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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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Also, in an alternative enbodi nent, the present
i nvention provides a bathed suture for connecting
human or animal tissue, where the suture conprises an

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

end. The suture further conprises a plurality of

bar bs projecting fromthe body. Each barb is adapted
for enabling the suture to resist novenent, when the
suture is in tissue, in the direction that is
opposite fromthe direction in which that barb faces.
The suture further conprises-3the barbs haV|ng a
configuration selected froma barb cut

g Tppimat o o geved s A vaesSulg fensider

a barb t 4l badte @it fenb@, Saddh eit distance,
' ‘éﬂfﬁﬁﬁfh@ﬁmﬁ’&ﬁ‘bﬂg Eut%ﬂ%lgtﬂa% dggde? 0 about (l)lgﬁ a barb.
Gb'8 adPorgRdbp Mﬂatﬁrﬁgemmtoftbébaﬂzﬁt This shquid nob ouly epfiagee the tensile

di amet er rang ro aﬂﬁ@lgf gmb@dmﬁb holding
@Gﬁﬂ&@E?Hﬁ?@ ,&%?Q gﬁ?hglstancg o suture o

g%&id@gﬁi ﬁgemoUnhlca: conveationjsutures, Which place tensions

'corrugat ed underside, an arc el Gfture .
St s Bhitpclpfon ol Mo aft S

RRich ol RGN e W ledte (bﬁfdn?dg ﬁuﬁupce:q@n endiprihy f»;pnﬁagahm of

pira |ty a an e ra m. a
tabbubs stouldépresess Turther incrbpsg tha ‘?ﬁ%%&‘gegﬁé% %S‘g“a%ﬁ shifiein

5}8 dlt?@)ldlhé stire%gﬂﬁ%@ InifilRingabe gap &smationaleng;tarcwennd edges.
I'sposed where one,. overlgg he ot her. o
eg | apping is

cre atﬁgo Qlych%exp butfies shblid apﬁ‘dﬂﬁahiﬁ Asue quibidy wth bpgireggiate

escarped’into the topside of anqgther 15.adj.ag
" fehsien, alléviage distertibn pﬁ,@ggue@ ahdd)elp 1Q R RIENze SERITIHE, ﬁue 5 %e s@@ rﬁﬁa.tmng

" of gtrihe trSI 532 ?’fa{bhh@héﬁéwﬂaﬁ{éa@ﬂmbﬁﬁm&)m@mmm ,

e overl appi bar well as
Ungesies whérh mitheizatien dispiRgs P PSP 5'%1'5‘?’%’&{9
di st ance ,bet ween r2) Bfimidi@urgery.
Hﬁ%ﬁ?ﬁﬁﬂ@ﬁmﬁywﬁishﬁﬁﬁgﬁﬁﬁg??g¥ﬁﬁﬁa§&?ﬁz barb cut

| engt h. of overl apped second barb, V\hereas i n general

for barbed suturegﬁphpiﬂg? RVEARIOR - bet ween two
barbs > the barb eng P% 20 In still another
e ”bOdA&f% {J‘aeﬁﬂt 58RIV RBIdnOy BtV dRfe i@ phavidrdd barbed

sut ur onnectlng human or ani nal tlssue IP
snmrb frabineeting hhman susginehiisshe saldsutugheqraprisng (a) an elongated

nati g ri.ses a.bathe
0 B bR S5 BRADEE LS B8 EPEIAAG e
];%}aj"e% PEOLGEE b, EAAPaNfaeingig aﬂﬁdctm&_ytdlbamgragalaed for resisting
iTst end and a Second end. Each bath is adaptﬁ@(ﬁrectlonln

reoaiidongf thh eutse, when btiyses; ig @n RERASHE ArcCHRSFPR

suture i sue

‘@lﬂﬁ}b g}etbéirstf lfa8?ﬁ’t grealil Fh%% l%,r]]ntapfﬁ a m%ﬂf%%}dt%ﬂt&glghsﬁl gé)grsb cut angle

) Qﬁl&ﬁ@ ﬁ%%boﬁtmelosdé?ﬂﬂe@@ abdee T edegiaeEusthertcomiphieing wherein the
r

suture dianeter preferably is about 3:1 or Iess
st tedvk y configuratiort eranpripingg faraIgeied

descrj bed .here may be att bed
SRy EheRSHRg o TR A B R W%Eﬁhﬁ FEAfed o bar
s?t'ttﬂ@ for! c%%%tm% REnAAke ghifRhtissat, daliesupre senprlsmg/éir)ltm ohmgated
show ng a bar

ed suture with barbs di sp i.n 8fq)b
ng@nswd@gmé@nd@as@mg ongtprghRA1gtgT AN ?§> RiFity of barbs
ew. al e f t .
élpjg\évtplég %2{% the gody[z F@BFI{%% %cug]g gtﬁgll aé% Hg]!n%adr(]io}i)ted for resisting

BFRSSHTBNthe Qfitutd) eviehes emdue) m\aamppmm;e ditectivimigoma theaditsstion in
suture that is bi- d| rectl ogal w th barbs di s osed in

whitB thedhegh fascs dyae 3 2 CRHYREIOPEC;

sect i onal viem;along I|ne 28 - 2B of the bar bed
suture in Figure 2A; FIGQURE 3A is a side view of

anot her enbodi nent of the present invention, show ng
5 a bathed suture with barbs disposed in a 120 degree
staggered spaci ng; FIGURE SB |s a sectlonal Vi ew



FIGURE 613 is a sectional view along |ine 68 - 6B of

the bathed suture in Figure 6A FIGURE 7TA is a
sectional side view of a barbed suture, which is
bi-directional with baths disposed in a tw st cut

mul tiple spiral disposition like the barbed suture in
Figure 6A, but illustrated in an enlarged section;

. 20FIGURE 78 is the sectionalaflde view as illustrated

in Figure 7A, but rotated an clanped to align the

ga%f) Eﬁt (Ie%{h Wi S g rte <=8 z;rg tcg’f“ %elpg%’m% n i Eg%t\é\fer%ﬂgl%g From
5500, omabdat t6h fureLEBRbrisinpAeRdrti@nhe szhawlm Bcddfighaton
suture with barbs in a random di sposition; FIGJRE 9
pamprisiect ¢origptediba®d widewidst anot her enbodi nent of the -
presept tian o) S

B Dar Do THER b B 5oL AP Ml A barbed
fotssIREr cbAAedtia g huiRe bk afialal pens patl sutige comptising(4)an elongated

LSl S Bl P,
é:gfe%trﬂl fr6 ﬁﬁ%héc@n %%ktl%?b Pa!cﬂ% i b @Y eBiod D Mgbﬁﬂpted for resisting

FIGURE | OC Is
aoossers of theanare, witew iationg, 1hlan@pﬁ@ﬂe-dlﬂeﬁﬁbmfroﬂt@mdmechon in
108, 30FI GJRE | ti
which theyrgr bG%J elfg? Hn(afrbg&@ Svg g% rzi af)\é): cg)vr\llgg'{s%%ga barb cut

%[S hivAfed rafib @?tﬁ@ Y6 QJt 1803 R)eche s AR akr Rhehl Qrom about 0.2 to

ent invention, showi ng a barbed suture wth barbs
Eh‘out/%grﬁmhm‘ coimpeising wigrein the barlis|I@GURE coRfiguraticn comprising a
sectio per.s tive view of another enbodi nent of
THES 6‘&‘35%8% Iﬁdﬁ%écfﬁ i on, showing a barbed suture with

bar bsabdbrd@fg &V fdlﬁﬂkr-ﬁsﬁ@:t dF SR @BdsktARvention, thefeli§Flkidkd B barbed
is a perspect|ve view of a portion of t he overl appi ng

D s°oro:ronn¢ré1ngdwma@ ooﬁmmabmsele,lsm SUQF-'P GRRETiging ()iag efpngated

ortio f
I%d%?]ﬁ rst Q anﬁ Seeand Véﬁgla%?: ? eter %%)eﬁél%?ah Ly of barbs
Profidfiey &k, th@B&iy, each kSRR it 31@;11’6&1‘&51 arikiSin gpaibhptbd Bor resisting
show vari ous surgi cal needles, where a bathed suture

meveneheh B Sre AN du HETE R 2ROPRHLC dspiegCRPP thesirection in
&hicH L8 fa%es t\{}%r&@ R bafRURTe 2 @Elgﬁgﬁlr%cﬁf%o%ﬁ}ﬁkng a barb cut

I NCI Si on, cut, ceration, severe I Ssue or
distahaenitiah rafoustdhé barh cobdistancean idedutsk idranoaterotungng from about
human or api mal bodjly tissue, or. ot her cogdltlon in

I fruARent Br TURFTRAMREISV REER AL 114 g e gptiphgomprising a

U ReHed BIM NRAErtdeSSUE connecting device may be
rqulre 15AI so as used hem the term"tissue"

i ncl udwxdmg toa ﬁﬂhauspdct of the gresent investioeshenadhpragided a barbed

skin, fat, fascia, bone, ner.ve

%ﬁh'gs torsobietios bgap g poime boae i SRR SuPREHE RN B gongated
Fsa firMdHR0¥ 86cond BEd LT Miapetey BRd Cb)%ﬁalﬂﬁﬁ@ dT@afbs

general y includes, but is not limted t

Ibrgjmpu_g {romrthe bedyp gag}ﬂ@ﬂg fa(cgqg@h aalgregm@tqmd lgqug adapted for resisting
Igi)vecng?@é ?ggle ?Ht%ne'% P eﬁel I’1]_19 1iss %ﬂf%&)ﬁgmilte%pregﬁﬁrp ﬁ(l.)%%é ﬁlrecnon n

S an i ons er eof .

Which BRI UERE Siced, Qﬁleﬁﬁ‘ﬁ e HAeHYHIRE (1) 8 Ball cult BCArdpieradbing from about
possi bl e structures of the material. These structures

140¢ teatmyut HTUF, éu)ea tregb chili depthenthero thei rgtio atthedarb cut depth to the

S B ainsS Conb AL LS P h O ik PER B e the
Mhib Bt the@aftPdt 8ngth to the suture diameter ranges from about 0.2 to about 2, and

(iv) a barb cut distance where the ratio of the barb cut distance to the suture diameter



cross section, the sutures could al so have a
non-circul ar cross sectional shape that could 25

i ncrease the surface area and facilitate the
formati on of the barbs. OQther cross sectional shapes
may include, but are not limted to, oval, triangle,
square, parallelepiped, trapeggld r honboi d,

pent agon, hexagon, cruciform ~and the |ike.
Typically, baths are cut into a polyneric filanment
tdhats asn baett 0or 18Rt SXIAHEEO Boﬂdg if18 awkkirBinMhENb&bs have a
circular cross section, and thus e Cross section
eenfigyeation|camerisingial dorrbgated bahiuadersids. t hat i s what
results 30 during such extrusion. However, extrusion

~ dies Eﬁlﬁocbﬁexﬁél&tﬁé@rﬁﬁﬂﬁn%ﬁéh I&B’Md@eﬁlﬁrﬁeﬁ Quture for connectmg human
'cross sectional shape. - Hence, the te

figsue. The bﬁ@%%ﬁ“ﬁ’é‘? ﬂ"é’“f%‘“fsﬁtl é}?a@&Pdtbed%aafﬁlgtarf@st end and a
h.of dl
SBIEURL Mhe bERE ol rl e ShiRe i o SR8 Bk the

bodyp @ach barb is Baptediflr enaﬁhﬂg\ﬁt bm$ed turd foeedisn mtmm when in

it e o ion ¥ i ol AP PRl BB g s e
- ﬁﬁ'gdidSQb.ﬂelﬁtrﬁ&écoE%ﬁig& gﬁdl&dis being.disposai omtéljefbb@{ﬁn&bﬁﬁpbmmn selected
apou mm anet er anges -
A BT GO pitom, § oYtk ol pis Sl Sameeitp b OREPP TR e
&upmrmcmm&sﬁﬁ&mddrwnmmw@offactors such as

the | gih and/ of depth of the wound to be cl osed,
the t taggeged disposition, fhsi By, cut Rultipls. spiral, fispasitiopeand/or the

SVeHBfpin g’stms!pdsiﬁsn | th¥ Barbd Yy ﬁﬂ'be Fhtins 1wl %aiyfbaero@aﬂqam and second

from about cmto about cm nore Eartlcular

- fffﬁd&nﬁétﬁae&%{? %hﬂé)eélﬁww e at leasbar fiest pestiass and & second portion,
WG 48 BB of B8 Girst phAAGH Sel filng SWaHSRARIELA b e Phedk | bffle socond
to_ the dlsp05|t|on of barbs on a suture are I ntended

rogtioneap facmg towasd thegeeondendis at | east two sets of
barb QMﬂ#Qr ¢

'mherzu%ﬁg{?ﬁég?ﬁééf s a |aﬁ§§ oﬁﬁ%@ﬁ%@ﬁgpﬁ&g% &ENEﬁx

counegting hymapnton enisuat tissde, sdierel the siting pampriserayi etlmxgatntabw having a
on the suture, but a plane perpendicular to the
suture and cutting transversely through the suture
and intersecting the base of a barb of the first set
15 WIIl not intersect the base of a barb of the
second set The barbs project fromthe exterior
surface of the suture body on which the barbs are
di sposed. Dependi ng on the intended end use of the

- barbed suture, barbs of different sizes may be
enpl oyed. In general, larger barbs are nore suitable
for joining certain types of tissue such as fat
ti ssue or soft tissue. On the other hand, smaller
barbs are nore suitable for 20 joining other types of
ti ssue, such as coll agen dense tissue. As noted
above, barbed sutures may be nmade fromthe sane

"materials used for making conventional |oop sutures.

