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- 1 - BARBED SUTURES TECHNI CAL FI ELD Thi s
- invention relates, in general, to a barbed suture
useful for connecting bodily 5 tissue in various
surgical contexts, and nore particularly, to the
optim zation of the disposifion and/or configuration
of the barbs on such bathed sutures. BACKGROUND OF
THE | NVENTI ON Var i ouBARBEG SETUREShods enpl oyi ng
sutures have been used in the past for closing or 10
bi ndi ng toget her wounds in human or aninmal tissue,
such as skin, nuscl cBECHdRGARSFTHLR er nal or gans,
es bIoo vessel s d the. like. re . .
0 BRE Rive e atenal SR = iy St g vadircopmossigposiny
ﬁssu%ﬁ Varivids airglaa Regtexs mn@ﬁbrecpmcuWIywoehe( optindutionnf the a
snpot h _ponofj | ament_ or cnbe i-filanment) to

dispesitign andion gonfisuraiien of the.parts o e h g faces of
t he wound and thus sew the mound cl osed. Whether the
wound i s aCC|dentaI or su&a%c | gop stitching is

t he met hod 15BHGE QNV%NTEmgsurface
WO BGiSins %%&M&:ﬁb&%rpmﬁ@ St ﬁabseeeh QIR thedast fbosing or

ends of suture are'tied, typically with at |east

binding tegsthsy webngdsin hmm atn@:lal B¥sHe.FUuRinastskin, muscles tgndogs, internal
£ st ical

Oﬁmﬁgh&g égﬁ%%g%§8¥ erla suchHgﬁagﬁﬁg'mn§ em1nmgtmcasqu

needjrovijlest stachedobyyentpyl aitee (whick cart ers smoﬂlcrawomamﬁﬂt or can be

r i
s B EREAS S 5o B B S ot sy o
the wonpd tlpeet SWh2i&i tha‘.:wommlas hicidentd ot ﬂu@a:al dmpcﬁ@pmmgns the method

bat hed sut.ures, _which ener ne
ot G Epar e RS SR e 8 b koo b BPIG: and the cucs
of thé hitBreQusSticichypiREIOwHRh aledst mt@a;vagxaummm tovfdrin a knot.
conventional sutures. _A barbe ure, i

el BhEHEneya copyEations] suties o @“?B%@@bféﬂa%‘wﬁl such.as
silk, n&lbﬁ We@deﬁ‘ eblybropyleid)6r doRd, ot hd BEEE bid-Ggrbabie ni@sil such as

The barbs are arranged to all ow passage of

glycqlmcxsla}wr%wlﬂo@o ymess Qelaghis &dd PRINme ARLROb e but
r 5ih&d the ﬁgllg'rﬁi’&@ﬁ Qbn tldnhﬁargéﬁ SiflesS Whidh Grel g!%nérﬁﬁy of the same

opposite ection. he mai n advantage o
matefjals peepnyentipnalsutyes, }mee nffﬁrlqé npmpkpps adyantages am@ipsmguvﬁmnds

with g& Fh &}{aﬁugﬁ*&ﬁc%m Nrurd ALY ggs zﬁf@l&i{lg%d dimﬁt A2 S drnore

e conventional sutu
spacegidrvtesnvhich atojstifromdhe body aitiex abuigthcbodijens. iThe babeare

s ol O BBy E S o BB i
movezhadnghthe Yarbed gifroin (86 ogouitedirdetion MHus phdymaintadvantdge@f barbed

cord _has_a body partio and shar | i ent
sufﬂf&'h‘f%&ﬂﬁw&fa Vf%g o r AT a¥ %agﬁva 8‘? bSE88 do not
have iGbkrioted, ke ChfveRRshil sufilzés. Hﬂk@@dorﬁblﬁtibhﬂ sGfare, b‘baﬂb%ﬁﬁ@b

t hrough tissue in one dlrectlon but resists novement
may beyinserted dpfg bissue sige pswgicghpeedle. Syt ures with barbs

di 5 RREMce, V1.8 PtenfiNb ££103078 k0 AlldapiddREERBLs anaallﬁ%a(éé bdador

doubl e-arned-sutures, are shown in U S. Patent

sewing, lp@aandBsh,tvhem the kasd hasch beds popianand smmegmnhw bess

i o BT G A e Pl M, sy

_pass@uhmngx tisnginlone ddedman,kimt feaistsgovementia themppssite direction.

it Sty bR O S e R Phrah Bl b atlobbIE armea

suturéd, hewhowh & VAL Bﬁcﬂt G)Iotm 981,855 itofmmshrmlddl 3 d{atanoh‘oas?éu 747 to

each respective suture end is inserted into the first
and second sides of a 5 wound. Such bi-directiona

bat hed sutures not only are especially suitable for

cl osi ng wounds with edges prone to separation, but

al so obviate the need to secure suture ends together
with knotted | oops. OF interest is European Published
Pat ent Application No. 1,075, 843 AI to Sulananldze
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directly at the knots, barbed sutures can spread out
the tension along the escarped suture |ength, often
evenly along the length. Optim zing the disposition
and/or the configuration of the barbs should
therefore further increase.4he effectiveness of the
new barbed suture in maxi m zing the hol ding strength
Ruffari\dmmpamnulzﬂy;@et fueirglbgs bads feningonwaidong cthef tptiee for about
r alBthe
naae B e o hndafin £ the GttoBhe el BTl Bl e bty cnd o e
sutufafotithe sthehiolf of t]aqmnwlenghe Thisaegeuent Rllgwsthe harbs to move in

e R B0 e v B ) i i Rolnd 5ices oo
woufié! S%dhﬂiki)-aigéﬁuﬁﬁal Ibaived sdtfrgs gfplaiﬂyeﬂe &prmidly dua?tﬂls forTheing

new barbed sutures wou especi.a seful in
wouds Wik pdegs IRRT @ SHPATRLAR A 2lsq sppia tﬁé‘zﬁfi’%\é ure suture ends
togetHPREtBkhotRd Isopeh as cosnmetic surgery, as well as in

subgerl estvvhere S 3@@}1@'&' i mt %‘?caéﬁngj%?ﬁﬁ%ﬁ%ﬁpl c

ORGS0V, bitb D000 LeiVedTRIM PCT/RUY/00263
i nventi on, there is provided a bar bed suture for

(publihedae W R GO/ mﬁémnoﬁep@mbﬁras 309D sproritg i R0 93737 (March 3,
1995§h h SO ¢ f’ﬁ %u&%ny 'aﬁ,&ig ﬁ& langtﬂ 564 thad and

a secon and [ ura bar bs
Oﬂelpted);lmiir'eptgqummlleﬁ@ﬂb yahe @a@ﬁ tqvalpa, \fnatihﬁ distagegbetween barbs

bemg otelggstﬁar?l laﬁqﬁi Qs%@ﬁu%q Wi, f or resisting movenment of
H mﬂen I n | Ssue, |n an opp03|te di rection

fr Maotdﬁ mtdreat &0 SoPatém Noh5,342,8 TetoRath Fhicpatent slksysan insertion
dovibd a3 b SesiBoRls S bRLERRRIAT HBABRIGE 2 DoBhie il iRerdon

one bel ng
devioy/Ieds|aaptRild Golpfob rezeidingacathed lsgua:n mtd/{n'eﬁesqbbedsokjms B handle to

.facﬂ%tgtg p?a\éfpbl?&glglgﬁ tﬂ Ha\éc%epr}? i u $ @g%g?}{l] 8%\%15‘%% g:commended

for dé@@?th%lfba?ﬁ@&;tﬁtﬁ Qvﬁgiﬂéﬁhi: ﬁﬁlﬁbt : @Qrtbﬁ:bbmg ﬁl;dﬁd imelddésrlﬁrbs4 facing a
par (0] e opsi.ae o e ove apped, ro. - 4 -

e PO T THE R AT RGeS BRBIPACPRSHE LS o

méq?ﬁwfﬂfsexﬁaﬁm%ﬁeghm of6 ok esent i nventi on,

show ng a barbed suture with barbs disposed in a 180
deFhedisdomupgof el paipnie aepaiont GRElpRs Pentioned bete gfincorporated
r@{%eal ong line 1B - 1B of the barbed suture in
rgure 14; FIGURE 2A is a side view of another
e nEosipment offartisfinto pmzeﬁiamentl depcinging onftheMarycud depth.yedpces

hat, is bl.-dir d
the gm’fg{)p"r}lttﬁ? élg s, gsél}cggh spaci ngwwgﬁm& Hoflever,
the sti@ight miliatbnsile m:@ﬁmfg Haited s@Bre-sBold be tompraredimrtheninimum knot
sutureln Fi gure.2A FEl si de
ult iRt GBI R Fop G oA e i afErdonte it th Unitea
State% HhafoRRepceii siice llukdlofbdnmidha mmd (wlilchhd@(io ﬂegmmd and
st agger.ed spaC| n FIGURE 3R i s sec onatkry Vi
mustmest @ mipisaknor gl fopsijerire 3 Aot a»eﬁowue to

mcrea?éilﬁciﬂ;@s'BE 4A is a side view of another errbodl nment
e present invention, showi ng a bathed suture .

t h&p opimize thei pedformianeme! aparhedsHivEs itds adygatagequs toconsiger
vy 5y A0 1 s ol o e,

byr

~ etc.)fandfor the 4@@1@:@@@&& the harbs.dEhiy shonlidgot gabarhance the tensile

B

and muintmmhgwsmdalgesibgmmj Unibikg cdav@itieRalsBtures, which place teakions
view along line 5B -53 of the barbed suture in Figure
SA; FIGURE 6A is a side view of another enbodi nent of
t he present invention, show ng a bathed suture that
is bi-directional with barbs disposed in a twi st cut
mul tiple spiral disposition; 10FIGURE 6B is a
sectional view along |ine 6B - 6B of the bathed
suture in Figure 6A; FIGURE 7A is a sectional



showi ng a barbed suture with barbs of various sizes;
FIGQURE 12A is a sectional perspective view of another
enbodi ment of the present invention, showi ng a barbed
suture with barbs in an overl appi ng di sposition;
FIGURE 12B is a perspective—w+em10f a portion-of the

ov rl ing barbs of the suture 30 of Figure 12A;
S 108 bedbeg Sy U WD PO eSS

1 dftén Sy alohGdri ORindzing G dkbeNYicl 88 the Béhfi f
mﬁngD of Flgure 128%@gn E FIGBRES 13A‘r138 3COrlo
thebrbs sheyld thewiars Agirsingrrsgitheatiepbenmseaf thepet bacbedsutupdn
SRS th gaﬁfé% ﬁgﬁg,zﬁiér

DESCR?PTICN gthtﬁlgﬂused herﬂgi ?E%ﬁﬁggﬁgmﬁgﬁzémeGQFs
Therdattewsis pactionteytchenefieielifen psemotingtwoundibeshing.i on, sever ed

tis ggg} Ql![l1 40 rﬁﬁﬁﬁ Sk

othé#sﬂgﬁgﬁagk ani ma bﬂﬁg?yﬂilssug &%?agpﬁ€¥ME§hﬂqﬁﬁw
&m&omdMHnandwﬂu&pdnmmanwomdén@nmnmumensmuumuémngﬂmsdfnﬂmnmg

or, t:he u |ss 5 conpecti
R e e b S e e R
smﬁ@ﬁﬂhh&%&ﬁﬂ@mmmnﬂbﬂdﬂﬁmghﬂhqh@ﬂﬂ@hmhBﬂﬂkﬁﬂﬁdﬁugxxas“mﬂas
: |ssues such as  sKki fasci.,a, bone, .nuscle,
in YrEgHR VR RIGRIS "(S‘Pteg’l 58%"5\?&%‘38‘?@ SURRETY QTIPSR s e s

such as tendons or |liganents. Moreover, the term
"polymer" as used_here enerallé i ncludes, but is not

limted to, 10 HOMPHAR; i (such as

bligakcordiidd tvithrzandpen: anthe PrdsertNatdnign, SRROIYIFBFiSId a barbed
terpolyners, et cetera, and bl ends and nodi fi cations

suturg FfﬁrC@amctmg. MR 751813 Hisstee Pl SpaTe sRIPTISEIRAR) an elongated
I |
body ARALE Brf it BTSSRy ShA MR 40 SRk BPPIFRL fiblBing from the
body.,i ol hathi facing ymai ditemtion end being pdapthdnfos yasistitg inesement of the
h the sutures e..described belowin a .
suturd P P b B TS QOB EO Bt AR U2 Hgkthe barbfces,
wheré© el itbs rl6in St sveigpmetidpaition dualy ehad fOR &k Gkl @fjacent
" cross, sectional shape that could |ncrease t he surface
barbs (e DeHICEt QYT FPRIAG BoTp 1989 Po WiRE FROYFIopit tEy B overianaine
barb 1935%§ %né&&ﬁé Qﬁ'@{ %%e%ﬁ(rb' H&Qia'f&%lde%erﬁa‘?ﬁ mﬁe un erszde
[1Tmted ova ri‘angl e, square, paralle
of thetowatﬂte)pmgcbarh is@krbwdjfroxp eatt afjibn fopselk afjte ovaﬂappﬂ:d‘ bmrbn
and the like. Typically, barbs are cut into a
pol yneric filanment that has been formed by extrusion
using a die with a circular cross 20 section, and
thus, the cross section of the filament wll be
circular, as that is what results during such
extrusi on. However, extrusion dies can be custom nade
W th any desired cross-sectional shape. Hence, the
term"dianmeter"” as used here is intended to nean the
transverse length of the cross section, regardl ess of
whet her the cross section is circular or sonme other
-shape. 25 Suitable dianeters for the inventive
sutures described bel ow may range from about 0.001 mm
to about 1 mm and of course, the dianeter nmay be
fromabout 0.01 mmto about 0.9 mm or from about
0.015 mmto about 0.8 ram The typical dianeter
ranges fromabout 0.01 mmto about 0.5 mm The | ength
of the suture can vary dependi ng on several factors
such as the | ength and/ or depth of the wound to be
cl osed, the type of tissue to be joined, the 30
| ocati on of the wound, and the |ike. Typical suture
| engt hs range fromabout 1 cmto about 30 cm nore
partlcularly from about 2 cn1to about 22 cm
The ternms "staggered” and "staggering" as used here
inrelation to the disposition of barbs on a suture
are intended to nean that the suture has at |east two
sets of barbs that are offset with respect to each
ot her, where the first set is aligned |longitudinally



Vari ous bi o-absorbabl e polynmers include, but are not
limted to, polydi oxanone, polylactide,

pol ygl ycol i de, pol ycaprol-attone, and copol yrhers
thereof. Commercially 20 avail abl e exanpl es are

pol ydi oxanone (sold as PDS |Il, a trade nanme used by
Et hi con for selling surgical sutures), copolyner of
about 67% gl ycol i de and about 33@6trinethy|ene

car bonate (sgl mﬁﬁﬁgﬁﬁgPﬁgﬁ? IP@ RABYVINGSOi stered:
to Anerlcanlﬁgé sutures) and

