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WD 2004/ 030705 PCT/ US2003/ 030666 i 1 BARBED SUTURE I N
COMBI NATI ON W TH SURG CAL NEEDLE TECHNI CAL FIELD This

WO padeMasa7em rel ates, in general, to a barbed subdtaIS2003/030666
useful for connecting bodily 5 tissue in various
surgi cal contexts, and nore particularly, to the
opti m zati on of the -disposi-tion and/or configuration
of the barbs on such barbed sutures. BACKGROUND OF THE
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have been used in the past for closing or 10 binding
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el ongat ed body that has one or nore space
of the sulirecre ied; typically with ahleads tiiye everhakthedvostg foinea knety

l,ength., The barbs ar rranged to al]o ssage of
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_opposite direction. Thus, the main advantage o ar ea
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' r.di ngl- barbed sutuyes do not .. haye to
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X intg tissue using a_ surgical needle. For instance]
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movement of the barbed suture n the opposite direction. Thus, the main advantage of barbed
sutures has been the provision of a non-slip attribute. Accordingly, barbed sutures do not
have to be knotted, like conventional sutures. Like a conventional suture, a barbed suture
may be inserted into tissue vsing a surgical needle.

For instance, U.S. Patent No. 3,123,077 to Alcamo describes an elongated cord for
sewing humnan flesh, where the cord has a body portion and sharp-edged, resilient barbs
projecting from the body at acute angles relative to the body. The barbed suture can be

passed through tissue in one direction, but resists movement in the opposite direction.
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passed through tissue in one direction, but resists
movenment in theé opposite direction. WD 2004/ 030705
woO B6DE/d3BR803/ 030666 -2 Sutures with barbs dimposedoissosss

a bi-directional arrangenent, al so cal | ed doubl e-ar ned
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Escarpment of barbs into a monofilament, depending on the barb cut depth, reduces
the straight pull tensile strength since the effective suture diameter is decreased. However,
the straight pull tensile strength of a barbed suture should be compared to the minimum knot
pull strength of a conventional suture (a non-barbed suture) in accordance with the United
States Pharmacopoeia since failure of conventional sutures (which have to be knotted and
must meet a minimum knot pull tensile strength) occurs most frequently at the knot due to

increased local siress.
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pul | strength of a conventional suture (a non-barbed
suture) in accordance with the United States

Phar macopoei a since failure of conventional sutures
(whi ch have to be knotted and 30 nust neet a m ni num
knot pull tensile strength) occurs nost frequently at
the knot due to increased |local stress. -3- To

optim ze the performance of & barbed suture, it is
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Accor di n to a fLaszt aspect of the present invention,
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e said conblnatlon conprising a barbed suture
attached to a surgical needle, wherein the suture
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wherein the suture comprises a plurality of barbs projecting from an elongated body
‘having a first end and a second end and a diameter, each barb facing in a direction
-and being adapted for resisting movement of the suture, when in tissue, in an
opposite direction from the direction in which the barb faces, and wherein the
- surgical needle has a diameter at the needle's thickest part with a ratio of the
surgical needle diameter to the barbed suture diameter of from about 3: 1 1o about
1.1:1.

According to a second aspect of the present invention, there is

provided A barbed suture for connecting human or animal tissue in-combination

with a surgical needle, said combination comprising a barbed suture attached to a



surgi cal needle dianeter to the barbed suture dianeter
of fromabout 3. 1 to about 1.1:1. According to a
second aspect of the present invention, there is

provi ded A barbed suture for connecting human or

animal tissue in conbinatior3a-with a surgical needle,
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third aspect of the present invention, there is
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Wizareis tipe sjitorst Gomprises mpaurality ohigrabe profesting from an elongated body
having a first end and a second end and a diameter, each barb facing in a direction
and being adapted for resisting movement of the suture, when in tissue, in an
opposite direction from the direction in which the barb faces, and the barbs are in
an overlapping disposition such that for at least two adjacent barbs, one being an
overlapping barb and one being an overlapped barb, the overlapping barb has an
underside and the overlapped barb has a topside where part of the underside of
the overlapping barb is derived from part of the topside of the overlapped barb, and
- the surgical needle has a diameter at the needle’s thickest part with a ratio of the
surgical needle diameter to the barbed suture diameter of about 3:1 or less.



having a first end and a second end and a di aneter,
each barb facing in a direction and being adapted for
resi sting novenent of the suture, when in tissue, in
an opposite direction fromthe direction in which the
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from the group consisting of swaging, channel wrapping, heat shrinking, and eyelet
threading, and wherein the surgical needle has a diameter at the needle's thickest
part with a ratio of the surgical needle diameter to the barbed suture diameter of
from about 2:1 to about 1.1:1.

According to a seventh aspect, there is provided a barbed suture for
connecting human or animal tissue in combination with a surgical needle, said
combination comprising a barbed suture attached to a surgical needle, wherein the
~suture comprises a plurality of barbs projecting from an elongated body having a
first end, a second end, and a diameter, each barb facing in a direction and being



surgi cal needl e, wherein the suture conprises a
plurality of barbs projecting from an el ongated body
having a first end, a second end, and a di aneter, each
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the overlapping barb is derived from part of the topside of the overlapped barb, and
wherein the surgical needle has a diameter at the needle's thickest part with a ratio
-of the surgical needle diameter to the barbed suture diameter of from about 3: 1 to
about 1.1:1.

According to a tenth aspect, there is provided a barbed suture for
connecting human or animal tissue in combination with a surgical needle, said
combination comprising a barbed suture attached to a surgical needle, wherein the
suture comprises a plurality of barbs projecting from an elongated body having a

first end, a second end, and a diameter, each barb facing in a direction and being



According to a ninth aspect, there is provided a

bar bed suture for connecting human or ani mal tissue
in conbination with a surgical needle, said
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EHnBStiRY unhdh & animAdiRENLhBRBidden WItﬁ'&%uMh?él ‘ﬁb@dl& h&iq
surtgl cal needle has a di aneter -at the need
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eedl e, sajd i nat.i on corrpr|S| n arbed suture

eeher oo s resiipg Iaich B g b1 e AabRbavioa o e out
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el onggt ed Bg haVI n first end a second
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when in tissue, in an oOpposite direction
diameter of about 3:1 or less.

According to a thirteenth aspect, there is provided a barbed suture for
connecting human or animal tissue in combination with a surgical needle, said
- combination comprising a barbed suture attached to a surgical needle, wherein the
suture comprises a plurality of barbs projecting from an elongated body having a
first end and a second end and a diameter, each barb facing in a direction and
being adapted for resisting movement of the suture, when in tissue, in an opposite
“direction from the direction in which the barb faces, the barbs having a barb cut
length with a ratio of the barb cut length to the suture diameter ranging from about



fromthe direction in which the barb faces, the barbs
having a barb cut angle B ranging from about 140

degrees to about 175, and wherein the surgical needle
has a dianmeter at the needle's thickest part with a
rati o of the surgical needl e3glianeter to the barbed
suture dianeter of about 3:1 or |ess. According to a
twel fth aspect, there is provided a barbed suture for
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. ) aid ¢ i nat.i on ¢ ri sing a
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ieeneteudfabeutcnpriese€s a plurality of barbs pr(cj)j ecting
f I t body having a, 6 first en nd a
Lo st P i oy ) e o
donegting humaﬁvigr beinaptissda i esmbinationeithsd sl?gicagjewsaiaf
th X ' i ssue, | n osite i rection
FPORPEIEN SRt Parhed Aitite efhehna REE Pialeé! ndenls: bietain the
Isami“mgoraprbﬁsla phurblity delpdrbs pidjdetiag frabn 4h élf)ndahﬁd bc?dghwoawtgz a
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J a ural i o] arbs projecting
&'?’%‘r%tej%gﬁ%ﬁég@gé%%y hgvi ng a yfi rst end and a

second emkcartiihgeto difite@itie Bspegbshhdprelerft &vbitibni the’ is provided
di r%cti 0 apd bei :Elﬁ ﬁda ted f.or {_eS| stin b_m)yeme_ t of

? hareet e ey carnaching PUSRR O arimah sy 4 parebinaianateth
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havi t th wwth a ratjo e barb cu
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[ ter, at, the needle's, thickest
BERBTLE birbion 3o BERG Dedioa ot e ohs MRS Hectiiirp Quhen
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t t t her ) oyl ged, a ar pe sut ure
vabe heine 83&5&%?%WE UpfletsHenatd MhSiian? sUEHb neadle bas
diambte atihe leedlb’sniekHse pard itH a rafaTbi tRakLiRital A8l Siafdted to
arb i cal needl e, wherein

ﬁ@asbggtssﬁb‘gé g@ﬁ%ﬁ‘%&@%@%ﬁ?ég% 'y of barbs projecting
from an elcondmpasla Brgnidaped ofthe present invention, there is provided
A barbed suture for connecting human or animal tissue in combination with a
surgical needle, said combination comprising a barbed suture attached to a
surgical 'needle, wherein the suture comprises a plurality of barbs projecting from
an elongated body having a first end and a second end and a diameter, each barb
facing in a direction and being adapted for resisting movement of the suture, when

- in tissue, in an opposite direction from the direction in which the barb faces, at least
two sets of barbs with each set having a barb size different from the barb size of
the other set, and wherein the surgical needle has a diameter at the needle’s
thickest part with a ratio of the surgical needle diameter to the barbed suture
diameter of about 3:1 or less.



first end and a second end and a di aneter, each barb
facing in a direction and being adapted for resisting
novenent of the suture, when in tissue, in an opposite
direction fromthe direction in which the barb faces,
the barbs having a barb cut distance with a ratio of
the barb cut distance to thefsuture dianeter rangi ng

from about mhere r.qical
oot o nakboghirial, BB AmEnts AR e BAELR i Bt EBamed
wirthfe fer doahedﬂn@humaeoﬁamgalct@éum grebarbed Qurtﬁlfe&fantoen'bl‘l@ an
barbed suture diameter of about 3:1 or
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havi ng a Frthel gaiggdredadispositidsr the dwist amtdrnultnaleesipnart dtigposition,
surgical needle has a dianeter at thg‘need

- ?‘Fﬁf%fk‘B% overlapping cieRositona ffecbashs MARaLES frelg iowaiddnly one of the
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According to a sixteenth aspect of

amde s ercoridnpaeinin, evdneret the rtarbssofptheaﬁlrsd paftioma mafﬁbled t@’lﬁt"@ll itheg first
for_caopnec in hunan or _.an n _conb tion

o aretihe Eib Pehar SHBePeridE afeebb et PG BTRLARL  ng a
bar bed s uduw fh ai hirghgide bRAbadImEH, thefdb pRARIRL @, bankelr stiture for
the suture conprises a plurallty of barbs projecti %
earpaeting hugias ) anieel Hiseie. Maetenilje sulure semriisgs aAelepgated body
%ﬁﬁﬁﬂf end and a dianeter, each barb facing in a

iTecti on and bei ng adapted for resisting novenent of
the suture, when in tissue, in an opposite direction
fromthe direction in which the barb faces, at |east
two sets of barbs with each set having a barb size
different fromthe barb size of the other set, and
wherein the surgical needle has a dianeter at the
needle's thickest part with a ratio of the surgica
needl e dianeter to the barbed suture diameter of
about 3:1 or less. - ------------- -3f Accordingly,
enbodi ments of the present invention provide a barbed




suture for connecting human or animal tissue. The

bar bed suture can conprise an el ongated body having a
first end and a second end. The barbed suture can
further conprise a plurality of barbs projecting from
the body. Each barb can be adapted for enabling the
bar bed suture to resist novepent, when in tissue, in
the direction that is opposite fromthe direction in

jch that b Th bed t furth
13 2l st el TR sl I 80 oo Raee By iohbabs
BlofRAS R theXdgCt & HarOBarPbe &@@&%ﬁ&ﬂnﬁ@%@hw@m Bsist
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one of the first and second ends. ternatively,
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in an alternative embodi nent, there is provi ded a

B Aistscs i suture digmeter sanging fravg abent@r torabautiGralcotrigsater,
dHfehfc 3 aR b HRsE SRR 00 SHRBRRET PR L, (o " oan

conpri.se Rortheltwist iyt RlitiprRr dpiral BisPbSibh Nle baeiad iture
body. Each barb can _be adapted for enabl | ng the suture
pigteraglycqan haygenenitelity wisgletraeoiag rem @bpdf 5 deareesdeabout 35
\A%Q%J_rectlon that is opposite fromthe direction in
ch that barb faces. The suture can further

conpr i seBortthe dvarlaspifpdispgsitien, Goisfrngartahatodt 16adtard edjacent
froma barb cut angle 6 rangi ng from about 140 degrees
bRybs £ABRE disBoREGVRRIE o8 BiEFIBPE tite elEpt IPWiingressatptenk of the

l%';rg%q Qw?egfaEPrhg céHBQ Eeaa?%@g‘ﬁ%aﬁ g gﬂh@ eFIQ;EBa ﬁg% rby) being

eacarpegnigtd tieotopside wf @ndtrwrnﬂdfa"cehﬂbgnmg ef Tthaceadbpdd Barb),
to about 2, a barb cut distance with a ratio of cut

ML$aRBeHEBCR AT of tiedreside of H?FgPYﬁj'aPP%ﬁ’%EBG@B become part of

BoCUiocRicnor 56 WOatipg AT 310 B0 PGS, 16 Bipiepona
dispositioh t the Ibarts gt rdadtarmesqmmdnl tha ,ovén’nﬂ)pb@rﬁmbi afdl thﬂ everlapped
referably can have a spirality a angle ranging from
(Y B DGR o LB RO GWeGaPboR SPaEbarD, whereas, i
déé\hj@géég)?@aﬂ%ddéuﬂ?%'tﬁé B&b dut disBinBE BBiwebA Ao Bhrds &Rk ol cut
length.

- In still another embodiment, there is provided a barbed suture for connecting

human or animal tissue in combination with a surgical needle, where the
combination comprises a barbed suture attached to a surgical needie. The suture can
comprise a plurality of barbs projecting from an elongated body having a first end
and a second end. Each barb can be adapted for enabling the suture to resist
movement, when the suture is in tissue, in the direction that is opposite from the
direction in which that barb faces. The ratio of the surgical needle diameter to the

suture diameter preferably can be about 31 or less.
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bar bs can be di sposed where one overl aps the other.
Duri ng escarpnent of the barbs, the overlappi ng can
be created by a barb (i.e., the overlappi ng barb)
being escarped into the topside of another adjacent
barb (i.e., the overlapped barb), and so on. Hence,
part of the topside of the Uﬁbrlapped barb can becone
part of the underside of the overlapping barb, and so
on. Thus, with the overl apping disposition, the barb
Suitahly, shg ntibe iroemivehatted sotuers despibed hear hapbelattdehed to a
overlﬁ%PEF barb may be shorter than the barb cut
PEHGEHS " ®over | apped second barb, whereas, in genera
for barbed sutures, the barb cut distance between two
barbs > the barb cut length. In still another

enbodi nent , t hBREER REGLRIPTIONIOL Thi DRAVWINGSr e f or

connect! eI £lue T S T PRt

blaowirgla daitbed eutatstvitihRebstdispassdin @l 188ldegee ¢lzggeré Spacing;
suture can coEgrlse a plurality of barbs projecting

8 a@ggty)rﬁb\()qa\ﬁ gloggflpq; 1§ - B thedyagbag suture in
p@ggpg\end Each barb can be 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 ratio of the
surgical needle dianeter to the suture dianeter
preferably can be about 3:1 or less. -4a- Suitably,
any of the inventive barbed sutures described here may
be attached to a surgical needle. BRI EF DESCRI PTI ON
OF THE DRAWNGS FI GURE 1A is a side view of one

enbodi nent of the present invention, show ng a barbed
suture with barbs disposed in a 180 degree staggered
spacing; FIGJRE IB is a sectional view along line IB
- 1B of the barbed suture in Figure 1A; WO

2004/ 030705 PCTI US2003/ 030666 -5 FIGURE 2A is a side
vi ew of anot her enbodi nent of the present invention,

- showing a barbed suture that is bi-directional with

bar bs di sposed in a 180 degree staggered spaci ng;
FIGURE 2B is a sectional view along line 2B - 2B of
the barbed suture in Figure 2A; FIGJURE 3A is a side
vi ew of anot her enbodi nent of the present invention,
showi ng :
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5 a barbed suture with barbs disposed in a 120 degree

st agger ed spaciing; FIGURE 3B is a secti onal view al ong
wdo Jonge3dms- 3B of the barbed suture in Figure 3RT/us2003/030666

FIGURE 4A is a side view of another enbodi nent of the

present invention, show ng a barbed suture that is

bi -directional with barbs gisposed in a 120 degree

st aggered spacing; FIGURE 4B is a sectional view al ong

INIGERERA i¢Bsifé viehcorhabiheleibbdif@nt oF thé Slséht ﬂﬁsentloﬂl ghowmv
FIGQURE 5A is a side view of another enbodi nent of

- a barbegsugenthat isbédireetionakvishvbads disppseding 180degee saaggertxhsmng, :

HIGPRIC I b Relithal i oMl 28 P AE08 e b B St 1§ Bigore 24,

HIGURE DR & S48e1vRw oF aliblb¥ @nBeiimet %px@ﬁedt fvantioid) %howmg

vi ew of anot her enbodi nent of the present invention
2 barbed iyatrayith hatha dispasesiin a 20 dagree sleggriredispasing onal wi t h

SRCORE i Bt felhie T o B B PR Gruis in Fire 34

@BI}URQBUQfs 4 dige ﬁéﬁvbﬁ@n@tﬁéﬂ&r&bddimgﬁtgjﬂtﬁe entﬁv@hiﬁﬁ; Zlﬁ‘.)wmg
a sectional side view of a barbed suture, which

a bafbeé U that ip bhdirectionnl wiknbashs dliSBqli?Qé anjailB0 degre@ S@gmd spacmg,

Et% ar e i%l%l soéttlon%} ﬁ%@ﬁlé}ggl ﬁhhtﬁl tg‘? éﬂéﬁ 'f'r%:sﬁF{gglae 4A;
FI(GURE 57ABlsl aSsidd e bhGihed e@dﬂiﬁnb’ﬂt@iﬂtl@&prbéelntlﬁﬁréﬁkﬁd sﬂtﬁvmg

gure 7A -but rotated and clanped to align the bar bs
abafbefl s¥tuTeeish barke dispesedine twisk oyl tiple spiselidiwpepitione bar bs;
f t . of .t
FIGURE 13 e Pl 5 195 RSP ] g 5

FIGHREeﬁm’dmm sidesyiewiof amherﬂlﬁdﬂﬁn&t Io£ tie (geshi @Radtion| SPwing
anot her enhodi ment of the_ present invention,

a barbed iitedhatay bR BA 6t tAFes BERASHG LA BRPLFUTDIEe Spidl

dispositéd. r ugated or serrated underside; FIGURE IOA is a
sectional perspective view another enbodi ment of the
PIHSREBI6B ik aserticnahyiews hhonigriime $Boa6B of tis Harse! shave froFigure 6A;

th an arcu hase;. F RE | OB i.s ,a sectional
PRIORE R A asriomal i viaw it bethed saiurs g brdipetonal with
barbs dIEME] 4 (st cht ﬁm@t‘i}ﬁé %msa? %GPJRE n Hk@ﬂ‘!e%'ax%@ﬂ shtbPEin!Ffigure 64,

' CC of Figure | 10D is a cross-sectional
butﬂlusmamlnmnyatgedeeqtm |OD of Figure |OB; FIGURE 11 is

BABER Bk e iondl 8% Ao ShehGhisdn 250 2o isrigad
clampedto aligh itiesartss foe fieadlRmeHI 4F RGP GisBadé bReeOBMa3aaR0 -6

FIGURE 12A is a sectional perspective view of anot her
fdhe side vieneofnethenem odlment of the present invention, showing a

barbed suture with barbs in a random disposition;

FIGURE 9 is a sectional side view of another embodiment of the preseni invention,
showing a barbed suture having a barb with a corrugated or serrated underside;

FIGURE 10A is a sectional perspective view another embodiment of the present -
invention, showing a barbed suture having a barb with an arcuate base;

FIGURE 10B is a sectional top plan view of the barbed suture in Figure 10A;

FIGURE 10C is a cross-sectional view along line 10C — 10C of Figure 10B;

FIGURE 10D is a cross-sectional view along line 10D ~ 10D of Figure 10B;

FIGURE 11 is a sectional side view of another embodiment of the present invention,

showing a barbed suture with barbs of various sizes;
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i nvention, showi ng a barbed suture with barbs in an

over | appi ng di sposition; FIGURE 12B is a. perspective
woVioeMssefosa portion of the overl appi ng barbs ofp¢ 2

suture of Figure 12A; 5 FIGURE 12 Cis a plan i\:/}lﬁsev‘\}/o:g 30666

the portion of barbs of Figure 12B; FIGURE 12D is a

side view along line 12D - 12D of Fi gure 12C, and

FI GURES 13A, 13B, 13C, and 13D show vari ous surgi cal

PESTRES)2 MG Lo S BE&indeRt GEHE i

sur gi cal needlg g%ﬂ% of*‘%g usglg‘ ﬁere Sﬁﬁ present

mventnpm showingurtaitbedesatise mthlhagnsanhn ovex 2pping, dlqmsztxon,

cerat severed tissye or i dent wou e
FRE M mer Pesive e 6 RBorion ok icohvealphmE DA PF fhe suture
of Figutd ptle, or other condition in a human or animal where
suturing, stapling, or the use of another tissue

FEpHBE!12g istepla eieveyf the poxtipniof bakbs Af Fipuas 12B:ed her e,

- FPGUkED e viay aﬁqasﬂmeflaﬁutﬁaie?%} MG scl o

PIGBRES 184! Y88, 17T, aapqgﬁ s}isa%h Ehlt}{e?ﬁ@s,:ﬂg?er?né"gﬁarbed

such as 't éndons or i gament s. reo er
suture is pitdchedbtc'eagh surgon] headle. gener al | y i ncl udes, but is not

limted to, honopoly mers (such as bl ock,
graft, random and al t@ﬁm&%m ymers),
Mh@é& HERE iR tefth “GRUBE Bme ARG ﬁt?&ﬂ?né&lgn e hde ﬂ‘fdnogﬁrered

thereof. Furthernore, the term 20 " pol yner’
tissue of aesiderital aoungh pEliareorsnimaltsitness crﬁlﬁcrtlmmamwreamml bodietssue,

or othereo b e i BE Al herd s cpalye g e of nother issue
connecti gt deolegndy e regdivges are described below in a

preferred enmbodiment with a circular cross section,

Alse ag usqm@ge ébmietm tisswehinghidas, huhisgiot inited to,rtissues such as

skin, fa B3 e, PUREE. bR o PO Facie. P BLO M st Bt

tendons e Gighrneas. 25 shapes may include, but are not limted
to, oval, triangle, square, parallelepiped, trapezoid,

-~ Meween the temni B pmer Wé)klﬁ?fbbﬁfe eenesalhomaludes dut s@of hmeted to,

romope R RSyl BRoPEPELE o BedonP ARl LA .

terpolynadrs, @Ubeteracﬁrﬁblﬁenc&:&mti Immilficamdnst thefeof.t Rertidronse, ﬁﬁﬂhmn
be circular, as that is

“ o,ltmtﬁtefilan?nt AR
polymere shpfkigclugal H@*Ssm%ﬂrWF%ﬁ tb%marwﬁév*gheseémtugqs dnglude, but
d Cr 0Ss- 30 ‘
are not lgg%ﬂ tg?agmgah E@%gﬁd\ﬁnﬁo Wﬁ%’:t er" as used B £
Alghamgh ¢he mlltte‘mjmvd described belbivein tarpaefesred smbbdingnhwith a difoalar -

cross sectf %iﬁp%ﬁ&%@%gp!@%%%%ﬁugﬁ egrig)(sesr setcagn gape tlsmgtcctolul(zln

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

shapes may include, but are not limited to, oval, triangle, square, parallelepiped, trapezoid,

thomboid, pentagon, hexagon, cruciform, and the like. Typically, barbs are cut into a
polymeric filament that has been formed by extrusion using a die with a circular cross
section, and thus, the cross section of the filament will be circular, as that is what results -
during such extrusion. However, extrusion dies can be custom made with any desired cross-
sectional shape. ‘

Hence, the term “diameter” as used here is intended to mean the transverse len gth of

the cross section, regardless of whether the cross section is circular or some other shape.
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WO 2004/ 030705 PCTI US2003/ 030666 -7 Suitable
dianeters for the inventive sutures described bel ow
womys/eange from about 0.001 mmto about 1 mm pendsmbs/isosss
course, the dianmeter may be from about 0.01 mmto
about 0.9 mm or fromabout 0.015 mmto about 0.8 mm
The typical dianeter rangesy.fromabout 0.01 mmto
about 0.5 mm The length of the suture can vary
dRRQBR diSmeRrsSRY e dhvehitd ffidred déééﬁhe@ﬁelbﬂqnéﬁ@ﬁ g@fmm about
and/ or depth of the wound to be closed, the type
0.001 mpstowabouiol bum, apidivé dovrseh the divoeier may bk ftonealouti AH1 namdo about

PRI O T T
0.01 mab@:tbod0.5Thm! e tipiiFof thd ﬁﬁ&%rcﬁﬂ vaﬂ}%geﬁ&ﬁg Bf Eé\?&gal fattors

uséd here in relation to the disposition of~ barbs on

such a%th§ dﬁngﬂeami/er dm@fdh@wp@nd@dn sz, uhheymnfmsmertabe dtined, the
ba bs. t.hat 0 off
tocatiop §F Bl ot rg® B8 Ao VDo dRted 1Bt rheedim Phoul oy pbout

30mnlx@¢rerphﬁiéuml3dﬂorﬁabddﬂecﬁwolabeummcm0 the second set is
aligned longitudinally on the suture; but a plane

peedenme ‘Gtaggeredd andy staggenings asaln@ﬂ here fid rejationdo ﬂwedls;mlsylon of

e L S e AT T VE3Gslp B P
offset Wil fespéct th eachastrdwispé the-lﬁ}ﬁt £ﬂfs gﬁé@loﬁgﬁu&ﬁﬂm drGe suture and

exterior surface of the suture bo on whi ch tthe barbs
the secgpdsset isaligned dengiudipelheeitha gut@rfs,tbntea plane perpendiedan to gheofuture

