suture 1 includes

etPsrifsal et spaced hagbs T ae gvélwélw arrpRged phat | 86 deprgesdroye and
S@&debRA wathGespBa o L@ sﬂz@@@@aﬂ’)s@ W‘l‘ﬂ bérbs Fifrading omtec} end 4. First

illustrated i n one efbodi ment as bel ng poi nte
p¥hekhaghsiTgfing # Blgurcthatiiy qubgtantiply mﬁnemnﬂa@me plandpfinehy sgeond
NRY ofARFR'Y, SR Bnstbit E%@?m

[ nsgrtl on int on%ﬂssdg%rbgrﬁ?j& er eng neoszaﬁéﬁnev%arﬁe due to the
Aﬁ@%ﬂ139@P9ﬁéaﬂﬁnaﬁwwmdes plurality of 5 closely spaced

bar bs g 91ﬁr&h@flg§gcfo& & &BQW QgWe HIASht sg[ﬁg&l %1F1gure

dISpOSI speC| Ically, a 'y space

- 7lAymeore déﬁ'rh{ iflysteates angloX, nafvelytthel@iatitigrdegrse fivapguraantiof barbs 7

.20

- 25

30

||
peRpRakBitgpiodo; A%BRELyt8 o2 HighBABTHe Aol Husile o i
drafh Thef berls| Zim elosdn 4a pairgedsanld $t(aoitshawn in Rigpé BB])aandeshsetaMEe to be
P, Darb
QARG E SR nRE6SDT g R LSRR usber T ¢ tperogalame that
an perpéralivelad tesuture by 2taad thaidn@tsed:s e bagrof enclbiarte gitnEaty. does not
G ibase BB DePeitife “TA more ol earty o

il usBumﬁeBmajnbé madewmeam7 hMg&ﬁ}ﬁhzhadiaﬁlbrodL%QS %@géteefbarbST 9,
arr bar bs ect to ar ps

B 255 S e Stron peeered aplicrareHErSl S A culting device
idedcribéd attRsationehottd S&ial NQ@DI94T,793 tol@dnbea of al. S Cl OSEr toO
p0|ntEd endf% %ng Sh%%“ p Flgure 1B), and _t hus

seens "I SRt Pards 4 isasated by g aF‘&SPH%PO@R&? sytyre filanent ip thy vise, and
@enDE B& 0P bladétewitDa Fl@@ctéi{nﬁﬂﬂ Rinkfhsplites 1ﬁt@ﬁ§é’s@ﬁ§@ﬁlﬁﬂn@:ﬂ @t an

erpendi cular, to suture bod and t hat

t hat S
g pelesindiohatibade T it Bps o Cowardmmedsodd. Setond set of
IbRbE b LG tatéd Bmiasearef offBinP il kBIa%e@an%?ﬁGﬂ%llyg(to §H$té‘fh@ stlaggenng)

may be made with a cutting nmachine t oduces
é%&fgxlalfat%h%fsof he lgngltU{!i@%lahSFapcq)bﬁéwe@ttwapf § Thand alSﬁ rofating the

=Tl

- ShiBRIRAREh: @wt&s@&g@emﬁh Whd Lhichis gct@e@& Jclskf;mﬁl\%ﬂa{é £46k set of

device 20 describéd in t e above-n Se

barby 7 thay arg alrepdgenlova et al .

Shown in Figure 2A is suture 10, which is another embodiment of the present
invention and is like suture 1, except that suture 10 is bi-directional. Suture 10 includes
elongated body 12 that is generally circular in cross section. Elongated body 12 terminates in
first and second pointed ends 14, 16 for penetrating tissue. Also, it is contemplated that one

or both ends 14, 16 may comprise a surgical needle (not shown) for insertion into tissue.
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First set of barbs 7 is created by placing and hol di ng
a suture filament in the vise, and then, the set of

bl ades, with a predeterm ned |ength, splices into the
suture filanment at an angle selected to create barbs
7 pointing in one direction toward pointed end 4.
Second set of barbs 9 is created simlarly after

of fsetting the blades longitudinally (to create the
staggering) 25 approximately half of the |ongitudina
di stance between two of barbs 7 and also rotating the
s Blaoy sutdre [1@ inehitiesgihaality dBlosdlygpaes babs 17)€8,M0SH), artvhgedtin a

0 co date first set of barbs 7 that
areggﬁ?gggga%ﬁ?ﬁéﬁ%%ﬂth Figure 2A is suture 10, which
| S anoMboerspeuifially, phindlitd! dxiadly pp@&ﬁlﬁt&bs 1|7Qi1(361@&1h1¢5ﬂa1‘%§ed dbout 180

ture .1 t hat sutur.e
oSS ot B e ceiliassper B! syl pmesdvats B9 gyt barbs
127 tlpﬁc‘“@mﬂ“ For & bioh AboiiafoPBS 1650) bltore 10.  Similarly,
1 N ISt and secon

0 rni nat e
11“1‘1”’% }{P&%%P&& &8 afﬁé?é%l}ym%jdtab% 420 degregpfrompand
I ﬂaggef&ieﬂw 189ped td flalit) B axiflly PR b&BES0, dith baBs TR0 facing
urgi cal needl e (not shown) for insertion
req P hr aniiner popie (opperramaicly gha eek el th lameth) agutare 10,
Olf*‘lrsﬁ ke %ﬁbatbsﬁﬂa C®akrinah Phnelihat rg&bstll%talig Q?\%&{a?ﬂﬁﬁ fhe 'pfind defined by

st a% ere ~directional di sposition:

s |bP§bS 15120 A8 Pfﬁf‘ﬂbfaué’ﬁb%fbf’r 1, 30 dsfinpsnbatmtiahy the
fsﬁﬁic%hé Pladd LRRGBE ra0P o dBRe q‘%ﬁl@ﬁ of Fift3efPfbarbs 17, 18 dw1th

staggered with respect to plurality of axially space
Uﬁ?ﬂ?%”&gec%@%eh"ﬂﬁ%béég@ol? 19 facing pointed end 14

- for agﬁ’?ﬁé IIOR a(%g’kgcu&ﬂj Qfﬂ&‘??“‘l@,gﬁgggg%ﬁ %rglfqg{ﬁP&rQZA

Sim | pl urali of axi al
r“a‘éFPﬁ]ePS}Y Hluptetigs anglesh wemelgthefadiab 80 degromareangement. Due to the

| |
;ﬁgaﬁ{fgﬂrs%dr 1'{)ar B 9%&%&«%%&%@0#&&6 c%o Vﬁ eghgx% S@%&& £ 2B), and
dhest prpearp barger Bian faaqbgrmy firestt barlp 10 mébnbm@: ashiailfustedted tyethe

f.b 7
JEP}?L%) gol.frr) ngt%slé tpﬁia%glat is EélJBgI}dIC% a‘tr 5‘10ﬁ“§}' a%uéi; &%&?d &nﬂ 1ﬂtcf3ﬁcgs the
pﬁ’lcl%ﬁ’ﬂf ogebarhdd oﬂ;armGTde@mdlm:tesuﬁez 8&6 biany $arb20.of Barba19.

) fin .
LRon o Ry S5 e W s erprntipiaro S 5oy B gnggesects the
bwhod ege bab 48 ofindgs e dbesabt ifnl:di'?btt btﬁetgas@ﬁf dagtblxd 20 6f barBs 20.
W t Gt t co set o arbs 19, 20. Figure 2B .
s a SpeOiey e audy W@ﬁ iR SaPG Ry PG Meching as suge d¢ 3@%%’%@ cutting
ii@vwmdeﬁcrgmd n Bdabovemnsted SdrRNoY09/9431¥88 EPGéndda &0 &cept with the
cg{ns t.he o agiaa 18&) degree arrangenent. Due to the
§?é§ﬂ@?gﬁﬁ $HECUGr b 17 of barbs 17 is closer to
pOI nt Bel fasidetlof bi-difdkctiADdMIbS 17, 8, AEEQheRture ﬁﬁglenttlg‘ Pﬂeed and held
han_farther away first barb 19 o

gg{%é{’ a‘ﬂgdeeﬁ §I§1ﬁ°? Fife ¢ figg e'&“waqﬂﬁ@mt%wpmmﬁg}y half of the length of

meanammsmn |ttﬁt§t6até bels 17Sadifs PR uﬁwnaﬁ tdar :ﬁ%bﬁx‘d&cﬁerﬂqqy Next,
base of one bar

%ﬁ d t hat h@[sects t he

5137e gspred HOrdegipgsap dhat they gee r@afsbSpQ&Fedamshe leppdsita direstion and
b#d B uhBut half of the length. The blades are then allowed to splice into the other half of
the length of the suture filament with a second cuiting action to create barbs 18 facing in the

opposite direction toward pointed end 16.
Next, the blades are offset longitudinally (to create the staggering) about half of the

longitudinal di.stance between two of barbs 17, and also the suture filament is rotated about
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Li kewi se, a transverse plane that is perpendicular to
suture body 12 and that intersects the 20 base of one
barb 18 of barbs 18 does not intersect the base of any
barb 20 of barbs 20. Suture 10 nay be made with the
same cutting machine as suture 1, such as the cutting
devi ce described in the above-noted Serial No.

09/ 943,733 to Genova et al., except with the

foll owi ng change in bl ade dlrggtlon For first set of
bi -directional barbs 17, 18 ter the suture fil anment

. %@&e@&ﬁsdorﬁ:ﬂgwgglvguch%§ec{uibg% a¥doREnodafd Fird 'sa%ﬁﬁl a@cﬁ&ﬁx barbs

with a first cuttlng n into approximtely h

t hé 1B ¢hatyarn alogady cute Then, fr seopnd sehfiti-directionsd beids %%rmsﬂlqblades
'cg? adéi By @ul‘gﬁg a?@l‘@%ﬁﬂte%?ﬁaﬁ‘l{tﬁgle il g‘tﬁig §Lh§1;étéiiament to

es are ro egrees so t nat
anWlt@I bgbeo%f,bfdcmmlmome dwpwstm@m@@tmd A6 ke firshoytting laetion is

19l S B 3} 6 D7

sthe appesits dizeotont andiovér tize wewdall ofthe ength. Xb¢ blodes tam thensadliowed to

b%)ﬁlp% éﬁ: n@.ﬁ%glglf hgt)l('l% %%g%é?&%g Uit ii{é?%éeq% Fvﬁg éife(%gn& Mgdacﬁon to
i arerys bak 1r9a°hdnyg' ifutilee appesitt dirédtien muaggmmmgendabo ut hal f

Ond oiin ot SRSl el S ot ek Ryl The phyion of

dwg:re Eswininbirbel A 12 may memm facieg|towanigsbidtal «ndd 6 andtha pertion of

f.b b 17, .18, t
LIl Lol el ac b o, S
h&hbﬁonl@m b#Bed funge bald @8 ins&fpdiige tivdut ith afk lﬁs&ﬁoxﬁﬁﬁvidef@ch as

3Pt P BRPe Sed st Ry s M5B R R s otea
dthateie ésered tb@mmdy POEsRArpEd @bt Hfere fﬁi},ﬂ)eftw&gbﬂi@kﬁ WithBarbs facing
is 5 fal rotating the bla

acti o
|G 51“? G P?Woay?iﬁ g@g fagiae & offjgnenc PO gPRIORDKth barbs facing

Gné RAGAM tivb porttibfs WIPRSHs!Bcifl the 6thbdndand s@Mﬁ(noE éh%w'dﬁ @i thus, if
hal f _of the Ientgth The bl ades are then al |l owed

atortiop of hugs ismet geing the gatpre ead to which @ﬁsgthqﬁ@ﬂretﬂm%t%the

fHattRBdhre Woll R ineRANoHkleI Vith AGhkR#on WevicLr €at e barbs
19 fam;a in the opposite direction toward pointed end

14. | Angavaatage phabarbed safrsdiuning aradial d80 degasmryranggment with
Qtatg Clr 8 ¢d AR 18@)%5‘&9 sﬁﬁ&néisf}ﬁarﬁ? Fatbheﬂecpén reﬂagvé‘lgglﬂﬁl?d%tgeter

barbs 17, acing toward polnte
dilaments and dﬂetsmg?fmgtlmmwzsfanc@mi& p@fo:rmamet Ahisaingbinpgd delipate

Rt e | I RN, foBlBlr O RBle 130 R snllh e

teffs@ueawhphngapcﬁonamcel on device, such as that shown

in t h%ﬁﬂ%‘ﬁ?ﬂ? %"F%qre%AS dgﬁ&&fﬁta siHQ v%egf %4:1%0& d’%mtrl))gdlgx%ﬁt of a suture

Addi ti onall esire
ba:oe@ngtopwrwntihmubﬁ; andgemaallip desi gnate() ar stitupen30. \Buture 30 i 1s like

I it
B30 R A 98555 s B A 50 e
fsciad gf laﬁ)rtbgleemhsa.mhowmmmutd bns with barbs facing the
ot her Mot partlcufjar]y, su rx]'e gd’] i%glugeg%médteﬂlo yt’.’,g %i')sat isI gftaneraily circular in

cross section and that terminates in pointed end 34 for penetrating tissue. It is contemplated

that end 34 may comprise a surgical needle (not shown) so that the suture can be inserted into

tissue. (The other end is not shown.) Additionally, suture 30 includes plurality of cIosely'
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a portion of barbs is not facing the suture end to
whi ch those barbs are adjacent, then, the barbed
suture would be inserted into tissue with an insertion
devi ce. An advantage of a barbed suture having a
radi al 180 degree arrangenent with 20 staggering is
that the 180 degree spacing is readily fabricated on
relatively small dianeter filanents and the
staggering i nproves anchoring,gerformance. Thus, in
thin and delicate tissue, where a smaller suture is
dgabsdtatie, 351%3%%@@1@%181@%&@%&&&%%&% Fﬁ(ﬁﬁ&i end 34.
ﬁf ect g anchoring perfornance. Turning now to Figure
enc&etbf' ispafition ofbaghsa, 3, disgmi-disstigal embodi nent of a
Sut ur eals@ axalFgadcd ibifs $Park Ry 2REAYed hiHGE 10 d3Prees¥Rfn and

generally designated at suture 30.  Suture 30 is |ike
stitggered WikieRert fopxmally spased trrbss3e which isardiallyartprgsd ghout 120

SEREdel SolQhd &Hé%:lfe@ wil réspect IsB5Rd birhSioe qgnf@; ?)Flﬁﬂ; spaced

de rees as is Sshown tor suture More particu

¥ oalparerapgrdgbet dAYdnsrass frothang staggered With rerppRs ﬂcaamgﬂy
Cﬂpﬁ@éd'b@fbs '39 AEE &%ﬁt X a1 %(he%l@@&r%gérﬁgnp 3 SetioPbarbs 35 define

poi nted end for penetrating sue
o%‘h%téfﬁwllht@dammetpiﬁao, seqoaid 3¢f ofrbarbe Bigefing wbaamﬂg puxglier same

R M-Be: (zﬁlﬂ'ihlﬁi?glh ﬁ3§r O3 Eln)%taﬁé('alllﬁ; ﬁlcl) \}\Eﬁofﬂ}ep ?an{erl)%g li)fagg Thus,

intd tissue end
Ayiire 3Grasibarps 3% G7 L@@E@@ed ircd stdqudluur—&l‘eicuqnabfZOdegnseﬂtyposmon

-13- RGeS g%rcpo% gégho ovvar 3.10?1% Mi‘ GRS en%f %pj}? £ 3€Ien| Fl%l? 1E5A and

in the % i‘rect
tshewslwih owre anWUIaﬁtyblaglbéf' ﬁﬁnelﬁ the rﬁiﬁalllgo degree arrangement of barbs 35

L i TR T p——

s¥aggered with respect to axially spaced barbs 37,

and o(STeie B oloRRlBERF BB perey B, A= RLpp &0gigrns i

ldbrserap paited Ichg/’%éS(}iiaKBBdwn bﬁmgﬁe 38), ah@thas, S€@&niftd Eé’l@%dr than farther

AyR e 62T BE GRS 71 ATeahi B EIPELE  eERREEE 50, i closr
1@ poithed eRE3BMOEAGLNBRIFigurd BBﬁhnthﬁﬁs eémta@% martzér t?ﬁi; év@@farther |
secon Se (0) arb

3YREER b ad LR S %F%g‘f%ﬁali’ ¢ gl PSR frsutugrppdy 32 and

Hhilt ﬁﬁergeets kY babddtlasie B:2b 98 bf BiebsIRBEA hﬁér&a)ét tﬁ& bzlsle of any barb 37
%757 same one plane. Thus, 10 suture has bar bs

slgk"é‘f‘?caﬁﬁ%“‘rﬁf? plangtha gsa}emn@mlardv Flé'é"F ibediud2 and ghat

ﬁﬁ@"ﬁ&ﬁs thd 52@@@1' dnle ‘BEH) 37 Ef BUbE3 Bk RotntEk Qs ﬁne P8klor arb 39 of
wewaloir;"‘gl'll i ne - 3B of suture 30 in Figure 3A and

barBsa%-wh %laérawpqw Blamathattlgfpm@ld@um torsiwes Bpdy A2 and that
{ridtbedls tﬂez&sggﬂfn@ 82839 SFBEHRIY ddef n (ﬁ%t@ﬁec?’ﬁ)e b¥de OE anybbarb 35 of

respect to barbs 37, barbs 37 wth respect to
Bbs 3hd barbs 39 with respect to barbs 35. 15 As

|11 usgfiakad nly bk Hadsk r _
35 because “b-'}o E'g AL félp sglge cuItﬁl{ggsx{'xac%ﬁw Qs g‘lﬁur@ Jﬁ@ﬂ Pssthe cutting
device described in the above~noted Senal No 09/943,733 to Genova et al. The cutting

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

staggered position along suture 30.

