1 BARBED SUTURE | N COVBI NATI ON W TH SURG CAL NEEDLE
TECHNI CAL FI ELD This invention relates, in general, to
a barbed suture useful for connecting bodily 5 tissue
in various surgical contexts, and nore particularly,
to the optim zation of the disposition and/or
configuration of the barbs on such barbed sutures.
BACKGROUND OF THE | NVENTI ON Varj.ous surgical nethods
enpl oyi ng sutures have been used in the past for _
cl osi ng BARBED SHMUKREIN (OB TION WIS H SUﬁGf@ﬂL‘NEEDLE -
ani mal tissue, such as skin, nuscles, tendons, .

i nternal organs, nerves, bl ood vessels, and the Iike.

More specifically, the spEgEMICARWIHEDP @ Surgica
needl e ,\wi.t.h an atfached conventional suture (which can

be a s RverBeibreiafesia genesy, te a harbed sutprawseful forichuneeting)bodily
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% wound and thus sew the wound ose

sResitien andiqr genfigyration Ofs‘b? bfirbsen suthdmbed stttk ng i s t he
met hod 15 often used, especially for surface wounds.
The surgical needle is then renoved and the ends of
the suture aret|BdCKQBDﬂNDQEMHMHﬂWM$HmNthree

over harg LT, &‘éﬁaltlﬂetﬁ&fs %g:.gﬂlg fsutuésc’ hay beenb g%cr Ig%a&,fp%cf1031ng V3

conventional Sutures can non- apsor
s dundingdogetfier woundy inonimap oir ytemtalerssuepmbywsrkpy hﬁﬁﬂes (eﬁdons intemnal

bab e. e such as
oI g e, AL AR, o B RE GRSl Qe e v
p aesdieith mtadv@p g«inyrmcmal sﬂﬁlrﬂwhtbﬁ chrhlge & SMHbtlﬁllﬁlloﬁd'ﬁ?ﬁcnh or can be
C i ch are gener of .t he
B I T N A
niireyoud clasbda i bagiees tewesund isascidghtalotsdeiscal Wbdp ktitching is the method

c A bar bed sutu e I n¢ludes an
PP SR P Bl it el e Sub ot nd e s
wiof thh Sl.pllIB jaedied ftypeally vathbo st Siied BeMarid tRRdYs tBoRAWYot.

arbs are _arra d to all ow passage of

I t Th
t po T s 4o B o i R e o P thi e ble St ot auch as

r €itd, aglo polyere lyiprapylehblor Batoh & cailellit Bid-dbsbiBSble aterial such as
Og@ﬂﬁjte directiopn. Thus, the main advantage of barb

6 2 RAYBES ANY FAPOIYMSTA W fasHe #d Rolymenss 21| qgpolymers.
at t r | [Biice theAReQt dheltBoNcephsH, Bﬁ'getﬁs‘dgu%se@mgpm@ %Enerzﬁ@\ﬁ? tHe Qame

be ﬁtted | i.ke. conventi onal sutures.
O Psamyentione] sulires;s hays offergd gurnereus advmsngb%oven clesingzwounds
| WitipcdnivEfiosal mmeg Absutdhmat indRad!
S Dt et R D i o cloni gicd Y ¥ fias one or more

ePatrd ketky ‘\‘!‘éﬁhd’fql?ﬂ‘ fromhe asdy serfase plare e berdy, lengitle r BhetHads are
Cedfaflgddas alfowIREN g OO the Qd}lt)éﬁgmmsegﬂ bfks cﬁggl?cgl thlroﬁg* lidsG0but resist

barbs prOJectln from at ac
rRPVEIEY L s barhed %’@H? in ther h@obmdy@ctlosu Thusethe mrbaivantage of barbed

RS Had REPHE ProvisiaWE a nBn-OfFablE Ckécggim glrl))&J bafb2d btlis do not

nmovenent in the OppOSI te %I recti
have to be knotted, like conventional sutures Like a conventional suture, a barbed suture

may be inserted into tissue using a surgical needle.

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

passed through tissue in one direction, but resists movement in the opposite direction.
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direction ea I, ti v ure end is_inserted
B 89 SRR 1e TRRRGNG B4 88 Brfuelomales Yaroro. 624174710
bi Ruff. roteipaniahlaii g ribeslase fidd babs RRing @6Watd Bhcend SPBE kdthleYor about

‘The T nsertion device recommended 20 for use with a _

Sutures with barbs disposed in a bi-directional

arrangenent, also called doubl e-arned sutures, are

shown in U S. Patent No. 5,931,855 to Buncke and U. S.

Patent No. 6,241,747 to Ruff. More particularly, the
suture has barbs facing toward one end of the suture

for about half the suture length and barbs facing in

t he opposite direction toward the other end of the 5

suture for the other half of the suture length. This

ar r angewbns veith tons: didpesedan Hbi-diR coddBariaRgenidde aB8BBicd double-armed

syl | e. for closi wounds wi th edges prone to

sg‘ﬁ’iaf?g“t eke f%%fk' 254 WbsdARTERdhe pgosiedrogtiondestaut e stherand of the
erstigie foothe biker half dffthdsfid Bakzth.0 TS -arrkibefdent ' ;

Euy opean. Publ i sheg Pat ent %at l'ication e%l.}tla?[l%%%?gﬁ%sgt&momm
t 4" STF G198 28 6 PSRk IO 1o Tshtadeno st an scdond sides ofa
2 Gibbind. duich be dirddiional Biebéd AR i &,%EY}] i |
00/ 51658 on Sept enmber 8, 20438’??% ?‘%E#%’ to & fo¥losing

99y adEwth adgespone to sepgatipn, biilsorpbyists ibe trod kossburb sumirs ends

ansgngesidsRinedidopd.| y along the length of a thread and
oriented in a direction opposite to that of the thread

t ensi ofif infgreshisyeopaansiublished Batenteimplicaioh Mol E0T5e84a g Inot

| 88 2k j . Also
N e L LN
p&ublithed aoWE HU516AS en Séntembed 8\2009), privaty iosRWISEH0AT32f (March 3,

P95d9h, iviHid Mlo@s O REAhiUML &q1 rder to ¢l ose a_wound.

The 9?ns_,ért_i gn_s p(glgzw ce&has %dts%glg?nga‘rﬁy 6%’%&?38?’3?@5&“%}?%@"‘1

actdddna dirotior opronitt toitiek of thbihyead kepsiohasidtahd@ineice bk®veen barbs

T BGhd Adt RESmARY Qiﬂ#e@[ﬂe?lgea%fdignr]]? devi ce by the surgeon.

bar beAlsarefiinterestie Ues. PhtentNot 5,842, B76th IRQIY. TRispatent BSOS Bdnsertion

i Ack . facing. a_.direction opposed to the L

dl&?gzggﬁ glﬁ 0 plffﬁrs Pliogine agﬁ%ﬁfﬁﬁtﬁrﬁ}“&g 12 ${os5.grvpsund. The insertion -

ofyss hasp tubigar babidy A téceiningfa babs@ iltkrehnd hREMITPAISINA hhklle to

‘é{iﬁta{e%aﬁyfufﬁi ng didscl Qsur es of all patents and

pat CAt "ARHUIAbgp P desebY S "878%- e T Bserioa e iaresarmended ‘

bgr wse fndth@rbatbed RiiudeSihafeiliddturO@porlie Bingd iRSeRedincludes barbs facing a
!rrégtf |nloarren totﬂeﬁi?%dl n&.on t he _barb cut depth, reduces

tHESTPRPGRT "GHIF IR ST Rserion e Auhudrss vathibabs eprosing thee

slieetion oflinasribsire aBo SRR 576 1o Rigever,  the strai ght

pul | &E%?I |, e Strfeﬁﬂﬂﬂt’h of a barbed suture shoul d be

conpar 8HUFLOFrS ohlhPaiEs aed gatent gpplicatigns @rentigned herg are incorporated

oy mafesideonal suture (a non-barbed suture) in

accorggnce with the United States Pharnmacopoei a since

f ai | urEABeRRParhe e moaefilunens depdwidiol oh shedatbaubdepth, reduces
ktieGtrbight pan Gendfle S4ALth SREL th@ el AK ?leeligluils ldccé‘%gesdt lg-?owever,

strength) occurs nost frequently at not
thespaiglgyll fensilg stepgth gEa bagbed suture should be compared to the minimum knot

pull strength of a conventional suture (a non-barbed suture) in accordance with the United

States Pharmacopoeia since failure of conventional sutures (which have to be knotted and

must meet a minimum knot pull tensile strength) occurs most frequently at the knot due to

increased local stress.




To optim ze the performance of a barbed suture, it is
advant ageous to consider varying the barb geonetry
(barb cut angle, barb cut depth, barb cut |ength, barb
cut distance, etc.) and/or the spatial arrangenent of
the barbs. This should not only enhance the tensile
strength of a barbed suture, but also should enhance
the ability of a barbed suture {n holding 5 and

mai nt ai ni ng wound. edges together. Unlike conventiona
sut ur esto oifintide (B FERIhABSABArbed sheffel 1 %5 a%anfa%%yéxg ?ﬁée()%sider

bar bed gy%ures can spread out the tension a

es AV PR Bre dasb geametryharp gut apgle.chartesps dengh, Hrrbrout lerpth, barb cut distance,
| e} ihd/dotie sphtal e bISROSrbd. O t A1,
conf ? urat i osgb of t Egﬁegg?%s s h%éu IG‘gm?Sﬁg{#]gp (grogﬁ g fhe tensile

i ritieRatl of 3 basbedispises, pytelse shoulkenhinee thevebiiity dfadasad simereiimholding
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plrert At die kpots lraettei] stutles ¢apsproadbom thertensivnahllg Heabdan@d suture .

Aly ' t .shoul d. appr oxi pat .
A0 SHEH 0 U N8 b O AP AP S fogoatraiono
ditke ks shenld therolars fistherdmuleasethp effectivervhsybfaie: M dartiedSuture in
PR AE b S0P REOGE o EP Rty Vot e
ugae latter in parenlarbr ticosficiuh i promiotingrivoakd IRaligf scarring is

U ger PSREHE R aBORE ofygrSvintie M ik Sugperopriat
s tangfon yalloviatidistostimiof @ssyie, and hefpAVRIRicEscTirlhe, | AV INEL SY-retaining

A I t he .presegnt invention provides a barbed
Rt R e T DT A
bsurperits sditre meiniaonion Sfatardil i€ iRRIahve SubPscokadic I8k

first end and a 20 _second end.ﬂﬁhe bzzllrbedosutureg@ry’aswellas

f U PIRSHe DT sPagds imiied; ugh s gndgscopis sprgeny opmiceasiirggryt r om
the body. Each barb is adapted for enabling the

CaD

"barbed suture to resist novenent, when in tissue, in

the direction- that SPMMABYOF IHE BRYENEIQNr ect i on i n

whi ch Adeaidingsy; e lpRE&S invdiiBn pRAL, :
conpr,i ses Jﬁgrbgpﬁg bgvng_gpspégigb%ﬁaﬂﬁgﬁ%%éémﬁﬁmgghmnm””
oﬁ“_ggﬂéﬁsvﬁeo MRS reediseiyre cpmptiien am elapgptaddddyhaypgsifiritond arla
t3sbanld ehdlt T@a}ﬂcﬁ k@uR Fﬁhﬂ'@-} copRiBRS 2ty omr&\ﬁj%cgiﬁ E lg-ﬁg; the
th9dy-eBfch bathris adagted forgrabliegithel barsheskiutiro v, resish exovemat, vetich in
Mabdel @l the HRLA i life IE QR chQues ] appin

di spositt i on, (tﬁ{hﬂelg6%%?1%{{3&5}1?&8%8éna{':'iqﬁ]é(:htq%a&é?%e%ﬁ?‘3““’
Saded putyrg durthier eqmpsises thechndndieing digposedbt the hadyi ix aldisposithe selected
hanbed # h a first..portion and a
secondm%%%?ﬁgﬁgﬁﬁmﬁg¥§“ttghﬁgﬁégn% mﬂﬁ@"&ﬁfﬁ?“ﬁ@ﬁ??%n
Aiseositian, amndemdispositive, dricosbingivds tiedtof. he bar bs of the
secon L on. - Lng.toward the second end.

A o o 0 sBkerkd DisBisfioh Sk T8l HE miipls “phadiostion, andior the
P¥Rriapping dispestiondibs babbmapaltibs ficing @04 oniy @A B€iht figst and second

- ' ti,SsSu where the suture conprises an
%gﬂé@%ﬁ@@@ﬁq@\rﬁeﬁ auetgre_nzfay have at least a first pomoq)pand a second portion,

+ where the barbs of the first portion are facing toward the first end and the barbs of the second

30

portion are facing toward the second end.

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

- connecting human or animal tissue, where the suture comprises an elongated body having a




first end and a second end. The suture further
conprises a plurality of barbs projecting from the
body. Each barb is adapted for enabling the suture to
resi st novenent, when the suture is in tissue, in the
direction that is opposite fromthe direction in which
that barb faces. The suture further conprises the

bar bs having a configuration'sgLected froma barb cut
angle 0 5 ranging from about 140 degrees to about 175

. degke8 anda BRLMY nl! THERR . ﬂf{l%% r@g@%ﬁc{s q 89%%1%{‘%“ ban%gg{‘olj]ecting from

to suture diameter ranglng

- 0. e bedyp Ajeph bath is adapigd Honginalling thegutuge togésist movdneny tuhet the suture is
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S Chi - ' - Q-2 . uf, 2, .a
A PR oA S e e
s yutwrefughenvemprises te Yirhghdvingm @infigiratibhnkele@edtbanh b&b cot angle 6

car ed . u rside te base, varying sizes,

o el v A P gp SPorD' oot St e i 3 tafig @f cut

s rﬂ_epm:ts) fﬂt&p diainie 1eonrangiﬁé1§orb alfé@ﬂ 9.0 gé wtroetS @%,beﬁllb%bi 1{5@9%@ a ratio
Spi.ral.i a angle ranging f.rom abaou egrees to _ ]
155 G 1t @ sPru dFomely PRl 5o F0RpH1 1t A9 pishagh @ disfapce with a
| gathedit distéice BisufuRAHAMSIMNR RGN ARG hbded. P fo bR 6, a corrugated
dis&gsa%ﬁmhere one overl aps the other. During

Y AR atsyats base, Naying sizes, or caprnalipns thejeafs  cr eat ed

by a bEsbthei st cul RRIPILEEH AP RispesifAL hdad

into the topsi qguof é%ot hdér 153Baétjhg,<’:2%16t p%g{absﬁggﬁ@my has a
t BRITAEE pPagly eReingirem abogh § degyeasiio allauhdedegsen: t of t he

topsi dPorofhe td%tgrg]agﬂi\ég rdis@ﬁ:ﬁ&(%, Q?E{i P‘Eﬁﬁ gﬁsat R&ks( t\&&rﬁéjgc%nt barbs are

under si de of erFappl ng So on.

wiHisposed plerg\oae Prasiabpsige dihep oBiutingescarpinent oéithe baths, the overlapping is
dis ) . | rb_and .t he .

oV o8 PR, 5B e Al it S b S topsice of anoter
| adigaent birbdier theppedapped badh),bawdbso wineHars, parti of genepade of the

f b. cut. .di st ance peiween t .
AT By b1 RS SRR REAVIEF T bt wi
ethooweriapping dispesifiors giEnbarb rove distance peravdndns oerdpiagharb and the
oSt Bit 2R S50 P WParician o eyea iR g scoond barb, wheras,
ciorgonsraltfoirrted spuks e barbat distdncebetween Blothafl 8dhd KarlRcut length.
sur gi cIaIS- eed{he. The, suture conprises.,a plurality of

bar bs “Pr 8pe@f’ Ao SPPuimeh e RIGSPEINVESY MoNidssgr Rabed suture for
esvtinandg chus@s @ chnbid . tissuea h chabiBation ﬁﬂﬁ&t\l\hﬁiﬂgi&{? rhneedle, where the

en e

enabling the sutuyr 0 resi st novenent .
SOP st cofrpriscnatpibed Buie qhsohed 1 BERebREeglalhs Siture comprises a
qie@BlytoF baibe rprﬂmngifrbﬁ%l Mhgaidd WEE Ravid?d RAER SRCLSecond end.
E}’S ﬁ)aii)l,o of ‘i e %ﬁl‘gl cal needl e dianeter to the
FliPerOdt ateipd for phabling the pyturedo ssistmoement ihenstyg suture is in tissue,
3ilietieadMeltionadt is SPpodit Erok e AfrbMRn bRk tlﬁjy&iﬂ? Eres. d'{he ratio of the
descrjbed here may be attached to a surgical needle.

Spiggee! piediediapeicny thy-sutwie digrete Reterady i) B:110x I¢ss. Juitably, any

- R ER iMIRI Harte G RERRMIFER herP ol BE aRIcEA0k sl AL AL
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showi ng a barbed suture wth barbs di spose
degree staggered spacing; FIGURE IB is a sectional

view al ong | ngREPDEERIFTIC JRFREDIOMVINGS | N FI gur &

A -5-
FIGURE 1A is a side view of one embodiment of the present invention, showing a

barbed suture with barbs disposed in a 180 degree staggered spacing;
FIGURE 1B is a sectional view along line 1B — 1B of the barbed suture in Figure 1A;
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FIGURE 2A is. aside view of another enbodi nent of the
present invention, show ng a barbed suture that is
bi-directional with barbs di sposed in a 180 degree
staggered spacing; FIGURE 2B is a sectional view
along line 2B - 2B of the barbed suture in Figure 2A
FIGURE 3A is a side view of another enbodi nent of the
present invention, showing 5 barbed suture with
bar bs di sposed in a 120 degree'étaggered spaci ng;

FI GURE BBURS: 2 88%ide Qf@dl of \éh(ﬁf%&@lnﬂgtgg %? H%%re'scn% %vgigion showing

the barbed suture in Figure
vi ebrbd sawe thatis '@l‘ﬂb‘@mmﬂkﬁaﬁﬂﬂ@my&nlw degeen Btlagg&red spacing;

show n @IG@RE@?QEQ S&H&g&g@‘ a&vl?:ﬁ)'hé I]lﬁtf‘ 23 %Br al%eé ﬁuture m Figure 2A;

barbs di sposed in a 1 éere spac
FI GURE 34 ig aside viewlof mllce!wr abedymenitoethé Bresené favardtion, showing

t ' e 10 FIGJRE 5A is a
& P RRE el dhpblel W 10t oot St S
i nvent FSGUREBBS ng:ct:mabae\b akbng lihe GRe - YBBtohthbébihbSd suture in Figure 3A;

FI core B REA i Sbe ik oF Yol aromnr s BRE oL rygon, shoving
t hbatimd mgoreshar wrb&»dxm:gsmg W{itﬁ bfﬁpﬁs dispdsedinta ltﬁﬂ\dég&e@stt@gé’x@d spacing;
view o odi nent o sent jnventio
showi ng @&Q%gﬁ B adsegtﬁf’t“ﬂf‘ge‘i’ plgpe i f ‘tﬁo g’? PEthe baghed sufyrg 1 Figure 4A;
bar bs EICﬂrIRE a4 id Aside \hHW 6 anbthier sMbddinMn€ofiRe prédentlifvention, showing
tion tEngE (LS a sectional view along |ine
6@ arbg S‘{S‘Fet“ﬁ BAF BERPSEUFrtwist et piulfiplespal dispRYiIRE 7A
| S a SPIGURESB issd ﬁ&no‘ﬂhleﬂ%v@élo@ 1RRrBe s bit tHe @arbéﬁi}hl‘ﬁnz ih Figure 5A;
bar bs di sposed in a tw st cut

-dir
nul ti pﬁi‘ﬁbﬁ‘?%s i depdsy of wathes qrebodimenteftheatessnitinyeations showmg
Fia@tibed Sufure tHaLHs bi-dikdeBédaBivR birbs @8possd lﬁwﬁgt SEGhhi ?i& P
I N

FIGURE 7B is the sectional side view as illustra

FA§ASHORA. but rotated and clanped to align the barbs

f a'sec Vv a r it Piour :
or  TERBURIEN: efcrloha el l&“gslfn@%ﬁe éiae&‘c’jiffe?rde} Jeﬁgg&t%rhgﬁb e GA:;

FIGURE 8 is si de vi ew of anot her

~preserflG HRFe?ﬁ isarsectiond wida giew of s bptbedisusure.uvhichiik binditsatidug! with
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| BarBs di oSk Th d et ﬁlhﬁﬁ% SF ka@#ﬁﬁhs%dnﬁlkg R S Gk P %%re m I~d dure 6A,

vi ew of anot her enb resent 1nven
2kt diistiptedyingnisalatgedisestioar e having a barb with a
COr I UGREBREOH |
sect i %22 elrB s%g{(::ts%ggﬂ} ?@gﬁ{gﬁ a?ﬁllusﬂt%n? %A 3’%‘ P'iof?gd and
p*?l@BEfﬁttO almwbﬁnbarbsrfor mtamegnt@f thechiatistagt hamednahe mg)sa
bar b S a secti
t op ﬂ%ﬂ&lﬁg\/{?ggﬁéﬁ gWbar[l;%m& EL‘%JOl?fE%eWQﬁf tll'l? Bﬁﬁ?egt Tﬁ%‘“o“ Show'“g a
FhaGEIREUt!!@@llﬁdJadJscu asaderdispaitah; vi ew al ong |ine 10C -

GU - I
1. Sy, 4 G i S B o,

sbewing adhrbed slgure havingod baﬂnwttlln etoraipared on@RhtedindeRRle;
g][ e\S/Zﬁ oﬂﬁﬁgﬁé IS a §cct|0nla'1]]o tl%e Qi%‘svgxelgthgruet %ogm\c,:\gttori]' thkf):?)rreggnt
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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-6- FIGURE 12A is a sectional perspective view of

anot her enbodi nent of the present invention, show ng a
barbed suture with barbs in an overl appi ng

di sposition; FIGURE 12B is a perspective view of a

portion of the overlapping barbs of the suture of

Figure 12A; 5 FIGURE 12 Cis a plan view of the

portion of barbs of Figure 128;6_ FIGURE 12D is a side
view along line 12D - 12D of Figure 12C, and FI GURES

13A, 13GURBG2AR |

wher e a barbed gﬁ%%?@% ttack%g%tfgﬂ%g%%ﬁllgﬁ@%?% ?ﬁlbpmsent
ne'8¥ingon, siosting pircbpd sutnge wigh baskesdn hieoeerlapping disgositidmyound”
means [ sey

reans SOUR9Bls | ARSI it phARFEPh BRYER S g e
otH&feurul?d® or animal bodily tissue, or other

condi t EREIRE 12 ut.urin

stapling, or tﬁgygg{e"lng%w g‘;?ﬁomo élg of b%'ﬂﬁ"g{?lfﬁ ng

devi ceFiayRIE2D eqrideadew ﬂbmmaznsadﬂtﬁrﬂagurd e bt m
"tissu Ihﬂ% b [imted to, tissues such

as 15?Isct<| n, F%f’,SISPHSCI ad‘ggrfgowﬁﬁ%"é’lséurg’(‘} es, where a barbed
néuu@és¢attaphwltmead:h\smgmllmc:dl@r fibrous tissues such as

tendons or |iganents. ﬁg’éﬁhﬁ}%lb term"polynmer" as

used here generally inclu not limted to,
honmopohyased bere ot @iy I‘mmﬁnd’( Al ad6rgRhOGdisiofl'cal, lacerh®RIQNred

al ternati.n nme terpol mers, et cetera,
P R PIARE: °’5ﬂd‘9‘%’r‘8§ F‘%%“{'&PP ldp @5?%&#19% eF #fmal bodifetissue,
t er wﬂleﬁf@oﬂ'dﬁﬁinymﬁm m8héH ahinal Ghéte Sutdrilg, RYPHIeDIShe use of another tissue
truct ur((?l mat,erl al . These structures include,
Rate rrl?aﬂﬁ

'bﬁ nneciing reyed  jsotactic, syndiotactic, and
r ando m1§cy£§maéd he28 theAbrhYQid g~ inbﬁde%uﬁdﬂ §Sibe ﬁfxﬁcc?&;sﬁsrsﬁJQ S&hh as
Cr 0SS

bg(&'?\iyﬁn greferred enbodi ment with a circu

Yriasciay, pong, Ipscles ORgF) REFVES <5 blegd esselpon fibjonsidseas such as
ctemsslchah@ml shape that could increase the surface
area and facilitate the formation of the barbs. Oher

cr oss MUERVED His terps “nofymse s veed hereenatally includeartmt isowt limited to,

| Romop&YmESR,; co@H@}nerst(gdcﬁ‘M]@ck %‘gfﬂ,q' exnpeﬁl{i%itérﬁlm%gfc o@oﬁ*’ﬂners}

trapezoi d, nboi d, pentag agon,
éﬁ‘ac’]tyﬁ'émi ‘P‘l?@efavwﬁltﬁ@aﬂ?r and nigaffisations dherof. Flnﬂlemmre the term

p?bwﬂiﬁf 'sHalf 1'111:]@&351‘ pds AL stF.@ﬁmg%? H\efll%liég%? 'ﬁ}és (rdtldiselﬁ ﬁlglude but

u3| nq% die with a clrcu Cross
}@ggd %’e@t’l’lﬂ@w, syindiplaetict adanmiom .mdnietmae circular, as

t hat oéﬂﬂgtther s%ﬁ.n%stage degéﬂfb%@gelfiy 13123 P&f)&%%gd?’ ﬂé‘bo&ggqnf \gah a circular

extru3| ies can be custom nma
EFasgEectigy the sutiiies neild glhalpee a Hemdesplat biesd ectionalhaeat@ tould

%ﬁ:réé§eetﬂc D8FaEe hida bl GG HeFoiBAM SA16 LoD S(ytﬁér%r%sé s%ggonal
shapes may.-include, but are not limited to, oval, triangle, square, parallelepiped, trapezoid,
rhomboid, 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 length of

the cross section, regardiess of whether the cross section is circular or some other shape.