. and cutglﬁg %ﬂﬂ%\%?&hﬁiﬁ%ﬁr@ %Js%'ﬁp'g F“gée 1rn(ij Dglf) I & ei Qgﬁ%ﬁ Eﬁle first set

will nof mter;snt thertgse of 4 Birb of thpescont sef. l ssue such as f at

bjsgu%éor soft tissue. On the other hand, snall
& lbarbg projret feom therexlsrir puface Joé the swg:rebﬁ@y on yfb@@ g barbs are

| di3posetgia ?%E‘;gndﬁ g o tﬁegmfeﬂh%cﬁ&%rhég ‘3? tHe b lﬁe‘?ﬂus%tu %to?%ﬂ?eb At Sizes

ures my sang
may bewesgdo¥edr In2€nerak ianger banby arttrioeahithisle ﬁoﬁdﬁ:&ﬂg&%ﬂaﬁnypes of

, rticul.ar chosen rmt rial or t he barbed sutu ‘
tissue SB@&%@% %?Het‘)ﬁé"fé{“fsé?rg A therf ?qf@iaabﬁmal ey bazbyy aHeTBpfe spiable for
Jmn]ngWe?t)@Q?%fﬁkéh@' du¥h a@&fll{ﬂ@é}h Eé’ﬁﬁ'ﬁonay be formed froma

bi o- dbsor babl € materi a ws the suture to
d!@gmmbamd Hahhesl sumrdsenzwdmanmkcfrmehe $anmematetiols mbeﬂ for

making|coTighal P8 slSHFSnapY BArGHaT uBEnETHGiabHor hrebarbed sutire

dependan thc%ujeﬂgth%%dﬂﬁkﬂﬁﬂﬁjf? yeligatag, the degradation time

in the wound ranges Trom about month to over 24
Mose m,eclﬂqﬂ@ml@aéb@fsummrwsm fsmpé from ebnoaatso@ablmmmm that

S LN es. om the
slows EFuRSEtabe Sha LEER 0 bt BV et bR bt g prpuna
heals. Gﬁmraﬂyt, bid—dﬂisbﬂﬂblc@nat@iﬂlslﬂb PsBMwE, and®pehdifif b €he particular
ol col | de, caprol actone, and copol yners
polymef :ﬁeé%‘:g%g E?I‘a g n the wound ranges from about 1 month to over 24
months. The use of bio-absorbable materials eliminates the necessity of removing the sutures
from the patient. _

Various bio-absorbable polymers include, but are not limited to, polydioxanone,
polylactide, polyglycolide, polycaprolactone, and copolymers thereof. Commercially
available examples are polydioxanone (sold as PDS I, a trade name used by Ethicon for
selling surgical sutures), copolymer of about 67% glycolide and about 33% trimethylene
carbonate (sold as MAXON®, a trademark registered to American Cyanamid for surgical
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30 avail abl e exanpl es are pol ydi oxanone (sold as PDS
If, a trade nane used by Ethicon for selling surgical
WO 0BE®s, - copol ynmer of about 67% gl ycol i de aneCbsmb3/030666
33% trinmethyl ene carbonate (sold as MAXON@ a '
trademark registered to American Cyanami d. for
surgi cal WD 2004/ 030705 PCg/US2003/ 030666 -8
sutures), and copol ynmer of about 75% gl ycolide and
sumrcs)abﬁﬂlbolﬁﬁiﬁ@ﬂﬁf MbACI595 glytsledethndsabo 2SR 0Iaktond (sold as
trademark- regi stered to Johnson & Johnson for sutures
MONOERX Ts®)1 atredemask st gistgred Ratdbesprs&it Johnsonrfiadsitines ad sitbre

needlies Bayfg Bbcee i Tomhdigh BiHoRyA01e, mplsbal afk Begd Thdyvige rnee

ofapphf:ﬁ{dﬁgd froma non- absorbabl e material, which may be a
pol ynmer. Such polyners include, but are not limted

: Addltlpohljpl’aampﬂsnmmspnﬂm fnmied f:()m snorkalsarbable metedal) which

ey e B o A RO PO L R ot otamice

(also knb%cda r@folﬂ;#ﬂpgéi hﬁﬁélﬁr&%}éﬁé RELH Iﬁ{%eablﬁg’ﬁﬁt% hadeS

here as re as
PET), Ppb’lte;tmﬂueroeﬂxgﬂme (lehcan ewnpodl pblu'teelsaﬂaomethylmh alﬁ)rtt\ﬁnaiedbere as

eI B BN Ly b b b BBS  s ve

condenﬁfign P@lgfﬂhﬂzﬁhéﬂﬂiﬁfn@ﬂ Ptlér gﬂaﬁ?& ﬁ?{g&ﬂyﬂ e blhex rr%lycol and

Surgic conpani es er - the na

1,4- butmplana@mcmummed lay Dovid@utickk andyby UeS.&hirgioal, companies

oves G R A N e bt - A
Cyananﬁ@fcﬁ" al@ﬁﬁ(m%z O%B@Lre lf?ngcz&l I‘rﬁa@i%l{y ce:ngl# él?lSAIBX%G P'hatenal

natura | ber ton
may be hickad (e.£5 stobB,tmethl al]tbgs laanﬂmél(f iben{alg. esill]icsiteis secktdra), and the like.

h d
BRI i B e s
pomted Qh@fdihﬁ& of a$S4i&ial bffibRntl ¢ QI BRI 86t Ji {6 R Of

bar bed sutures nay conprise a surgicalc needle.
contemptlateé thag thecaidsrefithe brtbed batntes ainaytﬂamn;msesl sacaeH] adedlar In thlS

oo TE T BV SORBESEY ) B Mg

wrappinB Rt ShrifMing, %Qfélét%cécﬁﬁgt& the SHPica? Hedld R IBRR{on Mo tissue.
svvalnglsvve described and is typically

[ by éwamyb ispualkdeseripediand is mnaéy@n@mmsbed h}emsertmg

o AR B BB S R o
surgical Inaedl@ aesnally itelhoth Hae Ib&nt cﬂﬂleﬂthgitddiﬂdﬂqu e @n@bf Hemeedle), .
needl e), followed crinp g} t he resultant about the

followed Ry enigPHg the gféﬂktmﬂb% &egwp@lp ofessosthal fhe gutugs is pecured to the

‘ongi tudr nal

surgical gﬁ&ﬂé FitlindLeh 121tSJ t\%srs%w’h nxgﬁfa Lok Oéigalgeﬁﬁﬁsgwgﬁlaﬁﬁn%ﬁlgﬁﬁl hole -

I cal’ nee

in one emhni‘e heat-shemkalsde mbﬁkﬂlht &e hahe,hrddkatfteaimeﬂnﬁatof sﬂtrsunjre in order

er |nset|or1 uture in order h the
o atach Hiturets ﬂ‘[*%%lf&la . Addiopalinagme Fmad yee goedcsavea
channel StHrShgiPdt Jae %ﬁ’(‘.l,_%ﬁd 'B%Vsﬁtiﬁ‘e is laid in the trough, followed by wrapping to

secure the suture to the surgical needle. Surgical needles with a conventional eyelet type of

hole transversely disposed in one end of the surgical needle could also be used, but are not

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

surgical needles swaged with barbed sutures, but it is contemplated that any other suitable

means of attaching needles can be employed.
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channel or trough at one end, and the suture is laid

in the trough, followed by wapping to sec¢ure the
WOos2040397¢5 t he surgi cal needle. Surgical needl eeTwiskévzB30666-

conventional eyelet type of hole transversely

di sposed in one end of the surgical needle could al so

be used, but are not 30 pr&kerred for barbed sutures.

For the present invention, part of the discussion

Retackme s sdfires it gingadal neiidsds desrbediniISIPRRAbNG. 3 ,981,307

sutures, but it is contenplated that ané ot her

Boryskg, ViSaBrisnt Neah@84:#63dpkartholfy Uhd dimten Noa s 19244 8150 Gyanper et al,,

. AL BAORES, BT A s T Pt .

U.S. Patait &Y. 5%22,991 $8Coligdn, (BS! Patknr Ns.. @)IMGQBlESf@es et al., and U.S.
5,084,063 to Korthoff, U S. Patent No. 5,102, 418 t0

Patent Xpon§a3.943 todfsteves ¢ 2, Amsethiad fogthe manpfacigre of %lrmp@ln@eﬁles is

descrivf} Uy, Pl N3 %o b B Wi SRS gBlugion

needle thaf) bé cadibd tihe Eotiiay @lowingdbr theaBedlboBtheinatieotoMbination
6,163,948 to Esteves et al. A nethod far the
surgwa}meéwwu@fre smbf'gmé%redna@d!%ge Vith legs Setee Bag if theisurgical

neec}Ie W ggatt ﬁgl é;b&ralg%rﬂag é[;‘o Oafi‘ﬁerakor 1@&5& ,:z{ s%&tn}ehrésm coating,.

For exaaqdé¢, Iaﬁ@m@td\aﬂ/lsﬁt@orilmd dungicalardiile thdt réqiﬁres Bi‘gﬁiﬁclaﬂﬁy less force to
conbi nati on SUI‘%I cal needl e/ barbed suture to

be
effect tFegenEkRYM b § SERErdipon ek Bralaicedls is dascibgdin U.S. Patent

No. Szgglbggg@hﬁ}ng@leal of were not coated. The coating may be a

ol ymer i nstance, a silicone'resin coating. 10
The bavba apd disposed inariouestraigementsionahle bedygifahe sutaredThe barbs

ey e T G bR o, ke, o
laser, alﬁiiﬂh@m@ Vﬂﬁ?fégﬁrd'té cﬂﬁﬁgrzh%@ﬁerhg pg&gﬁb ericdhRds or'¥lame. ents are

58,013 to anger e S are dispose
purchasvé,randuberaﬁwbn@emomn thér6lapwdy bady.t he sut ure. The

. bs . f t abl t hod .
2R Piinh Giavie auth g owiRate oL s hgnd el cashgttectivs
hazey suifbfe duftfhg hiine\ih Hﬁcfo@&ﬁfnq_l Sopaihtt Apjlicatifn Serial No.
eneral, pol yrrerl c threads or filanments are purchased,

09/943, 33 tor Genove lsbalh apsignony © Quil! Mediealt filedAugasteiis 200t yhe disdosure | .

ot B RN, B A T O
cscarpnﬁhséﬂ ingboritt asutbre fHainent. Apypi¢ abiting nbehindlfofNdanufacturing

09/ 943,733 to CGenova et al ., assu&nors to Quill
barbed 30taree: aﬁlhzers |a|08%1mal§>§ﬁsat visg, ono gpmorg édfaa%@mbls%s and sgonegimes a

o
cmplat ) 8ol ESARY P HRELEREeaTHEle Bt iy e
vise, withethb kamwameaduscﬁunrcd‘ ﬂﬁe bladmrgeneﬁlly yiisposdd in uliet ﬁargverse dlrectlon
ne for rrg facturln sut es utiliz

of the stglgrt%tfﬁ]p@eibteﬂl orgenfp it a P)IH qsgd ¢ on
exterior 9P ABhiufEBlathent €NPI at e or gui de f or t he bl ades. The
suture filament is placed in the bed and held by the
With reference now to the drawings, where like reference numerals designate
corresponding or similar elements throughout the several views, shown in Figure 1A is a side
view of a barbed suture according to the present invention and generally designated at 1.
Suture 1 includes elongated body 2 that is generally circular in cross section and that
terminates in end 4. End 4 is illustrated in one embodiment as being pointed for penetrating

tissue, but it is contemplated that end 4 may comprise a surgical needle (not shown) for
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vise, with the transverse direction of the bl ades
generally disposed in the transverse direction 25 of
worbg/esemsre filanent, in order to cut a pl uralBaIyus203/030666

axi ally spaced barbs di sposed on the exterior of a
suture filament. Wth reference now to the draw ngs,
where |i ke reference nunergl-s desi gnate correspondi ng
or simlar elenents throughout the several views,

insertiofi oMishike. RTH 6@et éhd iS ndt Siod.) mmaﬁmal ﬁanﬂesd 8f
according to the present i nvention an ener a

closely gpasied harbed, darrangeddn sistaggered unhélmmégaleg }.{\ﬁ@qy 2

speciticp il dBaribarth 7t ity it a@%uﬁiﬁég%@?%gﬁ“a%
stagger&l‘fhﬁﬂ rEBpBL t@ﬁmﬁﬂy Ekﬂac@@bﬁk‘b@g \f:ﬁli b%@qt 9 FdinPpoihicdSHE 4. First
but it i's contenplated that end g% conprise a

set of bate didetine aplat that icwbstautinlly cpnlanw the/ pawerdrdined by second

set of b%xgr é USZ O%/Fé?]%%lgt?f ?ﬂ’{?\ﬁﬁ ?%ssﬁ ld éu g!@'{lﬁ%lgy tix %%1@? oaégpane due to the

radial md)uégb@bﬁa@emeﬁﬂ osely spaced bar bs 7, 9 arranged in a
staggered uni-directional disposition. Mre

Eizuea 1B .cubirly is aorpssl segtiensh ww denthiinerl Byr-d Brefoyutyre | in Figure

14, moft ABRRFR R anE K ET b B el BRI g Bars 7
with res‘paal 16 BaidRioN ekl inbe skbd ﬁ'meFlglﬁE 19, tHeastippling HRbirRes that first
e that is substanti al IO%/) coplanar with the pI ane

bard 7 Qf@grhﬁads sipserde paintedsend bnohshawgr i, Figwg 189 'ésaﬁ@}ns to be
larger u?a%rt?ﬁhgr a'qﬁ‘%t b%g; gPﬁ&%&‘é et tel\fa rﬁi’%HE% ORem{?.igé}& Dife that

egree arrangerre

is perpenﬂicular isuture bodyp 2 and thao imdrsectscihe dhang dne ﬂbe:H "Bof 848b©T does not
ure 1 in Figure JA nore clearly illustrates angle
lntersecséherbaﬁﬁe?f;ﬁntyrb@ﬂr%aflaarb&%o degree arrangenent of barbs 7

éu?mi@fﬁ: %é%ﬁ&xﬁﬁ’aab RociNe HabGroldtshEo3eeReh 1%5”7 9,
py 52l mipciirite thab protiebs Po 3ES of byrba

Figure the stlpp ustrat irst
usually gnofet boa bmeTxmasstagve&drpoBmop elonagadtuendl, suéh anthic cuttmgniewme

descriv Bk S BT b o o 21 et

Fﬁ'ﬁ@&v&rb%ﬂ)spﬂ i3 Bfealel @y plicin ‘dlsﬁ uré :2hO9RY¥, and
q’é’ ?1 %ase 0 F r@

2 and that intersect ar bs
then, th¢7saf o€bladex, wmhramcmmmﬂblenmh,sspdxbesamgo ﬂba lstatu@ Olantear 4sin

angle sefeiln St e T Boipfve i 16 dfebtor ol pprelegd 4o ek ietset of

barbs 9 15l di®ated Simflady A8SITREHIRETHS blﬁﬁbSQBﬁ’%]ﬁJM I§1(E> creats Wbtég%enng)
the cutting device described in the above-noted

approxigaieiyahalivef the yngitudingalistancedsbvaendwo o barbs 7andgdso refating the

- suture ﬁ?zﬁ'ﬁ&% alz ﬂtslﬁﬁ Eigérggsdonb%e IQns \';vﬁi%lé ‘;i:sngq( hol gg@ g%fg)n%délé;aéeg f"il'St set of

arren Vi se

barbs 7 Wiat &re alipsdddait.er m ned Iength splices into the suture
filament at _an 20 angl e selected to create barbs 7

S dagurs 24rs sepreel hich is apethersanbadagensad the pregabnd
invention@hd ¥ like suture 1, except that suture 10 is bi-directional. Suture 10 includes
elongated body 12 that is generally circular in cross section. Elongated body 12 terminates in
first and second pointed ends 14, 16 for penetrating tissue. Also, it is contemplated that one
or both ends 14, 16 may comprise a surgical needle (not shown) for insertion into tissue.
Also, suture 10 includes plurality of closely spaced barbs 17, 18, 19, 20 arranged in a
staggered bi-directional disposition. ' '

&
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barbs 9 is created simlarly after offsetting the

bl ades longitudinally (to create the staggering)
weps/eresat el y hal f of the |ongitudinal di staneeT/S2003/030666

between two of barbs 7 and also rotating the suture

filament about 180 degrees on the vise, which is

equi pped to acconmodate firldt set of barbs 7 that are

al ready cut. 25 Shown in Figure 2A is suture 10, which

| Momﬁpeblﬁcaléy;‘@dldahmuf anfally Ispaqadehaﬂntl? arieaidliycfrag el abvut 180

| i.ke sufure pt t hat tur 10.1s
degreeg {10 i stezeaid Wikhcgbest Kop Lally ghaget barbn L puittpbarbs

17, 19tf£b"i‘ﬁg ﬂiﬁnﬂ&%ﬁ& ah g zﬁ%cfrﬁbﬁ# ?Jbohlrheﬁf fie g[ﬂlg 3 s?tﬁde L0: déﬁ&larly,

termnnate I'rst ‘and secon
plurahﬂ}zlof a]s&ﬂlycspa@dﬁ:atbsdlsl angrachaignmranghcs ahout 1180 degrees from and

stagge{;eg l@,l?ﬁtgte gqﬁlgﬁﬂ@m &eﬁééagfw ‘f?g't %;]m)é‘l”i&cl}%%g% PP fasing
pointed Bﬁ@ld For aH6the bar Pe p]ifdﬁz%gt@ly]tge bg)%L HEe St Rk gér%hﬁ)tc)f s8fure 10.

cl osely space arrange
First S@,pﬁggbs &d, 18 define eqlanerihit islsubstatitilpeopld@r a@métbé)Fﬁﬁ@ 8efined by

second i AR i A A ety off of esBF S 9. 1 29 descsubamnsay the

same 0118 Blang d6¢ REGe FAdMD lﬁﬁ‘ae%feced bg‘;'i‘ri’%éﬂt %f‘ﬁfsﬁ&%‘f’gx g 17, ]187w1th :

plurality of axially s
msmctﬁgstmdmgqf&amw@ 20hd 14 for a portl on (about. hal f of

i BB kel sGHPbY i loct Fae Pl 98 sF ilhcle Bl 24,

" more clbﬁﬂy ﬂﬁ&hﬁﬁﬁ% Al geTK TgTKL e'iy HeAgaRr esb &éz%ge W@g?{) Due Jo the

pluralit 7y aced barbs
stagge% figss bagy 1700 h&rlz:sd es]g o3& tb Prinderbtridel4 (ot ghiowm in Flgure 2B), and

L T e e

stipplingu s travivegk blane qralt endichlak e sibRadah|
pp '@U o set (k))f o b@s lﬁgp Zresul quazltlﬂﬁ%&)?nters%ctsthe

- base Ofﬂﬂe biré? T1af baghy Jedoen eotsm@mﬁawm brseyoftany badhalfeofimebs 19.

Likewif, 38 il 58, QLRSI o e
base ofsme bm‘b lkSarfllmkaS ddBs nétiigiersecidBe basebfGhOHarbSBCIfiARRI20, -

E‘# I|ne 2B - 2B of suture 10 in Figure 2A,
may P made ydihythe saipe SRS MRChing AR Fufutee suc&uﬁsahe cuiting

device éé@n I‘Sla‘?ﬂﬁ e Hoveneed®tial @)’ oyéus ’;%Otpﬁé}ggg ﬁl!d;ﬂ‘lix{eﬁ{ With the

barb 17 of barbs 17 is closer to

-fOHOWIB&dmgcthIa@mdlescﬁE) and thus, appears larger than -

RTINS
in the visBahe bRASINNGS With 4l Akt dudtinUcHbs 18 Qﬁgx%%brgér}gl gthggtog the length of

intersects the base of one barb 17
the sutugpfilameniioseeste baafbs bafaeingfin ang dbmtb)n]:@warfd fwdmtbd eﬂc914 Next
endi cul

the blad|e§ Fr%%t?lged J%Otf% seo{ tﬁlgt[ tgcla%a?rggltggrc 1§pq5ﬁ gggp%slitegﬁgct?on and
over thebm:bt %gf @ﬁ;thdgmngm gglems BetthénAIRFvERID spn& iRRS®e BfheARMS of
of barbs

“the lengtt]'x of the suture filament with a second cutting action to create barbs 18 facing in the

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

longitudinal distance between two of barbs 17, and also the suture filament is rotated about

180 degrees on the vice, which is equipped to accommodate first set of bi-directional barbs
117, 18 that are already cut. Then, for second set of bi-directional barbs 19, 20, the blades
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Suture 10 may be nmade with the same cutting machi ne as
suture 1, such.as the cutting 20 device described in
wothe/@sbmse- not ed Serial No. 09/943, 733 t o Genomr@r/g$2003/030666

al ., except with the follow ng change in bl ade
direction. For first set of bi-directional barbs 17,
18, after the suture filamgpt is placed and held in,
the vise, the blades splice with a first cutting

splice ®ith b @isticititthgHRR6R Kt B RbYinthdl half thdRnb@RI e Witure Filnent to
suture filament to create barbs 17 facing in one

create pprbed} fasingiowae dirpaiontewardneintad eng %6. The Grst heiting aetion is

follow @ i okl pies PERTRGTS 450 Uegtldf Yo MEP R AR 03T Piipeain
the opploBite diedttiol and Beerith@ Mt RAIE of 1 lemdth OTRE blageSatt kifed AlIWed to
the other half of the length of the suture fil anent

splice ipfothe athse belf af thadenghyofibe panre Blameatwith s seeondrgttingsiction to

create b e BR Bl oSl Bl bRE PRIV o e

hen skagaevd difbodaheitindrahbwaj for be dirdSidnangitird A0NAE portion of
di stance between two of barbs 17, and al so the suture

suture }G withbarbsild, }bmay davedbemtfacing towrrd petdedend Heand theportion of

e YRR RAPRS S AESTRIBEPNRL Blef Rl wips

- variatiohh ehie bafted sagoWdulie inderfed ito tiggie withbhn Biedtion U8viceQuch a5

t he bl ades WD 2004/ 030705 PCT/ US20039©30666  -12 =~
that shayg) indhe gheve-noted Yax. Patgnt Npgd.332.3 thia Reld Additieraliaitds poted
. t i , (TP
i R4 APEL oS0 i B BTS00 bR g e
one endlfid cheeottiorswitl biubk fgimcthé other snd,fopltvopedicny withtbatbsifacing.
he bl ades | on_%; tudipal |y 180 degrees so that they are
one end ) WeosUes Wikn barbiefagingdhs plberisiide and s om et shyym); adl thus, if

_ . . | . - :
o e 08 B 1 98 B e

barbed sutgrerveouid baneattedintditissus edthra insertiomdevdat i on to
reate bar 19 facing,in the posite direction
B e Pt esdkpatits having s Faf NI BTRE BB Hith
o i3 5 5t
skl RO LE o 809y 9 e
filamentsgmdithe paggering impapvisarmhdring penfeomianos. Thus, suthir sdidlicate
. ith barhs 18, 20, nay .have them [ ng towar.d pointed
tissue, Y 30 s P TS A S yheered T i acie Gpismaces
effectiviandhidriag pefs@idnesl i nto tissue with an insertion
device, such as that shown in the above-noted U S,
. ‘PamaEmnavoto Bgew 348 depictsdiu side Aty of anvdbargmbodinent of a suture
s} Bl s e B8 pORCI0 38 e

suture 1ashdwa me Fizuird 1A exeepthhiralidgdiahepadtnd foe s@ufeed0 iendo deégrees
rtions,with harbs facing one end and two

of

. t .
instead e}t it shawpdorsyad- t he other end, and so on

{8 e, 980 0%l PO Pl i
cross sectéinaanerthiat tedngngted inepointed 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 closely
spaced barbs 35, 37, 39 arrangetd so that all face in the same direction toward pointed end 34.

Hence, the disposition of barbs 35, 37, 39 is uni-directional.



10

15

25

30

bar bed suture-would be inserted into tissue with an

i nsertion device. An advantage of a barbed: suture
wozes/o7es radi al 180 degree arrangenent with pcr/us2003/030666

staggering is that the 180 degree spacing is readily

fabricated on relatively small dianmeter filanments and

the staggering inproves ancimring performance. Thus,

in thin and delicate 20 tissue, where a smaller suture

i Alslpaxinbdpaced Haltes B AgeRTAY éﬁ&lge@ gbAf 1206486k from and
generates effective anchorln@ﬁ)‘er or mance. ~ Tur ni ng

Sta*’gq#%mt respetite agally spased balis B¢, whigh e nadxeuy ofrangedtaheout 120

[ esent |
ceqr R bk Py i e o AR SR 35, BBAS Rty spaed
barbs mw@scﬁﬁmnged ibout $20 dégeck fEdinwRd sta%%}rm&h kéﬁpe@ts ﬁﬁtauy

the radial spacing for suture is 120 degrees

hat
SPacekaaIPh d2-cA8 2ggsult o ﬂafergéléle&(h@egr@e iﬁmﬁ.ﬁmﬁﬁr fiestisad ba:bs 35 define

substaggﬁlﬁhﬂé rs&ggglg s?/&)tcl:llﬁ:sgtu rb%‘%’]u eﬁ%g Igsé%ﬁa@% an ggr same

one pibins tand thisd mmf&&rb%%ﬁﬁb @dbﬁzﬁﬂl aﬁ'} st endiBEahRidnB$lane. Thus,
is contenplated that end 34 nay conprise a

Sufun“'é@sf@ﬁ g%ﬂbs %éé&'b &9 pHanzed A atazeered ek direetionalt 12 legren disposition.
RS s b 3P ST 238 Sy RLa0 ¥k o na

showss,ﬁﬂmamqmm:my aigle X7 naidelyahe cadipe 426 degB@ brriderdeAESF barbs 35
rection toward &;I nted end 34. Hence,

with rqugctaﬁ) Qgggg’{,%afpséﬁ Wi respept to barbs 3% and barbs 39 with respect to barbs
35. uni-directional. WO 2004/030705 PCT/ US2003/ 030666 -13
Al so, axial spaced barbs 35 are radially arranged
abstustded tie Geeseppling, first berb 33 iggets3h, bedanse eSRe efagh@ing, is

ctoss sy B Bt e e o e

away ﬁi‘%’si Wb 37 89@&8&9'310 afRs, ﬁ‘%t barh @g%fg%ls alyl % eStB @ﬁeeéi%gggﬁﬂ BSis closer

are also arranged about I egr ees From an
to POHEQ@@‘@éﬁQOWhDh’n e Egact 3Bh aad th;dsl speﬁ:s spbe Rogeb drdneveh farther

ov 38 S U 0 A5 Ry
that intefecH E@Tﬁzse SEGRMH TS oﬂ@ar@@?}@éoe% Eogﬁlftér% %@th dgﬁJ Ha¥b 37

anot her sanme one plane; and third set o
of barbg &/} Mmmﬂgﬁnsvarﬂeplmuthat lsapmperehaémte sumea tpndam and that

mtersec]_t? ﬂfebeag.sé gf ﬁ%ﬁ)a 73 e #’f(_il nagléteé*ge%a r A ?qd adwrl)arab 39 of

barbs 3|9L glmﬂariB)B ai tﬁan&ueﬁcqﬂ&leﬁﬂﬁtlk paPendibigy telsafwe béd'j/e323§|d'th§t3
ture 30 in Figure 3A an 10 shows with nore

mtefseﬁa iﬂ%q ofrqneypaenf! @f barbsyihigey nokiatarsegt the bastoofcaybaeb 35 of

barbs 38" r angenment of bar bs 35 C with respect to barbs 37,
barbs 37 with respect to barbs 39, and barbs 39 with
agpedd ntay bb andde withShe fané titting matkide by sithe 1S budhsithgeutting

device fi%scn{)e& 1n tﬁe giasovg-fnotb %rskénals lélo 6’9/54%u783e3 tco)chtngsa gtt a? g%ﬁé Ict?tg ng
machine is now used to produce three sets of barbs 35, 37, 39, usually one set at a time, in a
staggered position along suture 30.

