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BARB CONFI GURATI ONS FOR BARBED SUTURES TECHNI CAL

FI ELD This invention relates, in general, to
a bathed suture useful for connecting bodily 5 tissue
in various surgical contexts, and nore particularly,
to the optimzation of the diﬁposition and/ or
configuration of the barbs on such bathed sutures.

BACKGROUND 5\?@ $ |Sqﬁt.uﬁ thods

enpl oyi ng gﬁ?ﬁggg)have égﬁhﬁge |ﬁA$Egﬁpas or

closing or 10 binding -together wounds in human or

ani mal tissue, such as &Eﬁﬂ' %ﬁiﬁ§1 t endons,

i nternal organs, nervégg og%EVesse s, and the like.

Mor e Thpaovehiicadelayes, ihlgencsalytg @ barbrdyuturs eseful Suraghoeting bodily
dl ' n_attache onvent | I, Sutur.e. I C

SR Fufeh BB oh T SR R T oI ogiitach Gttne

displotiiierd arddmemifgutaiop bthe Barbhien duck barbedsdutuessnat el y on

opposi ng faces of the wound and thus sew t he wound

cl osed. Whether the wound is accidental or surgical,

1 oop stitching iIBACKEROUND QR FHEINVENKON

especgjally for. surface unds, The surgical. peedle is .

© hon WRRR T bRE DS s ted v dn i gt or osing or

Hintingapdther wiotitdsdh hireasdr ahiniad Gssay,@tdhaas dkih amoks tténdofs, Mternal
sut ures

a knot . _ IS [l kpown, conyentional _ S
S st P Yo BAIT s VRF iopBERLR Ha Wgop oy s & surgca
m?'dlgﬁim ﬁﬂghﬁﬂegddgfmvdhqbw ;m:fay |(ﬁliiﬁh caarbelmhioleqa,m&foﬁgamnb& can be

0 I.0- absaor babl e material such as coli ¢ _aci _
aﬂB‘l"?T’F’gﬁ"’é‘“@ﬁ‘a Pigs i st tswaqeg'cqni Oé’P%?gfr aq58 o4 thg roung,gpd thus sew
thOPGIndlsed. RASIhBC@e Woend ik BRtidehtal H8lulgidal MopREiichitg is the method
GE‘gthe sutures, which ar 3@2eral%y of the sane _

7 Bfefl fsReciplly o speare; vears- shegpgical needle isghangpagved and the ends
off tHERGRHSar@EMB RPRIPP will B ledst BifdeDYeNHITEDwWAd drm a knot.
conventional sutures. A barbed suture includes an

el on@afssvelbieyn soaventigual spfures Fanfisrof najraksarbablg mapterial such as
s lon etk pbhBpYIBR, BAROR N EAAR: dHbRIMbsBRID ARl such as
ngt h eb S a f

Ie@g . ar ire arranged to all ow passage o
shiselicnasidralymast adeopelymas oblapéeacidpelimers Ut FoPPIIIEE. but
resi §incefhe ARV SRR chf_IgﬁBtglﬁ, ?zﬁ%&tﬁ%ﬁé& WhiEh hrg gt:ﬁ]:??lly of the same

opposi te direction. , mai n advant age o

- Isiarigls@s senventiosalsatindsclave pifered permeransadvartagss o closing wounds

withchiRifichal Aiﬁﬁ@g 4 Betbats sufRd fﬁlgﬂdgs% léfo%gax%f’l&(g@ghﬁ BYordedr more

be knotted, l'1ke conventional sutures.
spased/eanks, which pejrctifrem the twdy serdiecs along thebagy longthn$he basbs are

o P SEN 0% s B A8 B s

- meivemerd ofidie babell fubre 8Ghs eppiosite divention. Thes lthe mAie pdvaptage of barbed

e e

ing Trom

‘haeltabe ketted, 1ikh eorbventjonallsomirdsa i lilkech contantionat auhuieca Prabaisiture

t hyough, ti.ssue in.one directi gpn, but resists novenent
mmalg O Sl 138 WS ReiRR € it Gt E Sutures with
bar- Bor fhssgpees LS. Pateat Wo.- 30126 0T toARKmA B£s31il6:8 AR Blong@tdBeord for

5 5 8 R SR B T Do e

pr?jflcﬁllg‘ from Nmrtedd P A dcirte ghg?d r&!lﬁlti{vd’@ the Bod! .e'rhwaxmb rsEﬁllr? can be
ac, t.owar d._one end of the suture for about | ;
PAH! (T PET WS PR SR HLESIFA BIONEMe: M e OBRGLE Sipstion.
direction toward the other end of the 5 suture for
the other half of the suture length. This arrangenent
allows the barbs to nove in the sane direction as
each respective suture end is inserted into the first
and second sides of a wound. Such bi-directiona
bar bed 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. 10OF interest is European
Publ i shed Patent Application No. 1,075,843 Al to
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-3- To optim ze the performance of a bathed suture,

it is advantageous to consider varying the bath
geonetry (barb cut angle, barb cut depth, barb cut

| ength, bath cut distance, etc.) and/or the spatia
arrangenment of the barbs. This should not only
enhance the tensile strength of a barbed suture, but
al so shoul d enhance the ability of a barbed suture in
hol di ng 5 and mai nt ai ni ng wound edges toget her.
Unl i ke conventional sutures, -2shich place tensions
directly at the knots, barbed sutures can spread out
t he tWRSISHYithdiagdisppsed inebirdisetiongt amreagdmeanty also calladaiouble-armed

SUREY, Yo A0 TS PaRROH s, 9@?%5}2'102% HKd 48 196 ng&’e%!t o O81241,747 t0

and/ or the configuratio s shoul
Ruy{& r Mprsrarticylpry, dhe sufise easderbs Iﬁf@ﬂ?ﬁft@‘@gd onecendsd thefsutuprefor about

é’ﬁbﬂ@ﬂn@{&%{ ﬁxﬁsrraaﬁginr&ga@gsﬁehﬁmh%(éﬁpgd el A9 bl of the

and mnim z ormation alo
S@H'gfe@r the oﬂwhh_ﬂlfaﬂftﬂmsum Joagthi dihiseamaygeb@n@ﬂlows aic Haghs to move in

bed
B OO o Ao end B o SR s ora

appf oXi
Vﬂppﬂo§whé!—élr¢0@nml bmbechmtlew 1@t enlgtiasstespdciatip skifablei fosdlesing

28Rl ALY AT ol I ot 62 00 e sppppe encs
mﬂﬁmebuﬂbEMﬁsdkmpes mould be espeC|aIIy useful in

Tpect it Bt PRt A Eh B s a0t
Smhmum@m@&khvhbw,qa@pﬁmd Felsrubry 12} 2080d, desivehfras PCT/RU99/00263

RIRRS RO S0 S35y Sy 5B b JapREIEa s e

189® selith showe ndriicah barbharmgedssepuemialiiedony tb@lebgﬁ of bthiad and

N T TR W T TR,

being natrieks thas dSainmbsetrcthrad dandieanet er and (b) a

pl ur f ba ct fromthe body, each =
bar bﬁ#sggﬁ?‘%r?sws EP % P?‘ ﬁﬁr# %ﬁ%&"ﬁ& 'é‘!Pa'Hgf,P tshgws an insertion
dedad thitiingefibioe povitiondfg 4 BiebeBlehEcSn oWlRLId didie b nSHE, Tﬁdlnsemon

an osite di ctlon fromthe direction in whic
dgageiay 8 fubutar body for rrceivipg pharhed syhpe aﬁd%ﬁmbwgthaéﬁhandie to

fasammé msmpga@nmm deVitce BY G’Je@utaeéra rme AbetiibR B-AR0N tecdfhended

ees to out 175 degrees, further c risin
ger‘&ﬂha e hTe fhe Pt oS %ara%;ao %magamnga
didecEion Jﬂﬂéﬁd&@ tHRAMBctibASe ibiEi6n. Such sutm%Q Wt $fdg o{aébg& g the.

second aspect of the present invention, there
digicon efdpserion aralie sbawvnin 376 o Rehnect i ng human or

ani Male didc RIS f%ﬁ' ﬁ& ?m&ﬂ

elonggted bodjohaV|ng gﬂé rst Q@%gﬁ%ﬁgn%ﬂ%gggﬁgn Jﬂaxpmﬂmd
byssEeerceli amet er and (b) a plurallty of barbs 30

Pr OJpz€

G 1 ae bl bE Bt o DifBtorn AAGE Rk B Wb bal o depth ot
the pleaight pull @nstlmafmgﬂnsmmgéfechw a\mr@mgmsﬂet 8 deireased.i However,

f aces rein

o, Rk DL e Sl b, Nt Sp B Lo 880 il ko

ptﬂa;ﬂbnglmof eprdntional hutarer(ahom}bﬂﬁed dumrd:)aﬂ hnoouhnmpruhhe Wnited
n1abo

syBeiihitboctl AR hud B\t oha Refle® bipyeli g oot and
mgsd rreetgumiatnien ke ppll tmmtegpuangb}dcugam& f'qurzénﬂyndﬂie&hdeiuc to

_1m%ﬁ%85ﬂmﬁ %dQ @ third aspect of the present invention,

ere s provided a barbed suture for connecting
human or animal tissue, said suture conprising (a) an
el ongat ed body having a first end and a second end

~and a dianeter and (b) a plurality of barbs
projecting fromthe body, each barb facing in a
di rection and bei ng adapted for resisting novenent of
the suture, when in tissue, in an opposite direction
fromthe direction in which the barb faces, wherein
the barbs have a configuration conprising a barb cut
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-4- first end and a second end. The suture further
conprises a plurality of barbs projecting fromthe
body. Each barb is adapted for enabling the suture to

‘resi st novenent, when the suture is in tissue, in the

direction that is opposite fromthe direction in
whi ch that barb faces. The suture further conprises
t he barbs having a configuration selected froma barb
cut angle 0 5 ranging from about 140 degrees to about
175 degrees, a barb cut depth with a ratio of cut
depth to suture di aneter ranging from about 0.05 to
about 0.6, a barb cut length with a r%tlo of cut
Iengt'i'b i ther fesfoimeames of 2 puge. KIS VARRRS IO SoRsigler
about bar C ot &1 16, cut distance,
@ﬂ$§ %E:‘{‘ﬁ”&g‘%t%n}é g?}%rb\z;&ﬁﬁ&Pﬁ%rom ab%ﬁ?ﬁ%btﬁ 4
ab9uid/ G thespRl mgémdxt offtiebashsd dhisghpuldnal Rl o efsile
varying sives, C LGBy gﬁ%délﬁﬁ‘emholdm
%iwxstilo EPa"\’ﬁﬁ‘IS‘L‘F"fﬁ B‘“&S;QFR?% i s%bcg?ltgl on, 0tfltﬁle bar bed y
tdﬁlﬁmﬂ{n? bl dgedwagetiser.s Pnlikel copvpntipnalsgiuges high plape teosions
om abou degree%oﬂabo% %L eq&gfoﬁ%ngthecscard:eeﬁumre .
at

I's nmeant

ieﬁ%ﬁ offelBveR aﬁﬁ%ﬁﬁa st S()ﬁfnﬁmd  the dispaditinh endiorsheconfiguration of
,I )
th batbsgijpjtéh . O%re, Dlé]rﬁrlitgsg %%ctﬁ:gl?egg ?tqfle ﬁejaaebaﬁﬁﬁ RSture in

: G thdlﬁmﬁﬁ&a’fgab&gap frorpaticnealangis weung pdges.
AR AR Mgt

- ano

barb (i.e ., th rl apped barb),
Fredase tmﬂcmeﬂr benefigiat foppromaiing {HL ?Ewﬁ]g? t he
over | g&%&%{ﬁés $HBh14 af mirhﬁeumieqmpldgwwl appivepriate
A5 h}?’%‘gr and so on. %us with.t guetoﬂxeselfretaamng

barb cut | ength of ver
segpeswhae inimbvatiemef, Scﬁrﬂﬂgglé HEPARUVE- SRR P 5“-"‘2 1y q’cu as

the barb cut dis ich ?midﬂﬁufgﬁl'yb
@&P‘@Eﬁg?q?m?mlaﬁ%?%’Pﬁno?%g%ﬁbggﬁrgnt t he

present invention provides a barbed suture for
connect.i ng human %ﬁm@wgﬁﬁr ENVENERORI nation with

a surgical needle ere ﬂ%iconblnatlon conprises a

bat h eﬁcc%%ﬂé & aaﬁlts@&alf;%& JrohFprosdnginGaltiong ek pﬂa'iﬁied a barbed
suture conprises a plurality of barbs project gg from

sature fargatetn huh;nah avimpakiifsne, SpidSHHrGeRIMRIISY ap elongated

end. Each path.is ada

gk e BraAe SdAcrrRend ArLF SRpiete i 19 e drharbs

}{Xgﬁ 1%{% ﬁ&rb'tﬁ’@bdd}abadh%aﬂpﬁeﬁﬂgﬁﬁ aldire¢tiohh@d dicing aﬂapmd fcm resisting

hat barb’faces. The ratio of the su

meediet df tirsttare, wden ietissue.ip an QPROEE é%fe‘ff’fOélféﬂrf%g}%ﬂlﬁegﬁOﬂ mn

out i t [ 1
L
gg&%&%ﬁoﬁ%gﬁﬂm gi%% s Rl P7H daglre@E TtherDRABHNGS wherein the

is a si vi ew of one enbodi nent of the
artesent alcnnﬁgmatmm cahpisinep eorpeisd dabndewids t h bar bs

dis 180 degr ee '

i s g é qll B%% a chw? ng | ﬁ%ﬁr%%e@gm%?%%r? @leﬁé: o beé(‘ji% 1t_)a:rbcd

SHIHES dofindkigh hfmafior anibral fiésGelREidAtirs canpiisieg (4) ewelvhgated

anot her enbodi nent of the present inventi ng 4

lmdl.vémabmg adfirstand aﬂlﬁatseﬁ?@dkﬁﬂdéml éé‘ﬁn%ﬁﬁ%@-ﬂm%? WipgY Sbarbs

ose 180 r m B
g?glg.h%‘)o : ggv o y g iz e% Zagr@ctﬁﬂlaéﬂd%mg dd%(@@fc?f esisting

l?rgje Ui 2B of the barbed

BHT M@t bPthEisteE€ wifsn i tiSURANSA dppositcslirdetion fzem ¢ife direction in
anot her enbodi ment of the present invention, show ng
whigh Bt ekl fas e, oieheraip the hsshsdevaes AR cé’mff@m&eag ree

st aggered spacing; FIGURE 3B is a sectional view

along line 313 - 313 of the barbed suture in Figure

3A; FIGURE 4A is a side view of another enbodi nent of
the present invention, show ng a barbed suture that

is bi-directional W|th bar bs di sposed in a 120 degree




clanped to align the baths for nmeasurenent of the cut
di stance between the barbs; FIGURE 8 is a side
vi ew of anot her enbodi nent of the present invention,
showi ng a barbed suture with barbs in a random

di sposition; FIGURE 9 is a sectional side view of
anot her enbodi nent of the present invention, 25

. showi ng a barbed suture having a barb with a
corrugated or serrated underside; FIGURE 10A is a

ectiopa rspecti vi ew anot.her. emhodi pent. of t.h
BRE LU ImbERE Faf o sl 5 ARt RunC SRR LR gl rom
B5ub0 0k tdhairnat 8l6C Hather &ﬂ&%‘isir@ AREnk0d Barb$ haveseshifigiation
top plan view of the barbed suture in Figure 10A
FInguRng oRriugagdbedsendssads onal view al ong |ine 10C - -

| C 85 £ 95 E0EL GHIE S 0 9 BORB S B s

Sutee Gbd A Abctink Bamih @Watifnabigubesidebod comptisiog (4)he clongated
resent invention, showi ng_a barbed sutyre wth barPs
dyhaymgsiirs adsand a.sgeond end angep digrpeter And;(Q) gplurality of barbs

Y . . . ‘. . ¢ o
FRER AL RS BRGEkack ookl R i AU ARl SRR for resiting
havdsernt of tie sowes, lveppiin gswi sipasioppasite direction Fy:@UREdif@Bon in

IS, a _perspective vie f a. portion.of the overl appi
Bhichattart figes dtsren g hertialPee  spErpaFgempy sl b cut
Eh%% WHEWRD of Bfe 196 Lkt 9ho®f toRBE BisuRf dikrh GeF %n%i%?ifro’m about 0.2 to
FIGURE 12D is a side view along line 12D - 121) of
#FHogu?,FudRE; comprising wheFtiGCURESIsAye 238 [1g8@ onpgrdnptBimg a
shOM/va%h%ys sur gi cal needl es, where a bathed suture
fETugpie FogSich surgi cal needl e. 10DESCRI PTI ON

As usgeLJABREto & Eﬁ:r!heafs?%& WO GresBRARFenBiof WhBleG@provided a barbed
I Nncl S on, cut, | acerati on, sever ed tissue or -

sk derrpoahecfing haman oh apignel BesugaifaiuiyRicAMpPYisipg kg an elongated

human or imal, badily tissu er Lt L.en |y

B R s TR R o FBNE R b
poRchhg BbBIthEbody, $8dhebel rBRtih AglidendCadtmind®lapted for resisting
requi red. 15Al so as used hem the term"tissue" = |
mAxgens of thegutare whep 1 fipsuedy apoppesiesliestian ipmdhe direction in

Rk nd By £18S Gliftrei? B RAREL & cofth @R fNon AREHEe Parb cut

00 vessé1s, or Fibrous tlssues s ch as ten oﬁé or

diktgaceenitls a rdvordfakebarb tchiadistenea to pod spere disasctergeagimg frem about
enerally includes, but is naot limited to, .. ..