Any particular chosen material for the barbed suture
depends on the strength and flexibility requirenents.
More specifically, barbed sutures may be forned from
a bi o-absorbable material that 25 allows the suture
to degrade and thus to be absorbed over tine into the
tissue as the wound heals. Generally, bio-absorbable
materials are polyneric, and depending on the
particul ar pol yner selected, the degradation tine in
t he wound ranges from about 1 nonth to over 24

nmont hs. The use of bi o-absorbable materials
elimnates the necessity of renoving the sutures from
the patient. 30Vari ous bi o-absorbabl e pol yners

i nclude, but are not limted to, polydi oxanone,

pol yl acti de, polyglycolide, polycaprol actone, and
copol yners thereof. Conunerci ally available exanples
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5 needl es). 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 |limted
to, polypropyl ene, polyam de (al so known as nyl on),
pol yester (such as pol yethyl ene terephthl ate,

abbrevi ated here as 10 PET), polytetrafl uoroethyl ene
(such as expanded pol ytetrafl yoroet hyl ene,

abbrevi ated here as ePTFE and 'sold by CGore as

- TEXQ) , pol,ye r-este t ..
RS P g it s o St R R RABE prpftig from
tRd Wt Bhohtbarb i@aia:ptgﬁgﬁmﬂng errsm;mttm?igtghwmcnn when thi suture is
1, 4- but.anedj ol.,, and. ich Ls rketed. . [

Shti s badmstipn fatis Oopils i I8 ASRER YRk Histodh REG e
tsh@ird Yo Rer DEYAELL thE barbihivedy d nfigutariasl entdd froaga bark retcingle 6
to Anerican 15 anam d_for_sur |cah Eut[(lﬂ'ee%),_ OF tio of cut
pengjngrfeamnehent 148 degreprdeabRut § 75 ¢ & harh gut stepibiyyifh a ratio of cu

| i : 95 @Rdbbut 0 b dhrbakt Ieygh with a rati
%%%Mg?&(%ggé,ﬂégéﬁﬁ@%gtton, I‘éttcet ra), an@,l;vtlweariho
of Rt Jength to suturpidipmieis T reBRiEI AVEL: (0 AR & Lo S istance wi a

&l cgtr cﬁst%@«fs&urshﬁf@di RietbPiih itk frdl®hboul o BB a corrugated
pOInte an

ormed of a material sufficiently stiff

updertifiown frovatqhase.cianipg sizes. o8 corphingtignsdhenp| at ed t hat

the e f : ?ﬁﬂfﬁ[ﬂ SHiA ESodBoh, CVBAHSE s@ure preferably has a
sur gigg[fmge“gg*%?p nt ?sb%% e%‘godi nent , thesbar b%g ol
spitaliteo asglesagine trofabouttSt degieesin rbout 2edegmss-by  swagi ng, -
channgl apping, heat shrinking, eye r Qi Gark '
to thE“rs%gﬂQg%qp%H’ge‘%F%o or ?ﬁgert |t8t?11ati %t%& It itgguag?ag .S arc
Alspesed Wbbie oy ossxkph g dtherndluring esanpmbmchf dhrbdrks, the overlapping is

- URGS LY S SPEEhS BB OSSR 5, B o o

dijaans eakbadi.c.ome endiapped bab) undisc ahn. Hesw| pat fudbt ltgpside of the
t he hol s been drilled | aongitudinglly into .
S o ahe s SR B g B B0 . v
ﬁ{éobl\chrlhﬁﬁng’lgﬁ%ﬂlsﬂidﬁp_g[ﬁ ﬁ?b tchadistuve t@tidsn ahd svapping darb. and the
to the surgical nee r.ipsertign into tissue.

A ispPed D Bt by BeriorBePe bashicpHengt of pyPRkRpd SOty whereas,
ki gRBA] BPBhbHdSuRRa! the Bhibtkedbithct bhiwsenthabads 8 tiketakb cut length.
shrunk after insertion of the suture in or

! der t
att ach stifkaathegremiodiment OF RIrseR) myELUAT grovides a Barbed suture for

g é‘jlﬁx'e&l]n%”ﬁ\lﬂm)‘. oS AiEn=? UisdeC Bl chBBIfRA Widya surgbannetiiepivhere the

trough at one end, and the suture is_laid jn_the

combigttionfconpiisse 8 bpedpupprpiatiprhedlogpuesicel peedien dhe gt gomprises a

- . * : afed st Bnd® and d end.
PSR UL SlcifP LS e bR, Mot bt 0 sond o
Bachpwsteid alaptesifor enndling thelsutu fp gisshmoyraea!. &hep theduliiresls in tissue,

: }%ethg %ﬁgcﬁoP Hat i%ro'f)PQﬁ{e ﬂlfn?ﬁﬁrcﬁr@g:lofngli w?ﬁﬁe 'ﬂ%@ baH FAe€ S The ratio of the

or the present nventi on, part I SCUSSI ONn

bepioul meetjadidmeter 6 the sutnty diabeteraeeiéray isabgeiB: (Pt lgss. Suitably, any

 ofihe PR il sty Deriteah ARG Bl Toufi Sl

Attachnent of sutures and surgical needles is

Patont No. 5, GBI DR RIION I IEEORANAES . ©

5, 102FIGURE 1A sraasidieview of are embbditheds. of Retpessent iipvention, showing a

By b e oy LD doBies adeaiet BYtE e,

5, 7225189RE 1B 1l sbétgmal vitk SonPRAETE — MY of the BarBedshBirt i Figure 1A;
Esteves et al., and U.S. Patent No. 6,163,948 to

Esteves et al. A nethod for the manufacture of

surgical needles is described in U S. Patent No.
5,533,982WRi zk et al. Further, it is noted that the

surgi cal needle may be coated, the coating allow ng

for the needle of the inventive conbination BY
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‘- sele

view of a bathed suture according to the present

i nvention and generally designated at 1. -10-

Suture 1 includes elongated body 2 that is generally
circular in cross section and that termnates in end

4. End 4 is illustrated in one enbodi nent as being

poi nted for penetrating tissue, but it is

contenplated that end 4 nmay conprise a surgica

needl e (not shown) for insertion into tissue. (The

other end is not shown.) Alse3- suture 1 includes

plurality of 5 closely spaced barbs 7, 9 arranged in

a st dgg Ayisiasilerdey pimatherdimhodisient efithe eseat invention, showing
206l ke 1y B gmaﬁﬁsﬁmﬁ in @180 aggq%asugg%md spacing;

arrange out 1 N S e n 12 agge
r espd8GURE ?eBasal sbghoaplamﬂalmltm 28 — 21 ofrthdrbarbrsl situge in Figure 2A;

faci Rg E@tg'hlt nc%v%e ?ﬁl 81§neh th?er#r%%ﬁtf in e%tl&l showing

pl ane 't s &St ant anar Wi
@Ibirbﬂdsdwtﬁywmbahddxsmsecb:h aﬂaﬁ Bgr@ stagpeted spasiogue nt I y,

2" DS rGyRECR AR R AR e the BB APMEN R ARF, f{foure 3

to the degriee tar rangenent .
1 B, WHGUREI4A & a@t@s&vsd‘dno@aalmbm&mmﬁdf@h@réseﬂanﬂaﬁuen showing

0 U5 B i PRSI0 e B oo

b ar bFIGUREMR is aspeivhaltvievwbasnpding 4BAs4md>fshr: b}&i&db;&tum& Figure 4A;

JRGEETTEN T IRTRINSIA7 RO -

slhuohed sumreﬁmgulmbslcﬁaposmd atthigscut meRipk: spival bﬁpaéimhar ger

t han |rstbrb9 bhar b e tot

Lo SAG0RESR i Akl Stewotingaite R LSt e bnck Sy Moo 54

tos MGUREW}' aguﬁ Ribwi dif&hothﬁteﬁibsﬁﬁieﬁt dfite: faasaht ifentdie showing
arb .7 of hél{g does. not t rse t. the base of an%zH
lﬁdgutg?e %{ﬁ) rectlonal with bar i“ Wstﬁzéttwﬁ eﬁ)

dispetitibi;ng nmachi ne t hat produces tvvo sets of baths 7,

9, u ij@ll_ ne set at a tine, st agger ed p03|t|on
alonz:

1ia seatiopal Yiew z“@géﬁp ﬂS tharbsg suture in Figure 6A;
descFiderE im it B 8echBAM 8B Qie@d;f%afbea subgre, WHILOH 31»&13%%&&@1 with

Genova et al First set of barbs? is created

barbs dispesed e Wostanhiguitilespigdl dispesitigndike the barbrd sw:@én Figure 6A,

bﬁﬂﬂﬁus&ak&ﬂnaﬂaﬂa&eas&ﬁmgl ades, wth a predeterm ned
I engi\:g?E El ices into the suture filanent at an angle

dBds thasectsnslisisle viepis ilfusitefed in Mgnse @A rlue rqtased and
iRl & Aigh Mo ﬁmﬁﬁl@ﬂqﬁ #Rlouldisthie |B§tw%eﬁ the barbs;

created simlarly after offsetting the bl ades

| ongFIGIIRRA &1i$ §/side wewraf ancther pabedimenjof Iha@yeser invention, showing a
'b%Q&QﬁﬁrgﬁJ,@,|b\é¥ﬂgb B&ﬁoﬁllaggj, i tudinal distance
ar

bet ween two s / ant also rotating the suture
fil aHEHIRIA Bdva se&'s@wdjagxmew ob enaftiee embadamentiof thia present invention,

” Sﬁwhggﬁ%(?s ?E‘B%b%@étcgﬁﬁé S su?&[a ?ﬁféd&&ﬁé h

i s aREHURE lémmssqcremﬂ prspettereyiegsaother envigdimaon ofauhcipnesent
ep hat SALUL S 10_1s
‘g}eg% fgegé)wi % }?m—g%{: itur ﬁvH'% afbuﬁ HOEG olf?éeat ed body

12 t HKIURE 192 m@r@btlxgnal:ﬂop olah afew of tlwrlnﬂﬁd saaiteiimFigure 10A;

BT BRASER Y el LIRS SRR 1

i s CEIGURIDIGD &cth érb@tseﬂib@al%e&bﬂbﬁg erRAoDL4100L6f Figute 10B;

co ' ur gi cal peedl. e sho . for sertlon
ot FIRBE LT Shefonal il ompter B pLghs PigScgf mveation,
sieovased Yarbgaosnade wath Barbd 6f vakiBus slfs20 arranged in a
staggered bi-directional disposition. Mor e
specifically, plurality of axially spaced barbs 17
are radially arranged about 180 degrees from and
staggered with respect to plurality of axially spaced
barbs 19, with barbs 5 17, 19 facing pointed end 14
for a portion (about half of the length) of suture
10. Simlarly, plurality of axially spaced barbs 18
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For first set of bi-directional barbs 17, 18, after
the suture filanment is placed and held 25 in the
vise, the blades splice with a First cutting action
into approximately half of the Iength of the suture
filament to create baths 17 facing in one direction
toward pointed end 14. Next, the bl ades are rotated
180 degrees so that they are now di sposed in the
opposite direction and over the uncut half of the

| ength. The bl ades are then albowed to splice into
the other half of the length of the suture fil anent
wi t h aFiEREdhP Ackstatseatignal eispastiveoview e&mﬂbaerblsodiraent of the present

f [ 0 t ed

egﬁlﬂ[i}g) : sﬁho&rﬂ% a%%reb)%? ?&?ﬁéﬁ%ﬁ:‘g@% (1"1; %nr@e%%%{&% pom on;

| ongi tEHRURE 12B i§ kpesspaetiveview of spatoyedi they)ved ppitg Hagdsfof the suture
ogfd.lgiglre_[ L9Rgi tudi nal distance between two of barbs 17,

an SO the suture filanent is rotated about -12-

180 dddtGeRE iarC tsha@lan dey ofithe pdsrumsofd:qﬂ:smﬁﬁ@utedZB

acconmg et. of hi t| arb 7 18

that ar e%@rlgy @? vieyrlope 11’185 e&gﬁd)f %gfmo]; > and

hi - d|ﬂﬁGUREﬂaBAbHHhasm&deBDsh&Ethmdeﬁgeﬂhwaﬂmmwh&eabmbai

f Sut [ action i.nto. approximtely half the

Iéeunliurf: % &Fﬂg’e %‘tﬂ’rr%‘ glnteliesnt to create barbs 20

faC|ng in one direction toward pointed end 16. The

first cutting action is 5 : y rotating the

bl ades | ongi tudi-nal |y 180D%gG#§%§£§€ that they are-

now diﬁspmaﬂiih | rd, ﬂxr?tt&ﬁl ‘o:racnmha"r @Fﬁaﬂd igrsﬁ@icd hlGAcisios] rc]:ﬁt\,/%tlarlhthﬁr severed
ut ha t he e ades are then all qwe

:tbss‘éepcrf a%"é H‘ﬁ 8°i"ﬁ’em ﬁ‘é‘i‘ %ﬂgrlralérﬂﬂpﬁethr Tdgih Obrmriﬂéwdﬂy tissue,

Suttothiecdnidition®id hithdn oraniHel Ghele Sithidg) Staglfle] &hd @e of another tissue

create barbs 19 facin |n the opposite direction

(BIFE S EVIFE SR PREIWHTL | n an al ternative enbodi ment

(not e hisdderd) tre derie GlstueMlcludssl biit@s Ad? 1infilB@ tad RshidsQlch as
gggﬁﬁeuture 10 with barbs 17, 19 may have t hem
fS