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

followed by the blades, after having been adjusted to a predetermined length, splicing into the

- suture filament at an angle that is chosen to create barbs 35 so that all are facing in the same

direction toward pointed end 34.
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closer to pointed end 34 (not shown in Figure 3B), and

thus, seens to be larger than farther 15 away first
wole0po3d70sof barbs 37. Also, first barb 37 of bafBEssbés030666

due to the staggering, is closer to pointed end 34

(not shown in Figure 3B), and thus, seens to be |arger

than even farther away fingt barb 39 of barbs 39. A

transverse plane that is perpendicular to suture body

NextWe bladad ark Bﬁ@éta&cgiﬁldmﬁy?%e Ad th@@?ag&%&x?%iﬁ?gﬂ%i}nately half

barbs 35 does not intersect ase o
of the longiteditrd disrance bitanees tyo af barhn3y.eAlse, the dilemédtas rdtated about 120

O AT
been clithSndBER s@bnd 58t 0P Bhds 39 i§éreat@@ﬁpassﬁ;?lar Rafhdarly, a

transverse plane that is perpendicular to suture body
Jakewige, ttheablades are agaireofsnt dongithdinbliy Go ofeatmibe bagperit) of

oo RS 8 Vb 8 e
filamenfa&tbtAted Aoub WLM/E&rdos oAURE VRS, Wikieh félgqh'\%}ibg% 5(%%3@% te both

descri bed in the above-noted Seri al . 3 to-
alreadycoay Sivsd settof Rprbs Bhand alreddygrut saohd set of barbe 37U FeHowimg the
7, 39, usually one

tongiBisP5ephei 351 Ao et S by s crtediarmtatpwer.
Peefefablys bach@licdhsiPabhb ideschiHed hERPSFHRY al{g}gl? Fﬂo(\f‘l\gcag@%lﬂ.‘é around

hol ding a suture filament in the Vise,
suture hosly 33 fera dhe precedingtharh agd dessmotoyeukep axdth anyaother barb.

PRI, S04 B e e B e e

presentS$oventiah. Shiire(eissaeilR %o bituid D é@sgt it Sieire A0 1§ Bkt tional.

ointed end 34, . WD 2004/ 030705 PCI/ US2003/ 030666
Suture 4Q inclysles elopgptedsbodyet? thitds genesally dirsnlar inerosaisection pugd that

e e e

contemplatedfthdtame bt both ehdd 44, @8 b isimpkidl a sOREaE 86edd (rioh Shown) in
[ [ i'pped to acconmodate first set of

Vi se, \Mai,ch 1s e% C . _

order tohgigserise itp Kigsuga pature AQ Serher hicldes plurality of closely spased darbs
t r 1S & : + S1 {Th. fmnner. 5 _
47,45, %?’ksg\(’/)\ng ls’?,% “?'%8‘%%‘1 in esgl,gggte%}é-gﬂﬁ&o@%%@sg)%_t udi nal |y

Fomabonttzifofttheleaphgfeniung0, aajafly epiced bathy 4Také ci&&lgnferentiaily
an

oeh O i%l gi nal dfistan e between two of barbs 35,
arranged pat 17 defees zom ARl Siageired with gesgedo apaLY saaiod Bads dgs
which afiratifAfy 8 Sged¥BbEN ﬁosdeefb‘ég g?@ganggté}%g&%g‘gﬁsp&ﬂ&xially

already cut first set Of cut
spaced bpsbohld Centsegient s dxdallypadasl Hachsi Tigare hlso atranggid aboinil0 degrees
nen d rotation., third,set of, barbs 39 is
from an SUEREA AR Te:pBh o a5 B e b 0. TBRE e B puture 40 has

all of basbicAR 48] S1efablak iy it s@me Aeatbrabwardibitbd €Rd apout 120
deglr]ees around suture body 32 fromthe preceding barb

Hardheiefber hadfiof shelength ofisumred asiaHi spisad barbs 48 are radially

arranged about 120 degrees from and staggered with respect to axially spaced barbs 50,
which are radially arranged about 120 degrees from and staggered with respect to axially
spaced barbs 52. Consequently, axially spaced barbs 52 are also arranged about 120 degrees
from and staggered with respect to axially spaced barbs 48. Thus, another portion of suture.

40 has all of barbs 48, 50, 52 facing in the same direction toward pointed end 46.
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Wth reference now to Figure 4A, illustrated is suture

40, anot her ermodl ment of the present invention.
WORW0416397050 i s simlar to suture 30, except thagcEUE08030666

40 is bi-directional. Suture 40 includes el ongated

body 42 that is generally circular in cross section

and that 15 term nates in flstst and second pointed

ends 44,46 for penetrating tissue. Also, it is

cAnresgitaif et datial 120/éegise zﬁﬂﬁnhelﬁeﬂsﬁfkﬂset%@ bAmBY 43 AWML

rtgl cal needle (not shown) in order to be inserted
Substarl@ly £ §ae onaplang; secpnd etaf fiarbsi49: 5O defingubstantially apbther same

0 1 52 arran
one pl'lgdr?o gﬁi agger‘giﬂ)ag@% ? %? @%ensa'bstapgﬂgwsgnll ithie Eﬁzfrneaﬁ%q%
HEigtirefB, tWtdcH i RGrdss@tctRmblview AfbngditiealB ¥4Bnﬁ§@ﬂr@m AFigure
47 are cjrcunferentially 20 arranged about

44, shqws moge cleayangle| Ys pamelyitharadial 20 as: pmneubwah gmatﬁy Spcmﬁcrty
dj d
A nSRRES 8 Bopty, A S EBE sBR0n  lose
to pozmcpbmﬁcﬂtlb(abbﬁlo@h inGonseqdByahi musaapp@h&sxmfgaaﬁadfmépaﬁwa%ﬂfust
a ged about 120 degrees C-'  from and
barb 4@?&'@‘5&? 2 ot CrEish BEthetS@gamr@, figst bpebcARofiburtsstOns closer to
pomte&_ 91&&344 fhob Qﬁtﬂmpiﬁ eF? éuré YBY g 0 Reg}v\slal?%%%gﬂ ?\2%14%%8&@@ flrst

facl ng iTec
barbSIZEf’tFanbsﬁhe ot her hal f of the | engt h of suture 40,

o S e e vy e
of one ?%Qﬁ%f l?)@fﬂ?ﬁlﬁﬁes néﬁghl‘éﬁe&rtﬁe b o?lahy b%rﬁgg%?{l)ﬁglg tI.Illlzemse a

degrees from and staggere respe
transvessgedens thairib perpendiGdarto gutard body m:ﬂl thyt inlpaeets theetidbs ofScZne

s B R A TSR L .
transveirsféliﬂane&l‘iﬁtlb8érpé}9ﬁédlﬁflo Qhtustl le%digatl?ﬂérs@étg theWase %;f one

barbs 48, 5 faci ng |nt sane direction towa
barb 5 lefi harlsch ledngs net mmembabmmﬁy barbl WSOHO%QO atidmsverse

pon 038y ) 93 o R LSO RS e 4 o

barbs 48 do®s u16ntBisadtehe BAE O ghPRirb 50bf B%§§O4ﬁke§986d§ftrgﬂﬁ'erse plane
substantially another same one plane; and thir

that is W%ﬁ%@r gy siiterp bedy PA end thebingarsacts thy baseidflona hadbtirof barbs 50

docs o MIESGR G U6 5 Bt Sy PR s

perpenditidavsto sotuee I@cbdycnﬂ andahgligterfect BElaye bhéna et 82 oflBEbs 52 does

ment, with greater specificity. As illustrated
notmtewctttﬂgg {;I@Tb"ﬁquﬁ"béégb 47 of barbs 47, on

5&1‘&% m‘ﬁ% bt Hﬁdé WARARE & Bcsdtt?‘na%ﬁlbg(?fﬁﬁe ad s%tlﬂgl néu%ﬂ aag g}ée cutting

(not shown in Figure pear's
device ddambeﬁan ﬂtﬂeaboamyteﬂ iSegal Nd H01943F 36fto b?othbﬁa ¢Ql., &lcapt with the

foll obl Cg?h{g E gering, first barb 49 of bar bs 49
° owmgsc ]é'r PG 561 -ed end 44 (not shown in Figure 4B),
Bodirkt¥e6 of GIRRRBAGN! BiBe L7 1432 RrEMRE sl MGhe i@ Y1akdd é}d held -

) 10 barb 51 of barbs
in the vise, the blades splice with a fi rst cuttmg action into approximately half of the length of

the suture filament to create barbs 47 facing in one direction toward pointed end 44. Then,
the blades are rotated 180 degrees so that they are now disposed in the opposite direction and

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

~ the length of the suture filament with a second cutting action to create barbs 48 facing in the

opposite direction toward pointed end 46.
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* of the leng}f gt Rl Blatea fo drate

A transverse plane that is perpendicular.to suture

body 42 and that intersects the base of one barb 47
WO nio4baris 47 does not intersect the base of aegthadéusdosss

of barbs 49. Likew se, a transverse plane that is

per pendi cul ar to suture body 32 and that intersects

the base of one barb 49 gk-barbs 49 does not

i ntersect the base of any barb 51 of barbs 51.

191 thabilades fre bPfsb BNSMRTREykPABath R sta: eﬁﬁg)ﬁ@f‘ ol hal the
_ lo_suture body 42 and that intersects t base of one

longituding! dissmee betwgen Sva of bisbsd h@nd jalsp éhesmuretfﬂanmtsemteé alout

120 el by B, SR Sy oA TG RSP cb s b

47, 48 tﬁdﬂ arehdQd PEutO MheR FoPsedSndiet obe 8% AdnMRFos U, 50, the blades
i ntersect” the base of any barb 50 of barbs 50,

splice withadigpleraitting actign inje pppropimately hell of thedength o€ theisotire filangent to »

create b 86 fachi st gB8Gom b DSITEA 0 o Toe BRE plipg Bion is
followecabyrdiﬁiﬂg the bRUePESEghods sSHHH 1R/ |a¥e ndv HisPOSASH B dfipdBite
that is r perpendicular to suture body 42 and t hat

dlfectlon andgves éltesumhrehaé%@éh@wtmé‘" Ipamen. Theythensphes Hio toether half -

of the ]eﬂ%th og'ﬁ? usru(telﬂg ﬁﬁe%'i B\}éttﬂ (f‘lﬁtl]? g}%ct@ﬁﬁ;g cr‘é%{e&aﬁbg&bb f%cmg in

theoppdﬁﬁ@ﬂirétﬁloﬂ&oﬁbkﬁtp"oﬁltéderﬁi% as the cutting device
descrl bed in the above-noted Serial No. 09/943,733 to

. Thepotha blades e againokiset langimdinadly (toscrpae thavstaggednafge abont
half the Q;@@ﬂ%ﬂéﬂﬁ&i& mfe%ﬁ tlvb of £ barb€ley O?\dﬁ no‘éllrﬂ iy ‘iﬁdé e | ﬁﬁ%@ﬁt

suture I ane

-1.

 again is totattdh abotit 420 dégeedlbrﬁﬁe visepivhick 1sltqdfpgﬁdftd> hﬁ:‘onﬁnkida'tmﬂready cut

on int proxi mately half of the | ength of

first set %Lhitﬂn@ctﬁwaéhgﬁf At ecAnd areadins i secondaicafiy-dirsctinnal barbs 49,

50. Foll%fﬁ%ﬂfflggﬁéﬁﬁlqn%%?%cﬁ%tﬁ% thePd set bf Bl-&ilr@cqigﬁaﬁa?bs

egrees so t are now di's
51,52 amhmchﬂyd'mwtng thi¢ blad¢s splicaiwith &G’nrﬂvcmttﬂtgmtmﬂ énid abptlofuméte]y half

The bl ades {’ng ﬁgrﬁgﬂﬂ ,JG}?OV‘H’? tegtgfqﬁo@/ard pointed

end 44. *rhé ﬁiﬁ% eam%takhcﬁl 13 SORIWL AV ok A1 o A BIATesLIBOGH ggﬁléé%sd)ﬁfgpﬁley are.

facing ©n the opposite dir&ction towar ol nt
now d18p@ﬁ@|:l udhe Ppaze dir€3 NS PEH tblSEﬂ:ﬂBh@H@»ﬁBﬁs sutlﬂ:ﬁ fileneint. They

e o S R A i L5258 bl
to create (DRFDAS2Tadin® irPhe BPpdiSte AirectiitodardPpdiMed shd 46 fil ament

is rotated about = 120 degrees on the vise, which is
P&f@ﬁﬂbbeéﬂtﬂiéu@f@éﬂmbﬂ%espamd agaposifionabogt 12bddgmres|around

s o Rt oy Wy i

Irsmi alesenativielendbollinieg i (1034 tshdmmg) fo£ bi-directibhal safis $0ithepeitivn of
alf of the Iegﬁth of the suture filanent to create

suture 40V bowbs He Hil> i Map hevedhemdrding tavsrdpeiniseicnd 4@ e dhe
porion of S AL 1450 5Pl R Y gkl

With this variatien,dlgpbebddesuture would be inserted into tissue with an insertion device,
such as that shown in the above-noted U.S. Patent No. 5,342,376 to Ruff. Additionally, it is
noted that, if desired, barbs may be escarped so that there may be two 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 -




10

15

25

30

direction and.over the uncut half of the suture
filament. They.:then splice into the other half of the
WO 280838705 t he suture filanment with a second CRET/URZPO3/030666
action to create barbs 49 facing in 10 the opposite
direction toward pointed end 44. Then, the bl ades are
agai n offset |ongitudinally7{to create the staggering)
for about r half the |ongitudinal distance between
thus, ifta/p)meﬂn bbibdrss i ot Adihigtthonableyend thee tisost bads fard atiment, then, the
ain is rotated about 120 degrees on the vise, which

barbed;s WENPRiShe ingsriad SURASHaEtLIT Waeriop gevice- rst set of

2% fVaBEL BT bt B gl -l 30'EARY ablactRRERINAThe
barbs eken dorteith thade dmmhplanesahat contplilnenneachvthdresdtisgin of
dir i ona rbs . 51, 52 are,_made by having the

maximpih of G iEaian DRt 15 STe er vy AddotAboNe gl Sthgeering
enhanc c%h ?ijéfnﬁﬂl:é of the length of the suture
anment to create barbs 51 facing in one direction
f[immn g npmtn Feghre BAdshéavn i heothéreshbakimentrod tiecpresent invention, -
follo rotatin ebladsl80 degrees so . that
which 15 aghSATE AOREAd AL SCELO F BT R enE ST 19 B it cafapultiple
: 26 d -
spiral. SHEe B0 oAy HcHeN b By SFof Ml b A Goes 06 Hlogated
body 63 teronirestdsi ih poimitdd enidtG4 far pmetmtﬂngmme nélsacitiocontdroplated that end

o e S PP PSS 1 S By s

- 60 incliids l@lﬂrﬁh@ﬁﬁ’ @Id@&g sphced b@ﬂ)% 671 2B an g a thid cHERLRDR saan‘al pattern

around Suture body 42 fromthe precedi ng barb an
around Yody 62 and faginglin @amamfa dixeption teavardpeibtediend &4.

S B RS B 8] 00 e K. Do

to the t#ikt cltnultipleipitainayRsiion @aﬁa%sggctm\m&dsp@aeﬂiseg bg gﬂaﬂé and

and the portion of suture 40 having barbs 48,

smallerpg paghedy darthes and Mﬁfgawmfa@m mmnrd el @haronshownintigurhiSB), the

d b d
1llus;on rs{z%td]f?é}'lp ?1& rb%n%ﬁﬁlﬁﬁ% on deV| @gﬁ“n%ughl 226{ thgt Ism)\%n

St]tui'eha) ﬂﬁ?‘be cominedted with Patrelat ciling hadkide 89 that @seBYbf making
Addi ti ona not ed t hat, ? desired, barbs

suture by GOSN BRIt YieR dosFRed THEhF HioveioRgerinbNa. G4 135 o

S t
Gemva{gagp n“ﬁ@hfieﬂgétt%gtrtﬁgwf BRDs 89 %:gﬂ{) rpsrs Jg gjﬁé spirals that .
preferalﬂacarertgeﬂa@atahd sansitimeas ﬂmrslltlmmﬁlammh 1sh&lcbﬁatﬁcamm dnstdrd of

-bemorcg%}?gr end, and so onﬁlgnot shovvn) and WD 2004/ 030705

OB GBS BKES BI%CG-1hys, if a portion of barbs is
Me b ﬁﬁbﬁlﬁﬂ% hsuRlE illnei that Mboﬁhﬁﬁﬁ%h&a{%@&]tqr?g mm% mdlength is

adj acent the barbed suture would be inser
Ionoltudlmlhf tws;ahB)rwnomcamﬁthssmtunedcngﬂwudeas Fhtimes fontapgetior that is

oot 43 REET L Sl by L6 7 BAE TEPhe ote

end is oﬂispétﬁﬁad ofited300cicfRR39a8AEs, 66 tHReportidisefthé iffuleTildment is

maxi m zation of the retention force of the suture

twisted wfign Hie sutusg isfbencplagasnd heldqa the ¥igeer i ng

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 3 twists per inch (per inch being per
25.4 mm).
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enhances anchoring performance. Turning now to Figure
5A, shown is-another enbodi ment of the present
WO RAEI05N, which is generally designated at HIRU$I03/030666
60, with radial spacing that is in a tw st cut
multiple spiral. Suture 60 includes el ongated body 62
of generally circular crosé8section. El ongated X~10
body 62 term nates in pointed end 64 for penetrating
Nest the bladespafierthaiing boert adjpsted woa pledéteanited [Bnbth, simyultaneously

e §T: ST AL b S S b b e
facing iR i @ind Hrefiok k&%& YoinRAGRA 2T DferGid Eﬁ%ﬂgﬁglé %ggla barbed o

twist cut multiple Spiral pattern "aroun

suture 60¢is redepsediirpheths aive add newtisied, habeb Hap disposdd ia mnhlﬁﬂe splrals on
6F gure 5B is a cross sectional view along |line 5B -

suture 60t “syture 60 in Figure 5A. Due 15 to the twist cut
g L o R L

which mmer@rytdeergnamdyzt futwm7PoiSutad 76 unjof&éltv\(mtmlt slabiiphe spiral

oo D SR 1o 0 BB e e e Sk P s 70
include£&16% zftétPISc%% W thbk i8 g&ie@&lifémfu‘l’atrtlh Bﬂ)s BbA Gn@ that %gr%nates in

use mak |ng suture "1, such e cutting

- first an%@wnd muted endh®, e?bdmepamummsual It Mocond&h@l4Ed TiRd ohe or both

of ends 78, SRR Pt okl Bl e sFPup LIS ipkerepio ity &
SuitereCTOERIHASY ﬁ&luti&epzﬁan@ & d]@seﬁﬁsﬁaf:)&i SHbyTE 7l alrﬁﬂgé’& in S0

hel d stationary, instead bei'ng rot at ed

Tespectivg$pifah paticins sagh baing a mitanlqa spiral erduadbpdy 325 Barhs€7 78 are

aisposed bh AL pbiteh B Y pmf RECD LEVRR (B3P b gpm) of

suture 70,he1tls gidhled dl g EP s£iure F03Rirlg BERS-fiee! Mbr@ Eﬁﬂtlb@ﬁﬂ& h@thrality

is 25 about 4.5 inches (about 114 e suture
of barbs| 7d\iij¢ Arranged4n a muliéple spisal pademenith alhbr h%7 &mtoeml painted

t
e 74 81 2508 A0 1200 AU SHong e BB T, s
plurallt)elftbaﬂﬁ “18sart hemgeldas & dhanisle Bpicsl paftertnhiaithy als Barbg_ V8 Hcﬁﬂ@toward
Qe)%qqgly is perforped 28 to 50 tines, and
pointed %m pOthe erbithe ether approydmatedaifyof widdie wtmsMP along the
length oﬁéﬂtﬁl‘%bﬁoy twisting may be fromabout 2 to about 17
twsts per inch, or 30 about 3 to about 15 tw sts per
Higroh 6Bds a@bass sedional mlalongiimb\ﬂBs-t- 6B € suturect ipsure 62 Due

el e 5.4 mn) . WO 2004/ 705 PCT/ US2003/ 030666 Ty
to the mﬁé‘?[égspffﬁ{s‘?% lﬁa@Onm%reSR%Vﬁ Ehsesars i@ begmpliergnd smaller €

as each iR FRERF SAdTRGEr 10ASESN poldiet LANROUDSE ¥hodh ﬂncl‘?%drg %?g,tﬁe

suture filanment. "The cuttl ng action makes c
illustratedibyghestippling. 67 so that all are facing in the sams

t t ed ter t
SR 7R 25 5Pl e e e % av Sl S e
cutting d¢Viee deseetbedinthe bbske-foid Seri f Noa09/943 IDP&PCerdvalde hit, | Bt Yith

_ spirals on
the follow?ng change in blade direction. Using the twist cutting method, barbs 77 may be

produced in multiple spirals that preferably are created at the same time, and then after the
direction change for the blades, barbs 78 may be produced in multiple spirals that preferably
are created at the same time.- Thus during the cutting, the suture filament is held stationary -

instead of being rotated.
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5 suture 60. Turning now to Figure 6A shown is

anot her enbodi ment of the present inventiion, whichis
Waonennesy designated at suture 70. Suture 70 peT®k2083/030666

twist cut nultiple spiral disposition and thus is

simlar to suture 60, except that suture 70 is

bi -directional. Suture 70 _joncl udes el ongat ed body 72

that is generally circular in cross section and that

_ t ey I}
rd spetifieally) ak@ctfdﬂ&’tabaﬁtdl 5 arped aaewazt é}gﬁ?‘ﬁﬁ @Rgﬁgrsum

for penetrati ngat I Sssue. I'S COﬂ

fﬂam%fdﬁ fwistsd, @mbsls eSS A w@nprabem hnshﬂsg(abmjt I'ﬁ&mlhh)&n length.

s, SR SSRR, R R A8 SHL e s, o

twisted@ction afiheduiufe fiMMent IRSRBSHH 8’2/331%5@? E ﬁig 5747.%§ when the
(234 |

gﬁ?@? a nmultiple spiral 'around body
suture ena%Sstb%@dﬂ@ﬁdﬁn@m dipderiizn MP that is

e Bty o bRE S RS RS b fpathsiaHred By loss,

such ashfr fo-70rtirmes. Muiablyasvibtidgl B4y ve fxﬂhﬂﬂlﬂut 3 Yo atihut Pﬁf\ﬂﬁs Périnch, or
b are arranged in a nultiple spiral pattern wth

about foraheutzip rists Rer inchwar abqisiSiie eboutdddwists pesiinchi (perinch being per
25.4 mibout half) of mddle portion MP along the length of ,
sature 70. Simlarly, plurality of barbs 78 are

Nexgrihe dlides aafrar|HavidigebeR ddplstdipid & pRedttdriinab! leﬁ?ﬁ bé;ﬁlce into

){)% ward pointed end 76 for another
approxiigately Taloph eriapeoRaR Ly rinh danreopiicin 76 gt o e
portion3QP! &nﬂ’ﬁe ﬁf@xﬁﬁﬁ%@% gggcﬂ: ka%?u dl}léitﬁ&) ?%]cr ogﬁff iSte klegt”&apleof the

vi ew al on I ne
suture filgmeheinrufitst piting ﬂntroal witipthiel aded trhdliing QRS b 6r8f0 VGV so that
e smaller and smaller (. / as each

all are 32 if g Slfsﬂwnftawwwenomynql 7mbseeading 0w haw marynotades there

“are on HROWKING nfabBiHE Gnd @)w ﬁ Ib!ﬂtlﬁ t'fﬁ!ir%ddewecf rlﬁeir @P& ﬁfﬁ guting

25 Suture 70 may ema W the sanme ¢u

motion g cuf libasbo T Slm!ﬂﬁhnmslyhar theret hay e epeatee cAEng MdIRAs ufitil the
No. 09/943, 733 to Genova et

desired 'ﬁpn%b (ﬂ'vbz\ﬁst d? ﬁS%quapglfl ISR RGTIEMRRTgRe sytuts flarent.
'!ihdrﬁ‘ ﬂid 1Bdesdfd RBattd €30 H\ég%es%Httﬁdt'?ﬁeﬁ% h?g dlﬁﬁgec?t:l‘lgltge opposite

produced in nmultiple spira

dlrectloalagd @wgaqhg @ther helf of Shenappronimatedyn d m&ietapprokﬁﬁatélb@ 6 mm) length.

o w5804 8 SRS R 44 B 4 P e s

of the suma:aﬁlatheat 'mebﬁaémar& itHER: allbER t
fure f| | ament is held stati ontgtébh&?lr?ggggﬂf% IE& " zh?econd

cutting ?%P&t wih Wbémmbmzth¢mdmmmmahaz “all9are I\fau:lag in the
4,5 h bout 114
onpsi SR bt poy L6l 8, Do) oy AERTRSTRLE o e

I'n l'engt
cutting mach@e andiipsv frany dardbe (78ree déudiet], thetdabe se cabauting AdHtiFRo cnt

all barbs nlS s1m%taneously, or there may be repeated cutting motions until the . desired
number of barbs 78 are escarped into a portion of the suture filament.