(ﬁéﬁ%ﬂwy ﬁgﬁlg?ewwrvwa‘@hwmﬁ %?gg]wﬂafew, cogfigpption comprising a
&H#% ang @dketat i ng copol yners), 20 terpol yners,

%t g%%ra, and-gﬁgnds and nodi fications thereof.

Fur t h&coondieg td héifthespact plithy pestnt siredntion rtbérg depravided a barbed

P (e onBtog PEPAR £ PR B poeid WpRcopgricnt 1 i Bheated

@e?d{aoﬁlgcatﬁl@b endNgl séRNE e SN BLicRS and\1)RGHERALENE barbs
sutures are described belowin a preferred enbodi ment
wojehtizg Gomde bedys cedsbasleBacingrin ardirection anddiringoisiagted|ferresisting

have a nep-circul ar cross sectional. shape ld.. .

58 oy D00 S ol R 850 5 BB RS LAY M ELion i

FRicHatd b lced, ReheRah Bife balishRke ¢ @98rbSRE & &1pdd raBhiapeHm about

may include, but are not limted to, oval, triangle,

B a0 shoup a7 H, (ie) elpirp ek depthaphere it ratib ofithsibarb cut depth to the
ent ggon, hexagan, cruciform. an he | ik

55 e e o L0 0 BT et (e PETicet g vhere the

R8bt IRSREER 1&@&%%%@9@&@&@&&&%@%@ aBinet 0V fohkbdut 2, and
circular cross section, and thus, the cross section

@Y) attveb Eutldisteree wherd thigeatisi ¢fghe barb catdistaace foghoure diameter
results 30 during such extrusion. However, extrusion

di es can be custom made with any desired

cross-sectional shape.



-7- Hence, the term "diameter"” as used here is
intended to nean the transverse length of the cross
section, regardl ess of whether the cross section is
circular or some other shape. Sui t abl e

di aneters for the inventive sutures described bel ow

may range from about 0.001 to about 1 mm and of
course, the dianeter may be ffom about 001 mmto

about 5 0.9 mm or fromabout 0.015 mmto about 0.8
RfgesT TRok YaboGR0. Hitd ot 6f AeRs: toapliane W hQelltheM4Bs have a
about 0.5 mm The |l ength of the suture can vary
degEneitiog compsaing aaorigaiebbarb snderside t he | ength

and/ or depth of the wound to be cl osed, the type of

ti sSsugmb&iilent} Of (REgteschiliBvenfsBirbafe Dbarbeh %ut\ﬂﬁtﬂidoomﬁaeﬁjng human

- the_like. ,%Plcal suture |eng ths range from about
eTAniTea! H5ue The Harerd SufsT @H@Jﬁlﬁsu g G 03%%1“371 AP vans e first znfbfmd a
10 ter
Eegct a£g)ger |lﬁlg nggéd U5 Ef‘%'&'r TR n%se a1t on ygpbaf%é’m}mgﬁomthe
todyp dich barh iscfilajited fis crabling the banbed Sotuee fomesisn dederhant, ivhan in

P BB it BBl B WAL Rl B DR TR o
- barbad suneé flhﬁelﬁiohgﬁe& mﬁmmmgmmpbm owthie fbedﬁidtauis@o.ﬁlﬁtdi selected

.the seco et 13 aI| ne n a on the
E‘B’E‘ g‘gg 3‘ %‘ﬁ’&fﬂ %F '”H}‘ R%%“’%»&PSF@*‘BWBg
Gigpdsitiog, dﬁmyﬁkﬁ&l%nt&wmﬂﬁaﬁ&ﬁ tigiebir € and

i-ntersec |ng t he, base_ of a barb of the first set

WI I tthe sipggeset dispositiopg e st Lo mpltiplor SPPH’e"@BQ?Bi‘?&* and/or the

apping dxﬂihﬁmbﬁ 8 bRbO s bl bE PBidaNEw SN LRIV R of H{effﬁfﬁeand second
of t e suture ody on which the barbs aré di sposed

- e flirmaieh thedarhed spawanarve sdeast aﬁﬁémplbéruiasecoud portion,
Whirt 8 batbd bbie Bt Qbdibh Eu%rfﬁcn% fo%and [H@%ﬁsp&fd%ﬂ@h%%s of e second
general , larger barbs are nore suit or | oining

R%#Q%W%2$?$§§W@¢ﬂwﬁ§§méﬂ@hch as fat tissue or sof t

tissug el 4T
'SUItab|eg?%% jOInIng otﬁ%ﬁﬂ%hﬁéggg% Sue tﬁﬁﬁd&mmeﬁx

caunesting huyaan Oeiemsml tissge whereAbe mmredompmmn dixmgme@body having a
sutures may be made fromthe sanme materials used for
maki ng conventional |oop sutures. Any particul ar
chosen material for the barbed suture depends on the
strength and flexibility requirenents. Mre
specifically, barbed sutures may be forned froma
bi o- absorbabl e material that 25 allows the suture to
degrade and thus to be absorbed over tine into the

-tissue as the wound heals. Generall.y, bio-absorbable
materi-al s are polyneric, and depending on the '
particul ar polynmer selected, the degradation tinme in
t he wound ranges from about -1 nonth to over 24
nmont hs. The use of bi o-absorbable naterials
elimnates the necessity of renoving the sutures from
t he patient. 30Various bio-absorbabl e pol yners
“include, but are not limted to, polydi oxanone,
pol yl acti de, polyglycolide, polycaprol actone, and
copol yners thereof. Conunerci ally avail abl e exanpl es
are pol ydi oxanone (sold as PDS I, a trade nanme used
by Ethicon for -8- selling surgical sutures),
copol ymer of about 67% gj ycol i de and about 33%
trimethyl ene carbonate (sold as MAXON(r), a trademark
regi stered to American Cyanam d for surgica
sutures), and copol yner of about 75% gl ycol i de and
about 25% caprol actone (sold as MONOCRYL(r), a
trademark regi stered to Johnson & Johnson for sutures
and suture 5 needles). Bathed sutures nade from such
bi o- absorbable nmaterials are useful in a w de range
of applications. Additionally, bathed sutures may be
formed froma non-absorbable material, which may be a
pol ynmer. Such pol yners include, but are not |imted
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15 Cyanam d for surgical sutures), or polyurethane.
Alternatively, the non-absorbable material may be
netal (e.g., steel), nmetal alloys, natural fiber
(e.qg., silk, cotton, etcetera), and the |ike.

Most of the bathed sutures discussed bel ow are

descri bed as having their ends bei ng pointed and
formed of a material sufficiently stiff to allow for
piercing tissue. It is contenplated that the ends of
the bat hed sutures nmay conpryge a surgical needle. In
t'his 20 enbodi nent, the barb suture is adapt ed for

o sk ooy Tyt D %aﬁaﬁ%*@“”ﬁ% R BlRpjoctng from

maesﬂdg Egoh bhﬂbﬁ§§.ddp&ﬁ fd)ﬂﬁlﬂblﬁlg ﬁ&maure to remst mgveaehiywhen thy suture is

swagi ng is well describe
AR EBHPIR YA digectign thakis oPPOR theg u f é’“ Ienn‘gi“)éh B faces. The
SHiugH fafther sBs e bbb Hzﬁf‘inoi aScohfgugrtonl ﬁhlem&ldl fbonﬂa bypb saidngle 0

at one end t he surgical needle he hol e
angingdeom hop 148&69@?@%1&%% thA fFeﬁmPﬁn%gafE ﬁ‘ét Pl gt 4ptio of cut

! étﬂlt@z)u Jahetbi QS ﬁbsm%bdmmﬂ@) doe Ueea@bﬁaa.ﬂt 1ea§mwﬁth aratio

needl e hole so t at the suture is seéﬂged to

ofi pjilength tn susere diamster KgiELTOBTALOHHO AR . 2 bar gt disgige with 2
SaH ey d@gﬁg%ﬁsgﬁ‘ﬁée améte} @}i@ﬁ% #45h: B5dhut 10 bablotit 68 QorRited

are eat are heat shrunk after
uindassitd, amarofate hase, mgesmeh op eeratinaignsghereefny ¢ he suture

tot hﬁorsﬁlg%fs@l elﬁe sﬁl‘i’zﬂ'cﬁé pBER, ¥he BADRL SkG@i Frdferably has a

needl es- have a c ann trodigh at one end, and the
spxtalnt;eoc hisgld mnging fromrwottlﬁoi;gﬂw th ebdubedretrgs-wr appi ng t.o

30 se t he.sut ur he SY n SR bark '
need| %r gﬁ P (NCTAEP 88}%/‘? S%Ir?%’l eyei éatihf)l/tp% lg%s‘? twﬁuigic 5 e
disposa Q\mﬁﬁl ofie dwams det dthero Mariag dscapmetteof s prrsfthe overlapping is

= g%%%lg Fﬂg e(ge Sggb g[? gt}gegm%r& &rm%/ %rPéH ﬁ\ftc? rtl{eegg%l@é' of another

bmace@kt wuse & thed eb@wpp@gwn)s and Se -ons Hegfies @m rd et depside of the

ed bathed tur cont.e
PH%{ a‘?ﬁ\%aﬁ% ?mgﬁﬁ lge ﬁ;tlw%?vte agbin ba%]gé) g%#?o on. Thus, with

ﬂﬁ\:nmh:ﬂa}]ﬁﬂﬂlé &¥siszition, tha ba% B lisame tefwesntthy egerlapping barb. and the
i Pat ent . No.

SV ppaAERY, b aories then foh BE CUPEHEST s e $ond barb, whereas,

Kpééngl‘ﬂf for béfbeﬁ suEﬂéseﬂhE bhi®.cubdidifide BkRednQwbbabg o thedtiarb cut leagth.
U. S. Patent . 5,123,911 to G.an

er et
05 Patiih st Simigies) b6 PHEHERAOpPS ,5gbed sumes for

- g@rgx%&ﬁnfl\ﬂma% 2 2niptd tsQueChi 'obxﬂﬁﬂauokj wath Baélﬁgibal Nezedle, where the

16 to Esteves et al., and U S, Patent No.
eomyBatip gompyises a Horbed &W@Im%alﬁwqab?%fiﬁe The suture comprises &

BIRPART 6 i PR Gy ROHRE Doy R R gl Bscoond end

Emhelzarh isataptddefos m@mmewe@m to mﬁymeten@ehﬂ@an therfature is in tissue,

B

hagiealtreedlé dinmetet tsthe smmm praserstly iskalaut X1 phless. Suitably, any
i.cal [
el e §5i0 £ b a0 ey o] Uil s Ut ncgllo

exanpl e, an inproved siliconized surgical needle that

penot rati on t A DESCIERIIORGEphR A Bivars S

need| HIGURBIFS 312 sideoview of bifs. enfBatiemnit dfithe phes2i8pvefti®, showing a

PO ity SRRPSEOR P P SHRPOPoHE bar be. ay

be f orCEREITE RG s3ebnsWiéd bloAg TR 110d1B bt batbadsuture in Figure 14;
i njection nolding, stanping, cutting, |aser, and the

like. Wth regard to cutting, in general, polyneric
threads or filanents are purchased, and then the

bat hs are cut onto the filanent body. The cutting may

be manual, but that is |abor intensive and not cost
effective. A very suitable cutting machine is
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specifically, axially spaced baths 7 are radially
arranged about 180 degrees from and staggered with
respect to axially spaced baths 9, with barbs 7,9
facing pointed end 4. First set of barbs 7 define a
pl ane that is substantially coplanar with the plane
defi ned by second set of barbs 9, and consequently,
barbs 7,9 define substantially the sanme one pl ane due

to the 10 radial 180 degree arrangenent. Fi gure
1B, which is a cross sectionab- view along |ine 18 -
1B of suture 1 in Figure 1A nore clearly illustrates

angl EIRUREAeisya sideevieva ol @pth@ammévgreeéoféher Hegeieyintiof, showing
5’9{1‘9&1 sZtuW, ﬁngt ggis—@ge%hoﬁa? Wﬂﬁﬁﬁﬁs & 0&% 1ﬁ 5% ﬁﬁeebs?qgggrgfspacmg,

fromFigure ng | ustrates
bar b FIG %RE?@ s sect:togabdms@onglme@l +Akbof tbmbbﬂiled(snme in F1gure 24;

STOUTRERRELS e bR o B i

shabrgeniurgwith barhndivpserbin| 120 degrévastaggsreerapegdi cul ar

bar b HOORER 3ol a1 D8E 2 (il B3R e 34

barb EIGUREBH’I 3@ sBle view of anotherSuibodienciit afale ﬂlesenﬂdﬁmﬁim khowing

Eoahr it MRS b 2 rebligHar Pl Rt iepold 7 § 10 e b Bentd cpacing;

al onFIGUREMS it a ssdtiohal gt dleéngdine ¥B ngﬂfmmh&:&riﬂﬂ sutirre in Figure 4A;

d h b e- d Seri.al 09/ 943, 733 t
- GonoIOHRE A S ARG G hs henl @eapigionion, hoving

fbazieid sgrueeneithiedrbl digposedsititatiwigt dut himipn:tspirﬂ disp6sitidrs €,

and he set. of bl ages, et erm ned
| engﬁg%ﬁﬁaégswaﬂt‘w IGrtint s b B ey Eisore 54
s el e FIGUREGACiE aaide vitar f3ndth@@nibbdingnt of tm@esdntrxmn@ﬂ showing

V@fléﬁlﬁ tﬁétllsgl? F‘smﬁ?(fr@fe i o?ag%gt‘gtpﬁ%fdﬂﬁ g {Vgl?lé:bqs@ulbple spiral

d:s;ﬁgt:&rudl nally (to create the staggering) 25

~app ely half of the |ongitudinal distance .
oo TR E G 4 ectigal e ongi s SPotGH 146 \PHEA Stiers s Figure 6A;

fi| arepURBOAUE 2 3&H0RA 18 HRwT albBPed butdre, WHIHICH bi-Sirectional with
ﬁw pped to accommopdate fjrst set of barbs 7 that are

disagsed i a twaptsihmpliipleisgirl dispogition likg therbarbed sutygiie Higure 6A,

HubilR&aRkdagh an@BmQ{%b@?é&ho&f the present invention and is
i ke_suture 1, except that suture 10 is

* bi - IFKEIRE 3R the srtignal sirg vietcas ilnsyatadindiigiig 46 durt baigd and

clabngel &) ald gﬁ AARRIsh) Mefhfembhidf tHetuCdifSte BOVetPRe barbs,

body 12 termnates in first and second

El ongat '
poi ngEAU%ﬁ dds aadq&emf aposhrs embedimentiof Hie peesent\inygntidng showing a
'b'a%e@QRﬁx@%%ﬁﬂ lﬁbfin ?rggsfgglth ends 14, 16 nay
nee

conprise a surgica not shown) for I nsertion
i nt oFKGFURIER is a mcg@nal side view of éndther Embledimenit of thie ipregent fnvention,

" S@é@gger erg&ﬁ&%%e r ec?g oMtP wgﬁ? 6 é%?é&g K Eéﬁ%th%gﬁe'

specFIGURIE QA igd sectidrial perspectiveividw gnoﬁpacmtmbdhm of th present
ni%ﬁanaQJ gju\%/z% ﬁirﬁ&ﬁs%gu? Ez%v?nugtpal b]ﬁgy Y;‘i’lf%{ ees f[f om and

st agg ére respec ura i y spaced
bar bEIGIRE WB ks dxmcticnabtop plan &&wfofahah:;rt&d isutinedn Bigdrell0A ;

ST B RN S BB A B

ar e FERURH IgD mzmaéctahatmeﬂaanm@rm foroenEade 10B;

par RSB I tfh SR i Vorb ot et e aéth%prf%nmvem

smngmwmuwwﬁtawwamwmﬁhe ot her half of the
| ength) of suture 10. First set of barbs 17, 18

define a plane that is substantially coplanar with
the plane defined by 10 second set of barbs 19, 20.
As a result, all of barbs 17, 18, 19, 20 define
substantially the same one plane due to the radia

180 degree arrangenent of first set of barbs 17, 18
with respect to second set of barbs 19, 20. Figure 2B
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create barbs 20 facing in one direction toward

poi nted end 16. The first cutting action is 5

foll owed by rotating the bl ades |ongitudinally 180
degrees so that they are now di sposed in the opposite
direction and over the uncut half of the |length. The
bl ades are then allowed to splice into the other half
of the length of the suture filanment with a second
culling action to create barbs 19 facing in the
opposite direction toward poineed end 14. In an

al ternative enbodi nent (not shown) for hi-directional
sut ur eHﬁ)JRE R\ sarstdtional perspa@tivatiew ef d@thar ethbdsimdys ofiffie present

1 f nd t he

o Eton Byl AR50 RS PR S S o080 o

f aci ngFEGOIRAT i Bois iz pemspectvidividvt of Apdrtion dfithe ovrlappiinipdnrbs of the suture
tQPFE&EQ?g suture would be inserted into tissue wth

an i nsertion device, such as that shown in the

above-FIGURE 12.(Sis apdarevitw hbthe por8dRofbatbstod Figufef 12B;