TERehofe By hiceere@itanerees srdlaot aessels ar hnogp tissues such as

SeHddhLorligambidts) barbs 18, 20 may have them facing
toward pointed end 14. Wth this variation, the

bar bedISHRvEs te g ‘Polymrer rasaiedherg generally msludesabuttis woh limited to,
InOSBpdHaEs Q%%‘ﬁ%l%ers $4eh a@ﬁloﬂ@ %taft, A %M;% by Jltgﬁllg?ng copolymers),

above- not ed t ent to R

Acam YmeFRfL psfera; @dubknﬁew@@ﬂ@muonsﬁhmr Fugheriperebbe feany
E2LRAANARad dMBlosdiBE gﬁmfﬁﬁé{s hd AR RA" ?]‘h%g §IHY&Jr£§ include, but

bar s _facing one end and one portion Wt
ﬁm%gmtmowwcmdwm%m podanh syyemettieh bar bs

faci nﬁltﬂ h 8 Gu g a}élg’es&?{eh E@l\{}ﬁ i gxttl,f Qx{%ﬁ%i%b&ﬁ rﬁl%&a acircular

ot her and so on
p@ﬁ% $691itpﬂoﬂle lsututgs cowd also e mgcmrﬂaxsmma setieus sltape that could

suture mﬁﬁﬁégﬁf{ég%@‘?‘@% {%%%tfogs uEe11 vﬂa{%ﬁ § oP &iBss sectional

shapes mivoinclddsy buteare not limited £0) opalveinghe aqueite, paralealdyikd, trapezoid,

Bkt PANEDE Bl Qociha), SIS TRERAG Pitbs o

pd}ambnuaﬁlenierumhat bhsaieenr ﬁir;ncs byéitrugion ﬁﬁﬁ%ﬁ di‘elvhﬂmﬁkﬁlaﬁﬁdss
sta er Ves orin erfor rranc _T S,
Sehlior nRPARE it Reciof B¢ B DI enE IS cumli, B it [ rsalts

: dmxgesmmhhmn t Hewsies ggrtisich di&Q a6 BgE RGOS Radd \Oﬁ'n any desired cross-

%ﬁﬁer es ef fective anchoring performnce.
Pow to figure 3A, depicted is a side view of
another enbodi nent of a suture 25 according to the
present invention, and generally designated at suture
30. Suture 30 is like suture 1 shown in Figure 1A,
except that the radial spacing for suture 30 is 120
degrees instead of 180 degrees as is shown for suture
1. More particularly, suture 30 includes el ongated
body 32 that is generally circular in Cross
section and that term nates in pointed end 34 for
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20 that intersects the base of one barb 35 of barbs
35 does not intersect the base of any barb 37 of
barbs 37. Likew se, a transverse plane that is

per pendi cul ar to suture body 32 and that intersects

t he base of one barb 37 of barbs 37 does not

i ntersect the base of any barb 39 of barbs 39.
Simlarly, a transverse plane that is perpendi cul ar
to suture body 32 and that intersects the base of one
barb 39 of barbs 39 does not i-itersect the base of
any barb 35 of 25 barbs 35. Suture 30 may be nade
with tHencsefiptean( diamgterime Bjeddicrgds intandeddo meas the lrasyerse length of

U 48, P s LB OUEAD e e

machi neuitabledinmpetarefir the ipreotingsuturds desstibest wlaf mbyrange from about

380 a9 | t . [ iR . d,.
0 00Ffrm 3ot o 3F Gl Bliahell Ry bt Byl ARG about
c PQanma dorifspnpibent gl Somml thattodt g man. sThedypicd diaameentanges from about

t ' _ d fter havi,ng been )
91 Y2 bl HBE 0108 P8 AL BB RS i s
- s¢h as the dangthf antlémndepth eftthawowndgd be ¢lhstl, the typh ofstissuet t0 be joined, the

CHEBIE YR30 U g B s S 530 oo

o34 eeimére parititulaibntbdh ybdut @ corte albat 2hemst agger i ng)

appr 0Xds Ly, hal f of the |ongitudinal distance N
et weon e oripisrys st Woap il o] fora aRbERS e dsposivon o
r lpprlast cnch smboelgre 1iiéndbd thangan elmt the st hak SideasvdwotBts o barbs that are

- OHHEPRER e AR ERIT RS, it B S sy aRe Bl e soture and
e sond eaisatignad Iongiiidindlrontheywtifre, but 2 plane pekfeAtliic S, to the suture

the bl.ades are again,of fset |ongitudinally (to create

488 BURE P19 it e ks RSt Heutie 4T the st set
awidlt rohingerizet the Bise bhwbeb ofhe Rsombset.and al so the suture

fila t.is rotated gbout 120 degrees on the vise

whi oh T bERE PIOISEH T the e SR RIEEEE 35 he U by s opichghe barbs arc

fdispebeds @lepafdidpadnafic hnadibndluiesrde KadbedSBORY) BarbEf d¥erent sizes '
i ng the | ongi tudinal novenent and

bar hs 371 Falhggnn | TENn )

BV G OKeRi Feecseel bfesh Barbsarg gopessuitable fas goifupg gertain types of
Ssiel sbech 4EFANREue or soft tissudl G B ey han@2GRhISMSAIRSSd Mire suitable for
harb is escarped at a position about 120 degrees

APIBIEAUET BEPLP ity woh pycoffpaendlepiedieni ng barb and
does - AGinoRYAbGVRPbHbdRuRRY nitl B8 naldfibm i éa&eﬁﬁafte‘i‘-{a & for

now to Figure 4A, illustratéed is suture 40, ano
SPavRntignal {qep sytgrep, ABvparticuiarshesen mategal for the hgbedsuture

Hepanlddbn Bm@sé&%’ﬂ{zﬁ:g%@xibﬁ%ﬁ%a&réx&,%{ suture 40 is

bi -directional. uture 401 ncl udes el ongat ed body 42

t hat ~Morgaseifigallyy barbedsyiugss may bedersued Sent 4 bin-abswbableavaterial that
§ - i At | L€ f

S, B2 b 0B i BB AP BT el Pasfil wouna

paly JBenemlysbig-abspebabrigymatwiapyars polymerin; gidodependinactinghe particular
| A ' d I nt.o tissye.
Gt 095k Gl 3500 b gt 3 o o ovec

mwathed Thanisof biv-abForbatlls maBrialSlimidtes e nevessity 9€knioning the sutures
ﬁ%ﬂgﬁgﬁﬁgmpi-directional di sposition. For about half
of the"Tength of suture 40, axially spaced barbs 47

- ar e cVamensbigrahsoibabié polgunea ighle Ao bl ndb2initkeigb goydidxeibne,

OOSh R ool ol PR rate oo b peerialy

fivailable axhngilaguepaviiniabbner (6 &CPDS U, Sichdd rlayhe WRRIASEthicon for
barbs 51. Consequently, axially spaced barbs 51 are

al so arranged about 120 degrees 25 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 poi nted end 44.

For the other half of the |length of suture 40,

axially spaced barbs 48 are radially arranged about
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30 spaced barbs 52. Consequently, axially spaced
barbs 52 are al so arranged about 120 degrees from and
staggered with respect to axially spaced bat hs 48.
Thus, another portion of suture 40 has all of barbs
48, 50, 52 facing in the same direction toward
pointed end 46. -15- As a result of the radial 120
degree arrangenent, first set of barbs 47, 48 define
substantially the same one pl ane; second set of barbs
49, 50 define substantially andther same one pl ane;

and third set of barbs 51, 52 define substantially

selling S‘Hﬂ’&ﬁ#ﬁ@?ﬂr%%@emmeermf ah?ét 67[% glypelidemnd gitent¥3% simethylene

Gk
i r?ﬂjl%:’ﬁagtﬁ FsgtdséaMm Qis,tgol Ews Tor € c ?ﬁ@t%#?%‘% "ﬁf"r%“"gml
tﬂq@mh a@hdpopobancaiof dmgteh%glywhﬂm axglraévautéa‘j%c;apmila‘ctom t(;old as

| n [ rb 47 of
AIONOCISI'A diadtaiiea il F R HuPon S bRlyom Pt Puis fpd e
pmed‘lmdBabeﬂ drfurésmahdeshmysuch biokabgibabledBiteri Ad\dle L8 in a wide range
| arger than farther away first barb 49 of

S
ba?ﬂﬁ&%ﬁ) ®Al'so because of the staggering, first barb
49 of Aldﬂmbﬁall%)barbectﬂuﬂﬁ@ fmaly ®e Pingd ROmENdndBsdibiBle rSAAHM) which

n_Fi nd. t hus, .appears | arger than even
B dbofiaite) o GEIing e RE B A G-, bobpropleng, polyamide
{alarimoomse nplioﬂp Pollyésbdr (Jush £JoBRMG eas! teriphihfine WhBHBatlDdYe as
ééand%%paa Oﬂgrlsects t he base of one barb 47 of
Yiena{puch apepanded PRk yoresiylons abbegiated hore as
ePTHR s oftfby Gbk QVGER-TIEX Y, ﬁ&g&ﬁ&s&t&? 88 PastpBRbutkSer, which is the
per endlcular to suture bod and t i ntersects

Batien palygerization of dimethy! tqygqhggatg,gnoa@@@mq@wlene ether glycol, and
I ALRAEMELib], REwRRE & RHrk@by RN R beﬂt ﬁ S Xlmrgical, companies
Iane at

Simlarly, a 15 transversé
BWMX?QJ ynder e samneN @VMH-y@A@Hde attﬂmmarh tegistexitts American

| n?lér@mgrgig)t érﬁﬁgﬁsggg&z fo§ éolgjr%tgﬁb b%.}t%m‘agg oA tt)igeoxltjr)?~ab%rl§agle material

gay pamstabioas, lelinwetnhalpys, satyel fiten (4. dillty cotton, Sudettira), and the like.

R e e

p@niod aipbfiobeeddr.a mathmmgﬁmerm ylstitfins siéovs for pleaiie tisha! Iiis

to S 2 and that intersec
PGB MMl S Gl RESERFES i
embalimenttthd habdmmawa‘s a&l@;&dbﬂfaﬁaﬁﬂn&ﬁ st 48 By BWaging, channel

SimJlar,l ransvers ane that 1s, perpendicul ar
- PlBtnBek wialhe3" e Srbhnr b suical AU fadution b tssue.

b ar b AfichhemtdyRwafing RoRH dB@hbédﬁnﬁfi§@]picaﬂﬂ'%&ﬁ1ﬁ§h&lf by inserting
ure

barb. 4 f barb
(b, e spieaLsedle brje fhat fong ey cippesed 2t ahg e of the

mwn ﬁeddlﬁ (ubifly d@MHofethadl B NG oh uﬁ%ﬂ@ﬁx@y&er&ﬁa §ldthe needle),
%ﬁ gb)hb Q9/ 943, 733 to Genova e except wt

% GHORRING thg rehimyboptthpnesdle h@ierseélvat the suture is secured to the
doifical hésale foLis@fioPintdtishiRC %lé&nﬂm@ﬁtr&éﬂ feenled Frith @fi&gﬁu&nal hole

the suture filanment is piaced held I n the

ip gRe ¢AdAteReak-ghrinkabig ubes atfarer@et Silmf@(laﬁgr ingertioprof hetsuture in order
18 RIFACA XA TRbBE o Ak drgiedl n fﬁﬂﬂf alg séfSsuild Bgedge.s have a
facin

filament to create barbs 4 In one
harsh or tryeh peeneend, and the Tenue is Jalddn Biectthugh, efoI@wedtbatueappmo to

sa&%%?lgtg g@%ﬁ? g%t ion a n%s% O%rg]e r \gﬁ(ggi‘%%?g%m%&% ¥Higt type of

-hggﬁ’@ﬂhvem?%htﬂoaﬂhs onteand ofithe sarigicalweddie oo blise be asadl,(ut are not
P& 1BFbar Cﬁl E3fmL pm%nttig}r;}gpa%s'tu é‘ﬁre sfghs&g)n%gltow regards

MAth a secon cutflng a
facing in the opposite dlrectlon toward pointed end

- 46. -16- - Next, the bl ades are offset

longitudinally (to create the staggering) for about
hal f the | ongitudi nal distance between two of barbs
47, and also the suture filament is rotated about 120
degrees on the vise, which is equipped to accommobdat e
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20 next splice into the other half of the Iength 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 fromthe preceding barb
and does not overlap with any other barb. In an
alternative enbodi nent (not shown) for bi-directiona
suture 40, the portion of 25 s¥%ure 40 having barbs
47, 49, 51 may have them facing toward pointed end 46
aftegiea) @eqsins swagedofithdharhed sutumgs. Ayt isgopiamplated ghat By, othey suitable

nﬁ&;@@y%&mﬁghg@%%gg@m@e&oi nted end 44. Wth this
ns 3} :

variation, e barbed suture would be inserted into

t i ssuettgichimentnf suterer andonreitelneedles is devaribest in RRS. PateotiNo. 3,981,307
i : - 3 . _
S, SEPPSEATR b s G i Vs R B et
bd-SeBatent Plod 5.4 83,9 Hato Grimereet ahyU.5 ePatand NpoF, 50089, tevDemarest et al.,

el agi td it b r
OSRNG0 MR s
f Ratinh oom E63¢M8 taFstetenot g0 Atrhatingi for thi nlaewfuiead surgicsimeedles is
0 . . 0 . -17- if .
57 PfR 50 A Ml ol v
tricedie mag bb soatade tha dpaing attowinf 6 thet vedlb af the thvsntivercembination

| edpserted intp tissye wi.th an,insgrtion... .

Bt LREAIRZEA Sihulcl B b il Pl 1035 food i g gyretcn
keedid egreaet aratedn Jereniting say had polipaed) for istedxe misiliconedesin coating.
i) three distinct, pl anes, t hat ., conpl.j nent .. each .ot her
01 EX4rBTey = Fmmroysd stieouized sypsicn) ncedle thal Felirip ietpkipaply Igps foree to
telfifectaissuerpenamndomthhan a Aandaad dlicoaled surgitil @ealiaig dedckibgl in U.S. Patent

h nchorin er f or mance. Turning now to
g‘uﬁl"g%%%}?‘%ﬁ%ﬁﬂ%@anot her enbodi ment of the present
i(sgven!‘.{hﬁbarbsa\hb ldhpd)sﬁd Qﬁﬁﬁbﬁhﬂ driying@ngroatiRtbodly of theWiitBre. The barbs

with radial spacing that is _in a tw st cut . L
A SPEned Bring oy TGP Bretedipridipe sl ghyaieing spming suting,
Qfseg andmhalike. WithGepaal to CHIERS, 16 etad) golyﬁlcﬁeﬂﬂéﬂﬂ o flaments are
bog%ﬁg&atﬂﬁrm nates in pointed end 64 for penetrating
b, aaf disn the barty agot enipthemenBediend 64 may
conpr TEEattifghn sl Bhahele Bit@hd: RAhboy AMRIve fd nbt o8 cib@ie.
into tissue, Furthernore, suture 60 includes

pl ur aft e Pitable suEng machinedsdipplpssd irsY.-SaPatent fpplication Serial No.