' When twist cut multiple spiral barbed suture 70 is released from the vise and
untwisted, the first cuts and the second cuts resuit in barbs 77, 78 being in two respective
multiple spiral patterns on two respective portions of suture 70, the two respective portions
defining middle portion MP of about 3 inches (about 76 mm) in len gth.

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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‘made fo:lé %}r};?,

Thus, an end is secured, and the other end is grasped
and rotated 360 degrees, 39 tines, so the "tw sted

WO seaosanos of the suture filanment has about 8 2/ Tus2005030666
per inch (per 25.4 mm when the 5 suture filanment is
then is placed and held in the vise. Tw sting
preferably is performed 282p0 50 tinmes, and may be
performed nore or |less, such as 19 to 70 tines.

' polydiditanbudtwhich i8lasivhihetidEbsobisabled @ithrskeubrial). t R dadidiér dfhbout 0.018

W Sts_per inc or about 3 to about 15 twi sts per

. t |
inch (abeit0.4 5 me) is ightly largasdban the sizpiOstysthetie absorbablpsturenwhich has

. - 0 ~ahhe bl ad f i
» diamglel Al b A8t S fa0 Drash fin d AR aaus bl 6y o
specifiatiappoDitic Wil Brdta FhaghaddppeapIspyi mately 3 inch

approximately 76 nm length of middle portion MP of
&@éﬁ sppresentaicd atoal of 7THbarbg ipmdesedvmttwoyespeativepultiple spiral

j ' f t fi t,i first, .
ptcnd MBS o U, S Ok o 5 iona,
the barlrewais dividedintd@left Fbt&{) with Foaautaadisgosed en 8ifi@ Pohifh of the suture

toward pointed end 74. Dependi 2)% on how many bl ades

and a rightgreun i 39 harbsiane segond pertion ok thessulime, dachereamppbesing the

mntiods b ' . b ne.cuttin lon t .
directiol o LIS trom IR Enfing e AEEAE Bt e Bhord DA Gibetic curing
machine epphdyed had I 8 biagesTOlHueforéhéH grolip of 39 85bE aHerBWHRE S cafting

) b&r biﬁéw :i\r e _escarped into _a portion of the suture
motiong {3 X% #3739 iththe blades, being offsetavitive suida fargach efjihedcutting
motiond hat they are now disposed in the opposite direction

and over the other half of the approximately 3 inch
' Efacpipslmmeh ) wmseb(_yumﬁnfh& Aghlgngtmsh m(:ﬂﬂoﬁ@. Trh@lﬂiixiﬁ:ll@ !:SLlfAtri'oﬁm'MFRras
of .t a Xi nmat e .5 i.nc approxi mately A
about 3gghes (RPOBLY maN Iene AndecBtaRgcing 7B Bathe that Tiees ssicathed o éhe
al t j i .0
soue SRRENE ARG R5R) 62 ik R B AL of P90 o

Cl cutting action wt

~unbarbedrepd tportiens P ofghsaitthabatavdre azok dbaat Dinches (abeut 51 mm) long,

opposite di.rectjan toward inted_end 76. Dependi ng on
Depend AR g Behr nairE bBI SR OF B ey SHBIBHTA binG
sufficie ¢TRRY 2B HBRI (EBindéiSiof ?ﬁtbrt{igtg,, Bﬂﬁfag §Hﬁ¥ﬁ£ﬁea Afioht qr curved
ar bs st S

_cutting notion to cut 25 al t aneously,
surgicalgeedlRer e nay be repeated cutting notions until the

' er. of bharhs are,escarped into a
BP0 3 S oGS e by e
methoddYUDHe inkthod Wak alstriighDRel] rbily frehBihl testvalEABRefdaPMdtdiSind the

vise and untwi sted, the first cuts and the second

other methed wagan it vivgpastmancertest pgitihdogsg i n two respecti ve
L | i f] ti f
S B O B SRR B R e

Resources YdiversabT¢siearMbEe1@00Q0 OTHe d¥eidge hemtingpdfomt reféatédmheAsirements
h. articularly, several twst cut nultiple

] re
nd of Sufjue wag fegprisd fay e barhed suturasaad forr theremparison
unbarbed@8it@feds] ament having a di aneter of about 0.018 inch
about 0.457 mm) and spun from WO 2004/ 030705
auSo0 08aI3EIHaIres were polydioxanone monofilaments (a synthetic

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

for synthetic absorbable sutures, size 0 has a diameter range of about 0.35 mm to about 0.399
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. -20 pol ydi oxangne (which is a synthetic absorbable
suture material’). A diameter of about 0.018 inch
WO 2BH07%. 457 ) is slightly larger than the BCEESIO3/030666
synt heti c absorbabl e suture, which has a dianeter
range from about 0.35 mmto about 0.399 nmin
accordance with the specifdlcations of the United

LSt Phar nacopoei a,.(USP). 6 + 5 Each suture
mm; s 2 6 By Harmetor FAnes OF B0 BAmim o bolIg b9 o wod size 3-0 has a
diamefeﬁ@@r@bﬂﬁbd%lidIﬂiﬁo%B&{hﬂz@or% terns around the

circunference of the suture’” Srnce the barbed suture _
Vﬁ@ma@d’w@“-mgﬂ@m elih d2idl BYEBeingheld WM coft SasRet npadding in
two:el e%ﬁ %Sreg_%i? wi th 39 barbs di sposed on a first poftio
© IEFECH, qghaws.gHerens caghenbgrhedisutice wag grippadtat each end by being
wrapp&ES&0Ad BRY fek 0L re. each.dro opposi ng. t he, .
PP i rection ofl%teﬁe 8%‘&%#‘%?%&?’1’%‘ T E)e'crtrlp %t%’em;%f?r‘g%?ﬁﬁ?cgfm E"khng
the unbrrbid stwes tohwyoisl stzeseandidigtessi@si fi ¢ cutting 10 nachi ne

elgfl oved Eﬁ\d lf}\g bl ades. Thus, for each group of 39

bar S Hen, ol gach syturespecimen hgtwashithmiavo Zipped plagey wasnilidnt 5
-inches (dRubl 2688 B¢ t - W [ for _each, of e 3,
inches (IIoubL26I06 BEICARO Whith i thé add ofYftBa i@ S e B8 eiire 3
inches (U of e hanhed middle phingorri ddl e portion MP was about

inches (about . l.ong and contained the 78 barbs
Tl SRt GBSyl 1Pty ah s cweiokatout 10 inebes (rbout 234 mim)
per mirutd @nélibpehkREY QRerbN TR | y/ -bed nj dd| e .
ortion MP were two uﬁ%%gﬁdeﬁ%?t?%%s&ﬁghgﬁhm} tensile-
strengtiiyt yre that were each about 2 inches (about 51 M)
i ng. on. t S ring techni que, one or :
388 Fesult RGP Tin LIS Belovirapd s ochticeluamm dapotes the
USP knpopoil &gt Aiimbintieguitdfientd F ErdveRtibii fudyl m
copprise a strai %ﬁt or CurV@ﬁ%gﬁ%&%ﬁg@g}t@%%&q—ﬁgma
synthetiabgorbable gratariah twi st cut, 7 inch (178 mm) bar bed
sutures was tested by two nethods. One nethod was a
straight pull tensile strength test wwth a Universal

Tester and the other netfgglewads an in vivo
performance test with dogs. For the straight pull

tensil e strength neasud®enste Stiepash} ng was perf or ned
using a Test Resources Universal Tester, Mdel 200Q
The average reading of 10 repeated neasurenents 25

made for each kind of suture was recoﬁgﬁ‘i\/ﬁ%&éu%ﬁfeguirements
ed sutyures and for .the conpari son unbar be '
——@%&%—Bﬂbw ?&cﬁﬁﬁﬁﬁ?@an Straight Bull (Roundsks werfer Knot Pull (pounds

Wehaysdgoxanong nonof i | amengt a synthetic ab abl e
suture material) of vari E}J?Zgut ure di aneter ssﬁé&about

Untgtledi nch (2Bout 0.457 ih@6, about 0.015 i ngoy about
, about 0.01 inch (about 0.292 ,
- Choiika™ 4§ 382 ( 390"

Barbed 0 7.03 not applicable

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

pounds).
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30 are respectively slightly larger than the United

St at es. Phar macopoei a sizes 0, 2-0, and 3-0°for
WOs2004/038765C absor babl e sutures. I n accordance weevus2003/630666

Uni ted States Pharnmacopoei a specifications for

synt heti c absorbable sutures, size 0 has a dianeter

range of about 0.35 mmto &2out 0.399 WO 2004/ 030705

PCT/ US2003/ 030666 -21 mm size 2-0 has a dianeter

r Hngrevcﬂ'f thelauighOpultensiletstrendih 6f 7@33UndeTat brsukase FR e Slze 0
a _dianeter range of about 0.20 mmto about O0.249

dedlﬁmnoea@ﬂrbsﬁﬁm (el Buentostheypscapmsmeni of tednrhsnbasap effective
dlame{éﬁﬂﬁgls At fnb %ﬁ&@?gxﬁtﬁe %g%h@gnddl glaPitp@d %\gg’ 8$6lyaickanone

serrated | aws, ereas e
suturepeanpgaeet favorblyhwidnthehyinheuf ISkt pRleeyifepientof 880 pounds for

ive capstan ro]ller grips. Capstan rollers were
the Slzﬁgég’?ﬁ?xﬁﬂeﬁ%?%e@@ahmlﬁééuw ures to avoid stress

aﬁédlﬂbﬁél% ull&?ﬁ%ﬁ%&é&b@g s V@&%I}: gﬂﬁ#&gons gf@fﬁg@] size 0

bet ween t ces was
polydi¢xdnone bﬂrBSd Mrek,ms ldisogdsbd bilbivgh Tables 7RE7Z A8 €omfectiah Math

. syt ur contai ned the entire 3 inches (76 mm of the
Flgureﬁg‘?\t?é‘g%ﬁ ddl e portion. 10 Each speci nen was pul | ed '

S ORI, g OB S ARG Ko

per

dog, 7 wa:ssmrfsomrel ethdaat thb eharax Giviple), thighl(twies)s flkk, vehtidigidline, and

. d Tabl e 6A bel ow, and t he
pacamnqllh, £t e IS NS RaTISE I Reor 3 %swﬁ s e lengita of cach
incisiofl'raHged Mokl 6 BRAL b ANt 19 Qﬂgdt 4§ ﬂ%?g&%ﬁi 101 mlm) and

sutures nade froma 15 synt etic sor eria
the deptiabf each Ancigidewss fremShe wmﬁ@aﬂ:&mjﬁ% heperitoneun.

e BB oG Glhmade [P 55 Al yioxanc gampEament), 24 o

the sﬁe& wefdclosed. &ofBom hhgd re.%nz@m%% sfbs ﬁ i a ?SUH Qﬁﬁb\%ﬁoﬁ%glameter

82 3.90 25 Barbed O .7.03 not app
sizes ogmsnmhumd sofurdsc(d Isise witheize 20 silk braided fi lament, 6 sites w1th

e 2 QR BRI SUEL T S 55 MRl i
were kitdiRd. All closing of sites was performed 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 regard to various tissues,

-incision sizes, and Iocations on the dogs, all sites apposed with the size 0 polydioxanone

barbed sutures stayed closed and appeared to be healing normally throughout the 14 day
observation period. No dehiscence occurred.
The site apposed with the conventional unbarbed silk sutures and the sites apposed

with the conventional unbarbed polydioxanone sutures also healed will without

complications. No dehiscence occurred.

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

and pulling out the sutures.

.h~
£
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conventional unbarbed size 0 polydloxanone
monofi | anent (7!03 pounds = 40% of 17.72 ,. 30
WO0Ue8705 WO 2004/ 030705 PCTI US2003/ 030666 - IBCT/US2003/030666
However, the straight pull tensile strength of 7.03
pounds at breakage for the size 0- { pol ydi oxanone
bar bed suture (which, due pg@-the escarpnent of the
barbs, has an effective dianeter that is smaller than
tth eudllmmja,ttbé inolivd etz @ane bfi the size D@Bﬁfcﬁlﬁﬁn&eﬂﬁr&d sutures was

ydi oxanone ~suture) conpared favorably with t
folcacmuﬁ |"‘fh§ﬁ1°9}5P31F@ﬁc§? ﬂ}sme 2@ 6ilk braided:filamerg. imbarbod ﬁl@tgreSoiﬁle Bize 2-0

t bar bed
wolon B En AnBINAA L RSNR AL RPkAbRRAL DR oSt
unbarbpe sitoresed on addi ti onal size 0 pol ydi oxanone bar bed
as di scussed below in Tables 7K-7Z, in

ut ur es,
o4 aliemglive, grabpdimeny (peishonnifer birdiregtinnat mStlcnt,vmﬂt;ple spiral

sore RS hEBTROE 8 ytufERL IR BRI ARG L i A B i
towardlpbmtai(er(d’m aelthe piuitioh of b0 off Whikk is diBpdstadbarbh dB '1:1!9@ have

ramedi an, ch of the 7 incisions having
barbs 7§ fejn s B0i9feda8a Thn oV itk ige veristonsibn baibad Fesmepswould be
inscrted B0 B¢sup SR Bich evickt Rl st o R shh Sniied ofs.

Patent Mas5,842)876 toRfipAisbiifdairedldr mwtddihﬁthﬁﬂfkﬁfmﬁ Wﬁﬂped so that
h lb%the bar.hed uures (al.l nmade fromsize O

there max oG &i RAFUNS }h‘Eﬁ% aciganend apd 1 portiopswith barbs fasingfbe ether
end, or Q'ﬁtﬁﬁxs \ﬁﬁ{]bzﬁ%%'v g%nd L& 2 pEHRINY l\ﬂ%f B ﬁ? e - other end,

cl'osed vari ou§ di aneter Sl Zzes conve

and so om Gt bleaivuang thes, (fl a gortien of birbsisamt Pacihgsthe kutbfeadlﬂ&d which
ze 2-0_nylon ponofil ament,

those bighy B 40deat e Fhe Do s ufior gl b verie W tse S

insertioMdeGige. Were knotted. Al closing of sites was
performed according to a random zed schene. The dogs

A@radem @frachhrioks s1u9ure hardng h mlssmll; muitgxlh spirabdispasiticn 8 that

such a el ol Bro S obE e e lns somaliionon engipnet o he g deeree

spaced bdrbéd/Qfure. | THe ©hyoh iSihatde t@ﬁgcﬁtoﬁﬁitg@@%lﬁp 4tlden HR2G8Rs in
all sites apposed with the size 0 pal oxgnone

groups ﬁd?%'&ﬁhgﬁﬁom@@n@ttémsmm@@rm:wewm barbspwhich tends to

| f. t 1 L
o 8 R e DR s g A g o
tissue sudheas datrtissud, imditd hay ibadriRetnéctivk fibbils WoRpartddvith@héd t&ﬁ@s of

osed 25 with the conventional unbarbed
tissues, ﬂgﬁ%g@ﬁ‘&h%}ﬁ@%ﬁf@nﬁ%@ﬁ@a degdegbled wi | | wi t hout

WoHREfeedk 489 to t&% ?ﬁé :@g%% EQ{E o%gldmd \95@ top %far%cd suture 80.

topi cal skin si e
Barbed snbwne 80 hnsphirality of closdlp spdced barbs 81 on e]on gated suture body 82 of

generally circular cross section. Each barb 81 has barb tip 85. Shown are suture longitudinal

axis A, suture diameter SD, barb length L, barb cut depth D, barb cut angle 0, cut distance P,
spirality angle ¢, cut-out depression CD, and tip T of cut-out depression CD.

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

Barbed suture 80 is a twist cut, multiple spiral, bi-directional barbed suture, like

suture 70 in Figure 6A, but illustrated as an enlarged section in order to show more detail

with respect to the configuration of barbs 81 vis-a-vis suture Iongitudinal axis A, suture

-
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~ angle 0 andGhdenth

unbar bed sutures, 3 sites exhibited partial or
conpl ete suture |oss, apparently due toi*self-
WO pejobees on by the dogs. Knots in the convent ipgmals2003/030666
sutures possibly caused disconfort by 30 creating
| ocal i zed pressure, and animals cannot understand that
t hey shoul d not mani pul at e24-t he sutures. Thus, barbed
sutures should hel p obviate the problem of an ani nmal
diametdF®D, BetAkh B RUbEIRD, B dub LR S irali
04 oo ea e L O e B8, ey oot St F?’éﬁ?rr’sé%@{/e@fseuﬁhﬁymgb
o, cut-ont deprgssidroChpanidenhinah® of icuieow depleyslo@none bar bed
tures was . efficaci ous when conpared to the size 2-0
QR sscificaliy, severabanit b s Rle Bl barbed suiures weee magufactured
from mB|HAnERABI LOTESy HPRARE tn Myt E 8 yielifer o Bodik Bt fen
(about ¥y twhieh e shigitlymote thnothe P8PRquirementifodi §ig€0ispiiktic
a@g’(s_ (‘)l;t multiple spiral suture 70, the. portion of |
absorbablesyfuge)y dach symrccsentancd Brlpsbyingadueedin 2 saparsa velpletspiral
puten o i A RSB B G, ey
were dividedmty 8 Idfagiong wiith@ér terisaindtaadiote nebupAvith/B9 Barbhlidach group
.vaéeiS%ti on, %E% bar bed suture would be inserted into
opposing;thediechiop Rt s ofhis SFUPdFomdNs fRProx el muldiapfithe swss- iFach
. Q- t ; | . = :
suture vl B0G0 MBCRRNERU 7S k) 108 3o ARu2poifion 308 abdn 3inbhes
(about 7ésuey pEthesuturhaitd cofitainduiethe 78byrbs ¢ha? wees tdcamsd witd the suture

tamen? BT s B i e i

end werd o anBRbdd HISpoMidy B Rl Hif et iar %e?@éacﬁ 'ﬁgoutb?i'ﬁghes
h d thus, i1f a

so on (not shown), an , IT aportion o rbs is
(about 5} gnm) kewigh depheding v the stitrlingtevhmique, ondoskoth andssofahebarbed

o R P 5 e R0

-straight 6f cudvdibidedk, sut ure having a twist cut, nmultiple spiral

- di s(i)ositi on is that such a barbed suture affords
Ipordes to opuprierivs) the eepfigapriion|af byrba $ 1 conPptestZowmn (1@ cagom

: e r.oed suture. e _feason i at 1h
microsc G B bom AR PR R ME Wiised BeclBE S aleR Boipd ifee
camera ifordand schiat salested BADNE] SUCIES My E fidatfbnIt&6 8RUHEF the left and
- groups of barbs, which tends to 20 provide inproved

right grojR%hor i ng when the suture is in tissue. This feature

11 GEREEAAL R Pl PR A8 A 2D e o

- barbs antl fesn dfe right igsmipasf barhs onlihd sapenit@e) thaf wee n®ledE ¢ of cut

force.is g)esirabl e. Wth reference now to Figure 7A,

Jteb reangled wes eatred framthe e of thegwt to the
outer sufite he ﬂaﬁwa Ui, ﬁp ghg%eg;ﬂ @%vag,;m&ls&%ﬁ | Yong RGeSO

on el ongate

- from the outer surface of barbed suture 80 toward longitudinal axis A of barbed suture 80.

_The measurements enabled cut length L to be calculated using the following formula.

L =D/{Sin (180 - 6)}

Also, angle ¢ of spirality was measured micrdscopit:élly on various barbed sutures 80 -
as follows. When the twisted suture filament is gripped by the vise during cutting of barbs

81, the vise leaves a very light mark designated as line M impressed on the suture filament.
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25 generally civrcul ar cross section. Each barb 81 has

barb tip M Shown are suture longitudinal. axis A
WO2004/038703i anet er SD, barb length L, barb cut depi/bsidgs/io3osss

barb cut angle 0, cut distance P, spirality angle a,

cut-out depression CD, and tip T of cut-out depression

CD. Figure 7B is the sectielal side view as

illustrated in Figure 7A, but rotated and clanped to

- Thus, ling Yhwilhbe panabel 16 the Iongitudinakexis of thet Vise while the SwiskdsuRire

e SR o SRR i

filameft) thendineMican b QbteAnHAd ikt # bd 015551{@&&9 xiﬁccﬂﬁe%ﬁgﬂmg 8o
section in order to show nore detal W respe 0
respective teggifus JUolzhe bvo sifccesaivesuBtutdepreasivhs CBUEf hesuture body 82

from (ARt Ptisiuhocsnss b i, reepiipaioh wim . when barbed
suture 801idreldabedRBhhdyisd M PR Wist@NY BaCuinid %g%iesc’ ggéc}q&rﬁjm M

~ spirality angle a, cut-out depression
spiralstagrsyfuse body 82 around barbedimpuresidi, form@iy ardds & of spirality.

S ecllé.{‘-}i ally, several twist cut, nultiple spiral, )
oS aﬁlﬁf?fr"é%as}}%ﬁgesmlﬁht)f%?ébe Gpanomclin casion: icroscope
was se Rt gnE B0 NEGPHRRE LIRS R s T endPRG 101 g itiobing

analysisisgsterhisoftivar wmba.egﬁmis Bfigld oS #ahBn MRGRES Hé&w,
absorbabl e suture). Each gut%re contai ned 78 bar g%ntheouter

‘surface of; the herbedisytireand ding Mt Theraverage wasspilowied foatl Oeepeated

e e, of suture. Since_.th |
measu SRS K0 (e B BF R0 pd o romy i ot b og the same
suture)l eft group with 39 barbs and a right group with 39

opposi ng the direction of the other

bs, h
gﬁ%aﬁaarl?%%m%é%ﬁﬁes Squateddn gitwipting devich withione end ofsitiwe 80

) ' t 17 | .. Th
clampelin 54 oo b BB AT Gh g o v

81 were hligredt INemt am Harbed e, longittBnilaubaistahied P Betfwen two adjacent
scar ped thQ the suture filanent. Extendi ng beyond

barbs 87 3¢S sheasure Eegroscapiqelly belyesn the v osemectve teowmud Teofdhe two.
| i . . t
e 5 A AT ST T

successive hals §loribhe Depren dian galoulateddorst0 tephitadmeamibdthente(s BOR thé
th en of the parbed 15 suture may be

left g""@% PO FHY 35558 the ‘é‘&ﬁta%“R Pébaag% & the $ame suiBre)i nt o
(The Sésglts 6 sTRNEREPI BEFcHowihE FROBL 78T 7SIy aflanped! e
In order to characterize the Configuration’of barbs
81, an Optem Zoom 100 custom m croscope W th both
ring and back I&gﬁghgﬁiswagguaeg toggt her with a CCD
brand video ca 55 re sel ected barbs
81 at x21.5 magnification fromeach of. the Igfdo &9, L. or
20 right groups. The average was cal culated Tor 10 ~

repeated nmeasurenents (5 fromthe |eft groBm@vefSuture

Measurement Units Left . Right Diameter (0.457 mm)
cut angle 6 degrees 156 +-2 157+1 not applicable

cut depth D mm 0.15+0.02 0.16+0.04 0.35

cut length L mm 036+0.03 0.40+0.10 0.87

cut distance P mm 0.90+0.17 0.88+0.15 1.92
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barbs and 5 fromthe right group of barbs on the sane

suture) that were made for each of cut ‘angle 0 and
woeo/0demsh D. Barb cut angle 0 was neasured f rEQm/USE®03/030666

surface of the cut to the outer surface of barbed

suture 80. Barb cut depth D was ndasured al ong a

per pendi cul ar 25 fromthe 86ter surface of barbed

suture 80 toward | ongitudinal axis A of barbed suture

80: The measur ement slabledTB ésize Othatbedgiithre) t 0 be

cal cul ated using the follow ng fornula.

L=D/ { Si n(180-0)} 30 Al'so, angle a of spiral ity Baioof D. L, or

measured m croscopically on various barbed sutur _
as follows. Wen the twisted suture filament is BbvéSumre

Measugmiepbed by Wi vi se diwerape cut tStagded Desiation SDianieh® (0.457 mm)
¢ g¥ eIeavesaveryllg‘Cst mar k designated as line M
cutan en%r essed d§g®€Re suturllfi| anent. W3-64b4/ 0307080t applicable
cut depfh@d/ US2003/ 30666 - 25 Jhus, line M 4% véwﬂ} be parall e(i%,é
S

to the longitudinal axi's of the vise ile the tw

cut ]enghri_ure filmment is bd4p held in thepag se. If thegoy
t di does not leave a |ight mark on the suture
ca ‘St?’?cle - 8n |ine MEMR be deterni®d® in that it 2%

|t ne c ting the t espective : .

Splraht)?g{rgg"% hﬁﬁs %ogre%%we t\/\ooiyshﬁ%’cesgl ve cuﬂo%%{ dgpr et gpplicable

CD left in suture body 82 5 fromthe escarpnent of two

successi ve barbs 81. After cuttr ng of barbs 81, when C*

barbed suture 80 isIpkledfs '

untwi sted so that suture 80 lies free t hen Illee MfDL

spirals on suture body 82 around barbed sutur or

form ng angle a of spirality. Specifically for pgver Suture

nmeasuri ng ﬁpr rality angle a, the t em Zoom 100 cusStom
Measurement o copeUlifss set Avemes| néﬂs!g&@gm 6OWM
cut angllaleghtl ng af.d9arse 12;and fine é%?OAI so, imagi %F %ppelgcable

anal ysi s system software was us Spirality a
cut depthd® t hen nmasured bet waes the ogipgs O surface of phs

t@r_bed suture and |ine The average was cal cul at ed
cut lengfile 10 . ep®Hi ed rreasﬁﬂé?rents (860#4omthe left grobP3
cut distafke par bs 5 fromt 7k ght of barbs on th

° sa?re sut 31?1e Then, ed sutg(lﬁj:ig?SO was nount ed ?‘r]r3

spiralitytangleta ng d&grraee V\/Ith19893 end of gspgure 80 15 ghedPRGicable
in a fixed position. The other end of suture 80 was

rotated to insert twist until barbs 81 were aligned.