Addi t i t that , .Lf i d b

o s CABBRIRD ik e Dt ona0 20 11853 i 0% i, ™

]?ar bs HIGURES 1(|2Ae 138 g?:éfndl;&dﬂB show :lirm&s Mrgl?zliqlbﬁéch&b 5 where a barbed
&%JI‘Q a‘ﬁac%egﬁ) erlhgﬁ@%or WO portions w ar ps

faci ng one e %ions with barbs facing the

ot her end, and so on (not shown), and thus, if a

portion of barbs is not f uture end to

whi ch those barbs are adjﬁﬁgﬁw the barbed -

sut ur eAsweed lﬁbrcb ¢hel teRETWwaald? Ribans hisGieal bitibn,a0r, laccratlon severed

insertion a vanta of a bar bed

P E aﬁ"éﬁ‘ﬁ"ﬁg“’gu'}da‘a h&mmfgﬁeeo HUEIRR Qf aqpnplpodily tissue,
sdrag@ecindiion $n 4 Mahart drenikB0 wiag El.&@rnfgoélﬁﬂal , brShd @B8QF hnbiher tissue
fabri catgeé( on re}l atively small dianeter filanments and _

t“ﬁaﬂ%t% P I5YiPRpYES anchori ng performance. Thus,

i Nt hiAsoan dsdﬂ&iefd}ﬂfe%eﬁd ‘SBHR7 indheChd iSHIihikd B4 EHRLS such as
Ewe%? rable, the staggered 180 degr ee spacin
g

fRsahnEpiGle. ABEWPTIHS: FHIT rAlBr Bbros tssues such a3

teHddhd & lipaedt® figure 3A depicted is a side view of
anot her enbodi nent of a suture 25 according to the

pr ese MO GeHeiten “Paliencg ettered hepe araelinmeludesabutdynay fimited to,
$8mo §51§1H&§ e iyl%exls :Kt%h SUBILEE erhf AN hdl Jl_'ﬂeﬂllzlﬁrfg ébﬁzélgmers)

except that the ra spacing tor suture 30

dpelppers, %g‘tte"a,cﬁnéﬂeﬁ ans’eg%@@u% thegeafh Bwthempresth@ terre
1@019@519 sl ihéiedd Ay eﬂo\ﬁsxb Mtggﬁ S Tﬁésg Q@ﬁ:‘itﬁgs include, but

32 that 1s g era C|rcular
Wbﬁltm iﬁ%@ftﬁctefmﬁﬁomm@ndmmmm 34 for

penet Aahdudf dhel sSis ard (ﬁﬁs&ﬁ)eeg gﬂé@?ﬁ% ?Itegegrggw%n‘) w{jlth a circular

may conprise a surgica
ci96s spotian; the gatnreb eould glsp hevt ainot-girtulasuess séclﬁbsml sltdpethat could

ﬁ[&%rzﬁefmt V 61?@ 9‘}9% dlf'AQH}f&:' tﬂgi%l nXti né)ghlgerb%@godggd Udes%ctlonal

shrapesmaingodd, hgaarahd»t lifrgited to, nvalhaameqtdard pﬁmllmpaped trapezmd,

o BRLghR e By iR e ThSBRI o Shcut o

godmbncsiﬁamad ﬂmgmeaﬁ farmed bﬁehtﬁisiloy usifhg aﬂgedthabﬁlizttxlaﬁa@ss
L£684 hLom and st e th r ect to axia
eg"%ﬁ‘%iﬂeﬁ"ss APHSERE linen i‘jﬂ%ﬂwﬁr@, axibafds, yhat results

: dx&ﬁlgemmnemn f Hoween @xﬁﬁsaggﬁeseﬁn Bé EddtoneHBECWiH Sy desired cross-

axhg#LMIS aced barbs 39. Hence, axially spaced barbs
o arranged about 120 degrees from and
staggered with respect to axially spaced barbs 35, As
a result of the radial 120 degree arrangenent, first
set of barbs 35 define substantially the sane one
pl ane; second set of barbs 37 define substantially
anot her sane one plane; and third set of barbs 39
define substantially still another same one pl ane.
Thus, 10 suture 30 has barbs 35, 37, 39 arranged in a
staggered uni-directional 120 degree di sposition.
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-14- suture filanent at an angle that is chosen to
create barbs 35 so that all are facing in the sane
direction toward pointed end 34. Next, the blades are
offset longitudinally (to create the staggering)
approximately half of the |ongitudinal distance

bet ween two of barbs 35. Also, the filanment is

rotated about 120 5 degrees on the vise, which is

equi pped to acconmopdate first set of barbs 35 that

have al ready been cut, and theii-second set of barbs

37 is created in a sim|lar manner. Li kew se,
t he bl Hewss. the sum|diametor fas stedheigds mntrnilestp lng,earq the n@nssatselength of
t .

hfé s SQRbA, %@mﬂ&p [)P%];;Jﬁﬁeg rﬂ{()%rd%%%éccg% @g ?:l Hoer shape.

di stance between t e SU ure

i | amePitapls diametarefr ﬁbmnentimu@eeg ﬂe%‘rslb@ibeld?emvy mege from about

fi Pg? se‘toe‘lg?"l[t bar @éﬁngi§§ e ge seconé qu?tmmtoabout
b8:Pl3em 3% froppitioni.Okp mhéo h@ngﬁl 8 mztm n'Hfle tmum’é dmnteteamdges from about
r et d | n

S?-%fﬁﬂé:?{b r%)hﬁt'e({fjn& THE' engﬁ 0? e§hr6§ i e aC S o C s o Seyeral factors
betch aj the dengtir pdidr deptiaofishiewotindno hdadustedﬂiﬂﬁty@e gftﬁe& to be joined, the

a fr cedin
S U oL SR S S5 BB B0 o o
nMM@Bg&tﬂeulm frmhlabmitﬂamdabmltzmmr e 40, anot her
enmbodi of._the 15 present.invention.. Suture 40 js ..
S| e e o FREBtany DULE B i gl e diposicon o
blllarhh mﬁnatuttmma‘e interfdad t.ormeaﬂ @hat thelsutleshae hidegetwechets 0flyarksthat are
ar,, |

t erm nﬁlf t%:‘ela 7 s‘f‘h %ﬂe?etég ﬁﬁ? ; g%rsﬁ]%ggdtéh’gé]t“%gglﬁé}‘ﬁ[ﬁ suture and

pibe sdcpad seniy all pegiuen gttﬂdhﬁﬂly ontthe @tl&@,%ﬁﬂﬂhﬁ Rebehdliaklaras the suture

of bo nds 4 rise a sur nee
Cind SBhide SNty MRt SRSt pBpetoflng haseld Gat of th firt et
Smﬂlmwlnd@seﬁtﬂiéhﬁéofilbdrbldﬂﬁeﬁﬂcﬂﬁcaietty of closely

spaced.barbs 20 4 8, 49, 50 51 52 arranged in

st agg glthg garg’i; Prd’?el%%{"i‘ ﬁﬁaﬁ"teﬂf’%%‘ Fase 9t Sy Supse b%]’éfé’ﬂt“’hl'félﬂfe barbs are

afispiobed. DRperidingdn thelintth@edddd uiéfahd barsAAGREL, BABHS diferent sizes
ranged about 120 degr ees from

are circ m‘g ntlaII r

IR & é‘ﬁ’g‘@’r‘a dmgeperab g%&?éb‘iﬂ’%%‘“’%?a’r“ﬂ?b%ﬁ’&d@ﬁ%w types of
@sudmblﬁh; fal RisucAfHsaft lisku@ ORNE StheARGAL sndafiBr ﬂaﬁg;ra?@x%ore suitable for
f.rom and tag ered with respect to axially spaced

HYFE digtrentuc as collpgem dpnsetissied barbs 51 are
al SO AshdRg @BovRDEHbed b flred BB B8 51280 irbmQRe ﬁﬁﬂn&t&aﬂ%&ﬁm

W th respect to axially spaced barbs 47.
Mq&ﬁqntﬁmgtal Inog S%mhaéﬂﬁpm@ﬂaﬂﬁb@ﬂ% nmumakfgr fngs barbed suturo

d8sdnafon the k& keirdo@r d pointed end 44.
For t he ot her "hal f of the Ien h of suture 40,

axi al Mprapeeifigallyabasbedsgtugsanayeifermer fmm%ahg@tlsoal@bl@tmateﬁal that
%ﬁ@wgﬁg LRER b d'@:rﬁqd E%QQ%{ %rﬂ\édtcnef %ﬁ@fﬂf thb Bssue as tge wound

axi al |y space at S are ra y arran

hpdsit qulaelgﬁeb@rbabbmmlweggmw wid dcpcmisr@mtthet @articular
&yﬁ?lel‘ ye% &g, ﬁg ggéghag gx‘?{e ﬁ?the &8{1]1? %ro}flz‘a&a(y}l 1 to over 24

paced SO arrange
mopthsalbe viead Q@Fié)dom&matesqiedimMﬂeme aédeysity pﬂmﬁﬁbwna the sutures

B?Iugiﬁeé Thus anot her portion of suture 40 has all
eﬂ 52 facing in the sane direction

- t owar Yagais Ibioezbseﬂbdﬂdﬁolymeﬁ nclofis, tait fr ot limiddd tb i@lydioxanone,

ﬁ@gﬂ de%égﬁg&?jg?eﬂpo%%ﬁenent fll‘ﬁt set of b rbs 417?111y

seflablé chmnis sOpddicahomasad hsPpo ] ﬁtrhdé rﬁﬁﬁﬁt@ﬁrbymeon for
one plane; and third set of barbs 51, 52 define

substantially still another same one plane. Figure
4B, which is a cross sectional view along line 4B -
4E of suture 40 in Figure
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5 4A, shows nore clearly angle Y, nanely the radi al
120 arrangenent with greater specificity. As
illustrated by the stippling, first barb 47 of barbs
47, on account of the staggering, is closer to
poi nted end 44 (not shown in Figure 48), and thus,
appears larger than farther away first barb 49 of
barbs 49. Al so because of the staggering, first barb
49 of barbs 49 is closer to pointed end 44 (not shown
in Figure 4B), and thus, appedrs |arger than even
arther away first 10 barb 51 of barbs 51.
Wgw?'g%é‘ Hiuagsd copriymeref gonkdife elycelide apdaboyt %Hiywﬁwlenﬂ
INASONS b SralifSan @E.bc f
%t%ggzgﬁg%ags not I nter sectlplt% ng epiany )Baaﬁédz{gsurgwal
cutus) tasd molmq eﬁw‘t@eg 758 glv@héwert@om%ﬁecapimdztctons (sold as

at |ntersects
|t[iﬁe base % one %EIEE;'% %h%on%g' %’658‘% and suture

lmetﬂmeBtrbtdlmuh&smadbffmamucb&b&bﬁikbabﬁe xhﬁéf@eﬂs ﬁéuseful in a wide range
% m Iarl&{ls a 15 transverse plane that is

per en?ﬁ cuUlar to suture body 42 and that intersects

the bmemﬁalqnearbardauﬁ n@iy bb Birided ﬁammﬁ»ﬁ-aemrbable material, which

intersec e of a b 47 of barbs 47. Al so

VB AP0t v prendtade it gt et Ermfiad oy epliizgnylege, polyamide
lﬁﬂstykxﬂﬂm&a dylohg poliyésted r(@acssspotﬁelyieas RrphthOie ahRs Batdbhere as
Eﬁﬁ doeﬁlnot gtersect the base of any barb

EET) pol i lluaspeihylPit o as cxpanded ey ietalogrpcient abbrepigtcd here as
BETHE A sold BY Gére as GORLEEXOY] B{;l?%ﬂsl&@tc} g&ﬁ% ds%%%érswhmh is the

t he, base of one barb 50 of oes not
FoRdensation pelyaenyaten ofdimethyl tareniitidate grolyieiramethgzne ether glycol, and

Pl REHiYL, afd Whidh ﬁ&edﬂi ist
to sutur el' b\gg% 42§§ﬁ% that i nt e‘??ccecl%éi ?ﬁr@gase@%agf] %mgames

By Rt b5 T yep, hife ANV AFTL®,i whidr is @ ¢taderhvek trgiseradfto American
@Xnagﬁﬂ H)ﬁg Bl Jﬁﬁf i ??olﬁurethane Alte%%ﬁ\lilerij{ej tﬁﬁé?né)g? SO&?&H‘ material

made Wt e sane machi ne as
19y beymetali(elg. Jsgeebemcteleﬂides natmbleﬁber (e.g. mlkaimumenaltee@ and the like.

Se ri ?go%\&lr %\%mﬁ)gg é‘fz arﬁ% é‘sﬁu 3 \élg‘g%%g {? 8%"{"0@)( ¢ ezf\)fmg\%elr ends being

F@nteﬂ andsfiorreet ofaf miseriall sufﬁntnthmﬁff tdalldwsof pierchip tistfel @ris

BB e S0 00, s b e
aplpndm&nmhebatbé&dufur@fs alidpedifen@hdhntthe, shdh 25 BY W &ring, channel

filament t eatebrs 7 facgi one directlon
- ‘P&'}%ﬁ SﬁPB%m%r?a ¥t 2 ff gﬂ@&%@e@? Lorinseripp ipto tissue.

180 deagrRasntdy swagihg fshay dascabamdei %ﬁﬁ%cb&nﬂlﬁﬁed by msertmg
ﬁgga site.direction and _30 over. the uncut half

P endpto te sprsical yeedle mlethawﬁb%gau@%meed@ms end of the

iu.i’@cabhm.[e (ﬁaiaily @fe Holvhab BRAURIET 10hfRdfidl %fnﬁa &ieleﬁﬁf%e needle),
% Second %gtt| ng action to create barbs

Y Grioentes G pryultangatent he veedls holssaitnt ﬁeusms gagured to the
sthpical ndddte for msemorl\ﬁlbt tissteD Q143 AARSuBli&1 AR lwith a iongltudmal hole

longitudinally (to create the stag ering) for

in 9p¢ endate heskr bl mbesthafrazerheat insegricgfof ﬂmsb@re in order
t6 ditach ik MhHO1d HE sﬁgikéi Gn@edié 'A&i&ﬁi&aﬂf s&gé 561 30 g&\%oa
degrees on the viseé, which Is equi t o accomro

ohprng| ordequghy pt g cadl.and thic sutule zblaldas ﬂxwrouge follpwed &y evrapping to

iy 8] g  SES it

helsttpansngrsebt dignosadin @nemdroﬁﬁlemlge:laynd&dibbodﬂ alsbibe hseddiubare not
| bar bs .50
g‘%ceﬁ%ﬁn?c’:%l on tomﬁ%oﬁgfmé’%%gmﬂ%’rm%@] f‘; ﬁ%@ilslo befdw regards

cutting action is followed by rotating the bl ades 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
| ength of the suture filanment with a second cutting
action to create barbs 49 facing in 1lo_ the opposite
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5 maxi m zation of the retention force of the suture
overall. As noted above, the staggering enhances
anchori ng perfornance. Turning now to Figure
5k, shown is anot her enbodi nent of the present

i nvention, which is generally designated at suture
60, with radial spacing that is in a tw st cut

mul tiple spiral. Suture 60 includes el ongated body 62
of generally circular cross section. Elongated 10
body 62 terminates in pointed-2nd 64 for penetrating
tissue. Also, it is contenplated that end 64 may

cB¥EIFAl Seedles swagrdorith bached BRER dut Kisopprmplatedithp m 9ty suitable
lﬁg&sbfmgn g%gdjegggm&ge%;é&ure 60 incl udes

plurality of osely spa barbs 67 arranged in a
t wi st Adtachmenitof gitgrespidsalgioebneedlenis desstibadl i dHY. FogntiNel 3,981,307

ﬁ&z grg i)&@m%@é*% Og«i ()@ft()' {)ﬂV@EdPé? 3 efll ) ét?lggg’Granger etal,

IS a cross sectional view a
S@Sof’atsruﬂ\tw 81889911to0 thweetmo. U.BuRatens NpoS, SMEQchm Pemargst et al.,

2‘%3'63%5%%1% bEPB 73 ?ﬁfi t§ Egﬁ Ig?e%glgfa Zﬁé %CztiBY?eEQ%h DefSl, and US.
aratent Not 63, Hidy Eétcwpm Atmihtm’fdr ibd n(anufactsde@ﬁmgmal needles is
Figu [

: t?e%fgb?crl g}BQeI'g' %{%&}t# ?5%%2% Ric'zk e(lz."al IPfurL%reP I 31 E:g tlg?gthe surgical
owpdit mag be doand; the aoaingiallawing ﬁ:trtlnen@ed:]ia ohiha mvammtggambmauon
R TR EN N T N T
Zﬁedﬂ‘e weneanoetoawld THé tdutiag tray bé a pelyhen) If})sr ﬁn’:s:]dg?&j a sihiaodeSresin coating.

r odu in_.nu r
Hog PRabog oR Bieo Bt B il BBl B e S sispicagly o foree o
fefflectrtiznite pesettutibnlthat attaadaad siliconizsd aagicalineditd 18 @escribed in U.S. Patent
r,ot , epn t he tting takes pl ace. Mor e
6§%$P§gﬂgggﬁgﬁgg?ﬁ¥§re filament that is about 7
i ncheghé asibsidre iﬂiEﬁosé@ m vahﬁud zﬁﬁ@@dﬂnenis&mhﬁ&l@id@lwﬁﬁahﬁmé The barbs
mi ted f a partio é é ure. length, such as
e fprnefl geing B st B2 injgstion pokling,tppaping, cutting,

(lab@ eiid the fikemVidh regaitfo &hth HE. 8n b@REE, BolyhlRKS thréddls 8FElamSnts are

C @@@ g d the ot her end |siﬁraspe and rotated 360

E# an tifcharbs ag> qup antp diey Hﬁe"épo‘iﬂﬂe suture
f | | angRé ctng Mﬁﬁ&ﬁaﬂﬁﬁﬁ Buttthue lﬁh‘ﬁdﬂ Etﬁﬁﬂsﬁlctaﬁ&ﬁot%ﬁ%ﬁgcuvc
and held in_the wi sting preferab

per f ofritesy 821@&1?16 C%n& mﬁ@@c lawaclm Spg?%mgca@@p Serial No.