First set of barbs 35 is created by placing and holding 2 suture filament in the vise,

- followed by the blades, after having been adjusted to a predetermined length, splicing into the
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closer to pointed end 34 (not shown in Figure 3B), and
thus, seens to be larger than farther away first barb

37 of barbs 37. Also, first barb 37 of barbs 37, due

to the staggering, is closer to pointed end 34 (not

shown in Figure 3B), and thus, seens to be |arger than
even farther away first barb 39 of barbs 39. A
transverse plane that is perpendicular to suture body

32 and 20 that intersects the.laase of one barb 35 of

barbs 35 does not intersect the base of any barb 37
oFUtb@rfﬁém@Vat ajt jakglenhaids clwst arsatebabs A5 sombattaliate fading in the same

BQ&&}%@% e?nH yre body 32 and t hat int_ersects

ase 37 of barbs 37 does not intersect
t h e baNextghe bia@es baloffseiﬁ Songftudibadlyli® cdlie the dtagdeerigy appRoximately half

SSPARHRRARIR Anct B beer R RADE 55 ABH e Tpted Hbout 120
bdergnees 39 tiebodss, witith ik efuipTRe €d adchiambaserief scfdhbalda B thabhAE already

bar e made with the sane
?ePP ?ﬂﬁ%‘é"“géggﬁgad@ﬁm cregied AS I maRer; ng
d evi c eLﬂdemeer it ®thdésrrd mnahﬂ&ﬁoﬁ%&ﬁal@%d @éateNﬁe staggering)

09/943 7 The cuttin machi ne 1s

gy SR T etetirel @Etaien tobusen i e 35,50 sgoihe suture
uﬁllaﬁiehtyls eted@but 20 @eghdesBn theVise, wibRE 84 d%b&diﬁiﬁdatc both
aI on hure afotHl 30 First set of barbs 35 is created

@it HEt S sdp ARy afready entacopnq sehpiharhs 37 Rellayingthe
fthélﬁﬂﬁﬁl Ryvehidf Bhd ARRDN, tBfrd &% oPBNh D lp&%ﬁecﬁ%léﬁlﬁlq mafiner.

a pre eter ned I ength, splicing into the -14- suture
fil andefer Ysﬁ%ﬁ'*a%ﬁl@qeéﬂ\terb&fb is gsqarpsd atp nqamen aboub 1 39lepreesgmound

Sedr& BédyBR ropt Be Hraceld ?\Ie iAg bhfd dnlfl %oé%?oveﬁ%# ?ﬁﬂ R bitle? BabHd

p0|nted end 34. the bl ades are
| ongi tWith Ferenge ’QQ"OW@M $A tiHustrated dgyraturndf), another embodiment of the

aReeAh VLS. BGuhﬁ'é doi is 9i§'mfap§) éuﬁﬁ]@ﬁqﬁ Hngc']p gt]qh t?rte al ?sebl dtrcctg)ndl

bet ween two of barb Al'so
apre 49 ingludes %@g#l@b@dw 1421th1!é is\deserallydiicalar lll1$1'0@qmlp)2p’ed1dtthllt

AEeRRRAA R cfuidr éon& (51{1@&81? 4934(%1‘1{36%&%& t@%‘ﬁ sud Kﬁsgt i

been cut, and econ set’ 0 I's cre
icantgmslaged|that Om h@th endsiddedt mey conliprisbh adg:salaemlaa@at ghown) in

2 & be b 1t Ry Kb QiR oo P B S i, anaged baros
1% f19.158r Bis SBETangﬂb[n alsmggdréthblamtacttoaal u‘ispbﬁmﬁmt i's

caui pook 8PS Hair b REh 87 bR 4bosinly Bepd W s giregerntaly

@ﬁaltad Iabmm 5205degrced frmd)d mgge@e Q@tﬁdesp&ft tcga{:uéllg kpediarbs 49,
an ot atl on,

i B Aol iponp 2194 19h Deered TR T sesBired vl rebigrirg axially

Eioaeédzbahsi 5/1 Coashuentl ¢,eEHY ¥eachBbhbd 5 £EA8S @ﬁﬂg@tabaut 120 degrees
from

Qsiti.0 t..120 de ound suture body 3
figal ”6‘.“8?? 3 d‘“ﬂh‘ﬁ?%ﬁ% telbPrGd Dave AY-aBhugi & wwféthueer% has
hih bbbarby 47049, 61 am@ GiEthd 8athd &re'éh&wowa{h/isomtéd sdkgated is
suturﬁ g £ g Pe enbodi pent of th
or the other half of the length of suture 40, ax1ally spaced barbs 48 are radially

arranged about 120 degrees from and staggered with respect to axially spaced barbs 50,

which are radially arranged about 120 degrees from and staggered with respect to axially
spaced barbs 52. Consequently, axially spaced barbs 52 are also arranged about 120 degrees

| from and staggered with respect to axially spaced barbs 48. Thus, another portion of suture

40 has all of barbs 48, 50, 52 facing in the same direction toward pointed end 46.
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15 present invention. Suture 40 is simlar to suture
30, except that suture 40 is bi-directional. Suture
40 includes el ongated body 42 that is generally
circular in cross section and that term nates in
first and second pointed ends 44, 46 for penetrating
tissue. Also, it is contenplated that one or both
ends 44, 46 may conprise a surgical needle (not shown)
in order to be inserted into_jkissue. Suture 40
further includes plurality of closely spaced barbs 20

47 48As 4fsulbdT thdrhdial R0 Aegrad @kl gdnibnt fissk S GEHAEE 47 48 define
tional disposition. For about half of t

it (e Hatme Encameaerel gt o paa 59 e Tbsagaly another same

C ofie plaides frfithikPdel of bafs 5 RMRRRHAO QM tankidBy SBHE@E: Jaﬁle %h@ﬁl%e
staggered wth respect to axially spaced barbs

whi ch Bigwre ABovhieh & 2 srosnisgdenalipen elong bneByr 4B of #Whﬂ%\wd“igure

SHAJHBWE thotd el § {nabR1yAd Ay lzmﬂlemﬁ?gé&er specificity.
Cbnsequently axi a ggced barbs 51 are al so

it Sippones gt s 4D.f oo concreeuatiefdhestaggeing, is closer
r%ﬁ%ﬁédén@ﬂgdo@&ﬂo%n%@%ﬁl@ A3 uith apgéamargértn %a@gy first

suture 40 ha A7, 4
s bl 40 pf aghsi48n Alseegadsqpd |tlm stapgering, Ht barA9 Qﬂb@rb@ t4ﬂ ércloser to

h 15te@£n&@?n$t%wﬁnﬁ u?éﬁ r 1%5%% iéﬁ/ et l g\%ntf hg?‘away first

are radi al art an Fom an
sb%ﬁ@ébpﬂmbmﬁh r espect to aX| aI |y spaced barbs 50, .

ot g el R s RRIR IR0 b B B 58 Pl R e
Cﬁr@é herodt bf/bmmé’iaiobwnos p’aﬂmt ﬂhabztss ofghydas 49| of barbs 49. Likewise, a
15?19 Qbt 5 1s crgfc%[a?? [ g&HX%Qdaﬁﬁlglqgt%{s%&ﬂ me‘i)ase of one

reSpeCt tO axi al Sp ace ano
pbﬁrb #90of hafbs 49 dossamot 14®rsha’shedbalse offanp harb $1 48barks051. S{i’mﬂarly,

f dj t.ed
0 By SO 35 U R e
f barls 51 efdtarbo 51 Daasinet idErscethednibd ofang birb ¥aof baabs 47. tA1®, a transverse

SR SRS R B e By Biand W ot i i o o s 48 of

dfarlhaﬂSh]sesﬁfbt mfeﬂscﬁteﬂd 3 Sﬂf?ﬂb&lhtwﬁf batb§5d ITlikewAsy, Bﬁ_l&nsverlse plane
one pl ure ich is a cross sectign

s Besmerina S%B’e%"@l)é-o?“déhﬁt iptssests therpags ofng %gﬁjéﬁo?bﬂfbs 30

sdveysot imESectthe Bisk ¥ 81YHad 50 of BABESY. S$iPflatBditdhsvdRE plane that is

arran%%gent mntg reater. specificity. As illustrated

RFREATICWR 1R iR fody 42, and thehriprseots die basrof gnarharb §2 of barbs 52 does

amamgecaﬁesda@of%gg%mmgbarbﬁsﬂ oser to pointed end.
44 (ngt shown in Figure 4B) and t hus, appears | ar ger

than PHRFa0mayhemade with thesamp caingnachineiss sufare Lagugh as the cutting
kiRoRe 8&ciled il@e MROABEH anal Nor 69/9433538 16" Gertfva BAL DS A )w1th the

is closer to Eﬁlnted end 44 (not shown in Figufe 4
ol wing changa i bide diregrigne than even farther away first

10 barphy fordt s8f of BRERS Lok b@bg AP ﬁ%\ﬁgt%%ﬁ e RInAP R1duiedt is gﬁiced and held

perpendi cul ar to suture that interse
tim theyisg the blpdeg pplicp aviith afipst @ﬁmnam@n iifo ehpecximately half of the length of

'tlﬂat ﬁﬁﬁ@ﬁfamuﬁ% Baseuabs A WciR Efnboné QirQioR HoiSa (%nted end 44, Then,

kew se,
the blades are rotated 180 degrees so that they are now disposed in the opposite direction and

over the uncut half of the length. The blades then are allowed to splice into the other half of
the length of the suture filament with a second cutting action to create barbs 48 facing in the

opposite direction toward pointed end 46.
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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. Simlarly, a 15 transverse plane that is

per pendi cul ar to suture body 42 and that intersects
the base of one barb 51 of barbs 51 does not

i ntersect the base of any barb 47 of barbs 47. Also, a
transverse plane that is perggndicular to suture body
42 and that intersects the base of one barb 48 of

bar bs Ké&t dm@madaghrelom@ ISRRidiANG (B %RteHhe s@arggem@ For abbulhalf the
bar bs 50, .Li ke a tr@nsverse pl ane that

o lorgiBinal distance Detvitn (oot By socktlep they SHATP f{sgieglee ragated sbout
t tm) 8afRs 6 thovige, Rnidp 15&111%6@@@@&)1}5&(‘13@ fﬁ@%@t dP Bl directional barbs

i nt ersect the base of any barb 52 of barbs

48 &hat gre algeady gwis Fhens @rwean@se@ ﬁﬂzl-ﬁx@cuop@rbg@q 49,6564 the blades
t pliRbiivith 8 fib® CtitELacAOint brok RIS RAE tﬁé]@néﬁ@%h@éunﬁ@ flament to

barb 52 of barbs 52 does "not Intersect the base o

affyate hars Hfaging inonp direpgion Kward peintes! ene 6 H Ebafingiecuitinglaction is
t RBowadBy &E&Eﬁé A8 bIIBGYsH Qe ées %HL ndf h );-oz\x/rg ﬁéﬁ'vg ?Jesglﬁgﬁé qu.h? opposite

cutting ~ device descrlbe
N&rection oy dvar3te ynsubaof ﬁneeutualﬁlamm c’Elmy tginsplicetinto ti@ther half

f 614 dl@i\%@ﬁ’ o e R @Ge hEu@hla\gﬂi ng&@: F ﬁgtﬂ)'h tc% bk Pﬁ'ﬁg 4§]Ifacf‘m gin

di recti ona e suture

th
1 Sl 5P A Sl
f hdfi theylopgitudinel distanee bétwrert towaf blarm)ﬁl’ih tAatiliteamallyd the siRlneerfilament
t.he: 1 th th
s BRER1 B0 1B ot B2 LR RET BT SOSHpB0e iy cu
s set o 4. firestiondh barbedil 4 andkeadyl cadisotd venof dirakibilbatbs 49,

i, IPhbpRe R e R e Doty SRR Drsirappacs

b‘iit B3 ard tnafiaby lilag'mgnhet Hades qmae @/ith @ fight e@ehg Sufioh MtGsgproximately half
|ntede are of fset

ﬁ'& e %gtll? Sty Elxgm%t? glepts E“TB% %@%@Pp 8 Hy3nedigpCliop depyard pointed
hzalif44t mae ﬂil@lrtgttﬁlgdbtibﬁihs fllsed s aolahy e Blat¥o1 80{de£8¢sas that they are
d]é’&,(g 3 t he su ure filanment is rotated about 120

r

é’PRRSg% iregHPL#ndjoxerdbr s S thesE B wament They

frextssplicesihtoQlie diher HhIF 8Ethé RAgth oPAE Bfure4ilamchBwith 8 kecdh@®cutting action
alr eadﬁg%sé;ﬁf Then, for second set of bi-directional

fafisaie acipg, in the oppositeriiegfiondewad paintedend 49 cutti ng
act i OPrefdHitly, JRdH QXdebTReRadh i @Qcﬁxg&f attarifemh&{]%oﬂt 20 deBRes around

suture filament to create ba facing in one

dfugscdody A2 fremdheprprsiing barbandidoss nom’verlm Wigh any ather heyd.
act i o drSaltefn@ive@Wpd dit¥nt @bEhoWY £ {\ﬁ -dReafRs bR AL HePBRion of

so that they are now disposed I'n e opposite
GriueA0 hewing herbode ﬂ9st5Hén'4Yﬁ@m ther facingftowird poiptedread 46 and the

fpbhﬁaﬂ%ﬁ buturd B8 ¥aviflrRisl £E 55 Hﬁa N&%e% {%@ﬁlﬁ g&b F&Bte& B 44.

ength of the suture filarent Seco
Xéith his vedationethe barbest syturejgoyla b¢ mgerted th Gssubwithjp wcmen device,

gﬁd'hea@ Eﬂa%hom%fhg aQ&Uer]]to%q If@.q’at%ﬁt No. 5,342,376 to Ruff. Additionally, it is

noted that, if desired, barbs may be escarped so that there may be two portions with barbs
facing one end and one portion with barbs facing the other end, or two portions with barbs

facing one end and two portions with barbs facing the other end, and so on (not shown), and
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Then, the bl ades are again offset longitudinally (to
create the staggering) for about half the

| ongi tudi nal di stance between two of barbs 47.
Additionally, the suture filanment again is rotated
about 120 degrees on the vise, which is equipped to
accommodate already cut first set of bi-directiona
barbs 47, 48 and al ready cut second set of

bi -directional barbs 49, 15 534 Follow ng the

| ongi tudi nal novenment and rotation, the third set of

bihug|jif £driie bl sot f26ihg R RuRfeRnTBASHEY HAAY bfdGdfabéht, then, the
bbag?ejiﬁi lice.with a first cutting action into

app & WY hrainperted inte Hesup Wi ehingrtionfeviset ur e

f | | amesgih advent6ge@Rh Baad itur® With AGAdMI 120102RL afthd RAehiQB that the
ward paointed end 44. The first cutting action is

f #Pwy@a fo5ee in dhren disfipct pienes thatieosnpliment sagly @ihas, respltingdn
t haXiniafion SYANE leRRASHBRte of th RRnRRPASIL £s ﬁutécﬁé"o’b{r@ %e%fh‘égenng

over the uncut half of the suture filanent.
nesbaneep prcheringpedomtacet her hal f of the Iength of the

_-sutur enﬁhh%ﬁ%% b5 2, HERA EbdanSﬂ‘l&Ie'rrﬁgdl bt e, ﬂr@sent invention,

create bar 552faC|ng|nt osite directi
t Whish & gsusrallyalgsignagedas sutme éﬂemlbﬁa?aal spais tbms:m@swwecut multiple

b, 'ﬁtﬁég@iﬁaﬁ% gfongaé&;)ﬁidk]ﬁ? ﬁf Souty é?cg aggr%sgs%@uog Elongated

around suture precedi ng
dlesnsly 63 garmingiss inzmmmddnd &n yor@lehﬁénatlmsme IAdscgiit is contemplated that end

L T e

450 indlgdes @mmwmayspwm baxbs Wganlamgvdmda postrtieduleple sgital pattern
[ [ | 50, 52
16y PoER RO aRi ol el ol Bafibaridiha ey Op 07

v ar i atfigame SB is(a c}ms kmatimmhhuwalmg lihel5Be 5B e artire d0 imFigure SA. Due

n ion.devi C t hat .shown
RSkl DS BREH faeB iy S Siqpectis® B8R s o P ipter anc
Md!llbn aeadhliyfarthdr ahd farthet ey tfivai pmﬂtéd e i (188 shovarih Figiey/SB), the

he esc ec. o that there two portions with
ngsﬁ%n% ef?ﬁcen?? 'ésﬁé‘f?g%gr‘f@”ﬂ?ﬁl’f‘gon with barbs

facin @uﬁli‘e%mﬁi}ﬂ:fe ceméﬁ;ucl@d wWithQ sPlak by tdchihe R@hatused for making
f aci npéone nd and two

ortions with barbs facin
SPHEs L s 2s Higguidigs Sﬁwwgf @m&ea bawmated;SeriahNe. 0%(9143&33 to
[BynblD aDWitias Bisticattin metidal Bigbsieh Sha§ BE Produ®adn hlhﬁfple spirals that
t hgse barbs are adjacent, then, the  barbed suture

R PTAbLE are; catef abthe amesime asdhiesuiire filamentifheld statignary, instead of

&@iﬁg@&ateeﬁﬂvl@ﬂm@hﬁﬁgta%slﬁa&ar bed suture with a radial
120 degree arrangerrent i's that the barbs exert force

inth RAttiquiaply a sytuse Blementthat dsabent Tinehes Gaewt 138 map) in length, is
fl@n%%h&hﬂ]éj( tividted f&@ﬁoﬂ&%f 'tlfénsuﬁzt'e ﬂ:&% sﬁéheag B Qthek ﬁfrﬁgo&fon that is

he suture overal As not ed he staggerin

ahemsAcuachas@ho 1 h‘lgmpé of Berusdenzihy 'r'ﬁhpmgn nmstscﬁuﬁdg%ndéhc other

AR 3001 50 A e KOGl

G@istediwtipn ﬂiaatitatle I%tpempln@dtahéheld i thewise.t Wi st cut

”U' ti ?Lvﬁuﬁ,g&{eﬁa'bl ? Lelffe®98 100l iAdE Sin Fn%ﬂ ggi:glgpr%%m%r less,

genera Cir r Ccross SeCtIOW

_ 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)},




10 body 62 terminates in pointed end 64 for
penetrating tissue. Also, it is contenplated that end
64 may conprise a surgical needle (not shown) for
insertion into tissue. Furthernore, suture 60

i ncludes plurality of closely spaced barbs 67 arranged
inatwst cut nultiple spiral pattern around body 62
and facing in the sane direction toward pointed end
64. Figure 5B is a cross sectignal view along |ine 5B
- 5B of suture 60 in Figure 5A. Due 15 to the tw st

cut rruNext{ih@bla@is,rmer biivirpdeert adpusied 6@ predRS paRH |léﬁ?ﬂ1b§ﬁabltaneously

6 nalle smal ler as each is

o PR HE s B S5, e 3Pl i3 o AP i 0 hatll e
F:f:g:mgan BBpamd dmsctrl](bﬂ ﬂowm‘dqmntﬁ‘d efdl 88 Aftérféngsea@ ﬁmtt@lerkglral barbed
| t he sti n ure nma
SR B et et P fﬁﬂ D73t Faborsd mpaulile spials on
usmdwmor making suture 1, such as the cutting device

descrihed in th abovganoted Serial No. 09/943,733 to
20 GenolHngtowio Figyre RA,shof iy anpiherempgdisentefdhe presepignesntion,

meich s gen@alycRsighdleddtlshtuR!76. SRUFF0Ss dhalvist Bt %ﬁﬁr@@%py

are created at, the sane tine as the suture fil

- &PRPSLOn prddhusis Simplag oy a0, exsent st susra 7R i, birreqtiondieSuture 70
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C int:mdﬁgaldngdi&ﬁboﬂb 38 ehat Mméﬁerﬂ@r cirb@y! lf"} Ello¥s se@tlo?lﬁy I'tlﬁt terminates in

nt t i 5 about 7 inches (about
’lé- Seqog Pcr"btﬁ‘b?‘%% dint frypencifasing tissporlt i Cpmpmpbwddfat one or both
t dsfee 841t o &Bic t
| gt Cmbypetaiioe 8 i fciedll bl oy hitor AshRl QA%
| engt ﬁut“WPsfuﬂ%ﬁﬁ inginges plusdity of éhfseihmchﬂnsrhaﬂﬁe’ts apranigadsn two
OeRRPBR spndl %)ét@hﬁt &#h 860 ?ﬁ& tﬁﬁ%pr:ﬁ %m‘ﬁh&fﬁédg 7\';7; rl}% 77,78 ate

paortion of the suture fI
s{jgRpses ongni iddleporprdYBdhatrislappeiximately 8 nehesi (siaarome:smmgnm) of

pé'uﬂfr@'y(ﬂ bwlltb{ cach h€ P&‘%ﬁrﬁg ogﬁml o Qel%w “freg) rk?[o@mc&aﬂy, plurality

perfornmed nore or | ess SUC

Rfiberkp i Yare exgnged in maliploapifal patteatbeitit alPbiriss Ztfatihg tward pointed

t W St

ol forR i (Bt naft o daR B0ty e BeriitendiB ot 6 o Efpitany,

uémrnlgty pelrarbs 78 ark: ana)1ged—1ih 8mﬂ“qﬂddsplrhlf‘[ﬁtth'h Yi e || bafbts @8 facing toward
redet er

IR b6, BUMTDER (b o Ber e rplaRelt o m S8 ptomg atong the

d@ﬁwuﬁgmm@ﬂﬂon nakes cuts to create barbs 67 so that

al | Cing i ane direction toward pointed

ona cEsPRl R ekor Rt AT ibns oS5 o Sbiise BS s 6A. Due

G@the muitmﬂees@ﬁﬂ«toﬁﬂlgm&dﬂﬁeam 8Spedtive uamw seéfiflio HeaimaRer@dd smaller

%smmﬁ %gﬂﬁ nultéghg spirals_on suture 60

urni ng PORIsHsnG ¢ @ﬁb&hﬁé’f‘ i Higrg oy

diustrhtaihgrtﬁeﬂipphmgjventl on, which is generally

desig g ﬁuture 70. Suture 70 is of a tw st cut
ol t e O may Pe mafe Wik theisype eitinemashing gs Bityr GBysuehoas the

sutting devioe deseribe@h tHehBbvesttdd RridINJ. 80/0k3 $H3 5 Leh OV al., but with
%e fglfowmg change in blade direction. Using the twist cutting method, barbs 77 may be
produced in multiple spirals that preferably are created at the same time, and then after the
direction change for the blades, barbs 78 may be produced in multiple spirals that preferably