1094993,783Ho GBAbYd RlaR, RRLKRA oA RicBica R14AARRHY 1 600816k disclosure
facing in the sane difection toward poi nted end 64. '

of which isipeqrporgted pyxeferenses Sunhal culfingipaghion has 4 plerali of blades for

e affmentbiHafbs@ftd ASulhOhfen A tggﬁal]cﬁttfng ofeBfind ggrﬁ%mgdct,nning
mul t'i pl e spiral disposition, e respective bar U
babedssutiesdilizan euslingied, avise dusroraspre blofie dsserhldies,pad sometimes a
|
HPIEHL Qe BB B RE W0y B1icPEn ADRM bl Rcla by e
vise.thy the enserse dieectien ¢fpphd bigdes generally dBipbsedén 6 tragyetye direction
.t i - ar tiNG .. i S ¢.hat
GERS ke et 1 ofte o Ty Sy o ART SRS ddflod m e
ceserigriof e gutite fHlimmerdbove- not ed Serial No. 09/943,733 to

20 Ge [ W t W St t1i t hod ns.
20 BRIl pnt b S P e
poresspondbigyor amglac eleatesithedughdue tieasveriiivietvsasholvitén Figlie IR is a side

filament .is held stationary, instead of, bein .

¥ig 2 Bacoicd e pecondive 4P Hrtsenempalan and generatly dgsiggated at 1
particularly, a suture filanment that is about 7

i nches (about 178 ren) in length, is longitudinally
twisted for a portion of the suture |ength, such as

39 tines for a portion that is 25 about 4.5 inches
(about 114 mm of the suture length. Thus, an end is
secured, and the other end is grasped and rotated 360
degrees, 39 tines, so the portion of the suture

filanment is twi sted when the suture is then placed
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Turning now to Figure 6A, shown is another enbodi nment
of the present invention, which is generally
designated at suture 70. Suture 70 is of a tw st cut
multiple spiral disposition and thus is simlar to
suture 60, except that suture 70 is bi-directional
Suture 70 includes elongated body 72 that is
generally circular in cross section and that
termnates in 10 first and second pointed ends 74, 76
for penetrating tissue. It is-lentenplated that one
or both of ends 74, 76 conprise a surgical needle
(not SHBWH) incldes glengated] B?fylﬁ thet is penspdly circular in crgistsgetion and that

%QnLthéshﬁ End 41C R iflstiBd infohe Qﬁlbs&.&éﬁla%( ?]? ﬁ{c(?ﬁ)'i' BSnetrating

77, 78 arranged In two respective spira
dispue, biiitig c@tmnletccpthet end iAmedy compuisior swegigal ﬁ@dleMbbown) for

Bl 858 CAT L o085 LDl gy o
svﬁrtsdwepamd batbs h %amhg@nma pt@ggermunmr@:txow ﬁlﬂp@lu‘bfﬁ More
BBl ety PASHly BB T e e

wiaggered witlheespwt Haxially Blwgect oA Y wpﬂxlbratbe G Séfadng goified emd 4. First

0 AR ot 05 L et Bt e

a&te)f barbaﬁgxad comsequently, barbk &, Sbifina sutpahtiaitynhedatde oad plane due to the
acing. rd pointed end 76 for another

par? ?@ﬁe ot r‘%%%?OX|nate hal f) of m ddl e-potion MY

al ongFighe 18) whizhd¢ ficrofs sﬁttﬂohialen&@along line 1B -FiB of stfed Bin Figure

18 BB G R i bR B e o

Gmhﬁ‘espentm bavby 9. eacdlsa @a pe Gcteln\fﬁmbﬁgbre_/iﬂ the etifiplib@illabtrates that first

BBy F b 5 et Paniie o Ao hOth M e BB, soqms tobe
lalrgdnﬁtah&&ﬂr byayt et lith pot baﬁg 9, aﬁa‘:}umws@gg&ﬂgam tb@smsiqﬂane that

e .sane cutti.n e as suture 60, such
Rt 0 et ot ard PRIErct: G D506 GH¢ bt oF barbs 7 does not
meirical thibase QP ABARAT B3 babs@nova et al ., but with the

follo I%écha e in blade direction. Using the tw st
cut t i% ade pathazuing npchiye %U%@%WP‘@PEP@“ 9

Gpblpbie sehata ﬁmeeﬁﬁ@&ggyreap@m%ﬁaa&muﬁ& i, B@chse@&% JetdXB device

nd_then after the direction chande for the bl ades,

PRthiaho senoidoisteldo- O/ 93723 to1 Gengyt atal-s t hat
pr ef emabiey oSk Fis ¢faidh 8¢ pRkink Iaf?d ﬁcﬂﬁﬁg b biffre fiﬂ?ﬁéﬁt in the vise, and

during the cutting, the suture [ament is

@?’&tﬂ?f‘oﬁ%ﬁ’f))ﬂ‘l‘q%t"@ﬁba wedegsamingd ﬂ@gﬁm gnlices intpghe sumre ﬁlawem@t an

. zﬁn%lae‘%!el‘ebt%@kd Heat@bR6CT b&lﬁh in ORO ﬂoﬂr’to% 3t Second set of

in length of ture anen
l@msr? ig gregind s y fafier @fsgttmmﬁre bmngltudmlh:e@o Qrattgl;he staggering)

a5 g e B 00 S5 Gl 70 ong
sufuseHlameat abioet 18@lidsgreet adhe viem “dtﬁchtnhe]mped:tosacéoﬂlmmﬁ first set of
lﬂﬂﬁ W sts per inch (per 25.4 mm) when

t e7§H§ﬁ%%$g%¢§ anment is then is placed and held in

t he Whowen in Figure 27vis smmmgommf:le isainbtjrer esnbpdinient efehk @Bsent

oo b i, e TG e P S, S5 i ckudes

eldngated Bodyol 2abatiis gethathc&hﬂarﬁﬁbmbmonO Elétpaed batlyl 12 terminates in

8 il R BB oSt R bopg ot one

ot hethlehdulbts 16 afay eompraséiagrgREicedld) (ﬂéttsﬁ&vﬂ)%ﬂnsemon into tissue.
predeterm ned | ength, splice into approxi mately half

of the approximately 3 inch (approximtely 76 nmm ‘
[ength of mddle portion MP of the approximately 4.5
inch (approximately 114 nmm) tw sted section of the
suture filament in a first cutting action with the

bl ades making cuts to create barbs 77 so that all are
facing i-n one direction toward pointed end 74.
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pol ydi oxanone (which is a synthetic absorbable suture
material). A dianeter of about 0.018 inch (about
0.457 mm) is slightly larger than the size 0

synt heti c absorbabl e suture, which has a di aneter
range from about 0.35 mmto about 0.399 nmin
accordance with the specifications of the United
St at es Phar macopoei a (USP). 5Each suture contained a
total of 78 barbs introduced in two respective

mul tiple spiral patterns aroudé the circunference of

:ﬁlie sutur%._wiic{]ce t he baybed suture was .
SQFpEC [OdRETdes plerlity At 60S)lR FRaced Rarkrelds 15119 24 aranged ina
graBpedbildiredPonbPdifosibs Posed on a first portion of

the suture and a ri roup with 39 barbs on a

ght | )
secon PoRerERAltys Plifabty o iRy sreardrbaghe d d preaprbellyi amgngedabout 180
d#g:%tﬁ&ﬂaﬁsdg%&e@%ﬁﬁfe_ls_%’@%lﬁé B oF BEIRRPERY bABE £, with barbs
ddl e of the sSuture. e specific cutti 10 nmchi ne
d fpiSdpeine M&%@%%&W@u&?ﬂﬁéﬁf e%rbhlegztgmfsmesl@- Similarly,
?vi th t?}fe_ bl aosles bgﬁﬁ%ﬁ %g}aﬁgvltaitrﬁ éa_ é‘%ﬂgieghﬁiggmégf%: mg?d
fagecnedoith vesRpctip Plustlisy of axially spagethbarby 20 withhabaFo @0 faging

3 i:tglﬁﬁﬁ%né PORK hnokife? mn ?gﬁ%rh’%&g‘%ﬁ éﬂegﬁlg?h:89§fﬁﬁe‘%&(]é¥5ﬁ‘£@z§tm 10,

about 3 inches (a ) _ contal ne
Yigstisetrad batbp &7, Ifelelinecaplane sead 19 swbgiantiaBy dplaniant withethe plane defined by

SechNEAbE baRsl 19180, 16 EHANSh b 174 169 difile RRERG Ly the

ortion MP were two unbarbed énd ‘portions
wmerang piage duetotthrmdipldi88 degreharmdngemen of fishesof(batbs U, Biwith

'%‘ﬁcﬁ“g’ﬁg‘gmg?&?’ﬁg&@’gﬁ%the suturing techni que, one or

> arbed suture nay be sufficiently

poi ntXEeadl is 2 goeh stasiondl viewr alpngliterfo- 2B sEineyre bY inrFigure 24,

ARAdLSE ; r ai _ rgihcal needl e. h
ORI il il xoharilty HE S M 8 G8ire R e Rien Pldto e
sagegnes iy barbd 3 o€barbsy tinclosarttd paisted Gkt inabtsbevaigare 2B), and

' NSl : t est wi.th a Universal_
1, A i R ST 1 Sy B e
Wepling: rmmvcmﬂm thé istegEndieokr olsetust vodi gh hndtﬂ:idintgrsects the
ren urenent, testing was_ perfo

S0 o e ST 5 857 B ISE 1,
Iz&ﬁ@s%ih?nmse aﬁﬁi maadp?gexﬂicuw td RRSab&TY m&g@ ?:ﬁﬁiﬁﬁt;}k%&s the
25 e I o€ ' of suture S recorde or. the

208 LB 8L ot e ot 3t o s e a o barts 20,
sut uiSaswre (DAPAELE Bade withihé SEncdliiHgaRacHRE 8s suture 1, such as the cutting

R e e po o R Bishe T ismeraet oh ittt

fOlldWiRg tinpBe (nadsdddirlsidB7 nun), about 0.015 inch (about
,0115 inch (about 0.292

0.38 | bout Q ,
whi C#O%?séﬁﬂagfﬂé%ﬁg%}@%‘@ﬁ% 47 Y eftey thesupieg filpment ?;Tgleted and held

it ihetvind, thé 8128 sPRAWBCORICRinY £86n ﬂto%lpgroxﬁﬁbﬂﬂ?ltizﬁf St%he length of

synthetjc absorbable sutures.” I n _accordance w
tharituseiilamentde crsptgbaibe &b Esing i1 gae dirdctien towar poipted end 14. Next,
1RWM RS hieGo@ie8 @ ' i | Eirecti
tran e of about g%). 5 m%é%‘g oﬁ%ﬁg@&@ﬁ@@ﬁ%ﬁg@%mﬂm

oyer dhepeuthalf; of the lensth. AFhgdlasies anshan allo8e! tnsplics inth thetother half of
. ] ey [ ) t 1 V
e Al Than 8 Reuvof Aol LR e P ine in e

mm t o about

_ oppesiigyfirgsHan tostardpoitedend 16y bei ng hel d with cork

gask i i ' serrated ja

hor Soar e Hlal oo bhloh SERRR| NG RSB Ak Al wouthgty or tho
longituslinal gissmog bebpesd twe o brmrbst I andealpeathe subere GiaRhE rotated about

roller grips. Capstan rollers were used for hol ding

t he unbarbed sutures to avoid stress and di stension.

The portion of "each suture specinmen between the two

gri pped places was about 5 inches (about 126 mm) in

l ength, which, in the case of barbed sutures,

contained the entire 3 inches (76 mm) of the barbed

m ddl e portion. 10Each speci nen was pull ed
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Straight Pull (pounds) USP M ni mum Requirenents

for Knot Pull (pounds) Unbarbed Unbarbed Unbarbed

Barbed 0 2-0 340 0 17.72 11.86 8.82 7.03 8.60 5.91

3.90 not applicable As can be seen,

escar pnent of barbs into the size 0 pol ydi oxanone

nmonof i | ament reduced the straight pull tensile

strength by approxi mately 60% as conpared to the

conventi onal unbarbed size O pol ydi oxanone

nonof danent (7.03 pounds = 409%®of 17.72 30 pounds).

However, the straight pull tensile strength of 7.03

pﬁmnmgmzﬂmbmeakagﬁmmbsa¥Mnm@hzmxmmmanqﬁmMmmﬁhédkaﬁomﬂbmbs
S t of the -

i g§ %aﬁ%é HiGa é gFén golllgec%gd b S R RLRTRN asdno, B the blades

syptidd with & fishcuttig aéumtoappw&@dﬂ@y balfithe fngthrodithe sutare filament to

AR S AL AR A B TR pumggeson s
d’bﬂ(&mﬁﬂamomﬁﬁgthé d)Iad(tsl’lmgmuhﬂa]Qf 1801 dp gheepsaniain they are now disposed in
L L y—
csph@dd:otth@dsta&:r haif2£the leigmmlf yﬁél sonsnflagcharithedecull viitdfg action to
asa%h%ﬁédé q:beJOMIln Ta uonupg?gPﬂg&aﬁgspnectlon
perfo mnﬂ&maﬁvé‘lﬁﬂgj’dﬁhend Q@©6shoeay for 8ddittctidrh] K@ire WGt portion of
[ NI N R L —"
gingtd 10ewitlaBabdORs, 20BREY Bive ﬁmﬁcﬁg 188 FoihtBE i 1N SWith this
r\]fgx\{a!ttpo t}lc barbe{?sum%:e svlould %L, ?nsggtédenslto u-ls-shu% mglnantirpser(t)lfon ceieavntle such as
that shown in the above-noted U.S. Patent No. 5,342,376 to Ruff. Additionally, it is noted
that, if desired, barbs may be escarped so that there may be two portions with barbs facing
one end and one portion with barbs facing the otherend, or two portions with barbs facing
one end and two portions with barbs facing the other end, and so on (not shown), and thus, if
a portion of barbs is not facing the suture end 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 radial 180 degree arrangement with
staggering is that the 180 degree spacing is readily fabricated on relatively small diameter

- filaments and the staggering improves anchoring performance. Thus, in thin and delicate

tissue, where a smaller suture is desirable, the staggered 180 degree spacing generates

effective anchoring performance.