Next on bar bed Sut Urg,p Ign; , al cyt distance P
1 arbe

bet ween two adj acent Sasut

m croscopi cally between the two respectlve t el T, or

of the two successive cut-out depressions e t In

suture body 82 fromthe escarpment of two sudteverSutue

81. 10 d
sl 01, DB 210 e St Ay LS P

cut angld@ om t he rdegfees gr oup 155 bar bs o.39@e sanme sut Ui&)applicable

cut depth D mm 0.186 0.026 041

cut length L mm 0.437 0.039 0.96

cut distance P mm - 0.966 0.071 2.11 .
spirality angle o degrees 1 18.833 2.137 not applicable

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

bi-riircctional twist cut, multiple spiral barbed sutures with a diameter of about 0.018 inch
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The results are sumarized in the follow ng Tables 7A,
7B, 7C, and 7D.” Table 7A (size O barbed suture) Ratio
wWOogk004030205 or 25 P over Suture Measurenent Uni»eT/usitins/ososes

Ri ght D aneter (0.457 nun) cut angle O degrees 156 "2

157 1 not applicable cut depth D nm 0. 15+0. 02 :

0.16+0.04 0.35 cut |ength-27-mm 0. 36+0. 03 0. 40+0. 10

0.87 30 cut distance P nmm 0.90+0.17 0.88+0.15 1.92 WD
(about D& 081 FHSHCGROIAANBE UBPGEGuirerdént Tabd §ze/ Bs{fthaR Msorbable

bed suture) Ratio of D L: or P over Suture
Sm“ref/ea'gl%elﬁjg%ﬁ‘fmlﬁ)?iwaas IR rang dhesstantiasd deviationwesah OBSanet er

b mibatg BT Pyt U0 gl ofiidy Wl g ama
cut distanoerPOvetd pefofdbd i Padditiotil BiditeriiefalRwisi o ﬁﬁﬂj;?e Spidl barbed

. spirality angle a degrees. 20.833 1. 6(’.).2 no ]
Sut“feifpy%q sutiss 80, brphaving @ diapetes jof abont 90138 dnch fabous 022 mmpfwhich is

: 3 repent Units erage
slightl ook 8 g USB oyt bhCior X595 -G Bt bid oSG ang
measunbagneasf s@ﬁﬂlit’a’r-aﬁgl@ dWErePRALIAEDHE2 of tesélS BAGHPhATPafdbed Atures.
0.033 0.45 cut Tength L nm 0.469 0.044 1.03 cut
Also, measuzpmentsrofibartocud a6gl0 61b8b Zenkth Lshirb 2l depttaDgtw distance P, and

oo 19.333 1.506_n appl.icabl e
splrmg%%éﬁeo% were perl%nnec? on 3 acolglitiorefl bi-directional twist cut, multiple spiral

o

‘barbed sutures like sutures 80, but with a diameter of about 0.015 inch (about 0.381 mm,

which is slightly more than the USP requirement for a size 2-0 synthetic absorbable suture).
The results are summarized in the following Tables 7E, 7F, 7G, 7H, 71, and 7J.

Table 7E (size 3-0 barbed suture)

Ratio of D, L., or

P over Suture

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

cut length L. mm 0.443 0.042 1.52

cut distance P mm 0.956 - 0.079 3.27
spirality angle o degrees nottested  not applicable not applicable

Table 7F (size 3-0 barbed suture)
' Ratiocof D. L. or

P over Suture

Measurement Units ; Average Standard Deviation Diameter (0.292 ram)
cut angle 0 degrees 164 2.055 not applicable
cut depth D : mm - - 0.106 0.006 0.36

cut length L. mm 0.395 0.042 | 135

cut distance P mm - 0.959 0.074 3.28

spirality angle o _degrees 7329 0.547 not applicable
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20 Table 7D (gize O barbed suture) Ratio of D, L, or
P over Suture . Measurenent Units Average Standard
wODRewiso706n Di aneter (0.457 nmm 25 cut angl e 0 MEQUSHO3/030666
155 2.390 not applicable cut depth D nmO0.186 0.026
0.41 cut length L nmO0.437 0.039 0.96 cut distance P
mm 0.966 0.071 2.11 spirakgty angle a degrees 18. 833
2.137 not applicable 30 Also, sonme additional
measurenents of angle a were perforned on a few -
addi tional Dbi-directi onal tvvl st cut, nmultiple spiral
barbed sutures with alaj XE: ) bapeegtsu@ré)1 8 i nch WO
2004/ 030705 PCT/ US2003/ 030666 -27 (about 0. 457.
slightly nmore than the USP requirenent for a%@éﬂi@—-—l‘ oF
synthetic absorbable suture). The nmean aver age ¥WaRuture
16. 87 and the standard deviation was + 0.85. ~—

M&E&Ml onal I%ﬁneasuréiﬁ@tﬂ& O&QEMMI digmetonr(0.202 mm)
gth L, rb cut de D, and di stance P were
cut an egl?f or med or?g'f? hddi t | Eﬁ{% bi - di re flonal twi st &@Qtapplicable

cut depfDt i pl e sghmal barbedy gy sut ureggppke sutures. 80,53¢
but having a di aneter of about O. 01915 i nch (about

cut lengh®02 nm whinch is sl &0 y nore0088n the USP 134
rement_for a siz -0 synthetic absorbable

cutChStEﬂ?c(%ul#ir e), aff® neasur emg of spﬁrlggi ty angle a werke34

spiralitPaidlooed QReeOf thesesy additi bar bed sut

pirality s% neasur%l%nents of barb cut agg?g 0, barb leﬁgtf:ﬁ)pkcable

barb cut depth D, cuffablegithiie Ebmds@@allty angl e
a were performed on 3 additional bi-directional_ tw st
cut, nultiple spiral 10 barbed sutures like

80, but with a dianeter of about 0.015 inch (

0.381 mMm which is slightly nore than the US BUr Suture

or

Measuremgnti r enenlUnityr a si Awerded MdaﬂiDev: r bddibmeter (0.381 mm)"

cut gt?%youre) he results gé summr d in the follow n
angirabl es’ 7E, @75*533376 7H] and 7B3%apl e 7E ( si B¢ applicable

cut depthdb bed sut ype) 15 Rat hgs 9 D. L,g P over Suture
pl\/leasurement Units Average St andargigDew ation Di arretoe4r0'

-cut lenglpl.292 ) mm 0.449 0.057 1.18
cut distance P mim 0.944 0.098 ‘ 248
spirality angle o degrees 9.40 - 1.606 not applicable

Table 71 (size 2-0 barbed suture)
Ratioof D. L. or

P over Suture

Measurement Units Average Standard Deviation Diameter (0.381 mm)
cut angle 0 degrees 161.0 1.707 not applicable
cut depth D mm 0.158 0.014 041

cut length L. - mm 0.489 0.054 1.28

cut distance P R | 0.962 0.054 2.52

spirality angle o degrees 796 1.075 not applicable

Table 7J {size 2-0 barbed suture)




cut angle O degrees 166 1.651 not applicable cut
dept h % nn10.187 0.007 0.37 20 cut length, L nm 0.443
0.042 1.52 cut distance P nm 0. 956 0.079 3.27. Q4
spirality angle a degrees not tested not applicable.
not applicable Table 7F (size 3-0 barbed suture) 25
Ratio of D, L, or P over Suture Measurenent Units
Average Standard Deviation-ZFameter (0.292 mm) cut
angl e 0 degrees 164 2.055 not applicable cut depth D
nm 0. 106 0. 006 0.36 30 cut length L gn;g.SQS_RhﬁaﬁfIyl,or
1.35 cut distance P nm 0: 959 0.074 3. spirality
angl e a degrees 7.329 0.547 not applicable V[)?QXQEBEQE
MeasubéHehit 030 70Ul |S200344300 O 8tanuard AR Bn | i fer f0.581 mm)
bar bed suture) Ratio © , L, or P over Su :
cut anglp Bsur enentdegriess Aver 4gbOSt andarlds0Bevi at i on Di agekgplicable
grees 165 1. 031 not

cut angle
> Cutdeé% ?ﬁam o, ¢ degth It 0. 104 991309 0.36 cut | eyt
cut lenjthn 0. 390 Rm035 1. 34 ggyh di stapgggP nm 0. 975 0. 103,,
3.34 10. spirality angle a degrees /.258 0.636 not -
cut distapes Pcabl e mmapl e 7H (@»92%/92-0 bﬂﬂ]ﬂ?durs]y:grizle?zggcz,sﬁ‘
T ver Sutur, asurenen | )
spzrahtgiaglglgé)?g Dg:\EiEE% on Di a&ré%er (0.384%m) 15 cut anef applicable
degrees 160.2 1.320 not applicable cut depth D mm
0. 152 0.019 0.40

1o

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
15  tested barbed sutures, except that these other barbed sutures were cut with a different cutting
machine, namely a machine with one blade that moved longitudinally along the twisted
filament between cutting strokes and that was controlled with a computer to make the various
cuts for the escarpment of the barbs. These other barbed sutures were also tested for straight
pull tensile strength' and for chamois clbth closure strength. (A discussion of how chamois
20  cloth closure strength is performed can be seen below in connection with Figures 13A and
(‘ 13B.) The results for these other barbed sutures are summarized in the following Tables 7K
-7Z.

Table 7K (size O barbed suture)

Ratioof D, L. or

25 . P over Suture
Measurement - Units Average Standard Deviation Diameter (0.457 mm)
cut angle 0 degrees 152.6 0.718 not applicable
cut depth D mm 0.221 - 0.011 048
cut length L. mm 0479 0022 | 1.05

30 cutdistance P mm 0.784 0.015 _ L71
spirality angle o degrees 12.9 0.453 not applicable

DURI\323866_1
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cut length L nmO0.449 0.057 1.18 cut distance P nm
0.944 0.098 248 spirality angle a degrees 9.40 1.606
not applicable 20 Table 71 (size 2-0 barbed suture)
Ratio of D. L, or P over Suture Measurenment Units
Average Standard Deviation D aneter (0.381 mm 25 cut
angle O degrees 161.0 1.707 not applicable cut depth
D mm 0. 158 0.014 0.41 cut &gth L nm 0.489 0.054 1.28
. cut distance P nm 0.962 0.054 2.52 wspirality angle a
degrees 7.96 1.075 not applicable 30 Table 7J (size

2-0 barbed suturg),.-29 Ratjo of D. L, or P over
Suture Measur embfEekisize Qparbed sitaged ndar d Devi at i on

D aneter (0.381 nun) cut agl e degr ees 161.,§ }30' iﬁ L or
not applicable 5 cut depth D nm 0.154 0.017 O.
. length L mMmm 0.474 0.058 1.24 cut distance P nPo@rSatre
2.55 spirality angle a rees 6.53 1.755 not
——-—apMeaS"Qe”g?q—‘?cabl o Ut ifvenaes, wer e peldiameiar(0.457 mm)

cut angl@gsever al E §32 5t cut, gaybtiple spiral, barbed.
sutures manutractured from nonofilanent spun fro tgp&cable

cut degty Dy di oxandnm and0Bd&i ng a Odildneter of about 0.01.47
i agh (about 0. 457 which is slightly nore than the
cutlen@ﬁg‘ requi réfent Q'ggga Si zeo{ﬁéynt heti c absor babl e 1.02
cut distitiéd P €) - andpfhhus @gim | ar togighs above-described 15 6
. _tested barbed sutures, except that these other bar eg 7
spirality gngle@s wedegees 1d.2h a dif084@nt cutting machiopspplicable
nanmely a machine with one bl ade that noved ‘
| ongitudinally along the twsted

Table TM (size 0 barbed suture )-

Rati_o of DL, or

P over Suture
- Measurement Units  Average Standard Deviation  Diameter (0.457 mm)
cut angle 6 degrees 152.3 0.576 | not applicable
cut depth D mm 0227 0.015 0.50
cut lengthL. mm 0.489 0.034 1.07
cut distance P mm 0.796 0.018 1.74
spirality angle o degrees 13.1 0.193 not applicable

Table 7N (size 0 barbed suture)

Ratio of D, L. or
. P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457 mm)

cut angle & degrees 152.8 0.612 not applicable
cut depth D mm 0.207 0.007 045
cut length L mm 0453 0.016 ' 0.99
cut distance P mm 0.798 0.017 1.75
spirality angle o degrees 13.6 0.560 not applicable

DUR1\323866_ 1



filament between cutting strokes and that was
controlled with a conputer to make the various cuts
for the escarpnent of the barbs. These ot Her barbed
sutures were also tested for straight pull tensile
strength and for chanmpis cloth closure strength. (A

di scussi on of how chanbis 20 cloth closure strength is
performed can be seen bel oli-n connection with Figures
13A and 13B.) The results for these other barbed
sutures are summarized in the follow ng Tables 7K -
7Z. Table 7K (size O barbed suture) Ratio of D. L. or
25 P over Suture Measurenent Units Average Standard
Devi ation Di ametggpé b gl e O degrees
152.6 0.718 not app IEE LS LS s
0.48 cut length L nmO0.479 0.022 1.05 30 cutRatioofD,L, or

di stance P nm 0.784 0.015 1.71 spirality angle_a
degrees 12.9 0.453 not applicable DURR323866 Roverduture

Measufahde 7L (sUgies O hathapd Selndb@)D&AMk of D L ihetef( )
over Suture 5 Nbasurenent_mm%ge St andD1 etefo.457m_m
cutangle i at i on Dlegmss ed52.9. 457 ni49 cut angl e 0 degi@asplicable

P
4 0.947 not a i cabl e cut. depth D nmm 0.216 0.014
cutde%]?% cut '8yt h @%ﬁn 0. 465%6).1@4 1.02 cut distand4lP
cutlenpiNI0. 774 0./845 1.6913 spiral pigapangl e a degrees 13. %
?si ze 0 barbed suture

. 0.349 not applicable Table 7M
cutdistaneg B of Dmmn, or0.785 P oveP.08dture Measurement Ui

.. Aver St apdard iation Di_ameter (0.457 mm cut
Sp]rah@r?gglg%g deé{;grggs 1 é/3 0. 5768:439 appl i cabl e not applicable

Table 7P (size 0 barbed suture)

Ratio of D, L, or
Pover Suture

Measurement Units Average Standard Deviation Diameter (0.457 mm)

cut angle 0 degrees 153.1 0.655 not applicable

cut depth D mm 0.204 0.007 . 045

cut length L mm 0.451 0.019 0.99

cut distance P mm 0.792 0.018 1.73

spirality angle o degrees 13.6 0410 not applicable

Table 70 (size 0 barbed suture)

Ratio of D, L, or

P over Suture
Measurement  Units Average Standard Deviation Diameter (0.457 mm)
cut angle 6 degrees 163.1 0.505 not applicable
cut depth D mm 0.245 0.013 : 0.54
cut length L mm 0.842 0.045 1.84
cut distance P mm 0.774 0.009 1.69

DURI323866_1



cut depth D nun 0.227 0.015 0.50 <cut length L mm
0.489 0.034 1,07 20 cut distance P nm 0.796 0.018
1.74 splrallty angl e a degrees 13.1 0. 193 not
applicable Table 7N (size O barbed suture) 25 Ratio
of D, L,:or P over Suture Measurenent Units Average
Standard Deviation Dianeter (0.457 mm cut angle O
degrees 152.8 0.612 not apf2icable cut depth D nm
0.207 0.007 0.45 30 cut length L nm 0.453 0.016 0.99
spiraligyanglit @t ancdegleenml0.8798 0. 010/44D. 75 spiral ity angl pBeable
degrees 13.6 0.560 not applicable DURIX323866_ 1 -gl-
Table 70 (size O barbed suture) Ratio of D, L, or 5. P
over Suture Measurenment Units Average Standard :
Devi ati on D aneter (0.457 n'rr) cut angle O degrees
- 152. 9. 0. 549 not Tabjd TR fize0 barbediambde) D nm 0. 188 0. 016
0.41 «cut length L ™M 0. 413 O. 030 0.90 O cut _distance
P mmo0.787 0.024 1.72 spirality angle a degre L, or
0. 270 not appl icable Table 7P (size 0 barbed Ps#}gusge
15 Ratio of D. L, or' P over Suture Measure
M‘?w&ge St dindtsr d Awsrige i Standudieviation 0. 457 MDiangétér (0.457 mm)

le O degyees 0. 655 appl i cabl e cut depth D
cutandhfB )%, 0, % 0 Yeigee %.l@- 20 cut l'ﬁgﬁgth L mm 0. 451 w06 2pplicable

cut depth 9O mm 0.233 0.017 ' 0.51

“cut length L mm . 0721 0.035 1.58

cut distance P mmn 0.773 0.010 1.69
degrees 12.6 0.189 not applicable

spirality angle o

Table 78 (size 0 barbed suture)

Ratio of D,k or
P over Suture

20

25

30

Table 7T (size 0 barbed suture)

Measurement Units Average Standard Deviation Diameter (' 0.457 mm)

cut angle @ degrees 160.9 0.708 not applicable

cut depth D mm 0.240 0.014 0.52
~cutlengthL mm 0.734 0.037 1.61

_cut distance P min 0.774 0;009 1.69

spirality angle o degrees 13.6 0.312 not applicable

Ratio of D, L, or

P over Suture

Measurement Units Avgrag'e Standard Deviation Diameter (0.457 mm)
cut angle @ degrees ' 154.6 1.434 not applicable

cut depth D mm 0.210 0.009 0.46

cut length L mm 0.492 0.026 1.08

DURI\323866_ 1
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cut distance P nmO0.792 0.018 1.73 spirality angle a
degrees 13. 6 0}410 not applicable 25 Tabrg 70 (size O
barbed suture)’ Ratio of D, L, or P over.Suture
Measurenent Units Average Standard Devi ation Di aneter
(0.457 mm cut angle O degrees.163.1 0.505 not
appl i cable 30 cut depth D nmm 0.245 0.013 0.54 cut
length L nm 0.842 0.045 1. &3- cut distance P mm 0. 774
0.009 1.69 DW11323866_ | -32- spirality angle a

Cﬂtdlﬂ@gneé’es 10. 80, 449.538t appl i@Ot e Table 7R (size 0 118
P over Suture

d suture io of D.L,or

Spmh%é rrentd‘flg‘i?‘is Rgx\?erage sth#ar d Devi ati on Di anieapplicable
(0.457 mm cut angle O degrees 161.1 1.126 not
applicable cut depth D nm0.233 0.017 0:51 10 cut
length L mm 0.721 0.035 1.58 cut distance P nun 0.773
0.010 1.69 spir.llt, angl e. a degrees 12.6 0.189 not
appl i cabl e 15 Tab? pige Y fahed sUMEd sut ure) Rati o of
D, L, or P over Suture Measurenment Units Av D.L or
Standard Deviation Dianmeter (0.457 mm cut aﬁ%M—'~
degrees 160.9 0.708 not applicable 20 cut deptpotriSRture

0.014.0. 52 ,cut SEE m’nO7340037161
Measu?e;ﬁ gl st an tiodj r g i t y Digmpeter (9.457 mm)

cut anglggrees 13 -cﬁgﬂae@ 1?52.‘9t appl b%?l € not applicable
cut depth D mm 0.212 0.014 0.46
cut length L mm 0464 0.026 1.01
cut distance P mm 0.530 0.015 1.16
spirality angle o degrees 13.7 0.411 not applicable

Table 7V (size 0 barbed suture)

Ratioof D, L. or
P over Suture

Measurement  Units Average Standard Deviation Diameter (0.457 mm)
cut angle 6 degrees 1534 0.903 not applicable

cut depth D mm 0.221 0.010 0.48

cut length L. mm 0.495 0.023 : 1.08

cutdistanceP  mm  0.537 0.012 1.17

spirality angle o degrees 13.9 0.605 not applicable

Table TW ( siie 0 barbed suture)

Ratioof D, 1. or
P over Suture

Measurement Units  Average Standard Deviation . Diameter (0.457 mm)
cut angle 0 degrees 155.2 0.829 ' not applicable
cut depth D mm 0.202 0.008 - 044

DUR1\323866_ 1




25 Table 7T (size O barbed suture) Ratio of D. L. or
P over Suture.yMeasurement Units Average -Standard
Devi ation Di aréter (0.457 m) 30 cut angl & 0 degrees
154.6 1.434 not applicable cut depth D nm 0.210 0. 009
0.46 cut length L nmO0.492 0.026 1.08 DURI\ 323866 |
-33- cut distance P nm0.538 0.011 1.18 spirality
: angl e a degrees 12.3 0.223-3et applicable 5 Table 7U
e 0 barbed suture) Ratio of D. L, or P over
cut let Err Mea B ene483ni t s A\Ké@h’tge St andar d Devi at i ono6

cut disgheept er (0 7 m(§)78 cut an 0 degrees 152.9 0.809
not applicable 10 cuf depth 0.212 0.014 O. 46

splraht)emglduL midéprés4 10,6026 1. 0l 3ut di stance P Z’Eﬁcable
-0.015 1.16 spirality angle a degrees 13.7 O. 4
applicable 15 Table 7V (size 0 barbed suture) Ratio
of DO L, or P over Suture Measurenent Units Average
St andard Devi ation D anmeter (0.457 nm 20 Qut angle O
degrees 153.4 0.Pdk 70 sz@@@bb&é@hﬁure ut depth D nm
0.221 0.010 0:48 cut Iengt 5 0.023 1.08 cut

di stance P nm 0.537 0.012 1. 17 Spl rality anglRatia of D, L. or

degrees 13.9 0. 605 not applicable P over Suture
Measurement Units Average Standard Deviation Diameter (0.457 mm)
cut angle 0 degrees 155.5 0.799' not applicable
cutdepthD mm 0.200 0.010 0.44
cut length L mm 0.484 0.027 -1.06
cut distance P mm 0.798 0.017 1.75
spirality angle o degrees 11.8 0.362 not applicable

Table 7Y (size O barbed suture)

Ratio of D, L. or

P over Suture

Measurement Units  Average Standard Deviation Diameter (0.457 mm)
cut angle 0 degrees 155.4 0.560 not applicable
cutdepth D mm 0.196 0.008 0.43
cut length L mm 0.471 0.017 1.03
cut distance P mm 0.799 0.019 1.75
spirality angle o degrees 11.8 0.496 not applicable
Table 77
Barbed Suture Straight Pull Strength Chamois Cloth Closure Strength
| {pounds) (pounds to rupture)
Sample 1 7.29 11.23

DURIN323866_ 1
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25 Table 7W ((size O barbed suture) Ratio of D. L, or
P over Suture-30 Measurenent Units Average Standard
WODRei0106n D aneter (0.457 nm) cut angle 0 deqTeEEs2003/030666

155.2 0.829 not applicable cut depth D nm0.202 0.008 -

0.44 DUR1\ 323866 1 -34- cut length L nmO0.483 0.017

1.06 cut distance P nm0.889 0.031 1.73 spirality

angl e a degrees 12.6 0.328 not applicable 5 Table 7X
(Tableg dkze7M) bar bed suture) Ratio of D. SL,_ gr- dPng_ert_

Syture Measurenent Upits Average Standar viation
Sampled - et er (0. 457 mm) 1%17 ut -angl e 0 degrees 15515149, 799 -

S9N apwl i cabl e cut depth D nm 0.200 0.010 0.44 cut 7
CI‘ablel ength’'L nm 0.484 0.027 1.06 cut distance P nm 0. 798
Sampl®3017 1.75 spirality8.dngl e a degrees 11.8 0.3%22no0t -

@Ii ble 15 Table 7Y (size O barbed suture ) Ratio
(Tables(a)? D, , or P over Suture 20 Measurenent Units

Sampléwer age St andard Deviggg on Di aneter (0.457 mng%,;ut

angl e 0 degrees 155.4 0.560 not applicable cut”Gepth D
(Tableﬁage.%(a 0.008 0.43 cut length L nmO0.471,0.017 1.03

Sample 5 7.69 : 9.97
(Tables TW ~7Y)

Although ali the above-noted measurement\s were performed on bi-directional, twist
cut, multiple spiral barbed sutures, the below-noted desirable ran ges for measurements for .
barb length L, barb cut depth D, barb cut angle 8, and/or cut distance P should be the same
for the various other inventive barbed sutures described here.

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

Regardless, length L may be desirably varied depending on the intended end use,
since larger barbs are more suitable for Joining certain types of tissue such as fat tissue of 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 a2 combination of large, medium, and/or small
barbs disposed on the samé suture will be desirable, for instance, when the barbed suture is

employed in tissue that has differing layer structures.
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cut distance P.nm0.799 0.019 1.75 25 spirality angle

a degrees 11.8 0.496 not applicable Table 7Z 30
WORHMASHOSuUt ure Straight Pull Strength Chanois FUTOU$2003/030666

Closure Strength (Rounds (pounds to rupture) Sanple

1 7.29 11.23 DURI U23866_ 1 WD 2004/ 030705

PCT/ [ JS2003/ 030666 -35- (-F&bles 7K- 7M Sanple 2 8.73

12.14 Tables 7N - 7P) Sanple 3 8.5 9.22 5 (Tabl es

feytanglep fonned ketwed e bartnd thTelohgated a’utureMP( Sesipdby Wrould

e g0y B Dot ke e by o o

ove-n

eedi i i [ i ral Jharbed o~

S et 2 sgrrst The maMproPHAl bl bt [ g B SEnges from

about 1562 tuabenet0s. for barb length L, barb cut depth D, .

rb cut angle 0, and/or cut distance P should be the ’
E"gﬁelstaﬁsea fierra paldiozanione barbed sutuierwith & idieendbardfetiout 0.018 inch

o . h , [ , atio qof cut |length
oo 451553, H0RR YT e Al
absorbable suaire uf size 0)6E PrefrRIdtza lensfil O WARPH 0.95 %uhg:gg gfe%ned barb

en. nore preferably fromabout 0.8 to

depth D}Wéﬁldfﬁ\é\%@m; apd the prefierrat barbisat bagle mlﬂl&glim%egrag% a
i . a e
Bkt dpins TRV Ry Ty Bttt el rendioh wegoat of

fro out ! .
creating dsendmydtinelss aspossiblb labng hdaftbreChRVid bifddtof ke %iﬁﬁr%ef t88 barbed

~of harh tip 85 above suture body 82) to the sut _ _ (_\!
suture to puchor gssuehvhile, maiiainingifisgmgss: § atospaviod farther dpavm, tissue-

: anchoﬂlii%céﬁﬂeiw d&re?as?]s( Meﬁh(ﬁgsﬁaifr?gﬁ)%fﬁ%%p%S?g g)%scgc!?s?:;%tp Iéf?t?%l{quy(syf the

e ‘sane as the bar
filamentofay be jedpptiized wiscibaslid thadud dftighdency 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
barbed suture diameter SD from about 1.5 down to about 0.2, whereby cut distance P may be
as Jow as about 0.1, particularly for the overlapping barb embodiment, which is discussed in
more detail below vis-a-vis Figures 124, 12B, IZC, and 12D.