" respect to each other,
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the cross section, regardl ess of whether the cross

section is circular or sonme other shape. -7 Suitable

di ameters for the inventive sutures described bel ow

may range from about 0.001 mmto about 1 nmm and of
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 dianmeter ranges fromabout 0.01 nmto

about 0.5 nm The length of the-suture can vary

'dependlsng qndlsevergl actors 5 such as the |l ength

and/ or SHEHHdigmeters don s myeniye guures deserted ?ﬂ@wtﬂ}ﬂﬁé@@? from about

t [ (SeﬂlaninQo Bisbuj © i€ @nd 6tBursé, WeAdiArdiesGhayHR GrotPibBEL 0.6 \Hm to about
I|ke pi cal suture |engths range from about 1 cm
P e 0035 s ab ey The ypicaksbasesz renges oom about

ab(mmt mdo GRdut B36nih ETRSlengit SRR e c2 'er &g%ﬂﬂgﬁ NGver@Factors

used here in relation to the dISpOSItIO son

a Yth wtee lspgth pad/endert of e mound 'PH)&tclOﬁ%ﬂls@xmpéuﬁastoahejomed the
| aa&tiol B‘ﬁh§§i¢)§mp£nﬁﬁ€ R "1'2?1*0&1{% re I rgﬂ{s rgxg zlaﬁf)ut 1 cm, to about

e
| NG chl%‘ﬁfmﬂw@o@@t%@a&mﬂpm second set |s

aI I gnegyd _Agd 4 tb%gé}ﬁde | %d QR lgggﬁn&ﬁ g§ e Peljg % Eeﬁtlgn ANk dxfposmon of

per pendi cul ar sut u ransver se
t foetbs g a swuregs inteaded teimpant tbatslwtuttmhas laeleimasm sofs oﬁbhas that are

ar%& gvfufh't %Ect?c%ach Y)\fhlnj wf.‘% tHcrHrsq els'? 2t1il ! Q(Flf) E_xgmg]{l%(gl the suture and

second seft e barbs
extheseiand sefus 4ligned bﬁgitUIdmalsbudeheSLhmd ybuom plahd pﬁ:lfpehhéulbﬂblﬂﬁ: suture

tﬁgd %ar 4 ?\ fs%sfthgeggnetﬁe sut gr;]q,l%: fsgéf?xtggl?e% (%nﬂg?x%g(g'tl%fﬁmt set

emllogteutcrsmm@awodlabmbafgrelsedmﬂm are nore sw tabI e

for j cer.t |n t such

ti ssugh%rb%gbosf tm-"fc gﬁ‘ép{eoﬁie"f’ﬁ%’r%f%‘éf# “@\‘Ch the barbs are
bdispesedr Bependiag Slulhlb aidnded @vd us¢ 6f the b@bddtsh@fe b&@ﬁ&d dgﬁ’erent sizes
tissuye uc S CcO nse tissue.. As _noted above

g B B P &5 b B HEET 6 ok MG o IS peo ypes of
utigsde fieh as %tlmi&bmft GEY. €0k tHRvRler h@@PsnPalk B85 ard¥d¥re suitable for
part':_lﬁcjzéhar cho en material for the barbed suture

BIYRERE ’%sls'l‘ee?fﬁf' A coMfasemdesedistiet y r equi r ement s.
l\/br e SReiidd HaVd, YarbdBulesd nfulyite Rde FBY tRS afnl W¥RGiaks W 18

bi o-.absor bapl e rraterlal that allows the suture to

’é’@’f‘%@“ﬁﬁﬁmf‘ﬂd%opt%‘“ﬁé ABY B hetiar ghesen materal; for the basked suture

t depBAtR oA Shel s gt i FlexBRR) Fquitataial | Y, bi o- absorbabl e
material s are pol yrerl c, and dependi ng on the

par t i Apraspestically. yaried isresanayde formsd frogyadierhorbable material that
| )10t EheWaAto rd@é}Q&Sanﬁ iR ARUME o 'mglttfhléﬂ od ssge t?c wound

nmont hs. The use of bi o- absorbab mat er | a |m nat es

thealsn Seresalin hiogbsoreablsmateyialsiase mmsandfdcmﬂmgen the particular
Hﬁﬂﬁﬁé?%eiecYéf t}félt!lﬁ%]@&ago@ OfDADY GurfiFha ég?frglrn Q@J g%dnthqg over 24

are not limted dl oxanone,

paens \Ihe pseef b*‘b‘t‘%?"@@i{h 'Gjbia'ciﬂ&)ﬂ emnfatﬂ:ih@nrpgdsymdrrsmowng the sutures

tf;@ﬁ&g%au gemercially 30 avail abl e exanples are
pol ydi 0xanone (sold as PDS Il, a trade nane used by

Et hi c &aripusrbio-absorbable polymers include, but are not limited to, polydioxanone,
polylactide, polyglycolide, polycaprolactone, and copolymers thereof. Commercially
available examples are polydioxanone (sold as PDS 11, a trade name used by Ethicon for
selling surgical sutures), copolymer of about 67% glycolide and about 33% trimethylene
carbonate (sold as MAXON®, a trademark registered to American Cyanamid for surgical




selling surgical sutures), copolynmer of about 67%

gl ycol i de and about 33%trinethyl ene carbonate (sold
as MAXON(r), a trademark registered to Anerican
Cyanami d for surgical _8- sutures), and copol yner of
about 75% gl ycol i de and about 25% caprol actone (sold
as MONOCRYLO, a tradenmark registered to Johnson &
Johnson for sutures and suture needles). Barbed

. sutures nade from such bi o- abs8r babl e materials are
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usef ul de range__of applicatjions 5

ATl q°9° YBef a5 abrus 73 % s olidaangd abqup? e semrelasieng (sold as
NQOROERK D@D h GadB b feitercdih Fdhnsd WY IBsA MR and SHEE

pol yners include, but are not limted to,

 possdise Jadeadsuturss madsirer suqhdfiesebskrbebin materisly krsriseful in a wide range
‘DQL filfond SUCh as pol yethyl ene terephthlate,

|ated here as PET), polytetrafl uoroethyl ene
(such Addigonaln Metbmttngema)alﬁd founaididmyh semesbsarbiiemamtigdwhich

o SR Td Syl R wlhar HERouted Y bbararyip, eppamice

c Gatrgdmeaian aonylgno| pplyesterdaichan pojf/ethijrlmttdsry[bhtﬂlate apbichiaat bere as

gﬁ%’l‘fhﬁélgﬁgiﬁguoy%ﬁ%]%{ng {SI Gilr as %a%ﬁlgclzdé)o?ﬁg[&aﬂi?ég ! a e gbbrewflated here as

SeRTFiExAl ,sold by Gor a@S}OR}mmb)mbi)}E)&ﬁﬂcstétmﬁeli ad ﬂb@ybil&m&r which is the

_NOMAFIL whi ch B& trademark registered t

W&]ﬁ‘g?ﬁ“&“ P ngﬁwbﬁe@apth@m pﬂlggtyameg}ylene ether glycol, and

pDh—}SU(aﬁ‘é(ﬁtﬂ n@d whichey Make @by DadiN & GRR a1APSHO. r?cal , companies
material may be netal w@ﬁhf steel ), netm
n%i'YfEffié’D’ Typey @Pd"( the game 5i0) 8% which lsawévgkagglstg%twm@encan

| CfBamtFolLsdicPiuniBs, & f}ﬁxqethsah' a(tiikleclg YRS HRH- Jﬁ@égﬁyﬂl%matenal

are descri bed as aV|n3£the|r en ern pol nte
fopkedmestl (agnsteady matal alleys.ingiuesh ﬁb«;; (e ik, ¢caston) dt oetetap pnd the like.

pi erci egf tBSbrbed sIJtui'e§ dnsg&g&ﬂﬁm\@ﬁrg ges%‘l%‘d ab H&:&g’lﬁéﬁr %Ids being -

t he bar sutures nprise a surgica
teinted andiferdiedefa matr:hd sbf@pbedty St wrbow ﬁor@wammsxﬁeo It is

n channel n .
acto}@ﬁlgﬁfeﬁmat &%?Ddg?)? élge ?‘h?%%\ %con%pns% ?]sur gé]gl %%? In this
I’B@‘Eb@ﬂﬁle’hb theibabed tutwaisi aldil[!!ed EOS Stuehmél'@ sAth :acblyrmngm & yhannel

descr,i

I%H‘[ﬁg he ah ela-mb)ang1 ore elntathﬁrgac? 0 q,]tg tﬁeﬁuﬁc&?gﬁ# |f?ﬁ"633ftﬁ’8 into tissue.

s ur gi aalaclmmadb)eswhgzhg ist Wl delsritled mgl it ygicalty dcgoriplishesBinserting
).y the. hole
Fhe U FRGp Bl bieanti R Pl AP 5 T bUGHE dsboren S of e
ma@hﬁieﬁdlr tmhﬂ@?ﬂ%ag Ibbemtliﬂ’l@d 1dhgitudamuy Irﬁ{%nefﬂﬁﬂ of the hexdle),
ol.e so a e suture secur e 0 e

Eﬁf e@&v CHERAE Dereplant aRpvt g ﬂeﬁlﬁ hplg 0 gl.e SEiuzey's secpfed to the
Sut@@hmledlél ﬁﬁeﬂsaﬁomntdmmé 0R1g6, lsbhtle Slagicdl Aéedled witha IGikfudinal hole

end ar at - shr e tubes that are heat shrunk
éff?’l?reng ﬁ@Z’PT‘“Sg‘Fﬂ‘"& e fybes tat axe heat shropkpdier ingeghion of herpuiuprdn order

- SoMttaEIethe Quthid@o the BigtbiealnePBE OA GditiNANY, sb RO RrkiYal nSEIR have a

surglcal needl es have a channel _or trou% at _one -end,
P

ghiernelios trawah s ene cad, and the; spturais laid iy beiroughy Tollanesd biyywvrapping to

VAR hiOto t(RESHIGI hE1eS SUHE&I ﬁ&dieb@uﬁy&&ive.?donmec@akﬁype of

Surgi cal needles with a conventional eyelet

hdle Eansversaly dispased in @ne prskef ahg syrgigabneselg coyld ah@bégﬁegﬂ bupare not
PRRALE fdr BebEd SIntes. B8r 13 Pebser Hivetich, Stlof 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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30 preferred for barbed sutures. For the present

i nvention, part of the discussion bel ow regards

surgi cal needl es swaged with barbed sutures, but it is
contenpl ated that any other suitable neans of
attachi ng needl es can be enpl oyed. -9- Attachnent of
sutures and surgical needles is described in U S

Pat ent No. 3,981, 307 Borysko, U. S. Patent No.
5,084,063 to Korthoff, U S. Patent No. 5,102,418 to

G angn G gpsuteS A58 o i R RS 118 SRR s w130

U. BbrysRa} 6.5t PaNent NG., 582,089 fo Katho, Ung Ratent MoS5,1024 18nb Gmger et al.,

8 Qéép 2161\[%’85’@:9§¥E§G%geg}ﬂ al. ﬁ:g{) }Pgﬁ E(?h:,@q to Homarest etal,

WHmelaﬁnUNe. 1122301 @ Calligan 88 Paterit 8lo. 61@R0I16 I@@Estweg k2P, and USS.

B W1 BB o e et e s

- CQRédibed mltr.oVPahg: & r5 s5hesRatkieetAf. FuliBer! 014910t Vifit the surgical

corrbl nati on surgical needl e/ barbed suture to be
i Meesdle may bsogted, émw llpwingder theypeedle phthg inventjvgcombination

S léﬁ@icﬁﬁ{eedi%s‘féé&uw 8 b8 msm@éaaﬁt%@hssulmh GQForAqndBY th %m%lcal
yner, for instance, a silicone resin coati ng.

F@Fﬁdé%é{% net copted. | Fascoarme may|be e palymew fos instpnes p Slrl\'é@m resm coating.

U R exaRBi4 Eﬁﬁ'ng?dvg@hﬂ&oﬁﬁ% é&%llcg %éedjje%meqmes Sl d@é‘ahﬂy less force to

ti ssue penetration than a sStandar [1'coni z

- seffeqt Hesue pernstiitionitirngsteodard siticanizeds@gicpapesiia is dpgsribed in U.S. Patent
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5&\%@298@13%96%%%}9:?51 et al. The barbs are disposed in

vari ous arrangefients on the body of the suture. The
bar bs Theehpartisaref dispreed ingirioys arapgenurntsailtes trody hbdle suture. The barbs
I

| Bl 80 ch DB 20BN sGro bt Stamet . cuting

g ey @id, thepliiey W rcgardnoe:auiisg,on génctadxrmlyhsnaﬁmeaﬂumdﬂamm are
?r{:ﬁasgcp altl(Pt% nbt%e arbs e Cub ﬁ{ntleEtfo!aTen? | anEnt bOdy The

e franua Or intensive and

. n ot c dElte oafumg atay bemaxAnau bmyth.'ﬂus labtbln&ensub tdugpt 0wt bifevdive.s

d|sclo ed in S, Patet catlo rial . .

067 649 T sPisbleBingh ing 1 Bisy6@0y ) s FiiosR pgplation Seral .

MQTIIHJSS té Gemdra éﬁﬂj}u&tlgﬁihs toZ?)«ﬂIl Mekdiesi, ﬂle& ﬁhg&UB E ZOQQ tlaf disclosure
ch is.incor rat erence. Such a cytt

PRI Bl aAnS ittty (S GG miche bk SO blades for

bachpmentiop babseitol eundre iR A ApichRutiag matHind fB@manufacturing

‘ ne for nuf act ng . barbed sutu es u I|z a .
g@ﬂ'%dr‘fg‘“b"é&“ S@F‘é‘fé“g%&ﬁea Bie AR “?ﬂ’%@ S ) SORjgmes a-

Senplate B2 guide fdr HEPIALL THe s@ttcdBarhM is me&h@m a{{@ﬁeid by the
suture_ fil ament |sglaced|nthe bed and held by the

Ve WS bR te s SE1eOHY GRPERG IR et dircton

OSTIRY bdrd filline RO Qftel 8 cuNepilfaB R 8XiBIS éﬂhdeﬁ %Bﬂb@ﬂnsﬁ&e@én the
the suture filanent, in order to cut a plurality of

£1eaior 9f ayyiEedlaBgiths di sposed on the exterior of a

sut ur ey }e?cﬁ@n@ct, nowNoleht &@&ﬁg@ %@re'iﬁ!"rc?é?eﬁc@ ﬁuxﬂér@l‘é"d@ﬁénate
where |i ke reference nuneral's designate corrgvéon i ng

crorespending orsiraiias plementh henngho thersperal eigwp.ghown mdggure 1A% aside
SRAWDF 4 BBtk adddrdify Rthesent 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 penctrating

tissue, but it is contemplated that end 4 may comprise a surgical needle (not shown) for
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view of a barbed suture according to the present
invention and generally designated at 1. 30 Suture |

i ncl udes el ongated body 2 that is generally circular
in cross section and that termnates in end 4. End 4
is illustrated in one enbodi nent as being pointed for
penetrating tissue, but it is contenplated that end 4
may conprise a surgical needle (not shown) for -10-
|nsert|on into tissue. (The otﬂbr end is not shown.)

suture 1 des .pluralit cl osely spaced
88‘l"|‘ nd Bt hgup d‘\la?usmaferlée ysh giurality of

7 are dlajll% arran ed about 180 degrees from and
8 7 age radiplly) arignged abewy 180 dagreeniromjapd,

baf @ n?d with fegiekite aRiRliy pestd Bas 9, wifli Hafths 759 %Ing%mﬁa% 4. First

7 define a plane that is substantially coplanar wt

t et 9 Pathe? ef‘eﬁneﬁé'amﬁy’aslé euhsigntially coplanap yith theglang defined by second
CQATLHABNI, |a)id c@@q{ﬂéntlgr b&bsd;eb ulEeSUREMBRY @ LaheLREpSA T to the
one pI ane due t radi al 180 degree arrangemelr)] -
Fi"@’lﬂl O degree\apppgsmeat- 5 cross sectional view along |ine

1B - 1f.ak lﬁuﬁiﬁﬁﬁls]a ckdis é:écﬁdﬂa iev QYo 1';eelf§ o Qﬁture 1 in Figure
|Ilustrates angl e nanel era 30 de
aﬂﬁamg@whqtly Blustipigs mg16X1mnqlx the radiap b8t degme brazmgsmen off¥sarbs 7

| A
T Y e ——
~pb¢fhf7@ﬁbfe’néd7 L‘r C(Qﬂ@‘tto ptinteshenid# (Rotghowen hBji gurahBi) tikltBys, seems to be

S t I st

bg?%ls thgr(i) fagtﬁcr Jﬁ&%ﬁ%b Fggé éararﬂsn% gue&o}/\@% srt]a eHng,, gkgtfagﬁvgrse plane that

t sperpendicube iparrde bedydranti thasmterseets the dysedf aﬁmbatﬁ’rabf barbs 7 does not

| bas e, barb 7 of barbs 7 does not
ﬁ%eg{egtgg% %S%]QF%' %M%gf()fg?{ys %ar b 9 of barbs 9. 15 Suture

1 may SbleJrﬂhdmyhe triadeawittud ¢umrg mmmhe tat lbrhatcem@dbtﬁ B5baitv7, 9,

set at ime, ina, .

PR re R ABR b R spBRi i ars Sutyih. SR e o feyice

ddvgéribed inckas aiovacked BerfahNo.2196M8,; IPloeSknSRr dtal. NO.

09/ 943, 733 t ova et  al r et of barbs 7 is
cr eat 6°H5 i é'g?ﬂéf Cé??{f’dﬁ’é’lpdfﬂéa%‘&g‘ﬁ‘f’% & sytpre filggent ip ghe vise, and
tthﬁl tHeser,of 8fades, Wik A prelldiemBRY 1EthDdphe@Snto el sBtuf filament at an
edeterrganed Ig)%tg Pllces Into the suture fil anent
B0 & peigt

Blgfelggecingreate REgn Opediestigpuiopard potssidignd hgSecand set of

Waths Biif E6itbDImIANEIEr GREhE the OdesTonSHRGAN 4 the sta
barbs 9 is created sim!l ar% after %ﬁgsetﬁ(ﬁ?ﬁ © staggeting)

SPergEienafeby itk of dhedgpgigdi (l%ldhsan%fa‘teéwqen &we phhodhs] angylso rotating the
IRiRFOMARBH aboht D5y de s d'¥e i) UindcH i &'tai el BLBRGfodate first set of
bet ween two of bar 7 and al'so rot Rg the suture

orroa Adhat 2 8lseady salo degrees on the vise, which is

equi PRS-t ia dahRe 1ol #Rth RShotRer enﬁ@én%nt o{%ﬁ?}%ﬁﬁé{t

al ready cut. 25 Shown in Fi gure 2A 1s suture
F'S"%‘Fftﬁ'tqﬂé is likgisurerie prcepsfthat ﬁéurpmeéxrﬁi redtiopdnSutor 18 lides

' lelok %at&iﬂoﬂfr §2 @hat & g&%%lgEl%ﬂlm%NfrH{?%e&%n Elon%z%tedc})og% 62 temyinates in

I rectional I NC el ong
flrﬁéﬁnd %Ctg'érpemmdleyda:m bafon penetmating tissie s @dsa, Bris COEteme&ﬂehht one

Qloﬁgf_h e],n?ds tlf@,rl%1 rﬁ%@rtc%ﬁxph& a surgical needle (not shown) for insertion into tissue.

Also, suture 10 includes plurality of close_ly spaced barbs 17, 18, 19, 20 arranged in a
staggered bi-directional disposition.




first and second pointed ends 14, 16 for penetrating
tissue. Also, it is contenplated that one or both
ends 14, 16 may conprise a surgical needle (not shown)
for insertion into tissue. 30 Al so, suture 10 includes
plurality of closely spaced barbs 17, 18, 19, 20
arranged in a staggered bi-directional disposition.