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




i ncl udes el ongated body 72 that is generally circular
in cross section and that termnates in 10 first and
second pointed ends 74, 76 for penetrating tissue. It
is contenplated that one or both of ends 74, 76 may
conprise a surgical needle (not shown) for insertion
into tissue. Suture 70 further includes plurality of
cl osely spaced barbs 77, 78 arranged in two
respective spiral patterns, egeh being a nultiple
spiral around body 72. Barbs 77, 78 are disposed on

m ddl eMpgrspeodlicalt®, & saéttonios atRpP4.9 Kichat(ghoxt fb’ltljﬁﬁﬁf‘ﬁﬁength of a suture
th eac
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t
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Mhetohe Gilaahd ik Bian M12la 28 RellinlugNglch of suture 70.
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approxi mate hal f) “mddl e I on al on
| 80yt hiogbous Ip twists pex ineli, gurheutsBoiabous 13 twists perdndhi (perahch being per
veepmahong line 6B - 6B of suture 60 in Figure 6A. Due

to the multiple spiral configuration, each respective
barb 7exg lages, piter haming drecraarjustadatio| aopredetgrmixsd Hength, splice into

f ' i : 74 ( .
Ut AehwaRRalk 8 WA korkaly 188 ARG RHRY 78 Pl lengy of middie
2ppriqn MPeof2he ppproximatelydd s wichHappeximatly Kt ivinh gwisted lseatien of the
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adll are faging v orke diteliorn toWwhwhypoigedodnd rfde Dieperdirgc® how many blades there

' ' . ' .t he .t wi st tt.i t had, bs 77 .
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aneticorte ttedl batbs (7A einsdtarecuiipgor thefdmb B repé il cutti@ motions until the
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spture falang%% sggglq statiopary _instead of beng

(BEEHBEN DY g otaerdE af hecapproimalelx d dpshdapRspximpisly; 704mm) length
ioff efiddie faten MPLI 4heBpbroxiindt@P 95 Inchf (apbrSihabe s Hfiisl sted section
uﬁ tmn§te , such as. 39 tinmes for a suture about )

iR difettupeifamenty eﬁalﬁﬂeﬁ e e gllawed tprsglice iafe ta gthpishalf in a second
SRGIE ctionaRith HRehl4fel elak@BChutsSto HrARPEAbLT sd HaPhIf GreF80ng in the

degr eea,, 39 tines, so the tw sted section of the
SHPesHe dscfighriattardeainted sut 7@ Demnding gp boyapany ihiadey fere are on the
2hutiflg NI R Holvemary ShtlsWsard ids RO ferd | et
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28 hapscl§ simpliancoushy oretherpengyebd opeater] nuitieg anotions ontil the desired
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When twist cut multiple spiral barbed suture 70 is released from the vise and

-untwisted, the first cuts and the second cuts result in barbs 77, 78 being in two respective

multiple spiral patterns on two respective portions of suture 70, the two respective portions
defining middle 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
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about 3 to about 15 twi sts per inch, or about 5 to

about 13 twists per inch (per inch being per 25.4

nmm . 10 Next, the bl ades, after having been adjusted

to a predeterm ned length, splice into approximtely

hal f of the approximately 3 inch (approximtely 76 nm

l ength of mddle portion MP of the approximately 4.5

inch (approximately 114 mm) tw sted section of the

suture filanment in a first cuibping action with the

bl ades making cuts to create barbs 77 so that all are

f poliydigxanoneoimbictliis £6/nihetic dbosybable fMird e da Mmeter of about 0.018

CIHEE R3] ) o et i s O il brggb e, which s
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the bl ades _are rotated 180 degrees so that t are
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Onetiss. t here are on the cutting machine and how rrany

bar bs g8, &ﬁtﬁf? pod °ﬁ‘d’7‘§&ggﬁ.ﬁ Ltnzqneou Qng CI%{% ortlon R was

to cut 25 a
rabpetinehes (About§ mmilongesd gerttaihed the 781 bas*bw that wcramtmpechﬁto the

e, BB 5022 A el 0 SR v o

mbill'bed enklgagds EP oftht huture thatewers dachuibbwi2<hiches (abdie 51 mndtlong.

d,cuts res b 78 bei.ng
B S RGNS sl plbe Bl sy
rseﬁ“p@nﬂ y p@ntpd aid rigidfopnsatibring Tue, bhﬂa)t fph@é’cpﬁﬁlght/& curved
@Qrg#ap 1Y 30 defining mddle portion about
f%ﬁout 76 mm) in length. Mre partl cularly,

sever The §tishgth of the twi dut, plu&hsmmm) biBEdREhreE Wab (B8 VR o
uf ac(t)ured %rom a EI | apent having. a di aneter of
TS OB B AL o AToieh! IDILASppi fiengdest Kisha Dptyeasaisigstor and the

pmeyﬁemmmm itWhb phrfdrmartte 4WIR Hibgs. absor babl e suture
mat er ter of about 0.018 inch (about

0. 457 ‘i’f d Sqaé%?'&l"f sl ?xsqeagféé?eafqﬁ%ﬂttﬂéﬂﬂgs was pprformed using a Test

Rysdubel UniveRSIOrRRs !I\/ﬁ)dél%GQeThé"@&c?&e li‘éﬁmg 3f fb ﬁﬂéaaie% measurements
H@B%ﬁﬁf rom about 0.35 nmto about

garddking qf sutpreavas sssaided fos ghe haﬁ@délﬂmneh@dtﬁm thegomparison
Shiiied siapkmcopoei a (USP). 5 Each suture contai ned.a
total of 78 barbs introduced in two respective

‘mul ti gvrgpqﬂgpq ynbarbed sutures were polydioxanone monofilaments (a synthetic

absorbable suture material) of various suture diameters of about 0.018 inch (about 0.457
mmy), about 0.015 inch (about 0.381 mm), and about 0.0115 inch (about 0.292 mm), which
are respectively slightly larger than the United States Pharmacopoeia sizes 0, 2-0, and 3-0 for
synthetic absorbable sutures. In accordance with United States Pharmacopoeia specifications

for synthetic absorbable sutures, size 0 has a diameter range of about 0.35 mm to about 0.399
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patterns around the circunference of the suture. Since
the barbed suture was bi-directional, the barbs were
divided into a left group with 39 barbs di sposed 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 fromthe
approxi mate m ddl e of the suture. The specific cutting
10 machi ne enpl oyed had 13 bl ages. Thus, for each
group of 39 barbs, there were 3 cutting notions (3 x

130w 52820 hok & Biainbe@r ﬁh?e.dﬂ%b&ﬁ 010 nfh {o3Bbut\0i 3B nfn; GH S8 3-0 has a
fqr each of the 3 cuttin noti ons. Each suture was
aaﬁﬂ’f’

texrangrf @boyt 3G mm 24898, The niddl e portion

MP WaSEacR BHd stidrwRESripp@PR eheh e8d B beih@RH #Mflcork sasket padding i
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ng 4he twist cut, 7 inch (178

m@ﬁﬂg ?rﬁblélg) gﬁ%ﬁ%@%\/\qgg&? gértuég by two nmethods. One :
met hodagaspecimen was prilled pongitudimtiz iat 2rastof epayt 1O nelsss (abiotit 254 mm)

PSS B SR B0 SRR g o i

ts#mesgthe strength neasurenent, testing was perforned

usi ng rces. Unjversal Tester el . 2000

The a\;lg1 F geggﬁsraé%%?n%m%?&fg%lg %éZRSL"a" g ﬁ’é&atgﬁ far f’\i{gﬂtcg l"m?éi%"tes the

gﬁ&% kl:jab pulbasihnikimu(tji‘l fmﬁuimn’:]euts dorwasvenBaal (ﬂlﬁbhkr)lﬁe(d% sv.glhes made from a
e ut yres an or the conparison unbarbe

ﬁ%’@’?é"ﬁ’“&f@??ﬁ‘%‘??%% unbar bed sutures were

pol ydi oxanone nonofilanments (a synthetic absorbable

suture material) of various re dianeters of about

0.018 inch (about 0.457 nmm, 0. 015 inch (about

0.381 M, and about O. Ol]gehﬁ@&tré@ut 0.292 mm,

whi ch 30 are respectively slightly Targer than the

United States Pharnacopoeia sizes 0, 2-0, and 3-0 for

synt heti ¢ absorbabl e sutures. |In accorddis®Mmitnhm Requirements

‘ Lﬂﬂﬁ'ﬁe_ﬁ%F ﬁh@%‘%@g ’P%gﬁzgieisg 5?% a?gh’% Bgelf igfg{l%ﬁc E iag nz f%ﬁfgj_}r%é F%l; {pounds)

r ange Unbarbddout 0.B5 nmm t o abdai720. 399 -21- nmm 8iae

2-0 h i anet er, range of t 0.30 mmto ab
0. 339%%mbn§be%nd Si ?éo 3-0 has aqqggamster range of g'ggout

0. 20 Wabarbedabout 3d 249 mm Eagke bar bed sut ure waso

g;ldgrﬁgrb?% each e(pd by bei ng ,/h(%d with cork gggtl;gélicable

As can be seen, escarpmént of barbs into the size 0 polydioxanone monofilament
reduced the straight pull tensile strength by approximately 60% as compared to the
conventional unbarbed size 0 polydioxanone monofilament (7.03 pounds = 40% of 17.72
pounds), _

However, the straight pull tensile strength of 7.03 pounds at breakage for the size 0
polydioxanone barbed suture (which, due to the escarpment of the barbs, has an effective
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~ conventlonal unbarbed size 0 p

two respective serrated jaws, whereas each unbarbed

suture was gripped at each end by being 5 wapped

around two respective capstan roller grips. Capstan

rollers were used for holding the unbarbed sutures to

avoid stress and di stension. The portion of each

suture speci nen between the two gripped pl aces was

about 5 inches (about 126 nm in length, which, in

the case of barbed sutures, carained the entire 3

inches (76 nm of the barbed m ddl e portion. 10 Each

s [disanetas thapig smpller fhegl tHedu@me{tQJ@f thalcb:yvaﬂionﬂ unbirbeddizeabmiidioxanone

ég%tgfré bﬁﬁpaﬁ p%eagﬁ‘fl "‘tgl PEco %‘B’%&%%aq gﬁﬁp pounds for

p thel sizedrpolyidixamine amgeﬂuonaihmbarbmdutwe ar e sunmarized in

Tabl e e.f ht colu denotes th

0P kbl s fount e AronityiPinsfidnpeopbed on adaidond size

C onlvétnxammbaﬂ(edmuarehad )ilsals_hdaﬂﬂﬁlbwm dabléy T 3Z, ik 2onnection with
#%& ggﬁorbable materi al. Table 6A (TenS|Ie

S ﬁeét USP M ni mum Requi rements Barbed or

Unbar bEﬂ 158Ut uive PirfemSice 78 @bﬁgrﬁtﬂogs, ERAUpsS 14 ko rwéﬁ‘&&d On each

60 _ Unbarbed 2-0

Pul | ~(pounds Unpbarbeq 0 17.72
408, 2 SBURS Sepnatie B1108 Mhor (503, Bigh ticph gl et paslie, and
npdram@didsi, ea&bloEthe Asnciiths B&VIBEE, oESARRTRE. 196 Q@&hﬁeach
into., the sj 40 b grﬁc?éanone nmonof i | ament reduced
¢ Ingisiop papg °fB apqu ghogt 121 tqApouiidinghes Aipel| {1 mm) and_
6hedeysth 6OAPIRIEIBioh Vaé f6m R &-ﬁ&h%ﬁlns wWhaphathetize O

nof i | anent 03 pounds =" 40% of 117.72

pol ydi_.gxanone no
30 po J?Fd%‘g © pashid putpres ﬁ%lem%c{erﬁéﬂngme Ebmﬂlydquememonoﬂlmnent) 24 of
sthé sifeg twerefloséd. Ofor E&Hﬁtﬁﬁoﬁ&hc@@ﬁﬁ E%técs Werd cﬁ@scﬁ Wi vArious diameter

pol ydi oxanone barbed suture
e ChrEentignal upRared spres ﬁh@teawﬂ@me@& azlk@rm@ﬁlmnent 6 sites with

R0 Bflok Hl@ﬁoﬂlaineimhcﬁ 2 LitdsRath ¢ g@

ﬁl ent}, which
anone sut a?
cuerp knatteds All glogibe of sifes was prafored mmdmgt@ dqamonpmd scheme.

pol i o oA ol en sl iy 1 dgpy At e
Jimeefgisathghe incisionswire ewlirataigodvrasenpicallyveWeth pepafdon mmbus Missues,
afddibh 992! anddcGridhs 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 caused discomfort by

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

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

30

and puiling out the sutures.

In summary, the in vivo performance of the size 0 polydioxanone barbed sutures was
efficacions when compared to the size 2-0 silk braided filament unbarbed sutures, the size 2-0




10

15

20

5 pol ydi oxanone barbed sutures, as discussed below in
Tables 7K - 7Z, in connection with Figures 7A and 7B.
For the in vivo performance, 3 nongrel dogs, each
about 14 kg, were used. On each dog, 7 incisions were
made at the thorax (twice), thigh (twce), flank,
ventral mdline, and paranedi an, each of the 7
incisions having 1, 2, or 3 closure sites. The length
of each 10 incision ranged fromabout 0.5 inch (about
12.5 mm to about 4 inches (about 101 nm and the
d aploh mﬁoﬁiamhltiunbdrsdd(mtum&nﬂ the ¥zt B polyaaixbhdnb glonsfaimdf
t Qe q&ltoneun1 Usi ng the barbed sutures (all nade
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T e e
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aﬂggéﬁngkgh the conventional unbarbed silk sutures

and the sites apposed w th the conventional unbarbed

pol ydifsasiveniegeie barbed suhusohdvigl agwisniut] multipla epital disposition is that
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Phe. s SRR AU RS Aoy soehopariids i ! D9ippd suturo 80
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1R

FPHSESBt E%%émrbt&% éla%bazb fip55, Sheyen %y fugHe longitudinal
HRAN, khtaRRAMmei 3, BRH 1ph Y] 635 cAMpthTS vRlbZst Ak 6, spirality angle

pol yd| oxanone nonofil ament  unbar bgd sut ur es.
0, 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 6, cut distance P, spirality angle -

o, cut-out depression CD, and terminus T of cut-out depression CD.
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In an alternative enbodi nent (not shown) for

bi -directional twist cut, nultiple spiral suture 70,
the portion of suture 70 on which is disposed barbs 77
may have barbs 77 facing 5 toward pointed end 76 and
the portion of suture 70 on which is disposed barbs 78
may have barbs 78 facing toward pointed end 74. Wth
this variation, the barbed suture would be inserted
into tissue with an insertionspdevice, such as that
shown in the above-noted U S. Patent No. 5,342,376 to

RUf f. MbgapedificdB$,sb@ehi tvitt cu é%kplrﬁlabarﬁb'ﬂrsbﬁreg&/)éretiﬁanufactured
car ed o that there_may be ortions with barbs

ngfilemen SR tem ,Belr@lpmow a4 HBuea diapgteref abetit 0.018 inch

orabart 0M37 &Rl wifieh e srr%ﬂi BRI thEUBPkdBird Ak R 2 8¢ 6 Bfhthetic -
%L portions with barbs facing the other end, and
S

SeARIR s el suterm gontaiied, 78ibpros inseduged mn dcppatemapltiple spiral
NSttefnd GioRAd the Qirsuhlftiefce S fhe kRN isGite ﬂ{el'bgﬁ)g WRRHR. &r&h@nal they

adj acent, then, the barbed suture woul e Inserted
i Ve divided o wilefherawp with39dharkis gnd 8 ghteasoupAyithaihharbs egeh grbup

BopPBLiRe the SHEHOR oPAY big: 5@0!%‘%0% th% ld#;%rog}ﬂa{e' Rhfe 3?{#15 Q.léure Each

disposition is that suture a
BefrewayRbeHt nehed (abguiddp am)llongy The middippartioh was abbus 3 Ixthes

Ct%ﬂ’u? 96 nﬁ‘rﬂ%‘? sﬁﬁrebaﬁg c&%ﬂgd%he’%r FsSRn %{e e%ca}ng]:ﬁtmts he Suture

cut, e spiral ern resu
Cfflafﬂ%ﬂ‘tb Ex'leh@tlg b@n@ @9@ frch Slﬁcnm barbel Ialddle;pbﬂme l:hwagi each suture

8 YRe tW‘o J\%ﬁﬁrﬁg&t rﬁx\ﬁ’%bﬁrgns 0‘?‘% quQe rt'ﬂ!gmgnt tlga% ﬁyﬁre ea(f Sut 2 1nches

anchor ng sut IS IN ssue. ure
i(eboas pemima|léng. Wepéndingfoo the strtchmgeechmqhn ase tﬁraabthtemésmfehe barbed

B, P BBEE 't bl oo TR e O e Rmiiee o

$UﬁGEIH$UdE¢hﬁﬂble Wth reference now t o Figure TA,
shown,j s .a .s naI srd r

B bl idf 5 Sk 1R clfiabiafith Bf vatpalemn, Ol By pustom
Sicroscopk mgabﬂadngmﬁmbzek ligitlng &hs Qbed 1AtRF ith ¥ omms‘raﬂcaﬁdeo
Cross.se

has rb tip 85. Sho e
SR T PR P Pirarreroiooa Parbs el agpihuston fromrseciof e 1ft and
lrighiggrbugs, barb cut depth D, barb cut angle O,
spira 2 cut-out depression CD, and tip
of ulifi‘%%‘im@g e &l diodd Onrwrce%rﬂesqrenwﬁ%@%& o fEroup of
dhidSand £RoMIhd 141 ght SlolpbEsdrts Bn Meding siftfve) bt wéreh@aeefér %ﬁ' of cut
clanged to alrgg t he barbs for neasurenent of the cut

ABckoyd derih He ity preled) was meashied from the surfger Qféh%put to the
o] : _
kit o e b1l Ao 5L 0L A g
fromdhe eutprsugface Oié@bmturm%nowgtd lowglmﬂmw aréeofibatted uture 0.
He iﬂb&sﬁrs’iﬁ:ﬂ&%ﬁ&bﬁc&u{ f&ﬁ g Be[g&'ic% é)dn sm§ t%)eafroﬁémgg %ﬂa

vis-a-vis suture longitu
SD, barb Iength L, barb cut depth D, barb cut angle O,

cut distance P, spi I cut - out depression
CD, and termnus T F1¥h¥ gﬁ@ ggbressron CD. -24-

Also, angle o of spirality was measured microscopically on various barbed sutures 80

as follows. When the twisted suture filament is gripped by the vise during cutting of barbs

81, the vise leaves a very light mark designated as line M impressed on the suture filament.