11AQE 2 8138 Wew §606ng bmeﬂimnﬁtﬂ' ofithel prebant inversin, showing a

t I'd
bmii‘giété&g&rﬁm(oﬁ&w@%a S areoresdrd T s anc

j;@@n%?gqg?g&%%hﬂ JBAY Rk 1RilIBr-E1B ofalebaibedrmusech Figure 1A;
e materials are useful a wide
of FRIGUREQALiE enisic view of anotherrmbodigisny gf | th&dg?sggtdﬂgcﬁ\ﬁ?f? efgowmg

abaﬁﬁésbe ;e%%g{e%n e @Bé(ﬁ%ﬂaaéahg?m Mﬁgwgg&gwﬁi

ab

L lm@enﬂtzalls @Mpnﬂmdvedeug lp@ﬂ? o R
on Q yester S ,gg;oa@e Yaf rkEhtS B kowin
5‘1 g V%F&”%%“&%ﬁ PO y%tetralﬁi‘ uor oet hyl ene - g
b A d h mPt%ggoaéd I ° QSture |
abbrevi ated here as e nd .0 3A
@I@M%pb#%&lﬁ%?“é’é‘fﬂ?n@gﬁgﬁ a:% %u ester, in Figure
whi ch is the condensation polynerlzatlon of dlnethyl
terepht hl ate, polytetranethyl ene ether glycol, and

-1, 4-butanedi ol , and which is marketed by Davis & Geck

and by U S Surgical, conpanies - 8 - owned by Tyco,

under the nane hENAFIL(r) which is a trademark
reglstered to Anerican Cyanamd for surgica
sutures), or polyurethane. Alternatively, the

non- absorbabl e material nmay be netal (e.g., steel),
nmetal alloys, natural fiber (e.g., silk, cotton, et
cetera), and the like. Mst of the barbed sutures

di sm ssed bel ow are descri bed as having their ends
being 5 pointed and fornmed of a material sufficiently
stiff to allow for piercing tissue. It is

contenpl ated that the ends of the barbed sutures nmay
conprise a surgical needle. In this enbodi nent, the
barbed suture is adapted for attachnment, such as by
swagi ng, channel w apping, heat shrinking, or eyelet
threading to the surgical needle for insertion into
tissue. Attachnent by swaging is well described and
is typically acconplished by inserting 10 the suture

~end into the surgical needle hole that is

| ongi tudi nal l y di sposed at" one end of the surgica
needl e (usually the hole has been drilled
longitudinally into one end of the needle), followed
by crinping the resultant about the needl e hole so
that the suture is secured to the surgical needle for
insertion into tissue. Also, sone surgical needles
with a longitudinal hole in one end are

heat - shri nkabl e tubes that are heat shrunk after
insertion of the suture in order 15 to attach the
suture to the surgical needle. Additionally, sone
surgi cal needl es have a channel or trough at one end,
and the suture is laid in the trough, followed by
wrapping to secure the suture to the surgical needle.
Surgical needles with a conventional eyelet type of
hol e transversely di sposed in one end of the surgica
needl-e coul d al so be used, but are not preferred for
barbed sutures. For the present invention, part of

t he di scussi on bel ow regards 20 surgi cal needl es
swaged with barbed sutures, but it is contenpl ated
that any other suitable neans of attachi ng needl es
can be enpl oyed. Attachnent of sutures and
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corresponding or simlar elenments throughout the
several views, shown in Figure lAis a side view of a
bat hed suture according to the present invention and
general ly designated at 1. Suture 1 includes

el ongated body 2 that is generally circular in cross
section and that termnates in end 4. End 4 is )

i IFIQUREdirdsl 2 side view of phashiénmeodiasnbditepressniineatipyshowing

e e

| FEGUREGR ié mbcotibrisd sicw.alqnplincdBhetB efitbe babadoutushiodfigire 44;

ture 1 includes. pluralit f, cl osel. .
OB o S RSBl Bt By SR oo
abarlj?éii%@lﬁﬁai Wigmaﬁsmpssea@es iviscak hmﬁﬁg&)@pﬁhlldjlspsﬂfﬁmﬁd bar bs
are radially arranged ahout , rees froma .
s FHGIREH i saqtionsl yg tﬂ?l%q’a'i PRI %3-" %3@%%#‘-6’? ’é‘,ri‘qg“m 34;
WHAGURRIGASs 4 sife {idwiof andiRérdadiendet of thdpréseht identich, shbwing
barbs 7 define a plane that is.substantiallly, ﬁ%,pl%gar
a barbgyl spfurerfat j biriredtional vath bsbscdispgsegl 18 éf“"éﬁ‘cubﬁaulv?é’- Pitdhg
s G equently, barbs 7, efine substantially the sane
dispoSRGtS tl barbs 7,9 def bstantially th
one 'pl ane due to the radial 180 degree arrangenent.
FEYIWRE 6B is swectional wey alangdine 6Bt GRopfdhe Rarkay sufvshig Hizyge 64
1 B8] i diad Piel 4" I Bhi idfectional with
FIOURE TR 1 Pkl gab el TRl it 0% tecto
barbs dispeseq onetwist ot tndtipls spira disppsitionr liks thedrertied swiarelis FigureeA,

Al n b om Figure 1B, the stippling
bunnlufﬁfagesd‘t:l?a %Igm?%%&d;olrnr‘st barb 7 of barbs 7 is closer to
PBIGIRH 7B tickthd sdctiodal sidewiew as iFistrateé inlByyre dAdbutimetgted and

S .t e.larger than farthe fir rh 9 of
da’npﬁ‘g%g%‘gg?heg’ﬁg’s?%gﬁ’?@“rg?g fe e .[dl i é’ﬁé"(}%‘tﬁ gh*e%%ﬁﬁ) She
t FREFURE 8ed fénvlew of arotlicd embbdimentad the pResamtdntention, showing a
intersects the base qof one barb 7 of barbs.7 does not
'barbe‘il?ﬂt%‘i"é'@@'tbafbﬁ@‘%’?g O SEORINYUr b 9 of barbs 9. - 10 -
SHIGURE b idBtcithalNBELvivd o adotlet cinbb@meRmGT itikerésbadinvention,
~produces two sets of barbs 7, 9, usually one set at a
showipg ﬁé?rbpchsualr%hﬁg@&@@bw@iaﬁ%ﬁga&@cﬁf@e@wﬂw‘f@%uch as
t PRIGIE 104 & LRM g1 thREGev AnditRe AR Re OF 8@ present
- Serial No. 091943, 733to Genova et al. First set of
inventioy, Bwwing ssbashed spiaee haying) aharhyith agaseatelbase a sut ure
f e W 0, R8s Vi : . : ,
ITIRE 0 | ikl pAA s SIRPbark B mBreuh POET.
f FIGURIA 10G s aamosaseitionalatieve vlovg tine KCeal@C piifipere 10B;

' Ln one direction t . {n ‘ 1OR-
Pl R0t B i plighn QR BB fe B 16 P 10w
OFfGHIRE 113 atsbatiohhlasitiesvi¢ve ofjadotigr mabddyméiit of the pedsenttiinention,

.Staggerjng) approximatel y half of the |ongitudinal
ShOWIW%g%ﬁ?Je‘“B%?WgEh@ﬁBPW%%?‘B‘?’? and al so rotating the
SHIGUTEE 124 armebticAROpersptSBrededy 6BmoMBr énitddithen® of thBipaisent
] is equipped to acconmmpdate first set of 1Q.barbs 7
inventiongghoxing abarked syturs with barbsin qupvesiapping disROFIEON ¢ yr o
G 938 isS b vRRPSd &lihd RBriaY bs of the suture
iﬁlvmon gn(}ﬁiﬁg&lﬁ?kg suturﬁe},‘i’?(?n exceptrﬁ?gfgq?ﬁture 10
of Figirg IBA; di rectional . Suture 10 includes el ongated body
1 } & V£ G . i P! Gl ON.
Eﬁlg{hga é%ét%%egﬁgie#eorf?nﬁg tedg{?fn T g?%g%?%écond
ORIGURE 127 s side, vievd albog lipe hP r-d2Def Figueesi?€; apd so, it

[ I at . X

RRLEIA. 355 i, B ity Rt R Tpeshés, pheiibirioa
suture ig¥tOchdd:6 eieh sigial neetlleur e 10 i ncl udes plurality of

cl osely spaced barbs 17, 18, 19, 20 arranged in a

staggered bi-directional disposition. Mor e

specifically, plurality of axially spaced baths 17

are radially arranged about 180 degrees from and

staggered with respect to plurality of axially spaced

barbs 19, with barbs 2017, 19 facing pointed end 14

for a portion (about half of the length) of suture
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10 over the uncut half of the length. The bl ades are
then allowed to splice into the other half of the
| ength of the suture filanent with a second cutting
action to create barbs 18 facing in the opposite
direction toward poi nted enl- 16. Next, the
bl ades are offset Ionqh%ﬁginalkéﬁ(to create the
st aggeri ng) about half RHeY gi tudi nal distance
beAYBRRA heiOthe terM2wdind /meAB 8 sdlef Al ihEiSioS hi) fBerhiidr BRREed
. 1s rotated about 15 180 dggrees on the vice, which is
tissug g Acpidentat wound d hrpaar @nimpal skin 9 ptheyhugman @F arireg] body tissue,
or othécBRdiddn inkthuhdA bor MifaPhEeMuG staai Nor tfxé)ﬁ e S Uk tissue
set of bi-directional barbs 19, 20," the b ades
conng@ing clevigs iy be feawisad. cutting action into approxi mately
ha t t fi . 1. r
o et B89, e fim G e, bleHRRYgh 1 BB coch
skin, 18, fagdie bbhe, stusdetargang, neotes.om blawdfvedsklovor diblops tistuat suoly as
Emd&ggmﬁ &Iongitydinally 180 degrees so that they
are now disposed in 20 the opposite direction and
o\Moprebig, the o “pellyferfas tisvel Hesengeinbeallf inelubiésabhetds At dimited to,
then allowed to, spli into.the other half of the
homqedfihef. PAFYRRS-S s & okt AT LBl tono D).
terpobyiicry) bt degers; afdiblendsainl snolifficherisnBerédt. FhighedRERShE Germ

“polyit ol Srtpi SRR efagrisloThase Saehae nciade, but

are nétUinkited td,GsotdchiE, spRlibtétit, fid SHdoH Syrifletibd h barbs 17, 19

ngﬁ have them facing toward pointed end 16 and the
Y

thogeh the suipres e deEtived ilow ipa prsferred epbodimentwithea circular

- cross 5&@iGh [ tHE butkled QR £lsdIRivE b Sen &R bros\bddiodd] sifape that could

. variation, the bathed suture would be inserted into
incregsp e arfpgerarcacand fasdlisate therfornationef thebarbsaOthenemosssisetional
shapey g ARARR Y Tt Bk, QP e Pt Bl
thombrid.qeatgerd hewgom atucifher,andhe like. Tppicgly barbswe wittifto a

s | one port.ion. wth barb
polyne Harb e W ABEcrHmaTEY SRR LnE R laith Rl cros
sectioh soidrngus3the orvss sotiornolthd filaneot Wiliecineilhd) abthatis whatatsults
.. the, other e and so on (not shown and thus, . if

during; g5 SHor” HitneBOE eXtRisfon i i BY Rt miwigh g dpsired eross-
sectiondlishdpel hose barbs are adj acent, then, the barbed

sg%ure woul d, be ingserted into tissue wth an '

i FSRGS MG ierde Ao A Ut Bere dgyteppediomgan thy tevere length of
the cros8 ¥edtion Srep Aledl of HWRSHBLAE R AEJCABTR FRAllar¥r bbme other shape.

staggering is that the 180 degree spacing is readll-){)0

fa ?Jb%fil@&eté'ﬁ fordhedmyventivy sutes|d hedw may gamge from about
0.001 ‘iﬂtﬁ AELE1 ﬁxﬁﬂ ﬂ%{h@f &h@sg,gtﬁé bifdfhe a B@ﬁo&%ﬁ&fd;di to about

performance. Thus, In thin an eficate tiIssue, ere
0.9 my, enfigmh about 004F mmi to abeut 0.8 bins, Thd iypiss] dpgyetes dangBOfrom about

=

rtrormance. NI ng n

' _ ffective anchotin ,
0.01 ng'g gc% %uf‘@ggﬂrﬂg'lﬁeefggétggﬁ ﬁ:\&r% &ﬁe ar\zllvrytc%pﬂ 1 ogl sgﬁ*:ral factors
such ag giletgtid andboralepth @€ theivend fto becibied| the gpedf tiné todde jeined, the

tocau it pyrR el Bt O AL P s e i oo L g o

30 cmSibtepartikukA9 Wom dbofri Dethto Mvut 2X64Pt that the radi al
ure 3018 120 degrees_instead of 180

3@8@?"&%& ‘%g%rég%gé’waﬂﬁstﬁ%&eﬁea’t’ fitteseq here in relatio gy the disposition of

barbs 6124 ultfire 2R ihdéndeitth tiefin #at IR GhiuASRas 8 RAYBIStsRABY:b3 that are
that is generally circular in cross section and that

offset with ggspedt Exeach ofher, hews the firsg et ivpligpedhiongimdinglly en theisuture and
It is contenplated 10 that end 34 may conprise a
surgi cal needle (not shown) so that the suture can be
inserted into tissue. (The other end is not shown.)
Additionally, suture 30 includes plurality of closely
spaced barbs 35, 37,39 arranged so that all face in
the sane direction toward pointed end 34. Hence, the
di sposition of barbs 35, 37, 39 is uni-directional.
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Suture 30 may be nmade with the same cutting machi ne
as suture 1, such as the cutting device described in
t he above-noted Serial No. 09/943,733 to Genova et
al. The cutting 5 machine is now used to produce
three sets of barbs 35, 377-39, usually one set at a
time, in a staggered position along suture 30.

the sefFpndswet is eti grofl Jararthdindly anghesusye.dut Hplapt prepaagiculgito the suture
. g - i

o OV RO S g 6t e

will nptietteseeirthe beselof 2bayb bf the pdcond se8 i nto t he suture

fila t at angal e. t.h i
1 hE BB prBlogtPort MF ackBPbuctsfe (1P @t Body GRMAGPAL Bios are
dispodcdnefendiipgninahe aid@¥end use of the blatidd sutune; bafba dbdifferent sizes
of fset |opngitudjnally (to create, t.he staggerin
may b tinyect Bienoral e Pt o e P o O ehig brpes of
tissue REEHBER dsvve dpkof8idae. OB theAltlsd haidd)emiller barbire nore suitable for
rotated about 120 degrees on the vise, which is
W‘g%”@g‘?"i Qe US8e- 1 parbs 35 t hat
ha¥ QoRkl LEAAYbREET bufids may H thdde Frosee Rincsabteddls bxad bs
.37 is created in a simlar manner. 15Li kew se, the
makingcaaentianad logg sniyress AsE PaTigHa; dhosem materip! f%hefha@s%‘ utPige
depeﬁﬁé@rggt%ié&%)h éﬂﬁfe&iﬂﬂi@&&;’uﬂmﬁéﬂt{ the | ongi tudi nal

di st anc etween two” of baths 35, and also the suture

f Moseraneeificallys barkedsptusesonty heformrsfrare 8 bisnabseibakje material that
alow Wit Shuls3o BB 1 LFGLARDBATG fr Rk BUEARE & e wound
heals. baeriesally 7bioabicdeablagaterinds 4ro polymedé.aad densuding an themarticular

rotatian, third.set. of. harhs. 39 i '
potymig el the lchdbe3f i B B RGN blbnf o gver 20
monthas Tae pedf dto-sbspdable areraly elitninkbiO tibogreseisy efiromondng the sutures
i %uture body 32 fromthe preceding barb and does not
om G R¥Mh with any other barb. Wth reference