- -11- More specifically, pIurallty of axially spaced
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‘barbs 17 are radlally arranged Hsbout 180 degrees from

paced iy BETE pATBEF pub Fect BubLtt e B Rpisdpags gpovt 120

14;legmcs fmnpm‘rclst&ggeréchbxﬂutesﬁtﬂt b phiralithef dxiillg tpared BartsUOUWith barbs

a2 Dbt ofd I Lok i Rkl R of i< 40 simitany,

S tpaga;ay ef:han? Epfasmsstl 1 gtamzﬂg&funﬁﬁﬁgedﬂboﬁ?ﬂa Hégy%e@ ?gﬁ?.ﬁd
Wi ar ps acin in en or
o AR YUY et o BUBHORITASRRY PopRiba Al Hherie . HHacng
| @Gﬁteh)en@iﬁ for hndiiRr péltion @b% okinhely thé oth@ il ofthe 1eh8ih) of suture 10.
stantially coplanar wth the

fine a plane that is_su
PGS RO 4 oot agipte F31 BGPO BN pBMpith i plane defined by

T @&hd set af Bartf19 DAY, s aYdsulelsh ofjbgrbs 29 1defg, ﬂ?deﬁne substantially the

substantial |y the sanme one pl ane due to the radia
1 8neRIG Plaae dvety Hied sl 189 flegre asangeamentyl fisw sas of barbs Hig 18 with

WelsBeci{ sE@RASSG bf bRbsS@CaNd set of barbs 19, 20. Figure
2B 1s a cross sectional view along line 2B - 2B of

sut ur &igwe 2R iy qwée%mal vmaéongllea PBy- 2B, df getpredDiimBigure 24,

a e VIR %Hgmt
gg#ﬁg%ﬂg?aggerlng, |rst Eﬂ%@ cﬁﬁﬁgégﬁﬁ% Dukhe
ctaggenng, Grypbirhd @ af eakey 174s c(lm togleinidl end 14 (ngushewn B) Figamed@B), and

t I [

o apRER TR Ak ey OB Balt ot BB LS iSO e
t stipnking: rs wansharsecplania hat 1ss)eqcpencpemht@$ﬂna~c btbcty 12undithet in@bycts the

n 7 .of
iR Bl B 1708 B PE el 4% RS B a8 B 12 B 1
Uakbs:sd.@ trandyﬁﬂﬁemamaethatas pdtmndmelmste squbmlbed)t hhindltiﬁ:t intersects the
12 an

RRAPSSE BB TS o B BtiafofyRE ket B° gt Ay B0 S b 20,
i nt er Saute t(heapiaradafwithnye sameudifg dbchiardd sutdi@ .1, Sidh by the cutting
10 may_ be d t sa maghi ne as suture
g e Secoh e s Pons SSET g P B Broft pT oot wion e
dbhweang clisnge idlddabirdddon.09/ 943, 733 to Genova et al. .
excep th t follo g blad dlrectlon
For f ?Pﬁﬁfsfsssw dﬁ?*’“aﬁ'%arg% ﬁ: it a%arrtB%S%"ﬁ Ipient i3 placed and held
tif) theSide th€bladds 3l tviths fRSt26@idg adtidn BRS ShprdximitE1§ hMF §Bhe length of
t bl ades splice it h a first cutting action into
é%epﬁ” ﬁﬁ{ﬂ@ o f5hte byps Fhiacipg iiytng digpetiop pravagd pajiited end 14. Next,
fithd BIAERE hretr&al@ﬂ 25501 &gﬂ:@é’ 5hak theyasd Mo digpoSasn Mk bisdsit@dfirection and
toward pointed end . Next, 25 the bl ades are rotated

PHY tbfe@}ceegﬁ'f% erighety Ty blades asothenilionsd ixpliss intahe other half of

Qﬂ?%ﬂ & the §ules FiRMeANFth .‘:Péé%ndtcnﬁing' RGish 18\ @bdte Bfbst BBFacing in the
| engt The bl ades are then allowed to splice into the

'SPH’R?FC iggctionfowardpeintedegd i6.0f t he suture filanment with

as ECRBA, thé!bibddd AretftiskiAbn ditBaifAIBAT M R stddefiflS abht hdlf of the
longitudinal distance beiween 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
17, 18 that are already cut. Then, for second set of bi-directignal barbs 19, 20, the blades
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opposite direction toward pointed end 16. Next, the
bl ades are offset longitudinally (to create the
staggering) about half of the 30 |ongitudina

di stance between two of barbs 17, and also the suture
filament is rotated about 180 degrees on the vice,
whi ch is equi pped to accommpdate first set of
bi-directional barbs 17, 18 that are already .cut.

‘Then for second set of bi-dirkctional barbs 19, 20,

ice with a fi u ction |
| eBcta e of fonsin oo Rl g el g by B stament o
f |drmmmtbs 20 facing @b dirasthm 1@0arl 6intedeid 160 Mhe dirst ditihavtion is
t g isaBy by P ongtitualte 180 G G0 ey ety disposedin
dens ¢pssie au&dﬁaﬁ aildR/¥r thE BndbOHAIEHFIRAERE. | The blddes 49 BRA blldved to
er. the uncut half _of the |length. The

directio
oIBR8 s BRIt it of the s EGmeR O s peeRgelsuing acton to
h@tdate®hrb NS fakp o e B pobiedifblion Bwirl paiiRAEndM4.h 2

second cutting action to create. barbs 19 facin

P O v SEbs RS s oy P s Hignol ek Odhe porton of
alsaﬁfen@w.m%m%m db %%aéerm&m%m@aawir@{smma gdid ﬁﬁtnamadomon of

suture 10 gortlon of suture 10 with barbs 17,

wvwd()evﬂmli’érﬁﬂ &0 myy havethem frsingteprdprintedenthld. (Wigh thls
p%ﬁdtlgﬁ‘ tf bar HEM&I@ gld\éﬂne dns]e_g@cf 18\1?) tﬁﬁmhl th alf be 3N e Vi Mch as

faci ng tovvar poi nt e vari ation,
t Hat shawp énthe shoye-notesh Ul S Phtenti Nps 8 381376t Rofft iddlditionallyt #is noted

i SO BE P D B s
Adnh endendibrieyportion witth bnrcbs Eatingtthvadther efd, demorpedionba_itb bantrafacing
bgnqge?)ﬁ?gcgi&ﬂ) d)%ﬁlghg@ﬁh % %cfggﬁw %ﬁle{ %’}fghﬁl\%r %’ﬁg @'E)rt %Hg‘i»ﬂ.), and thus, if
f apomgn oftherbe isret faemg;hecsnutmdp@whmhmmswbatﬂs alzaadpsent, then, the

n one rbs facing the
o e Vol BRfed e PRI MBS | 715
po rti odm nfvarb@@ lo6a barbertdutirabavirg atridial 480 ddf@eeemdngdmwﬂmm

g it FrolibRE Peing ot el LB R g sl diameter
dftMinests anrdinhadhsaaingd Mpiveanohdrng Gerfotindio. ITANY, AQthik and delicate

radi al . 180 degree ar W th ering is that

L TR aGPEET SHUE F o r . D atieserac 3P ACere pagne Benersies

r effeativesntioringpdrfondareet €r  filanents and the

staggering i ves anchorlng performgnce, Thus, in

thin w*wq@tag IBURPA- deRigied Ssile gey of gpethes embpdipent of & suture

GREOrHRAR kfthe pl@nEhAREEH, %ﬂd s&Hratlg aésgat%@acsuﬁaa e B¢ SFis like
ef fective anchoring performance rning now to Figure

FAterg b lopndyFipwre dAseigepthal festdial secing ForBHIYE B A0 dhtess

SHEtEHAE 18- &eBFed RGs dhBwh IS BIASENT i nvention, and
general |y designated at suture 30. Suture 30 is |ike

sut ur More pHiRiRT Y suR G ciudes elopgaet body a2 thatis eensanlly|circular in

PGS ko BHd 1R ¥e%ﬁxat§9m' poinkeiind 9@ for %eg'g’ndg'léhﬁa‘ft 1Qf:on1é%%lated

degrees as is shown for suture re parti cul ar |

dhat grd3Gmay emipisrcssuggienh g@ﬂd@c{n@i@blwezo thatthe sugurg éwebeameyted into

GiskufeU (B okHir end is not shown.) Additionally, suture 30 includes plurality of closely
spaced barbs 35, 37, 39 arranged so that all face in the same direction toward pointed end 34.
Hence, the disposition of barbs 35, 37, 39 is uni-directional.




cross section and that termnates in pointed end 34
for penetrating tissue. It is contenplated that end
34 may conprise 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 30 spaced barbs 35, 37, 39
arranged so that all face in the sanme direction toward
poi nted end 34. ance t he d|§%0$|t|on of barbs 35,

37, 39 13- Al d
~ bar bs ér%gblrsg% yS%gfarr%ﬁéhe y a%a"%‘?d afﬂél %é é’ ?grg‘% effo%?ﬂd

10

15

20
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are ragdiall t 120

e m bR Rtk P R o GR AL s ol 3B Bt 8y spaced

Helruetes, 39ard atdol Wdﬁhﬁt liﬁiﬂa@ﬁ:es?ﬂorﬁﬁﬁi sdpSEre@ivith R@PeLt to axially

about ees er ed withr ect to .

o P aDs 25 ool o Begafa 2B S Slraieont, Fig®segf barbs 35 defne

1 zqﬂbdagamhagmrage prhd; sedohd Sdt oSiRirbsOl7 bR GbstmtiaRy 4 :inﬁﬂler same
| ane; second set of barbs

subst nt| é t he_same _one
3 PPR@IRTane hisd ot Af baes 39 defiest HbriaiestlGhethe sape omeplane. Thus,
t hinfuek F0atas Birbd T BB 38 Qrralpbd fen %@&E@ﬁﬂﬂdﬁk&%ﬂﬁtm{) ldcgreesdé sposition.

anot her sane one pI ane. Thus, suture 30 has barb
37, 39oFgprRjeacion ssctionalycy élena}meﬁ&—r?&@ﬁ sgWeg 30ip Eigure 3A and

deaseewt ﬁ@.@%h&;b@&hty Er%%é‘?ena%ﬁlj e édﬁf eﬁﬁg%em of barbs 35
vi ew al Ongﬁbl ne re

of suture a%)g
10vidremec arPSr@Brl@rtpféﬂtw@upwwwbw%mb A8 mythirgspect to barbs
ragi al 120 degree arrangenent. of barbs 35 wth

respect to barbs 37, barbs 37 with respect to barbs
ands Bhptpieddy tig %inplrfﬁsﬁl@bbalh 3 o s 35, BBcauggsof the staggering, is

' l ogecttt(; % %% 3k I'(‘lﬁ)t §ﬁdx\9ﬂ¥l 'rl-"f%re jﬂ)rﬁxﬁ tlﬁlg rsQerﬁéto% lngg prgm farther

5 bec t he stag ser to
e ﬁﬂaBﬂfs(bﬂdl Iofbards B Hsgtfnﬁ b@@)ﬂ' Oﬁhldb!t Fudye tsdmsﬁggmn@es closer

lsgtf &ﬁﬁitg’% %}1@?;4 (lﬁ)rt E %/n.in %%m%f o “B El’ﬁjg,.fpe% %{%a?%eﬁ g'naarrn Qéen farther

irst barb
stawggféﬂsii bagh 39 of batbo3%r A transyeriseiplent tl=m ik p’.'éxfpe(ldlc}.tlarsh wire body 32 and

r U Erstd e B of B B R D 8598 B LRETR prygpond 37

pbﬂmbst?'ﬁauhcmmenpendrse plaae thhtds parpendieulaod gutde badg 32 and that

e DR Bt DS TP B B S R o

3Farbd 3% @mnfbaﬂ,y @trdnsane\pims ehapis papeididatar tossuped mayct'a Qhd @At
to. sut bod nt er.sects e base of
RIS [ e onhallih iRt 39 ol WA RECES me Winerl g iy 5 of

abarbd B b 39 of barbs 39. Sinmlarly, a transverse

pl ane t hat endi uI ar to suture body 32 and that
P o SR R R S bt T ing g5 Baiad T ds the cuting
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Nddvice désRfibaAGH the Bsvbased sémamo 07943,733 1 GenoREdR® BR-cutting
Suture 30 may, be made with the sane cutting machi ne as

St iﬁno“gl&e%toggodﬂffeth@ﬁﬁtf pigparts 5 iy 3% #stally epg 564 ajtigne. ina

t B OPR Iﬂ@gmﬁgmrggb No. 09/943, 733 to Genova et al.
The cuytting ine is now used to produce three sets

of bafE Sst'a?f be#s 3539 cregigdy By phicipgnddeldinga sgturq fifament in the vise,
followed by the blades, after having been adjusted to a predetermined length, splicing into the

suture filament at an angte that is chosen to create barbs 35 so that all ace facing in the same

direction toward pointed end 34.




staggered position along suture 30. First set of barbs
35 is created by placing and holding a suture filanent
in the vise, followed by the blades, after having
been adjusted to a predetermned | ength, splicing into
the 30 suture filanment at an angle that is chosen to
create barbs 35 so that all are facing in the sane
direction toward pointed end 34. -14- Next, the bl ades
are offset longitudinally (to‘%%eate t he staggering)

appr oxiat el al f t.he.l angi t udi nal . di st anc - .
Do waslVort e Btk are Ssatorin @i didPils af sRREED spprqpimgtety hai
alpthe 1dnddudifd gisemse teivdeh evvofbarbsBhi Alsoj the Alymeiebtdtal about 120

| date first. set of barbs 35 that h
D SRmemn heyie. PRish eanShed 16 aropmedis B 55 0 bty S peve atreasy

i ?fe@@'t,lrﬁhdi fhen %Blﬂ:&lfcf of$€1lbis B'Ei&icmtedliﬂ@sibﬁl&dﬂ&n_af.e agai n
of fset_l ongl t udi n y (Lo create the staggerin L
appr oxwﬁméwhfﬂ‘awﬁs etk aEsinafdiet GnEmAmally b v lasaaine

- U pprefinha ik loAdiRdiRhlRstAnBEbSWEA R0 of bdrBySNind dlso the suture
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rotated about 120 dggrees on the vise, which is
editAnspel retafed ahoy A9 disgreesionthe visg WB’&B&/S caBiPPed tp agcomppodye both

- bapbay 3m ffideddr lbsfaﬁys ﬁutalrgalag eitessall s&of BABLSr. Ibilowing the

Fol l ow ng the |ongitudinal novenent and rotation,
t Fngigudieal meverpei g rogtions thindsetiof farb 3hissroater 4y 2 simplprapanner.

10 Pr ' r0a b
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t g bediedh figm Herpiecedieg broeandriges s evarlap wihiany ethgr betther
barb. \W% fEr%Bc%rn%&‘i@E%QAg&? uﬁk&#éd% Siftre b AASthE AR diimRnt of the
suture' 4 , anot her enbodi mént o the present -

| present ingentiofu Sumee 4005 similaitoguture 30.¢xeapt hiatsuB@: 40dix biegitectional.

t Sidt: ' iy = gl s I i.0G
S50l 55l RAy Sl y S Ut
steohinates sufasttandisectril foare ands €6 46 forpenctrhtinggtohswe Adsudit is
poi nt ed .e 44 A6 faor trating ti Al Lit -
el P (48 TBF) EhaBid S pB o blown o
candprto be irgersadrinfo tisdue.n®ect: 40 furditr intiodus plirality of dieselytspackdbarbs

[ ted_d ti . Sut 40 fur.t her. i ncl ud

oF i 98 300t 22 R ek B e hoppl g tgd (2, oy

52 ar rrongesht half ¢f tsd laggesiaduld 40] mtigbt spaded barths $Pas cirdutferentially
F boyt hal f. of the | ength t 40,. axi al |
e a0 $eese o0 PO EE Y ety ks i frbs 49,
aRRidh ark 2801 ABGHAekd hbaun Zndtgkt QR andstargblad et pepéct touxially

e D16 B G aem o AP Gt Sk gL, 0 degrecs
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apfbra bhd/ stagepRa QGthhapas to%liallﬁ@%hi&%bﬂﬂ:tdw ThasS b pbrtivn SIAGEREU0 has
barbs 51 are al so arranged about 120, de es, . from and

ALl bade dinidy b Paapihe S5 RPN OVGHLERRICH eI 47,

Thus, par e bltePRutRdf tUbisiifor4Buham, addily spiceld BirbSaate rafiily
51 facing in the sane direction toward pointed end 44.

2urapgad bR 180 Hegreas Aiom 294l stpgreradatith rspett (1 aialbyspapgd barbs 50,
ahiee ArY RIS SHaRRE %uﬂ&@ﬁgeéﬁ%ﬁ%ﬂrgstag%é@aﬁﬁ %Sﬁé&?ﬂéltalxiaily

120 degrees from and staggere respect to axia

- gypesed haba pBsCogequently, axially spaced barbs 52 are also arranged about 120 %egrees

30

from and staggered with respect to axially spaced barbs 48. Thus, another portion of suture
40 has ali of barbs 48, 50, 52 facing in the same direction toward pointed end 46.




whi ch are radially arranged about 120 degrees from

and staggered with respect to axially spaced barbs

52. Consequently, axially spaced barbs 52 are al so
arranged about 120 degrees from and staggered with
respect to axially spaced barbs 48. Thus, another
portion of suture 30 40 has all of barbs 48, 50,52
facing in the same direction toward poi nted end 46.

-15- As a result of the radiafrt’20 degree arrangenent
first at of ..b efine su nt

came ond 87 be (o Be'eE e e el by K B doine
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]

i poistedsad 44 ot shﬁwnm gure AB), aud thiv, RPRSAS WEar thapicyrmfarther away first

10 4Bub ARFbibhys, appears larger than even farther away
" first 10 barb 51 of barbs 51. A transverse plane that
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t ?019530393 47?{!: b9|§§4'p@c¥eg néﬁnt&%ecp gﬁ:?gse%? A W(Sf barbs 49. Likewise, a

i nt ersect ase of any rbs 49.
L ittamsxprseplane thatispespeadicwarid sutere bpdyt 32 and theat jptendicts tiedrseraf one
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babis @&pafdlcuhardmmdaaacdp 83 amithatiiméredcesahd basbef dmasarbdﬂ of barbs 50
a r.b 50 bar hs 50. nsverse pl ane )

20 s RpteRtes Be st apy e B s S S i REreE plane thac i
| pdrpiniiRGlastotsiRrd1aae 4Dindande irtesdats Wk tRbe &fanb barb B2 30baliRei does
not .int eré‘egt tge aﬁg of aﬁé 5{)ar b 52 of barbs 52.
Shofintersqel the Base oL any harot® A Pahe4-hat is  per pendi cul ar
t 0 sutSiRe bRy BPmaRvith iR sah cakife mbchidd R sitafd, fich @9@e cutting
b%yb 52 of barbs 52 does . not intersect the

icg dp5rinesl 1p theighoysanoled Sexg]Noy &G a0 Esn%a@vﬂcwt with the

25 tfowmBBhandd fl HlglcBedione as suture 1, such as the
cuttl n devi ce described in the above-noted Seri al

0dPufirst speef biirestigpa) arks 4718, afigsdbe pturgifament g plagasl and held

ﬁltﬂemmenﬂe Bﬁﬁ&&ghée%@n' AHG cQﬂuﬁEQ&doQ lihto Eﬁfm;a‘lfnatéﬁ hﬁﬁ bf @t length of
bi -directional barbs 47, he suture fil anent

i the pvye BlpmsAtiolsepilg babp 41 ﬁl@ne rrsq;le dtfPf‘élOB toyeredkpaipspd end 44. Then,
B }Mﬁt‘é ﬂlatgcﬁ fgafer rofatef Y 56 lidyebef S thitthdy A hRARRERXITR R oYipdifit firdion and
30 ~ over the uncut half of the length. The blades then are allowed to splice into the other haif of
 the Iength of the suture filament with a second cutting action to create barbs 48 facing in the

opposite direction toward pointed end 46.




the suture filament to create barbs 47 facing in one
direction toward pointed end 44. Then, the bl ades are
rotated 180 degrees so that they are now di sposed in
t he opposite direction and 30 over the uncut half of
the length. The bl ades then are allowed to splice into
the other half of the length of the suture filanent
with a second cutting action to create barbs 48 facing
in the opposite direction t onfr d p0|nted end 46. -16-

Next , I S e of f set J tudin t.o .cgreate
SR SShab A i e

~ d [ Jemnmaa] ldatanechetwesn 106 of AFR Y7 Ahd alsd the 3ht8R fl4tBend Ilrbth@d about
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b |4r7p|43 matarmaidyktat Dhen, 465 scédhd sbrak blad‘&cnﬁnaﬂﬁﬂsé 49U40, the blades
econd set of bi -di recti onal barbs 49, 50
¢ e bt SSiing Sondpaporpy e bal oithejoag PO s flsment o
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filament to  create barbs 50 facing in one direction
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S me'ofyﬁosit@&i’ecﬁ&?togm infidleha 497 the length of the
suture filament wth a second cutting action to create
bar bs Wgnfthebladss pre agaio offsee lcopipdiiall e(tel¢ncase thestagpaing) fr about
p I

PRSP S 09552 AR Sl
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fila tQ Ccrea bar b cin one direction
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fio kiearabatbby2 faah@tn thgoppbsitdliéeins 1Bl plegte@an 40 th at

t hey now di sposed _in the opposite direction an

over PIETHNG GRoAIESHE bprhds Sorpist p W%ﬁpoutﬁﬁggie%s around
Rewte KRy 4T Rob MiePpréda@in® bid and'@let nQbvdrap Wikngy Bth@lfbaﬁh e

filament with a second cutting action

t
o1 eat I BAEEEYS cRldign (ot he D s b Pesena Suwedfy the portcn of

fs@W0RI 40 hadh bask eefnﬂis» 49 mayhebeth@R a¥ing BRRRI SHMEESRI 468nd the
barb is escarped at a g03|t|on about 120 degrees

2PBIAR AT suitie 4 kavingbyrba 43130078 mivchaye bemdicing towand paintpd end 44.