Q07918333 totRBYAS all Disdi Qno?@lot(%tﬁ'i? Medieh, fiRAAbgude i %ﬂghe disclosure
may be from about 2 to about 17 tw sts pef i nch, or

9HWhish i incprperatd By referenceySudhe qyliingimashine bas apleralitysf blgdes for

@Qfﬁn&@oﬁﬁmtoﬁto%nﬁ@ﬁﬁmgﬁe A Hg?ﬁgel rcgﬁi'ng gaagﬁg e f e forthaltBhcturin g

Next, the bl ades, I ng
a@rb@fé%ere& Wilizegr @mmgézeﬂq adet, PrerRgmIDTe bhammww sometimes a

i 8 A Ny A0S B
Vﬁe,t‘hth tbaﬁﬂlsd¢r§fe@tch Qfohvablaﬂep genvradly dispdseddn ﬁ;&fntamveme direction
iz i u
L v I AT S Ve
dmgwyyéaﬂmmﬁdﬂmummle splrals on 5 suture 60.

Tur ! GanIRNhe. ChONLE B8N MR TR AaLhel cHBOd RNt

of the presen I'nve
desisppmeingdr aimiku blamentg fhroufghidus tie> s€tbraiviewds, sholvwniis Figotet1A is a side
multl r.al sposition and thus is simlar to

o B oSl sttt mﬂ%"qﬂ&%?ﬂ%ﬁeﬁ@r&h donignated at 1.
Suture 70 i ncludes el ongated body 72 that -
generally circular in cross section and that
termnates in 10 first and second pointed ends 74, 76
for penetrating tissue. It is contenplated that one
or both of ends 74, 76 may conprise a surgical needle
(not shown) for insertion into tissue. Suture
70 further includes plurality of closely spaced barbs
77, 78 arranged in two respective spiral patterns,
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-19- More specifically, a section of about 4.5
i nches (about 114 mm) in length of a suture fil anent
is twisted, such as 39 tines 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 tines, so the twi sted section of the
suture filament has about 8 2/3 twists per inch (per
25.4 mm) when the 5 suture filanment is then is placed
and held in the vise. TdOsting preferably is
performed 28 to 50 tinmes, and may be perforned nore
or | esSgtursljingluges elongpigd porin 3 thaids swetaily lpirgular imgragsispggion and that

BYniffResih 080 APBIH 4 % iR APPHlond Zmﬁa%ﬁ‘l{eﬁt R ﬁ% \gted £ penetrating

about 3 to about 15 tw sts per inc
disone; bukdt is opnieraplpfed thatrad 4(mrsrcompeise mmgﬂ pesdleZ@ot4hown) for

rﬂ@emoLQMgngmt E‘ﬁleg)ktf%ij%ﬁhﬁﬁ‘& Bowh R AIRY s REE T 1 %dgn%%lﬁ%hty of

to a eterm ne ice rnto appro
wmwly@t'wp% barbph ﬁcmaagﬁden ¥ siaggemﬂun(-dpmxoml dispasitipn7 More

AP B0 il b S o D Bl oy R8Y Bl it

theewut wﬁbrdspdcamtally spaged baﬂsst9 mthtblaﬂng 7 fcfatiog poibtel end 4. First
ts&%f ?!n%g g ﬁeﬁ%@ qg-legﬁatt 1 s‘ixgstantx a r b i 7%18 pféﬂ%&%il&ﬂ)y second

are facl ng ectron
Betpd batbﬂ@, aod Chtwqumﬂly bbﬁbaﬂélsd&ﬁne lsnbsﬁ;tﬁhaﬂyehmw loge plane due to the
?#gll 189 hmrggceand how many barbs 77 are desired,
ere e one ftlng notion to cut all barbs 77
si mul F@n&dﬂ%h\mchmamsrsecumylmmw@mm € LB bf sugyre 1 in Figure

TR BB AY o, BB IR LR fpBbSent o arbs 7

Whith mespedi¢o MMSAMIQ) ¢’aﬂﬁ)ats®ﬂ fSUFidegnBethe sippliRgillubires that first

Bl 708 N A 95 bt BBy, st o i Seems o be

(aam HoX ifrtieehyayAstBab ¢ 6MtgH 2 0ueb tis sgheringo A mevdi«@ plane that

of the. appr.oxi matel ch roxi mtely 114
RelrpRdioBTS PRy gL Pt ef B ite of e Y Gbameg docs not
inbesecatht bave @f udy g © 6FbdtRi the other half in a

cuttln actlon wi th the bl ades making cuts _to

seco
cr eatg‘ '85;16%3 Tadle withia cytting maching thatprogycey ig sets of barbs 7.9,
QRS briesetita@itid, Bk stappered posPlidH H6heafre’ B sudieR a{&%ﬁﬁg device

3 how rrany bl ades there are on the cuttin rrac i ne

ApoYsaIotre Segaldie 099437330 Gameraetghy be one
cut t 'Iﬁﬂt é'&’hf Biibsl Pis Ghthted By plabinR 2R PRoldiRg & El{ﬂ'ﬁle Eﬁll tMe vise, and

or there may be repeated cuttln rmtlons unti |

henithesat of iasies. Yot antedstermied Jangths enlicgrdntoithe sytuge flament at an

_ ﬁ%[édeﬁ&e@ to ér%e Batbf Jflﬁﬂ ohd i Srpmwﬁﬂ'd?oggé%end 4. Sﬁcond setof -

I pl e spiral barb ure7 s releds rom -t
l?ﬂir@é? laﬁ@at?ﬁ similarly @fteltqf&etfmx te bmglowmdmhléy geciontd the staggering)
I
RIS e o0 M e Al By BB ol onting e
spturesfitament apout k8Adegraes andbpest, lwha:hpsmquumé m%ccdmhoduamt set of
q;jﬂg tﬁaipa%ﬁlfegw of about 3 inches (about 76 nm in
re particularly, several tw st cut
mul t iSbben épFigae 2Abia sioes 19 whick & anether mrmuﬁmt mﬂmwlpresent

1I1\;egﬁbr?ar[)&)19?%£lﬁl§$qt ha g ‘%ﬁ[ﬁr}ﬁflnsﬁaerf# aalb %uture 10 mc udes

efomigyted bac&nmhat@s/\ganehlly sircula i t4osd seCtichb Smcr atbil Bo@tltzltélﬁimaies in

ﬁg_g jgc} S&nﬁ%d gn S | lFlquo 1{9}: ab o%ﬂ%{%}%el g 150, dt iecgntemplated that one

os bothleeds I, 46 sy bahbﬁ;c&l#htgﬁfﬁl noddieqRot3BGwH f6t ind¥RicAlinto tissue.
range from about 0.35 nmmto about 0.399 nmin
accordance with the specifications of the United ‘

St at es Phar macopoeia (USP). 5Each suture contained a
total of 78 barbs introduced in two respective

multiple spiral patterns around the circunference of
the suture. Since the barbed suture was.

bi-directional, the barbs were divided into a left
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30 are respectively slightly larger than the United
St at es Phar macopoei a sizes 0,2-0, and 3-0 for

synt heti c absorbabl e sutures. In accordance with

Uni ted States Pharmacopoei a specifications for

synt heti c absorbable sutures, size 0 has a dianeter
range of about 0.35 mmto about 0.399 -21- mm size
2-0 has a diameter range of about 0.30 mmto about
0.339 mm and size 3-0 has a dianeter range of about
0.20 mMmmto about 0.249 nm -l Each barbed suture

s gripped at. each _end py being held with cork .
g@%k g'ew%a@dﬁlﬁ'@def Pluralify of S0P ¥ spaged basbs Ly By 19, 2fRgranged ina
whgs@ashiaheiisnabadegdosut ure was gri pped at each end

around two respective capstan

b ' 5 W .

r g| | :M%? m@%@&ﬁ@p@m@ Prightysaiesddbaths dd aregpdisly agiapgpd about 180
Hbge ik aﬁplsmgg&ua Sith IelpAY ) phurifity ©8 2y dphlied bEPS 19 With barbs
The portion of "each suture specinmen bétween the two

ot lf?ppféﬂ% Peipied exfbld farropnrtion (aheir dalf pbtbeo lensthPe spe §0n Similarly,
bRBAID of W@pa&@bmﬁéﬁd&ily Qﬁﬁr@@rﬁf&gg fﬁt'oﬁ%g%%sr%ogé and

cont al ne e entire 3 inches (76 m
firgrmred widh xesrsat to pyclishofgysiadly sparedbarby ), wishi barbs 18, 20 facing
) . e ) | . - ;
SHRUHSNORL gt oy e i LAY e .
Fisd getpd baba ¢ brid slafing pline that isesubitantiglly toplapaswittethe plane defined by

_ 3 : e plant
SbRNG: B barbs 19, 20, As NE iy Liltr %{ﬁs{ 19, P4!7530 £ dyBsuantially the

Tabl e 6A bel ow, and the far enotes
98E 9o dlanp die tottkesmdipl 180 degres anpnigereent of Srsf ot of barbs 17, 18 with

&%%tsk&g@lsetwg%&rge% sutures made froma 15

synthetic absor e’material. Table 6A (Tensile
St r erdggwy-2Bas 2608sedivdal view rbag hedBSu2BipEsulireg £0 in Figure 24,

mble® ' -% S% i eqgui r enent s _
oo ARy ks ekl 1l BB RO SRRt o to he
mgebe, irs barb3Z0f Bartis71 742 cloder 86 p@nB@ entl BIAnd.sbfwn in Figure 2B), and
thus, appears larger than farther away first barb 19 of barbs 19, as is illustrated by the

stippling. A transverse plane that is perpendicular to suture body 12 and that intersects the
base of one barb 17 of barbs 17 does not intersect the base of any barb 19 of barbs 19.
Likewise, a transverse plane that is perpendicular to suture body 12 and that intersects the
base of one barb 18 of barbs 18 does not intersect the base of any barb 20 of barbs 20.
Suture 10 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 17, 18, after the suture filament s placed and held

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

the suture filament to create barbs 17 facing in one direction toward pointed end 14. Next,
the blades are rotated 180 degrees so that they are now disposed in the opposite direction and
over the uncut half of the length. The blades are then allowed to splice into the other half of

the length of the suture filament with a'second cutting action to create barbs 18 facing in the

~ opposite direction toward pointed end 16,

Next, the blades are offset longitudinally (to create the staggering) about half of the
longitudinal distance between two of barbs 17, and also the suture filament is rotated about
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5.91 3.90 not applicable As can be seen,
escar pnent of barbs into the size 0 pol ydi oxanone
nonofi |l ament reduced the straight pull tensile
strength by approxi mately 60% as conpared to the
conventi onal unbarbed size O pol ydi oxanone

nmonof danment (7.03 pounds = 40% of 17.72 30 pounds).
However, the straight pull tensile strength of 7.03
pounds at breakage for the size 0 pol ydi oxanone

bar bed suture (which, due to tihe escarpnent of the
barbs, has an effective -22- dianeter that is
slrSQI degreed dncthe vike vdizcﬂarieofﬁlippofﬂ tot dgeonomodainsteatalf bi-directional barbs

B 38 REFLS R0 oGl R I0RE S B WL ARGERIRINE o, 20, o blades
cplid: With pﬁmndsuﬁg}rcubﬂmtcsapp@mmy f1alf ﬂm imlglhe)f the suture filament to

SO Bt e Ao} b poneq ety 30 P poton s

d‘nllmhii by ronatihg S bRdIS l&gnnﬂmaﬂ}ommegleestsa e the b b @ sljsposed in

di scus d bel qw | TabI nect
?Ppﬁflge cﬁgg &ng Ryer uucu %&1&1 ']][f‘lﬁ %&H I!hen allowed to
mpﬁémhmmﬁhcrﬂlaﬁbﬂgé Hngtﬂmg the samgdfilahonttwith4 sk@nd \BEHtifg action to

e et S e dopoRE e R (VRO

m dl i mean srchapoe aiRdinent (v@0sHIWES for bEdifectitifal &in@® $0, the portion of

h : I he | f h
BRI i, Do B Bt S5 LB e ST porion of
miurd mh\aiﬂﬁbktrbsﬂlﬂ DEhas ?:(v@ @%fa&ﬁ% tdvadf&ﬁ p(ﬂﬁlléd_tartd'lﬂ wtﬂt fhis

eac | on was rom e super IQIa erms 0
"ﬁ’éatﬁ’é‘r the Brbe quture would g Fisertadiintoissus edthan dnsertign deyige, such as

el ShdwnOitise abBvdindied WEI Paait o1 s 38N9Td th RAEN WalditidAalf it is noted
t he gltes were closed. For conparison, the renalnlg%
s facing

UratdEdagapd, b may bepscarpedsa thafdher s beprogrogtiags jyith b

SAOVRIIHdONE bortBR Ath BEtbS HEME &R dtﬂershd, Br Whd gorifing autﬁ erbs facmg
silk braided filanent, 6 sites with 15 size 2-0

RBRHEH] and e portigpgwith gqu@sggmw thg other end, ando on (not shown) and thus, if
RPb}Hn QX BABHE nbPRAGHS h@m@mdw«,ﬁfeh WREEHARQ Rhcerfd then, the
closing of sites was perforned according to a

bartebHtyre dvoyldedpserted into tissupitygggs WeRi t ored

dai | y Anafentdse s §ML&% ﬁa%m%latrlaamq%bae &fangaa{ez.t with

At the tine of death, the I ncisions were eva
AAEECHaE G-ﬁﬁétéllq 180 dﬁglphSpaggg isreadily\falyricoigd on redatively small diameter

: h[b%ems d%ﬂezs erﬂxg )1%8@5%11?1%31 g%eltf&%aq%gs%mélul tclrfﬂ zInﬁ%ehcaIe

apposed w th anone
Hepuarwhersa spalér sitae @erleamblmﬂpemgg@ed BOgiegite shacing generates

ggnggégéﬁggﬁ%lghe 14 day observation period. No

I'scence The site apposed with the
c o nv e'ﬁummgmlowuq E’@uhaéh\ sepisted Mamcbmamdf dnhthersinttediment of a suture

t vent onal cl.i oxanone. ..
BRI S GO RO LB S
si&hnslcsﬁnwemﬁgmre nadexca;&m thehradifl spmmgcfai- snmki: B0 BilR@degrees
clos

d fg the S|s(7il %%%P nmonofi | ar nent
olhi nii Stk ot 8‘5“§?ftsﬂ 3 sites exhibited
parti mommlaﬂbﬁumm fncladdsedchgaad p@:ryeswtthzu isckieRerhly circular in.

* G emna e e ol o e meats i 1t pontemplated

taeaidi %gudy%ﬁiphé’d%ﬂsuﬁgi&‘f H&HdR (n8f o) sFtha (HeRBMAL can be inserted into

| @%{q%: %ﬁ{@lt the&w@ﬁ#&@&u' a ngéwg%%g%éﬁ%ﬁsml%@wﬁémly

problen1of an ani mal mani pul ati ng 30 and pul i ng out
the iutures. In summary, the in vivo
performance of the size 0 pol ydi oxanone bar bed
sutures was efficaci ous when conpared to the size 2-0
silk braided filanment unbarbed sutures, the size 2-0
-23- nylon nonofil ament unbarbed sutures, and the

si ze 3-0 pol ydi oxanone nonofi |anment unbar bed

sut ures. -
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In an alternative enbodi nent (not shown) for
bi-directional twist cut, nmultiple spiral suture 70,
the portion of suture 70 on which is disposed barbs
77 may have barbs 77 facing 5 toward pointed end 76
and the portion of suture 70 on which is disposed
barbs 78 nmay have barbs 78 facing toward pointed end
74. Wth this variation, the barbed suture would be
inserted into tissue with an insertion device, such
as that shown in the above-noet®d U S. Patent No.
5,342,376 to Ruff. Also if desired, it is noted that
BRACEE barhs 3% 37, 88 earqsied se Hat dlbface ih thesamadirdsdoptopard iomtes! end 34.
[ BQL n wth barbs
fagghgéyﬂgm%?%é?%mgpgﬁgﬁ ﬁﬂgg$'ort%%%% wi th bat hs
f aci n§lsarnxihepagerbagbsFsrard Radlsﬂmang@babbst 120 digneps tfitwar and

%H‘eon g%reﬁg%bgg}flgﬁ%g&?g%&%g@%% &12%? ure %mlgtnlggi about 120

dpgress fromoand siaagdred witlerespiictioanielly siaexd battia 89 bHeivehxially spaced

bSO &r&gea IRt fzg%eg,{&sofrém Sl erg?gﬂs fespect to axially

I nsertion dev age o
$naoedprts 35wids @ rewtt of ﬂlﬂlradliﬁlléo degrecairrankiespois fitsi @nofl tarbs 35 define