~ Thus, line M will be parallel to the longitudinal axis of the vise while the twisted suture

filament is being held in the vise. If the vise does not leave a light mark on the suture
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More specifically, several twist cut, nultiple spiral
bar bed sutures were manufactured from nonofil anent
spun from pol ydi oxanone and havi ng a di aneter of about
0.018 inch (about 0.457 mm which is slightly nore
than the USP requirement for a size O synthetic

absor babl e suture). Each suture contai ned 78 barbs
introduced in 2 separate nmultiple spiral 5 patterns
around the circunference of thg suture. Since the
barbs were bi-directional, they were divided into a

| Batnegt; Ml liié Mvas e MtstmedRttha if ik Gkl E%e%ﬁd%cé%t the two
e o0 er

bar bs, each gr.oup opposing the direction of t

PRI G Sl SR PSSRl demreseines Qb lofiin sotgas Ry 82

Sfibiti i euipraki® of twb shdteIRE bhBPOU! AR Sufi) ?ﬂ B%%@%T@ﬁefn barbed
0

m ddlg Eorti on_was about 3 inches (about 7
t e 9 {frreleaspdifremheatiss ad viwisted sp shabeturk 8@ lisadree, then line M

Ospaak RE duthfliRdy BEarsii N - in yond
the 31 nch ( oy ﬁ% idthibed m“%*&sg’r%%‘ﬁl?% EEIDO BaREY D
sut ur épeeifichlixdorandaning spisdihyemhgleny theadténn Aeono 100 dietom microscope

T L ORI o T
cmallysit bysentisffaret wes ukar lsp%:utqi‘s gﬂngualr ﬁ ;”Eﬁ?ﬁf"‘;?z%“‘feﬁ b&wREH th¥ outer

pointed and.rigid for in or - may

COMPTi 03 e partiy ?'ﬁFfﬁﬂ%JIHP@u?‘@f‘eﬁvef?@%w@?alcybtqdrforowdeveafeé

ahes@ehets GSefrdrh the P Hrbupltr Bhib® Bnd® FrbR RS ek

Zoom, 100 custom crri cr ol?éigpe wi th 60t’ h rigﬁggrg‘%{ib bach%hthesame

ISP?ﬂﬁ)1 ng was used together with a CCD brand video

camer Fhéd) b@bePsuniO0MASHE AT § fliS5heRRUPSwitl ot entl 2f suure 80
nification fromeach of the left and ri g%t gr oups.

fiampgd uy dypasitien, | The pherendras sutarg 80 ayse tasedl to insert twist until barbs

I8 ek ATFREL. NP ofl bRhBd s rel O i -

from tﬁieﬁari ght ar_oup of %éas?bfgngaﬂ?ﬁéaggﬁég ?ﬁc?%eﬂ?ﬁg? djacent

a8 8 hawme gured seierossppieally betaegh éhe@we rrdpeastive tempius Thof the two

BecBssfidlcuBild iBprS RSCIRRSH G e o kS r he

e U e RASH S Pl o 3 Al s il of 06

vfcesgs PAbDB hva Eherpveragerwas calculatgd forp@nepeated medsaremeits @Frfrom the

§ I f IS r.e 80, towar

Il baft B Fof) P EE S o 28 o

meas uFkaresults awsaimnadzed int the éollpiving Tabtes B, T I7CyAmt 70

using the following formula. 25 L=D/{Si n(180-0))

Al so, angle a of spirality was neasured
m croscopi cally on vari ous barbed sutures 80 as

fol | ows. V\hentheta' ted sutuyre filanent is gripped
by the vise duri ng%gﬁhi@%wm, the vise
| eaves a very light mark designated as |inerddoofD.L. or
i npressed on the suture filament. Thus, ling MwIT
be parallel to the longitudinal axis of the KR¥ESHAe o

Measutement ed sulatie fil @8Bnt is bRy hel dpjathelel€.457 mm)

Vi se. bf the vi se does ngt | eave a |lght mark on the

%‘ﬁ?’fﬁké degrees 156 +2 157 + not applicable
cut depth D mm 0154002 0.1640.04 0.35
cutlength L mm 036+0.03 040+0.10 0.87

cut distance P mm 0.90 +- 0.17 0.88+0.15 1.92
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it is parallel to a line connecting the two

respective termnus T of the two successive cut-out
depressions CD left in suture body 82 fromthe

escar pnent of two successive barbs 81. After cutting

of barbs 81, when barbed suture 80 is released from

the vise and untwi sted so that suture 80 lies free,

then line M5 spirals on suturg-body 82 around bar bed
suture 80, formng angle a of spirality. Specifically

for nmeasuring spirality lec7Ba(sizé 08 seftireioom 100

custom m croscope was set with ring lighting at 60

and back |ighting at. coarse 12 and fine 10. Al soRaticofD.L.or
i magi ng anal ysis system software was used. Spiralp §er Suture
a% S rdnas t he asur ed, between the outer . surface

0

Pt bed s e and 4YeHES\  THtandadDeyiation o Diameter (0457 mm)

caitcuiplabed for ﬂE%éeﬁpeat ed(s10 measurengRiys (S fr]?lmttaﬂﬁicable

| eft up of barbs and 5 fromthe right group o
bg‘ftﬁ%%the saf® suture)02Phen, bar b8828uture 80 waH7

nowdmgthLn a t Wingd i ng devigeewi th one gpgh of suture 3Qy
clanped in a fixed position. The other end of suture
gt istantek at ed W8 i nsert 4963t unti| bAOBE 81 were 2.1
adpi@n Next  ofechak bed e 80, I|ongitydinal cu .
dipst aﬁg(negP betvvegﬁétwo a(sﬁétééégnt 15 bar 236%1 was nottapphcable
nmeasured m croscopically between the two respective.

termnus T of the two s i.ve cut-qut depressions

CD left in suture body 8 el I t of two
successive barbs 81. The average was cal cul at ed Ha@6 ofiD, 1. or
repeat ed neasurenents (5 fromthe |I|eft group of barbg
and 5 fromthe right group of barbs on the same XoversSuture

MeasprenentThe r eluilst s ar e Aseinpar | igdaidDelfagod O |Di£¥hét% (0.457 mm)
'I;Flmiegz JA, 7B, %C and 7D,_, 20 Table 7A (size 0 barbe
sutu e) &5

Ratio of®8% | or 19 over 38{%re 25 not applicable
MeadspeteDeNt Unih@ Left Ri ghhs D amepgss (0. 457 nm)  cupys

‘an?J&ecg degrees 156 2 157 1 not applicable
CHERSPED mm 0.180. 02 0. 184594 0. 38044yt | engt hL nm  1.03

QuBdittagts PO. 400..4@ 0. 87 cybeé st ancgipzm 0. 900. 17 713
0.880.15 1.92 30 - 26- )
spirality angle o degrees 19.333 1.506 not applicable

Table 7D (size 0 barbed suture)

Ratio of D, L, or

P over Suture
Measurement Units Average Standard Deviation  Diameter (0.457 mm)
cut angle 6 degrees 155 2.390 not appiicable
- cut depth D mm  0.186 0.026 041
cut length L mm 0.437 0.039 0.96
cut distance P mm 0.966 0.071 2.11
spirality angle o degrees 18.833 2.137 not applicable

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

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




Table 7B (size O barbed suture) Ratio of D, L, or P

over Suture Measurenent Units Average Standard

Devi ation D aneter (0.457 nm 5 cut angle O degrees

151 1.642 not applicable cut depth D mm 0.215 0.027

0.47 cut length L nmO0.446 0.042 0.97 cut distance P

mm 0.962 0.073 2.1 spirality angle a degrees 20.833

1. 602 not applicable 10 Table 7C (size 0O barbed

suture) Ratio of D, L, or P @ger Suture Measurenent
Units Average Standard Deviation D anmeter (0.457 nmm

1 Sbourt0.457ghm, Qighifomere thad B IBI&E@nfmien’ﬁ’ﬁpd slié&hdyﬁthe@«kﬂ)sorbable

Q. 205 45 cut 0. 469
0Bl T Tk Gt g T it wonse g s 5
spiral Aﬂd&umgy s HEfneas bh8 cataglh 4L lbﬁgﬂﬂpgérb e&bieﬁth D, and
20 Tabl e size O barbed suture) Rati 0
Py dlisfan &’P pejprsd o8 fefditionsl P@MW&@@ISSMHM&EIG spmai barbed

5 Detirad l!ﬂ@ﬁu@rc%fmtlﬁfthivgh%daﬁﬂ el dg%c%aﬁb gﬁnsgnhﬁa (%bogl?gﬁ%ém which is

390 | b
o&@&xﬁm tﬂ?ftg@a hﬁ@mﬁma@@s@ sy@hetiggbsoghablesnives)And
Mikddu@6fnd o@gplraﬁz]a%%le &%e%érﬂo}ﬂnm Fo dﬁg‘? 9 Efﬁt?on%ﬁjaﬁaeﬁ sutures,

2. 137 not applicab sone a I ona
ndlie.uneaswementoéf arigiueanglevd barb anpfhol, bed cordepthiT®\wut distance P, and

as%ﬂ-'al‘% tly %rl]gql: o were performed 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, 71, and 77.

Table 7E (size 3-0 barbed suture)

15 Raticof D, L. or
P over Suture

Measurement Units Average Standard Deviation Diameter (0.292 mm)
cut angle 0 degrees . 166 1.651 not applicable
cut depth D min 0.107 0.007 0.37

20 cutiengthL mim 0.443 0.042 1.52
cut distance P mm 0.956 0.079 3.27
spirality angle ¢ degrees nottested ot applicable not applicable

Table 7F (size 3-0 barbed suture)

25 Ratioof D. L, or
P over Suture
. Measurement Units Average Standard Deviation Diameter (0.292 mm)
~cut angle 6 degrees - 164 2.055 not applicable
cut depth D mm 0.106 0.006 0.36
30 cutlength L mm 0.395 0.042 . 1.35
cut distance P mm 0.959 0.074 3.28

spirality angle o degrees - . 7.329. 0.547 not applicable
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bi-directional tw st cut, multiple spiral barbed
sutures with a dianmeter of about 0.018 inch -27-

(about 0.457 mm slightly nore than the USP
requirenent for a size O synthetic absorbable

suture). The nean average was 16.87 and the standard
deviation was 0.85. Additionally, neasurenents of
barb cut angle 0, barb length L, barb cut depth D, and
cut distance P were perfornmed.zga 3 additional
bi-directional twist cut, nmultiple spiral barbed 5
sutures |ike sutures 80, but having a dianeter of

about 0.0115 i nch (about ich is slightly

nore than the USP requi r#ﬁﬁ@&é—%%ym heti c
absorbabl e suture), and neasurenents of spiralgai¥ofD. L. or
angle a were perforned on 2 of these 3 additiona

barbed sutures. Also, measurenents of barb cut IeNgrguture
0 Meagurbméntngt h Lhnithar b civeshgpt hstda@eviilisd 2MSiSnEer (0.292 mm
a&i spirality an le a were _perforned on 3 additronal
b’ - P&t i onal WC‘?P cut, ¥8itiple d8tal | a bar baet applicable
suttdepth D i ke supf €s 80, RutiggaW th ap@pgnet er - of aboup 56
0.0ﬁS i.nch (about 0.381 mm which is slightly nore
t R ellgﬂgLUSP refh rement 06890a si ze0839) synthetic  1.34
abaaidmabi B Sut upg) . The Its ar mrari zed in t
fol | owi ng Tabl es 7E, 7F, 9%?H7H, 71§Jg%d 7J. Table 7234
(Splityanglegar bedrstat ure) 725Ratio 06686 L. or P motepplicable
Suture Measurenent Units Average Standard Devi ation
Dianeter (0.292 mm) cut angle O degrees 166 1.651 not
applicable cut depth D Hehl@7HQAzeD-0Bahéd s8fued0 cut
length L nmO0.443 0.042 1.52 cut distance P nggQ.QEB
0.079 3.27 spirality angle a degrees not test & L.or
appl i cabl e not applicable Table 7F (size 3-0 bapkgée Suture

e Ratie.of D, L, or P.over Suture .
%Ne%ég%ﬁmn&t uni mgAverag%l’%ﬁ%o‘%@&ﬁﬂéﬂﬂv%n riamgterdp.381 mm)
(ot 2842 @)  cutdegiegd € O degnees 164322055 not not applicable

t

%pﬁli le cut depth D mm0.106 0.006 0.36 30 cu
IERGBP P hm 0. 388 0. 042 10382 cut 9€8%nce P nm 0. 95840

QudBdgtB 128 mm 0.449 0.057 1.18
cut distance P mm 0.944 0.098 248
spirality angle o, degrees 9.40 1.606 not applicable

Table 71 (size 2-0 barbed suture)

Ratioof D. L, or
P over Suture
Measurement Units Average Standard Deviation Diameter (0.381 mm)
cut angle degrees 161.0 1.707 not applicable
cut depth D mm 0.158 0.014 041
cut length L. mm 0.489 0.054 1.28
cut distance P mm 0.962 0.054 2,52

spirality angle o degrees 796 . 1.075 not applicable
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spirality angle a degrees 7.329 0.547 not applicable
28 Table 7G (size 3-0 barbed suture) Ratio of D, L,

or P over Suture 5 Measurenent . Units Average
Standard Deviation Dianmeter (0.292 mm cut angle O
degrees 165 1.031 not applicable cut depth D nm 0. 104
0.009 0.36 cut length L nm0.390 0.035 1.34 cut

di stance P mm 0. 975 0. 103 3.34 10, spirality angle a
degrees 7.258 0.636 not applicable Table 7H (size 2-0
barbed suture) Ratio of D. L, or P over Suture 15

Measurenent Units Aver agelaSledi dazed-Dharbaisure)Di anet er

(0.381 nm cut angle O degrees 160.2 1.320 notR ,
applicable cut depth D nm 0.152 0.019 0.40 cutRgigQEPyL.or

L mm 0.449 0.057 1.18 cut distance P nm 0. 944 Op 8@8 Suture

2: 0 irali .angl e degrees 9.40 1.606 not

o pcderonSR! ' T hi9) < el Shmdind Deyintion) Wiameter st mm)

Deutlangiei® P ' ovaegrégt ure Zigilgeasur eqegg Uni ts Avergdplicable
0

St ndgaé%lDevi ation D aneter (0.381 nun% cut angle
d&?‘r BeD61.0 1mM7 not afbi¥cabl e 003 depth D nm 040

© Ocitiéhegth 014 0. 4ippgut | engtgyzly mm 0. 4895 0. 054 1.28 cyty,

di stance P nm 0.962 0.054 2.52 30 spirality angle a
d&gdcsP 96 . W75 not AR cabl e0.069- 255

spirality angle o degrees 6.53 1.755 not applicable

Additional measurements were performed on several other twist cut, multiple spiral,
barbed sutures manufactured from monofilament spun from polydioxanone and having a
diameter of about 0.018 inch (about 0.457 mm, which is slightly more than the USP
requirement for a size 0 synthetic absorbable suture) and thus similar to the above-described
tested barbed sutures, except that these other barbed sutures were cut with a different cutting
machine, namely a machine with one blade that moved Iongitudinaily along the twisted
filament between cutting strokes and that was controfled with a computer to make the various
cuts for the escarpment of the barbs. These other barbed sutures were also tested for strai ght
pull tensile strength and for chamois cloth closure strength. (A discussion of how chamois
cloth closure strength is performed can be seen below in connection with Figures 13A and
13B.) The results for these other barbed sutures are summarized in the following Tables 7K
—TZ.

Table 7K (size 0 barbed suture)

Ratio of D, L.
_ . P over Suture
Measurement Units Average Standard Deviation Diameter (0.457 mm)
cut angle 0 degrees 152.6 - 0.718 not applicable
cut depth D mm 0.221 0.011 0.48
cut length L mm 0479 0.022 1.05

cut distance P mm  0.784 0.015 m




Table 77 (size 2-0 barbed suture) Ratio of D. L, or P
over Suture Measurenent Units Average Standard

Devi ation Dianeter (0.381 n) 5 cut angle O degrees

161.0 1.506 not applicable cut depth D nmO0.154 0.017
0.40 cut length L nmO0.474 0.058 1.24 cut distance P

mm 0.973 0.068 2.55 spirality angle cc degrees 6.53

1.755 not applicable 10 Additional neasurenments were
performed on several other tw.sg cut, nmultiple spiral,

bar bed sutures manufactured from nonofil ament spun

f reoelgs pygle ex anodegreend 2i9avi ng a0.488 amet er of aboutot applicable
0.018 inch (about 0.457 mm which is slightly nore

than the USP 15 requirenent for a size O synthetic
absorbabl e suture) and thus simlar to the

above-descri bed tesig@gwm;mexcept t hat

t hese ot her barbed s S a different
cutting nachine, nanely a machine with one bl adg,i b 1.
noved longitudinally along the twisted filanment
between cutting strokes and that was control | ed RoyenSature

C Meamiremerito Mak &ditge \Aaéﬂa%ssmﬁd}@)év%iohhe es capiRal: 0.457 mm
of the %ar bs. These other barbed sutures were al‘ﬁf‘(“——*l
¢ §85anglefor st r aidggiees2853hI | t erfs%47 strength and faepplicable

clhavgepd el ot h chgsuregsig engt h. di scussi on of how
cham)Fs cloth closure strengt ho'(lsl's& performed can be 0.47

10 seurensthlow i ncommect i BA6I t h Filyiddes 13A and. 13B.) 1.02

1

L

20

30

Th& disemed ps for yheseyeyher bar g sutures are 60
summari zed in the fol['ow ng Tabl'es 7K - 7Z. 25 Tabl &

780elityAB2l6 cbar bdepresst 13.2) Rati @39 D. L, P over notapplicable
Suture Measurenment Units Average Standard Deviati on -
D ameter (0.457 nmm) cut angle O degrees 152.6 0.718

not applicable 30 cut depth D nm0.221 0.011 0.48 cut
length L nm 0.479 0. ut di stance P nm 0. 784

0. 0%5 1.71 -30- “'%%ﬁdg%eo%arbedsuture}

Ratioof D, L.

P over Suture
Measurement Units Average Standard Deviation Diameter (0.457 mm)
cut angle 0 degrees [52.3 6.576 not applicable
cut depth D mm 0.227 0.015 0.50
cut length L. mm 0.489 0.034 1.07
cut distance P mm 0.796 0.018 L.74
spirality angle o degrees 13.1 _ 0.193 not applicable

Table 7N (size 0 barbed suture)

Ratio of D, L.

P over Suture
Measurement Units Average Standard Deviation Diameter (0.457 mm)
cut angle 0 degrees 152.8 0.612 not applicable
cut depth D mm 0207 0.007 | 0.45

cut length L mm  0.453 0.016 o 0.9
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spirality angle a degrees 12.9 0.453 not applicable
Table 7L (size O barbed suture) Ratio of D. L, P over
Suture Measurement Units Average Standard Devi ation

D anmeter (0.457 mm) cut angle O degrees 152.4 0.947

not applicable cut depth D nm 0.216 0.014 0.47 10 cut
length L _ mm 0.465 0.024 1.02 cut distance P mm

0.774 0.015 1.69 spirality angle a degrees 13.2 0. 349
not applicable 15 Table 7M (size O barbed suture)

Ratio of D. L, P over Suture Measurenment Units
AsttdgancgPandar dubevi 70®n Di an®0kr (0.457 nm) cut 1.75
a . ees ,152. 3 576 not plicable 20 cut ]
dE%{fﬁm%m%%% 225""%‘?%1%96. 50 cu‘%-?fﬁ’ength L mm 0. 4gapt applicable
0.034 1.07 cut distance P nmO0.796 0.018 1.74

spirality angle a degrees 13.1 0.193 not applicable

25 Table 7N (size O barbed suture) Ratio of D. L. P
over Suture Meas uremm%ﬁ}zggb%g&@gﬁeﬁ andard

Devi ati on D aneter (O. cut angle O degrees
152.8 0.612 not applicable cut depth D nm 0. 207 Retioe#D. L.
0.45 cut length L "mm 0.453 0.016 0.99 -31- cuUtp o Suture
distance P nmO0, 798 0;017 1.75 spirality angle™@
d@ﬁ%’é@ﬂ-&e 0. Haits nobvesgss| i Stenderd Devintin e 70 ( sDiameer (0.457 mm)

baftagge BUt Ur€) deprees 152.9 0.549 not applicable
cut depth D mm 0.188 _ 0.016 0.41 -
cut length L mm 0.413 0.030 0.90 '
cut distance P mm 0.787 0.024 1.72
spirality angle o degrees 13.8 0.270 not applicable

Table 7P (sizc 0 barbed suture)

Ratioof D. L

P over Suture
Measurement Units Average Standard Deviation Diameter (0.457 mm)
cut angle ¢ degrees 153.1 0.655 not applicable
cut depth D mm 0.204 0.007 0.45
cut length L min 0451 0.019 0.99
cut distance P mm 0.792 0.018 1.73
spirality angle o degrees 13.6 0.410 not applicable

Table 70Q (size 0 barbed suture

Ratio of D, 1.