SBESthR Vb8, thAPiMd s R Would ﬁ:elﬁseﬁélf ll:'ltO tlsShe@¥)th an insertion device,
al ternative enbodi nent énot shown) for bi-directiona

siphgs thayhowp ethp hovp-peted 1.S. Patens dtous. 34243 6HaRirffg Additibmally, it is

- ﬂ&ed fb%n, ifAdsilBYbaRR VG %@@wa@@g %&Egylﬁﬁgﬁ]%, &b%i,gﬂm geémggarbs

and the portion of sutur
fraipeiens endiand and pagtiongvithoeshsdaqing the etherendl odtivo portions with barbs

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




Wth this variation, the barbed suture would be
inserted into tissue with an insertion device, such
as that shown in the above-noted U. S. Patent No. 5;
342,376 to Ruff. Additionally, it is noted that,. if
desired, barbs may be escarped so that there may be
two portions with barbs 30 facing one end and one
portion with barbs facing the other end, or two
portions mﬁth barbs facing ont-end and two portions

arb agci t he ot her end, SO on
ﬁ%? n Stk 3 et ° Pl et g ks Rsadpsgnt hen, the
f dribted sdthe wolldbe gnsendl ihidalssuk heman Baedsn adviceadj acent ,
then, the barbg%ls%%ﬁr e woul d be inserted into tlssue
wi th aft"PR@BREs B biEkadsaereArthadadik 140 despe arapagnmsatys that the

S Watbk €xefd fbite e thid iditinct dAnétalH ESmEniANSBRBMEY, felulliRdih
the _barbs exert force in three distinct planes that

¢ SRAFITPIZANOR OE e FrtentinR force of ghe st vERLS AfagEiboxe.iths stagpering

t Rehdn8dsQidhoRRy pfoeBaeE. t he suture overall. As noted
above, the staggerin enhances anchori ng perfornance.
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OfwhidAgs %}gﬁﬁl@ﬁ&csigﬂé’t@@h' sBftre 60"\@&}991&315 pQSH%{hQ«J ik ¥o %twmt cut multiple
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insertio er nor e;
|m@hmﬂﬁ@ypmwuukﬁnghmhe%Mm@hhwospamaﬁmmaabmdﬁa arr anged

and 1 A 1 s SloR SR hng R UE PR o St 20 Pafiore 54, Due
6. theRiwamt c1g nﬁﬂhplssmbdzqmsmsle ehdhoespbctive Bab &7 edegnsho bbesnﬁBer and

- f 60 S5A. t.h t
AR e e aa et e porihond B Lpu tiupan i 5B, the

&'ﬂuﬁﬁﬁdﬁf&m&dﬁf&&nmmgaﬂlum&dby mrlstigplings each is farther

and f e from pqginted _end 64 (not. shown in

21 qur Sl to BHERe on Rl it & S Bl neraiebing 6 B for making

|dukunest rsﬂﬂh&ud tl’@:y:uttiﬂg d&htdlﬂ:lsdrib@d inTht dbb e-Rlled Se¥ialiRo. 09/943,733 to
nstruc ut.ting machi ne as that

BB S i s Cyftag aneioa g 4 ey e pilioe ymilgule geirls that
(eeferablpag drdatelietha baNENOisale SRIrd Mamblat is Q94 aé%nzl?ﬁnit&d of

ﬁﬁ GEﬂo%?d@ﬁEaﬁ Wth a twst cutting nmethod, barbs

atgd, CPNEIAKES BIIE- spiral s that preferably

are Ch matical mesuaaérﬁlam m&haﬁs b 73MhEE @bdu |1m d 16n
hel d stat?ﬂ%afﬁ? i nst ead g bei n rotate% " &%1 gih, s

denetpdipellydwisied Spraqortionaf e saielengths such as 39 @mfp@a portion that is
fabb ABHichb\@bout 3 lzﬁﬁﬂﬂ brf t?ne LiRGRGS Ft@la BREL anldifd i8Bbued apd the other

length, is |ongitudinal tw's for a portion o
59 Boes, pribe pértien ef thosuturofilampettis

'tﬁlsteaaih@fptﬂ&'&utéreg’s &&gﬁ]ﬁ&d@ﬁpm mlﬁ'edvdgnz of the suture

| ength an end I's secured he other end is
gr as p”é‘dlswr?fetahb'eﬁpeg@@n@fb@&teég tim@Q and maxsbhe peofotnme more or less,

Q&b‘btak Wto% tfnﬂ:@. Mﬁi&ﬁwﬁéhh@fﬁﬁpﬁe froin about 2 to about 17 twists per inch, or

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

25.4 mm).




tw sted when the suture is then placed and held in the
vise. Twisting preferably is perforned 28 to 50 tines,
and may be performed nore or |ess, such as 19 to 70
tinmes. Suitably, twisting may be from about 2 to about
17 twists per inch, or 30 about 3 to about 15 tw sts
per inch, or about 5 to about 13 tw sts per inch (per
i nch belng per 25.4 mm). Next, the bl ades, after
havi ng been adjusted to a pred@ternlned Iength

to the suture filament.

si mul t gneo lice.li
Coutth nRPEOE boset T ne e e o PG S A ultancousty
| alsﬂ>1mamao tHe 3Gt ilintent. NEheSRAR g BétioR GhdkeytutsQ¥aieste BAbOE RS that all are
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64. After tw st cut nultiple spiral barbed suture
?fwr'&g R hegamediroction Py g pginied end . mitctituiskrpt myliplespigyl barbed

aktu@icORASREbel FroMlhd 1idd MdHRIWIAEE bRBs 6Pars ispsEd A Quultiple spirals on
Turning now to Figure 6A, shown is another enbodi nent

ofutig&lpr esent invention, which is generally

desi gnpiRile fbw HibAE 64 Oshowh 'is%lgthz&nﬁb%dﬁﬂen?ofttw p%seﬁt%ventxon

mul tiple sp |raI i sposition and thus Is sim
swhighes memléss@@;gﬂat@%tsutwﬂgr Sutpy 7Oss ofi a-tepist @emubméﬁ splral

SH]EIBUSEIOZ Qnd fhn§4s Hﬂﬁ‘ﬁr ﬁls%&%e&cg[?%yat dfturk B@L Hl directional. Suture 70

general |y circular in cross section and
t wehilesciangatpdhbotly 72 ithas is gemedallyairowler ip oiost @ctwsmjé thayternigates in

fﬁfshﬁa%?éomh& ﬂaﬁ@gw &6 fhltc,behamﬁgghgnpl R s%gntftﬁﬁltateg fiie Se or both

bot nprise a sur
(ofendsTo R jnaj compriss @ surgloai nleﬂ:‘ﬂe)(nbi showa). fOﬁnsamIcm 7o nssue

furt heSruterZd Puﬂﬁ%’r ichlll}HeQ l lluraﬁ{y of cl%se?s gl %!edstﬁ%c %’ "}%aagrgr? eﬁ 111 two
78 arranged 1 n two regp f erns, &%
bespegtie spund! tpatEies, syoh baihg ammlupﬁb sbmﬂwoﬁﬁd bddyrMs Birbs 77,878 are -

dj
sl HERRG P TMARNS Rl ey 2y g ppciy g6 mmof
gamtuge ?) , bth evbmdnd @au:an ERdf :pfmé V@Feul:‘g?lln@lf-frsutma:g pr&blcxh% ¥) @lurality
e 7 Rpatorsie B ois el o s " Ripadp e poinea
tmﬂ bra fora paacabogt Hany\amﬁidme ipBtiefl MPes6hg te IEAMh &f afurd 70 Slmtlarly,

lllilt% oggargs)s]fiﬁ{ref %nﬁ(rjlgéd%n g%ﬁt& qnﬁpywaplﬁltt%g?\ﬂttg gﬁ Qldlg? g§ facmg toward

qfomémd 76 for@andthidr iphif® ((Be StRéraBproRiadatetal¥) ¥ rhildid bbidAVMP Slong the

78 facing toward pointed end 76 for another part (the
oéB%Fﬁa%nate hal f) of middle potion MP along the

20 | emglufe 6H is 8 Wi Retidhal Fidvd MoRy AR 6B5- 6B 6f Qe ﬁﬁﬁtEgQMA Due
view along lLine 6B - 6B of suture 60 in Figure 6A.

£ e iItRlE thip) conligiration. cagiesRyai vlaBnT 7 seeretiobe spalier Pwmaller

Q@E&hwfaﬁﬁ&r&ﬁdtaah&%wa bin m?ea%émdo?{howﬁﬁ, ﬁg&b 685 as
farther and farther amay rom poi nted end 74

dWnstpted by the pPlngB) | as illustrated by the stl ppI i ng.

25 Su

20 SUSGR T8 e R e SRR 440 B8 1
cHing deyics-desstibell indhei aépthedcﬂypm 09843, 533Ce Fonayaet al., but with
ﬁle fol]&MB%mahéb mtbn\ﬁ?]&?échw Iﬁ‘s@nﬁ@ﬂﬂ& chl'ﬁﬁgh)’gﬁtg% rbgrsbs 77may be

directio Ing the twst cutti ng net
peogluged 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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produced in nultiple spirals that preferably are
created at the sane tinme, and then after the

di rection change for the bl ades, barbs 78 nay be
produced in nmultiple spirals that preferably 30 are
created at the sanme tinme. Thus during the cutting, the
suture filanment is held stationary instead of being
rotated. -19- Mre specifically, a section of about
4.5 inches (about 114 mm) in Héngth of a suture
filament is twsted, such as 39 tinmes for a suture

about Mopersesraficallnigseqtion phahem) 4.5 inches{ahont 114wpkin legathe g suture

| BilaRAUS Bt ste®RGH 89 RInBEfor § E\qu'e%b&ft @%&%@s @kt I'I%tn%?ﬂ length
60 degrees, 39 tinmes, so tw sted section of

si!?h‘@ﬁﬁ & enidjinseewred iand tha Bex ené lszzrasmlsct 19tafed 36§ grgrees. é@rtlmes so the
dx@te@‘f% d éﬁﬁue E’lmﬁéﬂt Eﬂﬁseaboh! 98 %;&Lsme} ﬂ@ﬁ‘(plmszﬂ nz gwhen the

In the vise. Twsting prefera I's perfor
Zwtweflmlmtlﬁﬂ@nlsem@wlb@lp@wﬁomd more or |ess,

h . Y T ‘ o f
b BRSOl Rl 0 o A Rl e s,
abioh s IptotMitistes. Patably1eisting mag bo (romSibous 2abehent 1]73w1sts per inch, or
}\é&?ﬁ% f%oﬁag&gl g lS[(S %gl'l chngr abgg Y9 B 13 fr?sts '}?c{] 6per inch being per

er haV|ng 5eeh a
p2edeter m ned | engt h spl ice into approxi rmt ely half

log ng thﬁq %PQ‘H)% Hgt egb% |hf"f %ﬁﬁ!}( a(ﬁg 3 %mog%ér?%% g‘?%,,gw gplice into

| apphox(ragey owif nﬁttl&l gppﬂo%kﬁnﬁl&lg)ﬁi in¢h Lappebxiaatly 96 rmfl) Iehgh of middle
Sut ur e i n a | ttin
sroMEL o W St ametgly d 2 ineh GpnridmashL (% it tvisie segtion of the

fs'amra glamaman Q fﬁlﬂt @i Stioh Gtk Blades nRling Reks dcreate barbs 77 so that

.on hogw nmany bl ades th 5 are on the
Eﬂﬁf '&H?‘h iregtion RuHd paiNe 452 #?P%{W@g&aéfw&nv blades there

taﬁ@bﬁ tlﬁﬁit)hulil% MR nll hBg maTHt batl 170ar6 Wesirdll| th&td g bélone cutting
si mul taneously, or there nay be repeated cutti.ng

e amie ol qdrb(s Hé singpdtancopsly: o fses may bayrgpegicd ?'?“'5% otions until the
QRS dIRFhbENIT Bads PPk b&ﬂn}»@é intepstbiéand b BBhent. Then,

the bl ades are rotated Oderees so that they are

now diigpbdiedladss pmeotgphd Cleérccﬁﬁqtéeftﬂnedﬁw dispasedtip the opposite
Qﬁl%@t{onr}ﬁ\hfov&fthé Qtﬁerq’ﬁﬁro@ me%fn%&ﬂna%el& Q%'l:h((ﬁﬂf)mx%dtéf?b@ l¥m) length

| ength portion MP
zﬁﬁpm ¢ Rertien MPzpf 5he| fmrl@xwpﬁéy Muvﬁat(&pyoxmalelmm WD) Siglgd section

S s‘ﬁ[hr@ﬁlatfntéﬁt St WiaRed 4 ﬁﬁﬁ@ﬂoweﬂ‘l% Pil&q% tl?cr(ﬁhérggﬁ in a second

allowed to splice into the ot In a secon

cutting Agtierc vith thevitades niaking Ica@gg craalel irgbscTit © thes allr wafasing in the
C .

3PpShe itecin 0ok Plitue®dy 162 O Ofinbily bl o DORTBIE there are on the

lshiig snackies andchow wmytbiahs 76 atet tilqaigedqﬁz;m mey e hgwngramiion to cut

?gr% 7%5%ﬁ%ftg%§b{f%éﬁ Si I'TU t an e%s 19({] gutﬁ}}kt Enﬁp(g]s rﬂ?ﬁli QIE!edCSired

membertof tarbsi 78 arn gscmpt:d otvsa pomtiorl oftt!mesudmﬁlamd}t nu nber of

- bar bs 0, 3 j f {k% pure
fil arre“%l}en ?\\'A% H %E'EIE g%lm?gmbﬂ I'p e%slg f cﬁ% ST ur e
. ibtwiged, dedas ecks biidxhe scoendwussaesitdn barbs 77, 78 being in two respectwe
- multiple spiral patterns on two respective portions of suture 70, the two respective portions

_defining middle portibn MP of about 3 inches (about 76 mm) in length.

More paﬂicu] arly, several twist cut multiple spiral, barbed sutures were manufactured

- from a menofilament having a diameter of about 0.018 inch (about 0.457 mm) and spun from
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untwi sted, the first cuts and the second cuts result
in barbs 77, 78 being in two respective nultiple

" spiral patterns on two respective portions of suture

70, the two respective portions 30 defining mddle
portion MP of about 3 inches (about 76 mm in |ength.
More particularly, several twist cut nmultiple spiral
barbed sutures were manufacturgd froma nonofil ament
having a di aneter of about 0.018 inch (about 0.457 nm

-apalydipramotd @Hich20a syRlel e ARYBANG Sutkréhiatialy S A YW, BP&Boﬁt 0.018
abs bleéa e material). A dianeter of about

ﬁ (a?bg it @uﬁ)gsf slighyly jageeg rl}ag et size |0éwb¢tmtahwbabl¢éu@rez efhzch has
Oa E&aﬁfeféefdnge ) %3&@5‘ B$ m¥hHoWbut (*49b ﬁ{}n Hlaa%cor@angé AR

a from about 35 mmto about

igatiengof the Hquée?tat%&?év@wqcemeradh!§i°bf the Uni t ed
St at eSEa%H iR e ORARd s tolB5D)78 mtEaRIbasidh W t%vocrngg ?nqm%le spiral

total of 78 barbs introduced In two respect
neAtems peousgihe gircumierence of the gnigren Finch dwdmbcuu stitee emchi-difectional,

t 8 bl |
LB i B8 O, SR o s o e s
o g LRIt basbsdinsyseemd portioa of ibe smmp,oerath gnupadsppbhﬁg the

r a
f;[%)ﬂlietetlE (g]nOfg%qmﬁee E}OQF EIP%' tﬁéjag)g ﬁg"g‘f‘%‘:’j B oop g ?Teﬁamfeh Zﬁ'e Spec'fc cutting
dhiching |emlom¢d hadd 3 blades: Thng digr cachogrodghet 3&[1)%@,)(&6?@{’6/&8 3 cuttmg

&FJn?Q&I h \H%liij{hg blaEcs%%SnD e?ﬁs%lw%@%gqtﬁﬁdﬁ:}%ﬁc gt cuttmg

bmmbss there were 3 cutting notions (3 x 13 = 39),

7,0, A B e i,

 (@bbu GtmdhEsS(ahtm) 76 g lonEhad oorilslhel (ROTS bae Mw&%scaﬁkea W0 the

et BTl b S B8 o
Exbaixdiend phrayarEP dfftie stird BBt wef& e hbdaas bﬁﬁesgﬁﬂll}q{ fl mm) long.
he

gﬁrtlon MP. wer e two, unbar bed_end portions E

OB R Abe AR Leshmaugnesior bothspdsens thepehad susure may be
buffigientlypRdicnd @ sl ol il rfoHt iklol tighe! &%ﬁh@"cgﬁl ise Q36ailkt or curved
both ends of the barbed suture nay be” sutficien y
BBEE8°%hd rigid for insertion into tissue, or

CONPITHeStrangd SfahdiMist 0t, T Hch gﬁf 8 n§h')r lﬁl‘!ﬁ:@ Istl{nl%ggg‘lisetgst%fhy e

strength of the tw st cut, i nch
LEihads Ongaretiod yas  strgjeht ppll tqa@!ewgagth @temhatﬂmwsmem and the

Shérahahid ioh i PRl Brhb OBl @51 W th a Uni ver sal

Tester and the other nmethod was an in.vivo
per f dickHEcEaight ppil ignsile stierpth mEsprement, @Stnmi\'ghpcrmdﬂed usmg a Test

RA&BSéCU QN BLsher rﬁ@tﬁﬂjﬁw Mhe a‘i;@r?éé_lrgzgjtng& 1 e(g% rements

u3|ng a Test Resources Universa

e foRcaeinkiad plsatiirnyasotcordedifonibababedratmes lamdrﬁ)nths coBparison
iBaBed Qfur&ach kind of suture was recorded for the
barbed sutures and for the conparison unbarbed

sut ufGemparison unbarbed sutures were polydioxanone monofilaments (a synthetic

absorbable suture material) of various suture diameters of about 0.018 inch (abouit 0.457
1mm), 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




Conpari son unbarbed sutures were pol ydi oxanone
nmonofi |l aments (a synthetic absorbable suture

mat erial) of various suture dianeters 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 30
are respectively slightly larger than the United
St at es Phar macopoei a si zes 0, ?-O, and 3-0 for
synthetic absorbabl e sutures. - h accordance with
Unintneélze3-8h : L RusPSF L | for . .
synt hetic a%zao(F%g%I e u?ﬁé@g 'S|];Jéltggﬁoélg&gwd’l'%ﬁ%?de?m}omsa
r afiyBctgangs of abogt G20 wm to abab®249 BmM399 - 21- M. si ze

2-0 hag,a s f t..0.,30 t o abqut .
0.339 mm. RS R a%e%gﬁy"é‘%’é’tb&‘r“g@'ﬁdvémo@g%\%‘fﬂ padding in
0. t70 respeviivasenipisd javG, WhiGearrach Haleitbddaninacn S\ rippel 408sch end by being

| ing held with cork gasket
3 DTt ucfha (S8l RO i P G e e e e argtin
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urthambatiedahuesgo wesid gresppeldisahsieach end by being 5

wWr appe d_ .t respective capstan roller grips.

Capst aﬂhe?ﬁ&%?ge}lrg e%rsé'&l[?[s)sgﬁc g} befygten thegwe ﬁgpﬂﬁqﬂ’gﬁcﬁ%‘ﬂ“ about 5

S lil!ahcsdabdut)l%vminaijlﬂtﬂgﬁg svhRhdn dieﬁ:h@l’tﬁ b&Bed sﬁhﬁ%@&fn&dim ¥ entire 3
e ur eci ween the two gripped pl aces
&“&sﬁiﬁwﬂ@ﬁﬁﬁ%ﬁr@‘w@ FOUPBE ) in length, which,

i N t heBaehsgecinienbads pallbdIsHgiti@pallyGPRaa FaGodt 16 iRRts (&

I nches 76.gq%ﬁgf t he afged n?ddle port?én.lloféggﬁ§2&immn
s BE M vl Lregkage ogeumsdh g Thegakilgnd Yastecosdadas thetraighypull tensile
l8wdnptihes (about 254 nmm) per mnute until breakage

occurred. The peak | oad was recorded as the straight :
sl ok

pul | t Framgizad tniahle 6Adgloms and e Eanpightrdolugun denotes the

THBP &ndd Puld REOWInirARA rdgiendedis 64 cgmenﬁﬂa}’gﬁﬂ?%ﬁéb? bfitred Mde from a

USP knot pull test mninmumrequirenent
dﬂﬂU@WFwﬁﬁgﬂﬂ?Eﬁﬁﬂﬂbed) sutures made froma 15
-synthetic absorbable material. Table 6A (Tensile
Strength) 20 USP M ni mrum Requi renents Barbed or
Unbar bed Suture Size Strai ghtTablglbh (pounds) for Knot
Pul | (pounds) Unbarbed O c%%£¥%% §!@O Unbar bed 2-0
11.86 5.91 Unbarbed 3-0 8. ; Barbed 0 7.03
not applicable As can be seen, escarpnent of barbs

into the size 0 pol ydi oxanone nonofil a reduced .
the straight pull tensile strength by a uircments

aiaged o1 Uphamhede Sutuee Sike  Straight Pull (pounds) for Knot Puil (pounds)

Unbarbed 0 - 17.72 8.60
Unbarbed 2-0 11.86 591
Unbarbed 3-0 8.82 3.90
Barbed 0 7.03 not applicable

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

pounds).




conventi onal unbarbed size O pol ydi oxanone
nmonofi |l ament (7.03 pounds = 40% of 17.72 30 pounds).
-22- However, the straight pull tensile strength of
7.03 pounds at breakage for the size 0 polydi oxanone
bar bed suture (which, due to the escarpnent of the
barbs, has an effective dianmeter that is smaller than
the di anmeter of the convention unbar bed size 0

pol ydi oxanone suture) conpar€ 'Tavorably with the

moninm 'ﬁ&v@&elkl;ﬂg Etltfg@ hul[ £E LEIBRL ¢ Yo Ide B ugaq(a%ﬁ f% tge size 0
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20

the size 0 po one conventi ona
Adehilydiexangne darbed gitire puHich, therte ltﬂee:s&tpxmgbfrth& l%b:shmn effective

Db Ry VLB PR E S the DA B B Slydionanone

c ghe) chwpared fakorality gith de niAinandUSBkndt @il feGirdnieny/6A\BI60 pounds for

5 b SR oI o s BT o et "The

t hor ax A(dtlmmz&)sl;rmglh polhtefdiis@éngth ttdtomise phi€diinedbn mdiﬂdnmxze 0

and of the 7 ingcisjons havin

o POty RS oot su Syt sy m bl T dreqppcetion with

r dtigyeet A h78bout 0.5 inch (about 12.5 nm) to about 4

i nches &iﬁout 101 and the depth of each incision

was fr 5th 6% vEgperfemiancs; 3 mapstrlddogy crabY At kgrreapyised. On each
Usibf\oyr lhd‘iﬂoﬁaﬁd?@ﬂac&lﬁ ﬂkﬂﬁ)rf(xftwlcef{ﬁﬂf?,hf(ﬁ@&? $1aA€ vEntral midline, and

pol ydi xanone nmonof i | ament he sites were

c PHERECIATE §7ChOf g ipcitions h@ﬁ@g h&ntli hFlpgressitee sThedength of each
c h&i&ﬁﬁl tged frdArabO 9. 5dh N RESRF 12.51fS %o Q:foulcépﬁﬁlfeg T(dbgé}algl mm) and

unbar bed sutures (I site with sizeé 2- ral
f thegapihof eash dcision W fngm the sugerficigl dephis to the neritpieament |

-and 7 giihehe Phrbdll ShAQ ’&Iﬁr Qg&ﬁ?ﬁﬂ%@?ﬁ@fh‘? ﬁﬁ&{%frhénﬁﬂﬁﬂfe%:) 24 of

which were knotted.
pthersiesite deedr Berrgmpayisan.iberdopning dltgm@oseﬁ with dtatiysss diameter

- WBiE& JFRslvERias quérbéﬁ’ @lﬂg (I QE%%US%%CJ s?% b&a?de%lﬁlﬁx?e ?% sfes with

at 14 days. At the tinme of ' NCi ST ons
wiire2-8wslop atopefi lﬂm@msé @ pitasatithysize BQ polydagancdzemmmﬁamu)s which
ti,SSY6 IARGH S | {Ons

5P G ca, Wit Be Sl B e BsBE D Bndifd Seeme.

bar bednmsipgﬁwc sopiyed dilpsed than shbmmdau edhdnasibs 14 days. At the

h LN TN TR TR T N AT N —

* tipeision seenanddeationsmb divehiegs, sil kiles apgosedosittouhd sitd@ palidie&Snone
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' t e .conve unba d :
AR S ored Al st B SBRUB  BTeg Ro Tl pghot th 14 day
oﬁprﬁbammmnsI«hhmdahmsmem&ﬂ occurred. For the 6

topic osed w e | on

oo e S Be i § e Srenc bt et 4 Subiss andihg s apposed

exilti the cmemms Iuabarwd polydiokfofie Suttired Aol HegIsd waPRAAaNt | y
0.sel f- tilation by the dogs. Knots in the

d
é%ﬁ?éﬁ?oﬁ%ﬁﬁ’ ?ﬁ?8§”35§?rbly caused di sconfort by

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

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

and puliing out the sutures.
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30 creating |localized pressure, and ani mal s cannot
understand that they should not manipulate the
sutures. Thus, barbed sutures should hel p obviate the
probl em of an ani mal mani pulating and pulling out the
sutures. -23- In summary, the in vivo performance of
the size 0 pol ydi oxanone barbed sutures was

ef fi caci ous when conpared to t size 2-0 silk braided
filament unbarbed sutures, thé“size 2-0 nylon

monof i I HEfhary and. & he
poI %dl (?)Ei(1 ano n e’ ’non o? S? gé nxlg(%r#faﬁ areﬁle u@ ﬁ'?’é%wn%ba\ﬂ?]eda?ﬁmes was
fHeacious whenantipattderbe fimd-0 snﬂdmu)iecfﬁimm unbarbbﬁtsutomlthe size 2-0 |

t I tu ort 0
eyt T e
7 fnbabédhgyturésonar d p0| nted end 76 and the portl on of

suture.’ |ch dIS ve . .

par bs - Vo S RmARNe e ORARE D A 5 e, ik o, muliple spral

v anfusd 70pthe pbiiien bmxwtmﬂ Wiiich ishskedBarbd TTSRAY R¥e bAIbPT7 facing
such as that shown in

ti,ssu rtion device

{ BV pler g 44 B oion Hire Rpon whighs dispseg B 7§ may have
Albarhs 7§ fadmg |tcrv&6d pdited éndval et thiaﬁvarhﬁibb Shd BAYbel Suture would be
escarped so there nmay be 2 portions w th barbs

f A0SFYRS 181 Ustva Wé‘h dn psestien ?%’F’Fevﬁ"ﬁ'hasd%‘ Brovide thegbeteenoted U.S.

oPhefit N2 5342,976 13 RRA! 1A1NFdeMrdd) ithAoRS the 64rB9m b@&garﬁélﬁs
2 portiaons W|th bar bs faci ng tiwe ot her end, and SO o that

- TBHORA Portinng With harbs faging apefid-and A pertion with darbs fagive the other
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f 8fd, BE2 pdifor Withbarbe AidinkQn hd &l 2 ﬁoﬂ%?wgﬁgms fﬁfzﬁg the d)thcr end,

adj acent, then, the barbed suture woul e I nse
i ARdSom4agt shany, Wﬂ%ﬂmi,sf 7 pryen of darbgl sviotlacing\the auvrerend trewhich

Othoge (RAsRRChdREEdd efen @Y bR8e Psubiid %I)l(l:lg WL sdfidh Erlgc? L&ag' Rieh 3

di sposition 1s that such a bar suture
bweerEen yised hol di ng capability as conpared to the 120

- degreep, &ﬂﬁﬁ%@topgﬁgﬁ& s%%%ﬁ:ﬁmtgtah&us[ Sﬁﬁ%]{ittlﬁsé Ispﬁmiaéls%)sﬁlgn is that
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25

tw st cut spira ern res
ofucha pasted e -thm#I béﬁmousdl b@lémg capebititychs porapeeti mgxe 120 degree

id
ggﬁg%bgﬁbﬁ%d aﬂ(ern's he fea u? l}lér @Qtdtge tltwﬁst%ngsngul?gle 'ﬁ’?f"g g%) %gilxieﬁl_gts in

i growpsp€barbd thyt compltmént Surcesstvie ssdipresding gaumpd aftbathis SSRi€h tends to

188 o LU SRDRR ot R5 B0 TR LRl bt o
fissussushsasda sissvabldch Ras fdwar eeﬁrmmne @berovoniparddiviith dthef fypes of
E{al ecfb ?fgfﬁgfg %ﬂ%'gteﬁtid 8#? e%{fab arbed suture 80.

 osely spaced barbs
81 onVéthomfymhechostib Fighrdlr)shBan 0k s&:ﬁoﬂﬂ?ﬂeé Fkw f barbed suture 80.