Turning now to Figure 3A, depicted is a side view of another embodiment of a suture
-according to the present invention, and generally designated at suture 30. Suture 30 is like
suture 1 shown in Figure 1A, except that the radial spacing for suture 30 is 120 degrees
instead of 180 degrees as is shown for suture 1.

More particularly, suture 30 includes elongated body 32 that is gencrally circular in .

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

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

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

by



EN
oy
P

10

15

20

30

10 incision ranged fromabout 0.5 inch (about 12.5
mm) to about 4 inches (about 101 ram and_ the depth
of each incision was fromthe superficial derms to

t he peritoneum Usi ng the barbed sutures (al
made from size O pol ydi oxanone nonofilament), 24 of
the sites were closed. For conparison, the remaining
sites were closed with various dianeter sizes of
conventional unbarbed sutures (1 site with size 2-0
silk braided filanment, 6 site:with 15 size 2-0 nyl on
nmonofilament, and 7 sites with si 7P 3-0

seAcodbBRaiedb hvmetded sobat all fagtin die saioe dirderion towdrd pafrited end 34.
ﬁeﬁée g goﬁﬁ&%%bx&%w%ﬁfﬁ lﬁ‘ﬁﬂkacﬁ:%&% ging to a

random ze 0gsS were nonitored
d ai | yAlsamzpaﬂ rraredshajsdSreradisl purdnaniabiet 130 dagtead &g and

ma é 0S c opi ¢ :fg{;t i g@@pﬁl’m Hﬂg’gtﬁ |\ € Laiafly Mg&ffﬂmut 120

regar O varl ous
fiegreesifiom @ﬂz@ggeraimth mslcht temmaﬂn spabrel teldhy 9. Hhmcesaxiadss spaced

‘ QJ}BP%QBWSS E}rz[é&@? &10{1912% ap ear z dzp rﬁa% %rgd b res%ect to axially

sutures staye osed
sraceddarys 35hide lagtﬂulttof ﬂlheadiai lﬁ@tyegndwaamtnewﬁpeset oﬁbarms define

' dwith th
%%%iztﬁ 00k I a ?1%116 dseco?cf(set o b%IS’StY ?ﬁ%%%?{é&@ﬂ%yb'samh‘c‘e same
@rmﬂ@edanmth:m :tehef liadmﬂérdbﬁnmbstmﬁahy fatchnpihkrysainie omaplame Thus,

AT P b AL AT i v

cl osdtigme BR igt atmomszcmoﬁalﬁqdwhlomg lmmﬂf-t Imemetire 30 in Figure 3A and

i_onal olted syture xhi bited
S0 PSP el Ap L S e oS s E e g et of barbs 35
with fespaat llolbaitbs 87, Haybs B evithagpectknBibs 3Martdtarbs 39 with respect to barbs
nventional sutures possibly . caused disconfort by
Creating localized pressure, and ani nal s cannot
under/stifitstiatet ay tﬁehﬁyplﬁigpﬂ)}sﬁ)dﬂﬁﬁ SEATHR 85 Hefaubd6Y the staggering, is
ut ur es. Thua3 ET ed su&yres shoul d help obvi ate the
E SEHPEATSH! <8R 34 ok EOPHR TR Inipddersateemp o beiirgerdhan Farther

ziv.h@ first bib&Y .of barbs 37. . Ao, FHORRFY3T df B&bE 57, i@ the staggering, is closer
ol ydi oxanone bar bed

erform of the sjze 0
R B S Bt SRR R Dol At B Aeats o4 freer drapeven focher
aSMabr |£irsb bﬁb Ao df barbaSE A i akd SdnStAtys ﬁe?pen&:@ﬁaﬁtb%@tu% tddy 32 and

| on nonofil anent unbarbed sut'ures,

-ﬂgﬁt f“éers%@ tbasei Plosnsbarbes Sl bats 35 ders et intemast bfeecbase of any barb 37
ob birbE §8 .- Likewise, a thaflsv@Re iah@fhﬁf"its ?&?eﬁmﬁ%jr HJI : B! It32 a?d that

shown) for bl-dlrectlona tw's

inesefitethy base phencdwrt 3700f lxaﬁss’iatdmsemmtemq:cmm laqqe plany barb 39 of
béibs BO'S §ihilAAY,DSrafidy 14}1@\!1%&2& Zm&%&hd?%ﬁoé?%ﬂ that
[ 0 I ch

poi nted end 76 and ort suture
intersefisstho base Ofmeti@rb?@ qfﬂ)y?lrhq a9 QOWbmtemctfm&aag oft aoywdadh 35 of

ph®LBRted end 74. Wth this variation, the barbed
" suture would be inserted into tissue with an

i nsePutugP0denyi heanads with thessapivautting machingastshiere 1, such as the cutting

SRR h e oy Aol set N0 RO Py CRnc et oy JhBCutne

maphine iswgwelsq'ﬂetp pomluge thoretses of babe 35, BR 3B sushiallyi ong st £hgle, in a
.t h rbs facing the other to end, or
tgg%ge}itff&gﬁéﬁ Oﬁmﬁ?%%ﬁ@ facing an end and 2 portions

- W t hFilbshisdd of I)aﬁs 3 t:if‘eetedb? Placig dnc} Iﬁjg&in% fs\dire ﬁmﬁefnt in the vise,
{t hu | a ortion.o arps 1s not a
AR by PRl i E b diendr ner St e, Sing nto e

then, the barbed suture would be inserted into tissue
with an insertion device. An advantage of a barbed
‘suture having a twist cut, nmultiple spira

di sposition is that 15 such a barbed suture affords
better wound hol ding capability as conpared to the
120 degree spaced barbed suture. The reason is that
the twist cut, nultiple spiral pattern results in
groups of barbs that conpl enent successive and
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- 24- More specifically, several tw st cut,
multiple spiral, barbed sutures were manufactured
from nmonofil anent spun from pol ydi oxanone and havi ng
a di aneter of about 0.018 inch (about 0.457 mm which
is slightly nore than the USP requirenent for a size
O synthetic absorbable suture). Each suture contai ned
78 barbs introduced in 2 separate nultiple spiral 5

~patterns around the circunference of the suture.

Since the baths were bi-directd¥nal, they were
d|V|d nto a Ig%t gro p with 39 barbs and a right
Fit S0AE'E Shal s chepep fyipate pisessiSieg thanall are facing in the same

dld[r@@:ldn@tﬁ\w@cﬁp&ﬂ@d&{d"@f group fromthe approxi mate
m ddl e of & &}ture Each suture was about 7 inches
(about Nextg ﬁ‘ﬁl)a SGrrPfisetengiuginplly (vereate the wlagzenibg) App®ximately half

| ﬁﬁﬂﬂ%r{gﬁﬁkﬁhﬂl ditfndeBwh thd8r Biktls45€ ANRAKE ?ﬂfﬁ%ﬁ? thedtfabout 120

bar bs that were_ escarped into the sutu
P On thepXitecWbirhhis cawippHido mprounadpte irst 76 ofbarbsi3sr tha thave already

m;,dﬂl ct, BAY thbPRcSHANRY & baRS B7 SLUER 185! Ckniﬁﬁ{ G

unbarbed end portions of the suture
wer e Fivigh Hiptblasles gre pgain plitslongisinatly (tb gmg;c the staggering)

%?@Gﬂmﬁﬁly%lftﬂé%n?tb&lﬁgl'cﬂ@antcg&%{g su s, ot at.iﬁq o the suture

of, the barb suture may C|en Yy pol
Pigh Eptatestabpyid 2P degseesionttles ises whish isequippad to ecorringelate both

%lﬁbﬂﬁbtﬁmst &t o b a'ﬂﬁ?iﬂcl:aﬁpr ot e& g Jggh:gﬁs 37, Foligying the

characterlze t he confi gurat
I movemsnt andiretatinnic thind seli df hatbo3%his cieatgd andsilélakmanner.

| i ght ipagte
o & 108, MEPHLAGFL 08D ilsbdlpdd s poatich Aot 196 Joggecg around
e Pedya2ifom the piepatingtbad artdhived wit bvealapl with @h¥ ot Erbaas .

e TR e«

ttlh@ﬂ?lﬁﬁg Hiutuge ¢Qijs sohildo & Ssure B0, tehepsthamutitd 400i€ bi-directional.
le 0 and cut depth

t
e M52R8 S0 T S e i b v
tttren@ﬂms in Girst txel sewhe pointedicadosQ 6 habhrtaiistassR. dso, it is

: h D S ed along a perpendlcular
POhEmllca 5P P dien P U5 Rl Bormithe & eisd) Teg ot shown) in
loudeg it hedingeetkd imtol tizsul. Sutb@U®AGtheUhAiRSs ﬁrah-{)fkﬂ: clos?Iy spaced barbs

e cal cul ated

bl t | h L t
ARG M ST SPe et byl Graveiemo - 0))

Al so, Faruhbut halfiobthe Sjzthdf isétro S iRy ?%c?g garbs 47 are circamferentially

m.croscopi cal on_vari ous barbed 3su
P%Tl'goeasa&?"\t/\ﬁ%r#"éﬁ‘és frotp apd Hagasredvdthipepashinaxislly sgaqeé basds 49,
bhichhae: mdiaky ﬁ'ﬂlﬁg@&bﬁﬁﬂ 2bke R Qﬁl é-tl,d w‘tﬁfwﬁ‘éc? fo axially
Ieav er ht mar k SI nat ed as I|ne

?‘@%@‘ I ﬁ%’t‘% Hff'l,ﬂ"@llﬂ'lsp harbs Finare also arramged akiol 120 degrees

ﬁammaada dtviisht ObndsNe LY SE

e o e iy et
‘t% } ftemﬁ."s@eaeeedlmom@m irtédpntl 44mr k on

t he %u{

det er ngg) t?eh&?f %f?h‘f‘ It’é stof)ztértm]% gll’ a%% 48 are radially

EERRELThOML 20 desressdrone MwlmspmmTaxﬂﬁlytssted babs 50,

| MOE BS TRl R LbSlR Rﬁ@géétr%?rgggc d gégg;éé‘do S\*db@&ggbtg%uy

82 fromthe escarpnment o
SBpTeELagds 52 Gensequendy, bxiaBy spantrbiarlinciiaechl Slintih ged@Bohtd 20 degross

figh 0TS AT S R B b E e Stsiones e

49 Al ofatised, 50,62 fwxn@@n tHearum: dijectibg tovai] ginted end 46.
spirality. Specifically for measuring -
spirality angle a, the Optem Zoom 100 custom

- mcroscope was set with ring lighting at 60 and back

lighting at coarse 12 and fine 10. Al so, inaging
anal ysis system software was used. Spirality angle a
was then neasured between the outer surface of the
barbed suture and line M The average was calculated
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Units Table 7A (size O bathed suture) Ratio of D, L,
or Left Right P over Suture Di aneter (0.457
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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 7C (size 0 barbed suture) Ratio of D, L, or P
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Odegr ¥t Buthl 8IZO ave toffags Mﬂgﬁaﬁhélyc(mcwqthhstaggeﬂng) for about half the

R ASP R0 ARl A0 IRAESR UL A2nSHLs ot sout
ddOgicpesdddh tﬁeﬁﬂe ShGihat ec;mtm;led tedeb e Odateainkicse/dd b{-dirasdiofl barbs
OFY, 08 thap b Wiy BRY '1Rerd For Beconid s&'of bi-directional barbs 49, 50, the blades
splice with a first cutting action into approximately half of the length of the suture filament to
create barbs 50 facing in one direction toward pointed end 46. The first cutting action is
followed by rotating the blades 180 degrees so that they are now disposed in the opposite
direction and over the uncut half of the suture filament. They then splice into the other half
of the length of the suture filament with a second cutting action to create barbs 49 facing in
the opposite direction toward pointed end 44. -
Then, the blades are again offset longitudinally {to create the staggering) for about
half the longitudinal distance between two of barbs 47. Additionally,l the suture filament
again is rotated about 120 degrees on the vise, which is equipped to accommodate already cut
first set of bi-directional barbs 47, 48 and already cut second set of bi-directional barbs 49,
50. Following the longitudinal movement and rotation, the third set of bi-directional barbs
51, 52 are made by having the blades splice with a first cutting action into approximately half

- of the length-of the suture filament to create barbs 51 facing in one direction toward pointed

end 44. The first cutting action is followed by rotating the blades 180 degrees so that they are
now disposed in the opposite direction and over the uncut half of the suture filament. They

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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: ateﬁl a?lpg;g[e orp g?uqlglﬂssue §6 ﬁp%cogﬁﬂp tcd that end
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i zec |n the foll ow n‘g Tabl es 7E 7F 70, 711,
mﬁ‘ﬁ B isra,gfoss spetiqnal Vigw glopg ling PSR gf ghbwy 60 in Figure SA. Due
fE&Bé ﬁw?tEul(IﬁiﬂﬁEle 3piPal ARHEEELNS bcH k@pective?Gb 67 82hR to/62 smaller and

(si.ze 34) barhbed suture)
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.
‘More 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 mam) 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 bemg 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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diameter that is smaller than the diameter of the conventional unbarbed size 0 polydioxanone
sutufe) compared favorably with the mininmum USP knot pull requirement of 8.60 pounds for
the size 0 polydioxanone conventional unbarbed suture.