P over Suture
Mezsurement Units Average Standard Deviation Diameter (0.457 mm)
cut angle 0 degrees 163.1 0.505 not applicable
cut depth D mm 0245 0.013 054




Ratio of D. L, P over Suture Measurenent Units
Average Standard Deviation Dianeter (0.457 mm cut
angl e 0 degrees 152.9 0.549 not applicable 10 cut
depth D nm 0.188 0.016 0.41 cut length L mm 0. 413
0.030 0.90 cut distance P nmO0.787 0.024 1.72
spirality angle a degrees 13.8 0.270 not applicable
15 Table 7P (size O barbed suture) Ratio of D. L, P

30

over Suture Measurenent Units3pAverage Standard
Devi ati on D aneter (0.457 nm 20 cut angle O degrees
153”@%@1555 notnampliﬁahme cutomﬁmth D nm 0. 204 0. 0Q.84
engt h_L 10.0 cut distance P
%%% % 018 T3 Qﬂﬁ?ality%a% |l e a degrees 13.6 1.69
OSlﬁﬂ&ﬂlt)mmgle@ppl | deates 1@8 Tabl e g/4u9(si ze O barbed pot gpplicable
suture) Ratio of D. L, P over Suture 30 Measurenent
Units Average Standard Deviation Dianmeter (0.457 nmm
cut angle 0 degrees 163.1 0.505 not applicable cut
depth D nmm 0. 245 0.013. 0. 54 -32- cut  ength L nm 0. 842
0.045 1.84 cut dist 5 09 1. 69
spirality angle a degrees 10.8 O. 449 not applic
Table 7R (size O barbed suture) Wi or B.L
P over Suture
- Measurement Units Averape Standard Deviation Diameter (0.457 mm)
cut angle& degrees 161.1 1.126 - not applicable
cut depth D mm 0.233 0.017 0.51
cut length L mm 0.721 0.035 1.58
cut distance P mm 0.773 0.010 1.69
spirality angle o degrees 12.6 0.189 not applicable
Table 78S (size 0 barbed suture)
Ratio of D, L.
P over Suture
~ Measurement Units Average Standard Deviation Diameter (0.457 mm)
cut angle 0 - degrees 160.9 0.708 not applicable
‘cut depth D mm 0.240 0.014 0.52
cut length L mim 0.734 0,037 1.61
cut distance P mm 0.774 0.009 1.69
spirality angle o degrees 13.6 0312 not applicable
Table 7T (size 0 barbed suture)
Ratioof D. L,
P gver Suture
Mesagurement Units Average Standard Deviation Diameter (0.457 mm)
cut angle & degrees 154.6 . 1434 not applicable
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Ratio of D. L, P over Suture Measurenent Units
Average Standard Deviation Dianeter (0.457 mm 10 cut
angle O degrees 161.1 1.126 not applicable cut depth
D mm 0.233 0.017 0.51 cut length L nmO0.721 0.035 1.58
cut distance P nm 0.773 0.010 1.69 spirality angle a
degrees 12.6 0.189 not applicable 15 Table 7S (size O
barbed suture) Ratio of D, L, P over Suture 20
Measurenent Units Average Stamdard Devi ati on D aneter
(0.457 mm cut angle O degrees 160.9 0.708 not
apptdepai®) e cut dmpt h @2pm 0. 24M.@9014 0.52 cut | engbhes
L 734 0.037 t dist e P nmO0.774 0.009
1?@]“5%’ pirali Pk'inangpé’g degr @2@%13. 6 0.312 not 1.08
appﬂdlmbéh Tabhen 7T ¢s3ze O baydied suture) Ratio ofq1g
over_ Suture Measurenent Units Average
S?%fﬁ%‘ﬁ’ra&gl%l at fREmeed) Mt er (0943 m) cut angl enobapplicable
degrees 154.6 1.434 not applicable -33- cut depth D nmm
0.210 0.009 0.46 <cut length L nmO0.492 0.026 1.08
cut distance P nm0.538 0.011 1.18 spirality angle a

degrees 12.3 0.223 npaﬁalea}ﬁpﬂsfzéé‘t}&rﬁeds%m@)m e 7U (size O
barbed suture) Ratio

Ratio of D, L.
: P over Suture
Measurement Units - A_\jmgg Standard Deviation Diameter (0.457 mm)
cut angle 6 degrees 152.9 0.809 not applicable
cut depth D mm 0212 0.014 0.46
cut length L mm 0.464 0.026 1.01
cut distance P mm 0.530 0.015 1.16
spirality angle o degrees 13.7 0411 not applicable
Table 7V (size (- barbed suture)
Ratio of D, L
. P over Suture
. Measurement Units  Average Standard Deviation Diameter (0.457 mm)
cut angle 0 degrees 153.4 0.903 not applicable
cut depth D mm 0.221 0.010 048
cut length L mm 0.495 0.023 1.08
cut distance P mm 0.537 0.012 1.17
spirality angle o degrees 13.9 0.605 not applicable
Table 7W (size 0 barbed suture)
Ratio of D, L,
P over Suture
~ Measurement Units .Averape Standard Deviation Diameter (0.457 mm)
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P over Suture 10 Measurenent Units Average Standard
Devi ation Dianeter (0.457 mm) cut angle O degrees
152.9 0.809 not applicable cut depth D nm0.212 0.014
0.46 cut length L mmO0.464 0.026 1.01 cut distance P
nm 0.530 0.015 1.16 15 spirality angle a degrees 13.7
0.411 not applicable Table 7V (size Qobarbed suture)

25

30

Ratio of D. L. 20 P over Suture Measurenment Units
Average Standard Deviation Di agxyeter (0.457 nm) cut
angl e 0 degrees 153.4 0.903 not applicable cut depth D
Meuing@B 0. 010 Qedides §54.2 | engt Iy goomm 0. 495 0. 023 [ Q8yicable
25 cut distance nmm 0.537 0.012 1.17 spirality angle
a HelspBdl 13. 9 @05 A8P2 appl | HMBe Table 7W (size 644
bandggusiut ure) 30, Rat pagpf D lgo7P over Suture .
Measurenent Units Average St andarg Devi ati on D aneter
(GQUigsrngey 3 sue anB/& 0 degr®@®d 155.2 0.829 not 173
a }ajl‘é,a%g cut h nmm 0. 2 .008 0.44 cut |engt
OGRS o O bRl TN O 2t 005 O 426! 0. B prleable
1.73 5 spirality angle a degrees 12.6 0.328 not
applicable Table 7X (size O barbed suture) Ratio of
D, L, 10 P over Suture Measurenment Units Average
Standard Devi ati on DigbleDefkizé 0 babdd sotdre) cut angle 0
degrees 155.5 0.799 not applicable Ratio of D. I
- - - P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457 mm)
cut angle 0 degrees 155.5 0.799 not applicable
cut depth D mm 0.200 0.010 0.44
cut length L, mm 0.484 0.027 1.06
cut distance P mm 0.798 0.017 1.75
spirality angle o degrees 11.8 . 0.362 not applicable
Table 7Y (size Q barbed suture)
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
cuf depth D mm 0.196 0.008 043
cut length LL mm 0.471 . 0.017 1.03
cut distance P mm 0.799 0.019 1.75
spirality angle o degrees 11.8 0.496 not applicable
Table 77
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cut depth D nm 0.200 0.010 0.44 cut length L nm 0. 484
0.027 1.06 15 cut distance P nm0.798 0.017 1.75
spirality angle a degrees 11.8 0.362 not applicable
Table 7Y (size O barbed suture) 20 Ratio of D, L, P
over Suture Measurenent Units Avenge Standard
Devi ation Dianeter (0.457 mm) cut angle O degrees
155.4 0.560 not applicable cut depth D mm 0.196 0.008
0.43 25 cut length L mm 0.47Xks0.017 1.03 cut
di stance P nmm 0.799 0.019 1.75 spirality angle a
dd@grtedSuthie. 8 0. 496 nSkaigPPLil Seddetr 30 TAam6is Cloth Sfsure Strength
Bar bed Suture Straight Pull Strength Chanojs ot
Cl osure Strength oun&¥ﬂ¥§5unds to rupture)ﬁﬂﬁﬁﬁéﬂgmﬁﬁﬂ
7521& 181 23 (Tabl es 7K-7M)2¢5 Sanple 2 8.73 12. 14193
E%le% 7P) Sanple 3 8.5 9.22 (Tables 7Q - 79
%5 9.27 10 (Fables 7T-7V) Sanple 7.69
Qsﬁlﬁple(zFabl es 7TW- 7Y) Algifaough all the above nogbad

re were performed on bi-directional, tw st
ngf%&fﬁ&& pl e spiral barbed sutures, the
behpre ot ed desirabl e ragges for neasurenents f

b ength L, barb cut depth D, barb cut angle 0,
%%5?7901 78y st ance P should be the sane for the

Veihg@eg ot her inventive Bapbed sutures describeg here.

(Tables 7T - 7V) _ _
Sample 5 7.69 9.97
(Tables 7TW - 7Y)

Although all the above-noted measurements were performed on bi-directional, twist
cut, multiple 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 to barbed suture diameter SD ranges from about 0.2 to
about 2, more preferably from about 0.4 to about 1.7, even more preferably from about 0.8 to
about 1.5. However, very suitable barbed sutures may have a ratio of cut length L to barbed
suture diameter SD from about 1 down to about 0.2, whereby the ratio of the highest possible
barb elevation (the elevation of barb tip 85 above suture body 82) to the suture diameter SD
correspondingly ranges from about 1 down to about 0.2. (The highest possible barb elevation
is the same as the barb length L.) Also, a suitable ratio of cut depth D to barbed suture
diameter SD ranges from about 0.05 to about 0.6, more preferably from about 0.1 to about
0.55, even more preferably from about 0.2 to about 0.5.

Regardless, length L. may be desirably vartied 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 configuration that is a combination of large, medinm, and/or small




A suitable ratio of cut length L to barbed suture

di anmeter SD ranges from about 0.2 to about 2, nore
preferably fromabout 0.4 to about 1.7, even nore
preferably fromabout 0.8 to 20 about 1.5. However,

very suitabl e barbed sutures may have a ratio of cut
length L to barbed suture dianmeter SD from about 1

down to about 0.2, whereby the ratio of the highest

possi ble barb elevation (the.xglevation of barb tip 85
above suture body 82) to the suture dianmeter SD

c drarbe dispnseti anthy sansngese Willdmdasimble, for instafice] Whealhs Barldd uture is

( ' ikH}. barb elevation is the sanme as
t%%%gg%%nﬁgshaﬁ%ﬁaf 1%73“5 Py 8 FYbl e ratio of cut

dept h Cuttangle & fhiatkd bufinetethe dartl b ®é abnc%Eédrsamge%dg d&ithbly would
about _0. Og t?&l(gckl)a%é 0.6, nore preferacbl y from about

CS

0 14pep fomahont ErabRut g degsrearaore preferatly Wows smge from about
0.125 bégreabRUboR 193 dEREAT FheRSst plefRBl t?utlanggg fQIEaél barbs ranges from

desirably vari ed depending on"the Inten end use,
s abrue 1503 fapbputhld0Bs are nore suitable for joining

cert ai [ fat tissue or soft .
T esndbritc, B o doRARaRIE U feR shbfe wiaT R RSy & Sboyp 0018 inch
j CAbnutAGS? Mgy whigh issslightlyt lmgerikes the ISP raguitthehi fof H8i@thetic

P Rt RS B el e il Bl b pred bt

10 edapth P woaldibe 0.2t that andshapreferrd b ¢up Bngdé whEd @€ 15T BGied
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and/ or |l +36-. barbs di sposed an the_sa sutyre
wi || pegRidnal spacing Biyien fuy E%%‘éﬂ?b%%wef% cHetgpith the goal of
sereaing as manyenyisay eossible Aérgshessutuigbndia s fativddie e ABilityaY @le barbed
ures. n%I e .0 forned between the barb and .
dHYRDIng Lmpess,| 4 Yasby e sragqiifactiyer g, tissue-

adohdring4abaciepdee fasds O NeRtitlesk IS bABOHE SSaced 186 Blose, the integrity of the -
pLef erabl )(Nawoul &gégn e fromabout 5 145 degrees t
a th

: o
It R2% Dhlegpa hycgule legd for atprdency:ofithebaghsdo peel back and
adlio hadbseakSMGatrd il s@dgt 1500 to about 170. For

i nst a?.%e, Ior a_BlBoI ydi oxangne barbed suture with a
di ametEreT8lty. aBiablegatp o cplistance Rimbarbel syrre dietendth rehges from

| ol 0. 08 abott b Ah&@ prrfatiy &R abiF 0588 YR ABN L vehy Q{O{cgprrefer bly from
b of the pre Fed

%nt hetic absorbabl e suture size O, _
PY 110dA geait B-Swgntsueblobarbed sntures sy haed evatie of dvadistane@ P to

“bafhRB biRurP didfieled SBSrdin b0l 5 alﬂﬁl Aok ge){,] %E@%é%\? ﬁgtaﬁclétP may be

angl e woul d be 153 degr ees. ongl t udi

(76 {oresfbpi §- 1y pastigmarhysfor the geanlepping harkeéhbadimentywhith is discussed in

IR dQkil befdvERE AL a i ble along the

suture, .anfﬁsa;wﬁ‘%gltug?wﬁﬁq?%’gﬁgbl dl ;’S‘of t he bar bed

sut ur dddidonetiyspirality ssgiee fovmed betwednineiMiandjthe ionginadimt direction
farther a anchori

' SpAC rt, tissue- n

OF B3 i RORSE Tof v Ble IR spike BAPRL S BelsaliEould
trange flomsbout e gied 1@ @bt P.5 0fgréelnckd plekdrail bmMBYut N legrees to
jgolggiai zed, l\]/vhi ch gﬁ%ul 91 | ead to_a tendency of the ]
BaPS" f55eel NyRRY PErfdred ansle cufey all baebe 0B adwist sptguliplespiral
baed duturdts aBAAND? to about 18°.

Turning now to Figure 8, shown is suture 90, which is another embodiment of the
present invention. Suture 90 includes elongated body 92 that is generally circular in cross

section. Elongated body 92 terminates in first and second pointed ends 94, 96 for penetrating

tissue. It is contemplated that one or both ends 94, 96 may comprise a surgical needle (not
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Generally, a suitable ratio of cut distance P to

bar bed suture dianmeter SD ranges from about 0.1 to

about 6, nore preferably fromabout 0.5 to about 4.5,

even nore preferably from about 1.0 to about 3.5.

Very suitabl e barbed sutures may have a ratio of cut

di stance P to 20 barbed suture dianeter SD from about

1.5 down to about 0.2, whereby cut distance P nay be

as |low as about 0.1, particularly for the overlapping

barb enbodi nent, which is discussed in nore detai

b &hR) {ar dnsgrtign & sntqrusgm Additionally] 2@ 90 2CludesydlurdRPof closely spaced

Adglbt 9088 b in SR ICﬁd%S le a formed between |ine M
na rec

and the Iongltu ion of the el ongated
sut ur eS45#e 0 may beumadd with the samerutting plaehinPas thé atowae-Biedhssed sutures

;
b e e S L R L
délg N@éscommaammf u@hbmgmmed hbRodsTst mﬂﬁleg 8¢ [8iepiRg tidposition

a(SB%Eegﬁ ur e | s ﬂltspofgl P&um%l %‘% $’l9f ﬁaeﬁgllsmwntﬂsple spiral

Filigpasition (sum\m 705 8@ ibarled sifze ORFiM veby ARMINNBHL dlsposmon is
i nventjon. Suture

|§1gg@ c(iies ef‘or?ﬁtg ee t o’gﬁﬂ%ﬁlzdlﬁpﬂﬂf‘o‘?’§ﬂbaéﬂ’éln%nbf§’a@la?33%ﬁp<§?“de

| feperion sschdinsiadisiuen andEln!araﬁaidQ;dpekmﬁl Wolkl HoRliflg fBdeRfes] With the
penetrating

f n oi,nted en 94, 96 for

bt AR el e ol dnssrie isto Aseiermithagnomon device,

9Bchmasythat etrqm if €heaab6 vt ihiteddll.S 'IRRML Ro (91942,378 fs RghowWn)  f or

|nser§g]§] {1 Il_tlssg h Addltlonally, suture 90

i ncl udés' BT 8 T8Y° Srehevisdisietiopsl silg viewanitparbodsuture 100, which is

anmaer@a:ﬂaodlmeat dfalOREse it iRASdN. 1SARe ﬁ)d)tlﬂélﬁdeg QoBhed¥iture body 102
e sane cutting machi ne as

g‘g 8?)’8”&‘?@ YSHPSE TR 150, Sy bady ménae GISPQSP@OTUIM plogality of

iRy kfee babst 109, Y
o, O, 5l i

PeerpiedoriogEpeaRs I5aSr bash suire eardy (1dteha®0) ackaminasal for

GbrFaR@t gl tisUe anl HUE Snfetn é%ﬂt dil‘rtg ond &g)/og)iflg?)ﬂggxgp?ﬁ% sug%lfal needie (not

gfgﬂ‘:f?s' tion (sutures

1 ré“%‘é‘i"ﬂwto gu&posi ti on (sutures 60, 70 80),

bar beghts 1o osi tion

is obtai nedﬁaﬁﬁ%mgdagﬂ’t tégge%gf(:ﬁpﬁg ragﬁi il ? e disruzsed
SWures, sechian therertins Wevigs chmgﬂbgismphmuodenotem&mal No. 09/943 733 to

BBadRA f ef,i. QL ou
RRfdac! 0B 107 AR R bRURE DR R R Sig oscitatng
the sutting blades ofithe cotting dvitelyhen harbs sreﬁeur:g tasamtpe@ﬁuﬂhmmdy ofa
[ t sho inth
AR 0 G B BBt e e i
d@@@hﬂd hete niajy avecbaths vethoadondtiguration &gk iredbs SicteteN b@dﬂn@%ated
suture 100, which is another enbodi nent of the

present invention. Suture 100 includes el ongated
sut u I‘wlﬂbwer[b@ Bow of FigeweI0 dnd 10B( @dlbio&fd ift FORfe BELs acb@rspecti ve

"A{?“c@%“é’ﬁw&g"m %/?c@g 18P atoroH babsd s 60, MO nnothe
dnzbolinmondfi ttlmpraslehﬂﬂv@tiﬁxh $uhat 1 [P BL SR YnghE®suture body 112 of
generally circular cross section, Also, suture body 112 has disposed on it a plurality of
closely spaced barbs 115 having barb tips 117 (one barb 115 is shown for purposes of
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 penetfating tissue
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108 is serrated or corrugated. One or both suture ends
(not shown) are pointed for penetrating tissue and it
is contenplated that one or both nay conprise a
surgical needle (not shown) for insertion into
tissue. Suture 100 nay be nmade with the sanme cutting
machi ne as the above-di scussed 20 sutures, such as
the cutting device described in the above-noted Seria
No. 09/943,733 to GCenova et ag. Barb 107 having
serrated underside 108 is achi eved by vibrating or
o8ed it ispontergplatetl éhac ortetor heth bdag dexaprixt atslirgicaliebd18 ghotl@ivive Bfor
. e being escarped into the body of a
mﬁ%%??ﬁﬁﬁghéﬁ is intended that any of the barbed

s ut ur e&gmﬁs Iﬂ‘ie:anpirlGBefetcm:swmﬂbnaﬂ) Rie®s resplE Gely B IRMOC — 10C and

s errate d or OP%WEI E;Q‘? :E‘C 58 1@% ﬁ'é(f @h)g‘gm}"waﬁll ?@L‘ﬁ%‘g’fﬂég becomes

nmmt“@rgmwﬁamb&@ﬁua&dvaﬂc&@ 11gepicted in Figure 10 Ais

a per Vi ew epicted in Figure 10B is a

top vi %‘&HS#Y@B?%@&@%@ “spgpe CWHP&ﬁa‘FhSH%ﬁ dherpbpve-discussed

esdmreh seh tas thfa ciithifig Qovis AadcribdiMe ﬂfng&e%n%wdweﬁﬂN& 09/943,733 to
0 ener al

cl udesale at eg g Lsure body Iy
IR Sl o Foubieve b & amngarcugtabeaeél% utting deiige is provided
dwislpastieg lﬂa&le!; itRetls Wabhrt EdrRpomdfhgly RSBt §P:@%)
having barb tips 117 (onféo bargg?l 115‘%“%1 sh %t?%‘?@ﬁebase
poses of brevity). Barb 115_has a configuration

vvlth s sitdhded Batha
ut use body Tl?sgﬁéegagtrﬁa%g?hr&gﬁ?ﬁ éé%ﬂﬁglv@é&oﬂ%pﬁgcnbed here

sIPr %‘r heQf eyraionshgt dnclugey ancareuatedwes. -T38 arcaate base should
iefh4R8 i SEP hth&sh gl %mﬁﬂ’é?i 8% 1 ?phﬂeapﬁ%ég (r:tﬁg%ﬂlésg ifis not desired for