S I t ach barb t
sl s Qs SRR oF Mol Sorea baghs BT o0 lengmiar qote b & of
SEperdiyrdirchlengdsh sdctioh atdoh Gatb 38 68 arip 852 5Rowhlhre 3MeSofbitudinal

- cut dista nee P, irality angle a, cut-out depression
0 et Gueth e

éns Aaﬁ‘ﬁ“‘?u ﬁ'm?tef) Isugth Lebarbes Henth Bhartreuy gpgle .muf distance P,
93] %ll%%%lew @l.llt—(ﬁt 8redliGNCPS arddl eSS AL & dép[?esglblg Bpe A

- but rotated and

30

Figure 7B is the sectional side view as illustrated in Figure 7A, but rotated and

~clamped to align the barbs for measurement of the cut distance P between barbs 81.

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

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

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




10

15

20

25

30

clanped to align the barbs for neasurenent of the cut

di stance P between barbs 81. 30 Barbed suture 80 is a
twist cut, nmultiple spiral, bi-directional barbed
suture, like suture 70 in Figure 6A, but illustrated
as an enlarged section in order to show nore det ai

W th respect to the configuration of barbs 81
vis-a-vis suture |longitudinal axis A, suture -24-

di aneter SD, barb length L, b#b cut depth D, barb cut

DB 5E bl B 3Rt ol iy nee
CR), cddiEacpReSdn 410 2nl Yorm&RY €ofbutloM dhreSdidn ciBUl ti pl e
spiral, barbed sutures were manufactured from

monof i Maffpesmmfsqauh sevesh st opt myktiplowialaprabad syiurpy were manufactured
di 3 oﬁ %tucf?ikl. frﬁm%&l?' oﬂzﬁllanéan((ﬁgﬂﬂ a i aﬁ‘igtgr %oﬂi’i@)‘ (ﬁlﬂ mch
t e USP requir

I S S Yy rrent or a sl ze
s&ﬂb@MéHS& namsmrtbabshghﬁm moreghan tEaHﬁP mqumneenc@naama @dyﬂﬂ@mc

o Do HEMAGEYHE0 Wik AR DR B EABE, e Blra® gl pi

t pa;tetm rivendwbe eirbimfdieneof thesature. ey trmms (=0 bdddedtznn:d they

%d‘iw&rdq?z{g a cf{%o%gw&ag%arb%gﬁd ga}ght up%&?? bts ea%h%roup

osin
gommpng tlnmredmen abihe oohembup finond] thie epprﬁxnmhle nsddlel bEthe S&tawh. Each

10 sut ur ong. .The
R L oh P BiRR thayt 7B S e Y0 nidhlpomn vy Sicpes
S{about 96 ama) of ditsamrenid bdsremﬁeﬁi tbfa'rm_ﬂishm weRleScagRddutp et suture
ety Bttt Serotne TR 7T B ai RO b (it gafyuture
Wetidaw drd\vollinbabdirad afiopOsftithcsturofilaink titatiivere @adhl dbatifeihches
3B 3T o S50 BDoting on S -Bing e BRI, Gt GPSOREET thtferbed
|
Ofutdré ﬁapeé Sugfkichely poinied AndBYid bR issbhitibh MitEidshe/ oPPhPéRbprisc a
and_ rigid for insertion into tissue, or nmay conprise a

stpightficunrd B5lfed needle. In order to characterize

‘the COAbidetb dhdratferRE tHRROMTufkkon 8MbalR 8 Mn4S1EMh ¥86n 100 custom

custom m croscope with both ring and back l'ighting

viaisroseapg With athiisg apg back ligkting viss i¢d teecthenwith gy Pabf?qﬁl video

Qaffa ih BrdfEB ShthQirS&leeh Sﬁ-bpgf 85(2 ﬁg- rrﬁgmﬁgallog’from each of the left and
g%nlflcatlonfromeacho t he O right

JiEbLgreuPsThe aver age was cal cul at ed for 10 repeat ed

Meas UGRRESe (Was éﬂ&ﬁgtéd]‘ér i(ﬁfeéea&ﬁ% u¥menB5 BSmaftheRt R group of

fromthe right group of barbs on the same suture) at

vharbs apchdl Eromdhe télégw@m ofchirbs oa iyl seme suayre) th%ttwemp@# fD' each of cut

G o R OB ] PR R il RN B TR oS

®uter siﬂrfzthof[banbad sutea $0r BarbahodegthdD wey pesated albay a gopdndioniar

3, e 3 R B 8 B bt s 50
nMiha sich@reins epdtddal cedlesgth Lite bgtdiculatdd@sing thedbliowing foéimula.

.using the following fornula. L = D){ Sin (180 - 0)}

L= Dl{Sin (180 - 9}

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

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




30 Also, angle a of spirality was neasured

m croscopically on various barbed sutures 80 as

foll ows. When the twi sted suture filanent is gripped
by the vise during cutting of barbs 81, the vise

| eaves a very light mark designated as line M

i npressed on the suture filament. 25 Thus, line M
will be parallel to the longituyédi nal axis of the vise
while the twisted suture filanment is being held in

t hEhusj 1. M fill b&iparMich @ thlN8Sziti@ihallaRR 68 th vist WhitdBE Kwi®tBd suture
thﬁ sut ure then line Mcan be determned In
th

. fli t, |
it ] Geing el vis: o i GeshAGIEavRg TERamriph the suiure

r eSlBeiy tien KRN Be dbtephinbdi8 HatR iSHEARPDI e Edthe
depressions CD |eft in sutureaboé%g 5 fromt %&Méthetwo

esCHEPREMIYIS Tl thoiee srcetsyize goropidepssions C8 left in magbody 82
5 of firdia e SsBpmeheiwh JiPEGve Bl H1€ AFR, blﬁtél{%e(%fﬁag@g glr, g’@grmyar'bed

the vise and untw sted so that suture ;
t R §0g ralgasaddrony the vise ardintyvistedesohatdatueer 8\ies! frixa thor tine M

S ] jrality. .Specif.i |1

£ ehiieob i B4 DX FI b Slurc) [ ek PBSE il

cust gnﬁiﬂcltfm]ﬁ]tcﬁlp ereasnEsg ﬁ)ﬁhﬁtw;ili-ﬁzg‘hc ﬂ,gﬁ?obieﬁﬂiﬂéioﬂl%lO@Eus@Qn microscope
an C ] n coqrse. lz an I ne . SO,

" ks 8 S s b Ok 60 G ighes comrl2 43 g 10, Also,imaging

..10 Sphalgis systerd 3eir@ard wasSsell NS liB An4E &%ﬁ%ﬁmﬁms%lﬂhe outer

surface of the barbed suture and line The average

wiface plthe barbed sugire and ling Mo Fhe @versas vens celnelated fof 50 fepand
t hRaduRintenB(® HBmth | of
bar bs or?nt rfe sarrec Q%%lr) g@%rﬁﬁgwg@g%éé@g{oﬁg éﬂ%gbsﬁsth © Same*,
mot¥ERd in a tw sting device with one end of suture 80
15 cl affp [ ' it ) r e of
& Chattied %utﬁfe’%@ﬂvat? gﬁ}u}i]tgde}l?ta tg;%lﬁn &J@?cc wFtB g)g? %rgl of gppure 80

suture 80 was rotate unti

15 \ehmpesd ip g fized position. She dshar betiofsuturer 89 88, rothtod i ibseditwial until barbs
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cof whlk Sfi G ENExRGH W:Tetcte rbs was .
TN
t arbp & yeps megsuredmicroseopicsilicimessh e e respettivele piiaesT 6fithe two

1 . .82. from,t he carpnent of t
hlecelte duloftele O C4 18 IR oy £ B oo B oo
r Wpessd wrbarhs 84 u Therevetage (s datcohitetilfer (DGepeatetl mgisttmentE (S from the

f he.ri.ght gro of barbs on the sane
?g{t g‘r%g? I-EeS #@?ﬁ“&‘“&?é‘qwﬁﬁﬁmz‘?&"i‘ eiaﬁlﬁs‘f‘lﬁe{}ovw ng
Tabl e FharsulBRye HBymaninel iif e follcabhETablks (73, 78, 7€, haryed
suture) Ratio of D. L. or 25 P over Suture
Measurenent Units Left Right D aneter (0.457 nm cut

angl e 0 degrees 156Talle 18 GizeD baded sRidel cabl e
cut dept hD mm 0. 150. 02 0. 16+0.04 0.35 cut length L nmm

0.36+0. 03 0.40+0.10 0. 87 | Ratio of D. L. or
P over Suture

Measurement Units Left Right Diameter (0.457 mm)

cut angle 0 degrees 156 +2 157+1 not applicable |

cut depth D mm 0.15+002 0.16+0.04 0.35

cut fength L mm 036+003 040+0.10 0.87

cut distance P mm o 090+0.17 0388+0.15 1.92




30 cut distance P nm 0.90+0. 17 0.88+0.15 1.92 -26-
Table 7B (size O barbed suture) Ratio of D. L, or P
over Suture Measurenent Units Average Standard

Devi ation Dianeter (0.457 nm 5 cut angle O degrees
151 1.642 not applicable cut depth D nm 0.215 0.027
0.47 cut length L mmO0.446 0.042 0.97 cut distance P

nm 0.962 0.073 2.1 spirality %]1_gl e a degrees 20. 833
1. 602 not applicable 10 Table™/C (size O barbed

suture) Ratio of D. L, OrTab%'PB’Efze%Lﬂa}HeSsur sur enent
Units Average St andard Devi atl on ~(U. 457 m‘r)_
15 cut angle O degrees 154 2.870 not applicable RatpofD,L, or

depth D mm 0. 205 0.033 0.45 cut length L mm 0. 469 p
0.044 1,03 cut distance P m 0. 975 0.103 2.13 Fover Suture
tangl e Unidegr eesA%9ag833 1SGodardiDevigiop! | Dabk®r (0.457 mm)

2 7D (si barbed uture) Rati f D L, or
qugil “Sut ure gffJSrenent %ﬂl ts Averag]g andar gnot applicable

Devt depihdh Di arretrmn (0.457 opds 25 cat arrg(bggg (1)83e8r8§2047
1 90 not applicable depth D nm :
O%ﬁtllg%glﬁﬂl ength L mm 0. 43 '%{6039 0.96 G2 distance B97
meuli@fde B. 071 2wl spiralodzy angle aidggrees 18.833

[ I 30
2 ity Db1e3PP! 1 Gable 20.833 1.602 ~ not applicable

Table 7C (size O barbed suture)

Ratioof D, L. or

P over Suture
. Measurement Units Average  Standard Deviation  Diameter (0.457 mm)
cut angle 6 degrees 154 2.870 not applicable
cut depth D mm 0.205 0.033 045
cut length L mm 0.469 0.044 1.03
cut distance P mm 0.975 0.103 2.13
spirality angle o degrees - 19.333 1.506 not applicable

Table 7D (size O barbed suture)

Ratioof D, L, or

P over Suture
Measurement Units Average Standard Deviation  Diameter (0.457 mm)
cut angle 0 degrees 155 -2.390 noi applicable
cut depth D - mm 0.186 0.026 _ 0.41
~ cutlength L mm 0.437 0.039 0.96
© cut distance P min 0.966 0.071 2.11
spirality angle o degrees 18.833 2.137 ' not applicable

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

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




Al so, sone additional neasurenents of angle a were
perfornmed on a few additional bi-directional tw st
cut, nultiple spiral barbed sutures with a diameter of
about 0.018 inch -27- (about 0.457 mm slightly nore
than the USP requirement for a size O synthetic

absor bable suture). The nean average was 16. 87 and
the standard deviation was + 0595. Additionally,
measurenents of barb cut angle 0, barb Iength L, barb

. culaboedtds7 &m ah@tly Grhitfre B thd USP EquivBihsnt P& af Dl '@%%tﬂ&lc%bsorbable

addi.tional bi-directional tw st cut, nultiple Spiral
baP ISR 1B BEPLPEEEF Mol ik & srodar devintion g £4.55.
di anet exddafor@BOHeasBreRt AR ofﬁk&bcuﬁgg%é'b Mlgg%tm baYYi‘éu‘E Hep:hD and

is slightl nmore than the USP r I rement
3- ¢t dipfangedt were pefosmprhen badsifionpld)-diregtidnal treiassaut, anmlﬂeSSpélm barbed

5 STARBLLL 0L, 5y RSP LG i
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c utlighthtfnere than therUSH lemgtemem fobxagite O tynteft hbsbbablebuture), and

c ; f or med
O BIERE:  D tP B  GeESL AT es,
10Alsq mivediresshis o€ Barb bitangle BLE:ESIeREh 106D M\dtfdetﬁlDd&lﬁ Wilafée P, and
of .ahout 0.015 inch (about 0.381 mm which iIs .
sIPHHEY $Pelidt were Retiferiosd ov & pdditiena] biedimetionsldwishout nadtigle Epiral
S)Hz\fﬂa@wtlﬁeﬁh{%%tbép k& bﬁ“&/ﬁ“ & )h?.mgtg a!}%ﬁ lé.?&? 1@&?&9&‘ 0. 3;8]! mm,

summarized in the foll ow ng
arfghichis shighthy @OW@%‘éhezléstqmmebeﬂr 8 sntw@)syrilﬁenaabsoﬂaablfe suture).

Dirhk t t

i 2l ap e e Ton AT ST 70, T Mo

degrees 166 1.651 not applicable cut depth D nm 0. 107

0. 007 0.37 20 cut length o 0.4 . 042 1.52 cut

di stance P nm 0. 956 0. 0793, Uil e a

degrees not tested not applicable not applicabRgidatihd. or
7F (size 3-0 barbed suture) 25 Ratio of D, .L, or. P

over Suture Measurenment Units Average St andardm-ﬂ’ﬁ
DME&%I[QM Di anetsirs (0. 29Aveag) SemdaraDgligidh dgg{)n% 50_292 mm)

1@@ 5;5 not appli cabl e %t depth D nm 0. 10 ]
887 cut 1 enBROL 5 0.0421-89135  cut di stoamepéicable

Pcurﬂt[flh P59 0. 0%Am3. 28 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)
Ratioof D, L, or

P over Suture

Measurement Units Average Standard Deviaﬁon Diameter (0.292 mm)
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 1.35

cut distance P mm 0.959 0.074 : 3.28

spirality angle o degrees 7.329 03547 not applicable




spirality angle a degrees 7.329 0.547 not applicable
28 Table 7G (size 3-0 barbed suture) Ratio of D. L,
or P over Suture 5 Measurenment Units Average Standard
Devi ation Dianeter (0.292 nmm cut angle O degrees 165
1. 031 not applicable cut depth D nm 0.104 0.009 0. 36
cut length L nm0.390 0.035 1.34 cut distance P nm

0.975 0.103 3.34 10 spirality angle a degrees 7.258

0.636 not applicable Table 7H (size 2-0 barbed suture
Ratio of D, L, or P over Suture Measurenment Units
Average Standard Deviation D anmeter (0.381 nm 15 cut

angl e 0 degrees 160.2 1. 8 t depth
D.nm 0. 152 0.019 0.40 cut length L nm 0.449 0. A

cut distance P nm 0.944 0.098 2.48 spirality %Péi%iiﬁ
degrees 9.40 1.606 not applicable 20 Table 71 (BoweSuture

5 2-Medo@tgd Sut uggs Rat | oﬂgfggg Lg @E &r}i %i ure
Measur enent Unifs Averagé ed tyfd DeuAGH Enmtr 0.292 mm
(GuFmgledn) 25 cdegremngl e 0 Id6grees 18030 1. 707 not not applicable
AR def@py €  cut pth D 4158 O. 0.41 cut length
L mneg. 489 0. 0529'5 28 CW-‘S’.“M ancegéé?'nn 0.962 0.054036
2¢c@dengdph.ral i t ymangl e cc @agoees 7.0635. 075 not 1.34
appldicabls 30 I'{]%lbl e 7J (%I-gég 2-0 baagsed sut ure) 334

10  spirality angle o degrees 7.258 " 0636 not applicable

Table 7H (size 2-0 barbed suture)
Ratio of D L.or

P over Suture

Measurement Units Average Standard Deviation  Diameter (0.381 mm)
‘15 cutangle 0 degrees 160.2 1.320 not applicable
cut depth D mm 0.152 0.019 0.40
cut-length L mm 0.449 0.057 1.18
~ cut distance P mm 0.944 0.098 248
spirality angle o degrees 940 1.606 not applicable
20
Table 71 (size 2-0 barbed suture)
Ratioof D, L, or
P gver Suture
. Measurement Units Average Standard Deviation  Diameter (0.381 mm)
25 cutangle® degrees 1610 1.707 not applicable
- cutdepth D mm 0.158 0.014 0.41
cut length L. mm 0.489 | 0.054 128
cut distance P mm ' 0.962 0.054 2352
spirality angle & degrees 7.96 1.075 not applicable
30 ' ' ' '

Table 7] (size 2-0 barbed suture)
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-29 Ratio of D. L, or P over Suture Measurenent

Units Average Standard Deviation Dianeter (0.381 nmm

cut angle O degrees 161.0 1.506 not applicable 5 cut

depth D nm 0. 154 0.017 0.40 <cut length L mm 0. 474

0.058 1.24 cut distance P nm 0.973 0.068 2.55

spirality angle a degrees 6.53 1.755 not applicable

10 Additional neasurenments were perforned on several:

other twist cut, nmultiple spiralg. barbed sutures

manuf actured from nonofil anent spun from pol ydi oxanone

and having a dianmeter of about 0.018 inch (aboWatie of D, L. or
0.457 mm which is slightly nore than the USP

requi renent for a size 0 synthetic absorbable suﬁhﬁ@&ﬁimﬁ
andepswement ni | ar Units t he abov@sele SeniheDeiRioneS Teter (0.381 mm
baghed ggtures, xcept that these other barbed sutures
were it owith a HEFEr ent dBtPing ndeéMS ne, namel ynatapplicable

5 machidegh Wi t h onembl ade t hap jgpved | oggifudinally a

0
th&n(yﬁéhgd filament between cutting strokes and thg@40
was CBRt ol 1 ed W a conpletét to mal85& he various 1.4

cumsdiblficelthe escampnent of gpbhe bar bsggdhese ot her 255
bar bed sutures were also tested for straight pull )

t SHERMTB2R81¢ @ngt degrees f or cH&%oi s cl ol.F55! osur e not applicable
strength. (A discussion of how chanois 20 cloth

closure strength is performed can be seen below in
connection with Figures 13A and 13B.) The results for

t hese S e sunmmarized in the i )

foll OWQHS‘%-‘%%% ?{Sg&%@%%{e&#’é’%ﬁﬁm’?ﬁ“(@eﬁé 081%‘&#96@6, multiple spiral,

s hahedyutzeag mml@Ctl@Ad frgm monofﬂzﬁndé]t ﬁpémgreoﬁ_tﬁdlbfcﬁ)xanuqne and having a

Magsi ver a andar d Deviation D aneter

(0. 4593?%&5%@6%835@@6’“@@&5@8@ Waish 5 sghtlyanqsg than the USP

‘apyarirgedt for ausize Qapithetid 2bs0rHAbIR 2dm) Adlhll Ailar fdﬂ?l% %{&Q&B&cﬁbed
0

B.teg!%% QT&Z/‘%@%‘%’Z éﬁC%théaéﬂlg?%@%%} B%b«;sdte%gﬁézfegeng:t xy:i;g adigferent cutting
appthizmeabdmeely 8@achine with one blade that moved longitadinaily 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. ‘Ihese other barbed sutures were also tested for straight
pull tensile strength and for chamois cloth closure strength. (A discussion of how chamois
clothi 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

P over Suture
‘Measurement ~Units  Average Standard Deviation Diameter (0.457 mm)
cut angle 6 degrees 152.6 0.718 not applicable
cut depth D mm 0.221 - 0.011 048
cut length L. mm 0479 0.022 | 1.05
cut distance P mm 0.784 0.015 1.71

spirality angle o, - degrees 12.9 0453 - not applicable




Table 7L (size O barbed suture) Ratio of D/ L,or P
over Suture 5 Measurenent Units Average Standard

Devi ation Di aneter (0.457 nm cut angle O degrees
152.4 0.947 not applicable cut depth D nm0.216 0.014
0.47 cut length L mmO0.465 0.024 1.02 cut distance P

mm 0. 774 0.015 1.69 10 spirality angle a degrees 13.2

0.349 not applicable Table 7M (size 0 barbed suture)

Ratio of D, L, or 15 P over Sgpure Measurenent Units
- Average Standard Deviation D anmeter (0.457 mm) cut

angl e O degrees 152.3 0.576 not applicable cut depth D

nm 0. 227 0. 015 0.50 ngt 0.489 0.034 1.07

20 cut distance P mﬂ%g%iﬁ%e%mgﬂl rality angle

(x degrees 13.1 0.193 not applicable Table 7N (g&ud&ofD. L or
bar bed suture) 25 Ratio of D, L, or P over Suture
Measurenment Units Average Standard Deviation D a

5 (OMaguremept cut Unigl e Mredegr SeAdaEDeBatbnb12 NOt Diameter (0.457 mm)
ap&kiﬁﬁ e cut ggg%g ?E'g] 0.207_0.007 0.45 30 cut ]
| engtv L nm 0. 4 01826, 99 cUP4%i st ance P nm Onqtgpplicable
0.ddfdepth I35 spi mahi tyozngl e a dggjees 13.6 0.560 not 4,

gture

apcgg C@?Le -31- Table 70 (size O barbed suture) Ratio
of UM Loy 5 PMByer 046t ure MMBurenent Units 1.02
Aver digancSpandar gyevi gypn Di angggy (0. 457 mm 1.69

10 spirality angle o degrees 13.2 0.349 not applicable

Table 7M (size 0 barbed suture)

Ratioof D, L, or

15 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 length L mm 0489 0.034 1.07

20 cutdistance P mm 0.796 0.018 - 174
spirality angle o degrees 13.1 B 0.193 not applicable

Table 7N (size 0 barbed suture)

25 Ratioof D, L, or
, P over Suture
Measnrement Units  Average Standard Deviation Diameter (0.457 mm)
cut angle 6 degrees 152.8 0.612 not applicable |
- cut depth D mm 0.207 0.007 © 045
30 cutlengthL mm 0.453 0.016 0.99
cut distance P mm 0.798 0.017 1.75

spirality angle o degrees 13.6 0.560 not applicable




cut angle O degrees 152.9 0.549 not applicable cut

depth D nm 0. 188 0.016 0.41 cut length L mm 0. 413

0.030 0.90 10 cut distance P nmO0.787 0.024 1.72
spirality angle a degrees 13.8 0.270 not applicable
Table 7P (size O barbed suture) 15 Ratio of D, L, or

P over Suture Measurenent Units Average Standard

Devi ation Di aneter (0.457 nm cut angle O degrees

153.1 0. 655 not applicable cut_sgepth D nm 0.204 0. 007
0.45 20 cut length L mm 0.451 0.019 0.99 cut

distance P nm 0.792 0.018 1.73 spirality angle a
degrees 13.6 0.410 not applicable 25 Table 70 (size O
bar bed suture) Ratio of D.L,or P over Suture.