%}d%?% éﬁlyﬁ%c A 19 Qne dseségrtﬁj se? qbg%?ﬁlg '%%E}%ﬁ‘g‘g%g’ another same

I ng capal

‘gpgled; txdrtbetlsesoﬁharhs 39.'ﬂhﬁnd‘ﬁlhst€m1allﬁstﬂmt)thbrhﬁmbbmsplane Thus,

iRl i ral _pattern resu

g 0 H el P e Bl o i Pt 1A oo iposivion

of bdfijgsy 3B adrodseatonilorigw. ﬂvmgzlﬁlelmpxmmiuammmﬂ@re 3A and
n e sutu in.t ssue i S
958 bl e bty o ot edial Et e mgement of baros 35
with clspdeas bmmv teir3e elithespbitie babCIRAT taths B0 tWithQédpedt to barbs
pes of 20 tissues, so that greater suture retention

orce is desirable. Wth reference now to
Fi gurdes lgbé.\tm&h Bmé‘.l sﬁp@m:gﬁﬁlgto ’&E@M & bfbs ‘l?zﬁ ﬂi&:@?e &laﬁ@ﬁfjvgenng, is

ut ur e sut ur.e as urality of closely
i?f c‘é’d"’B‘é“r“kfgg %‘1 9% s g Hfeves %dé h5o3g5ingt Rgflarger than farther

ayaR diralbhiyp 3iof Batbas7. CARS Firstatt 3Mbf bEBSHY, BAS 1 RlsidiBSiing, is closer
Shown _are suture Iongltudlnal axi s A,

bath t
R gP‘ﬂ}Pél Bﬁ‘ 3*51@%%"039 in Figprs 383 rapdithus, seeray 19 be dargcy dppnigven, farther

abay birg birh3n gf' Barbs 395 A, Erhsh¥rs@ PlethEth At 3s ﬁérpen&@ﬁla%tsuturc body 32 and
depreSS|on T of cut-out ‘depression CD.

thqt dnfersecterihc asg H%‘?‘?é’é{bi Bradibads 4 deas el intsrspet theshapefay barb 37
of Barbt I Bikefise, B \Wandvels8 bRafle #fs E@Eﬂ@féﬂla‘i R S dtytﬁ and that

barbs for measurenent of the cat di stance P
injersgrds (9 baspgf erechagh 31 ofdbaghs 37 glogs nofintarseetittic base p& 4ny Iberb 39 of

bk 5o slnmaﬂgi'ar:f‘aslwe%%an@@{afe g)egzlélicﬂ{:\ﬁar t+ L.ii.?feg&isw‘f and that

in Figure 6A, but Illustrated as an enl arge Ion

intersesistbe base obeonsvbarinikofarhsi3P dae nat inberseeishelyase ofany berb 35 of

pa@Rkiguration of barbs 81 vis-a-vis suture
“lTongitudinal axis A, suture dianeter SD, barb |ength

l, bﬁv@fcéﬁtmﬂéqstmd@m@ah&)samﬁcumng Inciine ssutitudi K sarhes the cuttmg
OF s BRCRE pBRY faSHE, oHRLERL 20y 5B et

mybhine Spevivkidialproducsthrersets of barbt 35 &1,,39 askiliyaine set at a time, in a
u s were nmanufactured from
mﬁ%%ﬁé&qmgﬁ%%?gg%ﬁﬁm? 'm pol ydi oxanone and having a
di anfirse set of baabxodft is Grcﬁt'bﬂh ﬁy pLabing ah)d)hﬁldlﬁg éﬁﬁurﬁf larit @hhe vise,
an e USP requ men si.ze
£ bR plaody effeipaning b afrised srmined ooty sAlifiag into the

.78 barbs introduced in 2 separate nultlple spiral 5.
patterns around the circunference of the suture.
"Since the baths were bi-directional, they were
divided into a left group wth 39 barbs and a ri ght
group wth 39 barbs, each group opposing the
direction of the other group fromthe approximate

m ddl e of the suture. Each suture was about 7 inches
(about 178 mm) long. The niddle portion was about 3
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L =D{Sin (180 - 0)) Al so, angle .a of
spirality was neasured m croscopically on various
barbed sutures 80 as follows. Wen the twi sted suture
filament is gripped by the vise during cutting of
barbs 30 81, the vise |leaves a very |light mark
designated as line Minpressed on the suture
filament. Thus, line Mwll be parallel to the

| ongi tudi nal axis of the vise while the tw sted

‘suture filarrent is being held 14 the vise. If the

VI se does not v light mark on the suture -25-
P irrclaient il SHE i e AP ko A lhate Foctnn i the same

pdrred:ﬂoﬁlto\x/;@d ihtedlencannect i ng the two respective
termn EO et successi ve cut-out depressions
CD | ef ertnﬂlg ﬁﬁséfﬁrfg%?t lgpeitugdinglly (iecreaie te plasgering) approgimately half

S UL 618 SSrigediRA BiRGn@ hetwiich 8o StilaktisRg. %eso\?@é gﬁigéét is PG4 about 120

b t hed suture 80 is released fromt
BRPeSoBdPesdsey Which 15 eavippeddo apqomunodate &st sd eﬁbarbaraes thatSave already

SBd:elh&Juﬁ BTt R SBO 6 R SR E UL B@%g@l&iérfbcal 'y for

formnﬁwangl e a of spirality
neasur FKgViEs thedilades arg ﬁgql@o@et 10hgltl©p1a§yr(trzgmm U@Gtaggering)
ttgﬁ%ﬂhﬁﬂeﬁrhgﬁ BHRAGngBdina st c%get&&gxq?b aﬂrf% g a?so the suture

ack l'ighting at coarse
‘ﬁ’&aﬁeﬂfgs K 2bput 120 degrensonfthenisee whiss 1swqen;$ped3p ramlmnrqdate both

aé]ﬁrasy But VRS sdt BEBLTER n Sothe
of -t he bar bed sut ur e%gggﬁ@g%&%%ﬁggggg f%@"""“ the
dangitndinabyotesentiand retaréont, third et quacbsrﬁ&merdmd (ba dimlsn manner.
thequrgfl% URPE the.ri
pat hs e i pg BbiueBRfilen s deaf b pfidgn b TaGfirs sround
%t%‘soq?&&rfmﬂhﬁ preeeding teirh agt dbevnot evastap ith raﬁry erﬂelr wfb.
sut ur eyl i on
of suture 80 vval(s?cq'r %"{ﬁg‘l‘fa 4?‘0&11 }fdtls fwrgy)] Lfﬁ? fr ﬂ&hﬂagm"t of the
Prespptripvegtion rfatire AR istsimitar basuinec 36, ld:kcttpﬁt_h&&uture 40 is bi-directional.
'5%\%&6’ t. t P.bet vwe acent 15
R e it B PR i e Fion seion pagac
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Table Z@H{fiozd% bat hed suture) Rati o of D,
g and stagasred with regpeet g w@lyzssmﬁm:bs 49,
Wthh 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 4.
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 pottion of suture
40 has all of barbs 48, 50, 52 facing in the same direction toward pointed end 46. |
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suture) Ratio of D, L, or P over Suture

Measur enment Uni t sAver ageSt andard Devi ati on Di aneter
(0.457 mm 5 cut angl e 0Odegrees1511. 642not
appl i cabl e cut depth DmD. 2150. 0270.47 cut |ength
Lmm0. 4460. 0420. 97 out di stance Pm0. 9620. 0732. 1
spirality angl e adegrees20. 8333- 602not applicable 10

Table 7C (size 0 barbed suture)
As aresult 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 saime
one plane; and third set of barbs 51, 52 define substantially still another same one plane.

Figure 4B, which is a cross sectional view along line 4B — 4B of suture 40 in Figure
4A, shows more clearly angle Y, namely the radial 120 arrangement with greater specificity.
As illustrated by the stippling, first barb 47 of barbs 47, on account of the staggeﬁng, 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 batb 49 of barbs 49 is closer to
pointed end 44 (not shown in Fi guré: 4B), and thus, appears larger than even farther away first
barb 51 of barbs 51. _ R

| A ftransverse plane fhat. is perpendicular to suture body 42 and that intersects the base
of one barb 47 of barbs 47 does not intersect the base of any barb 49 of barbs 49. Likewise, a
transverse plane that is perpendicular to suture body 32 and that intersects the base of one
barb 49 of barbs 49 does not intersect the base of any barb 51 of barbs 51. Similarly, a
transverse plane that is perpendicular to suture body 42 and that intérsects the base of one
batb 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 suture filament is placed and heid
in the vise, the blades splice with a first cutting action into approkiniately half of the length of.
the suture filament to cfeate barbs 47 facing in one direction toward pointed end 44. Then,
the blades are rotated 180 degrees so that they are now dispose& in the opposite direction and

-over the uncut half of the length. The blades then are allowed to splice into the other half of-

 the length of the suture filament with a second cutting action to create barbs 48 facing in the
“ opposite direction toward pointed end 46.
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Table 7D (size 0 barbed suture) Ratio of D. L, or P
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next splice into the other half of the length of the suture filament with a second cutting action

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

Preferably, each successive barb is escarped at a position about 120 degrees around
suture body 42 from the preceding barb anﬁ 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
Vportion of suture 40 having barbs 48, 50, 52 may have them facing toward pointed end 44.
With this variation, the barbed suture would be inserted into tissue with an insertion device,
such as that shown in the above-noted U.S. Pat_ent No. 5,342,376 to Ruff. Additionally, it is
noted that, if desired, barbs may be escarped so that there may be two portions with barbs
facing one end and one portion with barbs facing the other end, or two portions with barbs

facing one end and two portions with barbs facing the other end, and so on {not shown), and
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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 SA, 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, it is 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 cat multiple spiral pattern
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 SA. Due
to the twist cut multiple spiral disposition, each respective barb 67 seems to be smallér 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 samie time as the suture filament is held stationary, instead of
being rotated, when the cutting takes place.

iM‘ore 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 vam) of the suture length. Thus, an end is secured, and the other

- end is grasped and rotated 360 degrees, 39 times, so the portion of the suture filament is
- twisted when the suture is then placed and held in the vise.

Twisting preferably is performed 28 to 50 times, and may be performed more or less,

“such as 19 to 70 times. Suitably, twisting may be from about 2 to about 17 twists per inch, or

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

25.4 mm).
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Next, the blades, after having been adjusted to a predetermined Iength, simultanecusly
splice into the suture filament, The cutting action makes cuts to create barbs 67 so that all are
facing in the same direction toward pointed end 64. After twist cut multiple spiral barbed
suture 60 is released from the vice and untwisted, barbs 67 are disposed in multiple spirals on
suture 60.

Turning now to Figure 6A, shown is another embodiment of the pres:ent 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. Sutare 70
includes elongated body 72 that is genemily'-circular in cross section and that terminates in
first and second pointed ends 74, 76 for penetrating tissue. It is contemplated that one or both
of ends 74, 76 may comprise a surgical needle -(not shown) for insertion into tissue.

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, plurality
of barbs 77 are arranged-in a multiple spiral pattern with all barbs 77 facing toward pointed

‘end 74 fora part (about half) of middle portion MP along the length of suture 70. Similarly,
plurality of barbs 78 are arranged ina multiple spiral pattern with all barbs 78 facing toward

- pointed end 76 for another part (the other approximate hialf) of rmddle potion MP along the

length of suture 70.

Figure 6B is a cross sectional view along line 6B — 68 of suture 60 in Figure 6A. Due
to the muitiple spiral conﬁguration, each respective barb 77 seems to be smaller and smaller
as each is farther and farther away from poinied 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 mu]tip]é spirals that preferably are cfeatcd 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.
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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.

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

Next, the blades, after having been adjusted to a predeterimined length, splice into
approximately h;xlf of the approximately 3 inch (approximately 76 mm) length of middle
portion MP of the approximately 4.5 inch (approximately 114 mm) twisted section of the
suture filament in a first cutting action with the blades making cuts to create barbs 77 so that
all are facing in one direction toward pointed end 74. Depending on how many blades there

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

motion to cut all barbs 77 simultaneously, or there may be repeated cutting motions until the

desired number of barbs 77 are escarped into a portion of the suture filament.

Then, the blades are rotated 180 degrees so that they are now disposed in the opposite
direction and over the other half of the approximately 3 inch (approximately 76 mm) length
of middie portion MP of the approximately 4.5 inch (approximately 114 mm) twisted section
of the suture filament. The blades are then allowed to splice into the other half in a second
cutting action with the blades making cufs to create barbs 78 so that all are facing in the
opposite direction toward pointed end 76. Depending on how many blades there are on the
cutting machine and how many barbs 78 are desired, there may be one cutting motion to cut
all barbs 78 simultaneously, or there may be repeated cutting motions until the desuéd :
number of barbs 78 are escarped info 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 respebtive '
multiple spiral patterns on two.respective portions of suture 70, the two respective portions
defining middle portion MP of about 3 inches (about 76 mm) in length. ,

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

- from a monofilament having a diameter of about 0.018 inch (about 0.457 mm) and spun from
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polydioxanone (which is a synthetic absorbable suture material). A diameter of about 0.018
inch (about 0.457 o) is slightly larger than the size 0 synthetic absorbable suture, which has
a diameter range from about 0.35 mm to about 0.39% mm in accordance with the
specifications of the United States Pharmacopoéia (USP).

Each suture contained a total of 78 barbs introduced in two respective multiple spiral
patterns around the circumferencé of the suture. Since the barbed suture was bi-directional,
the barbs were divided into a left group with 39 barbs disposed on a first portion of the suture
and a right group with 39 barbs on a second portion of the suture, each group opposing the
direction of the other group from the approximate middle of the suture. The specific cutfing
machine employed had 13 blades. Thus, for each group of 39 barbs, there were 3 cufting
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 mm) long. The middle portion MP was
about 3 inches (about 76 mm) long and contained the 78 barbs that were escarped into the
suture filament. Extending beyond the 3 inch (76 mm) barbed middle portion MP were two

. unbarbed end portions EP of the suture that were each about 2 inches (about 51 mmm) long.

~ Depending on the suturing technique, one or both ends of the barbed suture may be

sufficiently pointed andrigid 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 in vivo performance test with dogs. '

For the strai ght pull tensile strength measurement, testing was performed vsing 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
uﬁbarbed sutures. | '

Comparison unbarbed sutures were polydioxanone monoﬁlaménts (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 mmy}; and-about 9.0115 inch (about 0.292 mm), which
are respectively slightly larger than the United States Pharmacopocia sizes 0, 2-0, and 3-0 for
synthetic absorbable sutures. In accordance with United States Pharmacopocia specifications
for synthetic absorbable sutures, size 0 has a diameter range of about 0.35 mm to about 0.399 -
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mm; size 2-0 has a diameter range of about 0.30 mm to about 0.339 mm; and size 3-0 has a
diameter range of about .20 mm to about 0.249 mm.

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

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

7 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 conventionat (unbarbed) sutures made from a

synthetic absorbable material.

Table 6A
(Tensile Strength)
, . USP Minimum Requirements
Barbed or Unbarbed Suture Size  Straight Pull (pounds) for Knot Pull (pounds)
Unbarbed 0 17.72 8.60
Unbarbed 20 11.86 , 591
Unbarbed 30 8.82 3.90
Barbed 0 7.03 not applicable -

As can be seen, escarpmént of barbs into the size 0 polydioxanone monofilament
reduced the straight pull tensile strength by approximately 60% as compared to the
conventional unbarbed size 0 polydioxanone motofilament (7.03 pounds = 40% of 17.72
pounds). ,
However, the straight pull tensile strength of 7.03 pounds at breakage for the -size' 0
polydioxanone barbed suture (which, due to the escarpment of the barbs, has an effective
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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 vatious 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 perfoimed according to a randomized scheme.

The dogs were monitored daily, and then subjected to euthanasia at 14 days. Atthe
time of death, the incisions were evaluated macroscopically. With mgafd 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, apparenﬂy due to self-
mutilation by the dogs. Xnots in the conircntional sutures possibly caused discomfort by
creating localized pressure, and animals cannot undesstand 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 vive ;Serformance of the size 0 polydioxanone,barbed sutures was

efficacious when compared to the size 2-0 silk braided filament unbarbed sutures, the size 2-0
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nylon monofilament unbarbed sutures, and the size 3-0 polydioxanone monofilament
unbarbed sutures.

In an alternative embodiment (not shown) for bi-directional tw_iét cut, multiple spiral
sutare 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 td 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 Ba:bs facing the other
end, or 2 portions with barbs facmg 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 facmg the sutiire end to which

- those barbs are adjacent, then, the barbed suture would be inserted into tissue with an
insertion device.
An advantage of a barbed suture having a twist cut, multiple spiral disposition is that
~such a barbed suture affords better wound holding capability as compared to the 120 degree -
- spaced barbed suture. The reason is that the twist cut, multiple spiral pattern results in
groups of barbs that complement successive and preceding groups of barbs, which tends to
provide improved anchoring when the suture is in tissue. This feature is especially useful for
tissue such as fat tissue, whiéh has fewer connective fibers compared with other types of

- tissues, so that greater suture retention force is desirable.

‘With reference now to Figure 7A, shown is a sectional side view of barbed suture 80.

Barbed suture 80 has plurality of closely spaced barbs 81 on elongated suture body 82 of-

~ generally circular cross section. Each barb 81 has batb tip 85. Shown are suture longitudinal
axis A, suture diameter SD, barb length L, barb cut depth D, barb cut angle 0, spirality angle
o,-cut-out depresston CD, and tip T of cut-out depression CD.