ﬂ:ij lgqﬁcal needl e (not shown)
{thestaseto beichelEor ovad wieh \1@1131 rest from senisd sltapmbzalrbsvasehs could

rd@&@@ghggﬁgwchg}l@g line 10C -10C and I|ine 10D -10D of
Figure | OB. Figure 10C and 10D further clarify that

barb $heyvadigveslisis p arctiovesidguiewgt & bahedanse thids trter d
B de wit he sa I.n
cliBodhint Pl Sort bt IR AR I oelirply & BB 120 Sy 120
@H:iltdlem}owtﬁﬂbedsdb’@dhat B@dnenﬂly{ direulabia\ceoss saged] %mgated body 122
%g, t ve ba

havi %égés é’?‘%& é?% ]g?gse @’mtff"#é’r REF tﬁ‘é%a%\?laﬁiltﬁsscomemplamd that
prdbldddeay COmpnfc a:autgmamgeeblezmkﬁshwﬂ) for@mdioh M tiskhe b(The other end

ar cuat th respect to arcuate base
ol G0 a8 e 6 it Ry HrpeniR g s rang Fhagsgmppie frousgioa
medterfernma&mmnsswpnt ion as described here may have
bar bs tg a%?g Lglgr@t gl i ncl udes an_ar cua
base. "8 LR té’lfi’lf 03%%?@@“{1?3%@@1“”11‘3’ of closely
amemdrarmgzamd plilirh‘ht)&ﬂ‘ clogelfspacd barﬁsl 1282Bath8 385 are relatively small in
rdl 55 Sb nbot desired faq

szz ith a reld ’vely short ar

length as comparcd to barbs 127, which are relatively
medium in size with a relatively medium barb length, 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 cutting machine as the above-described
sutures were made, such as the cutting device described in the above-noted Serial No.
09/943,733 to Genova et al By altering the amount of blade movement during cutting inio a
suture filament, then the barb cut length is made longer or shorter, as desired, to result in each
of the three sets of barbs 125, 127, and 129 being of a size different from the others, where
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the base to be circular or oval, which would result
from coni cal shaped barbs, as that could 15 decrease
ti ssue anchoring. Shown in Figure 11 is a sectiona
side view of a barbed suture that is another

enbodi nent of the present invention, and that is
general ly designated at 120. Suture 120 i ncludes

el ongated body 122 that is generally circular in cross
section. Elongated body 122 fsgrminates in end 124,

End 124 is pointed for penetrating tissue and it is

C ﬂmv@l‘yMgatzeﬂaré Haig]ﬁﬂ) fdi‘ Rekiche durBRY aBEHERInE E TR 1vlh lecxﬁﬁy also vary
tg ter@_*(ﬁnot hown) tEsertl on Into tissue.
s e?ﬂﬂ“ W %%W Hhib base payh shw. rp%ﬂlmeca l‘mﬂr and

pmgaﬂread, the GarbibasetGpiodI 1§E§é tﬁﬁm%ﬁtwoﬁhééﬁwé &%etef‘ eedl e
for etrating_tissue.) Al so, suture 120 includes

pl ur aI OF {pstgpce, felpdixply 1%&&@@85 ﬁaﬂ@ﬁsrah!wrchmug £t and sofftissues,
{wﬁéreds RGaf I |
BB OIS Ao kot Slsnl, TRl a
Seomnagonph les meglivge, ap&/pystaat berbs e this stremapture belps to ensure
Cﬁﬁiﬂiﬁﬁ@n&]ﬁﬁﬁé?ﬁ?eﬂg&whé%hﬁ@}ﬁ@%ﬁe E&FO%JE Yih%yeagﬁgéstfmab(& Only

size with are medi u

t Wrostiffasent sizal seigiof barbuinet showhamaytel eycakmd drgo Butmsmzaéy 132, br
aadaﬁi AdlisMebdbali u 580

0t g sane c E?Dtlg% %a“ﬁﬂ%r’]% %@ { ’?Ie ab %vdé- e'%tck% {r%leggegs than three

S“éﬁeﬁl Pse@“ﬁ%@é forsete of baérbml?éslmhmddaﬁ tian be ebempekinto suture body 122
ob@aesr AT 2
28838 aihidafl AUEHBALGHTEL Hed Bpncith G705 120 st
rrwletheharb%hmgngxdmouqnnlgn umnmmted tistibarbel shiiuked Wehtbarlisheving a
t r or .sharter
OTTGRRl 0 B Var P L th SR R i e ey b Biteptons
babed gutres enrandoRhaded sotureh oeangfloi the dihkf Bvaitive Bz[rbem dubiftes
AeliShSanaphere -39- the varying sizes are designed for
vari ous surglcal applications. The barb size may al so
vary FignretlBa m a perspeetiweyict biewbuh@rrbmboﬁﬁﬂ’feﬁw the\iedaf iBvention,

q T T RN

Sut or bothlsure eds. (ndt@hown)sitetiifted fo eﬂéﬁﬁﬁﬁF Yisdud b&teH 1st5?:%ﬁtté§1plated

aﬁ%%eos [ e(Eesfor oining fat and soft tissues,
ey eas PPEeaTs 0 Fisg 3 Syrsicnh perdledpot shwey) feripsertiqgyinto tissue.

J oi ni Sigurb il B fuikhertihl5AE PlurdisLoftfrta 13531536%25}?61%&;& gﬁcfyulrfiz such that

di.u or small barbs on
ﬁ@?’%ﬁ"“&‘ﬂe @D@ﬁf #meﬁmw aribwernddary A Spae dispesed e hody 132
baéx’e gt @b 136 6veslepd &Eﬂnﬂ%@rbfﬁs :ﬁ%f&n& ge% %{1% wﬁgﬂ ¥ readily

dle {)ent si zed sets of barbs (not
ar|

%@P&’&F‘b‘é hid asdais et pobgdy1l32.  or agldl t i onal sets of
bar bsrigie 123 a) gﬂé}sp&?ﬁtv@ vfe%f a IpBlltMﬁ 81’ év'eﬁ%pé)ﬂ{g A58 35 of the

dlfferent sized sets than S| z
PYerlgepinadispgsition barhedsuye Mqﬁ@gmazm,@w Flgtn‘d 1208 atmp phe view

S35218 25| Mk fte S9DW £erbBO AR vidPaGES il
accor dance \;\nh%h t he (l;ntenof S in,rﬁl {?]%ﬂfﬁﬁlﬁe 12€.
Ay saprhe mopgcleasly seen &om Figoes 12B, 120 and 12D, dunng escarpment of barbs
135, overlapping first barb 135 is escarped into part of topside TS of overlapped second barb
135, and so on. Part of topside TS of overlapped second barb 135 becomes part of underside

US of overlapping first barb 135.

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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with the barbs being unidirectional, it is intended
t hat barbed sutures with barbs having a configuration
of varying sizes in accordance with the invention also
may be bi-directional barbed sutures or random barbed
sutures or any of the other inventive barbed sutures
15 descri bed here. Figure 12A is a perspective view of

~anot her enbodi nent of the present invention, show ng

barbed suture 130 having el onggted body 132 of
generally circular cross section. One or both suture

e ﬁ(ﬂ&eémﬁktgeﬁé'iﬁl\/ﬂfiﬁ badbe@ sit@ied tRbaltPdut Hﬁﬁﬁéefbﬁiweeﬂ td @a?ﬁé% the barb cut

ci& n@l ated that one or both ends
E%‘hi Berticplariy for b pvesieppipgbarh 6’§PC§H’@Rn‘5€foS(§‘rtab1¢lb@b€tdl sgiyres may
| h&ve alrhtfoSof@he bakb cavlBivtafcetd ﬁlefbb&‘iaw&fturb BamhdELSom |ab'c§u@|1 'Std¥wn to
of, barbs 135 projecting frombody 132 such that

| 2hut 0-2ncp the drmbyryt distrniop Pasnydeanlovw asabeut §d (%@c;hmdsswn of Figure
bakhtodhen@vR-2liSROB S cﬁ’t‘]er%ﬁp%?ﬂ'%zoarﬁ'&?ﬁl aﬁdegs'['lapg\;eﬁggpmg

135 overl aps second barb rst an
19i8posifan alipvsdfor desslyl packingpanydatbsilBs bmbdsty 1335md typidaly, dharbs 135

f hrdthif)As BEYAHIS whgﬂ @ b&b l:gt%é.\!ta?]i%g&& &Qﬁg i)ér)é? > VeSOt length.

a portion of overlapping b
over | ad¢m alghayels puver: d 30 llbatrttetﬂwshjbarbaalﬁs‘:emgﬁlmﬁugmnml itis

]ﬁéndéﬂrlg mF ot Gt s'laﬁﬁ% iﬁ) iff a%c%pdaf?(}e% th thg V1xqven(gzlf Ffsﬁ §1ra§ Bba %—

gure IS a cross-sectional View
1‘2!90%¢na1:baglmdéum®@sdembaﬂdmrebe more clearly seen from

Fi 1
580" Sl daa 0. 130 dnd b SR i SRR Bler Shs b
ofutureis gitatbedns eadh sorgical sgegdied Irsmiem@l fdonitdne mﬂe’iﬁon iafedisa®, the

d S5 ..
SrgicaRtidea e B Wik poR . SR BT af Aok op e Qv
UéSbPHlalSNoTi’nZﬁB OIWt(t Granpe eoster | appl ng di sposition, the
bar b t b t fj d nd
ar b TR BAE R RCceAT Phus it sionpiigtndiom the
dm@duapgiememmmbag @enbfaﬂy ciréflar iVE18Es88&ion] But@ﬁ‘:ﬁﬁ{eédﬂe N1 has

éﬁg’bﬁﬂf S ‘?I{bo s arb cut distance betwee

6’3 "6 8T P “c‘BP ‘Sf%ﬁ‘gi‘ Aiso kg hpledil- urgjcy B?Ed{eﬁ‘él i illustrated

Qm' eutdcﬁwsu&g abBy v gD Vatte® Muturé 811 Y Babbd Al SP& H8ebed suture
the barb cut distance to

ur.es have a ratio of
S, Bk aOLlifpiiedio i abthe Abave dascrbes harbed sugrsemAdditionally,

ab@,ﬂ:ﬁl &etﬂe N3 ha€ @ahfter DRI E tdns tlrt @GR wfﬁ@ly 1s%sﬁ§te‘]i Y
6% ]?Ytt 1. (See discussion of Figure

“ﬂ@eﬁruswlsastah@“ 9dRnchrbouthgl ﬁlrran és ﬂﬁ@lsmﬂrabove vis-a-
Gistswagifi 0
For el oeel § patkrno. hany Darbess! SRABINO By e
£YPPecy sfandyd praseduzes abalitéwbtﬂho held suturqﬁairze laofopenring tissue.
t he t
I en ?ﬁiﬁ%qg%sgdﬁ hough suture 51!% Qm@??loséa{réatng%ﬁ ;ﬁﬁe

Innetadineb dirgesipmand thatds sesemllpeindular intcross sedtint. e$m‘gsdaltmed1c N2 has
boifleH 4 T@tﬁﬁtms%iﬁoﬁ I%B §80 | %ﬂi AGHRE AP ES. \glurgxca} nkedle N2 s illustrated

Iasn;/tticr:]geld,os?lch as by swagmg, 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 surgical needle N1. As discussed above vis-a-vis swaging, surgical needle N2, after
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10 directional barbed suture as described here.

Figures 13A, 13B, 13C, and 13D show vari ous surgica

needl es, where a barbed suture is attached to each
surgical needle. In order to facilitate insertion into

ti ssue, the surgical needles may be coated with a

pol yner, for instance, as descri bed above vis-n-vis

U.S. Patent No. 5,258,013 to G anger et al. 15 Figure

13A shows surgical needle N tfiat is a straight

el ongated needle in the [ongitudinal direction and

t hating ﬁmge B2 isérted imto helel BRI mhybedrsged b9 StndaRi pr&lefgies aout hole

PR Eoleri e R e et Hioringiogecal need ¢ N i s

i || ust Fighed3CahovalshtaBitedls BBhhaSs PreWaBhEEsd defdle in the
bﬂrbed Wgture Sl Barbed suture Si is a barbed suture

dirggfipn apsythat isygeperallyt qirculapin canss pastions paical Besd]e N3 has
bpeinfeatipaa foiibhdertRn intd\dedid aNMd s hdOH3 Uik AlnBBERE ‘i»‘s illustrated

NI has dianeter D1 in the transverse direction, which

i85 qtfached; sugh acpyseaging. tebashed supuye 85 Barbndsnredy3 is & hahedsuture
afnelbdin®; §1¢ nbt el 80 AWt of Qhe'aaiao{@-ﬁescﬁﬁad AbBedisned, %g@}fr%nally,

vis-a- vis swaging, surgical needle N, after

SHFEiFd nedly N3 batckmeion D8 i meérawversprdyef:ben V@rqhnvéldsttayed asa
Sl‘e?dﬁ‘dﬁ? ¢hiR BR&EAH E5A 2204 0. b@in%h Fﬂboﬁt‘b ﬂ%ﬂ}m cﬁ@cﬁss@l ftﬁcﬂre vis-a-

| ace or suturin t1 ssue. surg
s v esihg surBisel needleNE after f@mgeumwﬁtlmﬂmwﬂelﬁlﬁﬁ ma be

2<§1rhﬁé'a$ ts%ég&a’?@ rofddh 6 Lﬁo‘ﬁphcﬁ%ﬁft@ %Ifl Eﬁntérg g? g{pﬂ&eﬁ%rsuse in suturing

circular In crhss section urgi ca
péisut-ed tip T2 for insertion |nto tlssue and al so has

hol e Wiy, :Ssi9i lﬁ) S s%gﬁﬁlng%d!}%Nﬁ au‘, 58 chgglg?ﬁateﬁ%e@e in the

attache suc
Banm@dar@mlmr:@m@md ithat i gbwra:lkycbnsulaun eross sectiand iSnggicabitedle N4 has

g%:nrli}%de fé% '&‘%gpétu%erg%gﬁw f:rss&eha% %P'sgé'ris 1?10 Slg{t §) edczﬁ ggc%?cdl\m is illustrated

ohsarmmed sth asiby swaging, WS&EU&I S4e Aarten sutwaiSd s a Barbed suture

G B M e B Bl By,

civegiet aredleDi4 lok daumegi Daln the ad:hseeféa dueesorﬂ wBkH sSBaktaRavwea

iRy TIPSO ARG 0 e D e o o i pameer -

ly3 GﬂS&l‘gﬁﬂl feefile IN3e U4 IdaSus3EtDato v 0k -2-vid $va gﬂgkﬁfgﬁi:aﬁﬁgeﬂkwtt after

2 in ure

s s i ot B nelonBd e Fampdpagid poveghiregboutbo

-&mdlheldsnu&mmlpqmgfo&usulﬁaﬁmﬂhg@s@ﬁé on and that is

gene rg }/1 circular in cross section. Surgical needle

N3 ha ﬁBPSr?Flea“zstT%mﬁsT‘if%?thﬁ@éﬁlqaﬂbﬂluﬁtrﬂt%l 25 PRiied, Rathcps is well
&h6Wn, RafzidAPhRdeBeomeUtit vasibud 8RE Ip&l%te Bé st faﬁ&elﬂunt taper

as_attached, such as by swagi ng, ed suture

BUiiB& P2l ppint. cuiting pdge-diasaand paing, thin rhee andbnest poig, artsl}t i intended
E{Sinairuginbhiﬁdbélbﬂugﬁg?’m%ﬂ shg]ﬁ:rl%?fga %J?lﬁgtaﬁ:? R8s, and diamond
apihwre prefeppdingediaips forsnesical needlgs u@dwﬂ)lbarbmmmea s

I 1T us g @t 182w in the art, needle diameter for surgical needles used with
conventional (i.e., unbarbed) sutures is considered unimportant, and often very thick surgical
needles are used with thin conventional sutures such that the ratio of surgical needle diameter

to conventional suture diameter is 4:1 or even higher, such as 4.43:1.
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relatively thin diameter, such as about 0.02 inch
(about 0.51 mm). As discussed above vis-h 10 vis
swagi ng, surgical needle N3, after having suture S3
inserted into hole H3, may be crinped by standard
procedures about hole H3 to hold suture S3 in place
for use in suturing tissue. Figure 13D shows surgica
needle N4 that is a curved el ongated needle in the

| ongi tudi nal direction and thafs.is generally circular
in cross section. Surgical needle N has 15 pointed

tip T4waeve|r,lm'ehrthe @rgitah herdleltafied s@id cahbigativa st Help %ﬁé‘l‘ﬂ invention
stch_as

;#cog el er Ta mg t?légc@rlwfxﬂqsetgcrﬂa teh%lgggqygh}agtg? gnggc@ew ig, then

-bzﬂldmd'e @tefdﬂitﬁe thitid suehicneedlétbarbell sutindis, Gth 1R de@RY ndddle diameter

k&el ?g %@ ﬁ%rl bed, bar bed sutures. Addj ti onal Iy

e Euinen g ABneas i aRpropchssiheharsd SPtHretdF?@letqr’aﬂ\névtea Bessible that
d meaﬁ-ememmm 184y Beevérl thingbr Biofle BALA suftd dighdy thin

di anet ch as about 0.032 inch (about 0.81 mm,

but no gagef HPLiheRressRtipysnEipn, zeeleisvebfth@@w@melmeediee@cbed toa

NBarbABsudjr&E W@ﬂeﬁﬁﬁlé%ﬁ’dpﬁf(ﬁin‘{dtﬁ VRO WA st:ﬁ:‘ﬂfn%t 8«@4}'11111 closed than

le N4, after_ having suture i nserte

qﬁ‘&ﬁ%‘@c}&%‘mﬁéw aled aith a&a@@é suiwre.s Theyeeson frgha the

. %ldt@elb%:ﬁi sﬁ?ﬂ:ﬁl h€edRthithéhel lt@&ﬁarﬁé?irsu ?e_e}all'o@/s £ ehbdePGhgagement of

t ssue.. Needle tips Ti, T2, T3,
B tsgugy g therqqug Pwoatdesjbeérgr frl@aum stdngtivtotthe appraxgmated fissue that

: kﬁ&\bﬁen SubirG tS Blevil ﬂﬁ:”oﬁ? ﬂgﬁde%f e Uiy %ﬁn%&g E)F?lln g gpart, as

OI nt ed tI such ol nt, ta er
b%ﬂnllpaﬁéut% the cwr@ stregath @g@’ldedlt‘amllpdcdms,suet thatrhas beee sutured with

aihe rdI ANVEIG thiB0d calﬁéé is intended to include, but
not be |imted a such needl e tips. Taper point,

t aper hamosti @Pomfedﬁumfonﬂhe cprobingtionoéthe lsurgealrmddlﬂ etexthe to the

t fs
oSt S LAk SRR S i i
rié@@l adwie s @ghanntltin the @mkemh yrdadllin(g, toallow lﬂﬂhﬂdehﬁsd)of the barbed

rrtant, and.o
gbut\;lélluﬁcg szthg% ﬁrge(le ?Igssua§ é}a: wge%] ?aﬁalﬁ i an}/cter increases,
dtmwsml oceaue is sttllaued:)lesmmg #ahe fatie of 1B suPziafl nsddicOdifibdier to the

ti | t di t [
R0 o B bG8 a5 1 2. “however  wi th

-t h e s mcg)rﬁaglyrmﬁk@l&raﬁ&ﬁﬁkuﬁg@dawﬁ&d@@miﬁid Khﬁbeﬁfsulhl‘bedlameter,

RLES asr1F forfﬁ ither .a stral ght needl e or

Qoo laer v SRy merdle icaboptl %rdﬁsgq TRGIF Pl about 2:1

io8 Jesd, st Pfﬁfbﬁbmbﬁlt wiserf @neb. Burtheahork PRrtiibdY & %hannel needles are
with the desired need

AR R T of g Toee fepeto o gied swureciamsi e s ow as

bt bﬂrdi @ds, Dbl Eveh Qovebin, ORI Sthnce dbdui 4.9:  8r IRQSHH am)lﬁ O‘Brlaﬁr 1e3s, or as
E)%YY edI flelameter may, be even thinner than .
G-t ik rcapirecisied by dhregerson pherdingry Sbnlles dhetart that care