Measur enment mHs/WQ@ﬁQ@@ﬂg%%%Q@HonDamﬂa
(0.457 mm cut angle O degrees 163.° . 505 not
appl i cabl e 30 cut depth D nm 0.245 0.013 0.54 cBatioofD.L,or
S5l'ength L nm0.842 0.045 1.84 cut distance P nnlpﬁzggumm

0.009 1.69 -32- spirality angle a degrees 10.8 O.
néﬁggggpggable e ¢¥E¥¥$zgﬁﬂiﬂﬁﬁﬁﬁﬂ£§uture) Dimneter(0.457 mm)
Ofcublngle,6 Or P Qu@kesSybsige Meagyjenent Units Avep %%sp]icable

St andard Devi ation D aneter (0.457 mm) cut angle
degi &1, 1 1mme nBd8%ippl i cabPdié cut depth D nm 041

O] O5laed) S g g 0.72110.055 155
. 10 cut distance P mm 0.787 0.024 1.72
spirality angle o degrees 13.8 0.270 not applicable
' Table 7P (size 0 barbed suture)
15 Ratio of D, L, or
Pover Suture
Measurement Units  Average Standard Deviation Diameter (0.457 mm)
cut angle 6 degrees 153.1 0.655 not applicable
cut depth D mm 0.204 0.007 045
- 20  cutlengthL 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
25 Table 7Q (size 0 barbed suture)
Ratioof 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
30 cutdepthD 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




spirality angle a degrees 12.6 0.189 not applicable 15
Table 7S (size O barbed suture) Ratio of D. L, or P

over Suture Measurenent Units Average Standard

Devi ation Di aneter (0.457 nm cut angle O degrees

160.9 0.708 not applicable 20 cut depth D nm 0. 240

0.014 0.52 <cut length L nun 0.734 0.037 1.61 cut

di stance P nmm 0.774 0.009 1.69 spirality angle a

degrees 13.6 0.312 not applicabﬂe 25 Table 7T (size O
barbed suture) Ratio of D, 'L, or P over Suture

Ve sRighgBgle aUni tdegmeer M St andawdo Devi ati on Di amgoedpplicable
(0.457 mm 30 cut angle O 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 33- cut distance P nm 0.538
- 0.011 1.18 spiralit ngl.6.a degr ees 12. 3 0. 223 not
applicable 5 Tabl e 7@@@%%@2—§ﬁg%&§§éigﬁﬂure) Rati o of

5D, L, or P over Suture Measurenment Units Ayeragghoofn
Standard Deviation Di aneter (0.457 nmm cut angle O"_‘*LL_

degrees 152.9 0.809 not applicable 10 cut depth BoyanSuture

0. MdRuiemeit4 0. 4@nitgut Al @ hsdandmﬁeﬁa@i@no 026 1. ]ﬂﬁ_n_@cter (0.457 mm)
tance P nm 0. 530 0. 015 16 spirality an

cut , di
d&gt gL 3 7 0. HeEressodohppl i cabl B6 15 Tabl e 7V (Sll(!tep[ﬂlcable

- baebeghgture) mm 0233 0.017 0.51
10 cutlength L, mm 0.721 0.035 1.58
cut distance P mm 0.773 0.010 1.69
spirality angle o degrees 12.6 0.189 not applicable
15 Table 78 (size 0 barbed suture)
Ratio of D, L, or
P over Suture
Measurement Units Average Standard Deviation Diameter (.0.457 mm}
cut angle 0 degrees 160.9 0.708 not applicable
20 cutdepthD mm 0.240 0.014 0.52
~cut length L mm 0.734 0.037 1.61
cut distance P mm 0.774 0;009 1.69
spirality angle o degrees 13.6 0.312 not applicable
25
Table 7T (size Q barbed suture)
Ratioof D, L, or
7 P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457 mm)
30 cutangle® degrees -154.6 1434 not applicable
cut depth D mm 0.210 0.009 0.46
“cut length L mm 0.492 0.026 1.08
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Ratio of D. L,

or P over

Suture R

Aver age Standard Devi ation Di aneter

angl e 0 degrees 153.4 0.903 not applicable

D nm 0.221 0.010 0.48 cut
cut distance P nm 0.537 0.012 1.17

degrees 13.9 0.605 not applicable
barbed suture) Ratio of D, L, or

Measurenment Units
(0.457 mm 20 cut
cut depth

length L nm 0.495 0.023 1.08

spirality angle a

25 Table 7TW(size O
P over

Suture 30 -

Measurenent Units Average Standard Devi ation Di aneter

(0. 457 )

appl i cabl e
D, L, or

0.200 0.010 0.44 cut
di stance P nm 0. 798 0.017 1.75
degrees 11.8 0.362 not applicable

b%wbed suture

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

spirality angle o

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

spirality angle o

Measurement
cut angle 0
cut depth D

P over
Standard Devi ati on Di anet er
5degrees 155.5 0.799 mable A0RikE@Rlrbed sitteydEPth D nm

Iengtg L nm 0.484 &

spirality angle RatioofD.L, or
15 Table 7Y (pi a§§gmm

Units

Sut ur e

Measur enent

Units Average Standard Deviation
degrees 152.9 b.809
mm 0.212 0.014
mm  0.464 0.026
mm 0.530 0.015
degrees 13.7 0411

Table 7V (size 0 barbed suture)

Units Average Standard Deviation

027 1.06

degrees 153.4
0.221
0.495
mm 0.537
degrees 13.9

mm

mm

Table 7W (size 0 barbed suture)

0.903
0.010
0.023

0.012 .

0.605

Average Standard Deviation

degrees 155.2

mm 0.202

0.829
0.008

/ “cut angle O degrees 155.2 0.829 not
appitidistaoceP cut  dept h [M.588 O 202 01008 0.44 _34_

o Dy B0 el o 0 Gllzed

5 Table 7X (size 0 barbed suture) Ratio of
Units Average

(0.457 nm) 10 cut angle O

cut .18

I stance P nm 0. 789
es 12.6 0.328 fgtapplicable

cut

Diameter {0.457 mm)

not applicable
0.46
1.01
1.16

not applicable

Ratioof D. L, or
P over Suture
Diameter (0457 mm)
not applicable
048
1.08
- 117

not applicable

Ratioof D, L. or
P over Suture
- Diameter (0.457 mm)
not applicable
044




) Ratio of D. L. or P over Suture 20 Measurenent
Units Average Standard Deviation D aneter (0.457 nmm
cut angle 0 degrees 155.4 0.560 not applicable cut
depth D mm 0. 196 0.008 0.43 cut length L mmO0.471
0.017 1.03 cut distance P nmO0.799 0.019 1.75 25
spirality angle a degrees 11.8 0.496 not applicable
Table 7Z 30 Barbed Suture Straight Pull Strength
Chanmois Cloth Cosure Strength34ounds (pounds to
ru re Sample 1 7.29 11.23 35- (Tables 7K - 7M
S %;f%lgé.lg 73 12%84 O3 es 7N0O1FP) Sanple 3 8.5  1.06
9. @ft disanéeTabl es mffR - ©FgoSanpl egfhzp. 92 9. 27 (Tables 173
7T - 7V) Sanple 5 7.69 9.97 (Tables 7W- 7Y) 10 )
A TRYElRRnge ¢ ¢ helogBey &2t ed eS8 enents were  not applicable
perfornmed on bi-directional, twist cut, nmultiple
spiral barbed sutures, the bel ownoted desirable

3 ranges for neasurenents for barb length L, barb cut

depth D, barb cut an r, cut distance P
shoul d be the sane %@?’Ur@#e—van—%g 7x GO Slncigin® ther inventive
barbed sutures described here. A suitable rati o RitodtD, L. or

l ength L to barbed suture dianmeter SD ranges from
about 0.2 to about 2, nore preferably from aboufQ¥gruture

t Mogswement. 7, ellaits noAeerpgeef SmadatdDdvigion about 0 Barhder (0.457 mm)

10 @ 5. Howeyer, Vv suitabl e barbed sutures may

- hggtgﬂﬁl%rﬂati o of M‘:f:gl‘ﬁﬁsl %h L td)"g’gr bed suture  notapplicable
diceirdepbiD SD f r osmaboug.2do down tgppgbout 0.2, whereby g4y

tR& LRk Of the, N dhest, possibl e, 1.06
cut distance P mm 0.798 0.017 1.5
spirality angle o degrees 11.8 0.362 not applicable
15
Table 7Y (size 0 barbed suture
Ratioof D, L, or
P over Suture
20  Measurement Units  Average Standard Deviation Diameter (0.457 mm)
cpt angle 0 degrees 155.4 0.560 not applicable
cut depth D mm 0.196 0.008 043
cutlength L mm 0471 0.017 1.03
_cut distance P mm  0.799 0.019 1.75
25 spirality angle o degrees 11.8 049 not applicable
Table 77,
30  Barbed Suture Straight Pull Strength Chamois Cloth Closure Strength
{pounds) {pounds to rupture)

Sample 1 : 7.20 : 1123




20 barb elevation (the elevation of barb tip 85 above
suture body 82) to the suture dianeter SD

correspondi ngly ranges from about 1 down to about 0. 2.
(The hi ghest possible barb elevation is the same as
the barb length L.) Also, a suitable ratio of cut
depth D to barbed suture dianeter SD ranges from
about 0.05 to about 0.6, nore ef erably from about
0.1 to about 0.55, even m)re'g‘efer ably from about
O(Efa‘glgs»ﬁ@oq in0- 5. 25 Regardless, length L may be
desirably varied depending on the intended end use,
siyaowld ar ger barbs are no8.’8 suitable for joiningi2.14

- cetﬂ,ﬁégy YRS of tissue such as fat tissue or soft

10

15

20

25

30

tissue, whéreas snmaller barbs are nore suitable for
J(ﬂamphg’i other types of tigsues such as fibrous 922

ti PA_S gi scussed in nore detail below vis-a-vis
Fl(g%#ll%s? 1,7 here will also be instances where a barb

CSafnplgdr ati on that is a ggrbi nation of |arge, magyum
and/ or 30 barbs disposed on the sanme suture wl|
bgfiﬂ)i?iﬁga\}é for instance, when the barbed suture is
eSphp¢ed in tissue that hge differing |ayer 947
sh%’%f g -36- Cut angle O forned between the barb
% eTZ)ngat ed suture body desirably woul d range
from about 140 degrees to about 175 degrees, nore

preferably would range from about 145 degrees to
about 173 degrees. The nost preferred cut angle O for

al | b@&l%u%@ﬂ&ﬁ@aﬂ(ﬁ@ %te@ﬁ@é&lrcﬁ%gg ﬁ? ledbd 8 ﬁx‘?ecl: Sfat, twist

i nst ance or a po y | OXanone ure VVI
dFSrFyltiple gitirahbasbrd solums.ghg mw—mgta@wtrat@e #bges fiomeanirerodnts for

i I r
5 Ko k2508516 LSt LRGSR oy B sy o
F the [veninys lather yweakive tnebed sdtﬁrem:ltsctﬂlmﬂ theef erred barb
depth D ferred barb cut
angl e A\m%l: Eﬂhg %g%! gﬂ’g_e ﬂﬁtlﬁ'ﬁ awgtr;r .glag@gﬁ:fgfrom about 0.2 to
b v moserpyefenably fmmbboits). 4geraadsu'a It 17yeveh e eFerblyTrdalbout 0.8 to
%ﬁ%t 103i Illto)wg\[ eati ng %?e ﬁ bar bs as possi bl e al on
SUT ur e - AHd Y SUEPIeRRESH sytret may Bayp pirgtlp o putdength L to barbed
lsatllhﬁﬂamautﬂl) forh @b(ﬂlﬂ ¢ b@ﬁn 10 2560 O, Whirklsy HiB1ab 8F Mk Righest possible
mgcvaﬁo @ gear bs sggged farther apart, tissue-
aIbh PG CESEY ?tﬂ'/‘ PE abovrayiue Ry 82 4o the sutprg disaneter SD
aoﬁespﬂﬁﬁkfgdy fafges Qﬂoﬁﬁa@outtlhﬁwh% £l 6.7, @he hidBest f)dsklﬁfé%ﬂltb elevation
ma% ‘thg%{)g)rgl‘ \Nhl ch could lead to a tendency
h8° f Jete ék“%ﬂaaSm&b@éattf’d)famd@a&léh@@atbﬁd sutue
disiriste® SDe#IRES Borh bﬁcﬁ:ﬂ@bﬁ to abaut @) &lofd fr¥feraBl Bb0.1 (o about
bghl o of cut distance P to barbed suture di aneter l%

fAEN PPERrefeiably drop 2bout 9. 248 8beut 8.5- mor e pref erabl y
from Rég@ﬂ!lesg) IénglhQ. ﬁlbﬁb@ defirably @a‘ﬁ@@dﬁi@ﬁ(ﬁ% xﬁlé@fn%hé’d dna Q80

about 1.0 to about . Very suita d sutures
TSP Igtrebashs ey meye é‘f'mélalfmdi’lgtﬂa sertairptypes of Hesubah ssifattisue or soft

fl{sadRinroas I AIE SRR Q%org: sétagl% ggggxg %&%%tyﬁes%f YhIEr SOV as

cut distance P ma | ow a
fbIPYS tissien rﬁsﬂl%ﬁ’se ln@l(m/@thlmvngswstﬁm oY ithwerwill also be

Whthiccdds Wwher€lh 5&9%&9&&:&0}1 that is a combination of large, medium, and/or small

barbs disposed on the same suture will be desirable, for instance, when the barbed suture is

employed in tissue that has differing layer structures.
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20 nore detail below vis-a-vis Figures 12A, 12B, 12C,
and 12D. Additionally, spirality angle a forned
between line Mand the |ongitudinal direction of the
el ongated suture body for a twist cut, nultiple spiral
barbed suture typically would range from about 5
degrees to about 25 degrees, nore preferably from
about 7 degrees to about 21 dggrees. The nost
preferred angle a for all barbs on a tw st cut,

mul ti plcut Rl @forde RATRE the Bt ng tﬂcselcﬁg&% arhfe B%iyac;v%%?ai)}y would

18. Turning now to Figure 8, shown Is-suture

i srangrdtaReaboshiffdiegresstto dfout S depreess amote prefvmbllyivanld range from about

SUf48180: 20 b 8% ngated body 92 that | erally
ci~rcu|‘('3'arr8 ithEg(Jru gss e?@%t iq‘g%fmglp&% ?%C&EW%E%F&“{;S ranges from
t edbnutrla0ete abont#70°st and second pointed ends 94, 96 for
penetr%ti.n i ssue is contenpl ated that one or

ti [t
bot h eRaEIEacedRr 1Ay diapsme Barbed sy with p disgeter of 4bwit0.018 inch

3Qatskodvy7 h@, whithes $HgRily Tk Othhd (RSUSP re&si@érﬁénf’fb% k%nh fic
su{)ure %O i ncludes plurality of closel’y spaced arebs_
fablesugrs of size PAhcRspicredhaga lopgth . waiid bedid Unex; 8 prefiayred barb

beestnBewild e 0.8 fin§ #REHE phefek 00 b BN 1o 3Dl S 1 33 desfees.

above-di scussed sutures, such as the“cutting eVite

descr i bgitpding! geacips etweenony dwebarhais ghierally@ffecta] Willdtht goal of

GeRaia 28 man barbs/¥spBss AR ML - ility of th

abo%{% d escr?_baerd ﬁe??ﬁods #r%?ﬁén%%tl? Egefi%?f 1 s 7Bty of the barbed

Sflgwsgr cher ﬂss(lfgrjwbﬂeesaéatwngg)ﬁnnnm %Qbar?ﬁage ?mpwtfmhe{ apart, tissue-
hifcBOS ol daPddicl, ALHLAALRS i 2k S, theantegri

mul ti plgte ag%il_?al 5 %l S p%é—[ﬁt %Sc';’hlft) %ﬁg?f?’s aceé{gt,oo%?e’ Htgyntesrity of the

bilapett manhedeopadized, twhich cowd Jead smaliendepay &f thi suplstb peed Back and

égs‘é@@&e%gﬁl of the random di sposition

is that the y barb angFes provide superior °

anc horGengrally, asiablegaticridut distanca Probatbal fewd dimse 8¥anges from

halodi rries. Wthothe r om di sposi tion, the .

R e L Ve I C KDL

i aboutr QG oraboie3isc &/ery siigte bisbeddiatures hyhaidk fafi®of cut distance P to

E\EHJ\é- ( Pat ent 5,342,376 to Ruff. 10 Wth

r egarﬁa ?‘189‘%“%%66?&3%?0 %#8%'10? dovintoaheyt gtyra?"h%rFl&'é’“(/ihéfﬁP“ﬁfP may be

raldyess abustd: b Ip:_iiﬁ&;larllsyffi)ﬁhe b&rlgm@g llkﬁ(sj erﬁlﬁﬁ@lﬁﬂénﬁﬁ?ﬁcg% aisddesed in
Linvention.  Sutu i ncl udes el ongat e

%?’%?@e&bi&e Nl I'ﬁ?'v'so?’g‘ﬁ%sn@?‘a&%f lggr%ﬂﬁll 4P cross section.

Al so, Addititialypiin} Sdid R forkibS BRHES 128 M Endachepiﬁg iﬁllgin%%drilgction

OE c&gsel(i/ spaced barbs 107. Each barb 107
ChHeictpnpated e brdy fensdwishantpnultiple spifalibarberipgtureg ypically would

_ - ¢
sadige abMbolt 5RElesda histhlt %%E%éaﬁgétn?g% ﬁﬁ%ﬂr ffonf Hgo%t 'f 49 geg to

25

30

shovvn%ﬂqare poi nted for g ti'ssue and |

bt éhflesaeadTharaest prateriod artglst dafarall barbspn & vestauts nnlgipkapiral
Bﬁﬁéﬂﬁt&gﬁtabo@qm)ahgu%@ nsertion into tissue. Suture

1 e nade wt

00 nmay e same cutting machine as the
abov eFuthing ues euFigat B shess isStafe S whidk isGbhérehbd@MieREf the

' i Nath b -noted Serial No. 09/943,733 t
T T L o T

 $estiere Hilengetd bydydermiinafg ifirsOSistdodd pifited ends 94, 96 for penetrating

tissue. It is contemplated that one or both ends 94, 96 may comprisc a surgical needle (not

shown) for insertion into tissue. Additionally, suture 90 includes plurality of closely spaced
barbs 97 arranged in a random disposition. !
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20 the cutting blades of the cutting device when barbs

are being escarped into the body of a nonofil anent.