NEWHGR Hrd-Ghsbdabid polynlertSinélades But e sattiutied 46) polydiokimene,

enbodi ment of the present invention. SUt'UEfgf’ 40 i.s11
polylagtigs, palyglyeplicias Rl yraprglaciope. @pt conphyey thieal- feprpgercially
availaBle e¥AhSI6d 4r8 Pallydionhtioné o P W dafde hane aded dy Baiyondar

. that is generally circular_in cross section and_[gh]gt

sellingsyrgiea] sutpeesk sopohymer of abonh 7% ebisalide w0 sba & fdamataylepe

. : e | .
carbo%g%(sg‘rﬁqgo¥ E dgﬁl?étaﬁ’ﬁ ﬂlgmﬁaﬂf C %{F)i%gergqg ur gl cal ﬁﬁge l e
suture§)naid @ipolymer ofabonidis% lycdise iand eront2b % namoladiensy €sold as

40 further .inc I Lit f closel
MONGERY . p ek eejuirea  oabo & Fonioh 1Bt afipt e
needlct}. AUABEER s HideTEnh Qith biclatEeDEbIE b fkriafs@fe BB Aildé range

of the length of suture 40, axially spaced barbs 47
of appligatiops.r cunf erential |y 30 arranged about 120 degrees
f i Sth RIS hdybe' fBRRAG onk £ nénchiiotiibie Ri€edl, which
bétaﬁgal%y'\s/\hl chhggeé\ﬁr%{j‘?eal Iy gtorangggh%bout 120 )
may bela gelyewsr.f Susinpelytnest inglyde. but 4k nef Lintited so tpobypropylens. plyamide

o RS s SRS Yt i

'PET), polytpyreflestosthylene @sghes expandekpadytbyaibouwetdidnatdhbredited here as

B LI N R M AR e

condersdtion polyinerization of difiethiy@rephiibite, pallyfetr@ethiiend @hgtolycol, and

suture 40. axially spaced barbs 48 are radially .
14 bugzp ik serl Hbietis maeaL By Deys At Grrking by L qupmeppmRanics

respect to axially spaced barbs 50, which are
radi ally arranged about 120 degrees from and

. staggered with respect to axially spaced barbs 52.
Consequently, axially spaced barbs 52 are al so
arranged about 120 degrees 5 from and staggered wth

" 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 poi nted end 46.
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Suture 40 may be made with the same cutting machi ne

as suture 1, such as the cutting 30 device described

in the above-noted Serial No. 091943, 733 to Genova et

al ., except with the foll ow ng change in bl ade

di rection. For first_get of bi-directional

baths 47, 48, after the suture filanment is placed and
owndaidhydlycn, trder the amme NOY AHlB@cwhish s ceadamatk ragiftered to American

cuttjing action into roximately half of the lLength .
Cyanfid {oR Bl B e RD e ettty od hot Ao gRF tesa
may Bﬂﬁietgf {eqL tsteR]), ﬁa@MB:ﬂId)yﬁ Qiﬂgf& gber(e.g44ilk, Ehﬁjh i, et Cﬁteﬂzﬁ, and the like.

t he es are rotate egrees s t ot .ar .

OHoGioE Do totes BsEE TP URE SET O V08 P £ being
pointed enf fohBéd ofQf micBgal semigichdy stffrobiiaagsr fibeig @kRe attiowed

to. splice into the other half of the length of the .
contezpplgipthat theerds of ietbarbgd suturss may GePYRg 2utgiGhneedle. In this

embd&ia AhOBdBS At AC edéflisé hﬁ?&hﬁ@ﬂ?ﬁieﬁﬁswﬁﬁfg{ﬂg?&annel

toward poi nted end 46. xt, the bl ades are offset

wrappigadieaisriniing.or eyeletdhreadieg tottke wrrzigd apedinfior insertianyistn tissue.

a7 achifent AU HC R SN PR BYIEET Loty Bty thsgine

the syfegreae intothe shrgioal seedlebpledhat isslopgjidineByl disposed atomerontheldthe
£ ] S PRl .O t . t
SUTg! édl E’%égéf y(%%:tﬁa?g ﬂ%]heo# ﬁal‘% %rgéns%g%ﬁ 2‘?“ g’@? dlé%lyéﬁt-o(?:a ?{é%ﬁ onea?eedle)’
followat ipscrifpind e résnltar hbeie thespedle bolwist thatthé sutste icaetaredtp the
.acti i nto r oxj.mat e hal f of.the |engt f th
surgi@ b pPinerRT IR heFRe. Ak g sfrgich e S0P Relgfinn hote
in onélerideat heno-shrinkabld tytes thaeste Aedd slink dine idsertoh of the kitng in order
actjon is foll owed by_rotat.i.n he bl ades, 18Q, deqgr ees
to s ch o e SRECRRRIP S pHCUETALK: TP iRl Dredles hive
chaniféi 6:i€@€duigh At SiREnAVAd thd Witdt BUAid ivdhk voligH, Retloweti BY &rapping to
filament. They then spljce into_the other half of the
securg Big sppredp therurgical peedls. Jusgieal neclesvith sequyemiiopy]eysleidype of

hole @51y BsidsEfinonB @aPSF i surBchltBed!d cdl®@alOPROSE But are not
directi'on toward pointed end 44. 15Then, the bl ades

prefegpdufon barbed wurese tFar gregiresaafi invantign, pri of the gliseussion below regards
— [ f, f j ' [ 3
Swgl‘%%?%%%% E‘?{%edg? {hb ar gs tsﬁ@?és’Abc}% F}tq it {:) n a| : é/l&g(% ﬁg! ?gtO%g%blc

mean§ ofl ataching vepdles carsba auployed. about 120 degrees on the

v g Sl it RIS DR FRRE9 0.5 B b1 500

Boryskoj U SePaiend Noe 5,084,063 todK orthoffi, Difa Pateatr s 5492.458to Granger et al.,

us. Ty B4 g Uit po it BRI 9 95 Bl bl .

U.S. InyenbNei 51922,9% tblc&ﬂi_e.ﬁn,a@.lbi Bﬁeﬂm ?,QI%QI(?SJO Bsteﬁesj c:}l@l.,ﬁndﬂ.s.
action_into approximtely ha of t en of the .

Patenp. 4B A ERveS 6 iy dpihnd ik dhegmamiaciuigof sirapppbnecdls i

describd ﬁCtB’.SPPht&ﬁ\l‘\F{ §,sg@,9mﬁduﬁ@a aftApurkRe itfig hi6tkd i the Hfgical

action is followed by rotnting the blades 180 degrees

needlagay haeoaadethe spatingalowinggoxtbe neadle ¢fdheigyenive eombination
. di i \ . hal f f ! -

surgic feBe/ugfbef o8 be dEra s iefiR) Jipbloss e b e surgical

needl4 wengtnbt afaterh @he ooating niaylbeagotynwirt for msteronsilicone résigeoating. -

tion 25 to create barbs 52 fagi i.n the. it '

For c3ileie B Sprb Srrf 3B s CaltediE Bl ot SR EARRESs Foree to

effect disul pentGESS thde aRahdard silieatzaxizackicl naedleds ddsckitedabULE. Patent

‘ _ egrees aroynd suture body 42 fromthe preceding
No's'éggg&a‘?f §°‘h*ﬂt overlap with any other barb. In an

al ternative enbodinent (not shown) for bi-directiona
suture 40, the portion of suture 40 having barbs 47,
49, 51 may have them facing toward pointed end 46 and
the 30 portion of suture 40 having barbs 48, 50, 52
may have them facing toward pointed end44. Wth this
vari ation, the barbed suture would be inserted into
tissue with an insertion device, such as that shown
in the above-noted U. S. Patent No. 5,342,376 to Ruff.
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25.4 mm). Next, the bl ades, after having been
adjusted to a predeterm ned | ength, sinultaneously
splice into the suture filament. The cutting action
makes cuts to create barbs 67 so that all are - 17 -
facing in the sane directi.gn toward pointed end 64.
After twist cut inultiple spiral barbed suture 60 is

r slhededd aferdispotduan vames anmabgements on the bopnelybe gituray Ehe barbs

i sposed.in rmul.tipl ir .an r i .
may P08 iglind Pl Rl Rl BBt s shRhe e,
laserané sierlike] MWigiegod to duttidy, mhpeharaly polgmedid threddsorgriathads ae
. .suture 70. Suture 70 i f twst, cut nultiple
porctied, a1 i b G oBtrte RSBt B ar 1o suture 60,
emaiemtéttihg a%ayw Eﬂahgal,glﬁié ﬂﬁt7 ig ﬂabﬁf Mi6spkiive aad not lalwt elifetive
i ncl udes el ongat ed body 72 that _i eneral Ly .cifcular
| S et Sutablecsofis g Fegbiclasr i ohieny Applicicn, Seal R6.
09/98e39 MIGERIVA k4., 8iiihorkde QRill MEdIRA kA AbiiRg31,12661) ¢he didclosure
i s contenpl ated that one or both of ends 74,

76 |
of whichip inceporatedh by grermee o Sughet quiEE TR3cHiRA ias ppluraly ?’?%?F for
escarig]ﬁ&ﬁ of bab6nto 4 nte\iEneiR. Ali{rpgl@ﬁ uttifg Indélfse B} Mamlfhduing

closely spaced barbs 77,778 arranged in two )
barbed sutiyes ufilizes 8 ghiting bechetviseme og more Yaderpgseablipy. prghiometimes a

temp%]féi&}é gﬁd@f& lﬁ%}?@%ﬁ;ﬂt uee fihedtis g&céﬂ' # 14l RBARE Re1@ By the

e portion at I's approximately 3 inches”
vise, with thedsansmgtse Idiret®npfifhedbladsuiganerlly dispasied kn the trinsEgree direction
ort i f 7 ' -
of ot el orddt bt By BEeA B BB Blsoncdon the,
exterionbfta sphuee fijaheal. pattern with all barbs 77 facing
t rd.pointed. 1 nd .74 for art (abou f. f
b EEE PO e SRS, no BiE i toR Bl i
correspo; ?ﬂih@fﬂ milal ditfrﬂini:si tﬁroﬁéhdﬁaﬂlrb;Se\félﬁal gfe&ersadlmwn ?Eﬁg_ima 1& is a side
. tiple spiral pattern with all. barbs 7 cin
view ot  Brertoreesfontion Bl naaheEoieRdpd ot
agpfRXi fehled Bbrightedbody 2eatis g@ﬁdtﬂly difcuiat itgosk Bedtion and that
length of suture 70. Figure 6B is a cross sectgonal__
termingtesin ghdrhgEad his ilegtraisa imenesmbgrisnegbas heingi ngiie! fgppenpiiing
tissue2Qhit Qs E&]ﬁeﬂ%!g%% Rlaferii & conBifsk 9 rra%x?fcl hiGf2ed1€ @R shown) for

respective 77 seens to be s er and smaller as

insertiga dwfo figsup a f THeetheg aad fsaot thewnavwilpo.rsutyr bischidesleniy vl
losey B BOAE. TS BB SR e o

pd

specifinatly,ianigpllyapzicedbarbs 7 smetradialyc@rangedoboutsl 80 1degreestiranmapd

__deyi described. in t bove-not.ed 1 \ .
sosaE) 92T RGBS R plfeacot . v
set of badbk B defng: cflarghatiinsubs@actialigicoplamdr evith thisplag: defiaed yyi stond

utting nethod, barhs 7 b rodquced in nultiple
sot of i by CRseeausng ey 7, 0 g e P Baspufly i3 ama® ol bty o e
radial3 80 déh&arphb@hedthe direction change for the bl ades,
barbs 78 may be produced_ in multiple spirg%% that .
pFieres b Whiclyie a crasntestionsl Viewalmgrwe dBmelB gliygrglin figrre
1A, u{o&ecl&&ugtig:fmgte& higpio st Wl {nb 2408411180 Aef6d Shrahbhd BPGaYbs 7

i nst ea eing rotated. 30More specifica

with rewpeetite barbs 9.a88 also qarsbd wermBem Hgwe 1B ghestippliys 5@@%@% first
bar 706 1508 134 e 10 BTREA plche ol e O, 25, o hlsTen Wb

- larger Thandartten awayifitss bab Owf baths Qe ththe stapgaringn d tiagswrephaad that

. ng. root ate 0 eqr 3 [ : | '
s portbith B @il By I et e Bl LhEfTdoqs v
intersqzetheibachof @pebarB9.of babeP. when the suture filament is

then is placed and held in the vise. - 18 -

Twi sting preferably is perforned 28 to 50 tines, and

may be perfornmed nore or |less, such as 19 to 70

times. Suitably, twisting may be fromabout 2 to

about 17 twi sts per inch, or about 3 to about 15

‘twi sts per inch, or about 5 to about 13 tw sts per

inch (per inch being per 25.4 nmm. 5Next, the bl ades,
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and a right group with 39 barbs on a second portion

of the suture, each group opposing the direction of
the other group fromthe approximate niddle of the
suture. The specific cutting machi ne enpl oyed had 13
bl ades. Thus, for each group.of 39 barbs, there were

3 cutting notions (3 x 13 = 39), with the bl ades

b eutye dffag bt madle with aguitide nfaghine tetproducesiaroFels @f barhg7.9,

usualggg@{e%ﬁssﬂ fi tune, in .11%@1%%1%&#)&& g%&%&t 1 Zudh g%fw@g Abice

describrd lirethe éﬂab'embteaﬁenﬂ)Nd OW@@.’R&B wdiﬁnavmdl t he 78 barbs

bt pies b Ehep b Bl e i s e Bt Rt B8

-then, \tiey set éfiblrdes) bath hgdederamiped lelngthslﬂiBasdﬁtotﬂlme.susmt filamettha tan

el SEls e ane AR G0 SRR GE Bt ingl Segpsetof

barbscy‘ IS Ei%@te@ sinddady sfedrloffSetiiiy the lagey Ibhgmﬁiﬁhlly(weﬁeﬁﬁaﬂié saag@enn g)
d for insertion into tissue, or %b,?gp
appr%wwlg helf of the. longiaulinal, distancq befwesy) two of barbs i Totating the
suturS tilafiesiBof 186 h@%r&woﬁtth&ma whidh6 &l td”ﬂ&oxﬁﬂb&h%jﬁrst set of
est ed

sutures was t by two net hods. e method was a
barbsgi thatjagrplready quit ensil e strength test with a Universal
T%‘%Bﬁﬁ PRt BR 13—51&9:‘6 H@ rwﬁ@ﬁ ﬂ‘%ﬂoﬂ‘@&nﬁﬁdinﬁnybﬁ/tﬁe present

perfornmance test wt For the stral ght
invengon andiehikd qubire { rexpept ﬁlaﬁ@&% A8 ihitdireetional ﬁguwaéo ncludes

elong%%fn{?d%% gldedn 91%&114?‘?& Escs%&lo#{n '{%&{ ahy fzec{mmnates in

e av rage re Ing O
first and secondpaintedenvadd, Fooior pactatkigtaswef  Also.utie comsmplatﬂd that one

or botﬁl%(t‘igsr ﬁe 96 o2y nl%ngf%sg Qlelﬁxjcaf' Héeﬁfegg%%ﬂ )%r 1%?«%1 n mg) tlgsuc

nparr son ur es i donunb
Also sumwmmpmlwomxmwmm |1"a,msn195 20arranpget et | C

%giﬁ%fable tur nater|al) of various suture
stagg @m% "O 018 inch (about 0.457 mj), about
?Mésmw%g@pmuﬂ:t%ﬁ&hiaum@eawbﬁmm rﬁaﬂlﬁrhﬁan%eﬂhbout 180
ou ich a spectively ght N
%Fﬂq fiaggeres) @’“ﬂ]ﬁﬁi’%‘& lesplurality ol AR & s%gﬁt%szééth@afbs
17, 192fa&ng PoSHted et f@forﬁw&f%ﬁ Mumfmhmtﬂfuﬁ@mol NSimilarly,

accordance with United States Pharnmacopoei a

pluralify et asialkyapsesd Barbs 13 are radipllyastangedaboul 18 seereas from and
staggegédz ﬁ?"% ?gi@ﬂghﬁas ! Bedi bR B! with Bab TR, bO rRARRUT

| ameter range of about 0.730
pointegrend éﬁ ab@mth@ pesinrtapprexithately/the gther adfof thedpngiptad suture 10.