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

Figures 74 and 7B.
For the in vivo performance, 3 mongrel dogs, each about 14 kg, were used. On each

. dog, 7 incisions were made at the thorax (twice), thigh (twice), flank, ventral midline, and
- paramedian, each of the 7 incisions having 1, 2, or 3 closure sites. The length of each

incision ranged from about 0.5 inch. (about 12.5 mmj) to about.4 inches (about 101 mm) and_
the depth of each incision was from the superficial dermis to the peritoneum. 7 _

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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and so on (not shown), and thus, if a portion of barbs is not facing 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

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.



i

© 10

15

20

0.48 mm 0.479 0.022 1.05 nm0.784 0.015 1.71 -30-
spirality angle adegrees 12.90.453not applicable
Table 7L (size 0 barbed suture) Ratio of D. L,

P over Suture Units Average Standard Deviation

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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30

D ameter (0.457 mm) degrees 152.4 0.947 not

appl i cable mm 0.216 0.014 0.47 nin 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,

“25-

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



P over Suture Units Average Standard Deviation

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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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
cut length L ram 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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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

27

(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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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

28~
Table 7G (size 3-0 barbed snture)
Ratio of D, L, or
P over Suture
Measurement -Units Average Standard Deviation Diameter (0.292 mm)
cut angie 0 degrees 165 1.031 not applicable
cut depth D mm 0.104 0.009 0.36
cut length L mm 0.390 0.035 1.34
cut distance P mm 0.975 0.103 3.34
spirality angle o . degrees 7.258 0.636 - not applicable .
Table 7H (size 2-0 barbed suture)
Ratioof D, L, or
_ P over Suture
Measurement Units Average Standard Deviation  Diameter (0.381 mm)
cut angle 6 degrees 1602 1.320 not applicable
cut depth D mm 0.152 0.019 0.40
cut length L mm 0.449 0.057 1.18
cut distance P mm 0.944 0.098 | 2.48
spirality angle o degrees 9.40 1.606 not applicable
Table 71 (size. 2-0 barbed suture)
Ratioof D, L, or
. P over Suture
Measurement ~ Units . Average Standard Deviation  Diameter (0.381 mm)
cut angle 0 degrees 161.0 1.707 not applicable
cut depth D mm 0.158 0.014 0.41
cut Jength L. mm - 0489 0.054 ° : 1.28
cut distance P mmn : 0.962 0.054 252

spirality anglecc  degreess 796 . 1075 not applicable
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not applicable mm 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

appl i cabl e
D L, P

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

spirality angle o

Table 7P (size 0 barbed suture) Ratio of
over Suture Units

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)

Average Standard Deviation

Units

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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Aver age Standard Devi ation D aneter
degrees 153.1 0. 655 not applicable nm 0.204 0.007
0.45 nm 0.451 0.019 0.99 ram 0.792 0.018 1.73 degrees

13.6 0.410 not applicable

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.

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

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

0.947
0.014
0.024
0.015
0.349

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)

Units  Average Standard Deviation

dcgrees ; ,15_2.8
mm. 0.207
‘mm 0.453

0.612
0.007
0.016

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

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
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30

30 MeasurenmentUnits Average Standard

Devi ati onDi anet er

(0.457 mm cut angl e Odegrees

163. 10. 505n0t applicable cut depth DmD. 2450. 0130. 54

-32- cut

length L nm 0.842 0.045 1.84 cut distance P

tam0.774 0.009 1.69 spirality angle a degrees 10.8

0. 449 not applicable
sut ure)

Table 7R (size 0 barbed

231~

cut distance P mm 0.798 0.017
spirality angle o degrees 13.6 0.560

Table 70 (size 0 barbed suture
Measurement Units Avemge Standard Deviation
cut angle 0 degrees 1529 0.549
cut depth D mm 0.188 _ 0.01i6
cut length L. mm 0.413 0.030
cut distance P mm 0.787 0.024
spirality angle o degrees 13.8 0.270

Table 7P (sizc @ barbed suture)
Measurement Units Average Standard Deviation
cut angle 6 degrees 153.1 0.655
cut depth D mm 0.204 0.007
cut length L mm 0.451 0.019
cut distance P mm 0.792 0.018
spirality angle o degrees 13.6 0410

Table 7Q (size 0 barbed suture)
Measurement Units Average Standard Deviation
cut angle 6 degrees 163.1 0.505
cut depth D mm 0.245 0.013

1.75
not applicable

Ratio of D, L.

P over Suture

Diameter (0.457 mnm)

not applicable
0.41 -
0.90
1.72

not applicable

Ratioof D, I,
P over Suture
Diameter {(0.457 mm)
not applicable
0.45
0.99
1.73
not applicable

Ratioof D, 1.,
P over Suture
Diameter (0.457 mm)

not ap_plicabie
0.54
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Ratio of D. L,

St andard Devi ati on Di aneter

0.035 1.58 mm 0.773 0.010 1.69 degrees

cut length 1.
cut distance P
spirality angle o

Measurement
cut anglqﬁ

cut depth D

cut Iength L.

cut distance P
spirality angle o

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

spirality angle ¢

Measurement

cut angle 0.

P over Suture Units Average

32.
mim 0.842 0.045
mm 0.774 0.609
degrees 10.8 0.449
Table 7R (size 0 barbed suture)

(0.457 mm degrees 161.1
1.126 not applicable mm 0.233 0.017 0.51 mm 0. 721 -

Units  Averape Standard Deviation

degrees 161.1
mm 0.233
mm 0.721
mim 0.773
degrees 12.6

Table 78 (size 0 barbed suture)

1.126
0.017
0.035
0.010
0.189

Units Average Standard Deviation
- degrees 154.6

Units Average Standard Deviation
- degrees 160.9 0.708
mm 0.240 0.014
mm 0.734 0.037
mm  0.774 0.009
degrees 13.6 0.312
Table 7T (size O barbed suture)

1.434

1.84
1.69
not applicable

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

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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12.6 0.189 not applicable

suture) Ratio of D, L,

cut depth D
cutlength L

cut distance P
spirality angle o

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

spirality ailgle o

. Measurement
cut angle 6
cut depth D
cut length L.
cut distance P 7

spirality angle o

 Measurement

33~
mm 0.210 0.009
mm 0.492 0.026
mm 0.538 0.011
degrees 12.3 0.223
Table 7U (size 0 barbed suture)

P over

Aver age Standard Devi ati on Di aneter
degrees 160.9 0.708 not applicable mm

Units - Ayeraac Standard Deviation

degrees 152.9 0.809
mm 0212 0.014
mm  0.464 0.026
mm 0530 0.015
degrees 13.7 0411

Table 7V (size 0 barbed suture)

Units - :-Averggg_ . Standard Deviation

degrees 1534 ... 0.903
mm 0.221 0.010 -
mm 0.495 0.023
mm 0.537 0.012
degrees 139 0.605
Table 7W (size O barbed suture)

Table 7S (size 0 barbed
Suture Units

(0. 457 mm)

0.46
1.08
1.18

not applicable

Ratio of D, L,
P gver Suture

Diameter (0.457 mm)

not applicable .
0.46
1.01
1.16

not applicable

Ratio of D, L.

P over Suture

Diameter (0.457 mm)

Units .. Average Standard Deviation

not applicable
048
1.08
1.17

not applicable

Ratio of D, L,

P over Suture

Diameter (0.457 mm)
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0.240 0.014 0.52 M 0. 734 0.037 1.61 nm 0.774 0.009
1.69 degrees 13.6 0.312 not applicable 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,
(0.457 mm not applicable

cut angle

cut depth D

cut length L.

cut distance P
spirality angle o

Measurement
cut angle 0
cutdepth D
cut length L.
cut distance P

spirality angle o

'Mcasurement
cut angle 0
cut dépth D
cut length L.
cut distance P

-spirality angle o

P over Suture Di aneter
-33-
-34-
degrees 155.2 0.829 not applicable
mm 0202 0.008 0.4
mm 0.483 0.017 1.06
mm 0.789 0.031 1.73
degrees 12.6 0.328 not applicable
Table 7X (size O barbed suture) _
Ratioof D, L.
- P over Suture
Units Average Standard Deviation Diameter (0.457 mam)
degrees 155.5 0.799 not applicable
mm 0.200 0.010 044
mm 0.484 0.027 1.06
mm 0.798 0.017 1.75
degrees 11.8 - 0.362 not applicable
Table 7Y (size 0 barbed suture)
Ratiocf D, I.
P over Suture

Units Averagé Standard Deviation

degrees 1554
0.196
0471
mm 0.799

degrees 11.8

mm

mm

Table 77,

0.560
0.008
0.017
0.019
0.456

Diameter (0.457 mm)

not applicable
043
1.03
L.75

not applicable
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mn 0.210 0.009 0.46 mm 0.492 0.026 1.08 mm 0. 538
0.011 1.18 degrees 12.3 0.223 not applicable Tabl e
7U (size 0 barbed suture) Ratio of D, L, P
over Suture

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



Units Avenge Standard Deviation D aneter (0.457_ nun)
degrees 152.9 0.809 not applicable mm0.212 01)14
0.46 mm 0.464 0.026 1.01 nm 0.530 0.015 1.16 degrees
13.7 0.411 not applicable Table 7V (size 0 barbed

suture) Ratio of D. L,

36-

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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P over Suture Units Aver age Standard Devi ati on

Di aneter (0.457 mm) degrees 153.4 0.903 not
applicable nm 0.221 0.010 0.48 mm 0.495 0.023 1.08 nm

0.537 0.012 1.17
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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 embediment 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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degrees 13.9 0.605 not applicable Table 7W (size O
bar bed suture) -34- degrees 155.2 0.829 not
appl i cable mm 0.202 0.008 0.44 mm 0.483 0.017 1.06 nm

0.789 0.031 1.73

-38-

-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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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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whereas, in general for barbed sutures, the barb cut distance between two barbs > the barb cut
length. Particularly for the overlapping barE disposition, very suitable barbed sutures may
have a ratio of the barb cut distance to the barbed suture diameter from about 1.5 down to
about 0.2, since the barb cut distance P may be as low as about 0.1. (See discussion of Figure
7 for comments vis-2-vis the barb cut length and the barb cut distance.) This overlapping
disposition allows for closely packing many barbs 135 on body 132, and typically, barbs 135
are thin, as compared to when the barb cut distanice between two barbs > the barb cut length.
Also, although suture 130 is illustrated with barbs 135 being vnidirectional, it is

- intended to include that suture. 130 in accordance with the invention also may be a bi-

directional barbed suture as described here.

Figures 13A, 13B, 13C, and 13D sho;w various surgical needles, where a barbed
suture is attached to each surgical needle. 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 neédlc 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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having suture S2 inserted into hole H2, may be crimped by standard procedures about hole
H2 1o hold suture S2 in place for use in suturing tissue.

Figure 13C shows surgical needle N3 that is a curved elongated needle in the
longitudinal direction and that is generally circular in cross section. Surgical needle N3 has
pointed tip T3 for insertion into tissue and also has hole H3. Surgical needle N3 is illustrated
as attached, such as by swaging, to barbed suture S3. Barbed suture S3 is a barbed suture

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

surgical needle N3 has diameter D3 in the transverse direction, which is jllustrated as a

_relatively thin diameter, such as about'0.0Z inch (about 0.5! mm). As discussed above vis-i-

vis swaging, surgical heedle N3, after having suture S3 inserted into hole H3, may be
crimped by standard procedures about hole H3 to hold suture S3 in place for use in suturing

tissue.
Figure 13D shows surgical needle N4 that is a curved elongated needle in the

- longitudinat direction and that is generally circular in cross section. Surgical needle N4 has

pointed tip T4 for insertion into tissue and also has hole H4. Surgical needle N4 is illustrated
as attached, such as by swaging, to barbed suture S4. Barbed suture $4 is a barbed suture
including, but not limited to, any of the above-described barbed sutures. Additionally,
surgical needle N4 has diameter D4 in the transverse direction, which is iflustrated as a
suitably thin diameter, such as about 0.032 inch (about 0.81 mm), but not as thin as diameter -
D3 of surgical needle N3. As discussed above vis-a-vis swaging, surgical needle N4, after
having sufure S4 inserted into hole H4, may be crimped by standard procedures about hole
k4 to hold suture S4 in place for use in suturing tissue.

Needle tips T1, T2, T3, and T4 are schematically illustrated as pointed, but, as is well
known, surgical needles come with various kinds of pointed tips, such as taper point, faper
cutting, ball point, cutting edge, diamond point, thin line, and lancet point, and it is intended
to include, but not be limited to, all such needle tips. Taper point, taper cutting, and diamond
point are preferred needle tips for surgical needles used with barbed sutures.