It is intended that any of the barbed sutures of the
present invention as described here may have barbs

with a configuration that includes a serrated or
corrugated wunderside. Wth reference now to Figures

10A and 10B, depicted in Fi gurg710 A is a perspective -

25 view and depicted. in Figure"10B is a top vi ew of

bar bed [ 0

pr esentﬁﬁggﬁp%% mys%t‘ﬁ{rhethez ?h@ﬁ%g] n‘gﬁ onga %‘E? Clischies sutures,
s utugh as thoepytingidevigs deserihed imtht: ybayemotell Seriad Nos@l%dBB tmGenova et

AI 0 it a
aﬁ 2%%1;&% Bﬁgtkgglg éfj&% gb(ﬁ/@%lis%bgaﬁ ﬂod@ g(g %éculrf? flc %@sposmon
b aﬁsw@a 5, 103 thehi@hndegror dignosipios Gatucs 30 0% thd/y) the Bast Butldditiple spiral

ey Bt Bb A ouh e Nuft S 3R a5 Tagorme posiionis

b abainedt wheathrmdme(olﬁ dic raidomllspadiBonioihat tﬂ&imﬁﬁy barb angles provide |
espﬁerfo%ncﬂ&t .S € s & gﬂb‘ﬁ | S cont eW | at gd t hat one %;th b
may Cco %s % 20 e ailprd suReHPRY g holdngwrppertiss.  With the
i ‘m@eiomi dispositidm lth‘elbﬁﬁ:&ﬁsuth Sroultfibg H'{s@&dlflﬂ@u%lﬁéi wif bh (xﬁ:ﬁﬁnon device,
cro ti ona ws respectively along |ine
R R 9 T ¥ SN mgRea B B o 416 RGe. and
1OD f quh&égaEd w@Fiduye 9, BRdwnah Beckidml H8CALR S bzﬁ’l%'drsgt\ﬁ?er ]é)() ‘which is
going fr base ?{ég t owar d tip 117. Suture 11
mﬁﬁ‘g Pﬁ%ﬂ@nté’g PET f"r‘f@“‘h"ﬁc Aptie 194 inclydes elongated Slmlfe body 102
ahﬁg@eﬁhlﬁ Sxklﬁl&e Gros&e@d&tu A8, su%h‘@ Bod@siﬂﬁ h& (ﬁsggygeh g %%%)\Mr&lﬁy of

ﬁcrl bed in the above-noted Seri al

W%Spéfedéaarbs 187- déash bk 19hhas apagy qqaﬁaumgwa seshahas bighwederside
1168 is bdifutdalor Ebrﬂ%a&{g VOREord bHYuRYd Qﬁg’ Nht)@nfeﬂ‘& B(B for,

bl ades with ends that are correspon arc
r BESEHinetissug ped i iscopigmplated thax onetor peth mv eﬂdﬂmbetahanglcamedlc (not

. OfholWABToR BlsB86h Mt kRS Of the present invention as

20

25

30

descri bed here 10 may have barbs with a configuration
that iWeyre lmabeapasdaaith throwe cithieg maabmtaetrbameamwseu

CQMBEL Suchl 'a§§:k‘ @utﬁﬁ?mrck rdgscoﬁedgﬁ) [%% o%d %{S)ag%bt{}oeﬂg to

base. ;;?ard ess, s n esl re
bdenova et aBarb niO'blwing sewAtatundersilde 108ds adhievéd bfmbﬂﬁngzﬁl oscitlating

ShEPREn RS of A el fiila SR e
anchor i ng %ﬁovvnc I'n eggggﬂiﬁbdi%ss X F%’FP&& it fhe bodiefa
onongfilpanepl dt is intended ﬁlhl‘amy ioftha bm‘bhbdutuidi oéﬂ‘btpddsdém Riveionas
AL 204
S EEREE el RUERbEG 1 2 5enriebon, Bp Ji oSk oo sucarmigped
mpdersidlait is generally circular in cross section.
El ong 122 derm end 124 End 124 is
poi nt g%ﬁ\‘%g%g%en et tgﬁg%e Stilag “ﬁfg &cl?“ftecll'g Figyrg L s Regepective
tviteat andeeplcte@ th Figyte COBIRIaltSLview SEbaMed hiurRa20, whiéH 8 hnother
%Q%%}nerfltoorf tl{e%%eesg:lgt Imq/gnt%orl]lt %uture 1 IH mcludgshe?on%gtgg gut&rg %ody 112.0f
generally circular cross section. Also, suture body 112 has disposed on it a plurality of
closely spaced barbs 115 having barb tips 117 (one barb 115 is shown for purposes of
brevity). Barb 115 has a configuration with an arcuate base 119 where barb 115 is attached
to suture body 112. One or both suture ends (not shown) are pointed for penetrating tissue

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

insertion into tissue.
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I's not shown, and al so may be pointed for penetrating
ti ssue and nay conprise a surgical 20 needle for
penetrating tissue.) Al so, suture 120 includes
plurality of closely spaced barbs 125, plurality of
closely spaced barbs 127, and plurality of closely
spaced barbs 129. Barbs 125 are relatively small in
size with a relatively short b@%b | engt h as conpared
to barbs 127, which are relativély nediumin size

with ag Z%L@tlt)@%d/ lﬁﬁ%%sg%ﬁ?na?{w%ﬁ fespaegtl'%: ﬁrn@ j tl(?(ﬁ 10C anc

barbs 1 are 25 r arge

a ling| IQPI“V@DSPf Feavep WB: Figuen gl(handSOleum:ei: 2Brifyayat bab TesIBecomes
Wialod L, as the above-descri bed
sutu?egghe %ﬁ hsuc gﬁe cutting device

descrlSéumﬂdonhﬁbabm@ewnbﬂedmﬁEmmﬁﬂgdMMMne@Q&Bé@n@%ﬁak&ﬂ

I I d
GRS 5l Bl By AT RS RS FRRYRL Rl DRSS TOLEIEEL

c §tenparegaln TD&clnadad)aftol‘ig&ﬁvnﬁg arSuibDy Bagd llﬁme%&h%%ccﬁ%mwded
ets of barbs

r (N the three

aﬁ@MfB@“ggﬁ%ﬁ vafe ‘i"ﬂ eaf%‘fwg‘ﬂﬁgli RESHAtE Wish &t to arcuate base
whét.e the varylng sizes are designed for various

surgical . i,cations. The barb size may al so vary

C39. IS 1%%?4&? g}?g edqafbgg ] ofm@rgqut ipyratipmasislescribed here
bmap haebaide with ambnﬁgﬁmﬂm fRat 196ludel 39 arcﬁ"cﬁgbaSE e@ﬁé n@&%ase should

% bar b ba(g@ mflcally is | ess than about
su‘l AP HETus ARTPERNE R semPASt tpcliat, linear hasey Regartigssgis is riobwldsiged for

athe beke %6 bedicBlaf S ovhDWhich gvoflﬁtresﬁﬂ ﬂoﬁu‘%ﬁxc&l' sﬁ%%ﬁ ﬁarPs as that could
m@ereas relatively smal | er barbs are desir e for

CRRTgSPIeBPIIPENS ssues. Use of a 5 conbination of
Lar ge,Shmaﬁimmguramﬂés%e&lmbﬂs:deéevfeb.:sof%autb&@ st Fnabhd bl efer

hel S to ensure maxi num anch oring properties
gaphodicentof the presepinvamtion and @wtremhrat!y Q@matedytel'lo Shtlnye 120

tinBluds thoggRitbod) 188meGL %en@xfa égaﬁ!a?n %ss‘.? cclion Epgga%e%g)f)dy 122

escarped into suture
Hﬁ'i“ﬁ%at‘(sﬁ'b?"dslﬁéwﬁyd W4 i lh Pf’loth forpcnpmnu@ tissuecand P @ntemplated that

Gt i izes as . |lustr
o Iﬁslfe 1?2} < pgigérj% éﬁ g%ltngéf%w sﬁg %r 1ﬁ%emo'51ént8 disste- p%c other end
iIhPQs shqygn, prst aodyay iz point:dder [@B&an@ussumrﬂm@ﬁo@lﬁ@ﬁ@ aduigital
%E&ﬂé@&ﬁ@@@ﬁm I ug?h Al so, although suture 120 is
e

| ustrated barbs being unidirectional, it
| s i nbbadedrg hl@tmctjwactebgmmofmmmgabednmﬁaszb,apmmﬂy af closely

G i.zes i 0 with the
P P or e Bt U e of R b5 BaPn s Soisiiedy smatlin
oire with d calatively sbait tmb lmgh aoconqra;ed@cf bdrbkel 201 Which me&@mvuye
5 Figure 12Ais

%@?ﬁg‘é SR é“’v*éig’?ﬁ’ It Fa%éﬁ% A EaEpa tofharby 285 which are
rqlmledv lapge, in sigh eth lagelharebeﬁhgsutbu&@gﬁwo havi ng el ongat ed
body S’IULF %0 agxr A &‘h‘ cul ar cross section. One or -
both BUture BRdE Paisrithibsame sptang maghinscps thgrabove-described
perret wext inade, buch ik eheamﬁng Hevie d@@ﬁlt»&!m h%ltaﬁgve-ﬁcﬁéfsﬁﬁa%@ r

na ise a surgical needle (not shown
(flbg i”ﬁgg ??ng& ffﬁlimﬁ¥ plieang the a:%ounl of biade moveSnent during cutt)mg intoa
suture filament, then the barb cut length is made longer or shorter, as desired, to result in each
of the three sets of barbs 125, 127, and 129 being of a size different from the others, where

the varying sizes are designed for various surgical applications. The barb size may also vary
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Suture 130 further includes plurality of barbs 135
projecting frombody 132 such that 20 at |east two
| ongi tudi nally adjacent first and second barbs 135 are
di sposed on body 132 where first barb 135 overl aps
second barb 135 if first and second barbs 135, which
is readily apparent if barbs 135 are laid flat on
body 132. Figure 12B is a persggctive view of a
portion of overl apping barbs I of the overl apping
di 12A, . and

Fi DRl e BRLRGE whlo Bl i bl ooy meipBorfons, and
Fi rggﬁrféles:szttm basb basce t}(p&‘sll)SB dds§ thamhbowit BWf aule Qigreldiddgick2D -

12D of & no arly. seen from
Fi gures 1 %5,{%3 ﬁ%veﬁarf‘i%arq’a dr ‘{?ﬂmg’Lccfﬁ?Jﬁmtfatd‘Pd BRft tissues,
13:5herqav mldtiaqdpé sm?lef bacrbslt ardédshablsfor joguﬁgsg%ﬁ@eli%%degt g%qur A
e (0] ver econ ar an SO
cohBRBl o ket e s RP Sy sty e afiaeibalnn orasure

b emnnlsn Mbnngfpmp@dﬁﬁ ShélEbarth-5ze0 hreQUAbhBRPIoR Gach Itlgs%t‘: layer Only
0 ,Thus th the overl apping dispositio

t h Do 8&‘%66“ %ﬁe" EFSRTATS (ot shomah mey peescaspedjnte3aturediody 132, or
s edditichabgstof &ﬁﬁs {@BYshBen)SHH ﬁ)@tf fi @é" @153 Jrhﬁ) mﬁfﬁﬁ@reﬁl%zled sets than three

Ienég ﬁ e{?' gped second barb er eas
g SRETAHPBCDSF 5ist Dbt} s 127 prd EQWY@QPSCGIPS@ wtesiture body 122
bed desiead, In\/!acd?@dhbeswﬂ] thB St Perilte. A]Q agﬁc{ﬁgﬁ .t‘.]lltltlrc 120 is illustrated

Parti.c for the overlapping b
v@’ftb ‘@ﬁﬂa B%/ 188 wdipsetionaks iiis intsadadghat barwlssua:rersamtfd)adfs havieg a
bédnipi g@xldﬁorﬁﬂfs'ﬁﬁﬁg iztOn ta&%nﬂﬁtfe%ql tﬁyntn%%rﬁ:on gla Q Blag ["f gl-(P rectional

out about 0.2, since
3‘? arbed sutyrep Ohfaydﬂaebaa%edlsweagr Ayl the@thkr ingSeige barb@LRRIrGN
OdesEritddh&e. 7 for coments vis-a-vis the barb cut
| ength_and the barb cut distance.) This overlapping 5
di spodig¥orAds p powperiore \@¢V0sfednythpaanihoﬂg1cnaﬂyh&;ﬁé§aﬁt idveRtion,
OdRol Lb thin, as
co mggéaéﬁsum%q%pﬂng go a’m q’%gY §%21%§8" \/?E Eancpess section.
e bethtswerewaﬁsdn@tuhowreragtpmmcdmosmetahmg asgamlit i4cEntemplated

bar.b
3%? olht?(éxlctltol hﬁg{ Iﬂll)g%m\ﬁ‘ng 2, %Ué% %@ (P?*EF%H@ f?rH%sprt@mrm; ssue.
130 |ﬁu@@déﬂﬂamgendnmﬂpmhaqnﬁwEﬂkummmakaﬁwﬁﬁM1&ﬂyQ3@hmhdmt

ri bed here.
3 et R RRES S Haf SR iy o 12
e gt e
5&8%1&&{)?‘%?%3&161‘13]5? g lg% may be coated with a

pol ynﬁgl,lreﬂZiB ISIarIﬁtsﬁdsmee v1a® ofl@ BeirtibiDSIhvalPRY R e Bhrbs @35\’df§he
C?anger et F Fi gure 13A

yﬁ:ﬁ V\gpn sgpo lgb }H’é@ ﬁgtum 1?5{) I?gF igpg 1 Asztn,dﬁlgjlm 12€] ip p éept pdah view

ofdagire 128 Fipere 12D isangésk Yebiivadl v fsnlpirns 185 d 1&13%?1# fire 12C.
ircular in_cross section. urg i cal nee

[
e‘r’]zﬁ‘;bg m‘%%%?ﬂ"é&"‘i“u fromrfigprgs 138,42¢ and riZIPrﬁuans f:sgsnueneum@ barbs

| Eﬂssmdﬂaﬁ)iﬁgcﬁrﬁ biakb. 138 @bred iR etk Br tB'bsxd S%S Aé OV&E hﬁédes%cond barb

30

attache uch as b swagi ng, to '
-Hléi&o Mt @HSldF ds é) B\gﬂgwdﬁgom 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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including, but not Iimted to, any of the
above- descri bed barbed sutures. Additionally,
surgical needle N has dianeterD in the transverse
direction, which is illustrated as a 20 relatively
thin dianmeter, such as about 0.02 inch (about 0.51

. As di scussed above vis-a- vis swagi ng, surgica
needle Ni, after having suturg@?i inserted into hole
H1, nmay be crinped by standar procedures about hol e

HI h uturin

BByt B A bl s

eI kAvg arasig of the bk ClJtrﬂJStt:hEe td thengpirbaddumad digheid ElohCibodNds down to
ction. Surgical

i in,cr S S S
P 3 SEPEGEbi d‘sﬁ*‘t"é‘%ﬁ AR E4 5% houL L (e difugsion of Figure
t : %fm coranehtatisd vis ;ﬂs: Hﬁfﬂ @t ldagthshu mb 6ab cﬁtemalnee jt\&his %vebda ping
[ a cne such S vva 0 bar be
< PP S ol P soy bl i a0 i ypiaty, s 135
i reed i, mgqonipal‘ed OV heh it Badifouk ﬂlstaﬂdk)é)(ej@{eeﬂ Rv%l blarbs > the barb cut length.
itionally,

above-descr tures
sur gi 021 SREI%@@ ﬁ)"rﬂﬁ'ﬂ’éf"ér“[ﬁ? bpsks  $cbeinzamisieetional, it is

dlmtemied mncluuutﬁdn ittrei1B0 WSdcERALe 5 -
nmet er a; agout 0. 032 |eﬁchh %gﬁlglg*tﬁog%%n&agb?abl

iy al %cﬁ%h
b freqhigpal babed sutpre as descatbed bsre-30 DI of surgical needle

i . ASF 8 15S Q9B ABOY Shaviispr
@ after havi ng sugtﬂﬂ\)rég%soglw?]% giging %{’her%a?aébed

ré“‘“‘ﬁﬁ%/a‘ﬁ@eé 19 s Ege! seadin dp Qrdpl’tecf@dmtemsabmmtohmkte the
Heurpieallheedies lﬁé Board vith erl OF inblSRe) '3 g2 gfl X IlqggYeth?a—ws

ure 13C s surgi cal” nee

t e. -41-

Eé igRtNey S @5 a‘?é@lﬁ@e@kﬂe in the Iongitudinal -

dl Ir ectp i.r in cros

sect ] ongﬁ%ﬁmfi%gé Eurgéﬁlg]%&ﬂ%ﬂ?]lt%tﬁ“lcéj §1°P¥i}5edf'§e‘ﬁ?)?‘ the
mé‘ﬂdi‘r@hd’feﬁ‘m apdl dtis gamlhlcgmlhas cilogsl sectidB. Slﬁgfcglrﬁz&ile N1 has

nﬁﬁﬁh@tzﬁ 1 fo |ﬂsérhb§ﬁ1{oq;s§% an@%lsgéas%bggﬂs ﬁ-“[ﬁfcg: %%d iﬁids illustrated

swagi ng, to bar bed suture
LRsrafadhcd sudlivas b% swagirizthi hached IsmttnrchdI Bhibad duisile $ Dis ad@pbe®buture

u ed, s ut i,tional
S S ORI ) B B2 Sn S abeRieq it e il
cﬁuf&f@l pesdle Nithag diameter D1 inghe aim@hm&hracnoh ekt :h’ ﬂiuymlt@ &da
about (
g'*algfgﬁeg)gﬁé d‘ df (;:\li;L.é‘ as\f}cl:hsasa Em{}% Og mg{ﬁwt (? g‘u’i"ﬁ'? C%‘T dlﬁ‘éé“ﬁﬂébove vis-a-
Ngs swagingsutgioal m:gdls Néuﬁftbr Eﬁnng’ﬁﬁﬁi& mntd’c&d)mwo% 1B mdj%
nda es about hole H3 to

[ngg(i %a?@m@%r %gut?ngfﬁ-ﬁstg li'l?lﬂ sipe gl prp@aeefgr suturing tissue,
t i ss uELguIEIIgB sl::masaﬁ}ga:lglnmdis m;z%hdﬁh:a Etlegmyﬂe& J(Ejk%&:e nf:h@

r at e edle in e ongitudi nal direction
%fxé}{fcﬂ a{f derC &l‘éﬂlgrf.%% Fsygee?rlel]&)mugpla{ i cg}%%,gegt:@e Spigigl needle N2 has
BoingiiciplT2 m@eﬁﬂemommt@a@ue B alo®ds hdidnT. 43Jr9[:a1 'nébﬁgaf \7A ﬁﬁllusnated :

nd al so has hole H4. Surgica ee

{1
L RryS P T B e Bt o, Basbelyunomag gporte suure
hﬂh]ldﬁn@ ket lighited o, By dTek sbotdideeripdd | bﬁb& sgﬁﬁzp eQdEiHInHlﬁl?

i ncl but not limted to, an
%HS%WQ B%gﬁé?’%g'ﬁ?é §iagsiep g I%W@P@yersm@@pmmwhﬂch is illustrated as a

siitably ¢k dinaael, Suchi4s st COBRGEGLRE . bf‘ ol LIS HE 2%
Ei cti.on, which is ill ustrathg(tgali m!ﬁﬁ ob b5t & Qiameter
of surgical needle N1. As discussed above v1s-a—vxs swagmg surgical needle N2, after

having suture S2 inserted into hole H2, may be crimped by standard procedures about hole
H?2 to hold suture S2 in place for use in suturing tissue.’
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suitably thin dianeter, such as about 0.032 inch
(about 0.81 nmm), but not as thin as dianmeter D3 of
surgical needle N3. As discussed above vis-a-vis

swagi ng, surgical needle N4, after having suture $4
inserted into hole H4, may be crinped by standard
procedures about hole 20 H4 to hold suture S4 in place
for use in suturing tissue. g le tips TI, T2, T3,
and T4 are schematically illus ated as poi nted, but,
as i.s Weldre es cone W th varjqu
k| nds of po}jrs?%%? Fpg&g Q#] Iggﬁl fpacu %ﬁeﬂ?“ga'?‘}lﬁ%"fde in the
c ulergityginalishitertignaing that is gerteratiy cea:i@z& in db@nedidn pSirpical nk&ildN3 has

T A RTWE RTTC T ——
Teas@Maches, such a bp ewaging} toibathed autdte 38 ABRBEL sudRe PPisAtbaMEEsuture

pr ps_f sur |caI needl es used wth
pF it B e b By e e Btirined e resren cbdtonaty,
d |sambree¢1e Nashas gamabr Iﬁfﬁdhdﬁﬁanhl&ﬁdé ditbdidn, REWIS NSRR as a

der ed t ant
el U P ey pafoeh o G5! e Reaaonid hove vis 3

b isswagi " emtgic@hwledls NGRS h@ﬂ%ﬁuﬁlﬁasz, ihfRed Ald lR)Ié)lfB may be
SUur.g net er t o conventi onal suture

c ety B Bre i ahow e B9 o Bl miteis S impact foe i sutring
Hassewer, with the surgical needl e/ barbed suture

comnbi tion f the present invention for either a

strai Qﬁﬁmﬁ é%‘g F‘@Vﬁﬁ“f&lcemee@aNﬁél@wse)cur\p elongatadmesdld inalte

t e ﬂ:l i :ﬁﬂ' sye i n f &r,ah

et ok O 8 KA S
nB‘%!EfF@“ngF‘g%t"@Pm%zﬁo Bepepdalsp hascholedhid Sungion) @ccdizsN4 i illustrated
apuiaaed 8ecH RyRALARH (5 eﬁ%%utq}e%qeb%fbbd felsh ;d s E{tﬁlﬂ?ﬂ Syture

possi bl e t hat the need| i aneter € eve
t 'F?a‘Hd'P%r@“bw bevted s myef Hieahereslescribed @eluaelrsaﬂureémdalh@aauy,

PeuBSEMheeli 3 MR Wals Qﬁme@r DR iftht YSsYerld U r%ct%’olillr %élfggllliusfrmaf asa

attached to a barbed suture |I's nore
a‘is‘ﬁiﬂ%&x(‘ihw&#arngert $ush aeabadH0Rtinch ¢tiono0.81 mumt 6dtas@eh as diameter

t | dl e t ed
]5‘33& su Cglr 1% 3 tédgv gxrs)eﬁxsknﬁyﬁ%(arbéxé A oéﬁggg s?v?ﬁé[ng l%ngrcl:trﬂen%edle N4, after
rl@ylgg pqp@p A m;plmedgmoglph;ém mae bt @imyet d¢ badak dpracddaedRfdut hole

?Mddrhgld%ljtlu% ?)fafgf&% ein su%a-gm§9'enent of barbs In

tissue ore provi B&Fter cl osure strength
tot hb’etai;!mm)a‘inﬁz &d :mdslstwee ichﬁﬁaﬁch@&llhuﬁ@t&d a/poiktes] blitQas is well

i.des cl osed wound from
A FHE Srelehe BREAB % a0 Kingé P et Wk s apegomn, tper
gwtbug, @dﬂm’ﬁt apwrgntdgerwmng paintiid InR] adlmma‘jﬁnu SHE H iGftended

& r ive i surgj cal nee

44 o BucnBBd Rl Bl Sy hecdle s et oty omn v, and diatmond
BQintﬁr@H‘ﬁfene@déedleaﬁ)k 2 bagichleddhd usdBbietshisedhthfesi S that .
t he %%Hgl ﬁ needlﬁ dlane}er shoul d be of sufficient
wi dt H5 R G SRPVT 1 theaty, peegleydipmetes for surgicalncedles ysed wish

mﬂt&ﬂﬂ Iti. doyenbldrbdd) sutares IsQorﬁ'ide&Wufiﬁ{poi‘tﬁlﬁ earnl;.i 'oﬁéh Wy 2§ surgical
ure into the hole or the ch

lﬁzéadlgf TR 8?%% th tgxg anhvgn%qﬂa@uglaqs sychdhat @e(jpmtsgquca! needle diameter

forzomeasanal subde GilRetstis 9i1GAbval ARMES sich aShisby_ Suitable as
Iong}?s the ratio of the surgical needle diameter to

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

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

the more preferable that the surgical needlefbarbed suture is, with the desired needle diameter




barbed suture diameter is about 3:1 or |ess.
Accordingly, a desirable ratio of surgical needle

di anmeter to barbed suture dianeter, for either a
strai ght needle or a curved needle, is about 3:1 or

| ess, nore preferably about 2:1 or |ess, nost
preferably about 1.8:1 or |ess. Furthernore,
particularly if channel needleg are 20 enpl oyed, the
rati o of surgical needle diange & to barbed suture

di 1.1 or .less . even.
ot Siankialid Binr@as eifpRBcneDltE Bhrogd Syl iaiph i rosivte at
 0gthg nepdlel diammeter ray s evenahinges tmb tietbatbed siture iamsiek | be

appr eci on_of or S in the art
Ehot e AR hefrplor RSN I, PRBUIR bt yeirnpredeiimped oo
s obaglpdiswiurgripinprepetferatlin for mmuinadingtt;ss&fwﬂeﬁ ekhiRLA wound closed than