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

Turning now to Figure 8, shown is suture 90, which is another embodiment of thé i
present invention. Suture 90 includes elongated body 92 that is generally circular in cross
section. Elongated body 92 terminates in first and second pdinted ends 94, 96 for penetrating
tissue. It is contemplated that one or both ends 94, 96 may comprise a surgical needle (not
shown) for insertion into tissue. Additionally, suture 90 inciudes plurality of cloSely spaced

H

barbs 97 arranged in a random disposition.
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di ameter SD ranges from about 0.05 to about. 0.6, nore
preferably fromabout 0.1 to about 0.55, even nore
WOZVBHIHS vy from about 0.2 to about 0.5. 25 ReBEFHE93030666
length L nay be desirably varied dependi ng on the '
i ntended end use, since larger barbs are nore
suitable for joining certatdl-types of tissue such as
fat tissue or soft tissue, whereas smaller barbs are '
noviaredld mapbemade withithé srnatutting nyghene af tht iabswediscussdd sutures,
Lhroys. tissue.  As _di scussed, in. e detail bel ow
such o e culdlaQtFich (P& B i e B0V e Al Bl 0DfiuBaade Genova et
al. Withesmbiaativag bf gRbogedasc® b fort IHa R0 UL R dispositi
| arge, nedi um and/ or snal&lih}g%fogka?oggnﬁél g%ggbg{r%’ éilsposmon
(sutures Jork0)% thed28 dgerer chsposison (atires 30, d0), iandhoatiecrwisscanmihiple spiral

ol RBAAL 7, 6 bR BB S S 545 B isposicon s
obtainCTTHISA0RRITROranddh BifosiDE eyl hORIERY S AR LR a.
bl'y

.barb and the el ongated suture body desir
superigr gRehormg dntisgyes end thos adigrdsuperiar vabhmdtholdibg gapenizs, With the

 randonafosMi S o R i3 3 e i g Bvgreo dovice,

such asthht shawhdn thenese-homU.8PPiknt K08 348 308 9 Ruf’00 - 5
Sﬁr i nstance, for a polydi oxanone barbed suture with a
|

Khimeard terFiguye G shovonis asactional siiroviewf Aaibedrturaus; fvhich is
i i bt .t he, USP i t f
mothl Sn ot 35080 e Sy 165 400 B eBpretoy 10

synthetic

of genepalhyxitcalg tivs sastivh.d Ak, Butde 109 8adiSH b B i i
2 mm and the Ijigl)ref e?ltr’ed gggﬁlgfﬂw(ﬁ

depth. D d_be 0.

°1°Selyéﬁ&°a b@&?\éﬁ §J7-b€a<§5@ara 487 basa barb sgatigiaaticn such sledtbgrb underside
. i ffected with.th
108 is SBREEEF ol O ool 1R 0T bt B aftpibief g

goal L ; : s
penetratingtissut andit iscwhtéraplatetialedt @he diNbdth enayokrigriée afsubdiSil needle {not
ure to anchor tissues while maintaini ng

Shown)?aribed. sut ul _
PN I bSSUE s are spaced farther apart, tissue:
. 0o _ . T b

S%@IOUE??%‘&HE Wit ehd ﬁﬁ?&% y mgﬁ?{?{;ﬁ%feiste(ﬁ% hb(%\ﬁ-tﬁaﬁﬁryﬁised

are spaced too close, the inte
sutures,iphigh #scthf euifing devieeldesstibedhinabeihtshvk gt d Serial NeN09943.795 to

t r eel back apd.  alsq to a decrease in
(_“1%e3novaseu?ll.J ?%‘ar?iﬂ’gﬁwp ng sergat Wcﬂ@gied&%é? aghigved bysvibrating er oscillating
the cuttingtbladeObf i buitkhs denes wheh 8: inps '

rgnges f r_omuab%ut 0.1 fogggggﬁ%%f no?ﬁersgc?ierﬁgrﬁ}aq{{))‘/i?%fa
monofilpmgnt dtis intensled thas any ofithedathed eviaresmfities preadne irfehgiof s0m

described p..Very syitabl e barbed sutures

escribHAK mby RadebaPNSWAn 4o lfinonha iBThdes Aheraied o gbivested

undersiddi amet er SD from about 1.5 down to about 0.2, whereby
gL dfl stance P may be as |low as about 0.1,

@u_ fYETPes P fQ)FlgPF‘F‘é 19031 B depitied in Bightell (Aris a perspective
view andBgidted i BbReUBBAT a't0h view of barbed sutare 1 10, which is another
embodiment of the present invention. Suture 110 includes elon gated suture body 112 of
generally circular cross section. Also, suture body 112 has disposed on it a plurality of
closely spaced barbs 115 having barb tips 117 (one barb 115 is shown for purposes of
breyity). Barb 115 has a configuration with an arcuate base 119 where barb 115 is attached
to suture body 112. One or both suture ends (not shown) are pointed for penetrating tissue
and it is contemplated that one or both may comprise a surgical needle (not shown) for

insertion into tissue.
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20 nore detail below vis-a-vis Figures 12A, 12B, 12C,

and 12D. Additionally, spirality angle a forned
WOR804/838705 i ne M and the | ongitudinal directi onPCDUS1008030666

el ongated suture body for a twist cut, nultiple spiral

barbed suture typically would range from about 5

degrees to about 25 degrees38-nore preferably from

about 7 degrees to about 21 degrees. The npst

pFigriss 16€ and JOB are bross-atdtioha viesvsaespctivilg biditine 10C — 10C and
about 10 to about

: | t,hRl I 25, bar S re is
line 10f3~ 1?”?&%@@%3@% lwagﬁéa@' 103 6w ef §lagify thag batd: 115heeimes
narrowes gaing ek bA&RNADiHRAa thf 1ihe  present invention,

Suture 90 includes el origated body 92 that is generally

cPuwigi 140 may berwsde withe thel same chiting gadcbihehedye Sve-discussed
second _poi nted ends 94, 96 for

el L I R I R N

-Genovhet 4. §0Gghidde bAS T8 hatRERISE HsSH ) h%?ﬁt@ﬁ?%%%%%}g 8}'0vided

... 30 shown) for insertion”into tissu€.
with cufting pladesovitinendsdbas apd eoredspandinely alcaste hittsieaget to hauddSbase
119. 97 arranged in a random di sposition. WD 2004/030705

" PCT/ US2003/ 030666 -37 Suture 90 may be nade with the
deiventenddditha 2% O tHeSattedishRIraRR Vs i ,
such as the cag?ti ng devi ce aegxﬁ%ﬁﬁﬁﬁﬁgugﬁw&%gﬂbmhwﬁ

may hayp bebs motheropéigheationithat dBh@ldSary A3uste been OMig Btuat@base should
escri bed _met hods for

(: inations of .the_ abave-
enhancfbishe SRR o5 2ned 14 O Shear Give. (Repess 1 1o neylosired for
the bas¢ tebelaiftutte 0F 66alwhieR Sidul @i
the twi :t cut nultiple s%{éﬁlglﬁf}%“é"i% g}?’g@?}iﬂ?g‘?}b?%ﬁ%?‘{eﬂs‘ could
decreas&é‘,ssu?@,nc@mﬂ,g- barbed suture 90 with a very random barb
i | i i 1S: ai ned. The adyant age of the random
hSER) il 15 AR o S LR A35 L
embodimepiofithe preah divengon, Andies i&ﬁ%%né&aﬂy Hgéignﬁgécf 8 oS WRaLL 950
Wth the random

. und hol dj ng properties. V
'“C‘“de%'g‘gwé? bagty l%ﬁﬁbatb%\g@@mlbamuler inoarbss seetiom sElohgated bady 122
<t i it j ' Vi C such as. that shown
erminalc S50 194 RSB RA Sgs D08 W RTR t
end 124m0ayianhprise ganebitad neddle! (ot Shoval) B inéettion 5126 tib@RAITR Sfer end
is not sShAWEW. O bar bed suture 100, which is Ca anot he’r _
hO{E Biichalse ™3y be Reinrdion Renciraling fissum andsmay compeise a surgical

need]efbﬂﬁdn@ﬁlgﬁngeﬂis@ﬁ&?t ed suture body 102 of generally
circular cross” section. Al so, suture body 102 has

Alsesoawe 13hincludes plwatity bf gloely spababdris ST GRckakid W Slosely

_ 7..~Each, harh, 107 .has a barb confi gurati on such that
spaced (R 2 Rl SOy Gurtlivets 190. bk are relatinglpsmall in
si ithh @ tdlatBidl t ' i i
size wi YHHOrtHAES leh SR as SoRpaLd & ﬁarﬂsol?fa?\gxaélf%rgtjrélg%\éel%r

. __penetrating tissue and it Is contenp
mediumgp sige With agelefively anedivm bgibdengtines dorpgredtto baibewnd, wWikeh are

vl B9 ) QA Fon B0 12 Do, ade Wt che

Suture 120 may be made with the same cutting machine as the above-described
sutures were made, such as the cutting device described m the above-noted Serial No.
09/943,733 to Genova et al. By altering the amount of blade movement during cutting into a
suture filament, then the barb cut Jength is made lon ger or shorter, as desired, to result in each
of the three sets of barbs 125, 127, and 129 being of a sizé different from the others, where

the varying sizes are designed for various surgical applications. The barb size may also vary

-

)
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sutures, suchas the cutting device described in the
above-noted Serial No. 09/943,733 to GCenova et al.
WORBAPH039TF havi ng serrated undersi de 108 i s achPeneEs200§/030666

vibrating or oscillating 20 the cutting bl ades of the ‘
cutting device when barbs are being escarped into the
body of a nmonofilament. 1#%s intended that any of
t he barbed sutures of the present invention as f

in the fraRsYPiSH éueﬁmwﬂaa;ebmmmbass mydyt e shootp ety @t tang, and

regardgdind Bth BRESBicB fs3eto bSOt et st 00 i
FP@nRake, Rldtivel) IRREEPABS ird AesidBld/ioR Yoiath gfgégig%ﬁ%shﬁ:s

Fi gure OB is a top view of barbed sutur
WhereﬁtSsrﬂ&ﬁmlm smallerhnsby arendf:smbletfnewpnag Eibtousrisaresi &se of a -

Comblmner it % gén e ‘lllfﬁg?ens 5 85&@ g%@?g‘gg‘g ]}|§f$ tp Rpre

maxmﬂ;i:ﬂmﬁﬁﬁn &xtiés YWheh bad® B:'eé'ﬁ&'du%ﬁb |
: bar bs 11 gﬁaégl “Darb i gs 117 (on?%egr%}g%%s g&d Only -

diffeyent siged ssis of barosiipetsheyn) meaboescatpet astosuture body 122 or

b 119 b,
addmoﬁé’,f% b8l b o PRS- 0 S it RS Azt an three
sizes aenusuate@for&bmmbaﬂmzﬁ o127t & fﬁm@ﬁﬁ@&i&%ﬁ%&'sﬁék@bod 122
is contenpl ated t hat one or y conprise ;}'

and
as demgelgl, 5" qg:gq)r darcedyidh thedntendrs\anyl upe r Alsonalgrouigh sutiung 120 is illustrated

Wbty it e i R
confi gta-hnmgoﬂ vianying €¥2es inl doCordnte withe I¥entiod QB %ay"ﬂegﬂfdﬁ‘ﬁnsona]

OB. gure 10C and 10D further clarify that barb
barbed Blé‘é'm Tardg barbed Yerragonany of hesethariigventiverbactedsutnges,

describeWheee 110 may be nmade with the sane cutting nmachine
as the above-discussed 5 sutures, such as the cutting

g@‘?mﬁ 824 ésgm pd:l‘spﬂégiva vieher;faablcw:er_rmb@ﬁnﬁﬁt d}f;c)the ﬁné: invention,

. , nova et a o _achi eve bar

showing Rorbed et Lbcray seeiongaisd ol 1326 Bensrallantelar gross section.
Onc or Bo@\sua@Eendd (hbt Sidlvhh BQ éJB rﬁ‘&ﬁ% ﬁé?m?ﬂg fishlidhd e1§ ontemplated

correspondi ngly arcuat s ect to arcua
that onelardhoth endsanayn¢aanplise atsoegicah ngeddd (rtoh shdvai)lfetlinsertion ﬁﬁo ﬁﬁsue

SUPRCL b DERRE Bt Sofi 35 fuvieeie Gombog 46 uch tha

at least BAG BngitidnARCABARNPARLar@ bl ba‘?ﬁﬂ"ﬁ@czﬁ'e Htsgﬁéé% on body 132

anchoring as conpared to a flat, |inear
where Fmérg}:é\irlul averjaps pacondbarlidp ifditst and scoovel bmmbel3% which is readily

h uld result from coni cal
appdren‘fhapeéqggr sm&hattm{)%géé?d decrease tissue
Eigofeo]mBmg a p‘El‘BwemVerme 984 Borlidn iof oRerippliigdiabs BISAT tvd ew

%1 bar hed sg éjr e that is another
overlappmg sposition barbed suture 130 of Figure 124, 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,

whereas, in general for barbed sutures, the barb cut distance between two barbs > the barb cut
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- length o Parizeu

suture i hét;ﬁtﬂg Uea%ﬁgﬂr fc?lgaf’:e%i Iﬁggqﬂrﬁ ?Eﬁqgg@ﬁnsgﬁﬂ%mfwstl%t%

15 enbodi ment “of the present invention, and that is
enerally designated at 120. Suture 120 incl udes
WO 0A3P=d body 122 that is generally circul arPUTASAWEHIS0666
section. Elongated body 122 terminates in end 124,
End 124 is pointed for penetrating tissue and it is
contenpl ated that end 12448ay conprise a surgical
needl e ]éénot shown) for insertion into tissue. (The
¥ forithe avarlappingrbartadispasitio, veny saitalple ibatbed sétdfes may

have a BEREHRE b8 ol G3iASed Rdne o Mimmasneist frdnabonl. s down to
about 0.2,Gln¢d @ife Birbead dibtin@f P £1a9 98 |a%lo°vﬁ Qsc%g)_}l%rlb 383\%&30 SSIPII of Flgure o

plurality of closely spaced ura
7 for coppments yis- 3 visthe batblsat length 26d tiReds cipfistane. )r Ehﬁtdvtéﬂﬁ mg '
ively short barb | engt i

disposiZR ol o loselY APl mind il d1> an 0008110l tymento, rebs 135

as conpa

are thid, 8s SdrAgardd towher Bk Bhib'&lk Hxsfﬁ'ﬁgé nglg Bwd ﬁ&%ﬁ b, tP@Bﬁ‘rg i length

conpared to barbs 129, which are at1 e
iAdso; pltkoughtstuge {30 istillusitaged voitiy barbs 35 bagg Inmdsiut:tuml itis

30, TG SRR B

dxrectlomulliarmgﬁmﬂgeﬁd&g@ﬁgédﬁ\ﬁg in the above-noted Serial No.
09/943, 733 to Cenova et al. By altering the anmount of

Biexers 13y éﬁBnB@tﬁMd@Qﬁth \mgoumm'gma} nezdiesy where a barbed
s .made | onger or f

i .
“rnizrd

surgicabededled nap delesatdd WithlpolyRad fdrdfsehiRieNss ®sc@beid #Bve vis-a-vis
US. di f egnt fromthe others, where the varying sizes
Pafent Nge 2 08,Q1B todprapgeniesal sur gi cal- appl i cati ons. The |

o f%‘?fé%?"‘%%&@%éﬁ 40 NI e etiensatnd noedle dn e

lonvltudmii derbgticnhmdhkatis beareal By rciRr §&6Es sctBE. Ugﬁrﬂ%l ﬁé&ﬁ% N1 has
nggﬂ]fr ardless t he barb base typically | ess t
pointed i  } for jhserpn infg tigshe.and alfodae hele. FoSmgml'mvdb NLjs illngtrated
“c@ r bl,e for
o aacll AhUEb sh AR oD 0% 8P BAORN Subiis| Bl

d soft
mcludmar Ialtaiesimmbdl o, ﬁmy of ihe aboge-ddsbribadsharb&Biifies, Lﬁ@dlﬁfm 3}5
medi um and/or small. barbs o

surglcallnﬁ‘g‘}?% H{aﬂ}eéer ﬁi‘g’é’sth? arsystse direetion, minahds diustrated as a
relativel Pt Afmetst, é‘iﬁﬁrés Iﬂ%lﬁ 050221(?@]} ?szr ﬁ%‘ﬂ Q7 S8k %Jgéuc??e Oy Vis-a-

tissue | ayer. si'zed “se
vis swagqmg;ﬁurgmmgedlcelyl,taéteehmnpadmerﬂIQnsaﬁedmtohﬁﬂb/Hlﬁﬂa B¢
hown) wth four, f| ve, ,

erimped 3§ Hshy 20 broR8ieds Blod ol Eehoudpuid i locsdor kuvns tisue. ()
ngdmm sh@sks §lﬂglc§ﬁ{e§dl@fN2bﬁﬁ%g§ kg3 hil dl aﬁé@née%ﬁe L

scarped into suture body red
longltud’é‘é]c‘?ife&ﬁ% andyihatistgeaerpily exn@éa;r in m;bsu sm:trom §urg1@i] hheﬁmgNz has

pointed lﬁﬁ‘ s n:}s%pudnsirl{d l!l#ﬁfi(, é&% ;ﬁf li]q ﬁgf Sgg:x%si aggc{h ﬂlpégﬂlustrated

I rectiona

as attached, tshclbarﬂgfssmgw ® mmpmre malBa%deJutMél SZ':QQ babéEsuchR

nce W the invention al so may
gm‘f%ﬁ%rl any of the above-described barbed sutures Additionally,

mcludmgj %u
surgical needle N2 has diameter D2 in the transverse direction, which is illustrated as a
suitably thin diameter, such as about 0,032 inch (about 0.81 mm), but not as thin as diameter

D1 of surgical needle N1, As discussed above vis-3-vis swaging, surgical needle N2, after

‘having suture S2 inserted into hole H2, may be crimped by standard procedures about hole

H2 to hold suture S2 in place for use in suturing tissue,
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barbed suturesor random barbed sutures or any of the

other inventive barbed sutures described here. 15
WOR0g4PI®7052A i s a perspective view of anot her enbm@smmﬂsoﬁsﬁ

of the present invention, show ng barbed suture 130

havi ng el ongated body 132 of generally circular cross

section. One or both suturd-ends (not shown) are

poi nted for penetrating tissue and it is contenpl ated

t Ei@ureolrﬁé? govscutgic deediai3abatis & served slongitedheddeil the
Jon técﬁ “ﬁ%ﬁi dé |nsert n.into tissue. Suture 130
gl (POt ang %“Fpstme hGireghar ihetpss seation Syraicel magdle N3 has
pomte& tpMaR ihsdrfién 346 Biséddaind o83 1tk g%lg B, $Wical needle N3 s jlistrated

| ongi tudi nally adjacent fir
as attamegipmdas by sheging 3@ bavumdrseme £3.t Basbed sdidbe $Y &4 BPsed suture

e g Fed Pt o e S e s A,
surgicd19e¥dlé 88 hak thiiefer 3 Pin the ﬁ'aﬁs‘%r;sg ?%#tYo‘?h WS Qhﬂlﬁb%tleﬁ gsa

portion of overlapping ba over
relanvdwilpnsiummam srwhize abewt 0.02:ntB (abofit -5 Y uire). 18Adis@Rskd above vis-3-

vis sl et S s B biled b e et g, mare

A2 56
im0 g1 4y RIS M0 Py g

tissue. 135 over | apping first barb 135 is escarped into part
second barb 135, and so

j TS of I
SiebRESD oS o feical et ol oneshed vosdlp m Bs
Iongltuﬁﬁmbdﬁﬁéi:ttbﬁt bihid hiat INGREAITY BirciR iRkerdRY gééﬁ%ﬂp 'sﬂgulédz ?lgﬁt,dle N4 has
({)ar 135. 30 Thus, with the overlapping disgd

- pointed i, Th foryinseriongininy tissue ansbalowhbas Hole B Barglcalased]ahld is illustrated

s S0 B ST B S0, 0 AR5, S e

imcludingg bat adt Hnoitedra) 18t $hid AH0RE-detdiBed Bhlped YhtubsS dfonally,
. pet ﬁfﬁi‘bt wo barbs> the barb cut WD 2004/ 030705
surolcag@p basdiameissD4.in they teangyanse dieactipm,uvbich js iflostratddens a
Sui | e bar hed
suitably X! GAREA O AMINPO052 bl D1 Bkl B0t FordS Mg as digmeter

sut ures na
D3 of suﬂgmabmddmzﬂ\li URSREsclisadab®e Vid-RVisHMisingl sérgit@vmbemé N4, after
b |

bar b cut d| stance P may be as |'ow

having %{'g“r&bg&df‘se@te mte%eg}%ﬁéa%%q %fhn tyi ggandard profestures about hole
H4toh61@f§ﬁﬁﬁé§4‘i/ﬂﬁlaé’e%k%séﬁ%uﬂﬁfn e.| €ngth and the barb
cut distance.) This over pI ng 5 disposition allows

Negdle tlgg'é,l,yTﬂg a"ékarrdng)schmdm:allﬁﬂluﬁﬂatbdd.ygdxﬁ%dv\jk’:\ﬁ das is well
ared to

I bar b .
o GRS B P SO St

. cutting, bl gbint, culing@dgé|diigsii poiatt ﬂﬁr?hﬂe?’ Ondl f“arﬂcétl %fdﬁgxs‘%ttended

barbs 135 being unidirectional, i't is Inten
to inclugle, byt ped be fizited e . nllsugiBoesdie tipse d?apammnwapbr tdtting, and diamond

point ard gfé?ﬁte'd%gtﬂg ‘?ﬁs P&%upg?ca? need_lesdulsé ti'n% a})edks);gtru?eesf-j suture

escri
As is well known in the art, needle diameter for surgical needles used with-

conventional (i.e., unbarbed) sutures is considered unimportant, and often very thick surgical
needles are used with thin conventional sutures such that the ratio of surgical needle diameter
to conventional suture diameter is 4:1 or even higher, such as 4.43:1.

However, with the surgical needle/barbed suture combination of the present invention

(for either a straight needle or a curved needle), the thinner that the surgical needle is, then

- the more preferable that the surgical needle/barbed suture is, with the desired needle diameter
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10 Figures 13A, 13B, 13C, and 13D show various
surgi cal needles, where a barbed suture i s attached to
WOA4038T05gi cal needle. In order to facilitate posmsiaggrmgﬁﬁﬁ
into tissue, the r surgical needl es nay be coated
with a polymer, for instance, as described above
_ vis-a-vis U S. Patent No. &2258,013 to Granger et al.
Fi gure 13A shows surgical needle Ni that is a straight
being @pmﬁgmcb@mm& ¥ approadhes iz Had'ﬁz@l sttt dédmedés &€ it @ podsile that

the neqdiEliplolicf SRYIR avlp it 12 he babed sorSm dirmRer.nt o0
tlhfg%h'ﬁaﬁﬂaﬁtlﬁ Sifschfmvag] ﬂelatﬁ}é gﬁg {%‘?ﬂle%dﬁ a(gtacsz‘hed toa

illustrated as att ache suc
barbedisyivseis moreprefe@ble maammmnng tseiwhen mt@ﬂiéﬁﬁoﬁﬁ H6&d than
any of the

a ety ek MbeichlheddfE muadod Wit hBarterd pufre. M regson is that the
relativelyi (igh S@icAPRHIR MachedSo @tﬁ%ﬁgﬁnﬂ: a]l&g%ﬁﬁ‘ &tr% ity %‘ég{gsé%ent of

direction, which is illustrat as 'a
barbs ip ﬁswem@ﬁb@rsfore prevides bettdreldsut: D2ngticto tﬁ@&}ﬁiﬂbmﬂ;a&li tissue that -

has bee%%m edb% pre\é eq%g&?%sﬁg%% t%frtg g‘&é’q@éﬁ%@ﬁgmﬁﬁgéﬁzp& as

nee

compatHﬂ to tHe 1R ArLdtieRPADrOVdsd ﬁg?gﬁ%ﬂ&%ﬁ%ﬂ&ﬁeetﬁa%g lB&an s(i)ltured with

H to hold suture Sllnp or suturing ti

therelapvglmrﬂ@clgg:ggmbmd@r@ cal needle N2 that is a stral ght

TSRS ALy fo I camitharin.sd the piiceinecsia pgcher to the

- barbed needliethiR theaargidh n@é&w&ﬁ&e&ﬂr Qhé[ﬁd BQ"o Mgl f.i \QREP': M &derto -

&|ssue and al so has hol e . urglca need|
make a hple,g& e chamne! imthe g0d,soetebly dsu:ma, wsalloy fovdgsenipn dfthe barbed

suture 1%&{?&3&)% g)[' H‘[t)e Ch§gnell Bﬁ% r&xg u% %1& ?lm%pré?:a]tqg:g g%?a?négrtlgérgases

the surgidabuepditeis atill Reilathasdieas Bihe tafo of MIdishicfARhiol
i cal needl e N2 has dianeter D2 N g?{hﬁe traen(gergetg”o the

barbed%ﬁt‘frg@f‘i”&ﬁ‘ie“ﬁﬁp‘éﬁ3r1501'11=513ustrat ed as a suitably thin
t Q.81 e
A g, s S B 0 B e

but no
for eitheija, strﬁaghdne&:dlesmex:bm\medﬁb Sis @boiitS: B WAL Snors Breddraky af)out 2:1

fter having suture S2 insérted into
or less, lﬂﬁs‘et pﬁ%ﬁrl%b' Uhbéd Byesst Knehersnose. pastinwlasty ifboanmebhadedles are

kS a5 e 8 BB Mo e Mg v

tissue.
about 1:1 grless @w\svguhognendbr instextiecatidtit 01981 of Rs<) of bR O8: 1 or less, or as
d

Tow as iy PSR ) G apprettofed B she peteon phardinsey HigH in Beragithatiare
should bo eskeh Wlﬂ&)dﬁ:%ﬁlel)ptﬂiﬂe%ﬂle& §Pas' sgijx‘.r?éhdrﬂ}ﬁ B e%ogﬁlé)hﬁg Of f localized

tissue and al so has hol e FB
weakness, Which W@Qmpayma@tlmhmﬁrtmch as by swaging, to

SRS bordh PR hoth vl afo phamaical needie

: dlameterab bmbedi Saie diaﬁetbﬁixﬁ)lﬁﬂle%ht tHE ??eserﬁqmréﬂtfbﬂ ayhYtested as follows.

caI needle has di ane in the transverse
RIEcHs O \‘RB?‘BWS leather (manufagtegd y &S, Chamois of Florida) having.

a thickness of about 0.6 in (about 15.2 mm) were cut with a wound having a length of about
1.25 inch (about 32 mm).