B

secondsdt lof baobkl9)2@ kAt a pesdlli atigpfibarbt Wi, 18e % 20 tefine smibstarditaliyl the

same s TR0 G 130 i B B gt VAR, Povic

apsetand sexdflibatbs 49, 305 . Capstan rollers were used for

hql di the unbarbed sutyres.tq_av d stre

d i§  cross section é‘eﬁ’cﬂlf nediesP ﬁ"@%@mén
more €184rlYaREsthiNG: dnple X daRRBFLD kaMiSM&%the%dnﬂmo the

(about 126 in length, which, in the case_of

_staggeyag&ratt@dwr barbs d sl pred to ppintediend, 14 (otishewein lilwﬁfﬁ? and

ﬁ&ﬁled5$9&g|?mghﬂg%ﬁgﬁgﬁkgpgggg) 13%%8{ﬂ@%ﬁﬁ%§ﬁgg

SﬁPPh(labAman%m plape thet isperpendiculan to sulgredwidy §2 awtibatintesects the
base o?'&‘?e Jgt% N E s ok rgtgrg?ﬁﬁlct 7 bEBloRy biubs 19.
ens rengt results’are sunmari ze
in Table 6A be|OMI and the far right colum denotes
the 5 USP knot pull test mnimmrequirenments for
conventional (unbarbed) sutures made froma synthetic
absorbable material. Table 6A (Tensile Strength) USP -
M ni mum Requi renents Barbed or Unbarbed Suture Size
Straight Pull (pounds)for Knot Pull (pounds)
Unbarbed 0 17.72 8.60 Unbarbed 2-0 11.86 5.91
Unbar bed 3-0
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followed hy,ratatin

8.82 3.90 Barbed 0 7.03 not applicable As can be

seen, escarpnment of barbs into the size O

pol ydMkanone nonofil ament reduced the strai ght pul

tensile strength by approxi mately 60% as conpared to

the 20 conventional unbarbgg.size O pol ydi oxanone

nmonofi | ament (7.03 pounds = 40% of 17.72 pounds).
Likewinpen/ensvarsreplaterthit dhperpantiiculaetesiiuee body dA gndithef in®rs@s the

I
basoRPLf R L5 B RS0k Hos Wy A plecR i bRK 308 6irys 20.
b a$1kts:e 18 amya:e nede edthi theesactleaHMg mathiat a3 mugerh) shelr asttheagutting
f th bed
dovidBe G BNTIES e nafe SPRMSIE, OO TR & ol oot ith
follomngaﬁmrgehﬁl?laamdntecﬁuﬁl requi renent of 8.60 pounds for '

o g St of BE il BT |G Pof oo e HERGH poplaced and held
in thetie§ lﬂ&lﬂlade@ VWethe fﬁﬁreﬁamgaehdmn@@gp&mw&ym& length of

Qg%y oxanone bamg utures, as discussed. bel ow in
the s A torgreate harpy L, ?ggﬁmﬁ¢¥F¢$ﬁﬁW€§Pﬂ&@%ﬁﬂ?ﬁ Next,

the b2@EQire tdded mmaegﬁepmﬁrtﬁ@%@mva dazmsa 8l th6l§gsiteeBifebtion and

about 14 k wer e used. each dog, i nci sions were

over g gucushall REihe ot e Wades ar tin alloRadi e intp shmether balf of
the 1en@iRidr e stiugt ﬁlﬁﬁenta‘ﬁ% Q%&m&ﬁ% acBAFR cRatelAfbs 18 facm lﬁ the

incisions having 1, 2, or 3 cldsure sites. The
oppogite disgetipn towardipeinted endrdlg§ed from about 0.5 inch (about

13 .

L3 o B RO At
longiapdingl @stm;:etbhmepetwq qfrteichn 17, and alsolthd sure filanigat is eatated about

I I

0 Bl B RGBT S3R5 ot e
17, I&dlatme a]mm’ly ctth &hee e secongl ssi dfés-disetional lbatbe d9,80; the blades
oo, BT o P 5 GRS B e 9??41%&@wm .
crealeﬁbaﬂbsthfath 1 cale dftection) tdSWzIrﬂ @olmeﬁa It MER firsEddeting aSlidrEis

Wth size poI di.oxan nofil anent), which were.
Mi 8 de"sa o5 89 et theviars apy dispaggd in

the oﬂé)gm& &@Bﬁiﬁiﬂ:ﬂ%@eﬁﬁ@ @hthit half of the IEH%% JPESHINES: Srd MEH 41R0RM 1o

i1 and then subjected to euthanasia at 14 days.
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fromthe escarpnent of two successive barbs 81. After
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fi lamerP ?s rotate% a%out 120 degrees on the vise, which is equipped to accommeodate both
alrcady cut first set of barbs 35 and already cut second set of barbs 37. Following the
longitudinal movement and rotation, third set of barbs 39 is created in a similar manner.
Preferably, each successive barb is escarped at a position about 120 degrees around
suture body 32 from the preceding barb and does not overlap with any other barb.
With reference now to Figure 44, illustrated is suture 40, another embodiment of the
present invention. Suture 40 is similar to suture 30, except that suture 40 is bi-directional.
Suture 40 includes elongated body 42 that is generally éircular in cross section and that

terminates in first and second pointed ends 44, 46 for penetrating tissue. Also, itis

contemplated that one or both ends 44, 46 may comprise a surgical necdle (not shown) in
order to be inserted into tissue. Suture 40 further includes plurality of closely spaced barbs
47, 48, 49, 50, 51, 52 arranged in a staggered bi-directional disposition.

For about half of the length of suture 40, axially spaced barbs 47 are circumferentially
arranged about 120 degrees from and staggered with respect to axially spaced barbs 49,
which are radially arranged about 120 degrees from and staggered with respect to axially
spaced barbs 51. Consequently, axially spaced barbs 51 are also arranged about 120 degrees
from and staggered with respect to axially spaced barbs 47. Thus, a portion of suture 40 has
all of barbs 47, 49, 51 facing in the same direction toward pointed end 44,
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mm 0.15 + 0.02 0.16 + 0.04 0.35 nm 0.36 + 0.03 0.40 +
0.10 0.87 MM 0.90 + 0.17 0.88 + 0.15 1.92 Tabl e 7B
(size O barbed suture) Ratio of D, L, or P

over Suture Units Average Standard Devi ation D aneter

(0.457 nm) degrees 151 1.643.

For the other half of the length of suture 40, axially 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 basbs 48, 50, 52 facing iﬁ the same direction toward pointed end 46.

As a result of the radial 120 degree arrangement, first set of barbs 47, 48 define
substantially the same one plane; second set of barbs 49, 50 define substantially another same
one plane; and third set of barbs 51, 52 define substantially stifl another same one plane.

Figure 4B, which is a cross sectional view a]aﬁg line 4B — 4B of suture 40 in Figure
4A, shows more cleaﬂy angle Y, naﬁmly the radial 120 arrangement with greater specificity.
As illustrated by the stippling, first barb 47 of barbs 47, on account of the staggering, is closer
to pointed end 44 (not shown in Figure 4B), and thus, appears larger than farther away first
barb 49 of barbs 49. Also because of the staggering, first barb 49 of barbs 49 is closer to
pointed end 44 (not shown in Figure 4B), and thus, appears larger than even farther away first
barb 51 of barbs 51. ‘

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

-transverse plane that is perpendicular to suture body 42 and that intersects the base. of one
- barb 51 of barbs 51 does not intersect the base of any barb 47 of barbs 47. Also, a transverse
‘plane that is perpendicular to suture body 42 and that intersects the base of one barb 48 of

barbs 48 does not intersect the base of any barb 50 of barbs 50. Likewise, a transverse plane
that is perpendicular to suture body 32 and that intersects the base of one barb 50 of barbs 50
does not intersect the base of any barb 52 of barbs 52. Similarly, a transverse plane that is
perpendicular to suture body 42 and that intersects the base of one barb 52 of barbs 52 does
not intersect the base of any barb 48 of barbs 48.

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

For first set of bi-directional barbs 47, 48, after the sufure filament is placed-and held

- in the vise, the blades splice with a first cutting action into approximately half of the length of

the sature filament to create barbs 47 facing in one direction toward pointed end 44, Then,
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not applicable mm 0.215 0.027 0.47 nm 0. 446 0. 042
0.97 mm 0.962 0.073 2.1 degrees 20.833 1.602 not

applicable Table 7C (size 0 barbed suture) Ratio
of D L, or P over Suture Measurenent Units
Aver age 15 '

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

opposite direction toward pointed end 46. :
Next, the blades are offset longitudinally (fo create the staggering) for about half the

longitudinal distance between two of barbs 47, and also the suture filament is rotated about

120 degrees on the vise, which is equipped to accommodate first set of bi-directional barbs
47, 48 that are élready cut. Then, for second set of bi-directional barbs 49, 50, the blades
splice with a first cutting action into approximately half of the length of the suture filament to
create barbs 50 facing in one direction toward pointed end 46. The first cutting action is
followed by rotating the blades 180 degrees so that they are now disposed in the opposite
direction and over the uncut half of the suture filament. They then splice into the other half
of the length of the sufure filament with a second cutting action to create barbs 49 facing in
the opposite direction toward pointed end 44. '

Then, the blades are again offset longitudinally (to create the staggering) for about
half the longitudinal distance between two of barbs 47. Additionally, the suture filament
again is rotated about 120 degrees on the vise, which is equipped to accommodate already cut
first set of bi-directional barbs 47, 48 and already cut second set of bi-directional barbs 49,
50. Following the longitudinal movement and rotation, the third set of bi-directional barbs
51, 52 are made by having the blades splice with a first cutting action into approximately half
of the length of the suture filarnent to create barbs 51 facing in one direction toward pointed
end 44. The first cutting action is followed by rotating the blades 180 degrees so that they are
now disposed in the opposite direction and over the uncut half of the suture filament. They
next splice into the other half of the length of the sufure filament with a second cutting action
to create barbs 52 facing in the opposite direction toward pointed-end 46.

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

In an-alternative embodiment (not shown) for bi-directional suture 40, the portion of
suture 40 having barbs 47, 49, 51 may have them facing toward pointed end 46 and the
portion of suture 40 having barbé‘-48,, 50, 52 may have them facing toward pointed end 44.
With this variation, the barbed suture would be inserted into tissue with an insertion device,
such as that shown in the above-noted U.S. Patent No. 5,342,376 to Ruff. Additionally, it is
noted that, if desired, barbs may be escarped so that there may be two porfions with barbs
facing one end and one portion with barbs facing the other end, or two portions with barbs



10

15

30

Standard Devi ation D aneter (0.457 mm) cut angle O
degrees 154 2.870 not applicable cut depth D nmm 0. 205
0.033 0.45 _ 95 - cut length L mm 0. 4690. 044 1.03
cut distance P nm 0.9750. 103 2.13 spirality angle a
degrees 19.3331.506 not apgl.icable Table 7D (size O

bar bed suture)
facing one end and two portions with barbs facing the other end, and so on (not shown), and

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

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

Turning now to Figure 5A, shown is another embodiment of the present invention,
which is generally designated at suture 60, with radial spacing that is in a twist cut multiple
spiral. Suture 60 includes elongated body 62 of generally circular cross section. Elongated
body 62 terminates in pointed end 64 for penetrating tissue. Also, itis contemplated that end
64 may comprise a surgical needle (not shown) for insertion into tissue. Furthermore, suture

60 includes plurality of closely spaced barbs 67 arranged in a twist cut multiple spiral pattem

-around body 62 and facing in the same direction toward pointed end 64.

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

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

Mote particularly, a suture filament that is about 7 inches (about 178 mm) in length, is
longitudinally twisted for a portion of the suture length, such as 39 times for a portion that is
about 4.5 inches (about 114 mm) of the suture length. Thus, an end is secured, and the other
end is grasped and rotated 360 degrees, 39 times, so the portion of the suture filament is
twisted when the suture is then placed and held in the vise.

Twisting preferably is performed 28 to 50 times, and may be performed mofe- or less,
such as 19 to 70 times. Suitably, twisting may be from about 2 to about 17 twists per inch, or

- about 3 fo about 15 twists per inch, or about 5 to about 13 twists per inch (per inch being per

25.4 mm). , :
Next, the blades, after having been adjusted to a predetermined length, simultaneously
splice into the suture filament. The cutting action makes cuts to create barbs 67 so that all are
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Ratio of D, L. or P over Suture Units Average
Standard Devi ation D aneter (0.457 mm degrees 155
2.390 not applicable mm0.186 0.026 0.41 nmm 0. 437
0.039 0.96 M 0.966 0.071 2.11 degrees 18.833 2.137

not applicable S17-
facing in the same direction toward pointed end 64. After twist cut multiple spiral barbed
suture 60 is released from the vice and untwisted, barbs 67 are disposed in multiple spirals on
suture 60.

Turning now to Figure 6A, shown is another embodiment of the present invention,
which is generally designated at suture 70. Suture 70 is of a twist cut multiple spiral
disposition and thus is similar to suture 60, except that suture 70 is bi-directional. Suture 70
includes elongated body 72 that is generally circular in cross section and that terminates in
first and second pointed ends 74, 76 for penelraﬁﬁg tissue. It is contemplated that one or both
of ends 74, 76 may comprise a surgical needle (not shown) for insertion into tissue.

Suture 70 further includes plurality of closely spaced barbs 77, 78 arranged in two
respective spiral patterns, each being a multiple spiral around body 72. Barbs 77,78 are
disposed on middle portion MP that is approximately 3 inches (approximately 76 mm) of
suture 70, with each end portion EP of suture 70 being barb-free. More particularly, pluratity
of barbs 77 are arranged in a multiple spiral pattern with all barbs 77 facing toward pointed
end 74 for a part (about half) of middle portion MP along the length of suture 70. Similarly,
plurality of barbs 78 are arranged in a multiple spiral pattern with all barbs 78 facing toward
pointed end 76 for another part (the other approximate haif) of middle potion MP along the '
length of suture 70.