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

Barbed suture 80 is a twist cut, multiple spiral, biﬂirecﬁonal’ barbed suture, like
suture 70 in Figure 6A, but illustrated as an enlarged section in drder to show more detail
with respect to the configuration of barbs 81 vis-a-vis suture longitudinal axis A, suture

i diameter SD, barb length L, barb cut de;pth D, barb cut angle 0, cut distance P, spirality angle -

o, cut-out depression CD), and terminus T of cut-out depression CD.
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Units Average Standard Devi ation D anmeter (0.457 nm
degrees 152.4 0.947 not applicable mm0.216 0.014
0.47 min 0.465 0.024 1.02 mm 0.774 0.015 1.69 degrees
13.2 0.349 not applicable Table 7M (size 0 barbed

suture) Ratio of D. L,

24-

More specifically, several twist cut, multiple spirai, barbed sutures were manufactured
from monofilament spun from polydioxanone and having a diameter of about 0.018 inch
{about 0.457 mm, which is sli’ghtly more than the USP requirement for a size 0 synthetic -
absorbable suture). Each suture contained 78 barbs introduced in 2 separate multiple spiral
patterns around the circumference of the suture, Since the barbs were bi-directional, they
were divided into a left group with 39 barbs and a right group with 39 barbs, each group
opposing the direction of the other group from the approximate middle of the suture. Each
suture was about 7 inches (about 178 mm) long. The middle portion was about 3 inches
{about 76 mm) of the suture and contained the 78 barbs that were escarped into the suture
filament. Extending I;eyond 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) Jong. Depending on the stitching technique, one or both ends of the barbed
suture may be sufficiently pointed and rigid for fusertion into tissue, or may comprise a
straight or curved needle. '

In order to characterize the configurition of barbs 81, an Optem Zoom 100 custom

-microscope with both ring and back lighting was used together with a CCD brand video

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

The average was calculated for 10 repeated measurements (5 from the left group of
barbs and 5 from the right group of barbs on the same suture) that were made for each of cut
angle 6 and cuf depth D. Barb cut angle 8 was measured froim the surface of the cut to.the
outer surface of barbed suture 80. Bartb:cut depth D was measured along a perpendicular
from the outer surface of barbed sutore 80 toward longitudinal axis A of barbed suture 80.

The measurements enabled cut length L to be calculated using the following formula.
L =D/{Sin (180 - 0)}

Also, angle o of spirality was measured microscopically on various barbed sutures 80
as follows. When the twisted suture filament is gripped by the vise during cutting of barbs

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

Thus, line M will be parallel to the longitudinal axis of the vise while the twisted suture
filament is being held in the vise. If the vise does not leave a light mark on the suture
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P over Suture Units Average Standard Devi ation

Di aneter (0.457 mm) degrees 152.3 0376 not applicable
nm 0. 227 0. 015 0.50 mm 0A89 0.034 1.07 mm 0. 7% 0. 018
1.74 degrees 13.1 0.193 not applicable
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filament, then line M can be determined in that it is parallel to a line connecting the two
respective terminus T of the two successive cut-out depressions CD left in 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 unfwisted 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 syst_ém software was used. Spirality angle ¢t was then measured between the outer
surface of the barbed suture and line M. The average was calculated for 107repe'at'ed-
measurements (5 from the left group of barbs and 5 frony the right group of barbs on thé same
suture).

Then, barbed suture 80 was mounted in a twisting device with one end of suture 80
clamped in a fixed position. The other end of suture 80 was rotated to insert twist until barbs
81 were aligned. Nexton barbed suture 80, longitudinal cut distance P between two adjacent
barbs 81 was measured microscopically between the two respective terminus T of the two

-successive cut-out depressions CD left in suture __b_ody- 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.

Table 7A (size O barbed suture)
Ratioof D. 1. or
P over Suture -
Measurement Units Left Right Diameter (0.457 mm)
cut angle 0 degrees 156 +2 157+1 not applicable
cut depth D mm 0.15+0.02 0.1640.04 0.35
~cutlength L . mm 0364 0.03 - 0.40+0.10 0.87

cut distance P mm - - 090+0.17 0.88+0.15 192



Tabl e 7N (size 0 barbed suture) Ratio of D, L,
P over Suture Units Average Standard Devi ation

D ameter (0.457 nmm degrees 152.8 0.612 not
appl i cable mm 0. 207 0.007 0.45 i nm
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Table 7B (size 0 barbed suture)

Ratioof D, L, or
P over Suture
Measurement Units Average Standard Deviation Diameter (0.457 mm)
5 cut angle 0 . degrees 151 1.642 . not applicable
cut depth D mm 0.215 - 0.027 0.47
cut Jength L . I 0.446 0.042 0.97
cut distance P mm . 0.962 0.073 2.1
 spirality angle o degrees 20.833 1.602 not applicable
10 : - -
Table 7C (size 0 barbed suture)
_ P over Suture
Measurement Units Average  Standard Devigtion  Diameter (0.457 mm)
15 cutangle degrees 154 _ 2870 not applicable
cut depth D mm 0.205 0.033 045
cut length L. mm 0.469 0.044 1.03
cut distance P mm 0.975 0.103 2.13
spirality angle o degrees 19.333 1.506 not applicable
20 |
Table 7D (size 0 barbed suture)
Ratio of D.1,or
P over Suture
-Measurement . Units Average Standard Deviation  Diameter (0.457 u_xm)
25 cutangle @ degrees 155 2.390 : not appjicable
* cut depth D mm 0186 0.026 0.41
 cutlength L m 0.437 0.039 0.96
- cut distance P mm 0.966 0.071 | 2.11
spirality anglect ~ degrees 18.833 12.137 ' not applicable

30
' Also, some additional measurements of angle o were performed on a few additional

~ bi~directional twist cut, multiple spiral barbed sutures with a diameter of about 0.018 inch
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0.453 0.016 0.99 -31- cut distance
Pnun0. 7980. 0171. 75 spirality angl e adegrees

13. 60. 560not appl i cabl e Table 70 (size 0 bathed
suture) Ratio of D, L, P over Suture Units
Aver age Standard Devi ation D ameter (0.457 nm
degrees 152.9 0.549 not applicable
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(about 0.457 mam, slightly more than the USP reqmrement for asize 0 synthetxc absorbabie
suture). The mean average was 16.87 and the standard deviation was + 0.85.

Additionally, measurements of barb cut angle 6, barb length L., barb cut depth D, and
cut distance P were performed on 3 additional bi-directional twist cut, multiple spiral barbed
sutures like sutures 80, but having a diameter of about 0.0115 inch (about 0.292 mm, which is
slightly more than the USP requirement for a size 3-0 synthetic absorbable suture), and
measurements of spirality angle oo 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 synthetic absorbable suture).
The results are summarized in the following Tables 7E, 7E, 7G, 7H, 71, and 7.

Table 7E (size 3-0 barbed suture)
Ratioof D, 1, or
P over Suture
Measurcment Units Average Standard Deviation Diameter (0.292 mm)
cut angle 6 degrees 166 1.651 not applicable
cut depth D. mm 0.107 0.007 0.37
cut length L, mm 0.443 0.042 1.52
cut distance P mm 0956 0.079 3.27
spirality angle o¢ .~ degrees nottested  not applicable not applicable
Table 7F (size 3-0 barbed suture)
Ratio of D. L, or
: P over Suture
. Measurement Units Average Standard Deviation Diameter (0.292 mm)
~cut angle O degrees - 164 2,055 not applicable
cut depth D mm 0.106 0.006 0.36
cutlength L mm 0.395 0.042 . 1.35
cut distance P mm 0.959 0.074 3.28

spirality angle o degrees - - 7329 0547 not applicable
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nm 0.188 0.016 0.41 ram 0.413 0.030 0.90 mm 0. 787
0.024 1.72 degrees 13.8 0.270 not applicable Tabl e
7P (size 0 barbed suture) Ratio of D, L, P over
Suture Units Average Standard Devi ation

Measurement
cut angie 0

cut depth D

cut length L

cut distance P
spirality angle o

Measurement
cut angle 6

cut depth D

cut length L

cut distance P
spirality angle o

Measurement
cut angle 0

cut depth D

cut length L.

cut distance P
Vspiraiity angle o0

-Units

degrees

_ degrees

Units

degrees

mm

min

degrees

- Units

degrees

mm

degrees

28-
Table 7G (size 3-0 barbed suture)
Ratioof D, L., or
P over Suture

Average Standard Deviation Diameter (0.292 mm)

165 1.031 not applicable

0.104 0.009 0.36

0.390 0.035 1.34

0.975 0.103 3.34

7.258 0.636 _ not applicable
Table 7H (size 2-0 barbed suture)

Ratioof D, L., ot

P over Suture

Average Standard Deviation  Diameter (0.381 mm)

160.2 1.320 not applicable
0.152 0.019 0.40
0.449 0.057 1.18
0.944 0.098 | 2.48
9.40 1.606 not applicable

Table 71 (size 2-0 barbed suture)

Ratioof D, L, or
P over Suture

Average Standard Deviation  Diameter (0,381 mm)

161.0 1.707 not applicable

0.158 0.014 0.41

0.4389 0.054 ° : 1.28

0.962 0.054 252

796 . 1075 not applicable
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D ameter (0.457 mm

degrees 153.1 0. 655 not

appl i cable nm 0.204 0.007 0.45 mm 0. 451 0.019 0.99

ram 0. 792 0.018 1.73 degrees 13.6 0.410 not

appl i cabl e

St andard Devi ati onDi anet er
Odegrees 163. 10. 505n0t applicable cut depth

Table 7Q (size 0 barbed suture) Ratio of

D, L, P over Suture 30 MeasurenentUnits Average
(0.457 mm cut angle

Dmm0. 2450. 0130. 54

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

spirality angle o

Units

degrees

Table 7J (size 2-0 barbed suture)

Average Standard Deviation

29.

161.0
0.154
0474
0.973
6.53

1.506
0.017
0.058
0.068
1.755

Ratioof D, L, or
P over Suture
Diameter (0.381 mm)

not applicable
0.40
124
2355

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 cuttin g

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

- TZ.

- Measurement
cut angle 0
cut depth D
cut length L.
cut distance P

Table 7K (size 0 barbed suture)

Units

Average Standard Deviation

degrees 1526 -
mm 0.221
mm 0.479
mm 0.784

0.718

0.011
0.022
0.015

Ratioc of D, L.
P over Suture
Diameter (0.457 mm) .
 not applicable
0.48
1.05
171
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- 30

-32- cut length L mm 0.842 0.045 1.84 cut distance P
tam 0. 774 0.009 1.69 spirality angle a degrees 10.8

0. 449 not applicable

suture) Ratio of D. L,

spirality angle o,

Measurement
cut angle 0
cut depth D
cutlengthL _
cut distance P
spirality angle o

Measurement
cutangle 0

cut depth D

cut length L.

cut distance P
spirality angle o

Measurement
cut angle 0
cut depth D
cut length L.

30-
degrees 12.9 0.453
Tabie 71 (size 0 barbed suture)

Table 7R (size 0 barbed

Units Avemaee Standard Deviation

degrees 1524

| mm 0.216

min 0.465
mm 0.774
degrees 13.2

Table 7M (size O barbed suture)

Units Average Standard Deviation

degrees 1523 0.576
mm 0.227 0.015
mimn 0.489 0.034
mm  0.796 0.018
degrees 13.1 0.193
- Table 7N (size O barbed suture)

0.947
0.014
0.024
0.015
0.349

Units  Average Standard Deviation

dcgrees ; ,15_2.8
mm. 0.207
‘mm 0.453

0.612
0.007
0.016

not applicable

Ratio of D, L,
P over Suture
Diameter (0.457 mm)
not applicable
047
1.02
1.69
not applicable

Ratio of D, L,
P over Suture
Diameter (0.457 mm)

not applicable
0.50
1.07
L.74

not applicable

Ratio of D, L.,

P over Suture
Diameter (0.457 mm)
not applicable
0.45
099




P over Suture Units Average Standard Devi ation

Di aneter (0.457 mm) degrees 161.1 1.126 not
applicable mm 0.233 0.017 0.51 mm 0.721 0.035 1.58 mm

0.773 0.010 1.69 degrees 12.6 0.189 not applicable

20

25

30

31-
cut distance P mm 0.798 0.017 1.75
spirality angle o degrees 13.6 0.560 not applicable
Table 70 (size 0 barbed suture
' Ratio of D, L
P over Suture
Measurement Units Average Standard Deviation Diameter (0.457 mm)
cut angle 0 degrees 152.9 0549 not applicable
cut depth D mm 0.188 0.016 0.41 -
cut length L. mm 0.413 0.030 : 0.90
cut distance P mini 0.787 0.024 1.72
spirality angle o degrees 13.8 0.270 not applicable
Table 7P (sizc @ barbed suture)
Ratioof D, I,
P over Suture
Measurement - Units  Average Standard Deviation Diameter {(0.457 mm)
cut angle 6 degrees 153.1 0.655 not applicable
cut depth D mm 0204 0.007 0.45
cut length L mm 0.451 0.019 0.99
cut distance P mm 0.792 0.018 1.73
spirality angle o degrees 13.6 6.410 not applicable
Table 70O (size O barbed suture)
Ratioof D, 1.
) P over Suture
Measurement Units _Agga;_gg . Standard Deviation Diameter (0.457 mm)
cut angle 6 degrees 163.1 0.505 not applicable
cut depth D mm 0245 0.013 054



10

15

30

Table 7S (size O barbed suture) Ratio of D, L
P over Suture Units Average Standard Deviation

D ameter (0.457 nmm degrees 160.9 0.708 not
appl i cable mm 0.240 0.014 0.52 nmm 0. 734 0.037

32

cut length 1. mm 0.842 0.045
cut distance P mm 0.774 0.009
spirality angle o degrees 10.8 0.449

Table TR (size O barbed suture)
Measurement Units  Average Standard Deviation
cut angle 0 degrees 161.1 1.126 -
cut depth D mm 0.233 0.017
cut Iength L mm 0.721 0.035
cut distance P mm 0.773 0.010
spirality angle ot degrees 12.6 0.189

Table 7S (size 0 barbed suture)
Measurement Units Average Standard Deviation
cut angle 0 - degrees 160.9 0.708
cut depth D mm 0.240 0.014
cut length L mm 0.734 0.037
cut distance P mm  0.774 0.009
spirality angle o degrees 13.6 0.312

Table 7T (size O barbed suture)
Measurement Units Average Standard Deviation

cut angle 6. . degrees 154.6 1434

1.84
1.69
not applicable

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

not applicable
0.51
1.58
1.69

not applicable

Ratio of D, 1.
P over Suture
Diameter (0.457 mm)
" not applicable
052
161
1.69
not applicable

‘Ratio of D. I,
P over Suture
Diameter (0.457 mm)

not applicable
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1.61 nm 0. 774 0.009 1.69 degrees 13.6 0.312 not

appl i cabl e

30 Measurenent cut angle O Table 7T
(size O barbed suture) Units Average Standard

Devi ati on degrees 154.61.434 Ratio of D, L, P over
Suture D aneter (0.457 nm not applicable - 33-
mn 0.210 0.009 0.46 mm 0.492 0. 026
33~
cut depth D mm 0210 0.009 0.46
cutlength L mm 0492 0.026 1.08
cut distance P mm 0.538 0.011 1.18
spirality angle o degrees 12.3 0.223 not applicable
Table TU (size 0 barbed suture)
Ratio of D, I,
: S P over Suture
Measurement Units - Average Standard Deviation Diameter (0.457 mm)
cut angle © degrees 152.9 0.809 not applicable .
cut depth D mm 0212 0.014 0.46
cut length L mm  0.464 0.026 1.01
cut distance P mm 0530 0.015 1.16
spirality angle @~ degrees 13.7 0.411 not applicable
Table 7V (size 0 barbed suture)
' Ratio of D, I
‘ , P over Suture
. Measurement Units . Average Standard Deviation Diameter (0.457 mm)
cut angle 6 degﬁa‘es 1534 S 0.903 not applicable
cut depth D mm 0.221 0.010 - : 048
cut length L. mm 0495 0.023 1.08
cut distance P mm 0537 0.012 1.17
spirality angle degrees 13.9 0.605 not applicable
Table 7W (size O barbed suture)
Ratio of D, L,
- : P over Suture
_ Measurement Units . . Average Standard Deviation Diameter (0.457 mm)




i)

1.08 nm 0.538 0.011 1.18 degrees 12.3 0.223 not

appl i cabl e Tabl e 7U (size O barbed suture) Ratio of
D, L, P over Suture Units Avenge Standard

Devi ati on Di aneter (0.457_ nun) degrees 152.9 0.809

not applicable

34-
cut angle @ degrees 155.2 0.829 not applicable
cut depth D mm 0202 0.008 0.44
cut Jength L. mm 0483 0.017 1.06
cut distance P mm 0.789 0.031 ' 1.73
spirality angle o degrees 12.6 0.328 not applicable

Table 7X (size 0 barbed suture) _
Ratioof D, L.

- - P over Suture
Measurement Units Average Standard Deviation Diameter (0.457 mam)
cut angle 0 degrees 155.5 0.799 not applicable
cut depth D mm  0.200 0010 0.44
cut length L. mm 0.484 0.027 1.06
cut distance P mm 0.798 0.017 _ 175
spirality angle degrees 11.8 0.362 not applicable

Table 7Y (size 0 barbed suture)
Ratiocf D, I.

_ P over Suture
‘Messurement Units Average Standard Deviation Diameter (0.457 mm)
cutangle O degrees 1554 0.560 not applicable
cut depth D mm 0196 0.008 0.43
cutlength . mm 0471 0.017 1.03
cut distance P mm 0.799 0.019 L.75

-spirality angle o degrees 11.8 0.496 . not applicable

Table 77,
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nm 0. 212 01)14 0.46 nm 0.464 0.026 1.01 nm 0. 530
0.015 1.16 degrees 13.7 0.411 not applicable Tabl e

7V (size 0 barbed suture) Ratio of D. L, P
over Suture Units

35-
Barbed Suture Straight Pull Strength Chamois Cloth Closure Strength
{pounds) {pounds to rupture)
Sample 1 7.29 | 11.23
(Tables 7K —7M) ~
Sample 2 8.73 12.14
(Tables 7N - 7P)
Sample 3 | 8.5 922
(Tables 7Q - 7S)
Sample 4 592 9.27
(Tables 7T - 7V) _ - .
Sample 5 - 7.69 9.97 -

(Tables TW —7Y)

Although all the above-noted measurements were performed on bi-directional, twist
cut, multiple spiral barbed sutures, the below-noted desirable ranges for measurements for
‘barb.length L, barb cut depth D, barb cut angle 9, and/or cut distance P should be the same

for the various other inventive barbed sutures described here.