EIOURdbd t@]fbn vath'eRirathdly #liyndelied scfc‘éértg hﬁl@for:ﬂ?ﬁlg k)gssﬁ)'iﬁ@ oPfodatized

to a barbed suture is nore prefera

- HERMSsS Which AYY compromispbiasye dspitioni ng a wound cl osed

30

than Closure strength of thin surgical needles, both having a ratio of surgical needle
diameter to barbed suture diameter suitable for the present invention, was tested as follows.
Various pieces of chamois leather (manufactured by U.S. Chamois of Florida) having

a thickness of about 0.6 in (about 15.2 mm) were cut with a wound havmg a length of about.
1.25inch (about 32 mm).
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a relatively thick surgical needle threaded with a

bar bed suture. The reason is that the relatively thin
surgical needle attached to a barbed suture allows for
greater engagenment of 10 barbs in tissue, and

therefore provides better closure strength to the

approxi mated tissue that has been sutured to prevent

t he opposing sides of the closed wound from pul ling

apart, as conpared to the clagure strength provi ded

to approximated tissue that has been sutured with the

rel at i Adirgp spehlmdn \ms mﬂ@ ﬁbmraqﬁxdb ef chdieis teastr byge@dhiibgether the

f f th dl
b L ks dolfe G 5R A e ongl el Heblf Chomnc v airaa
ngegheediiranStiele (Rnlnthﬁ whchobas swﬁgetl ith mtbaWed bdturle N PGB Fwords,

t make a I r. a chann such by
e RSSiof o Bachy SRR neelis b hysera b aritipes dbpes he
| hme td deeurbithle darded éige aﬁmgrsﬁtcmn@leméﬂsh@hﬁg%ms&&hé t%sund the piece
i cal g@dlc di anet er creases the s

B s B e Shont b bt (s 76 i Lt

shly g:ouai 29aets @abdhta.m?ﬁxﬁ)' intvAdth Neherd 8é BRched Woufi@was in the middle of
is about 3:1 or less. 20 Accordi ngly,

d@&. g |a8d fragsyggsehe mﬂﬂg. Theimesle s apea peink Furvesd w@g@é geedle (3/8
Stbﬁauﬁxeleﬂ lu&ﬂmtlﬁfgth off a%ut@!’.tnﬁﬁﬁn@a rﬁfaﬁ@élﬁmh d?ﬁﬁ(%reof b 0 020 inch
gveg nee is about 3:1 or less,” nore pre era
or Iess nost preferably about_1.8:1 or

| ess 'l‘ﬂ'1bh£ WliRg MRlsBme RACHiLHARS, xsecBncpJg,@ag@h wﬁ@ﬁ%eeéon%&mer

ed, the ratio of surgi cal need I amet er

b%l 0&9 chamojlgathyr Bretitelingngethas thesrepprati veedgestng tte v_n_ound,msmg a
| @8Rd e suf T‘néeﬁlé’?ftcm 1) rggl_:,;_ﬂﬁ ascgg'a {suftd Cé%lg:[nly) swaged with

| ess, or about 8:1 or |ess, OW as
ghesame kind %bque%%lt%pse éheatll@d:ab;ﬁedlh wapeimsmed abtbut the needle hole,

off @ ARrfondf 'tt}e' baﬂféd LltGre 3k C#) e 13} fe, 1%%5 re t?lg gfrl) sufure ?lﬁ‘lél g stitching.

wth extre hi n needl es so Forate
[ﬁ% Hetseqond Weeﬁnchdbahﬁedbdﬂas ‘a@kﬂﬁm cumhi aingiod yeedle (3/8 of a circle).

ST RS BRI AREE LG o, B B b5 o g ebolk o1

e} pishough sotes thin 4schdxdiabeer cflﬂtel.ﬂeaﬂdumﬂﬁre‘rrst%pﬂc’(xﬁbi e

for t ven |on was te as

Var i oot Qe BB DRl o S5 cieiial v e pyinie piral

l}JOBdl_OQ}lmn@bzsb&olfsuﬁge{)likcdal)lr&mn Figuse dA) leﬁdé[ﬂﬁtﬁ@tdeﬁih et tsuture had
. ut we cut aving a

A el PRt 0 s BhuoliF 5 it i gt ergor i Gp

sqeremen forasizeBdesyhthedt dbsdrbalesuire)Cianmi ¢F al se@Akd@EmER of about

her, t he respective edges of the wound
ﬁ&*%ngh@%owﬁp &M surgi cal needl e (itemno. 382077A

pur chBstk mefﬂram'@tﬂe ék@n@ﬁ{ﬁﬁ%ﬁﬂ of¥itchéd tMamoR RIS eWidstbddor

b@ %m'g% hn words, after insertion of the
EQF PR reRg ysige o TeY i’tef%'“i?é Viversplfegter, Mpdel200@ Eaglyspecimen was
srippEp &g nedrpectivetseRatb®]a®s.! PhenCsddh et:fﬂfen%% gﬁﬁecﬁ%éi‘tﬁﬁmally ata.

durEn stitching. After stltchlng cl osed t
ﬁB@‘E 0 inches per minute (about 254 mm per minute) until complete rupture. The

peak load in pounds reached before complete wound disruption was recorded as the closure
strength. The results were that the first specimen (which was sutured with the needle that had
arelatively thin diameter of about 0.020 inch, about 0.51 mm) took 5.88 pounds until wound
disruption occurred and the specimen pulled apart back into 2 pieces, whereas the second

specimen (which was stitched with the needle that had a suitably thin diameter of about 0.032
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of chanois | eather was cut to a rectangul ar shape of
about 3 inches (about 76 nm in length by about 1.25

i nches (about 32 mm in wdth, where the stitched

wound was in the mddle of the Ilength and transverse
the width. The needl e was a taper point, curved

surgical needle (3/8 of acircle), with a length of
about 22 mmand a relatively thin diameter of about
0.020 inch 10 (about 0.51 nm44-Then, using the sane
stitching nethod, a second speci nen was nmade from
ah@hméaput 0% lene, bif ncthamixi & themietie Ifoxttye fakstl spedivinét() took only 2,88

t t ect un usi n
PO R R Beioed At S ratahlc B,
pur cha’ﬁlmieétﬂt@me&uhmbﬁeﬁlmmma)%smm@ed with the sane
ki nd of barbed suture, i.e., the surgical needl e was
cri nped about the needle hole, 15 after insertion of
the barbed suture ini®leli3a (CBAdois CtIBERMIESkdgHpar bed
suture during stitching. For the second specinen, the

needl e was a taper point curved surgical needle (3/8

OSpedirgent Cl Mle Didnibted | €BaHBd ShtudIPEhetd? MRARE Pounds to Rupture

itable thi &laneter of about 0. 032 inch (about O.
n‘ﬁ’ﬁt althouaﬂ Bfhas thin as ¢RESdrdnet er of-7¢he 5.88

ngeeh€® usedoD®rinth rst speci negprsasdy bar bedzs,glture fokg
each speci nen was a bi-directional, twist cut multiple

spiral Ratig ot Wagicali nsdledinmetes by elpdspmmdiamdtsce suture 70 -
in Figure 6A, except that each barbed suture had a

di anet er of _about 0.0115 inch (about 0.291 mm which

i s sl i®pR vVgriqu pigess of rrapkin were ogirand stitghid fertesting pHmorg surgical

Steé@lePevPhgY RN Birb& ARRA" pm,@ suture), instead of a

“suture d| ameter of about 0. 018 inch (about 0.457 mm

Bot h {Hheeeriiesidy killodi Spragnedavdestratspesch reavs 608 to 360 ¢, oteetiused. Two
CARREesd RiNnAEEHS e ?egﬂ‘l%g oh e l?‘ﬂ%k %}} éﬁ?ﬁ'fa?tol\?g%?ﬁr\g%gb Each

usi ng a Test Resources Universa
EaRurd 3yse ebqubh cvam lenggh ﬂﬂwmlbymtthﬁspnr&s pective serrated

] .avvs FEP@JE? ra?%“lg o?@ﬁﬁvo’@ﬂxgﬁ?ﬁg&f&?ﬁe tlté [hgg%cﬂ?d Idgcgsla\!r rou.(tl

rate
peedleihatves)a Suirztle iteng Do'r[fiB?éI?éAr which was 3/3 h&cle p’El&Hm&dia Had dlength of

PSR GRS EL 0D By DAL AL SN« o

tploint neeldle tip Wiﬁtedmpmdmlhéd\baeﬁ llgrmﬁ _t(SMg-lﬂdceleuWotab?rbﬂmate a taper
et { . a relatiyely tnhi lageter o
G5 el a7 Bt Py o B s Brtsiiine S rep 0 3 brbes

wotred  di sruption occurred and the specinen pull ed
apart aCtE LDrEJto 2 pieces, ereas the second speci

(whi ¢ HE SRR oW 28 Flasei i 54 WRE SHARRE{otnique, Dut with a
sirilleddaldy curvedsugbicalnik @é thaf waosilz10 itdad 2o. s@émgm Qlﬂlch%@ 98 circle.

g.al Q th|n as the needle for th
B‘feﬁgha f"ﬁf‘d&e&d}ﬂa U Igmum ad g fiameienof p quhe-o%m%(about 0.66 mm).
Al the nbedle RIAG didhond PERI KEBle ﬁﬁl ITRn@BR Was Q@E%d kd'4d Qarged suture,
pi eceﬁ The results are summarized in Tab 3A bel ow.

ach barbed suture for each specimen was a bi-directional, twist cut multiple spiral,
polydioxanone barbed suture like suture 70 in Figure 6A, except that each barbed suture had
a diameter of about 0.015 inch (about 0.381 mm, which is slightly larger than the USP

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

0.018 inch (about 0.457 mm).
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5 Tabl e 13A (Chanbis G oth C osure Strength) Specinen
Needl e Di aneter Barbed Suture D aneter 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 *Rati o of
surgical needle dianeter to barbed suture dianeter.

Al so, various pieces of rat skin were cut and stitched
for testing of nore surgical needles swaged with
barbed sutures as follows. Thrge freshly killed
Sprague-Dawl ey rats, each about 600 to 700 g, were

used. meacl'ﬂ.ﬁitéhuﬂ h/f)ﬁrhl, £ ka8 §peiltien HaPWhsSpBRKINIR Fa STRGE
on, the b f ea h rat to create wounds. Each ® wound

aétB’é‘ﬁta ‘%P P'étrﬁ’fg‘iﬂh with dhessiiched wpunddn theaniddle pasalleling two

F@ppmfhsﬁatedgsaneaseém&m férdosiieuishEthfesing] 0Sed with a
drill e%h(%gcg curved surgical needl’'e that was a Sul zl e

itemn For PR eqnh wanigyas detesmined gping a Test RenourgpeUnisgrsal
a 'IleﬁagmdﬂfZOOQ SPEp eﬁﬂ%sﬁc@b@dﬁé@ Eheqalo @5’&9 Parglie%ﬁ% 8409 Qéﬂched

(abou . Al'so, thé needle aper pol nt
n&EYp W?Iieﬁl% @@%@%&@m@ew@mﬁa@ww@ﬁ tgstesund to a

.t3 f aceThéalach Spedinidh Wak PRled 1chel@RRAL aPMaH #gb&ﬁ S?Hgﬁ ePminute

facilitate penetratlon of crat tresue.
0¥k 3d Ger PeigniuIs sk epmplele mptire qisurrest. (e mukimuneforasencountered

beﬂﬁ%oﬂ@ﬁte%&ﬁ& ﬂstxﬁh HwishEeos iy tcH)rsﬁ:P g‘%h ni que,

but with a drilled end, curved sur [ e that
was. a @lﬁlfiﬂulis Petsayeraged SRRt amhofdhremuﬁs 8losddrvaithea needle

Zﬁav_ﬁiked DRRGL S A5 0%?@% ﬁbﬁft ?%E %{1) aéﬁ éga%er(]i;i‘o a %?bed suture, Also,

di anet er of about
t the resulésavare Reetpgad Bbmniedequdisettof thmad\tnmntis glosed ndth n@eetlicchaving a

V@ amePdaHod: ® .86 RAL Pag)lgl_lt o ez: andEs%%Q egﬁ‘f &H%{, e for

each specinmen was a onal ‘tiple
spi ral hermlttyfdﬁmnmzedmal?abdeBlhbm Ilke suture 70 in
Fi gure 6A, except that each barbed suture had a

di aneter of about 0.015 inch (about 0.381 mm which is

slightly Ilarger thaTabled3R@R3RinrClastiré SgRRM) f Or a size

2-0 synthetic absorbable suture), instead of a suture
di ameter of about 0.018 inch (about 0.457 mmj. Avgmge of 3 Wounds

FRpecigrod ?tl{%ﬂd&b@iamau:nd Barbéd &ﬁmem@ﬁftérzemah&at bmtﬁnds to Ru ture
e are measurjn al;ou cm x abou

%[L\% fII'?alt he)bé)??f‘% ed wound 4Py ddl e pgett’al | el i nft9

tSsoondopipdSi nd.026%iske edges, waRshigd i eved fiof3 cl osure

stren%‘#%.bot efstl n i !d;le force to_open each wound was

det er oulbicy’ g"é’"’ & diameies o baghed suipedismetar. 5 Tester,

Model 200Q For each tissue specinen, the two edges

par al jTﬁ H]%leach stitched

ower the ratio of surgical needle diameter to barbed suture diameter, then

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

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

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

~ in the art that it is not intended to {imit the invention to the specific embodiments disclosed.




wound were nounted in the two respective serrated jaws

of the tester. Then, each speci nen was pull ed
longitudinally at a rate of about 2 inches per m nute
(about 51 mm per mnute) until conplete rupture

occurred. The maxi num force encountered before

conpl ete wound di sruption was recorded as the closure
strength. 10 The results were averaged fromthe first

set of three wounds closed wi i4g.a needle having a

di ameter of about 0.022 inch (about 0.56 mm and

s Wagews maslificatiensberolissioris and additiens maytbh enade futhd disole®embodiments

a f t he. second set. of thre unds cl osed .

oo Sk doind G5 e e iiogt a6 e R Epion.

( @hicdlardy i6 Gighmf therforegoingiesthings. aFdy distaek, Blétbdibed sublie of the present
rg@gltsc%gﬁisu rized u&ET ble 13B bel ow. 15 Table_.

1 BRI Ko B B Fheh lpfye metBodsgtich s stapjs gher skin
Spdizkinent aikkia GbRlingi i Riskion BRthd@AuSUA dHoRHINA IS Bfended to cover all
Rq%§o*dﬁounds tqQ Rupture First set of 370.022 inch . .
0> RERqCHEERHOPS LRSS0, additianse #idpquixplenss asangy piuelpded pithin the spirit
Oaflfgopervf the invéatich ab defudatby theblGHIhPbIaRls. Needl e

di ameter to barbed suture dianeter. Thus, the | ower

the ratio of surgical needle dianmeter to barbed suture

di aneter, then the better the closure 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
strength, particularly for delicate tissues; however,

for tough tissues, such as muscle and bowel, thicker
needl es are preferred. Thus, what is inportant,

regardl ess of whether the needle is thick or thin or
sonewhere in the mddle, is that the ratio of surgica
needl e di anmeter to barbed suture dianeter should be

about 3:1 or less, nore preferably about 2:1 or |ess.

30 Although the present invention has been shown and
described in detail with regard to only a few

exenpl ary enbodi nents of the invention, it should be
understood by those skilled in the art that it is not
intended to limt the invention to the specific

enbodi nents di scl osed. -46- Various nodifications,

om ssions, and additions nay be nade to the disclosed
enbodi nents wi thout materially departing fromthe

novel teachings and advantages of the invention,
particularly in |light of the foregoing teachings. For

i nstance, ‘the barbed suture of the present invention

can be used alone or with other closure nethods, such

as staples and/or skin




5 adhesives, to aid in holding the position of the
tissue. Accordingly, it is intended to cover all such
nodi fi cations, om ssions, additions, and equival ents
as may be included within the spirit and scope of the
invention as defined by the §ellow ng clainms. -47-
Clains 1. A barbed suture for connecting human or
ani mal tissue, said suture conprising (a) an

glaimgyat ed body having a first end and a second end and
a dianeter and (b) a plurality of barbs projecting
fromthe body, each barb facing in a direction and
beifnbarbadagutuael fdraronnesing himag ornmsedtaiztue) kaill RetuRWothpsing (a) an

' j o it [ y f th .
Lo B PR P W s et
Prapeeting fomnthegondys ewh tednringiing drebi@mbardWein@lapted for resisting

' from abqut .140 degrees t.0 about 175 degrees,. .
@ﬁ!}?ﬁggof(%en%ﬁr%iw oKk B8 ﬁ‘g?‘h%PPBEF%‘gf GRpetropm the dlrection in which

thebdrb GuenivhasinahehdbHiatga %xﬁi@ﬁﬁaﬂ&ﬁ&oﬂﬁn@ﬁ%*ﬂ b\;\HﬂQﬁf ajﬁ{gféte{% ranging
, ereln e

2. The ed suture according to claim

Bt BP0 et 0 P b0 S Bk commRiBibyhEs degparts have &
@bfigliratibf JodRHiIRScordgatd P aldBRMesUt Ure according to
claim 2, wherein the barb cut angle 0 ranges from

about 150 degrees to about 170 degrees. 4. A barbed

2B UEHMRHE® bt RNBER LD & QMRS uﬁl‘éreﬂ%%%rbg:lu? %%se: 0 e from about
suture conprising (&) an elongated body having &

165 degrees iriabanl 73 dsgreesnd end and a dianmeter and (b) a
plurality of barbs projecting fromthe body, each

barb facing in a direction and bei ng adapted for

3r Sldie Hibad)sutwre wecneditg ©f cliiine?, sdittdinethe WAB Rl dhgld @ FaiQes frdin about

osite direction fromthe direction in which the
! g?%ggﬁgﬁg?m%ﬂ@%&Fﬁﬂthe barbs have a configuration
conprising a barb cut depth with a ratio of the barb

cug ,d h to the suture di aneter ranging. from about

4. 0B iy fop Sepmeqlfierinir Cempe] G WHLTGHT comBRsing (o) an

eloagdal Hody BavingCOfidst Gidrandl b StofOHRhS h BfinR ek Ad (‘l%}?&"{)lﬁﬁlity of barbs
ng to

bar b ugdekﬁige. 5. The barbed suture accordi o
PEYIRG Homyifie Pety rebyhdidneom 4 deccian l9nd breing @petied; o resisting

- ndoRé@nen$ bf ME SutticAWRELH thaR0A% N hAsRRBRM R fibni Be 8R&Hbn in which
6. The barbed suture according to clalmb,

0. 55.
“\R/ht@fiefaﬁest Whetpiat the bigbs have aeanfiewrationcrapioising attaeh cwepth avith a
1o APBL BArb A WS tb E%M&m&erﬁa&%ﬁ&q bbdle 805 fo alf?&teo.@ further

.~ barbed suture for connecting or animal t1s

. cagppriging yharein the hygbs kava g cenfleurtion einpriymgadotroghyediani underside.
first end and a second ‘end and a dianeter and (b) a
plurality of barbs projecting fromthe body, each

Shdhp bﬁl?ﬁéc?/ pigurieraceprding éa tlaion 4 awbkrtie ithgragid af tiedbdrb kut depth to the

sdtére hﬁ:fnlefggrahée%'ﬁom about 0.1 to about 0.55.

6. The barbed suture according to claim 35, wherein the ratio of the barb cut depth to the

suture diameter ranges from about 0.2 to about 0.5.