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

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

the following change in blade direction. Using the twist cutting method, barbs 77 may be

produced in mulﬁple 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.

More specifically, a section of about 4.5 inches (about 114 mm) in length of a suture
filament is twisted, such as 39 times for a suture about 7 inches (about 178 mm) in length.
Thus, an end is secured, and the other end is grasped and rotated 360 degrees, 39 times, so the
twisted section of the suture filament has about 8 2/3 twists per inch (per 25.4 mm) when the

suture filament is then is placed and held in the vise.
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of the suture filament. The blades are then allowed to splice into the other half in-a second

cutting action with the blades making cuts to create barbs 78 so that all are facing-in the
opposite direction toward pointed end 76. Depending on how many blades there are on the

- cutting machine and how many barbs 78 are desired, there may be one cutting motion fo cut

all bartbs 78 simultaneously, or there may be repeated cutting motions until the desired
number of barbs 78 are escarped into a portion of the suture filament.

When twist cut multiple spiral barbed suture 70 is released from the vise and
untwisted, the first cuts and the second cuts result in barbs 77, 78 being in two respective
multiple spiral patterns on two respéctive 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 cist multiple spiral, barbed sutures were manufactured
from a menofilament having a diameter of about 0.018 inch (about 0.457 mm) and spun from
polydioxanone (which is a synthetic absorbable suture material). A diameter of about 0.018
inch (about 0.457 mm) is slightly larger than the size 0 synthetic absorbable suture, which has
a diamefer range from about 0:35. mm to about 0.399 mm in accordance with the
specifications of the United States Pharmacopoeia (USP).

Each suture contained a total of 78 barbs introduced in two respective multiple spiral
patterns around the circumference of the suture. Since the barbed suture was bi-directional,

" the barbs were divided into a left group with 39 barbs disposed on a first portion of the sufure
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not tested not applicable not applicable Table 7F
(size 3-0 barbed suture) Ratio of D. L, or P
over Suture Units Average Standard Devi ation Di ameter
(0.292 mm degrees 164 2.055 not applicable ram 0. 106
0.006 0.36 nm 0. 395 0.042_%¢35 nm 0. 959 0. 074

and a right group with 39 barbs on a second portion of the suture, each group opposing the
direction of the other group from the approximate middle of the suture. The specific cutting
machine employed had 13 blades. Thus, for each group of 39 barbs, there were 3 cutting
motions (3 x 13 = 39), with the blades being offset with a guide for each of the 3 cutting
motions. .
Each suture was about 7 inches (about 178 mum) long. The middle portion MP was
about 3 inches (2bout 76 mm) long and contained the 78 barbs that were escarped into the
suture filament. Extending beyond the 3 inch (76 mm) barbed middie portion MP were two
unbarbed end portions EP of the suture that were each about 2 inches (about 51 mm) long.
Depending on the suturing technique, one or both ends of the barbed suture may be

sufficienily poih’ted and rigid for insertion into tissue, or may comprise a straight or curved

~ surgical needle.

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

For the straight pull tensile strength measurement, testing was performed using a Test
Resources Universal Tester, Model 200Q. The average reading of 10 repeated measurements
made for each kind of suture was recorded for the barbed sutures and for the comparison
unbarbed sutures. 7

Comparison unbarbed sutures were polydioxanone monofilaments (a synthetic
absorbable suture material) of various suture diameters of about 0.018 inch (about 0.457
mm), about 0.015 inch (about 0.381 mm), and about 0.0115 inch (about 0.292 mm), which
are respectively stightly larger than the United States Pharmacopoeia sizes 0, 2-0, and 3-0 for l

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

for synthetic absorbable sutures, size O has a diameter range of about 0.35 mm to about 0.399
mm; size 2-0 has a diameter range of about 0.30 mm to about 0.339 mm; and size 3-Ohas a
diameter range of about 0.20 mm to about 0.249 mm. _

Each barbed suture was gripped at each end by being held with cork gasket padding in
two respective semated jaws, whereas each unbarbed suture was gripped at each end by being
wrapped around two respective-capstan roller grips. Capstan rollers were used for holding
the unbarbed sutures to avoid stress and disténsion.

The portion of each suture specimen between the two gripped places was-about 5
inches (about 126 mm) in length, which, in the case of barbed sutures, contained the entire 3
inches (76 mm) of the barbed middle portion.
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3.28 degrees 7.329 0.547 not applicable Table 70
(size 3-0 barbed suture) Ratio of D. L, or P
over Suture Units Average Standard Devi ation Di ameter
(0.292 nm degrees 165 1.031 not applicable nm 0. 104

0.009 0.36 mMm 0.390 0.035 1.34 ram
20-
Each specimen was pulled longitudinally at a rate of about 10 inches (about 254 mm)

per minute until breakage occurred. The peak load was recorded as the straight pull tensile
strength.

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

gynthetic absorbable material.

Table 6A
(Tensile Strength)
USP Minimum ReQUiremeﬁts
Barbed or Unbarbed Suture Size  Straight Pull (pounds) for Knot Puli (pounds)
Unbarbed 0 17.72 8.60
Unbarbed 20 . 11.86 5.91
Unbarbed 3-0 8.82 3.90
Barbed 0 7.03 not applicable

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

reduced the straight pull tensile strength by approximately 60% as compared to the

-conventional unbarbed size 0 polydioxanone monofilament (7.03 pounds = 40% of 17.72

pouinds).

However, the straight pull tensile strength of 7.03 pounds at breakage for the size 0
polydioxanone barbed suture (which, due to the escarpment of the barbs, has an effective
diameter that is smaller than the diameter of the conventional unbarbed size 0 polydioxanone
suture) compared favorably with the minimum USP knot pull requirement of 8.60 pounds for
the size 0 polydioxanone conventional unbarbed suture.

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

* For the in vivo performance, 3 mongrel dogs, each about 14 kg, were used. On each
dog, 7 incisions were made at the thorax (twice), thigh (twice), flank, ventral midline, and
paramedian, each of the 7 incisions having 1, 2, or 3 closure sites. The length of each



10

13

25

0.975 0.103 3.34 degrees 7.258 0.636 not applicable
Table 7H (size 2-0 barbed suture) Ratio of D. L,
or P over Suture Units Average Standard Devi ation
D aneter (0.381 mm degrees 160.2 1.320 not
applicable nm 0.152 0.019_9,;40 ram 0. 449 0. 057

incision ranged from about 0.5 inch (about 12.5 mm) to about 4 inches (about 101 mm) and

‘the depth of each incision was from the superficial dermis to the peritoneum.

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

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

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

For the 6 topical skin sites closed with the size 2-0 nylon monofilament conventional
unbarbed sutures, 3 sites exhibited partial or complete suture loss, apparently due to self-
mutilation by the dogs. Knots in the conventional sutures possibly caused discomfort by
creating localized pressure; and animals-cannot understand that they should not manipulate
the sutures. Thus, barbed sutures should help obviate the problem of an animal manipulating
and pulling out the sutures,

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

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

and so on (not shown), and thus, if a portion of barbs is not facing the suture end to which
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1.18 nm 0.944 0.098 2.48 - 27 - Tabl e 7J (size
2-0 barbed suture) Ratio of DL, or P over
Suture Units Average Standard Devi ati on D aneter
(0381 mm) degrees 161.0 1.506 not applicable mm Ol 54
0.017 0. 40 _97- , _

those barbs are adjacent, then, the barbed suture would be inserted into tissue with an
insertion device.

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

With reference now to Figure 7A, shown is a sectional side view of barbed suture 30.
Barbed suture 80 has plurality of closely spaced barbs 81 on elengated suture body 82 of
generally circular cross section. Each barb 81 has barb tip 85. Shown are suture Iongitudinal
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 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 sut‘ure 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 0, cut distarice P, spirality angle
o, cut-out depression CD, and terminus T of cut-out depression CD.

More specifically, several twist cuf, multiple spiral, barbed sutures were manufactured
from monofilament spun from polydioxanone and having a diameter of about 0.018 inch
(about 0.457 mm, which is slightly more than the USP requirement for a size 0.synthetic
absorbable suture). Each suture contained 78 barbs introduced in 2 separate multiple spiral
pattemns around the circumference of the suture. Since the barbs were i}i-direcﬁonal, they
were divided into a left group with 39 barbs and a right group with 39 barbs, each group
opposing the direction of the other group from the approximate middle of the suture. Each
suture was about 7 inches (about 178 mm) long. The middle portion was about 3 inches
(about 76 mm) of the suture and contained the 78 barbs that were escarped into the suture
filament. Extending beyond the 3 inch (76 mm) barbed middle portion toward each suture -
end were two unbarbed end portions of the suture filament that were each about 2 inches

(about 51 mm) long. Depending on the stitching technique, one or both ends of the barbed
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nm 0.474 0.058 1/4 mm 0. 973 0.068 2.55 degrees 6.53

1. 755 not applicable Addi ti onal neasurenents were

performed on several other twist cut, nultiple
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The measurements enabled cut length L to be calculated using the following formula.

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

Also, éngle 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
filament, then line M can be determined in that it is parallel to a line connecting the two
respective terminus T of the two successive cut-out depressions CD left in suture body 82
from the escarpment of two successive barbs 81. After cutting of barbs 81, when barbed
suture 80 is released from the vise and untwisted so that suture 80 lies free, then line M
spirals on suture body 82 around barbed suture 80, forming angle o of spirality.

Specifically for measuring spirality angle o, the Optem Zoom 100 custom microscope

was set with ring lighting at 60 and back lighting at coarse 12 and fine 10. Also, imaging

" analysis system software was used. Spirality angle of was then measured between the outer

surface of the barbed suture and line M. The average was calculated for 10 repeated
measurements (5 from the left group of barbs and 5 from the right group of barbs on the same
suture).

Then, barbed suture 80 was mounted in a twisting device with one end of suture 80

clamped in a fixed position. The other end of suture 80 was rotated to insert twist until barbs
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Average Standard Deviation D aneter (0.457 degrees
152.6 0.718 not applicable mm0.221 0.011 0.48 ram
0.479 0.022 1.05 mm 0.784 0.015 1.71 degrees 12.9
Table 7L (size 0 barbed

0. 453 not applicable
suture) Ratio of D. L.

24~

81 were aligned. Next on barbed suture 80, longitudinal cut distance P between two adjacent

barbs 81 was measured microscopically between the two respective terminus T of the two
successive cai-out depressions CD left in suture body 82 from the escarpment of two
successive barbs 81. The average was calculated for 10 repeated measurements (5 from the

" left group of barbs and 5 from the right group of barbs on the same suture).

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

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

Measurement
cut angle 6
cut depth D
cut length I,

.cnt distance P

spirality angle o

Measurement
cut angle 0
cut depth D

Table 7A (size 0 barbed suture)

Units
det

Units
degrees

degrees

Units
degrees

Left

156 +2

0.15 +0.02
0.36 +0.03
0.90+0.17

Ratioof D, L, or
P over Suture

~ Right Diameter (0.457 mam)

157+1 not applicable
0.16+0.04 0.35
0.40+0.10 0.87
0.88+0.15 1.92

Table 7B (size 0 barbed suture)

Ratioof D. L, or-
P over Suture
Average Standard Deviation Diameter (0.457 mm)
15 1.642 ~ notapplicable
0.215 0.027 047
0.446 0.042 097
0.962 0.073 2.1
20.833 1.602 - not applicable-
Table 7C (size 0 barbed suture)
' Ratioof D, L, or
P over Suture -

Average  Standard Deviation Diameter (0.457 mm)

154 -
0.205

2.870 not applicable
0.033 _ 045
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15

P over Suture Units Average Standard Devi ation

Di aneter (0.457 mm) degrees 152.4 0.947 not
applicable mm 0.216 0.014 0.47 mm 0. 465 0.024 1.02 nmm
0.774 0.015 1.69 degrees 13.2 0.349 not applicable . -
29 - degreesl13.10.193 Tables 7N (size 0 barbed suture)
not applicable

cut length L mm 0.469 0.044 1.03
cut distance P min 0.975 0.103 2.13
spirality angle o degrees 19.333 1.506 ‘ not applicable

Table 7D (size 0 barbed sutere) _
Ratic of D, L, or

P over Suture
Measurement Units Average Standard Deviation — Diameter (0.457 mm)
cut angle degrees 155 2390 not applicable
cut depth D mm 0.186 0.026 ‘ 0.41
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 ¢. were performed on a few additional

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

‘(about 0.457 om, slightly more than the USP requirement for a size 0 synthetic absorbable

suture). The mean average was 16.87 and the standard deviation was + 0.85.
Additionally, measurements of barb cut angle 0, barb length L, barb cut depth D; and
cut distance P were performed on 3 additional bi-directional twist cut, multiple spiral barbed

-sutures }jke sutures 80, but having a diameter of about 0.0115 inch (about 0.292 mm, which is

slightly more than the USP requirement for a size 3-0 synthetic absorbable suture), and -
measurements of spirality angle ot were performed on 2 of these 3 additional barbed sutures.
Also, measurements of barb cut angle 0, barb length L, barb cut depth D, cut distance P, and
spirality angle o were performed on 3 additional bi-directional twist cut, multiple spiral
barbed sutures like sutures 80, but with a diameter of about 0.015 inch (about 0.381 mm, .
which is slightly more than the USP requirement for a size 2-0 syathetic absorbable suture).
The results are summarized in the following Tables 7E, 7F, 7G, 7TH, 71, and 7J.

Table 7E (size 3-0 barbed suture)

Ratioof D. L. or
P over Suture

Measurement Units -Average Standard Deviation Diameter (0.292 mm)
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Ratio of D. L,
St andard Devi ati on Di aneter
0. 612 not applicable nm 0.207 0.007 0.45 nm 0. 453
0.016 0.99 mMm 0.798 0.017 1.75 degrees 13.6 0.560

cut angle 6
cut depth D
cut length L.