A first specimen was made from a piece of chamois leather by stitching together the
respective edges of the wound with a drilled end surgical needle {item no. 382077A

purchased from Sulzle Company) which was swaged with a barbed suture. In other words,
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relatively thin dianeter, such as about 0.02 inch

(about 0.51 mmi. As discussed above vis-a--vis
WORRH34E)S surgi cal needle N3, after having sutmm}mosmsosﬁs

inserted into hole H3, may be crinped by standard

procedures about hole H3 to hold suture S3 in place

for use in suturing 10 tisBde. (1 Figure 13D shows

surgical needle Nd that is a curved el ongated needl e

after insgrtiomeof ﬂm@bﬁg‘bfemunauntd rtheameﬂmmamdhé heddld ﬁa,gﬁﬁﬁgeal db¥ut the
needl e has

|
hole tg éBCI%iLé é@ L P?rEe %f ect éﬁ?t?hl@g Iq%%mcggjg@l@sﬁ@ the| waymidathe piece
of chainoisqeétﬂer Vs cait Al rebraReIS: d}lﬁgé Sf bﬂi?%ﬁﬁ%‘e& ﬁz}boﬁt%éﬂm) in length

attached, such as by 3wa

by abopiy}-88 dnchas (abeutS2 mm) in wirkthesheas ther gitdHed visthd a8 6 thethiddle of
ibmted t t he, above-descri bed barbed

the tengfhiandelinb e e widH, 3B° “%fiﬁ]‘g}”@‘é? tapes Bt QUrwRd surgical needle (3/8
of a cirdied/weitleh 1dadth oF dbb&t 17 RRSHRS £Fthin’

iljustrated as a suitably t v%l arreqcﬂam%rﬁﬂ;abggtoozomch
(aboutggé Jgemd. 032 i nch (about™ 0. 81 m'r) but not as thin as

As di scussed above

.gi cal dl .
\G/il*hgﬂgﬁ \ill{gsthgg% ﬁgtuﬂ 8' Fdthad & ﬁ%cg)é} SPRgimeR pag made Fomapother
piece of thamisis Bhthen BREfitBKink 'ﬂiﬁtﬁé‘i’ e 5&385% elage tl'(;]'éo lﬂl‘ttﬁy using a

st andar d procedures about hol

drilled pnd graical regdle ditem inp. w&ammgmhammmwé €otiphfy) Bwaged with

the sambind g p6h SR LSBT Foil sas ot ot heesdishole,

after inseotien of the bured marelqhmdﬁe ﬁézept%' s@hﬁfé thd Bitbed i e Qirifd Rfilhing.
int, taper _cutting, ball point, cutting

For the af,:%ﬁae%pwthe pesdie was.@tapmmtamﬂftd s;mgwﬁl neaﬂd(ﬁ/& of &circle)
such

with a IEfHf BE G utbQ n{Pg%&‘QSunaﬁre thflGamerer of | Hip Folp ing 1@4@9@0

nee
mm), alfi®ugbi mm asahm qsrtl@ef mnmeldr oe8e needlk BSed R fisy Eﬁ frﬁé
nown in

E?@O%r sed wi th barbed sutures. As Is we
‘?e L for ed‘r“h??é?’@?eﬂf‘bas sbirdrestibnalciditest makiple spiral,
polydio¥drioRe b&dBY §ﬁ1[lf69ﬂél % in %)QB% ééﬁdezyggat qrjilegqbl liaali)e& sugyre had

consi dered uni np
a diameiop o Hosstt 8108 15t (amduht) am s ORNRA G Qﬁ;%tl%’ %Eréi'rtﬁa?n BEERP

cal needl e di ane
qu“m“g&%g%rrﬂs%%%b s¥‘EP8EHCea G2 Ié’ﬁ%‘@éldtuif@ instpag e e e éﬂletnrefdlgh@cr of about

con
0.0181n5]u(:dboas045"ﬂ§,@. 30 However, with the surgical
needl e/ bar bed ‘suture combination of the pr esent
Both i fishand the secend becimenstof atighed degebiecioth werg Wek@tor
surgical needle is, then

closure ﬁgihq}smgpa:}g?ﬁ ?g{]ﬂrﬁgcref. Egl?\g %:iag%egt% odel 200Q GEechoweeimen was

e nore

. gripped hjutwni gespectivibdriatd deyhéf
d;ﬁw @a&?ﬁféggn%iel %E?l?fﬁ(li X(\%]Rg%tudm%]]y ata

/030705 PCT/ US20031036666

rate of a %tﬁﬂéﬁw S Permingisr(ehah 354 nive pbamirede)smtilicenplén RBytere. The

peak loa@ﬂ'fjpd) db teall e%rg céllﬂs cte %glgncgﬁig d! g dl 3ﬁn§c§£deg?iﬁ thkf):eclosure

even thi nner an t

strength. g'EhEreamltsfmrctﬂae therfasspeciieu Qﬂhi&ﬂwaﬁuﬁﬁé@%itﬂ Bnebilcthat had

I ?{rﬁnﬁ needle attached to a
a relatively 1ameter of about 0.020 inch, about 0.51 mm) took 5.88 pounds until wound
disruption occurred and the specimen pulled apart back into 2 pieces, whereas the second
specimen (which was stitched with the needle that had a suitably thin diameter of about 0.032
inch, about 0.81 mm, but not as thin as the needle for the first specimen) took only 2.88
pounds until the wound disruption and the specimen pulled apart back into 2 pieces. -

The results are summarized in Table 13A below.
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barbed suture irs nore preferable for approxi mating
ti ssue when sti‘tching a wound closed than 5 a
wWOo2eM8p708| y t hi ck surgical needl e threaded w tFCEHUS2003/030666
barbed suture. The reason is that the relatively thin '
surgi cal needle at'tached to a barbed suture allows for
greater engagenment of barkg-in tissue, and therefore
provi des better closure strength to the approxi mat ed
tissue that has been sutured to prevent the opposing
sides of the closed wound frompulling apart, as
conpared to the &2 b (Ghamgis Lot (dosuipaireny
approxi mated tissue that has been sutured with 10 the
relatively thick surgical needle. The nobst inportant
Specinfepat uNeetitrDishetes ombiBm@bédSutfe Didenetetr i CRAtid*e ePbénds to Rupture
: attach%d to the barbed suture is that the surgma'l__‘P_
First peedl e Odi2Q#Beier shoul d be G#11dupehcient wilddh in or388
0 nma : e or a chan [ e end, h by
Second,?, | " ﬁg),ﬂf%&"m o ForEndESIRbR PhY BURN ™Y (LR

i*Riatio bfisurgithEncedletdimabetortatbedNauge dhaletss, as the
surgi cal needle dianeter increases, 15 the surgical

ey f7g

needle is still suitable as long as the ratio of the
. e L.e .
isiabodisec e S e L S B Sore s

needlescsiged blith tasbeidautuiesug folleed. needl e di ameter, t o ‘bar bed
iﬁture ﬂb@gﬁéﬁ for either a straight needle or a
Jhregdps | SpraguerBawley rats gach abeut 698 te 700 st wergmsed. Two

full-thi @R skin theisins |\J\%§éma@§ﬁ th@rb%f:? 5994031‘1 1ﬁtbt8lé} aae \go@ﬂtﬂf Eacl%
l'ess. Furthernore, particularly It c annel needl 8s “Ar

wound 9@s elpit dyoaulin Ieingth ad paraliél te tiegspid. needl e di aneter to

ar bed sut ur i anet er be as | ow as_ about 1:1 or,
BLEh 7 WALET dhe, Bt worngl Waseilosdavidu daledeng, qurspd surical

needle th@6%as PSul2lRQidm AS 382013 A, Stich Ras 3R citch A R ?l‘éthad a length of
0.5:1 [l be a =

[t w ppreciated by the person o

18mm apdci diamgtes af atout G02hinch(aboub@S6aamy Alsopthk tekile hake faper

. i, h. extrenely thin . needles so.,as to. aneljorate the
pont el aEpic et th T e Gt 822 3o €W Wagproximste  tper
cutting HEUARS QFMRcilitSS pihetrMSH ¢f A tissde. FhOAR Wi 9% barbed

thin surgical needles, both having a ratio of "surgi ca
suture. needl e dianeter to barbed suture dianeter suitable

' ntion. .was tested as follqws. .

8 o RS 0 US55 i b i

drilled edd ScurGbsumgisalaeedit ok das a [Sakildferd ridh BIIGTOAS whichAPRU/S circle.
i.n (about 15.2. mm) were cut with a wound having a

The nw&(@ﬁ@fiﬁ Igneth ghehout 18 pun pey dismsieriof 3pouti() 0263ach(abputd).66 mm).
Also, the REGHIERAY ¥E3udoRd Boi ' loPagk & B DELHEY s

50 STt c‘ﬂ? ng toget ﬁ E?IBF lgéegd?er@s 8@2‘? Il?é\?g feg‘gggggés‘& i & ?%%E%Bﬁ% grture.
Bachfbatbedrsituiefbr eath spocigien avasadsidlifcliodad ik cuSBR2RH R Spiral,

. purchased from Sul zIl e Conpany) which was swaged with a
polydiofbe AABEH HHHGS 1R sert0 MRS ShocHoms Tosombsparbed sutire had
a diametef-0f 46269084 9 A ¢4bout 6381 mm, which is slightly larger than the USP
requirement for a size 2-0 synthetic absorbable suture), instead of a suture diameter of about
0.018 inch (about 0.457 mm).

For each stitched wound, a tissue specimen that was approximately a square
measuring about 4 cm x about 4 ¢m, with the stitched wound in the middle paralleling two

opposing tissue edges, was retrieved for closure strength testing.

<Y
p—
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after insertion of the barbed suture intq;fhe needle
hol e, the needle was crinped about the hol'e to secure
WQ 04B¥¥ed suture duri ng stitching. After. st|PC'IVIUBg)03/030666
cl osed the wound, the piece of chanois |eather was
cut to a rect angul ar shape of about 3 inches (about 76
in length by about 1.2%- nches (about 32 mm in

vuﬁgltf} where the stitched wound was in the mddle of 5
¢lersgitoren¢ach waund weedetpraninedivding T HestResdiecs\Ufivarsal

Testef, 3@@(&:} ?éﬂcaﬂt F%Pééf:]l‘{ ggsgutﬁ %{3&111%%'% &E?e g%g Sggr&llghqgecpagh istjtshed

Circle
wound were mbaured mmefwamspéctﬁeeaeatwfdws of RoikieL: 51 ™M) .
Tﬁg u5| ng the same stitching nethod, a second
&R, Gach spscimen yeasulad k}mth@naﬂpate!:nateaff abbat®inghes per minute

(aboui fpﬁm\%ﬁjerg%iné&) ﬁﬂ]'cﬂ%ﬁc Pl.gﬁra tg(ﬂg‘r rgﬁ &SleCt | A= ed g;%; egr:ountered.

usi ng

before(aqm}eta wouBaRAPon Was Iﬁaﬁ)@dédfd&‘ﬂﬁe b G any)
s;[ﬁﬁ ed with the same kind of barbed sutu .e., the
g@é‘éﬁs Wiee greragrsiremithgwst sasof) thredmomﬂiad:ﬂ@eﬂ olith 2 needle

havingd Hﬁhetc?%?ét{)dg?g ggﬁ élh({ill agtﬂlr Hérlﬂé %\k:i'r:]gtﬁa to a&aﬁaegiﬁgture Also,

secure the

the ressjtts wagk spmgedfom the eeda:ﬂ&détti')f\ﬂ%e YohAdRSlofel
dle (3/8 of a circle) vvuth°ag"§ﬁhg§ﬂée“*fe%avmga

i.cal
diamefgp ﬁ?boﬁh e mch (%P%‘ﬁpéﬁwré) and svaged iea barbed sutbreut
OTE:3sti al though not as thin as
t he diéﬁggzr 0 etﬁééﬁﬁégggg"¥or first specinen.
Each bar bed suture for each specinen was a :
bi-directional, twist cut nmultiple spiral,
pol ydi oxanone barbed suture like suture 70 in Figure
6A, except that each barbed suture had a dianeter of
about 0.0115 inch (about 0.291 nm which is slightly
| arger than the:l@wmm@gf%}e 3-0
synt heti c absorbabl e suture), instead of a suture
0.018 Inch (about 0..43wemage of 3 Wounds

diame about
Sgemmgg§ h Hagg LE&QJQQ eter, Banhed Suture Riameter; nﬁg_gjf RaundhieR upture

First se€BERIOI S g:d)gglgcp{vere t est ed OSF c%l osurg rengt h usi n%
a Test Resources Universa e el” 200Q EacH!

Second§9’é%ﬂ3ﬂen0%mcgrl pped by 0.005kmhpect i vierserrated j agg.
n_was l ongjtudinally at a
_ ra & ofﬁga%%aat"eicge t‘gﬁ?rhﬁgﬁm"@ diapefer. 254 mm per

m nute) until conpl ete rupture. The 25 peak load in

ﬁgunds reached before conplete wound di sruption was
theclgwas theretie (06 sungical seadindininetet e baed |stSird\@eter, then

s sutured with the

the bettbl ¥k cfogﬁrc SFE%% %ﬂ'l%% sgﬁlglng V@Qyé@q%ppe&,@%pépr%qal appsile attached

needl e t ha

to a barbedd@@ure.nh germbﬂ,uihe @hifderihd surgiekl n"_begﬁ RS, ﬂ'l@t ?Asgre strength,

d. disruption occurred and the speci nen
partwm%@v EJ( delicafe tsspes: bowevesdar toyplke tleealss tsheh aemusrde ampmenmcker
i GRS UL R WAL S5 DB R0 Bt s i o

thin or ngs.whﬂmm Hetmiddie, asthattherais drisardiee dbaié Blanidis t6 bhrdkd suture
2.88 pounds until the wound

dlamefeﬁﬁ'?ﬁiﬁ‘pf %’H“tgﬁg of FFég/ - SR0EE PreEsTably labett Zaber keshack into 2

AIURGEIS the present invention has been shown and described in detail w1th regard to

| only a few exemplary embodiments of the invention, it should be understood by those skilled

in the art that it is not intended to limit the invention to the specific embodiments disclosed.
Various modifications, omissions, and additions may be made to the disclosed embodiments

without materially departing from the novel teachings and advantages of the invention.



The results are sunmarized in Table 13A bel ow. WO
2004/ 030705 PCT/ US2003/ 030666 -44 Tabl e 13A (Chanoi s
woCh@edzoososure Strength) Speci nen Needl e Di arrqt(grmszog;;m%“

Bar bed Suture Di aneter Ratio* Pounds to Rupture 5

First 0.020 inch 0.0115 inch 1.74 5.88 Second 0.032

inch 0.0115 inch 2.78 2.884¢*Ratio of surgical needle

di ameter to barbed suture dianeter. Al so, various
articlrBERTi gk o
D R Ers o o oD R, Ot o DB ! e presens
invention: eancke ased alonever. withraskerf closire ynéthbdlsed;uch as staples and/for ‘skin

t t 600 tg 700, qg,, v
adhest Y, AHG HRYRE (e P BB 88 hccorEndyon d ibndcdhinseover al
such nﬁ:ﬂlﬁdﬁﬁoﬁhaﬁﬁu@ion@ aéiﬁlﬂ(ﬁ‘x% 4 %ﬁﬁ%ﬁeﬁts%‘fﬂ%sb tlﬁ gfed'Qut,: the spirit

was abouf 4 .cmin  ength and parall el e spi ne. z
and scpgrof dbginvention asrisfinéd binthetfolowingreltsmeas cl osed with a

drilled end, curved surgical 15 needle that was a

Sul zl e iten1no. 382273A, which was 318 circle. The

needl e had a length of 18mm and a di aneter of about

0.022 inch (about 0.56 nmm. Also, the needle had a

taper point needle tip where the needle tip had been

ground to a 3-facet cut to approxi mate a taper

cutting needle tip to facilitate penetration of rat

ti ssue. The needl e was swaged to a barbed suture. 20

The ot her of the two wounds was cl osed using the sane ﬁ}

suturing technique, but with-a -drilled end, curved g

surgical needle that was a Sul zl e item no. 832679A,

which was 3/8 circle. The needle had a | ength of about

18 mm and a di ameter of about 0.026 inch (about 0.66

mm. a Al so, the needle had a dianond poi nt needle

tip. The needl e was swaged to a barbed suture. Each

bar bed suture for each specinen was a bi-directional,

twist cut nultiple spiral, 25 polydi oxanone barbed

suture like suture 70 in Figure 6A, except that each

barbed suture had a.diameter of about 0.015 inch

(about 0.381 mm which is slightly larger than the USP

requirenent for a size 2-0 synthetic absorbabl e .

suture), instead of a suture dianeter of about 0.018

i nch (about 0.457 nm). For each stitched wound, a

ti ssue specinmen that was approxi mately a square 30

nmeasuri ng about 4 cmx about 4 cm wth the stitched

wound in the mddle paralleling two opposing tissue

edges, was retrieved for closure strength testing. . (}




WD 2004/ 030705 PCTI US2003/ 030666 -45 The force to
open each wound was determ ned using a Test Resources
Uni versal Tester, Mdel 200Q For each tissue

speci men, the two edges paralleling each stitched
wound were nounted in the t# respective serrated jaws
of the tester. Then, each specinen was pull ed
longitudinally at a rate Eﬁﬂﬁ$Ut 2 inches per mnute
5 (about 51 mm per ninute? conpl ete rupture
occurred. The maxi num force encountered before

co Sruption was recorded as the cl osure
st?@hﬁ%ﬁ?wﬁﬂggﬁgéults were averaged fromthe first set
of three mounds closed with a needle having a

di angt er lQBa %jtgrg gﬁrf%nh&?ﬁ?%%g%hgmégl tf&ﬂj ﬁlnrb%mbination
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i nch (about O. swage
e'@rflgétqdéwwéwag é i 58@ RN @ edond pagped a JBMeogachiEIb facing in

a Ef ﬂa@h& éﬁ’cBo&rE@éda%ﬂédTOQegﬁm &Fén?éiﬁb%e@ﬁt@!:ea%eﬁ’fn tRsue, in an

ecl nens_Need anmet er Barbed Suture
OPBF% "@Pt' f%mF%ﬁ% i yhih Hhabhab fagepsindygereip the surgical
nelddid2ds lanfidinéleOdithd Rsdlels tHhickdst plrt with aQah &fhe QirgidalheBdiB

01 *Ratio of sur | caI needl e
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the ratio of surglcal needl e dianeter to barbed suture
d|a ter the bet e closure strength when .
sut ur i ng ae\%{%’r‘? gs ﬁ&e %[warq ?Fn feeqlp a?reglpat}?@ea&g%rrc}mmo claim 1,
wherdiatiesshrbadosudurb and e ssirgical eeedlmh@@mrailachmba sklicteddtom the

B e

tough tissues, such as nuscle and bowel, t hi cker

need| es he poie t

regar dl ess OF V\E r{dh cai %&I?g HBE:'H a%gcgrpwfg to cla:m1
whegin thesueical negrie hamp@ymersp Qd@amg the ratio of surgi caI

needl e di anmeter to barbed suture dianeter should be

about 3:1 or |less, nore preferably about 2:1 or |ess.

Al t Rough The Barhpe suthte anesairgicab Reetie corelination @apording to claim 3,
whd st the pREm efic 484t coiplidbs £4IRIHe hidter® Only a few

exenpl ary enbodi nents of the invention, it should be

understood by those skilled in the art that it is not

i nt BndE‘dTh@béﬂbﬁﬂf buthﬁé%n'd%ﬁ&ﬂidl ﬁébcﬂ@cdrﬁlﬂnaﬁiéﬁ%béér@mg to claim 1,
d| scl osed. ous nodifications,
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6. The barbed suture and surgical needle combination according to claim 5,
wherein the ratio of the surgical needle diameter to the barbed suture diameter is about
1.1: 1. '



wi thout materially departing fromthe novel teachings

and advantages of the invention, WO 2004/030705

PCT/ US2003/ 030666 -46 particularly in Iight of the

foregoi ng teachings. For instance, the barbed suture

of the present invention c4f be used alone or with

ot her closure nethods, such as staples and/or skln

adhesi ve to.aid in ho t he positjon of

e Ve Bkl 16 Sebeat Ll Ehechio o i .
winein fthecaittire ismadarremiaonaterial ddictico fiem taa droagdbivadtiantosa bio-
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47 CLAIMS What is clai msd is: 1. A barbed suture for
conngct | Pf@\erﬂa'élf%ﬁ sﬂfur@é‘rym %_Eélsmsé?&e cgmﬁﬂgﬁ’dnn&%bl%mg efalhn 7,

a surgical nee
wheseipdep tioebsasbahle metesl is selacted irpl@tb%lgrone e@hse;stlnghfer ei n

pcﬁ;}aﬁré%rlér Sol?lgﬂﬂfe' ﬁcﬁ%glﬁoﬁ’clléJ b@fybédfol?étorpéarahé 8%%%% Wb reof.
froman elongated body having a first
second end and a dianeter, each barb facing in a

directi orrharbdrd@a |snﬂ|r@§|fb0§@§*célQ;Eedil@%brﬁblhﬂt%n'mﬁ%%@tto eikim 7,
ssue, in an opposite direction

WA RSB PG 511 Sle e ST nsising of & palymer,

a mbtal, @inetalloy W igitgral fiben @adkembinstichs dhatest er at the
needl e's thickest part with a ratio of the surgical

needl e dianeter to the barbed suture dianeter of from
abouD. 3: The barbab@quelaril:i slirgial ndédte banmbingtionlHctsréingislclaim 9,

eed e c on_accor dj
WA o . BT e B RS B ieb b e s o
pob{prcawlleae,mmutetlsmieemlyidtréfhmmetﬂwenegpsohtqﬂ'lar@ls&lr sndregmbfnations
%gglng, channel w apping, heat shrinking, and eyel et
threadi ng. 3. The barbed suture and surgical needle
conmbi nation according to claim1l, wherein the

surgical Tﬁ@ BStbEd Q&ﬁreaarﬂﬁu}@?a:ﬁ e(ﬁé)?érhtﬂﬂatlof]i ac d&ﬁmB"f‘J D& 1,

suture an surg I cal needle CO I On accor
wherein thedarbs fiaue éuqfﬁppﬁéorp@n thedody selected figm dompoie e@sastmg of a

sta@béﬂe@@%oﬁ%rﬁ bitdst cu? mu”bfe %p(ﬁéjpcéfﬁbh”a% &R m%pzﬁﬂe@dngﬁ%mon a

needl e conbi nation according to clarm
randgm gsresitiopeaand gogibingtionsdbercer. di amet er to the bar bed
suture dianeter is about 2: 1 or less. 6. The barbed

sut e a?d sugglcal needl e conbi nati on according to
én he barbed suture and surgical needie combination according to claim

cl ai
. 11, wherein the barbs are in a staggered disposition, a twist cut multiple spiral
disposition, an overlapping disposition, or a combination thereof, and the barbs are all

facing in a direction toward only one of the first end and the second end.

13. The barbed suture and surgical needle combination according to claim
11, wherein the barbs are in a staggered disposition, a twist cut multiple spiral
disposition, an overlapping disposition, or a combination thereof, and the barbed suture
has at least a first barbed portion and a second barbed portion, wherein the barbs of the
first portion are facing in a direction toward only the first end and the barbs of the second

portion are facing in a direction toward only the second end.




wherein the ratio of the surgical needle dianeter to
the barbed suture dianeter is about 1.1:1. 48 7. The
bar bed suture and surgical needl e conbination
according to claim1, wherein the suture is nmade from
a material selected fromthd® group consisting of a
bi o- absorbable material, a non- absorbable mat eri al ,

d nmbi-pat 8. _The b b t .
2 Br gﬂ?al Iﬂ%eﬂ e coﬂ’b‘5 gﬁ? Pea e%f“& ?’h@ ?{u] %‘icﬂ{"?"%% claim
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spadgd § &H@§&géb°fé J}Ha%tec?rgj% oY RepAREe. pol ylacti de,

pol ygl yco ol ycapro one, conblnatlons
t hereof. 9. The bar bed suture and surglcal needl e

conbjsnat iTpg paearsdig artnd)s&b @émegdle Eﬁ':ﬁf:d?ﬁé&grdmg to claim

non- absorbabl e materi al 1s sel ecte rom-t
1o ¥eredt tha gtagaergd gisposidin includases fipt sehofithe harbg |me9 ra@ally

sp@@édJélﬁiut f 2d3@égre@|'fﬁbn¢ aRBEdMAtdPHIh DEEE Qhd thbQecditeset of the
bar bed sa re an sur ical needl e conbi nation

baghs ki rRgiafipsrace ﬁP@Jt 20\Hegrepniren @ thipl satef thedast ect ed

fromthe group consisting of polyam de, polyester,

pol ypr opyl,ene et hane ol ytetrafl oroeth Iene

pol ¥/ @t heft é@r&?ﬁﬁgg%ﬂm?ﬂg’@ﬁﬁ‘ﬁ%“ o gRiFELHssug in C’PH%”at'O"
withee begica lm’eemile saittcombigdtioal congeiging adardeidiatur®Bttached to a
Su@q&%g&{hg m;h%reﬂ aiml, wherein the barbs have a

i'ononh the body selected fromthe group
co nélnessuturrg compasesst gy ed barbs pogactingfiom anteldrgted ody

mul tlw'eaﬁh?a?lﬂa't bAY al% 3 g&?dng ehd: an&? a‘i)a\f'r?é'téragg r}%o? facing in a

di Sposi i1 on I SPOSI
't hedisestion apd bEthé aﬂaﬂb@ﬁ)rs@nahne mememsitraf theaduture adhien in tissue,

conty ﬁ%ﬁd&@rt@&%ﬁ%\ 9m 1 Glelich va&ucth? Bgﬂb%éeg Q}a{hg Parbs

arelnasta ere IS oSl tlon
spi REin adW§b imyltinie SF&P@' @emﬂlt@p@md gtjmbaglwlssutwrenﬁ made fiom a

comi,ia filerit W\%Vtﬁ@ﬁa ’poﬁf(‘)ﬂ thdfi®s thsrt%berd?}ﬁ St I2 to fa@&uc}”i@ thifds per

a direction toward only one first end an
sec815h WhgQ thekarbsrarg eéa#re@éjméqﬂ\e ﬁétua%]fda@emtg@ owgke H@ebﬂrteed

conbitort ke according to claim 11, wherein the bar bs
osition, a twist cut nulti

are.in a ai %é;qefred di s

spi g surgizal peedie hagya dig eb%y@F1h3ﬁﬁﬁw§s@'§1@a§mqﬂw'ﬁhatﬁt'oavfthe
conbirgizghl redieIineaés to Asibarbed HanRerhnsdtélir@boltas1 atless.

| east a first barbed portion and a second barbed

portion, wherein the barbs of the first portion are
facithg i A barbddsewte oncérmsatindy unan drbaintdl isdueamdorabifation

with Sl fodt o BB 2fon SRRl Do i abdordo o

surgical needle, wherein
the suture comprises a plurality of barbs projecting from an elongated body
having a first end and a second end and a diameter, each barb facing in a
direction and being adapted for resisting movement of the suture, when in tissue,
in an opposite direction from the direction in which the barb faces, and the barbs
are in a twist cut multiple spiral disposition and the suture has a spirality angle a
ranging from about 5 degrees to about 25 degrees, and



-14. The barbed suture and surgical needl e conbi nation
according to claim 11, wherein the staggered

di sposition includes a first set of the barbs being
radially spaced about 180 degrees from a second set
of the barbs. 15. The barbe80suture and surgica

needl e conbi nati on according to claim 11, wherein the
staggered di sposition includes a first set of the

bar HE BUBiGg! ToRdeAR @ ciasppier Thameelesbickesy pedwith A swiocof the
Sec aiifhict hedtlie HibMeRA (B e BBl RBIUREGANEeP 8T atRlt 318 less.
barbs being radially spaced about 120 degrees froma
third set of the barbs. 16. A barbed suture for
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the suture, when in tissue, in an opposite direction
fromthe direction in which the barb faces, and the
bar #8. afdarhedsutuie far copnecting hwrmreormimaltismjesipoeﬂnbihaﬁnn
_ wnﬂ\@sd@@a! RaEdE Laritlortination BEASTii; ﬁbe@%ﬁtb’rre%ﬁtg%
havi ng portion that Is tMASte rom a
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t he sur |caI needl e has a di aneter t he nee

t hi BRYRYa st ?"%?%a g§eGoaeegd gpd a H@meé“fﬁr eachiartyigeing in a

di aarédion bad bsia baé;i!@difos Fstdtifg ModdBéR lof Pl RRPY twhanln Msue,
| ess. ﬁ}; for connecti ng hunman
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degrees, and 50 the surgical needle has a dianeter at
the needle's thickest part with a ratio of the

out

21.  The barbed suture and surgical needle combination according to claim
20, wherein each of the overlapping barb and the overlapped barb has a barb cut length,
and the overlapping barb and the overlapped barb have a barb cut distance between
them that is less than the barb cut length of the overlapped barb.