~ Asis well known in the art, needlé diameter for surgical needles nsed with

- conventional (i.e., unbarbed) sutures is considered unimportant, and often very thick surgical

needles are used with thin conventional sutures such that the ratio of surgical needle diameter
to conventional suture diameter is 4:1 or even higher, such as 4.43:1. '
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(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
(Tabl es 7T-7V) Sanple 57.699.97 (Tables 7W- 7Y)

Al t hough all the above-noted neasurenents were
performed on bi-directional, twist 15 cut, nultiple
spi ral barbed sutures, the bel ow noted desirable
ranges for neasurenents for barb length L, bath cut
depth D, barb cut angle 9, and/or cut distance P
shoul d be the same for the vard®us other inventive
bar bed sutures described here. A suitable

" rati o Bewes ilbthe syrgical peadleisehed suturgrcembfinatinmtof theEesent invention

I §08&8hef & Rfﬁ(@pﬁ’é&ilegg & ﬁ%@&@ﬁ@&l‘e) fhe tHRLE R & %@lﬁg%%ﬂyneedle is, then

from about 4 to a even nore prefe

f the maap praferablaghatshepyraiesd uéedhafterbeﬂlsvmem with equdesued needle diameter

S kgﬁglg c
I er%g?mlﬁm{)%ﬁbar égé Hﬁﬁr i ane E%Hfdr}%%t%‘b%lg it li possible that
ddgmeedie diroeter mayhe exprethaigr thivethe hubcd autlmt dlanétmg hest

b 5
282 \S/ Ie t%l%t Rl tf%tgggffrg%glp \ggnhﬁrg a1 u]?iﬁ%tl n&ca ! Ste aRac%ed toa
clesrpadspuedis myprs/prefarayledor approxixsing tl.‘.suel m !tnx:lﬁ{gaut/ound closed than

[ T R R

de]@tllfclmﬂnmampd:l e@bd@muaded%a blarhﬂmlmre SBws dnrgestd Eﬁ)g‘iigement of

t: [ ef rom abou
aH%thMé B ’ua%]g 81% Eeg‘,%@%"é"g‘“ re p d e“fme? b¥cf tifh% ﬁ?PéTi‘d’E}f’ted tissue thiat
(hag beem satnmsﬂtto PreSent Reg@p@ﬁlwdcs Ioéthgtl'msdd wiaitd Brem pu] llng apart, as

' d I th
S5k SR b G g S i
dhe tehitively yipessugdical hadlee such as fat tissue or soft

tissu wher.eas s e nore suitaple
j oi ni ﬁa Bogdm %{ggea%‘fe@f%ﬁg? ﬁt&‘ﬂ"’g %Brﬂqag?eﬁﬁlgm‘:hedmthc '

- thiasbed euturdds xﬂa&hmasgehl needitodiemeterd shbhld BEbOyhiicht Fidd # order to
_ Fi_ag(ur 1, .t er%.witll ‘gl s%e ipstances where_a barh
COnt i 3‘3 &Y P ShAPRdD thegnd, sp o fP Blow fox igsertioped theharbed
. amﬂmmo&l‘mhdlc ortB@chahﬁﬂ bNeeirmpiosesh tBsurf6al SeHAR Bithdi&iSncreases,

be desj r.abl.e, r instance, when the barbed
4 BolR By Caritle 14 1008, b o REGe Bera el fiapeter to the
bhﬂbH@EMﬁ@ﬂ!ameterlsab@itB Padta. O fornmed between the barb
and the eI .ongat suture body desirably woul d range
ingly %é'&ib@f‘e‘? fig of Wbl neep che%qteé@ barlyek s diameter,

ﬂfr%ﬁtﬁér&tkl{dﬁ e Bﬁﬂﬁﬁvédrr@@léﬁp boup3: 1 driesie 9:51%%%19?18 about 2:1

about 173 degrees. The nost Ere erred cut an
or lessy moptpreferably abeut d B gdess. Fanthermomimeticulrip 3t chamel needles are

Elﬁf)lobr&ﬁ HRER ofls@fgical RRHIY i 436RR Q@gag%ﬁtsgg cﬁé}ﬁ&&%ﬁ@ﬁ tofls 1ow as

di aneter of about 0.018 inch (

‘Wﬂ% k- Liog le§$,|ogﬁ\tep;lowea,rfgemsqam ahoiyt0.9i8Pr lees of abenmsu drdess, or as

Rvsbba0.£1.2R 348 p@’m l’l{)?%éer%ln}g ox%inaJ]ﬁiqll in the art that care

preferred bath | engt
Horlddrertalen pdthiexremely dmpnwdlas woed td afpeli@at? therpossibititytofiicalized

: Géﬁfﬂgggr@ﬁgcﬁ)?ﬁg %El,gm‘%{%“? Qi oRe 153 degrees.

30

Longi t udi na ween any two barbs is
gener@osuye etfefnefthé tluwwwrglcal meediasabotly haviigadatio|of sasgicibndedle
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which could lead to a tendéncy of the barbs to pee
back and also to a decrease in suture tensile
strength.
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Generally, a suitable ratio of cut distance P to

bat hed suture dianmeter SD ranges from about 0.1 to
about 6, nore preferably fromabout 0.5 to about 4.5,
even nore preferably fromabout 1.0 to about 3.5.
Very suitabl e bathed sutures may have a ratio of cut
di stance P to 20 barbed suture dianeter SD from about
1.5 down to about 0.2, whereby cut distance P nay be
as low as about 0.1, particularly for the overl appi ng
barb enbodi ment, which is distussed in nore detai

bel ow vis--vjs Figures 12A, 12B, 12C, and 12D.
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above-noted Serial No. 0W43,733 to CGenova et al.

- Barb 107 having serrated underside 108 is achieved by
vibrating or oscillating the cutting blades of the
cutting device when barbs are being escarped into the
body of a nmonofilanent. It is intended that any of
t he barbed sutures of the present invention as
descri bed here may have barbs with a configuration
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Wth reference now to Figures 10A and 10B, depicted
in Figure 10 Ais a perspective view and depicted in
Figure 10B is a top view of barbed suture 110, which
i s anot her enbodi ment of the present invention.
Suture 110 includes el ongated suture body 112 of
generally circular cross section. Al so, suture body
112 has disposed on it a plurality of 30 closely
spaced barbs 115 having barb tips 117 (one barb 115
I's shown for ptuposes of brevitTy). Bath 115 has a

configuration with an _ arcuate se 119 where barb 115
PR S ol oy e B4 s et A primen taplsony 288
eputmd{ nnil the vaond ddfuptoindttRcspecines PRk apirt D@k idts 3 PRces.
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cross-sectional vie ,_[esgectivej aI%ng line 10C -

10C and line 10D - Dot R 8 g ] B and
10D further clarify that barb 115 beconmes 5 narrower

ing fro ase 119 toward tip 117.. Sut ur e
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bl ades with ends that -are correspondi ngly arcuate

W th respect to arcuate base 10119. IS

It
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4 may conprise a surgical needle (not shown) for
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descri bed in the above-noted Serial No. 30 091943, 733

to Genova et al. By altering the anount of bl ade

novenent during cutting into a suture filanent, then

the barb cut length is made | onger or shorter, as

desired, to result in each of the three sets of barbs

125, 127, and 129 being of a size different fromthe

ot hers, where -39- the varying sizes are designed

for various surgical applications. The bath size may

al so vary in the transverse direction, whereby the
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5 whereas relatively smaller barbs am desirable for

joining fibrous tissues. Use of a conbination of

| arge, nedium and/or small barbs on the same suture

hel ps to ensure maxi mum anchoring properti es when

bath sizes are custom zed for each tissue [ayer. 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 nore

different sized sets than thré& to sizes as

illustrated for sets of_ barbs 125 127, and 129 may

be esE&5rFehstthed voypdyadispssyecimen that was gppragimately a square
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| 2A, and Figure 12Cis a top plan view of Figyrgu@é%%of3“kmmﬁ
S,l.: e 121& [ ﬁ B cr _E?Z_Sfc“ n?I i ew al ong_ |*I 2% 12 Ruture

35. . overl appj first bath 135 is escarped _into part
%éfm{dosﬁ%(i(’afye 'I‘gb%%“‘a\/erl apped 98&d3#8parb 133.3and so 81

on PaRuti®df subhicil de:deifhet\E bhBROSAS BGRRE: barb 135
becones part of underside 30 US of overlapping first

barb 135. Thus, with the overl appi ng disposition, the
bar bTaus, 4di16wétRErah8 bYRBFcAl nbiic BAhBerld Badis .ﬁﬁﬁ&@@ :
barb 135 may be shorter ?han tﬁz barb cut Ie%gt 0 etet, then

— 1B elgswe eemngthyshen sutyring 2 wopnd closg with asurgical needle attached
g&babe sube. {36 Uhhe gl
t s Ratehads, ﬁiéttl’liﬁlgez th, sgﬁg?ﬁ&dﬁ, the gétr&} ﬂﬁ%ﬁg{rxrra ﬁtrength,

bet ween two _barbs > the Tength. "Particu
Ik fag deliate fissues: hoavenerdfos rogh tisses, swobray mosale aidibewel, thicker

[ s
O o TR ATl G clsdl whBAE Glootle s ik o
thie Qsops Whgrg i the middls; in et thheatioaof lsurgist! rebde diameteRorbabed suture

et ol SRR fef 2

or coments. vis-a-vls ar g “%nd t he
bar bAkhauehths prescat ivefitios hasbeen shopinngd desspleslin deil with regard to

B I T ST

intthe phidwt it senobitdndedito lhistha iroendiet tosi speolic dabiddinents di®losed.

barb cut |ength. Al so, although suture 130 is
illustrated with barbs 135 being unidirectional, it
Is intended to include that suture 130 in accordance
. wWth the invention also may be a bi- 10 directional
bar bed suture as described here. _ Fi gures
13A, 13B, 13C, and 13D show various surgical needl es,
where a barbed suture is attached to each surgica



as attached, such as by swaging, to barbed suture S2.

Bar bed suture S2 is a barbed suture including, but

not limted to, any of the above-described barbed

sutures. Additionally, surgical needle N2 has

diameter D2 in the transverse direction, which is

illustrated as a 30 suitably thin dianeter, such as

about 0.032 inch (about 0.81 nm, but not as thin as

di anmeter D1 of surgical needle Ni. As discussed above

vis a-vis swagi ng, surgical netdle N2, after -41-
|ng S gre S2 inserted into hole 112 may be

cr |aﬂﬁ'é‘;cpl?f£? QPR GPEFSigND ELATAEEnN LAY e THadedo MZ‘ISF’@S%‘@IH@OdImemS

S Wb rRrerially BbheshoffRim e ﬁo¢ente§aﬁﬂgs lang a&uaﬁéghg of fik FHbtion,

13C shows, surgical needle N3 that 1s a curv
e PEHgH bt ighchf &hs feregpias feapidnasu Hpriastansior te barbad sapp of the present

t m&nﬁoa cﬂ@ﬂ@ﬁs@h bdon€ b il &ﬁerlcrbs&e ARodE GhidrR- sta@é{ Hak bkin

nee as 5 nted tip T3 for insSertion fnt

t P@?ﬁf@%mﬁl@w@kﬁ%ﬂlﬁ position %meslaw davordingll] ibisNBerided to cover all

' k&cﬁ%ﬁdﬁicﬁéoxﬁsmﬁits&@lﬁhﬁﬁdloﬁy G &y é\%y ng a%g%ﬁmgﬂldﬁdt within the spirit

bar bed suture’ 53. Bar sut ure ure
i #d sqewernd thejnyention ad defipeddy thefollawingelaimhe
above-descri bed barbed sutures. Additionally,

surgi cal needle N3 has dianeter D3 in the transverse
direction, which is illustrated as a relatively thin
di aneter, such as about 0.02 inch (about 0.51 mm. As
di scussed above vis-a- 10 vis swagi ng, surgi cal -
needl e N3, after having suture 33 inserted into hole
113, may be crinped by standard procedures about hol e
113 to hold suture 53 in place for use in suturing
tissue. Figure 13D shows surgical needle Nd that is a
curved el ongated needle in the |ongitudinal direction
and that is generally circular in cross section.
Surgical needle N4 has 15 pointed tip T4 for
insertion into tissue and al so has hole H4. Surgica
needle Nd is illustrated as attached, such as by
swagi ng, to barbed suture 34. Barbed suture S4 is a
barbed suture including, but not limted to, any of

t he above-descri bed barbed sutures. Additionally,
surgical needle Nd has dianeter D4 in the transverse
direction, which is illustrated as a suitably thin

di anmeter, such as about 0.032 inch (about 0.81 mm,
but not as thin as dianmeter 20 D3 of surgical needle
N3. As discussed above vis-a-vis swaging, surgica
needl e N4, after having suture 34 inserted into hole
114, may be crinped by standard procedures about hol e
114 to hold suture S4 in place for use in suturing
tissue. Needle tips Ti, T2, T3, and T4 are
schematically illustrated as p0|nted but, as is well
known, surgical needles come with various kinds of
pointed tips, such as taper point, taper 25 cutting,
bal | point, cutting edge, dianond point, thin |ine,
and lancet point, and it is intended to include, but
not be limted to, all such needle tips. Taper point,
taper cutting, and dianond point are preferred needle
tips for surgical needles used with barbed sutures.
“As is well known in the art, needle dianeter for
~surgical needles used with canventional (i.e.,

- unbarbed) sutures is considered uninportant, and
often very thick surgical 30 needles are used with
thin conventional sutures such that the ratio of

surgi cal needle dianmeter to conventional suture
dianmeter is 4:1 or even higher, such as 4.43:1. -42-
However, with the surgical needl e/ bathed suture

conmbi nation of the present invention (for either a .
strai ght needle or a curved needle), the thinner that
the surgical needle is, then the nore preferable that
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The nost inportant feature for the conbination of the
surgi cal needle attached to the 15 barbed suture is
that the surgical needl e dianeter should be of
sufficient wwdth in order to nmake a hole or a channe
in the end, such by drilling, to allow for insertion
of the barbed suture into the hole or the channel.
Nevert hel ess, as the surgi cdf- needl e di aneter
i ncreases, the surgical needle is still suitable as
CIong as the ratio of the surgical needle dianeter to
bat hed suture dianeter is about 3:1 or less.
20Accordingly, a desirable ratio of surgical needle

di ter to barbed suture di 2t ar. . for:eithe .
ST RO o, Bl SRSy 0
elér@sted bodyMaping b dirstlohd/ arsilzoietond efid and d digsstermod (b) a plurality of barbs

r ef er abl bout 1. 8: r. less. .Furth : : ot
P A ey ot e RE Pinedh 2o B T pdapted for resistiog
mé@inett dfthessutigé, oellen e dshue ial aa npygosite dizctiar foma theudingeten in which

di anreter may. be ‘as. | ow as bout 1:1 or less, or-even .
thg i focess pheceindlis bsks hap A Sonitenigtion grimiSiog 2 A cyapgle © rngine
12 abou@ i 40 Q% aBsut 275 Hepeadsiuah@ WomPriSingl whérkinwhd barfdchave a

appreci ated by the person of ordinary skill in the
copfiguratiog CompREhenAUSAEEbIB RIS h extrenely thin
needl es so as to aneliorate the possibility of

| ocal i zed weakness, which may conprom se tissue
2. | Thedatbied guture accordingiteyglaing 1.sW eéwgmq barb quf, ppgle G ranges from about