~ cut distance P

spirality angle o

Measurement
cut angle O

cut depth D

cut length L

but distance P
spirality angle o

‘Measurement

cut angle O
cut depth D
cut length L.
cut distance_P

- spii‘ality angle o

.Measurement

cut angle 6
cut depth D
cut length L.

 cut distance P

degrees
mm
mm
mim

degrees

Units

degrees

Units
degrees

degrees

P over Suture Units Average
(0.457 degrees 152.8

not applicable
0.37
1.52
3.27

not applicable

Ratioof D, L., or

P over Suture

Standard Deviation Diameter (0292 mm)

Table 7H (size 2-0 barbed suture
Ratiocof D, L. or

P over Suture
Diameter (0.381 mm)

not applicable
0.36
1.35
3.28

not applicable

Ratioof D. I, or

P over Suture

Standard Deviation Diameter (0.292 mm)

- 26 -

166 1.651

0.107 0.007

0.443 0.042

0.956 0.079

 nottested ot applicable

Table 7F (size 3-0 barbed suture)
Average

164 2055

0.106 0.006

0.395 0.042

0.959 0.074

7.329 0.547
Table 7G (size 3-0 barbed suture)
Average

165 1.031
- 0,104 0.009

0.390 0.035

0.975 0.103

1.258 0.636

Average Standard Deviation

not applicable
0.36
134
3.34

not applicable

160.2
0.152

- 0449
0.944

1.320
0.019
0.057
0.098

not applicable
040
1.18
248
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not applicable Table 70 (size O barbed suture) Ratio
of D L, P over Suture Units Average Standard

Devi ati on Di aneter (0.457 degrees 152.9 0.549 not
applicable nmO0.188 0.016 0.41 nm 0.413 0.030 0.90

I TIMO.787 0.024 1.72 -7 -

spirality angle o degrees 9.40 1.606 not applicable

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

, P over Suture

Measurement Units Average Standard Deviation Diameter (0.381 mm)

cut angle 0 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 0.054 252

spirality angle o degrees 7.96 1.075 not applicable

Table 7J (size 2-0 barbed suture)
Ratioof D, 1., or
P over Suture

Measurement Units : Average Standard Deviation Diameter (0.381 mm)
- cutangle 9 ~ degrees - 161.0 1.506 not applicable

cut depth D mm 0.154 0017 040

cut length L mm 0.474 0.058 1.24

cut distance P mm 0.973 0.068 2.55

spirality angle & 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 longitudinally along the twisted

“filament between cutting strokes and that was controlled with-a computer to make the various

cuts for the escarpment of the barbs.. These other barbed sutures were also tested for straight
pull tensile strength and for chamois cloth closure strength. (A discussion of how chamois-

cloth closure strength is performed can be seen below in connection with Figures 13A and



degrees 13.8 0. 270 not applicable Table 7P (size O

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

Measurenment Units Average Standard Devi ati onD anet er

(0.457 nun) cut angle Odegrees 153. 10. 655no0t

applicable - 30 - mm 0.2042®- 007 0.45 mm 0. 451 0. 019
13Egb 3l|%f3 gt’%n}by?sef?)rg t es% oct)l:ll'e?' bg'rbzg suctluerg.\;r ats gmr}rganfszeg in4t%g foql%twing Tables 7K
—~ T4,

Table 7K (size O barbed sutare)

Ratioof D. L.

P over Suture
Measurement Units Average Standard Deviation Diameter (0.457
mm)
cut angle 6 degrees 152.6 0.718 not applicable
cut depth D mm 0.221 0011 - 0.48
cut fength L min 0479 0.022 1.05
cut distance P mm  0.784 0.015 1.7
spirality angle o degrees 129 0453 - not applicable

Table 7L (size 0 barbed suture)

Ratioof D, L

P over Suture
Mecasurement Units  Average Standard Deviation Diameter (0.457 mm)
cut angle 6 degrees 152.4 0.947 not applicable
cut depth D mm - 0216 0.014 047
cut length L mm 0.465 0.024 1.02
cut distance P mm 0.774 0.015 1.69
spirality angle o degrees 13.2 0.349 not applicable

Table 7TM (size 0 barbed suture)

Ratioof D, L

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

cut distance P mm 0.796 0.018 1.74
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Table 70 (size O bathed suture) Ratio of D, L,
P over Suture Units Average Standard Devi ation

D amet er

(0.457 degrees 163.1 0.505 not applicable nmm

0.245 0.013 0.54 mMm 0.842 0.045 1.84 nm 0. 774 0.009
1. 69 degrees 10.8

spirality angle o

Measurement
mm)

cut angle 0
cut depth D
cut length L
cut distance P

spirality angle o

Measurement
mm)

cut angle 0
cut depth D
cut length L.

cut distance P

spirality angle o

Measurement

mm)

cut angle 0

degrees 13.1

Table 7N (size 0 barbed suture)

Units  Averapge Standard Deviation

degrees 152.8
mm 0.207
mm 0.453
mm 0.798
degrees 13.6

Table 70 (size O barbed sutine)

-29._

0.193

0.612
0.007
0.016
0.017
0.560

Units  Averzge Standard Deviation

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

Units Average Standard Deviation

degrees 153.1

0.655

not applicable

Ratioof D, L.

P over Suture

Diameter {0.457

not applicable
0.45
0.99
1.75

not applicable

Ratioof D, L.

P over Suture

Diameter (0.457

not applicable
0.41
0.90
1.72

not applicable

Ratio of D, L.
P over Suture
Diameter {0.457

not applicable
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0. 449 not applicable
suture) Ratio of D. L,

P over
Aver age Standard Devi ati on Di aneter

Table 7R (size 0 barbed
Suture Units
(0. 457 degrees

161.1 1.126 not applicable tom0.233 0.017 0.51 nmm
0.721 0.035 1.58 ram 0. 773-30-

cut depth D

cut length L

cut distance P
spirality angle o

Measurement
mimn)

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

spirality angle o

Measurement -
mm)

cut angle 6

cut depth D

cut length L

cut distance P
spirality angle o

mm 0.264
mm 0.451
mm 0.792
degrees 13.6

Table 70 (size 0 barbed suture)

Units Average Standard Deviation

0.007
0.019
0.018
0410

degrees 163.1
mm 0.245
mm 0.842
mm 0.774

degrees 10.8

Table 7R (size 0 barbed suture)

0.505
0.013
0.045
0.009
0.449

Units Average Standard Deviation

degrees 161.1
mm 0.233
mm 0.721
mm 0.773
degrees 12.6

Table 78 (size 0 barbed suture

1.126
0.017
0.035
0.010
0.189

0.45
0.99
173

not applicable

Ratioof D, L.
P over Suture
Diameter {0.457

not applicable
0.54
1.84
1.69

not applicable

Ratio of D, L.
P over Suture
Diameter (0.457

not applicable
0.51
1.58
1.69

not applicable
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0.010 1.69 degrees 12.6 0.189 not applicable
Ratio of DL,
St andard Devi ati on Di anet er
0. 708 not applicable nmO0.240 0.014 0.52 mm

31 -

Measurement
mm)

cut angle ©

cut depth D

cut length I.

cut distance P
spirality angle &

Measurement
mm)

cut angle 6

cut depth D

cut length L.

cut distance P
spirality angle o

Measurement
mm) -

cut angle 6

cut depth D

cut lengih L

cut distance P
spirality angle &

Units Average Standard Deviation

degrees 1609
mm 0.240
mm 0.734
mm  0.774
degrees 13.6

Table 7T (size ¢ barbed suture)

Units Averase Standard Deviation

degrees 154.6 1.434
mm 0.210 0.009
mm 0.492 0.026
mm 0.538 0.011
degrees 12.3 0.223
Table 7U (size 0 barbed suture)

P over

-3I -

0.708
0.014
0.037
0.009
0312

Units Average Standard Deviation

degrees 152.9
mm 0.212
mm 0.464
min 0.530
degrees 13.7

0.809
0.014
0.026
0.015
0411

30 -

Suture Units Average
(0. 457 degrees 160.9

Ratioof D, L.

P over Suture

Diameter (0.457

not applicable
0.52
161
1.69

not applicable

Ratioof D, L
P over Suture
Diameter (0.457

not applicable
0.46
1.08

1.18
not applicable

Ratioof D, I.
P over Suture
Diameter (0.457

not applicable
0.46
1.01
1.16

not applicable
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0.734 0.037 1.61 mm 0. 774 0.009 1.69 degrees 13.6

0. 312 not applicable
Rati o of D,
St andard Devi ati on Di aneter

Table 7T (size 0 barbed suture)

L. P over Suture Units Average

1. 434 not applicable mm 0. 23D-

Measurement
mm)

cut angle 6

cut depth D

cut length L.

cut distance P
spirality angle o

Measurement
mm)

cut angie 0

cut depth D

cut length L

cut distance P
spirality angle ot

Measurement
mm)

cat angle 0
cut depth D

Table 7V (size 0 barbed suture)

Units Average Standard Deviation

degrees 153.4 0.903
mm 0.221 0.010
mm 0.495 0.023
mm 0.537 0.012
degrees 13.9 0.605

Table 7W (size 0 barbed suture)

Units Averace Standard Deviation

degrees 155.2 0.829
mm 0.202 0.008
mm 0.483 0.017
mm 0.789 0.031
degrees 12.6 0.328

Table 7X (size 0 barbed suture)

Units Average Standard Deviation

degrees 155.5 0.799
mim 0.200 0010

(0.457 degrees 154.6

Ratio of D_ L.
P over Suture

Diameter (0.457

not applicable
0.48
1.08
117

not applicable

Ratio of D, L.

P over Suture

Diameler (0.457

not applicable
0.44
1.06
1.73

not applicable

Ratio of D. L.

P over Suture

Diameter (0.457

not applicable
0.44
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30

0.009 0.46 nm 0.492 0.026 1.08 nmm 0.538 0.011 1.18
degrees 12.3 0.223 not applicable Table 7U (size O

~barbed suture) Ratio of DL, P over Suture
Units Average Standard Devi ation D anmeter (0.457
degrees 152.9 -33-

cut length L mm 0484  0.027 1.06

cut distance P mm 0.798 0.017 1.75
spirality angle o degrees 11.8 0.362 ‘ not applicable

Table 7Y (size 0 bérbed suture)
Ratioof D, L.
P over Suture

Measurement Units Average Standard Deviation Diameter (0.457
mm)

cut angle 8 degrees 1554 0.560 not applicable
cut depth D mm 0.9 0.008 043

‘cut length L mm = 0471 0.017 1.03

cut distance P mm 0.799 0.019 175
spirality angle o degrees 118 - 0496 not applicable

Table 77
- Barbed Suture Straight ' Pull Strength Chamois Cloth Closure Strength -
~ {pounds) {pounds to rupture)

Sample 1 7.29 11.23

(Tables 7K — 7M)

Sample 2 873 12.14

(Tables 7N~ 7P)

Sample 3 . 8.5 9.22

(Tables 7Q - 78) _

Sample 4 5.92 9.27
(Tables 7T —7V)

‘Sample 5 769 9.97

(Tables 7TW —7Y)



10

15

20

30

0. 809 not applicable mm 0.212 0.014 0A6 mm 0. 464
0.026 1.01 ram 0.530 0.015 1.16 degrees 13.7 0.411
-not applicable Table 7V (size 0 barbed suture)
Ratio of U L, P over Suture Units Average

-34 -

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 varicus 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 mo;:e 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 Iength 1.) Also, a suitable ratio of cut depth D to barbed suture

- diameter SD ranges from about 0.05 to about 0.6, more preferably from about 0.1 to about

0.553, even more preferably from about 0.2 to about 0.5.

Regardless, length L. may be desirably varied depending on the intended end use,
since larger barbs are more suitable for joiﬁin g 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, medium, and/or small
barbs disposed on the same suture will be desirable, for instance, when the barbed suture is
employed in tissue that has differing layer structures. |

Cut angle 0 formed between the barb and the elongated suture body desirably would

- range from about 140 degrees to about 175 degrees, more preferably would range from about
145 degrees to about 173 degrees. The most preferred cut angle 0 for all barbs ranges from
“about 150° to about 170°.

For instance, for a polydioxanone barbed suture with a diameter of about 0.018 inch
(about 0.457 mm), which is slightly larger that the USP requirement for a synthetic

. absorbable suture of size 0, the preferred barb length L would be 0.45 mm; the preferred barb
depth D would be 0.2 mm; and the preferred barb cut angle would be 153 degrees.

Longitudinal spacing between any two barbs is generally effected with the goal of
creating as many barbs as possible along the suture, and is a factor in the ability of the barbed
suture to anchor tissues while maintaining firmness. As barbs are spaced farther apart, tissue-
anchoring capacity decreases. Nevertheless, if barbs are spaced too close, the integrity of the
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30 -

St andard Devi ation Di anmeter (0.457 degrees 153.4

0. 903 not applicable mm 0.221 0.010 0.48 nmm 0. 495
0.023 1.08 nm 0.537 0.012 1.17 degrees 13.9 0.605 not
appl i cabl e Table 7W (size 0 barbed suture) Ratio of

U L, -35-
filament may be jeopardized, which could lead to a tendency of the barbs to peel back and
also to a decrease in suture tensile strength.

Generally, a suitable ratio of cut distance P to barbed sutare diameter SD ranges from
about 0.1 to about 6, more preferably from about 0.5 to about 4.5, even more preferably from
about 1.0 to about 3.5. Very suitable barbed sutures may have a ratio of cut distance P to
barbed suture diameter SD from about:1.5 down fo about 0.2, whereby cut distanée P may be
as Jow as about 0.1, particularly for the overlapping barb embodiment, which-is discussed in
more detail below vis-a-vis Figures 12A, 12B, 12C, and 12D.

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

Turning now to Figure 8, shown is snture 90, which is another embodiment of the
present invention. Sutore 90 includes elongated body 92 that is generally circularin cross .
section. Elongated body 92 terminates in first and second pointed ends 94, 96 for penetrating
tissue. Itis contemplated that oneor both ends94, 96 may comprise a surgical needle (not
shown) for insertion into tissue. Additionally, suture 90 includes plurality-of closely spaced
barbs 97 arranged in a random disposition. '

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

al. With combinations of the above-described methods for making the 180 degree disposition
“(sutures 1, 10), the 120 degree disposition (sutures 30, 40), and/or the twist cut multiple spiral

disposition (sutures 60, 70, 80), barbed suture 90 with a very random barb disposition is
obtained. The advantage of the random disposition is that the many barb angles provide
superior anchoring in tissues and thus afford superior wound holding properties. With the

-randomrdisposition, the barbed suture would be inserted into tissue with an insertion device,
such as that shown in the above-noted U.S. Patent No. 5,342,376 to Ruff.

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

108 is serrated or corrugated. One or both suture ends (not shc-)wn) are pointed for
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P over Suture Units Average Standard Devi ation

Di aneter (0.457 degrees 155.2 0.829 not applicable nm
0.202 0.008 0.44 ram 0.483 0.017 1.06 mm 0. 789 0.031
1.73 degrees 12.6 0.328 not applicable Table 7X
(size O barbed suture) -36-

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

Suture 100 may be made with the same cutting machine as the above-discussed
sutures, such as the cutting device described in the above-noted Serial No. 09/943,733 to
Genova et al. Barb 107 having serrated underside 108 is achieved by vibrating or oscillating
the cutting blades of the cutting device when barbs are being escarped into the body of a
monofilament. It is intended that any of the barbed sutures of the present invention as
described here may have barbs with a configuration that includes a serrated or corrugated
underside.

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

and it is contemplated that one or both may comprise a surgical needle (not shown) for

insertion into tissue.
Figures 10C and 10D are cross-sectional views respectively along line 10C - 10C and

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

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

119.
It is intended that any of the barbed sutures of the present invention as described here

- may have barbs with a configuration that includes an arcuate base. The arcuate base should

enhance tissue anchoring as compared to a flat, linear base. Regardless, it is not desired for
the base to be circular or oval, which would result from conical shaped barbs, as that-could
decrease tissue ancho:ing;

Shown in Figure 11 is a sectional side view of a barbed suture that is another
embodiment of the present invention, and that is generally designated at 120. Suture 120
includes elongated body 122 that is generally circular in cross section. Elongated body 122
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Ratio of D. L. P over Suture Measurenent Units
Average Standard Deviation Dianeter (0.457 degrees

155.5 0. 799 not applicable cut angle 0 cut
depth D nmm 0. 200 0.010 0. 44
-37-

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

Also, suture 120 includes plurality of closely spaced barbs 125, plurality of closely
spaced barbs 127, and plurality of closely spaced barbs 129. Barbs 125 are relatively small in
size with a relatively short barb length as compared to barbs 127, which are relatively
medium in size with a relatively medium barb length, as compared to barbs 129, which are
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 into a
suture filament, then the barb cut length is made longer or shorter, as desired, to result in each
of the three sets of bai‘bs 125, 127, and 129 being of a size different from the others, where
the varying sizes are designed for varous surgical applications. The barb size may also vary

in the transverse direction, whereby the barb base may be short, medium, or ]ong; and

regardless, the barb base typically is less than about % of the suture diameter.