7. A barbed suture for connecting human or animal tissue, said suture'compn'sing {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




novenment of the suture, when in tissue, in an opposite
direction fromthe direction in which the barb faces,
wherei n the barbs have a configuration conprising a

barb cut length with a ratio of the barb cut |ength

to the suture dianeter rangigg fromabout 0.2 to about

2, further conprising wherein the barbs have a
configuration conprising a corrugated barb underside.
woverat pfhpaiureyvhendn tissveridam gpnoatmdlwcmﬂﬁommrmemm e which
habh® chtes t\Pl‘feré?ﬁ b B‘ﬁﬂiﬁ Ha@@% %%ﬁgg;f]ﬁ?n cgﬁllajrglsﬁ réeablgjarlb cu length with a

r anges r om about
@U? af e abentiengih tothe setirm dymeprearping fidne abat 0.0 tofbduh2, further

AR si‘ﬁgtwg!art@%gltgg)o%l% h%l\?ega coilgéﬁjr t?%ldcpglggglg%? u?’né"%'? (} {)arg underside.

connecting human or animal tissue, said suture

i S od avi ng first end
¢ babulyd ooy U 7 % oY by o e
syhrdhdiametergpeges from abow M4dtthebduotly, each barb facing in a
di rection and being adapted for resisting novenent of
the suture, when in tissue, in an opposite direction
% r'tm Mn@dﬁwffcﬁdcmﬂiﬂgrto\miﬂm 18, whéreinhBé Batibasgate lz)dt\!b’l gtﬁt%rl’gth to the -
ave.a C ration_conprising a barb cut
g{laget(g%%%&vrvl RG ik ffom g‘ﬁtg%g‘f aioﬂgﬂﬁrar b cut distance to the
suture di anet er ranglng fromabout 0.1 to about 6,

Lis ein the. barbs have a
12 r{% P’%fﬁ “%*EE for oﬁ?ﬂ'? CE?%B“*%F%%W@%%W%%% Syiyre SPEpRIng (a) an
elbilgataa”iﬁ)db ameg:ia fitst eidend e @e%ﬂh &id 2h@ a Aladiettr 48 (LYDRLARIIT of barbs
dlstance to the suture

the.ra
PIY%TRe iﬁ"“‘r &ﬁ dad ,fea&ﬁgb diinginsa flizecsipy gpd beigg adaptedri resisting
nfoaenad of the Yiitlre 661 &itRGle! M 4l o?bdﬁtl HiredMag rﬁ%mhé Bifeckiad iPwhich
of, t.h barﬁ¥cut dlstance to t suture di ameter

tl],ed)ﬁﬂse cgs, gharerp dhe barbshaygya egndigiratiorsconmising agharbyig distance with a
rdHiotof KR ba cut GiaReld 1R sﬁtufé%l%ermgﬁ?g'bﬁ%ﬁ WFo. 1%@&b@ut 6, further

suture conprising (a) an _elongaté€o aV|
comprisingatfigreinthe barbnbpva a gonfigyration cempsising aamuuga@e)d barb underside.
plurality of barbs projecting fromthe body, each

barb facing in a direction and bei ng adapted for

11.e dhebarbry sutwenasparding &t claimel Oswhereie thamhgmof the barls sutdistanee to the
sl [ direction in which the
ba?gﬁgggggﬁg%ﬁgﬁg%ﬁ §&%§b%qg%ave (i) a barb cut O

angl e ranglng from about 140 to about 175, (ii) a

of .the.b
lé)?ﬁghe sut ur egof'vé((J aﬁgto Ctﬂa?m 4 lger?l? B tboo%trtﬁ?)b%%c‘ggg ance to the
sufilyo Giam@teBrangdis ifiiojn @omalr(btocahd)utBéngt h where the ratio of
the barb cut Ilength to the suture dianmeter ranges
fromabout 0.2 to about 2, and (iv) a barb cut

13di Attarbed sutd- fowammectmgemﬁaﬁ o afiifnal h&ud asraia sﬁufre ehnﬁgaﬁfgqa) an
t o about

uf ure diapeter ranges. from about O,
e“%“ga% Pee f‘a"&%ﬁpﬁsge " SHGR I FHAEA BAPESt pal/) & Phuralty of barbs
projectiriggfin theObbdy P B3ehi it Gicig GR fal HEREGH alPbding HPRAE Fhdfesisting

movement of the suture, when in tissue, in an opposite direction from the direction in which

the barb faces, wherein the barbs have (i) a barb cut @ angle ranging from about 140° to
about 175°, (ii) a barb cut depth where the ratio of the barb ¢ut depth to the suture diameter
ranges from about 0.05 to about 0.6, (iii) a barb cut length where the ratio of the barb cut

length to the suture diameter ranges from about 0.2 to about 2, and (iv) a barb cut distance




14. A barbed suture for connecting human or ani nal

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 directj@n and bei ng adapted for
resisting novenent of the suture, when in tissue, in

an opposite direction fromthe direction in which the
Whaerdthe zatioof thetberbejun distarceia tHessutuge/diaraeteromigeg) fromtaban 0.1 to about

L S Nng. .cut .angl,e. O rangin from about 140
Gt S PR e 03 s TR o, BB CombEila bar
wodersidé.n t he barbs have a configuration conprising an
arcuate barb base. 15. The barbed suture according to

claim14, wherein the barb cut angle O ranges from
lab oA tbarbgdi Sutule Jore@andcting hontdn dr7dhiddgisars said SuturR@mprising (a) an

r sutur.e agccordi ng to cl ai 5,..wher ei he, barb
RS ot o RGRECE! ot S i ) Bty or s
: pi(?j@:tid_g g"l‘oiae &e tibdy, éAclb _&lélb&dciﬁgl frla Qlirﬁ(ﬂ_fon GAN Betk | ad Gpt&tl PR Resisting
or._ani tissue, said suture conprjsin a) an. . . .
f%‘f"c‘%%‘a%?’g 8‘668@’\?’ RReH Wgssies 1 20 oPRpg) e irgetigh féef)ﬁa digpggion jpywhich
- the shitefiedsewhaeig telbarkd hivd i @hnfipita®in BapRsing Pb&b %ﬁttdngﬂ ® ranging
each barb facing in a direction an

fromthe body, i ]
FigE) Fhg i Adcaiper By atous] St demtges, e ErisIE Heerey farkarbs have o
cWiTR¥ratibn bd fig ah Brc@fte BRADOSL € direction fromthe
directionlﬁﬁﬁmﬁich t he barb faces, wherein the barbs

have a configuration conprising a barb cut depth with

CHll: . S [
B Sl b <Gl rf el iefe 6'AHTEL i sbour
1¢dgerdes lorrpovitidd degreesshe bar bs have a configuration
conprising an arcuate barb base. 18. The barbed suture
according to claim17, wherein the ratio of the barb
~ 1@uTheeydicd stitoretdocordisgitoudSmdis pwRdreih tHedba@asit &lp®® 2@ from about
lg i to gP%ut 9 55. 19. The barbed suture according to
Q d5EreL® 2OQM 7 RAFESSe ratio of the barb cut depth to

the suture dianeter ranges from about 0.2 to about

g. ., -50- 20. A barbed suture for _ connectjng human or
T4nfnkarbed; ot for canngcting hyyman [Fpimad tisge,(ayd e comprising (a) an
cleh@Rgabeshhatya #13ehdanda bt en A ABImetesHAL ARG barbs

a_dLanﬁter and (b) a plurality of barbs prOJectlgg o
Projesing Femghe podve sach bagh froingcinragdirestion and: being edrptaddfor resisting

mBein@t SO0@P bdtkel Phen'if Sikstk, iA9n ogﬁ%ﬁmmgﬁ fr#ntl]lq}léﬂiﬁé&i& in which
~when in tissue, in an opposit Irection fromthe
thg basbclaresnwhereipithe barbs have pagobfiguration. compdsieg A bathecup aleish with a

ragé Y¥Pthe B Q?ﬂ (%Eﬂéﬂ% e Qutﬁfé@{ngff%r?%‘l @‘1 ﬁiﬂp ab%ﬂ{ 0.b& Bgatb But¥. 4. Rurther

ratio o arb cut e suture di anet er

- compaiging gvhererthebasbs hage 2 candigatation cayprising b ercuate barp bessi ng

wherei n the barbs have a configuration conprising an
arcuate barb base. 21. The barbed suture according to
1& | Blienbaped swhier asicordingdo claim 07,0fherdie tHeantin cfithe bab guhddpth to the

suwg diameter ranges from about 0.1 to about 0.55.

19. The barbed suture according to claim 18, wherein the ratio of the barb cut depth to the

suture diameter ranges from about 0.2 to about 0.5.




suture di aneter ranges fromabout 0.4 to about 1.7.
22. The barbed suture according to claim 21, wherein
the ratio of the barb cut lengtfi to the suture
di aneter ranges fromabout 0.8 to about 1.5. 23. A
bar bed suture for connectingstauman or ani mal tissue,
said suture conprising (a) an elongated body having a
%ingﬂﬁFg and a second end and a dianmeter and (b) a
RIOEY Sprerfar grnneqting ihumen pryaimaltisstee s4ié dytureegmprising (a) an

ddaiphted BEdyHaving a Fird eh4ldiaQBeoff %@eﬁfd%ghmtd&g{bg Q Elurahty of barbs
resisting novenent of the suture, when In
Ry eI Jem ghedradyc e4ch atbr laping e a dliteetion) avd tiemgvadamd farresisting

HéVelhehtaF @ifo su\ﬁ‘?@ rvﬁieﬂ i hfs‘ué) H BSofpBYUR eGR4 @2 {ﬁr? ion in which
rising a barb cut didtanceé wth a ratio
‘E%F%b dages: dyhsreithe bexbs have aeandigwrativraeretpeising artgitngut ﬂemgm with a

@0 thObakb b l@t@ﬁpfo Be th(H'E Hﬁﬁ{eter? gﬁr 'ﬁsolrrpgooWE p further
bar bs have a conflguratlon conp ﬁ an ar cua Sar
cgmpaEsinguherqip thetharby @Ve@wmﬁ@rfamummm@gam aa:duauerumrzsaase.
wherein the ratio of the barb cut distance to the

suture di aneter ranges fromabout 0.5 to about 4.5.
235 Thaharbeshyobisel aecardinesto xbaio 26 wigprdin thel ratico e baxh entdlemth to the

shilR Fi Al rRboed nce to the suture
di aneter ra aggﬁ??%%$%%g%¥%&§b?to about 3.5. 26. A
barbed suture for connecting hunan or ani mal tissue,

a r i1 ate ing a
23 TH Sl B MRLIHel ot T e e g ordf By it 1o e
Slpvllqldaimeteyramgestfanﬂosboup@ &;oexbbuMgs.f rom t he body, each

barb facing in a direction and being adapted for

resisting novenment of the suture, when in tissue, in

23n Aoppledi sured for eoﬁneeuingf Hiu@idh to @nigtial E6duk, ogaldb@mé\@ b&rﬁpnstdge(a) an
a ar cut

e in.t bar bs hav
o3l G R S P e =oear) opd o e (raorgy b
pm]ebmgafrﬁmtthd badyh cuddelb g iatd Gr&fiod B Bﬁﬁéj a@dﬁed%ppé&stmg
ture di neter ranges from about

m%%‘i‘ﬁn?%ts (e Sytpoe; 5" 1B H399edp @0 PRRAsitn difgstion frpln'éher @ch@omm which
the berbfadel viHékein e ALl hiw at@)ﬁﬁﬁﬂﬁt%ﬂnecogfpﬂﬁﬁé E'baﬂ: {0O&stance with a

B F% B gt 0,2 to about 2, and (iv
ra R oD cyfflistence fthe sityre digmeten eanpsiag from abowi (st terabentt6p futher
colirtpisinpl WHERInGheBiRbSlave 95@1%@&(1&{%@?&%5% O drcldle BROMse. ©

further conprising wherein th ave a
configuration conprising an arcuate barb - base. 27. A

240 amp gk tis
o g one Gl gAD i s S, Bl SERE Ry ch Bl 1o we
supire dipmetpranges framabew 9 tepbbuwadd. a di anet er and (b) a
plurality of barbs projecting fromthe body, each
barb facing in a direction and being adapted for
25 eBhedrathed sutwig\aecreding tofcldith @4 swiicnsie thewhtRrofitie Hartsai Gistahét to the
C direction in which the
u afgaﬁgégéﬁﬁmﬁéﬁg&ﬁﬂgﬁén6a‘%Eghave a configuration
conprising a barb cut angle 0 ranging

26. A barbed suture for connecting human or animal tissue, said suture comprising (a) an

- elongated body having a first end, a second end and a diameter and (b) a plurality of barbs

projecting from the body, each barb facing in a direction and being adapted for resisting

movement of the suture, when in tissue, in an opposite direction from the direction in which

the barb faces, wherein the barbs have (i) a barb cut ® angle ranging from about 140° to




from about 140 degrees to about 175 degrees, further

conprising wherein the barbs have a configuration

conprising varying barb sizes. 28. The barbed suture

according to claim 27, wherein the barb cut angle 0O

ranges from about 145 degregg to about 173 degrees.

29. The barbed suture according to claim 28, wherein

the barb cut angle O ranges from about 150 degrees to

?)botul'?SlKﬂ) dbgb eetsdep@BGvhefe th_agélﬁcbfshﬂ Bafe ot Aepth Qﬂh(@ @tgﬂnﬁgiiameter
unman. or .an ti.ssu aid suture conprisjing (a) an

SR el B DS s OB @S bl e v i ol e cut

length amiht ettusniiankdigr rangd B6@! Abbit ©F tdLRS2, aRd Gl PE barB Gut distance

fromthe b g&’ ach barb facing in a direction and

%%ef?%e "3‘;5’;9? Bagy cuf distangejtp ghe Grapstergpngen Fogapoyt ;1 to about

6)ferther RoinbSSHE WhérBinahe BRBO hhtcCa dbhmatation chhMBideN§ arcuate barb
direction in which the barb faces, wherein the barbs

Y e a configuration conprising a barb cut depth with

a ratio of the barb cut depth to the suture dianeter

Jan i%% fromabout 0.05 to about 0.6, further o

do n% PSP dPTesneCHBE BRRays ot aiaaldtiseusn $3id) siptere  comprising (a) an
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varyi ng barb si 34. The barbed suture according to
claim 33, wherein the ratio of the barb cut length to
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comprising wherein the barbs have a configuration comprising varying barb sizes.

. 31. The barbed suture according to claim 30, wherein the ratio of the barb cut depth to the

suture diameter ranges from about 0.1 to about 0.55.




projecting fromthe body, each barb facing in a
di rection 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 barbs have a configuratigp conprising a barb cut
distance with a ratio of the barb cut distance to the
suture di aneter ranging fromabout 0.1 to about 6,
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barb cut length where the ratio of the barb cut
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Sythrg famstst, panges fromyabapi) § to @out L.t her conpri si ng wher ei n
t he barbs have a configuration conprising varying barb
éizes. 40. A barbed suture for connecting human or
36 nniarbed; sudiprefor senmgetingt hwman g rapiniad tisrge,(said sature comprising (a) an
el RRA LSRN | bémt S d snd.an
- INARUEAOE DD {cbirtent Bl G TG FH5H Wouos
Prejegffe fiem Begihodye sash Hoelr Facingcinredirastion ehid sting adupsddfor resisting
mOenhd f resishi: vement .of .the suture,. .
Ol SARPURSHe Alen' LB B ORI Gh o ey gl in which
the| pgrh dades rwhersinyhi birbs bdve abmnbgdrativmsomphigngeh barb ket distis with a

3 [ ' C rj Si a barb cut angle 0
e U0 R UL Lo S8R Bl P opbaw d ogeus, futher
compsinpwherin thetertslhovigattighatiyn dafprising vdrgidl Birb sE0SS
section. 41. The barbed suture according to claim40,

wherein the barb cut angle O ranges from about 145

37d eredesbed suterb acdordiito dbirh 86 5whebdn thERRioRAEHRGMbSHE Bisince to the
wherein the barb cut angle 0O

: di t | ai m 41,
_S“@%%%%E&%%$%§5§8§?£5ﬁéétae@w%éé-to about 170 degr ees.

. '38. The barbed suture according to claim 37, wherein the ratio of the barb cut distance to the

. suture diameter ranges from about 1.0 to about 3.5.

39. A barbed suture for connecting human or animal tissue, said suture comprising (a) an
clongated body having a first end, a second end and a diameter and (b) a plurality of barbs

projecting from the body, each barb facing ina directio_n and being adapted for resisting




43. A barbed suture for connecting human or ani nal

_ 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 directikfn and being adapted for

resisting novenent of the suture, when in tissue, in

an opposite direction fromthe direction in which the
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%Eg%gg%ed body has a circular cross section. 47. The
ar Suture according to claim46, wherein the ratio

of the barb cut length to the suture dianmeter ranges
4 to,about 1.7. 48. The barbed suture
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ratio of the barb cut depth to the suture diameter ranging from about 0.05 to about 0.6, and

wherein the elongated body has a circular cross section.

44. The barbed suture according to claim 43, wherein the ratio of the barb cut depth to the

suture diameter ranges from about 0.1 to about 0.55.




suture di aneter ranges fromabout 0.5 to about 4.5.
51. The barbed suture according to claimb50, wherein
the ratio of the barb cut distance to the suture
di aneter ranges fromabout 1.0 to about 3.5. 52. A
barbed suture for connectingshuman or animal tissue,
said suture conprising (a) an elongated body having a
first end, a second end and a dianeter and (b) a
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51. The barbed suture according to claim 50, wherein the ratio of the barb cut distance to the

suture diameter ranges from about 1.0 to about 3.5.

52. A barbed suture for connecting human or animal tissue, said suture comprising (a) an
elongated body having a first end, a second end and a diameter and (b) a plurality of barbs

projecting from the body, eaph barb facing in a direction and being adapted for resisting




wherein the el ongated body has a non-circul ar cross
section. 57. The barbed suture according to claimb56,
wherein the ratio of the barb cut depth to the suture

di aneter ranges fromabout 0.1 to about 0.55. -56- 58.

The barbed suture according &¢ claimb57, wherein the

ratio of the barb cut depth to the suture dianeter

ranges from about 0.2 to about 0.5. 59. A barbed
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cithPiclolesbagy. each barb facing in a direction and
bei ng adapted for resisting novenent of the suture,

when in tissue, in an opposite direction fromthe
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wherein the el ongated body has a non-circul ar cross
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64. The barbed suture according to claim63, wherein

the rati o of the barb cut distance to the suture
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ratio of the barb cut depth to the suture diameter ranging from about 0.05 to about 0.6, and

wherein the elongated body has a non-circular cross section.

57. The barbed suture according to claim 56, wherein the ratio of the barb cut depth to the

suture diameter ranges from about 0.1 to about 0.55,




-57- novenent of the suture, when in tissue, in an
opposite direction fromthe direction in which the
barb faces, wherein the barbs have (i) a barb cut O
angl e ranging from about 140 to about 175, (ii) a
barb cut depth where the ratise- of the barb cut depth
to the suture dianeter ranges fromabout 0.05 to

?ﬁaﬂ% 0..6, éiiu% a_barb cut length where the ratio of
e 5P giture) AspRiHing o clewp 5% othercin Gp satietad the banly e depth to the
funpetiabert rafhed frbM BHQW B.ab@G 51 V) a barb cut

di stance where the ratio of the barb cut distance to
the suture diameter ranges fromabout 0.1 to about 6,
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6@3“1"9@9315&'5 Sdhue %81%;1% tP Yale? 59 oeglg g}%fr tﬁ)I ?a,fatgs garﬁ ﬁlétggnglch to the

wherei n the non-ci cro
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wherein the elongated body has a non-circular cross section.

63. The barbed suture according to claim 62, wherein the ratio of the barb cut distance to the

suture diameter ranges from about 0.5 to about 4.5.

64. The barbed suture according to claim 63, wherein the ratio of the barb cut distance to the

suture diameter ranges from about 1.0 to about 3.5.

65. A barbed suture for connecting human or animal tissue, said suture comprising {a) an
elongated body having 2 first end, a second end and a diameter and (b) a plurality of barbs

projecting from _the body, each barb facing in a direction and being adapted for resisting
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movement of the suture, when in fissue, in an opposite direction from the direction in which
the barb faces, wherein the barbs have (i) a barb cut @ angle ranging from about 140° to
about 175°, (ii) a barb cut depth where the ratio of the barb cut depth to the suture diameter
ranges from about 0.05 to about 0.6, (iii) a barb cut length where the ratio of the barb cut
length to the suture diameter ranges from about 0.2 to about 2, and (iv) a barb cut distance
where the ratio of the barb cut distance to the suture diameter ranges from about 0.1 to about

6, and wherein the elongated body has a non-circular cross section.

66. The barbed suture according to any one of claims 53 to 55, 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.

67. The barbed suture according to any one of claims 56 to 58, 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. |

68. The barbed suture according to any one of claims 59 to 61, 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.

69. The barbed suture according to any one of claims 62 to 64, 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,

70. The barbed suture according to claim 65, 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.