22, A barbed suture for connecting human or animal tissue in combination
~ with a surgical needle, said combination comprising a barbed suture attached to a
surgical needle, wherein the suture comprises a plurality of barbs projecting from an
elongated body havin'g a first




surgi cal needle dianeter to the barbed suture dianeter
of about 3:1 or less. 18. The barbed suture and

surgi cal needl e conbi nation according to claim 17,
wherein the spirality angle a ranges from about 7
degrees to about 22 degrees®! 19. The barbed suture
and surgical needl e conbination according to claim 18,

r\gper ein th % i té_@angl e % %%nges from about 12
eae%e% gothd 4 g h bayjading [ GGt Renchr
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acl ng
thel sutdta digmetantgnbiag frgmaabept 2 t eboutdss, Kit) |artgarlmm1 mm witf a ratio
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fromthe dirtection I n
bagly sy fistance With agatiooldhe aefbucngdrapsm@utm aﬁurglmametera'angm

fromd aﬂ)tﬁ@i’ctto hsut 80jvRS %&?ug@?é’dkﬁarb Qﬁl?ersrg@' ﬂgaﬁé‘as‘i’Wééi‘é’Qf Hé%s

EFr and one bei ng an overl apped barb he overl appi ng
wii-Ga6h gelhayinoarhash §'F%I diffgrent from thakarb si8p @che sther ﬁ@tsaraﬂ {vii)

cohﬂbﬂﬁatldr% fhbl%bﬁ ab@wher@fn th& 8ur giéfﬁﬂ%realed%ts%f%rér?&er a{\t the needle s
rom part of the topsid

overla is derive
‘“'8¥GS¥ part B %ﬁ“&? e gl needle digme F@ﬁheéﬁr%eéat%e fiageter of
abduteBretelesat the needle's thickest part with a ratio of
the surgical needle dianeter to the barbed suture
di aneter of about 3:1 or less. 21. The barbed suture
and 28ur giThabared ditarecanasiurgiddl agedie camblhatpntaecarting ® claim

22 e MAShE P PE Bl NG Y LBBALE BBy B 75 coros

overlapplng barb and the overl apped barb have a barb

cut »di st ar )

cut 2engt T Spek SRER srRica BledScorSitagol BedriRa R
23¢ whereld rtlﬁ%barb 5yt angleefhrangesimmabotti 156 wlegiens toatimiuh 410 dagrees.

with a surgical needle, said conbination conprising a

barbed suture attached to a surgical needle, wherein
t he28ut uThe bahpd pulere andsugical nestlosombination geesrding tngaim

22f WidRiAthe 246 BERE 84rbRREYedif Y fe sﬁtuf'é Hlﬁﬁ-leé;L ran@@gfrérﬂ%baut 0.25
second end and a di ameter, each ba facingin

to ghqubR.Op on and bei ng adapt ed f or reS|st|ng anenent of
the suture, when in tissue, in an opposite direction
fromthe_direction in which the barb faces, wherein
t heZBar bghe}éee;gedds%wﬁﬁng gHegicahpeedle combination according to claim

25, wherein the ratio of the barb cut depth to the suture diameter ranges from about 0.3
fo about 0. 5.

27. The barbed suture and surgical needle combination according to claim
22, wherein the ratio of the barb cut length to the suture diameter ranges from about 0.8
to about 1.7. '



selected fromthe group consisting of (i) a barb cut
angl e a ranging fromabout 140 degrees to about 175
degrees, (ii) a barb cut depth with a ratio of the
barb cut depth to the suture dianmeter ranging from
about 0.2 to about 0.6, (iii)f?a barb cut length with a
ratio of the barb cut length to the suture di anet er
ran gf i barb.cut . .
i ot 2hee THREEPAR e fud Syfigleote cinbiplon A2aRyrg b igim
2% wthgrain dieaatist of the tamg cwidergtiotn the @queldaametabwmgesSf;om apout 0.9
toGBboat ed barb underside, (vi) at |least tw sets of
barbs wth each set having a barb size different from
the barb size of the other set, and (vii)
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as a_dianeter at the need hi ckest par
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1.5t st disanet er of about 3:1 or less. 23. The barbed
suture and surgical needl e conmbination according to
claim 22, wherein the barb cut angle 8 ranges from
abouao. 145’hd®gﬂ:ee|3utuﬁe adDsUlrgiddl heddig bsmsmatuo?wﬂaccarlaﬁ:g to claim
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18tm@mslt360m about 150 degrees to about 170 degrees.
25. The barbed suture and surgical needl e conbi nation
according to claim 22, wherein the ratio of the barb
cut 3dept A hanb&dmltlgefmrcenrmﬁcﬁn@hman anadrsalftissum ialsombination

withr e?é.:r%lfzt—]ﬂ n@Qéﬂ saﬂj (%ﬁ)ohu%%on Egrﬁ chz? garﬁg{l gutﬁll'eaéﬂgch%to a

nee e co I nati on
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bar bed suture and sur need e co
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to about 1.7. The bar bed suture and
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sulleBl el AieEd ameroLahly Batcini BinkeSsBRoThaa relhof he surgieal

neadie dradiotsy t¢ heWatet sulide diahRteionfrb @bbatd: Ptodbolihe1ar b
cut distance to the suture dianeter ranges from about

1.5 to about 4.5. 30. The barbed suture and surgical
nee@le cAmarbrdisutune fa€ canr@ctivgy hiutnal @igfimal tissue in combination

with a surgical needle, said combination comprising a barbed suture attached to a
surgical needle, wherein the suture comprises a plurality of barbs projecting from an
elongated body having a first end, a second end, and a diameter, each barb facing in a
direction and being adapted for resisting movement of the suture, when in tissue, in an
opposite direction from the direction in which the barb faces, wherein the barbs are in a
staggered disposition, and wherein the surgical needle has a diameter at the needie's
thickest part with a ratio of the surgical needle diameter to the barbed suture diameter of
from about 3: 1 to about 1.1:1. |




29, wherein the ratio of the barb cut distance to the
suture dianeter ranges fromabout 1.8 to about 3.5.
31. A barbed suture for connecting human or ani nal
tissue in conbination wth a surgical needle, said
conbi nation conprising a babbed suture attached to a
surgi cal needle, wherein the suture conprises a
plurality of barbs projecting froman elongated body
having a first end, a second end, and a di aneter, each
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barb faces, wherein the barbs are in a tw st cut

mul tiple splral di sposition and the suture has a
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elor%ated body having a first end, a second end, and a diameter, each barb facing in a
direction and being adapted for resisting movement of the suture, when in tissue, in an
opposite direction from the direction in which the barb faces, wherein the barbs are in a
random disposition, and wherein the surgical needie has a diameter at the needle's
thickest part with a ratio of the surgical needle diameter to the barbed suture diameter of

from about 3: 1 to about 1.1:1.



| ess. 34. A barbed suture for connecting human or

animal tissue in conbination wth a surgical needle,

said conbi nation conprising a barbed suture attached

to a surgical needle, wherein the suture conprises a

plurality of barbs projecti Ay froman el ongated body

having a first end, a second end and a di aneter, each

bar byf aci jrection an dapt ed for
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bar b, and erein e surglcal needl e has a di aneter

at the needle's thickest part with a ratio of the
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f r om, about A bar bed suture
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barbed suture attached to a surgical needle, wherein
the suture conprises a plurality of barbs projecting
frodPan The dagetesituye dydravgicy) needle rcombiraton acaediogdo claim
38€5'Vgereﬁ’1ntﬂe%o%h%??%&{lect@daﬁgmt{ﬁé ﬁrouﬁo oﬂgstl (%fpo?y%:%?&é po Ir)]/ester

bei ng "a resis
polyprogylene, mémratlnartel. gglutetraﬂumr@amyiemppe!yetherelestwcamcbmrﬁbmnons
thdrbg direction in which the barb faces, wherein the
barbs are in a random di sposition, and wherein the
surgical needle has a dianeter at the needle's
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dianeter to the barbed suture dianeter o
16gwhereip @%@ﬂfm arg ajl-facingsin a digclion-iewar anbona efiefirghend and the
seS&dndi@ngal needl e conbi nation according to claim 16,
wherein the suture is made froma naterial sel ected
fromthe group consisting of a bio-absorbable
{nﬁt ét.i aI Theab&®ad &hﬁﬁé bad|sargital aeéas coﬁﬂm\aﬁé}ﬂbd:d%?dlh@[bsclalm
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Ll 1 oxXanon PO ctl.de
enG SREE ) aB e Sy BT A arihS i Brectitb lonard gy the second

end.her eof . 38. The barbed suture and surgical needle
conmbi nation according to claim 36, wherein the

‘non-absorbable material is selected fromthe group
condd.st i Thg bdrbed suture and surgical needle combination according to claim

17, wherein the suture is made from a material selected from the group consisting of a
bio-absorbable material, a non-absorbable material, and combinations thereof.

43.  The barbed suture and surgical needle combination according to claim
42, wherein the bic-absorbable material is selected from the group consisting of
polydioxanone, polylactide, polyglycolide, polycaprolactone, and combinations thereof.



pol ynmer, a netal, a netal alloy, a natural fiber, and
conbi nations thereof. 39. The barbed suture and
surgi cal needl e conbi nation according to claim 38,
wherein the polynmer is selected fromthe group
consi sting of polyami de, poPYyester, polypropylene,
polyurethane pol ytetrafl uoroethyl ene,

t here

pol yet her. and conbi nati.ons
bar 18 "o T e A0 e PP Bl REn B ocoraing to claim
42a vderein rige tnon-absirbabld Ghateviet ieiseletted flugw Wise grampaddnsisting of a
rst end
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surgi cal needl e conmbinati on according to claim 16,
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portion and a second barbe port ere
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ortion are facing in a direction toward only t
thsﬁ%fond end. 42. The barbed suture and surgi cal needI e
combi nati on according to claim 17, wherein the suture
terial, selected fromthe gro
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17neherainghe barbs arediltfetingin,a dRdtieroRaRPOOR éflies fef endddd the

Se;l’ =) b@r bed suture and surgical needl e conbination
according to claim 42, wherein the bio-absorbabl e
material is selected fromthe group consisting of
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surgi cal needl e conbination according to claim 44,
wherein the polynmer is selected fromthe group
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according to claim 17, wherein the barbs are all

facing in a direction toward only one of the first end

and49. he TiLbODEH Qdre ahd surbital RAIIRESbnTHINEEBE addtfiding to claim
48, wlﬂegem l:ﬂg ggsorbaﬁ)?e ma{t]erltalI |g Qelggtgc? %grlnqge E;r%ug lcgrl'usrlrs]tlng of

polydioxanone, polylactide, polyglycolide, polycaprolactone, and combinations thereof.

50. The barbed suture and surgical needle combination according to claim
48, wherein the non-absorbable material is selected from the group consisting of a

polymer, a metal, a metal alloy, a natural fiber, and combinations thereof.

51. The barbed suture and surgical needle combination according to claim

49, wherein the polymer is selected from the group consisting of polyamide, polyester,



17, wherein the barbed suture has at |east a first

bar bed portion and a second barbed portion, wherein

the barbs of the first portion are facing in a

direction toward only the first end and the barbs of

the second portion are facipg in a direction toward

onIy the second end. 48. The barbed suture and

ur |caI needl e conbi nation according to claim
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conS|st|ng of pol ydi oxanone, polylactide,

pol ygl ycol i de, polycaprolactone and conbi nati ons
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conbi nati on accor
20nwheraivdoe b@(gerésutartedwasai leiast es‘r@stmrleeﬂ rartiom aniden gpcoughbarbed

poFtBHS\hﬁéré:H%é)BarQs 0129 %E bortiéh Fetading @ earE?rfe@ﬂlonElbwﬁﬁﬂ'on@ the first

natural Ttibe nati ons ther
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endccording to claim 49, wherein the polyner is

selected fromthe group consisting of polyam de,

pol yester, 56 pol ypropyl ene, pol yurethane,
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tjions .ther bar bed suture
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only one of the first end and the second end. 53. The

bar bed suture and surgical needl e conbination
accéb.di nfhd barbédsuture2id suhyirab hﬂéedeha)riﬂﬁmélled asttrding tdéaim

fir ec
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polydioxangne,rpolylatitide polyglycelvleapalycaptojactdne, and simbimaiignatheéreof.
the barbs of the second portion are facing in a
direction toward only the second end. 54. The barbed
sut 66.e ahrk karbed slresad slegicabnesdientdnghinalion ecdlirdigg taclaim
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polgingt, aaeialba pietal ﬁﬁ&yeﬁunaﬁiralébﬁroﬂn%mblb@t@né thesedr i al |

: and conblnatlons t hereof. 55. The barbed suture and
sur i cal needl e conbinati on according to claim 54,
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56,tvh1féré]ﬁ NP ORI iSddidtBiecPhom the group consisting of polyamide, polyester,

- polypropylene, polyurethane, polytetrafluoroethylene, polyether-ester, and combinations

thereof.

58. The barbed suture and surgical needle combination according to claim
22, wherein the barbs are all facing in a direction toward only one of the first end and the

second end.




pol ydi oxanone, polylactide, polyglycolide,

pol ycaprol act one, and conbi nati ons thereof. 56. The
bar bed suture and surgical needl e conbination
according to claim 54, wherein the non-absorbabl e
material is selected fromtRé group consisting of a
polyner, a netal, a netal alloy, a natural fiber and
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facing in a direction toward only one of the first end
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barbs of the first portion are facing in a direction
toward only the first end and the barbs of the second
por ilon dhebérded sgturenaral dirgiet headie tamBingtiodrdcyording to claim
S d sur gi cal . needl e
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consisting of a bio-absorbable material, a
non- absor babl e material, and conbi nati ons thereof. 61.
The 6Bar b&be barbed eutdrecansi sugdicsh heevbechnebinativhiagedrdiog to claim
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barggd suture and surglcal needl e conbi nati on
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thesanfgi cal needl e conbi nati on according to clain62,
wherein the polymer is selected fromthe group
consi sting of polyam de, polyester, polypropylene,
pol §4ir et Tranimarbgbduttre tanhd fsLigivadeddal @iﬁﬁalnatlon according to claim
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65. The barbed suture and surgical needle combination according to claim
33, wherein the barbed suture has at least a first barbed portion and a second barbed
portion, wherein the barbs of the first portion are facing in a direction toward only the first
end and the barbs of the second portion are facing in a direction toward only the second

end.

- 66. - The barbed suture and surgical needle combination according to claim



33, wherein the barbs are all facing in a direction
toward only one of the first end and the second end.
65. The barbed suture and surgical needl e conbi nation
according to claim 33, wherein the barbed suture has
at least a first barbed porb8on and a second barbed
portion, wherein the barbs of the first portion are

{a in in a direction toward only the first end and
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suture and surgical needle combi nat i on according to
claim58 34, wherein the suture is made from a
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wherei n the bi o-absorbable material is selected from
the group consisting of polydi oxanone, polylactide,
pol ;ﬁgl y c dhp erbed shipceapndosuagieal meedia nombioatisinrastording to claim
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thgzedfyt et r af | uor oet hyl ene, poI yet her ester, and
conbi nations thereof. 70. The barbed suture and
surgi cal needl e conbi nation according to claim 34,
whe7@i n The bhxbedbsutaleearﬂl durdiaet heragjlé torabichtion Glctarding e\ethich

0 [ d,.an ond d
420l U8 A 3l A BBr SRR o 6 e
seeand@ndi ng to claim 34 wherein the barbed suture has

at least a first barbed portion and a second barbed

portion, wherein the barbs of the first portion are
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34! PiferatRsbRbed élﬁur%%@ BOeRQ QD gﬂ:re% rﬁgﬂﬁ)‘;}r%@ld Rrkte@ond t%farbed

direction toward t he secon
poRigR, m’ter?'@rhectaﬁ%%ftther smﬂm ase faginonap direstiondoward only the first

end ARPINBHaHRbF thM dRofd BaHiEH &@'faﬂ%ﬁﬁ'a%rre%@drﬂo%@r’&tﬂnﬂ%e Q&cond
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72. A barbed suture for connecting human or animal tissue in combination
with a surgical needle, said combination comprising a barbed suture attached to a
surgical needle, wherein the suture comprises a plurality of barbs projecting from an
elongated body having a first end and a second end and a diameter, each barb facing in
a direction and being adapted for resisting movement of the suture, when in tissue, in an
opposite direction from the direction in which the barb faces, the barbs having a barb cut
angle @ ranging from about 140 degrees fo about 175, and wherein the surgical needle
has a diameter at the needle’s thickest part with a ratio of the surgical needle diameter to



surgi cal needl e, wherein the suture conprises a
plurality of barbs projecting froman elongated body
having a first end and a second end and a di aneter,
each barb facing in a direction and being adapted for
resi sting novenent of the sGbure, when in tissue, in
an opposite direction fromthe direction in which the
barb faces, the barbs having a barb cut angle 0O
th?&ﬁ@eﬁgufFeroﬁ’f?ranGUEJfaP@et%égr%&% to about 175, and
mhereln t he surgi cal needle has a dianeter at the
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needl e conbi nati on according to claim72, wherein the

barb cut angle 0 ranges from about 145 degrees to
abowt4. 17 Ihdegroedsuturdandidirgibameedle Soinbingticindtcsidingit6 alaim

needl e co na ccording to c 73, wherein the
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copbi nati ons t hereof bar bed suture and
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surgi cal needl e conbi nation according to clainv2,

wherein the barbed suture has at |least a first barbed

por t?é on ?ﬁ‘%bﬁ?é&e g@ﬂ%oa?l?irsgﬁgcal Rg d‘ié é’d%b.?(ﬂi%h %8&”& H§ fo cIalm

bar bs’ are ftacing
72 whesein tmmlpzybs are dilifacing in a direction toward onIy one of the first end and the

second end.

80.  The barbed suture and surgical needle combination according to claim72,
wherein the barbed suture has at least a first barbed portion and a second barbed
portion, wherein the barbs of the first portion are facing in a direction toward only the first
end and the barbs of the second portion are facing in a direction toward only the second

end.



end and the barbs of the second portion are facing in

a direction toward only the second end. 60 81. A

bar bed suture for connecting human or animal tissue in

conmbi nation with a surgical needle, said conbination

conprising a barbed suture &8tached to a surgica

needl e, wherein the suture conprises a plurality of

bar b rojecting froman el ongated _body havi ng
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natural fiber, and conbinations thereof. 87. The
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conbi nati ons
86. The barbed suture and surgical needle combination according to claim 84,
‘wherein the non-absorbable material is selected from the group consisting of a polymer,

-a metal, a metal alloy, a natural fiber, and combinations thereof.

87. The barbed suture and surgical needle combination according to claim 886,

wherein the polymer is selected from the group consisting of polyamide, polyester,



thereof. 88. The barbed suture and surgical needle
conbi nation according to claim81 , wherein the barbs
are all facing in a direction toward only one of the
first end and the second end. 89. The barbed suture
and surgi cal needl e conbi naflon according to claim 81,
wherein the barbed suture has at least a first barbed
orti pn and a econd rt 0 wherein t
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theeofard only the first end and the barbs of the second
portion are facing in a direction toward only the
second end. 90. A barbed suture for connecting human
or &8 higg barbed siguierand sotgicahtéesite euintbinadion sucaydioglo claim 81,
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according to claim93, wherein the bio-absorbabl
material is selected fromthe group consisting of

91. The barbed suture and surgical needle combination according to claim 90,
wherein the ratio of the barb cut length to the suture diameter ranges from about 0.8 to
about 1.7.

92. The barbed suture and surgical needle combination according to claim 91,

- wherein the ratio of the barb cut length to the suture diameter ranges from about 0.9 to

about 1.5.

93. The barbed suture and surgical needle combination according to claim 90,

wherein the suture is made from a material selected from the group consisting of a



pol ydi oxanone, polylactide, polyglycolide,

pol ycaprol act one, and conbi nati ons thereof. 95. The

bar bed suture and surgical needl e conbination

according to claim93, whergin the non-absorbable
material is selected fromt (@ group consisting of a
polyner, a netal, a netal alloy, a natural fiber, and
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thétbbached to a surgical needle, wherein the suture
conprises a plurality of barbs projecting from an
el ongated body having a first end and a second end
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barb cut distance wth a ratio of the barb cut
di stance to the suture dianeter ranging from about 1
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end.o the suture dianeter ranges fromabout 1.5 to about
4.5. 101. The barbed suture and surgical needle

conbi nation according to claim100,
99. A barbed suture for connecting human or animal tissue in combination with a

surgical needle, said combination comprising a barbed suture attached to a surgical
needle, wherein the suture comprises a plurality of barbs projecting from an elongated
body having a first end and a second end and a diameter, each barb facing in a direction
and being adapted for resisting movement of the suture, when in tissue, in an opposite
direction from the direction in which the barb faces, the barbs having a barb cut distance
with a ratio of the barb cut distance to the suture diameter ranging from about 1 to about
6, and wherein the surgical needie has a diameter at the needle's thickest part with a
ratio of the surgical needle diameter to the barbed suture diameter of about 3:1 or



wherein the ratio of the barb cut distance to the
suture dianeter ranges fromabout 1.8 to about 3.5.
102. The barbed suture and surgical needl e conbi nation
according to claim99, wherein the suture is nmade
froma material selected fr8fthe group consisting of
a bio- absorbable material, a non-absorbable material,
Ie&?d conbi nations t hereof. 103. The barbed suture and
Sur gi cal needl e conmbinati on according to claim2102,
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The barbed suture and surgi cal needl e conbi nati on

according to claim99, wherein the barbed suture has
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1086. The barbed suture and surgical needle combination according to claim 99,
wherein the barbs are all facing in a direction toward only one of the first end and the
second end.

107. The barbed suture and surgical needle combination according to claim 99,
wherein the barbed suture has at least a first barbed portion and a second barbed
portion, wherein the barbs of the first portion are facing in a direction toward only the first



with a ratio of the surgical needle dianeter to the
bar bed suture diameter of about 3:1 or |ess. 109. The
bar bed suture and surgical needl e conbination
according to claim108, wherein the suture is nade
froma material selected fr&Mmthe group consisting of
a bio- absorbable material, a non-absorbable material,
r e
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the group consisting of polydi oxanone, polylactide,
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wherein the barbs are all facing in a direction toward
only one of the first end and the second end. 65
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facing in a direction toward only t Irst end and
the barbs of the second portion are facing in a
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at least two sets of barbs with each set having a

barb size different fromthe barb size of the other
~set 112ahtle hirbed suiutegrnd surgical needle combination according to claim 111,

wherein the polymer is selected from the group consisting of polyamide, polyester,
polypropylene, polyurethane, polytetrafluoroethylene, polyether-ester, and combinations
thereof.

113. The barbed suture and surgical needle combination according to claim 108,
wherein the barbs are ali facing in a direction toward only one of the first end and the

second end.




surgi cal needle has a dianeter at the needle's
thickest part with a ratio of the surgical needle

di ameter to the barbed suture dianmeter of about 3:1 or
| ess. 116. The barbed suture_and surgical needle

conbi nation according to cl 8P m 115, wherein the
suture is nmade froma nateri al selected fromthe group
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wherein the barbed suture has at |least a first barbed

portion and a second barbed portion, wherein the
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117. The barbed suture and surgical needle combination according to claim 115,
wherein the bio-absorbable material is selected from the group consisting of
polydioxanone, polylactide, polyglycolide, polycaprolactone, and combinations thereof.

118. The barbed suture and surgical needle combination according to claim 118,
wherein the non-absorbable material is selected from the group consisting of a polymer,

a metal, a metal alloy, a natural fiber, and combinations thereof.

119. The barbed suture and surgical needle combination according to claim 118,
wherein the polymer is selected from the group consisting of polyamide, polyester,
polypropylene, polyurethane, polytetrafiucroethylene, polyether-ester, and combinations

thereof.

120. The barbed suture and surgical needle combination according to claim
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115, wherein the barbs are all facing in a direction toward only one of the first end and

the second end.

121. The barbed suture and surgical needle combination according to claim 115,
wherein the barbed suture has at least a first barbed portion and a second barbed
portion, wherein the barbs of the first portion are facing in a direction toward only the first
end and the barbs of the second portion are facing in a direction toward only the second

end.