For instance, relatively larger barbs are desirable for joining fat and soft tissues,
whereas relatively smaller barbs are desirable for joining fibrous tissues. Use of a
combination of large, medium, and/or small barbs on the same suture helps to ensure

maximum anchoring properties when barb sizes are customized for each tissue layer. Only

. two different sized sets of barbs (not shown) may be escarped into suture body 122, or

additional sets of barbs.(not shown) with four, five, six, or more different sized sets than three.
sizes as {Ilustratcd for sets of barbs 125, 127, and 129 may be escarped into suture body 122 '
as desired, in accordance with the intended end ﬁse. Also, although suture 120 is illustrated
with the barbs being unidirectional, it is intended that barbed sutures with barbs having a
configuration of varying sizes in accordance with the invention also may be bi-directional -

* barbed sutures or random barbed sutures or any of the other inventive barbed sutures

described here.

Figure 12A is a perspective view of another embodiment of the prescnf invention,
showing barbed suture 130 having elongated body 132 of generally circular cross-section.
One or both suture ends (not shown) are pointed for penetrating tissue and it is contemplated

that one or both ends may comprise a surgical needle (not shown) for insertion into. tissue.
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- 33 - cut length L mmO0.484 0.027 1.06 cut distance
P mmO0.798 0.017 1.75 spirality angle a degrees 11.8
0.362 not applicable Tabl e 7Z 20 Bar bed
SutureStrai ght Pull StrengthChanmois Coth C osure

Strength (pounds) (pounds_gg_rupture) Sanple
17.2911. 23 (Tables 7K - 7M Sanpl e 28.7312.14 25
( TSushze 430 Nirthe 7y lugenpelig f bObL B5(prajbitiag i@ boty)i32 such that

at leasttoR) lgngdféldl%gl?y g%aéeﬁ?lgljs{sasndzgcohd l7)a\1/'i)s 135 are disposed on body 132
where first barb 135 overlaps second barb 135 if first and second barbs 135, which is readily
apparent if barbs 135 are laid flat on body 132.

Figure 12B is a perspective view of a portion of overlapping barbs 135 of the
overlapping disposition barbed suture 130 of Figure 12A, and Figure 12C is a top plan view
of Figure 12B. Figure 12D is a cross-sectional view along ling 12D — 12D of Figure 12C.

As can be more clearly seen from Figures 12B, 12C, and 12D, during escarpment of barbs
135, overlapping first barb 135 is escarped into part of topside TS of overlapped second barb
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 1335,
whereas, in general for barbed sutures, the barb cut distance between two barbs > the barb cut
length. Particularly for the overlapping barb disposition, very suitable barbed sutures may
have aratio of the barb cut distance to the barbed suture dianieter from about 1.5 down to
about 0.2, since the barb cut distance P may be as low as about 0.1. (See discussion of Figure:
7 for comments vié—é—vis the barb cut length and the barb cut distance.) This overlapping -
disposition allows for closely packing many barbs 135 on body 132, and typically, barbs 135

- are thin, as compared to when the barb cut distance between two barbs > the barb cut length.

Also, although suture 130 is illustrated with barbs 135 being unidirectional, itis
intended fo include that suture 130 in accordance with the invention also haay be a bi-
directional barbed suture as described here.

Figures 134, 13B, 13C, and 13D show various surgical needles, where a barbed
suture is attached to each surgical needle. In order to facilitate insertion into tissue, the _
surgical needles may be coated with a polymer, for instance, as described above vis-3-vis
U.S. Patent No. 5,258,013 to Granger et al. 7

Figure 13A shows surgical needle N1 that is a straight elongated needle in the
longitudinal direction and that is generally circular in cross section. Surgical needle N1 has

- pointed tip T1 for insertion into tissue and:also.has hole H1. Surgical needle N1 is illustrated

as attached, such as by swaging, to barbed suture S1. Barbed suture S1 is a barbed suture
including, but not limited to, any.of the above-described barbed sutures. Additionally,
surgical needle N1 has diameter D1 in the transverse direction, which is illustrated as a

- relatively thin diameter, such as about 0.02 inch (about 0.51 mm). As discussed above vis-a-
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30 Sanple 57.699.97 (Tables 7W- 7Y) - 34 -

Al t hough all the above-noted neasurenents were

performed on bi-directional, twist cut, nultiple

spiral barbed sutures, the bel ow noted desirable

ranges for measurenents fofg barb length L, barb cut

depth D, barb cut angle 0, and/or cut distance P
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T U Ty

empldyed,ithelshfo bfsoigicpl acailtodiemétas® bhdRd sithe didmdtérigayde\as t@v as

T e

low aslabdut 0.5:1. It will be SpprodiRBd Bl tHepisoR BY ordinaty MRIlDIA RSt that care
utures of the present invention as described here

Sh"“l%m e eithextsmely thin ngedlesioiag e apeliprate figpopsiiility pé bocalized
weakrbS Wald RATBmpldiSis@t&idinserhgpe shoul d enhance tissue

anchoring as conpared to a flat, |inear base.
Regardl ess, it is not desired for 30 the base to be
circular or oval, which would result from coni cal ,

shaped barbs, as that could decrease tissue
anchoring. Shown in Figure 11 is a sectional side
view of a barbed suture that is another enbodi ment of
the present invention, and that is generally
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For instance, relatively larger barbs are desirable
for joining fat and soft tissues, whereas relatively
smal |l er barbs are desirable for joining fibrous
tissues. Use of a 20 conbination of |arge, nedium
and/or small barbs on the_gane suture helps to ensure
maxi mum anchori ng properties when barb sizes are

c u§toomezed1gﬂomf thiachrgtdabmagdles$, bydhrhaviey b yatiowd suigfc:h!ereedib

f b
T T
s h@aidus \piet:l% cff(chammﬁ leather (Snanufadﬂmﬁlbyﬂ Si.l(fl'faﬁi)ﬂrdf Rorgayhaving

ets as |IIus ed for, sets of
a i) o 36 0335 vk S i el e o g o of abon
125h@ﬁxa&£&52¥ﬁmas desrred in accordance with the
|nt nded end use. Al so, although suture 120 is
%ﬁtﬁaﬂrcgaewrsrrnwér%r Piscasd ichgmeinleathpryn stibiing together the
remcﬁvé digeeiane Whdid Wl PeslAhY sRickr ebaid @leRSnd) 88207942

confrguratron of var%rng sizes in accordance with the

purchasertrom SHizla Cumpray) waich wagiswaged wish arbanbati wsm thergwords,
after Hsertioh SPME BAHEE i biib 8 o Qédléiﬁﬁ% gﬁde IL el 3 & Fl gcdr %bmln:.ztRe

i nventive barbed sutures descri
hole fogegnrp thedpdied uturedudng gitching tAltar séichiogl Plossdttho wouns the piece
o 5 e RS SRV Mt Uk S Motk 10 M o
by abs'étlt 25)mche®ﬁ®09t 3ot 1r5wtd¢hr evhewdbe stitndied wloondhyassin¢he middle of
' t su nd i c ate
e A Ll USRS RS 5108 o, P SELh SR e o
of a cimle), vathmdength of ationsZ% inimamd ianélati el ysthinadiameter38 about 0.020 inch
(ﬂmm§§§dre 30 further includes plurality O barbs 135
'jg%?‘ng from body 132 such that at |east two
| Othegi, tusﬁg tied dayhedtich@E fletfod] Hiccailbps@men tadahdsrdm another

di sposed .on b d 132 where first barh 135
picoe 35 ghampiieaher il iing taiether therresneptive cdecsal g andpising a

- drifled 8ifd suvbitl Reddie GRACI0. Y3 B PA! Tﬁﬂ%ﬁadefi B R¥21d COmphify) S@hgld with

flat on body 132. 5F|gure 213 is a perspective view
the sage I%Hdp‘zfrhar‘l% sgpregifey the ppeiey %aﬂwasr%nw ape the needle hole,

-after iﬁ%ﬁdn@&fﬁh@ﬁhﬂrﬁsﬁﬁﬁé inkPie RAE QS gfr-cﬂ'bt Hé ﬁarﬂgtps il girng&gl tching. -

12A, and Figure 12Cis a top plan vi ew of

- For theisepond siezimen; the nepdie wasebpérpotit cvvedsuagion gecrdlm@/&rzﬂ:a circle)

I
with SRR bt oS P iR & 60 D023 6ER (i o1
mm), dlgmughvetdsdpp rasrgreﬁranmtcr o&ithe néte lmd ﬁﬂd“mstrspezhmem o part
TS I d
B RadRpls B ot Roe RE U P et s Bfoica.
polydibsﬁadne babed snmaeﬂ;keﬁutumdo FHSH Figﬁret @ 63, Gicl;epmi_id caftpbared subuié had -
, t e over in

a dlanaﬁ?ﬂgﬁs et 8113 ingh ! (oot oA T Lhint & sHaR pugHer e BISR,
requirdBént #xch SRLPO Syl absorbdbRYsulfe)STRELEST alsiffe diRBeRAbiibout .

cut len th of overlapped second barb 135, whereas, in

‘Oﬂlsgehéﬂaw 7 ¥9Bbed sutures the barb cut distance

bebies fikVhdRE Q2ora B sﬁ%ﬁec%éx BRI were tested for

Part|cularly for the over appl ng rb di sposition,
closurg glpspgthy st W'Ewb&vsbmmdpedm Mode! 200Ra tHach efectrra was

srioped By Sy 1op Syttt PrgRtE ipcithoffes P Bl Ay aco

rmBdﬁ%@ﬂdﬁbadﬁkp@ymhmnmmdmﬁmammmﬂnmmmﬂﬂﬁmm@&mﬂannqmuefﬂm
TN TCRAT I T EWT SR -,

- strengthy @ht amplmgeldrtmm aRi firktapedinbpWmidiowascuasel witpie heae that had -

many barbs 135 on body 132, and typically, barbs 135
20 are thin, as conpared to when the barb cut

di stance between two barbs > the barb cut |ength.

Al so, although suture 130 is illustrated with barbs
135 being unidirectional, it is intended to include
that suture 130 in accordance with the invention also
may be a bidirectional barbed suture as descri bed
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including, but not Iimted to, any of the

above- descri bed bathed sutures. Additionally,
surgical needle N2 has dianmeter D2 in the transverse
direction, which is illustrated as a suitably thin
di ameter, such as about 0.032 inch (about 0.81 mm,
but not as thin as dianeter 10 DI of surgical needle

a relafibel 3& 1|ﬂ\$n ﬁgﬁ&bﬁ?ﬁ&dmﬁm iidhS about &5 gmag tdmg,s.moghdaiﬁltill wound
. heedle , ter havin uture 52 inserted int al.e
disrupfipp occiid gt SRASEECTLYTIGR SRAEIPER BIasbRtP AP e Retnd
specirkdr?(vitch\RdsdtigHédvRh B2 rebdiPthaciRd hQhitdbBethin difmiétesr dfagout 0.032
__ tissue, Figure 13C shows sur%ical needl e QF é?at i% a
inch, eha(/ @81 mwm Bt as thirk#h the nepdieer et PerdmRR) tog PR 2%8n
pounc%@ﬂﬁf i volutl cﬁlﬁﬁﬁﬁl\(g{ an¥ thd hgﬁé{g\ié?] ?l!llléd GpREBack Bitb 2 Pibces.

urgi cal needl e has 1 ed tip T3 for
i Aberesulisrarg smgnarized ieTavel ¥ kdoas hol e 113. Surgica
needle N3 is illustrated as attached, such as by

swagi ng, to barbed suture 53. Bathed suture S3 is a
> | FablediB3AgChhmois 63 gup ofergin) any of
t he above-descri bed bat hed sutures. Additionally,
surgi cal needle N3 has dianeter D3 in the transverse
Specien ect Nesdle Diaineter i s Barhed iSutteclffiamgten r eRatioX/ e PpundsitmRupture
.. di anet such as about 0,02 ..nglt(about; . 51 m)
FmStdiscusgé%KHB e vis-a- Zooggyhgébging, gﬂ?@ical 5.86°
Secondeed| e O\NB2 iadlt er havi ng s00UrEn83 i nsertXi8 i nt o h2B%

113, . mgy be crinped by standard pracedures about hole

1%%3'102&%’1'3@3%‘???%(49@3%?&0 B?'g?f%"fl%f‘ &ﬁ@%te'i"n suturing

ti ssue. Figure 13D shows surgical needle N that is a

curved el ongated needle in The_kﬁgg'tudLnal directlgp

afipor Yasious Bicers AEFA ki) Wers (s gk stfed fop LS IR TY Swwelc
needles$albdiit] RRsHaGulted M SoltowvsP0i nted tip T4 for

Insertion into tissue and al so has hole 114. Surgggal

n&bigk freshdy kitled Spragte-Rewiey aas. stahabei §00 (49 & werysed. Two
all-th RS Win ifcRidiR - . 361 1 Bl Svouidd. adh
full tl"gcar ggggﬁgb%cgs#‘gﬁlﬁgﬂ%%]g&ﬁgﬁtgcknos?g%a?%tﬁed to, any of
wournd Wes gtivoisberd dslengthead paralied do haspines. Addi tional |y,

SHe SR M W PRI A A e

'S I as a Suita
needlccthatnvetsarSulzieitdm as. IM2BTRA, GviHSOwasi A itckeh Jlne ndedld harhy length of

s Nt of o AT 5 By Rl R

point 28R vkt thehéedie fiplidtges gionidtoas-fats entto dpprokimatrod @per

. 114, may bhe, crinped hy standard _procedures abo ol.e
 cutingopdcdinie P IEHE EPRCIBHR AL 3| ot (0P RELE W SRR fogparted

25

30°

suturel | SSUE. Needle tips Ti, T2, T3, and T4 are
schematically illustrated as pointed, but, as is well

KReswihersi fgitvavavaduvasclesseusipg the syat SPIDZLPHRLIuE but with a

drﬂlecfé?ﬂd.tn&ﬁ%dtsg%?ﬁal AL B W AR A GH no. 83BEOA, whith was 3/8 circle.
cutting, poi nt, cutting edge, dianond point,

The needlerhafi R hengtheafdbbutniBenmpunil pidjamsted of 2bohsd.34: inply@hoyt®.66 mm).
L ncl ugle ut._not. be | i nt ]

Ao, Gt thafi iy PR B8, D pNE Bl EpnaBRRF Bl
PEshdnrbed suteredbecdch ppectmen wasradiidirbctionsldivast cusmultiplet spiral,