A suitable ratio of cut length L to barbed suture diameter SD ranges from about 0.2 to
-about 2, more preferably from about 0.4 to about 1.7, even more preferably from about 0.8 to
about L.5. However, very suitable barbed sutures may have a ratio of cut length L to barbed
suture diameter SD from about 1 down to about 0.2, whereby the ratio of the highest possible
barb elevation (the elevation of barb.tip 85 above suture body 82) to the suture diameter SD
correspondingly ranges from about 1 down to about 0.2. (The highest possible barb elevation
is the same as the barb length L.)- Also, a suitable ratio of cut depth D to barbed suture
-diameter SD ranges from about 0.05 to about 0.6, more preferably from about 0.1 to about
0.55, even more preferably from about 0.2 to about 0.5,

Regardless length L may be dcsuably varied depending on the intended end use,
since Iargcr barbs are more suitable for joining certain types of tissue such as fat tissue or soft
tissue, whereas smaller barbs are more suitable for joining other types of tissues such as
fibrous tissue. As discussed in more detail below vis-a-vis Figure 11, there will also be
instances where a barb configuration that is a combination of large, medium, and/or smal]r



Aver age Standard Devi ation D ameter (0.457 nm
degrees 153.4 0.903 not applicable mm 0.221 0.010
0.48 mm 0.495 0.023 1.08 nm 0.537 0.012 1.17 degrees
13.9 0.605 not applicable Table 7W(size 0 barbed

suture)
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barbs disposed on the same suture will be desirable, for instance, when the barbed suture is
employed in tissne that has differing layer structures.
Cut angle 8 formed between the batb and the elongated suture body desirably would
range from about 140 degrees to about 175 degrees, more preferably would range from about
5 145 degrees to about 173 degrees. The most preferred cut angle 6 for all barbs ranges from
about 150° to about 170°.
‘ For instance, for a polydioxanorie 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
'absorbablc-sutur.e of size 0, the preferred barb length L would be 0.45 mm; the preferred barb
10 - depth D would be 0.2 mim; 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 mainfaining_-ﬁrmness. As barbs are spaced farther apart, tissue-

- anchoring capacity decreases. Ngvertheless; if barbs are spaced too close, the integrity of the -

15 . filament may be jeopardized, which could lead to a tendency of the barbs to peel back and

also to a decrease in suture tensile strength.
Generally, a suitable ratio of cut distance P to barbed suture. diameter SD ranges from
. about 0.1 to about 6, more preferably from about 0.5 to about 4.5, even more preferably from
about 1.0 to about 3.5. . Very suitable barbed sutures may have a ratio of cut distance P to
20 barbed suture diameter SD from about 1.5 ,d(_)wn to about 0.2, whereby cut distance P may be
as low as about 0.1, particularly for the overlapping barb embodiment, which is discussed in
 more detail bélow vis-a-vis Figures 124, 12B, 12C, and 12D.
Additionally, spirality angle 0. formed between line M and the longitudinal direction
of the elongated suture body for a twist cut, multiple spiral barbed suture typically would
25 - range from about 5 degrees to about 25 degrees, more preferably from about’{T degrees to
about 21 degrees. The most preferred angle « for all barbs on a twist cut, multiple spiral-
barbed suture is about 10° to about 18°.
Tuming now to Figure 8, shown is suture 90, which is another embodiment of the

- present invention. Suture 90 includes elongated body 92 that is genezally circular in Cross

30  section. Elongated body 92 tcnﬁ_inates_in first and second pointed ends 94, 96 for penetrating

tissue. Itis contemplated that one or both ends 94, 96 may comprise a surgical needle (not
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-34- degrees 155.2 0.829 not applicable mm 0.202
0.008 0.44 mm 0. 483 0.017 1.06 nm 0.789 0.031 1.73
degrees 12.6 0.328 not applicable Table 7X (size O
bar bed suture) Ratio of D, L,
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shown) for insertion into tissue. Additiona]ly, suturé 90 includes plurality of closely spaced
barbs 97 arranged in a random disposition.
Suture 90 may be made with the same cutting machine as the above-discussed sutures,
such as the cutting device described in the above-noted Serial No. 09/943,733 to Genova et
. al. With combinations of the above-described 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 supetior wound holdin g properties. With the

random disposition, the barbed suture would be inserted into tissue with an msemon 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. Each barb 107 has a barb configuration such that barb underside
108 is serrated or corrugated. One or both suture ends (not shown) are pointed for

: penefraﬁng 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 osci liating
the cutting blades of the cutting device when barbs are being escarped into the body of a
monofilament. Tt is intended that any of the barbed sutures of the present invention as 7
described here may have barbs with a configuration that includes a serrated or corrugated
underside. ' ‘

With reference now to Figures 10A and IOB-, 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
general]y cm:ular cross section. Also, suture body 112 has dlSpOSCd 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 hase 119 where barb 115 is attached
to suture body 112. One or both suture ends (not shown) are pomted for penetrating tissue
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P over Suture Units Average Standard Devi ation

Di aneter (0.457 mm) degrees 155.5 0.799 not
appl i cable mm 0.200 0.010 0.44 mm 0.484 0.027 1.06 mm

0.798 0.017 1.75 degrees 11.8 0.362 not applicable
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-and itis 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 correspondingly 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 anchoring, '

Shown in Figure 11 is a sectional side view of a barbed suture that is another
embodiment of the present invention, and that is generally designated at 120. Suture 120
includes elongated body 122 that is generally circular in cross section. Elongated body 122
terminates in end 124. End 124 is pointed for penetrating tissue and it is contemplated that.
end 124 ﬁlay comprise a surgical needie (not shown) for insertion into tissue. (The other end
1s 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 pluratity 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 arelatively 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 etal. By altering the amount of blade movement during cutting into a
suture filament, then the bﬁrb cut length is made longer or shotter, as dcsirf_:d, to resuit in each
of the three sets of barbs 125, 127, and 129 being of a size different f_rom the others, where
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Table 7Y (size O barbed suture) Ratio of D, L
P over Suture Units Average Standard Devi ation

D ameter (0.457 mm) degrees 155.4 0.560 not
applicable rum0.196 0.008 0.43 nmm 0.471 0.017 1.03

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

For instance, relatively larger barbs are desirable for joining fat and soft tissues,
whereas relatively smaller barbs are desirable for Jjoining 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 illustrated for sets of barbs 125, 127, and 129 inay be escarped into suture body 122
as desired, in aocoréi,ance with the intended end use. Also, although suture 120 is illustrated
with the barbs being unidirectional, it is intended that barbed sutures with barbs having a
configuration of varying sizes in accordance with the invention also may be bi-directional
barbed sutures or random barbed sutures or any of the other inventive barbed sutures

- deseribed here. '

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

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

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

Suture 130 further includes plurality of barbs 135 projecting from body 132 such that
at Jeast two longitudinally adjacent first and second barbs 135 are disposed on body 132
where first barb 135 overlaps second barb 135 if first and second barbs 135, which is readily
apparent if barbs 135 are laid 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 135,
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0.799 0.019 1.75 degrees 11.8 0.496 not applicable
30Table 7Z -35- Barbed SutureStraight Pull

Strengt hChanois Cloth C osure Strength

(pounds) (Pounds to rupture) Sanple 17.2911.23
(Fables 7K - 7M 5 Sanple 28.7312.14 (Tables 7N - 7P)
Sanpl e 38.59.22 (Tables 7Q -7S) Sanpl e 45.929.27 10
(Tables 7T-7V) Sanple 57.699.97 (Tables 7W- 7Y)

Al t hough all the above-noted neasurenents were
performed on bi-directional, #@st 15 cut, nmultiple
spi ral barbed sutures, the bel ow noted desirable
mnrpes if ganerables barbedbsvbresd, the badbrobt distangt hetiveerhiastolbaehst> the barb cut

h - . nd/ or..cut di s e P
S it o tho PRy oo SRS e B gutnres may
bavdrertis of the bab desiistinoe th theb@bed suture diandetanfidnabbort 1.5 down to
80102 B0 B b £ RS B B 7Bl i o i
7 femoainmnts vis-4vis thedfadudut kngth aed the babreat distaice.) altiyoverlapping
PR oS Ry Y 0 1 18 My, s 135
beenigihfaslcoinparbdiobaittnshit haitecud didamtetierialan twOBArBO e bhrb cut length.

0.2 ratio of the highest
possi b bien i IOGH e G o pring s echppase

. lteanded ®Uhdkide o eytuAB0 iDadcb@mtod ith@hdindnabe flsSRay be a bi-

R Row] ks b RSGReB P8 bar b el evation fs the sam
as t haghey 134, @881 130, and™ APshod Vbl gioal mleliies, hefellf barbed
:gu%?rg E‘s _a?ta(t:h%d ?oaéag[('? gurziléglunreSdle_ In order to facilitate insertion into tissue, the
surgical necdles may be coated with a polymer, for instance, as described above vis-2-vis
U.S. Patent No. 5,258,013 to Granger et al.
Figure 13A shows surgical néedle 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. Surgic;al 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 sutuzes. 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-
vis swaging, surgical needle N1, after having suture S1 inserted into hole H1, may be 4
crimped by standard procedures about hole H1 to hold suture S1 in place for suturing tissue.
Figure 13B shows surgical needle N2 that is a straight elongated needle in the
longitudinal direction and that is generally. circular in cross section. Surgical needle N2 has

‘pointed tip T2 for insertion into tissue and also has hole H2. Surgical needle N2 is illustrated

as affached, such as by swaging, to barbed suture S2. Barbed suture S2 is a barbed suture

including, but not limited to, any of the above-described barbed sutures. Additionally,

surgical needle N2 has diameter D2 in the transverse direction, which is illustrated as a
suitably thin diameter, such as about 0,032 inch (about 0.81 mm), but not as thin as diameter
D1 of surgical needle N1. As discussed above vis-a-vis swaging, surgical needle N2, after
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25 di anmeter SD ranges from about 0.05 to about 0.6,
nore preferably fromabout 0.1 to about 0.55, even
nore preferably fromabout 0.2 to about O0.5.

Regardl ess, length L may be desirably varied deperul
g on the intended end use, since |larger barbs are
nore suitable for joining certain types of tissue
such as fat tissue or soft tissue, whereas smaller
barbs are nore suitable for joining other types of
ti ssues such as 30 fibrous ti4bue. As discussed in
nore detail below vis-a-vis Figure 11, there w ||
baving pre Hinanried dntohele E2amion b criropridiby standardprotdaates alsout hole
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S Rine b e 7. PG sl £ infes e Yol i, may be
driengtl by ktaidad probius douiRble H3ao RoIdfsaareayd 1D platk fbPuse in suturing
tde th Dwuld be 0.2 mm and the preferred barb cut

5ﬁ8?e woul d be 153 degr ees. Longi t udi na
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barbs as possi bl e
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sEHeMNPRRMRIARetS Ududh 8 18060 .09 REK 68881 b@lnbYas thin as diameter -

sui table ratio of cut distance P to bathéd suture
g of ugical ropdle M3g s discoysedigmye vis-atvis svagbgusurgcal neadle N4, after

vigs li@RlsY ; FreTalc ]! : ,
VRS S s A e 14, g bodilitba ty sanaGFRociR ghoutbote
¢ held sutyrai¥as plrag fonasecinguiugng Gssué. cut di stance P to

about 0. 2, éreby’cut” di stance
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bat hed suture (s about 100 to_about 18. Turning now
tocgmysnypnal suure dameter isd- L of opea higher, sych@pd#31anot her
enbodi nent of the present invention. Suture 90
i ncl udes el ongated body 92 that is generally circul ar
in cross 30 section. Elongated body 92 term nates in
first and second pointed ends 94,96 for penetrating
tissue. It is contenplated that one or both ends 94,
96 may conprise a surgical needle (not -37-
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shown) for insertion into tissue. Additionally,
suture 90 includes plurality of closely spaced barbs
97 arranged in a random di sposition. Suture 90
may be nade with the sane cutting machine as the
above-di scussed sutures, such as the cutting device
described in the above-noted Serial No. 09/943,733 to
Genova et 5 a. Wth conbinations of the
above-descri bed nethods for making the 180 degree

di sposition (sutures 1, 10), 4he 120 degree

di sposition (sutures 30, 40), and/or the tw st cut

mul ti pHewesE dth thy seied] peedle/lashed sutues combinZigon & G)e, present invention
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configuration"wth an arcuate base 119 where barb 115
i s at¢lestsesirenpthof thim surgioal yeddlds, ba@n bavig Datié ofuutgicabneedle

' n [ i.nted. for penetratjng tissue
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res, 10C and 10D ar
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112 Cngln (rbbutr32 @D - 10D of Figure 10B. Figure 10C and
10D further clarify that barb 115 becones 5 narrower
goi ng frombase 119 toward tip 117. Suture
110y be nmade with the same cutting machine as the
above- di scussed sutures, such as the cutting device |
described in the above-noted Serial No. 09/943,733 to
Genova et al. To achieve barb 115 havi ng arcuate base
119, the cutting device is provided with cutting
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Al so, suture 120 includes plurality of closely spaced
barbs 125, plurality of closely spaced barbs 127, and
plurality of closely spaced barbs 129. Barbs 125 are
relatively small in 25 size with a relatively short
barb | ength as conpared to barbs 127, which are
relatively mediumin size with a relatively nmedi um
bath | ength, as conpared to barbs 129, which are
relatively large in size with a-relatively long barb
| ength. Suture 120 may be nmad¥-with the sane cutting
machi ne. as the above-descri bed sutures were nmade,
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- Figure 1213 is a cross-secti-onal view along ling 12D

- 12D of- Figure 12C. As can be nore clearly seen from
Figures 12B, 12C, and 12D, during escarpnent of barbs
135, overlapping first bath 135 is escarped into part
of topside TS of overl apped second barb 135, and so
on Part of topside TS of overlapped second barb 135



5 7 for cooments vis-a-vis the barb cut |ength and
the barb cut distance.) This overl appi ng di sposition
all ows for closely packing nany barbs 135 on body
132, and typically, -barbs 135 are thin, as conpared
to when the bath cut distance between two barbs > the
barb cut length. Al so, although suture 130 is
illustrated with barbs 135 being unidirectional, it
is intended to include that suture 130 in accordance
mﬁth the invention al so may beta bi- 10 directiona
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o SR R e R BT AR it s e

suiting wsdle Agdo facidiead ponetration@if e ltissve e ThendddlcvaS swaged to a barbed
'Q} ter in the transverse direction, which is
[ﬁ;strated as a 30 suitably thin dlaneter such as

about TH2. @2 of the bwd a«bwts vids Slbsesingthé sab@tsu@Sing BLHhigs, but witha
@Pgﬁp r Dl .of s 1%@@ needlg@%k As di scussed above
nhcue AYrEisal meedlF et P 4 SualeitoRgro. SPAIFA, whih was 38 circle,
25 Tieercade hbd AleAgtRf We 18 fkh AddLdikabier of hBout 0BY6 RN (about 0.66 mm).
d@gy 5 adard procedures about hole 112 to | d

%?53%“ cihd  digmend gpintacedietips Jhe peadls wasswaged tﬁﬁgarﬂ»ed suture.