] a ratio of surgical needle
‘143?%%%$§?ﬂggigg?ﬁ%§@guture di anmeter suitable for the

presept invention, was tested as follows. 30 Various

B B M il

150 Begréds iibodbR70ndepredr e cut Wi th a wound having a

| ength of about 1.25 inch (about 32 nun). -43- A
first specinmen was made from a pi ece of chanvois

4. ?aia%ah sbt){lreafo'k teair?wa@%g Rg R g dlﬁf anlififl tissies &lﬁd:tcizmxel @dpeising (a) an
of the wound with a drjlled . end surgical n e.(i.te
eloggatedposiy parving g Sict PR Ty wlmpclerpd il E b baros
proﬁ%ﬂﬁ Grow R tRADAERE bafifading - in landiRbh@ andObcslsy, adapte for resisting
Insertion of the barhed suture intg the gee | e,.hal e,. hich
o0 s firegion fp whic

theDHD Eftes Widfeth HHédald ke bGbh atih (cBhpSiihd £BaBGut depth with 2
cl osed the wound, the piece of chanpis _|eather was

ratiof thedagh qudentin tthe putats dipenctT ragpgdon: PR to 4bR3P-6, further

o LR e B i SO e

re the stitc was in the m
of the length and transverse the width. The needl e

5. VR lf%ﬂ%e,ﬁ %\%&Fﬁ%:ﬂ{dg%%é@ﬁ: g WG knd 1564 B?g&g!aﬁ) Qlt dépth to the

circle 22 ram an
sutineldidncteirangehfromabanri®t leto abdut@P6ut 0. 020 i nch 10
(about 0.51 mm Then, using the sane.stitching

nmet hod, a second speci nen was made from anot her piece
6. Ofhedhetiadisstuteeatchatingoy daiint §hwingeit dgetatie of thecbarb cut depth to the

respective edges of the und,. using a drilled end
sutlg g HEU B CPr 18 TOY57 1A por chased from

Sul zI e Conpany) swaged with the sane kind of barbed

suture, i.e., the surgjcal needl e was cr.inped about.
7. o e AR BT Gompatn panan oGRS S G, Gaing (2) an
clofighitdd o dy Riving § BirshBhPandlaesdddehe aldediRasbesid th)taypl@ality of barbs

V during stitching. For the second speci nen, the needle . .
 projesing Hoibe R8T ach S iReies i oo HE g Sl ot tesistig

circle) with a length of about 22 nmm and a suitable
thin dianeter of about 0.032 inch (about 0.81 mm,
~although not as thin as the dianmeter of the needle
used for .first specimen. Each barbed suture for each
specimen was a bi-directional, twist cut nultiple
spiral, 20 pol ydi oxanone barbed suture |ike suture 70



5Tabl e 13A (Chanmpis Cloth O osure Strength)

Speci nenNeedl e Di anet er Bar bed Suture D aneter Rati o*
Pounds to Rupture First0.020 inch0.0115 inchl. 745. 88
Second0. 032 i nch0. 0115 inch2.782.88 10*Rati o of

surgi cal needle dianeter to bathed suture dianeter.
Al so, various pieces of rat skin were cut and
stitched for testing of nore*%urgi cal needl es swaged

wi t h bar bed sutures as follows. Thr ee
f hI t
AP RSB o S, A 200 i

tlvelberbnfad:e, mln:rduln mehadnls hafe €aomifiguation comgprsmige wohumddength with a

Each n ug 4 cm ngt h ar

89 R e HPiendth e Sufi e eemgiNgy, BRLCD 2 i 2. urther
stmtpricing sdbereini thd batbsthavd 4 @dfigmationcomypsdngsaicagiugatbd beele dhderside.
that was a Sul zle item no. 382273A, which was 3/8
circle.” The needle had a | ength of 18mm and a
gli THhebabedofunad ﬁctt:br(ﬂhg(la 21dita ¢ whateiithe Gatibt i bardlcsidength to the
the eedl e had_a t 0_poi needle tip where the

$ ﬁB@@ﬁ gﬁﬂaﬁ¥%?g'3-facet cut to

apprOX|nate a taper cutting needIe tipto facilitate

enet éarél OSE} og agogttdn'}gl tg% i zlfrree etg%: ?‘Pét\g?%ﬁe\x%gﬁ alétt 1\17\@10 to the -
sﬁhmatnuat rﬁl%ei REmSBHE 03Ub hlfduﬂgﬁ echni que, but with a
drilled end, curved surgical needle that was a Sul zl e
item no. 832679A, which was 1/8 circle. 25 The needl e
lbach BarbBd Qllthte For @Bﬂé&méﬁ Buiin &Nshidal(isaiee bLd s&fue&bﬁidﬁsmg (a) an

026 inch (about O0.66 . Al'so, the needl e ha
emna#%@dgéﬁmgﬁéeat@ atlflese%‘éeftﬂe@éﬁél %@éaptltaﬂlsf of barbs

g il Weody, each biBCHAciRA 58 WirddtoH 48d fb@fnﬁ%ﬁﬂied for resisting

pspemmen was a |-d|rect|onal twi st cut nu

mgyEmERt of Bt Sy FRAD Helississ Beih amesiteairstion fom the éﬂmov g which
ﬂ{@ Y BcBAWKELHRIRE bdh\Alav€ Q%Shﬂg%}alﬁ%ﬁtc&tgﬁ 38 ahﬁ?b ézt distance with a

di aneter "of about 0.015 1 nch (abou whi ch
rat@ of thegfrarty qut Higtages to thvamturddaryeter 3usipgefem ﬂhfwéﬂtl t¢ ghoul6, further

edinpSicy DA i Bt nARIURARL Rich b C{ﬁ 1 d G a%islg.tb dhderside.

aneter of about out
-45- For each stitched wound, a tissue

Daci .
1£5 35 BB it JEL5r0MR0 ol Bk GOHRE B A B chbtance o the

-stttwe didnchtkr eangesr fadrh ebdun@.5 towboopphsi ng ti ssue edges, was
retrieved for closure strength testing. The

force to open each wound was determ ned using a Test
1ReTia bl siuteuecading fo daist i, whidethahe 200 6I thEbarb eatadistance to the

tis eci nen, the dges.paral l eling each
S'g't’rie?i Hg\ﬁ?ﬁﬁ ‘W%?@“ﬁiiﬁﬁ‘l@&gtist he two respective

serrated jaws of the tester. Then, each
specj nen was Eglled Longitudinally at a te of about
13" Anbatked iy fr rQRReCing, BRansr Ama) dissug; aafufa Gepprising (a) an

cloRRdl oy hiRhe! b Firf CRY S REbnlNGd R b MR AR 2@ (b) a plurality of barbs
encount ered before co Iete wound di sruption was

Prelseting) Bamthe ppdy, crelsbare faging gt ireotionsad peigg agaptefefos resisting

m@Véiﬁéﬁg 8k c@Me! Red tntRlueSRtanUppbdik AR MBH Bt GL @8&%on in which
a needl e having a di ameter of about 0.022 inch

the é»mbufam, Hbemin) the herbs hase@ 2 bah ®hPouglesianging from abgut 140° to

S e ST BB M USSR e e

ra@ges bl bbddt 026 tpr Hraﬁdsut(oe@m a@aﬂﬁcmﬁngﬂﬁdhﬁmﬁ@&?_ﬁdblof the barb cut
sut ure. e resylts are rnze A e .
leaas?ﬁ ﬂusawe Jinetet,panees P AR sﬁ‘tde@@ta%ﬁtgf‘ﬁ)dlmw

Aver age of 3 Wbunds SpeC|nensNeedIe.D amet er Bar bed
Suture D aneter Ratio* Pounds to Rupture First set of
30.022 inch0.015 inchl.4711.9 20 Second set' of 3

0. 026 inch0.015 inchl.738.1



*Ratio of surgical needle dianmeter to barbed suture
di anmeter. Thus, the lower the ratio of surgica
needl e di anmeter to barbed suture dianeter, then the
better the closure strength when suturing a wound
closed with a surgical needle attached 25 to a barbed
suture. In general, the thinner the surgical needle,
the better the closure strengt4? - particularly for
del i cate tissues; however, for tough tissues, such as
: \?\E@Tﬁ% the r%PSi oP%‘é‘%zu{b &J? 'dfs'ﬁa%r {bet(ﬁg Is req{igrﬁ&éﬁf rg HbSut 0.1 to about
ortan regar fess of whet her t nee

(B,fuith&r(ﬂén@i’lsﬁlg iwhepsin Skeremhe heve acdrifgumitidd lcomprising faatorrugated barb
the ratio of surgical needl e dianmeter to barbed

##4¢- di anet er shoul d be about 3:1 or less, nore
preferably about 2:1 or |ess. 30Although t he present
invention has been shown and described in detail wth
regard to only a few exenpl ary enbodi nents of the
invention, it should be understood by those skilled
inthe art that it is not intended to limt the
i'nvention to the specific enbodi ments disclosed. 46-
Various nodifications, om ssions, and additions may
be made to the disclosed enbodi nents w thout
materially departing fromthe novel teachings and
advant ages of the invention, particularly in |ight of
t he foregoing teachings. For instance, the barbed
suture of the present invention can be used al one or
W th other closure nmethods, such as staples and/or
skin 5 adhesives, to aid in holding the position of
the tissue. Accordingly, it is intended to cover al
such nodi fications, om ssions, additions, and
equi valents as may be included within the spirit and
scope of the invention as defined by the follow ng
claims. -47- Clains 1. A barbed suture for
connecting-human or aninmal tissue, said suture
conprising (a) an el ongated body having a first end
and a second end and a dianmeter and (b) a plurality
of barbs projecting fromthe body, each barb facing
in a direction and being adapted for resisting
nmovenment of the suture, when in tissue, in an
opposite direction fromthe direction in which the
barb faces, wherein the barbs have a configuration
conprising a barb cut angle 0 ranging from about 140
degreo.s to about 175 degrees, further conprising
wherein the barbs have a configuration conprising a
corrugated barb underside. 2. The barbed suture
according to claim1, wherein the barb cut angle 0O
ranges from about 145 degrees to about 173 degrees.
3. The barbed suture according to claim2, wherein
the barb cut angle 0 ranges from about 150 degrees to
about 170 degrees. 4. A barbed suture for connecting
human or animal tissue, said suture conprising (a) an
el ongat ed body having a first end and a second end
and a dianmeter and (b) a plurality of barbs
projecting fromthe body, 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
depth with a ratio of the barb cut depth to the
suture dianeter ranging fromabout 0.05 to about O.6,
further conprising wherein the barbs have a
configuration conprising a corrugated barb undersi de.
5. The barbed suture according to claim4, wherein
the ratio of the bath cut depth to the suture
di aneter ranges fromabout 0.1 to about 0.55. 6. The
bat hed suture according to claim5, wherein the ratio



12. The barbed suture according to claim 11, wherein

the ratio of the barb cut distance to the suture

di aneter ranges fromabout 1.0 to about 3.5. 13. A

bar bed suture for connecting human or animal tissue,

said suture conprising (a) an-el ongated body having a

first end, a second end and a dianeter and (b) a

plurality of b | ! I y, each

barb facing inaée!% RLBLEGLLNIRS IR NG, L for

resi sting novement of the suture, when in tissue, in

an opposite direction fromthe direction i-n which the

barb faces, wherein the barbs have (i) a barb cut 8
Ab%%94e ranging from about 140 to about 175, (ii) a

cut depth where the ratio of the barb cut depth
to the suture di aneter ranges from about 0.05 to

A vl i @m% 'fl%%ﬂg%ﬁgg B A e e RSOy 3?%@%“':3 a barbed
sutJrE o 2ROk Q- 11?01{1&5‘%9%}5nggt’ed a0dy (J)\uhd @ ﬁh.ﬁfﬁi‘?cy%'f'i)arbs (7,9

di st'ance - - where he rati 0 of t
PTOﬁpm&ﬁcm thebadye Esdlt bark (Yi%wenses theanges(1f) toresisbmovergent in an

oppgsuEe éﬂl} ng urﬁlgg Hjﬁ:ctia@) L’} ﬁg?agsmﬁ g.{sgaslg fatli‘rb%arlgs YJF 9 on
the B@@gerz&} be sta@@ere&&bvbst@@ﬂﬁmmﬂeaspn@n Svadlp &@r Befndom. Also, the

Sut ur es stract A barbed suture (1) for connectin

confipergtien ohihd barbe o) meayi berp enial spaplityeaglea, hprbirupangle, barb cut

depgloégr%?cg fgﬁgtgrebe{r ut &_ F&?c‘?’eu E#‘&@%alt(gicﬂaﬁg%dﬁgdee lgj?cgl%%tb%gn base, or
varfifi@ Bubhezebody . Each barb (7, 9) causes the suture (1)
to resist novenent in an opposite direction from
~which the barb (7, 9) faces. The disposition of the
[Fg??ibs (7, 9) on the body (2) may be staggered, tw st
mul tiple spiral, overlapping, or random Al so,
the configuration of the barbs (7, 9) may be a
certain spirality angle a, barb cut angle, barb cut
depth, barb cut length, barb cut distance, corrugated
barb undersi de, arcuate barb base, or varying barb
size. [Fig. 1]