.bar bed, sutures. . IS .1 _known in t art
polydiffanyas pRbTA G Y w10 R FIES 0e eyt e B bR Hofire had
a dian@@R YEAHoOMAL 5 fnth Gabout MBS MChvhish islighily 1argeothen theEsP
~uninportant, and often very thick surgical needles
roquirgIpe (a2 S Yobfeic abireable . metpadhcl @ Sutyes femele: gf pbout
0.018 {nRh (Mo .M Aing2l needl e diameter to conventional

suture dianeter is 4:1 or even higher, such as

4.43: 1. However, with the surgica

needl e/ barbed suture conbi nati on of the present

invention (for either a straight needle or a curved

needl e), the thinner that the surgical needle is,

then 10 the nore preferable that the surgica

needl e/ barbed suture is, with the desired needl e
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5 1.25 inch (about 32 mm). A first specinen
was made from a piece of chanois |eather by stitching
t oget her the respective edges of the wound with a
drilled end surgical needle (itemno. 382077A
purchased from Sul 7l e Conpgny) which was swaged with
a barbed suture. In other words, after insertion of

t ey Q@hb,ﬁgg&wéwna, AR {]Hs@e %pbﬁn{&ﬁﬂﬁk @ad\@ipeoxithiiely ae@tdalmed
was cri about t e 10 ho 0 secure ar
measyiing AbeuH Fm K bt e ,&PFZ‘F‘S &Pmdclﬂl dmg %%B?qﬂ’é two
&f}g,@s@aﬁ?&n@fedf&%[ﬂah& begbesimas cut Lo a
(nmo¥@%?§ﬁ%ular shape of about § |nches %@b ut quﬁmm

| dhgtorcetp appp aach wopnd wakdedermingddisio
'I‘cstew&%}] %ahr%t%i Shdre SRR OB EImER Sad t@oteﬁ_r%es Hafdflbiths@hcH dfiched

transverse’the wd needl e was a
wountiaw mpwited in thaﬁmpsm’vg sertedijews piethe 8L of a

eeltc )Pe{J.E\ eﬁ Iﬁgtﬁﬁiﬁ%g( #4 rﬁtgbiazﬁ‘)gu@. inches per minute

|ve neter 0 0.020 inch 15
(about &bmmi p@n‘.ﬁﬂulﬁh)nhl complete Tupture ocayimed: Thﬁemmmgpch glmongtered

second Speci nen other pi ece
l”ﬁn%fm%ﬁgﬁﬁvgn RRIREP gylﬂgnf%ﬁln %oget er the
ra&ee@mhyﬁmedgaagﬂﬁmhhacﬁnmndofmmwngnadddokﬂemm@n@mﬂe

,sur i cal ed A ur :
waving DA oA TR PR B AR e . v
the re‘élkhlfsblﬁé?e g\lter@ﬁd lfrbﬁﬁhé&bb@lcbsat offtred Meundslozed Wmdn?kigthaving a
. the nee 0 er insertign o rbe
dinmaygreg Ao 30 11e6 romel 64 By and s b £ bRl o e
defii ARGl deb SR RAGizeE TiVMC136464. speci men, the needl e
was a taper point curs/. ed surgical needIe (3/8 of a

circle) with a length of about 22 ramand a suitable
thin dianeter of about 0.032 inch (about 0.81 mm),
al though not as thin as the dianeter of the needle
used for first specinen. Futh barbed suture for each

speci men_vas a bl 1£0RaP08h CldsifeTinchity Ml L1 Pl €
spiral, 25 poly ure 11 ke suture 70

in Figure 6A, except that each barbed sutur eAnsmegof3

Woumdisamet er of about 0.0115 inch (about 0.291 mm mhlch

Ml I m@m t fBarbeiliSp :
size 3-0. s tic absorb ture) i ead of
First scf,pl 3 o dlga(#g‘t (ﬁ‘ of about gkg(ﬁé“ ﬁnch (abou 0. 457 %1?3
Secofd@etofine ¢.026imctiand t he seomdmpecu mens 1013 stit chedll
chamois _clath were tested 30 clopsure strength
udRato of spei¢al peedli @E@fwﬂb@%ﬂﬁfl‘%‘w’é’ Model  200Q.

Each speci men was gripped by two respectlve serrated -
jaws. Then, each speci nen was pulled | ongitudipal

aThys, it leweyt the psigrof sogicalaeedle dametsr i hagbed syBEdi %B%an{hen
the bl db%g)sﬁ%e?or ARLRES v&d&ﬂ& bioSed Jﬁﬁa feaka) hoatk dtBched

pounds reache ipl et e wound di sruption was
toa bmee«bsm asgmml,atmmne the susgigalimeedtt herstier thesclopyestrength,

partic ARl for B lenSPESUTEE Bl S WRcliand ooy, icter
needledxoel preferRd 0 Thag h/hatab ﬁn;tor@ms iteganﬂess oiokhehes the peediatis thick or

unt i di s n occurr and t eci :
thin o e PeE R b Bl o 5 T LR B el SRREE gt sorure
diameiRBOUTE Be aVdut 81 dm‘;s Sidré plegsiablly itibout B opRedl € t hat had

a suitably thin di aneter. of about 0,032 inc to

0 Adthopginthe present Brveniiondis heegs 9%4%%‘6@@6@

* only éﬁ%x%ﬁtar} SR¥odRNG GFBSIIetR T Sholli te! unaé}eowwmose skilled

di sruption and the specimen putled apart back into 2
pi eces. The results are summarized in Table 13A

bel ow. Table 13A (Chanbis Cloth C osure Strength)
Speci nen Needl e D aneter Barbed Suture Di aneter
Rati o* Pounds to Rupture First 0.020 inch 0.0115 inch
1.74 5.88 Second 0.032 inch 0.0115 inch 2.78



2.88 *Ratio of surgical needle dianeter to barbed
suture dianmeter. 15Also, various pieces of rat skin
were cut and stitched for testing of nore surgica
needl es swaged with barbed sutures as follows. Three
freshly killed Sprague-Dawlgy rats, each about 600 to
700 g, were used. Two full-thickness skin incisions

in theertehanitdenatinteivied balikit die ieemhon at tht specifeainbodvioemd disclosed.

varpiahalRkiions Ba el ond pahond muS I B B Yo ripgments

withohtaaseki anytdbpmmg firbrh @lck nmel tezﬁ:l;lin‘gﬁ shdsadvantages onie ilivention,

tha e Ltem 2273A, s
paripylaly W i of e Eorf ot the N A NS A Ao Hie Of the present
investich6ah O usdd 28R ok w@ch Qheér czeﬁife BIed, sibhA sEpiks adalrc& 8kin

the needl e had a taper point need| e tip where t

adhegivey, fosaid iphalding B’éé’ﬁ%%ﬂ%e tipug écqoa@@glyclms ﬂetepdcd to cover all

suchaRRfiGoakibR 8mitsiond) ahdiGsHs! é.r]m:_cr[ RRERHE al iRy bOirkREEd Witah Bhe spirit
penetration of rat tissu he needl e mas swaged to a '

and segpefdhoimvention ag defined by thefplowingelaies. t he two wounds
was cl osed using the same suturing techni que, but
with a drilled end, curved surgical needle that was a
Sul zl e item no. 832679A, which was 3/8 circle. The
needl e had a |l ength of about 18 trimand a di aneter
of about 0.026 inch (about 0.66 mm). Al so, the needle
had a di anond point needle tip. The needl e was swaged
to a barbed suture. 30Each barbed suture for each
speci nen was a bi-directional, twist cut nultiple
spiral, poiydi oxanone barbed suture |ike suture 70 in
Fi gure 6A, except that each barbed suture had a
di anet er of about 0.015 inch (about 0.381 nm which
is slightly larger than the T.JSP requirenent for a
size 2-0 synthetic absorbable suture), instead of a
suture dianeter of about 0.018 inch (about 0.457 mm).
- 43 - For each stitched wound, a tissue
speci nen that was approxi mately a square neasuri ng
about 4 cmx about 4 cm wth the stitched wound in
the mddle paralleling two opposing tissue edges, was
retrieved for closure strength testing. The
forte to open each wound was determ ned using a Test
Resources Universal 5 Tester, Mdel 200Q For each
ti ssue specinen, the two edges paral | el i ng each
stitched wound were nounted in the two respective
serrated jaws of the tester. Then, each
specimen was pulled longitudinally at a rate of about
2 inches per mnute (about 51 mm per mnute) until
conpl ete rupture occurred. The maxi num force
encount ered before conpl ete wound di sruption was
recorded as the closure strength. 10The results were
averaged fromthe first set of three wounds cl osed
with a needl e having a dianeter of about 0.022 inch
(about 0.56 mm) and swaged to a barbed suture. Al so,
the results were averaged fromthe second set of
three wounds cl osed with a needl e having a di aneter
of about 01)26 inch (about 0.66 mm and swaged to a
bar bed suture. The results are sunmari zed in Table
13B bel ow. 15 Table 13B (Rat Skin C osure Strength)
Average of 3 Wbunds '
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Speci nens Needl e Di aneter Barbed Suture D aneter
Rati o* Pounds to Rupture First set of 3 0.022 inch
0.015 inch 1.47 11.9 Second set of 3 0.026 inch 0.015
inch 1.73 8.1 *Ratio of surgical needle dianeter to
bar bed suture diameter. 25 Thus, the | ower the
rati o of surgical needle dianeter to barbed suture
di aneter, then the better. ¢ he closure strength when
suturing a wound closed with a surgical needle
~attached to a barbed suture. In general, the thinner
ChydS sur-gi cal needle, the better the closure strength,
par tyi cl ‘ ' I . L S, for..t ough
T catcs, Pl e 16 L5RRGnk BINE or ORI st e BHEL

cogpasipg @) & ¢ledated hody, haviha firss endipd rtseqond endegd (i) laghsalng
t e e Lek or thin or soppwhere.i
o SR8 WFlsah EPERRED B B nhe Ml Bl BT RAGBeTor
mﬂﬁ@g@ugmnmm(ﬁ&hbe@mBuWMméndﬁawehem}Shﬂﬂﬂddhﬁﬁ@bﬁﬂﬁIhe
.3:1 - ref.erab about .2:1 or, less,. .. =
diindh ok EPREAR SHGEAY sAOTHE Ran eputie dmpecon
suclebg fdrtaefast twotkeljambrt bavbs, ong legay 6t overlappiny ba&b bRNne being an
enbodi nent s . af '

th ! ti , it houl d
ovEEK R REY 4R Sarie baseHep b SndePEE i O oroelarRpd b s 2

topsideivtherQlartiof tiRn@@etsiti©of thobierkffing BB RtdeAled Ront PRt of the

- specl.fic enbodinents disclosed. Various
mﬂ#% P?_Eav¥@§§gb i ssi ons, and ‘additions may be nade

t o 2hehdibaebd sedree BROdFRRL Sla 11D Qblerd RS babd Yre in an

departing fromthe novel teachings and advantages of

- OVETHBPING ERPTINN Syl thrl {iragt) lpast v grliacenst barbre oherbeipgi avg

ovéRsiR BAB and e bttt ANSErlappbE B8 O oYL H@&ia&am%ﬁﬁﬁy and
present 5 invention can be used al one or w t her
thee prsslapnsd rherth bargng guarb syt kngthl el dwdéverlappkignbarb and the

_ ' re S . oS L o
o BB Ryl gt S a ek Rt BBl 1 o b8Pt o,
lengthopf the eaerlappesl bagni ssi ons, additions, and equivalents .
- as ' .t hin.: ifdt .and scope of .the
ot SRoLeL Rtk i Jatrdd o Pl B s ml Fon”
a 1otANE selected fram the lgampednssingrd § dio-abeuntebid nagridlusraon-

abs%fbaﬁ@h@%ﬁa&@%gﬁg@tﬁgtﬁu gre conprising (a) an

el onga Ing a frrst end and a second end
and4. (Tby babgl suuad actardiof tddails, phakaclid Higatsthanit Meterial is

o, D5 L A" o e

polytaptolseuie and corabrinamppohérte’ di rection fromthe
wherei n the barbs

dir ipn,in which the barb faces,.
ar ef icfﬁe g?’fb?ﬁ{;gé'mr%ﬁcﬁ?rﬁﬁ’gd? glﬁ’ﬂi% %’t‘?’i%?ﬁe‘%ﬁ’@ﬁ"?‘ﬁ%’%”bﬁjé}? mgterial
is stleast fréne 2B CERIstRAREMSH0lYARE, A0FEH T BRAIONIEY, L RRRIaNGber,
(ﬁség.and ne gelng an overl apped barb, the
an Pﬁﬁﬁ?ﬁﬁ“ﬁ rb has an undersi de and the overl apped
bard) ThebarBedtsafsd &8RBECIRA 4, Whkrellifo yaglﬁﬁé Qecrh frg@e

over | apping barb is derived frompart o e topsi
the o 2R e CBURTING pFEdPRHEMmide, polyester, polypropylene, polyurethane,

polytetraflucroethylene, polyether-ester, and combinations thereof,

7. The barbed suture according té any one of claims | to 6, wherein the barbs are
all facing in a direction toward only one of the first end and the second end.

8. The barbed sﬁture according fo any one of claims | to 7, wherein the barbed

suture has at least a first barbed portion and a second barbed portion, and wherein the



2. The barbed suture according to claim1, wherein
the barbs are in an overl appi ng di sposition such that

- for at |east two adjacent barbs, one being an
over | appi ng barb and one being an overl apped barb,
each of the overlapping barb and the overl apped barb
having a barb cut | ength, and the overl appi ng barb
and the 15 overlapped barh having a barb cut distance
between themthat is |ess than the bath cut I ength of
t he overl apped barb. 3. The barbed suture

bﬂmrﬂﬂs' ¥ phiSio® hrd g dn @ liredtioNRAQHAI d?li)I HEFRMLAAT8d HR barbs
made- from a naterlal sel ected fromthe group

ofbhgradinagion aredadiiedt agsestipaismard aabhe scondend.
non- absor bable material, and conbi nati ons thereof
204. The barbed suture accordlng to claim 3, wher ei n
t he bi o-absorbable material is selected fromthe
group consi sting of polydi oxanone, polylactide,
pol ygl ycol i de, pol ycaprol actone, and conbi nati ons
t her eof . 5. The barbed suture according to
claim 3, wherein the non-absorbable material is
sel ected fromthe group consisting of a polyner, a
metal, a metal alloy, a natural fiber, 25 and
conbinations t her eof . 6. The barbed suture
according-to claimb5, wherein the polyner is selected
fromthe group consisting of polyam de, polyester,
pol ypropyl ene, . pol yurethane, polytetrafl uoroethyl ene,
pol yet her-ester, and conbi nati ons t hereof
7. The barbed suture according to any one of clains I
to 6, wherein the barbs are 30 all facing in a
direction toward only one of the first end and the
second end. - 8. The barbed suture according to
any one of clainms 1 .to 7, wherein the barbed suture
-has at |east a first barbed portion and a second
barbed portion, and wherein the 46 barbs of the
first portion are facing in a direction toward only
the first end and the barbs of the second portion are
facing in a-direction toward only the second end. 47
BARBED SUTURES ABSTRACT OF THE DI SCLOSURE A bar bed
suture for connecting tissue, and a conbi nati on
surgical needle with a barbed suture. The suture
i ncludes an el ongated body and a plurality of barbs
projecting from5 the body. Each barb causes the
suture to resist novenent in an opposite direction
fromwhich the barb faces. The disposition of the
barbs on the body may be staggered, tw st cut
mul tiple spiral, overlapping, or random Also, the
configuration of the barbs may be a certain spirality
angle a, barb cut angle O, barb cut depth, barb cut
| ength, barb cut distance, corrugated barb underside,
arcuate barb base, or varying barb size. 10 Figure 1