13C ghonvbarbed suhia bor e NpEeiiien Wadh bi- &re@u&'fé[, Y@l cut m aﬂnple spiral,

el o ated needl e in_the | aongitudinal direction an

RalgHOag éﬁgwsﬁwmdikﬁ Eufreer 701 Feguans@A.seapt Bt cagbagbaskguture had

D@aber &ﬁb&&@ ;s mﬂhft&lﬁﬂt 6.581 duh. WRfen! 1@?&%@6 fffek ﬁ%ﬁ? the USP

ti ssue and al so has hole 113. Surgica

30 pquigEepLioEYsiag2-Hisynthetisbsarbatie suturbly mtmgwﬂagpuun'@dlameter of about
CrsaAch @b bAsPAm)Bar bed suture 53 is a barbed suture
i ncl udi ng, but not limted to, any of the
above-descri bed barbed sutures. Additionally,
surgical needle N3 has dianmeter D3 in the transverse
direction, which is illustrated as a relatively thin
di ameter, such as about 0.02 inch (about 0.51 nm. As
di scussed above vis-a- 10 vis swagi ng, surgica
needl e N3, after having suture 33 inserted into hole
113, nay-be crinped by standard procedures about hole
113 to hoId suture 53 in place for use in suturing

-‘.. s
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25 cutting, ball point, cutting edge, dianond point,
thin line, and |l ancet point, and it is intended to

i nclude, but not be limted to, all such needle tips.
Taper point, taper cutting, and di anond point are
preferred needle tips for surgical needles used with
bar bed sut ures. As is well known in the art,
needl e di ameter for surgical needles used with
conventional (i.e., unbarbed) sutures is considered
uninportant and often very t#bck surgical 30 needles

are u ed HI n conventional sutures such that the

fati of ‘&F‘E" IWorrad i tissugisaerune thitgvas sARrerRishd square

Stﬁabﬁrﬁl g@bé\ﬁﬂtcﬁf x hifouftd- ém%tl?ﬁﬁ@ th@l'leﬂhﬁfund RO mARNe paralleling two
4. 43; -42- However, with the surgica

HBBW%Q%Q?QQ%YYFW@BE%F Flagroricagth fesingr esent
i nven ‘Ih@fbrtfeftg Bﬁéﬂ daBPWohdShds We@RhinBEGMH & 'fa’szdllees&ﬂ%éé%ﬂuversal

needl e the thinner that the surgica
tliGEAn Model 20PQ- Forsach tizsme spepinen; the veyedgpeparalleling each stitched

AR GRG0 feipetld BrrkBE AR iR efized! ©

di anet er bei ng thinner "an I't approaches

 t he b&bgReepch gpagiraendvasipulled longitndinally ats rpfe 98 itiphe2 inblzes pBr minute

(bRt G5 HeFnARD Ghtil @éﬁpp:% rﬁﬂtﬁx@: oli:alr&ﬁ.e % Hn?agxrnh n(;force encountered

bar bed suture di anet gener a
B?fe@éﬁmpl%@md@smmon e\daatelcméb@a&tm ¢logme geagth. needl e

- att achgde.d refera

Dt o ragte oA e unk 1R et P el GG oy o e
haying a digmeten oftabowsiW022 frich Kal@ut@ﬁézmkn) msmgea toractaded suture. Also,

S th
Hl P, B A e iEnd RS0 S BB it gy having o
@Wﬁp@faibbﬁt\@%onchgnm @66 emgagé nmgedm a Hfibddantge. i n
i SSUfye RL AWl d tter closure
st rengt h to %%gﬁlgrﬁ]%{'%gluﬁg bl%lFfB Egﬁ'g‘ that has been
sutured to prevent the opposing sides of the closed
wound from pul | ing AR [ & eclosure
strength provided t® A Ak § :
been sutured with the relatively thick surgical Averase of 3 Wounds

Th ortant, fea for the
egs Mr g%f’&rfed..é"%—@—@ﬁ%chme t¥pundsfo Rupture
Ihathmdf$utuﬂhaxﬁnﬂhat t he sup@isalhneedl e digganeter ji9
Qu ficient wdth in order to nmake a hole
3?01]5! ‘%&? Oé#gTﬂb end, sucPObyinghi|1ing, 18 all ow 81
for MRass b sarpied nédde ahdiado BatbMl Rnirbanbie hol e or

t he channel . Neverthel ess, as the surgical needle
di aneter increases, the surgical needle is still

sui t E[‘hix@ tiRSow&iHe Afio birgicd heedif dihhSesd bAbEdunlte ﬁlq}n@ter then
d|a gr to the bathed suture dianmeter i s about 3:

© clogiee stemaihriion sutrior:a wonssd dosed with a@ﬁrg@a}@sﬂa lttached
tOLBAb&I SRS ISSent 21, BRURRSE fﬂéts Seafth te Fé &E pettek ?fé clogure strength,

ei ther a straight needl e or curve
Pgﬂi“%ﬁly fos delicatedipsyss fosvexts) for amahtas@esi sunh af mscie amddowel, thicker

part | cu= ar Iy I"F‘ﬁugﬁgﬁaﬁiﬁxﬂ{ﬁe ng agérﬂéésg)?}p el}eﬁdle is thick or
thin py s9meh gy heaniddleds thet b watiotof lsurgwa!b&mﬂediamubme:arbed suture

, dﬂi@ﬁ?&lﬁﬁﬂdﬁyabgﬁt BP ol BY 1%81{13 pgggx%&ly]apmft 11 or %SF ag(r)utev en

omer for |nstance abou
08: 1Alhough the presentigvedBon bay been stiventand d&cﬁbedlm detail Withgegard to

B R e XTI "

inrfhegit thet i s nws intandedriel lingit thé énvietudorpro sisd spedifi¢ ¢miidiments disclosed.

| ocal i zed weakness, which may conprom se tissue
i nsertion: CI osure strength of thin surgical
needl es, both having a ratio of surgical needle

~diameter to bathed suture dianeter suitable for the

presept invention, was tested as follows. 30 Various
pi eces of chanpis | eather (manufactured by U S.
Charml S of Fl ori da) havi ng a th| ckness of about 0.6



Both the first and the second speci nens of stitched
chanois cloth were tested for 25 closure strength
using a Test Resources Universal Tester, Mydel 200Q.
Each speci men was gri pped by two respective serrated
jaws. Then, each specinmen was pulled longitudinally
at a rate of about 10 inches per m nute (about 254
ram per mnute) until conplete rupture. The peak | oad
i n pounds reached before conpl ete wound di sruption
was recorded as the closure s#&ength. The results

e that the first specinmen (which was sutured with

aripusapedilicagigps, Aassigns. andraélrhéleps/@mybq made tathedisclopedgpbodiments
a Retbut@nARNY agtigERItt (0 névkl fEHthﬂgg, %d §dv§§ta§b‘§ UPALS invention,

until” wound. di sruption occurred and the specinen

pBntiggaryinlightnf dhe forpgeing teashingss ] Fox/m&tmasﬂl@ prsbesicsaypapf the present
S BREAIGRAak BOLEH aWRS oSl Glg diod:h %eh{bg%gﬁ&dzlﬁ gmbﬂ@?%%d%@gm

a suitably thin dianeter of abou
aB8esive, ridimholding the posifionioh the tigset H@cmé!egﬂlyst fsanterdedto cover all

f kel ImcuBRGHMRImis 98, SiAldbnd ‘a§c§ apar ?:fak Lr@ W@gﬂ the spirit

di sruption and the speci nmen pu

pRskseape of ifee ipeasitipr 8s deffi ee@mhafqllzmguciauﬁabl e 13A

bel ow. 5Tabl e 13A (Chanpis Cloth C osure Strength)
Speci nenNeedl e Di anet er Bar bed Suture D aneter Rati o*
Pounds to Rupture First0.020 inch0O.0115 inchl. 745. 88
Second0. 032 i nch0. 0115 inch2.782.88 10*Rati o of '
surgi cal needle dianmeter to bathed suture dianeter. -
Al so, various pieces of rat skin were cut and
stitched for testing of nore surgical needl es swaged
wi th barbed sutures as foll ows. Thr ee
freshly killed Sprague-Daw ey rats, each about 600 to
700g. were used. Two 15 full-thickness skin incisions
were made on the back of each rat to create wounds.
Each wound was about 4 cmin length and parallel to

t he spi ne. For each rat, one of the two wounds
was closed with a drilled end, curved surgical needle
that was a Sul zle item no. 382273A, which was 3/8
circle. The needle had a |l ength of 18mm and a

di aneter of about 0.022 inch (about 0.56 mm. ‘Al so,
the needl e had a taper 20 point needle tip where the
needl e tip had been ground to a 3-facet cut to
approximate a taper cutting needle tip to facilitate
penetration of rat tissue. The needl e was swaged to a
bar bed suture. - The other of the two wounds was
cl osed using the sanme suturing technique, but with a
drilled end, curved surgical needle that was a Sul zl e
Item no. 832679A, which was 1/8 circle. 25 The needle
had a | ength of about 18 nmm and a di aneter of about

0. 026 i'nch (about 0.66 nm). Al so, the needle had a

di anond point needle tip. The needl e was swaged to a
bar bed suture. Each barbed suture for each
speci men was a bi-directional, twist cut nultiple
spiral, polydi oxanone barbed suture |ike suture 70 in
Fi gure 6A, -except that each bathed suture had a

di ameter of about 0.015 inch (about 0.381 mm which
is slightly larger than the USP 30 requirenent for a

- si-ze 2-0 synthetic absorbable suture), instead of a

suture diameter of about 0.018 inch (about 0.457 mm).

- 45- : 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
force to open each wound was determ ned using a Test
Resources Uni versal 5 Tester, Mdel 200Q For each

ti ssue specinen, the two edges paralleling each
stitched wound were nmounted in the two respective
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- movpmentof the ety vthgn yo tigspe.it af APROFHEGTClO

- projgsting fremothg dgfetack Sarbnfiging 10 ¢ YBGHMYE

having a di aneter of about 0.022 inch (about 0.56 mm
and swaged to a barbed suture. Also, the results were
averaged fromthe second set of three wounds cl osed
with a needl e having a di aneter of about 0.026 inch
(about 0.66 mm) and swaged to a barbed suture. The
results are summari zed in Table 1313 bel ow. 15 Tabl e
1311 (Rat Skin Closure Streflth) Average of 3 Wunds
Speci nensNeedl e Di aneter Barbed Suture Di aneter
Rati o* Pounds to Rupture First set of 30.022

Clh0. 015 i nchl.4711.9 20 Second set of 3 0.026
i nch0. 015 inchl.738.1 *Rati o of surgical.needle

hgbnelé%rsggll&? P chr?)gl?ec? n::\g dté %\Fﬁ%ﬁr ssueh#ﬁd Bﬁtﬂ% Jgﬂl\ﬁﬁgmg (a) an

elé&ighﬂdﬂ Bod)ilaviag & ﬁirstbi&bmdtmmmchéandtmamét@wﬁ &) otphusaiig ¢f barbs

ST, B R AR ) ' s

méRindaesf tlﬁehﬁittﬁet rvgteﬁath tissee,dh en opﬂwwo@tet:mn fidme thel dirsetiop in which

strength, pa cu for i.cate tissu .
i b gl edhEbr B e B R AT PR ramsine
R BHuE FARBGrdE &5 8BRA 17T BelSees\Miatheri cBmbHRGS twBéttin the barbs have a

regar dl ess of mhether the nefdl is thick or thin or
coRbgHEiPR CRMPRS IR RCOHUSHPE ®the ratio of

surgi cal needl e di aneter to barbed suture diameter

shoul d be about 3:1 or |ess, nore preferably about
2. 3¥he barbell eufnre RONINE Sughm hevisren BsbatbpbMaloR mages from about

14g§%€agﬁfﬁ%upﬂg(g§§£§|bed in detail with regard to

ew exenprary enbodi nents of the invention, it
shoul d be under st ood by those skilled in the art that

5. e RitRR umBaaneds el ool bR AP e 0 s fom about

_1503@;&%%%%dﬂﬁ¥0dﬁﬁ£§lOnS, and additions may be nade

to the disclosed enbodi ments without materially

departing fromthe novel teachings and advantages of
4, tﬂﬂ)air']ﬂ%ﬁ &hfuteOfor cﬁﬁ{&hﬂ‘glht&ﬁiwhoﬂ agnmt)iggsbueoﬁmd ketufecdoagrising (a) an

t eac For _instance, t r bed..sut ure t he ..
clopgaisLindy aviens F5R oty hag (i ppiiaticy of barbs
préjécBag HRn B RdS, el Qﬁrtﬁfacﬁk&ﬁ'aeﬁre&ﬂﬂ aid lidmgtaxﬁated for resisting

adhesives, to aid i.n_holding the_ p sltubg . i
e ety i which

the Bk fferce@uhereﬁ. {(HRWaS3i A0S o BEKktRR TomPRGh LS bhbaeadph with a
as may be included within the spirit and sco e of t

ratiord ditiagcubdendetd e Bty digmeter meBRifion: 2008 02 further

: congar?‘ttd] helein &ew&l‘ﬁ%véé%dﬁ'ﬁ Qdn SRPRSHL b B&rd'gmﬁarﬁ finderside.

t1ssue suturé conprising (a) an
eIongated body having a first end and a second end

pr Oj eclt | %IQIS% r Oorﬁ{lﬁneg( @)%Migﬁ%% &gqt{aa%?ir:gélbr?bawt depth to the

smﬂmkhmmmﬂmm@ﬂdﬁdmmhgn@dameMﬂﬂéﬁ resi sting novenent of
the suture, when in tissue, in an opposite direction
fromthe direction in which the barb faces, wherein

6. tThe Hgred Sutasy sccardinpnfoi daitmas,i wirerao ther jaté nfjthe tadr it clepth to the
angl e ran f degreo.s to about 175

m“&?%?%%% %t%%?-gﬁg%ﬁ? ﬁﬂ%éﬁerein t he barbs have a
configuration conprising a corrugated barb underside

he. bar be di
7. h i B o e BRSO PO P GRipg (@ an

ﬂ%h@éﬂbogi ﬁa\;\\hﬁt@@& f8$ exF]d éﬁg angamBeﬁ@adil zﬁdi%ﬂdét& aad qgraqﬂmglty of barbs
alm erein the ar cut angl ¢ g‘{‘dalg] %Iaﬁggah’cérdreslsnng

suture for connecting human or ani nal tissue, said
suture conprising (a) an el ongated body having a

- first end and a second end and a dianmeter and (b) a
plurality of barbs projecting fromthe body, each
barb facing in a direction and bei ng adapted for
resi sting novenent of the suture, when in tissue, in



-48- novenent of the suture, when in tissue, in an
opposite direction fromthe direction in which the
barb faces, wherein the barbs have a configuration
conprising a barb cut Iength with a ratio of the barb
cut length to the suture dianeter rangi ng from about
0.2 to about 2, further conprising wherein the barbs
have a configuration conprisftfry a corrugated barb
underS|de 8. The barbed suture according to claim?7,

e rat| rb
ure(le"?ﬁﬂttt HEER TER g%és ﬁr ol?n ag%’%%m &}9: ﬁot;l II“%“ h{%%ir eg:lon in which
ﬁc badbefakray Wigteis thellraehs deeos doufgutaborc bcan;ms&g albelr eitrength with a

ti0,of a b cut th to t St .
15 0b Bl T o RO afif e Pl PALLOS foysbope 2, futher
dvaiphieitg Sdhbidinghd Mbsdﬂmm@mﬁgtgaﬂnmmpmfm@mmlgatbd bsleygderside.
said suture conprising (a) in elongated body having a
first end and a second end and a dianeter and (b) a
P! Thabirbad @turd accorlingr 0] cbaih i 1) gvhkretnthe btiohiddlye beBicht length to the
barb_ facin n_a di t|o bei ng adapted for
RLY %‘??‘Ff&rg?ﬁ?éﬁﬁﬂtab%‘ft tdﬁgnl% g Ye, when in tissue, in
an opposite direction fromthe direction in which the
bar aces, wherein the barbs_have a conf.i L
% oﬁ% {’%"'P?ﬁlg"uﬁ“%%ﬁ’[ird&%m&f%’f‘ S ORI e ZA00 15 P pHfdength o the
se@fddigtéterthifleaR6A absut DIRRo SButil 6. di amet er ranging from
about 0.1 to about 6, further conprising wherein the
barbs have a configuration conprising a corrugated

10ar puhee Etﬁll.u'g Gor cohdectifg) BulRal &eﬂurﬁﬂtﬂéétﬁe ase gmua REmpAsing (a) an

claim 10, wherein the ratio of the barb cut_ distance

clygatpbbasiytayiae o figteadand p serged ead asdn dlmnster sndsb) gl of barbs
m&tmglﬁ%m HaeoBar Hegl b%tf’déﬁg AC & Airddldd ohe beinglampléd for resisting

erein the ratio of the barb cut distance to th

moyeripe of itherftoes, wham ielissyes Brateppotite dingetiop fepmbihe dsefsmn in which
tHebartP R, BRGeRUbdE S e § COIRSEHIBE coMRRe bat kil Blstance with 2

tissue, sald suture conprising (a) an elongated body
rﬁmf e barlf ¢ut distapercto the sseodiametarraggin fora phavb P4 to ghayt 6, further
é?]gétkr Iy 6 chBrisifH BoldEatllY yndersid
%% ?gg%ﬁﬁﬂ%ﬁgg gﬁré%gégh angm%elng ag%pted ?Bfmle
reslstlng nmoverment of the suture, when in tissue, in
n r .
1 g.a gglg 5%@%% &u%%c?:é}dn %Exagxg’} (& %he%\%tﬁ%lta)hg gf%g b c&dhlsgé]a%e to the
sumgldeartesan ginges fforoabab@ 6o 460t 4.5. about 175, (ii) a
barb cut depth where the ratio of the barb cut depth
to the suture dianeter ranges fromabout 0.05 to
12bTkd badbed suiﬁn-d acpordinp & tlaialll, Wwhaginthevade ef thibarb at distaice to the

the barb cut t.h re di ameter ranges
SHE A Risien anges g o 00 teosbont St TS ber b bt

distance - 49 - where the ratio of the barb cut

di stance to the suture di aneter _ranges from about

130 ARysbRd yturs o (cnBReckm Il S ROiRRl SRS, TapbSUSuP SempriRE () a

elBngafiAl §ody hadih Q ﬂ@@@ﬁ& | 5SdeBhdend Ahll W GRinRek: Rad ) a CFIumhty of barbs
under si de. Barb Configurations For Barbe

Praigetiftge Gomythe baféx eactpbar deringin ¢ dirgetipn fagd beigg pdeptednfpr resisting

mbtre%%ﬁ@ of @B gut@reCQHQi R@shRNinSH Pp6dHe d18&Bh $ro tb dRection in which
barbed suture {(1). The suture includes an el ongat ed

ﬂlbé’d‘}b faggs, wheteia the barks ilm;c @ra bmbb@t Brangly) rapmg &omi ghgut 140° to

bt G < Robiembod RoaR dssai br BRHEP St PSPl fddbiameer

raﬂﬁﬁscﬂ‘bni Ao 8108 6 abord 0.4, TP s. baﬁh&t ddm%ﬂoﬁhért die rafio bhithe barb cut

barbs (7, 9).on the bo be, st agge , LW st ..
teRidh i BB nE i S 15 oo S tah Sit distance

the configuration of the barbs (7, 9) may be a

certain spirality angle a, barb cut angle, barb cut

depth, barb cut |ength, barb cut distance, corrugated

barb underside, arcuate barb base, or varying barb

size. [Fig. 1]
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-where the ratio of the barb cut distance to the suture diameter ranges from about 0.1 to about
6, further comprising wherein the barbs have a configuration comprising a corrugated barb

underside.