5 CrEEDE R Lo TRBE b friSumes o rororinomiige

a nebtlvediy tin @tgl@l uetile aeettdio aBaBEESdIre bilovAFOREEh G \thHzEment of
|l e . for the resent invention, was

e Sul t
RS s P ror R 48 ttep Plogse stamediia e peprpeimakd tissue that

(ffﬁuﬂbﬂf"»ﬂlsﬂ"l'ﬂ‘::ecb lbyveht the offpoanDLides Of helcRkédtBdund kIR
thlckneiﬁ of out 0. égﬁnmpabout 1§ rrrr)lmwergngl & apart, as

PRPLESIRF l??&(?l sH@ngép Wrgﬂa‘iq’fo appr%@@%ad tigsuo tha has heen sutured with
10 ( Mn&@msu@{aaﬁe@dlg st speci nen was nade from a
. piece chapoi s Ieather by stitching together the
res pec? hie rRosL Hpedtaneatse fof g cambingtipnzpf gheishigind! readie attached to the

S ﬂiﬁx@bcbs’ﬁkur@ﬁ @lﬁi't fhe GhrkRANNRQ e &%&Zr V\}Iﬂ? H«E Sf%ﬁﬁgent w18 in rored.cr to

Sul ag y) which was swa
V&fr%“"el ’zﬂsbc cafltsach b hmg, trallofv ft)hesebtmnbé the barbed

S Btitbie @ntd the Rolk REthB 8RHAhE. f‘l@{! clE ggeggksé(f%\?%d% dfﬁ?;g ger increases,

out the hole to secure
s{ PrRicAlgicedls isstill suifable pg lngg & tbtsedo ofibe nogind neddivadigh@aeo the

Of)arﬁéﬂl%ﬁﬁkcsdlirﬁéérh&fbo\’l\@sl g,%ssto a rectangul ar shape of
about i nches &:bout in length by about 1.25
S

i nch eg&cegrg@g{y sdesirple tatio vd scitgm;al madleehmﬂmrsd lbdrlﬁeﬁiure diameter,
and tra rse
}’Vﬁg&%ey\@&raﬁdlﬂ_t gigg}'j?gllrﬁ%dgx edle t?]??ﬁrlesscrapr\e;g b y about 2:1
sUess.augst prefetibly ab@itd.8: dr las. CFu‘rﬂieﬁl)qre Waitidulariy #0inhel @edles are
eI i,n.di.ameter of about
29 @rgﬁidrel b (?glgsg%t Jaghe%(il m%nzteﬁ.{%)&gbeﬁ §lrtw'5 dfaﬂgteg 3% be as low as

gbpytdhl qxgcsmpr houl lowaersfecmstahcsmmtm’ﬂl VEI8ss/@@ABout 0@ Mor less, or as
stitching

c chanoi ther b
00 e Blou 4 E°F ot o8 ABRIaled ¥ Betdrsom il e il oy g v htpare
Gh‘iﬂﬂ(ﬂ bakakemdvithiexgemely tlﬁlﬁ%ﬂl&s dol ds @MarilioradSRe pdsfibility of localized

. m Sul zl e an swaged with the 'sane
Qﬁﬁgﬁgigﬁgé eﬁcgﬁ?ﬂwgeuﬁ “X%ﬂb surgi cal needl e was
25 cri npEbsabstmghhs esmiel hetiRs, bolfHaGing h@air%fotfklﬁgnc%e&ﬁke
QQ%EEQK,UH%re into the hole, to securé the
GOeH PO e titable fgr therpresert dmyeation, wes teated astfpliows.

needl “arius piacds apafam@uéhtheﬁﬁﬁa\iﬁﬁctﬁfé&%@ﬁé (ﬁﬁfﬁgﬂ 61 Fidfidh) having
| engt h of abou é

s ul ‘?‘Sﬁﬁs 89?‘1‘??1%0 @4 "a(ﬁwé%-" %mma Wsmcuawmzv‘fpmwa@wgm B dbout
1.25 inch (about 32 mm).

- 30 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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15 mm), although not as thin as the dianeter of the
needl e used for first specinen. Each barbed suture for
each specinen was a bi-directional, twist cut multiple
spiral, polydi oxanone barbed suture like suture 70 in
Fi gure 6A, except that each barbed suture had a

di anmeter. of about 0.0115 inch (about 0.291 mm which
is slightly larger than the USP requirenent for a
size 3-0 synthetic absorbable'é%ture) instead of a

ut. 0 18 h bout 0. 457
m_é.[“:‘ Exo&hapﬁttheefb{arﬁ)gfl s%ﬁxg Hftﬂ éw thgol!% B‘%&eé@?ﬁ glgﬁfrimped about the

st Inql@heebumwm&d&hmtéﬁmg @titl:lﬁﬁé btk Sitchifg Q§§éﬁ ®he wound, the piece
Tester, -

stg & a Test Resources Universa
Tt bR oo 128 s Shang of Bt taghasabout 76 mm) in lengt
r damoﬂtl DS isohes (aﬁcﬁdﬂ A in WRIRH) whER AR sHRRG Md%a in the middle of
b ﬁ itudinally at a rate of about 10
ﬁ{‘% PUTPRRNGEE theavdibmIbe peedleryips & yapermoint, Q;lom'llsw'gea] needle (3/8

‘ r Wifita diréle), Wilea RRgth 8A%bob OB minhinl QYR e d]gglﬁag ﬁﬁq%?éf é}gut 0,020 inch

| e wound dlsruptlon was recor ure
stggﬂ éﬁl

Mo results were that the first speci men

(whic hTHﬁSusﬁigtthH Bhe Wilchink n'féthﬂ eadslegogh %%%xmﬁ%d as %gxg%ﬁ?m another

relatively thin dianeter
o Pigge ﬂfrﬁhalpgg,}@atgerg)g spishing gogtlwlf the mpowdve @ﬁgss mfph& ®wound, using a

OQfldd &d sﬁ@ﬁal%@&il@(ﬂ%'n gc h%gt% flio\}\lh l@ﬁ \%%gmpany) swaged with

pi eces, whereas the secon
s fl]etsetﬁglgnq\pﬁ herbed gutwie dich. . dhet Ehl@cdh satdia waitiimpddyabbitithe needle hole,

d abouyt
et AR 0 T S o e
ofenthexsegend spasimmistha neddle wise tayer palntausbd Rirgios] naémie (tslmeof a circle)

Th Its
<055 T O Ry G e o o
(OHRithengnotas tHHh aste diaGtreesighdyeeBp e TR pctiRen.

Di t Di ti.0* Pounds to
_RUS{T; T5En GRS b Mebie 5146~ rionsl, pustsuggulipl spira,

SQesdysirekaond B@bedwiurdliklshird TOGR Flaurdo A2 e 28 pt ﬁﬂ%ﬁé%aﬂfed suture had

| barbed suture di
S DR BT . i S s b

frgqmllemsﬁtlfmgi stk 3ronyyathekd 4bs6rBible sHirEREHLRDS §‘§ﬁgx%qh:3%ett€!? of about

ur as follows. Three freshly kil
rad‘fjcﬁ%gwoe%r] , each about 600 to 700 g, vvere

used. BMhnhe firktlahd tho Isé‘d@ﬁ@ &&cﬁﬂéhzﬂof‘ sech&d C‘Bmﬂl\é\ﬁfoﬁ‘l wag %st%‘ for
E ack f eac 5 %% create wounds

St tie EYhPE P & Yy S WFGS H&’r"ﬁ!@'éﬁeﬂffomﬁ@ 2600, nEachEpfrmmen was
gﬂpllibdlb@ttwo &E}%cﬂfe skitfled 40s Wpi‘réﬂdél ifok
dri QA’Z’ curved surgi cal 150n Qalﬁg]fdﬂe&%n itudinally at a

Ot 8 .‘ﬁCH‘b" Pﬁ%lsm%?boum‘hmmma@n@n@ witil cérepletd npture. The

ﬁaﬁdbﬁ iR péhnds deRIRE BefGe complete wound disruption was recorded as the closure
strength. The results were that the first specimen (which was sutured with the needle that had
a relatively thin diameter of about 0.020 inch, about 0.51 mum) 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. -




18mm and a di aneter of about 0.022 inch (about 0.56
mm) . Also, the needle had a taper point needle tip
where the needle tip had been ground to a 3-facet cut
to approxinmate a taper cutting needle tip to
facilitate penetration of rat tissue. The needl e was
swaged to a barbed suture. 20 The other of the two
wounds was cl osed using the sane suturing technique,
but with a drilled end, curved’surgical needle that
was a Sul zle itemno. 832679A, which was 3/8 circle.
The needle had a | ength of about 18 nm and a di aneter
of about 0.026 inch (EahleUBA@CESdmWloth Aibeke Sttdaghpeed! e
had a di anond point needle tip. The needl e was swaged
to a barbed suture. Each barbed suture for each
waeglibDiatheeect | Bibéd Stk Bhianfdidr NUIHakigH €
l& ‘ 25 (p&(ylm oxanone barﬁ)(ﬂ gut ure |i ke sut urpccemn7ds'0wR_p-“u e
lgure 6 excé’pt that eacHi?BEl suturelFhd a 588
dl%nmder of (}aﬂ!ﬂﬂuﬁcho 015 inch (©an®sinck- 381 m}grlg/\lm ch isSgq

sli ght lar an . the USP requirenent for si ze
2-0 syh gt “fgﬁgl?{FBfHﬁF@ngtﬁlffgﬂ)@)bcdmﬁlgpé@@e@f a suture

di ameter of about 0.018 inch (about 0.457 nm). For
each stjtched wound,_ a tissue specinen that was

appr ox ’tvélwusd"%caﬁ%\frr%‘ sk wesmQy AR itchibd or tegtingrf monbougical
10 4 nestlles\wivhded it baibed GliGes WMl N the middle
par al | Iintg &vvo_ o%osn ng ti ssue edges, was retrieved
for cl g‘%‘?ﬁ eshlykdlirgtSRragues Pavilgy ratyy sach Bhet 600 0500 @, were nsed. Two
e fdithivRstessRmciaRhewt REde Sources
uni ve[ sal Tester, Nbd elﬂﬁ mglg:‘g:?ogg%hr{?? e wounds. Each

s JatId A5 b 4 cpnyi %@é’gdpﬁ?l#ﬂ kethé spneeach st i tched
wound e E&:h rﬁi:u&fe%@ the Rwd Q@uﬁd@@vag S3G Q\Hhv edﬁli]reé [ %t curvi d surg:ca]

~of the tester. Then, each speci fen
15 | psdlethinyvang Pyizlattem np 832, abish twaws rml:ie.ST}nﬂ[ecmb Bad Llength of

514 aitd e upt

occurred. %%Ig&ﬁﬂadgﬁﬁr%{anb?g% g')éh ﬁé‘&? nst(“S n;gjd ‘&lﬁoefll? edichad a taper

ggﬂﬁﬂné‘%‘ﬁl%‘ﬁme tie oeadisttipdnd heep premd udﬂ?ﬁd—fz&&ttdﬁhﬁfa bx@tﬁlﬂfa%ta taper
e av ro e first se

oA 18 (AL b7 7 The AR i e to's barbea

dulet er of about 0.022 inch ( about 0.56 mm) and

swage the results were
20 aver agg% h ?roo?ﬁ eﬁggé’@%ﬁd‘v a 8@%?’3‘9% e same SHng dechaigee, but with a

mlhd endnardidsutgioa] megdla thal Oasch KR4 R4m A6, 326795, QniPR Gras 3/8 circle.

ed to a_ barbed suture.
REalAPl 2 el e, P Sty s o S ihaapcigbout 0.6 .
P, the b8Hle( adt dBiniond Ghiasneedle Bh.r BhtHebdle AUEHRLE Bfa Brbed suture.
Wund ch%%%:é r{Ens Neﬂfgll e Di aneter Barbed Suture
Di anerist 8 rﬁ,gﬁﬁ Wlfp&pp\yqf,aé)z-qung@algytst @t ngiltiple spn'al
25 Polgdizxannidbafbed btuienikb suturd 70 InlFiBure 6A, except that each barbed suture had
a diameter.of about 0.015 inch (about 0.381 mm, which is slightly larger than the USP

requirement for a size 2-0 synthetic absorbable suiure), instead of a suture diameter of abouf
- 0.018 inch (about 0.457 mm).

For each stitched wound, a tissue specimen that was approximately a square
30 measunng about 4 cm x about 4 cm, with the stitched wound in the middle paraileling two

opposing tissue edges, was retrieved for closure strength testing.




Second set of 3 0.026 inch 0.015 inch 1.73 8.1 20
*Rati o of surgical needle dianeter to barbed suture

di aneter. Thus, the Iower the ratio of surgical needle
di aneter to barbed suture dianeter, then the better
the closure strength when suturing a wound closed with
a surgical needle attached to a barbed suture. In
general, the thinner the surgigal needle, the better
the closure strength, 25 particularly for delicate

t i ssuesThelfoiEWRIpen ¢20K whHdOhsldb R SHRST usﬁéﬁl‘c@%e%%&{mi]ﬂ versal

needl es are prefe

a owel i cker
i 29 ?S%ﬁgﬁ?%?ﬁ% Q- digaragh bssge sieciens thewa ddgeyadiblingieach stitched
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t hivelkdarere ibirtedah ﬂﬁ%%}%cﬁvel BrchD&iaWs ‘iiﬁ'lhg Ie ges that the

ratio Qf surgical needle dianmeter to bar &d Suture

di amet ere%I5a sacqyaenas pullat longiudinellysat anwie of bbef26neies per minute
ab@wiut 31 fanPpe Lfsge) uiile resent.J nventi on has

been shown and. de%gr i bglgyllg% r&ogg'?rgi St °e‘§%i?’ﬂ"‘f‘g°m%?5‘c°“mmd
orfteferacompiete wewnsl disyptiontyesiieneritdss olfe didbere saweaH. i on, | t

shoul d1he A&, se skilled in the art_that

it is not inten ?eagg@%%yffoﬁnﬁ]?'e? 38%‘ ﬁt@ﬁ?i“@r‘f“&%’?‘{sfﬁ‘s‘”ﬂh ancedle

Sw%%‘ég B éz_@"\‘?@b@ﬁ et 0822 insh (ﬁﬁg@-%dﬁﬁ?! arlSvaged t% a barbcad su%ure. Also,
o1 Nl i ONS n Itions may be made to

the disclo0s 2' 3“%%@5%?”&%?%0"%\&3& (ﬂé £° Yagnds F’&#yv ith a needle having a

d djsmeter pfabonidhA26 echiiaboed 0.66aamh sy agatiio atyARE Apgs Of

the i nyentl -46- part | rly in light of the

f or egoi Ng %@ggﬁfwag.2?%P“ﬁﬁ&%§h&@hﬂfhe bar bed suture

of the present invention can be used alone or with

ot her cl osure nethods, such as staples and/or skin

adhesi ves, to aid in holding the position of the
ti-ssue. Accordingly, it is intended to cover all such

nodi fi cations, om ssjons,. additions, and equival ents

as may be incl uded %%&ﬁ#@iﬂﬁé§§$ﬁﬂﬁE55ﬂﬁmﬂbkcope of

the invention as defined by the foll ow ng Clahﬂﬁmpééﬁ%WMu(m
Gpetikiens W dlecdisDiamaleMEBArbed Sutire PialRfcP e IR U $oh0k 10 Runturen
VU T

r

npecting h .or animal trssue 1IN co at ron
gﬂmgﬁﬁﬁ*gal ﬁgggpﬁ? sai d contSitadncbn conb#ising a 11.9
hﬁﬁ@ﬁﬂm&ﬂbur@imshﬁﬁhed to a ggﬁg%&ﬁl neegy , b 2.1
mherelgPthe suture conprises a p .

i’

N s urality of barbs
pr oj ec FRERPIshgAlnseds dipmeterde bibelsubaw diageeter.f i r st end
and a second end and a dianeter, each barb facing in a
direcﬁ%on and being adapted for resisting novenent of
the sty B oW the fatie phagical neediendiappesiotberbed srat idieter, then

et NBe ik Gleh o "Jhﬁléé@'}’rg% at\bgung%ﬁogﬁ&e ?V%Eg\’ﬁlr?ﬁgldlcedle attached

“wherejin the surgical has a

Fut basbedsyutur, dngpregil b thinsethe suiiaataicatle, e Heher thos1beek strength,
MitISVHoPIBLSE a 3;1 or, |l.ess 10,2. The barbed .

gutlur e )gﬂr?d S u?égfl%g 5 ﬁg‘seé}j’?réfo{: gt hséfl?soﬁucaé‘%’ﬁ'}‘?‘fﬁlﬁdlbﬁi“’d’ thicker

Beedlepnare profiarsede | Fhus.twiat ampenthns tgurdiess 06l whbBierIHE Sde@Ris thick or

mﬁ%ﬂ sBmBAN&Ge ﬂﬂh@ﬁdﬁ&hﬂ?ﬂ{ the %neocotf ggrg}ccgion@eélg Siax%gtgy g) barbed suture
diameter should be about 3:1 or less, more preferably about 2:1 or less.

Although the present invention has been shown and described in detail with regard to

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

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




consi sting of swagi ng, channel w apping, heat
shrinking, and eyelet threading. 3. The barbed suture
and surgical needl e conbination according to claiml,
wherein the surgical needl e has a polyneric coating.
15 4. The barbed suture and surgical needle

conbi nation according to claim3, wherein the

pol ynmeric coating conprises a gilicone material. 5.
The barbed suture and surgical needl e conbi nation

aqmrcdlaﬂg i gt bﬁmgf&egomgﬁéa%hlﬂﬁetlgbzﬁlfsghéegﬁ)tg%?léap uture of the present

sur‘g%lg §‘9| e dianeter to t

& C?’ ped) dane orgwitlyjgthep gloswre rasthods.esteln ds staples and/or skin
S LididdsD@h, 16 88 Gh Bolin Ul

wherein. 20 the ra o%g%‘lﬁ(?{lbg sur gllsgca céllglélg’qyaﬁgm (5iqed to cover all
t FU¢theedificaiens, glatswf&ss #iditions. end equialentstas fony beincllideslsvithin the spirit
5 Thad RRpOEThs ihiveHi I onbi nati on
according to cl é?%?%&iﬁﬂg éﬁﬁhmgﬁ§grgyﬁo of the

surgi cal needle dianeter to the barbed suture dianeter
is about 0.9:1 or less. 8. The barbed suture and

surgi cal needl e conbi nation according to claiml1,
wherein the suture is nmade froma material sel ected
fromthe group consisting of a bio-absorbable 25
materi al, a non-absorbable material, and conbi nations
thereof. 9. The barbed suture and surgical needle
conbi nation- according to claim8, wherein the

bi 0o- absorbable material is selected fromthe group
consi sting of pol ydi oxanone, polylactide,

pol ygl ycol i de, pol ycaprol act one, and conbi nati ons
thereof 10. The barbed suture and surgical needle
conbi nation according to claim38, wherein 30 the

non- absorbable material is selected fromthe group
consisting of a polyner, a nmetal, a netal alloy, a
natural fiber, and conbinations thereof. -48 11. The
bar bed suture and surgical needl e conbination
according to claim 10, wherein the polyner is
selected fromthe group consisting of polyam de,

pol yester, pol ypropyl ene, pol yurethane,

pol yt et raf | uor oet hyl ene, pol yether-ester, and

conbi nations thereof. 5 12. The barbed suture and
surgi cal needl e conbi nation according to claiml1,
wherein the barbs have a disposition on the body

sel ected fromthe group consisting of a staggered

di sposition, a twist cut nultiple spiral disposition,
an overl appi.ng di sposition, a random disposition, and
conbi nations thereof. 13. The barbed suture and
sur gi cal. needl e conbi nati on according to claim12, 10
- wherein the barbs are in a staggered disposition, a.
twi st cut nultiple spiral disposition, an overlapping
di sposition, or a conbination thereof, and the barbs
are all facing in a direction .




toward only one of the first end and the second end.

14. The barbed suture and surgical needl e conbination
according to claim12, wherein the barbs are in a
staggered disposition, a twist cut nmultiple spiral

di sposition, an 15 overlapping disposition, or a

conbi nation thereof, and the barbed suture has at

| east a first barbed portion apd a second bar bed

portion, wherein the barbs of the first portion are

facing in a direction towargyQgiy the first end and

the barbs of the second portion are facing in a

di r ect iV¥hatinelaimeddsil y t he second end. 15. The bar bed

sut ur.e gan [ Lnatiaqn. ordi.ng t . .
claim fé,ﬁzb%fH\ﬁhggﬁgikenﬂ)?%gﬁngftg%ger e Oéi%g’ﬁ%‘gi el Sombination with a
i d¥aik seedlef $aid combinatih comprishey bbarbed swipre ankichdd & a surgical needle,

R Iy L IR e
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c driiend eibnseaombendi and a_tdinnTEteg.i emhllih%rb fachgrieh ﬂin%dﬁe?] and being adapted
st | t includes a first _set of the

o AT RER L B of B Wlfe (VG issies o B peBee tbistion from the
s algottipn srewhioh thetbartbiacds sand vdhetelaths ae g4l nsalle ik aldieter with 4 ratio
b i radi.al | ced about 120_degrees from

a oF P s GBIy ot DA S Uiz ar Simis bordrre

sur gi cal Theledbe wanbimiauigal ReRCehPgatd ok gfi?claiin 1, wherein

erein the barhs are in a twst cut multiple Spira
\évi%]sepgagi%tdi t E“r%\r?agttﬁ% sParBleteedlse iave an satiaghieent selegicch from the group
s ubnsiseng oflsaaging, chateN@rappiPg hédt MFinkid@! and S ydiMyREREh L oM
about ,I,o agbo t 17 times per inch ~when"the barbs are
escar ped ielaEpedisag angsureical nepdle porbinstior acoringterdin 1, wherein
S theWti@icaldRediShas HRIiB @6hrmpt Ur e and surgi cal needle
conbi n4at+tl%\r/b according to claim 12, wherein the barbs
are inaegeded spureapdspgical nepdle gambinaion gqording tarvthim e wherein

Sthe b mBAScoatiSPédnriséoh silRBEH Bardidi.angi ng from about 5
degrees to about 25 degrees. -49- 19. The barbed

sut ur - arlg bathed Setare and Sueisaloserl enmtiiantion ecrordiligtg ctam 1, wherein
Cihd o bBihe WHEICR HiediD BiaRPief @ ltﬂgéﬁérrb@@ gc.ln?rﬁ gl a%%[%g %%13{)% 2:}] or less.

about 7 degrees to about 22 ees.

sut ur & e baihed puinie apd autical oedld evartbiratiom exorditigng clain 5, wherein
Cth&}aib 4P Al ' pbhed a ranges fram

about 12 %sédggigesefhcl) g}glgﬁttghﬁgleé)egr eggrggl%.cr%ﬁgo%éﬁﬁé&“‘
sut ur d- dhe bathedysusure and adpical ooty qoaibinatiomacarlitigng claitn 6, wherein

j L0 i n.an .overl.appin
ShEAm e HOED S A0 0By Bl AR AR o
one bé&i dfe barbalmtiraprd it ntzderdmbinatideicd@dp to claim 1, wherein

t er LN arb has an .
o AR TR D —
pratariab p norrabsarbdble snatkeialy ind doebinaties kispgafng barb is
deri Vg

e R o 16 S GBS S BB . whrin
dertio-ambibaiie maednlds sdected fohothegddp consisting of polydioxanone,
polylactide, polyglycolide, polycaprolactone, and combinations thereof.

10. The barbed suture and surgfcal needle combination according to claim 8, wherein
the non-absorbable material is selected from_ﬂw; group consisting of a polymer, a metal, a

metal alloy, a natural fiber, and combinations thereof.




wherei n each of the overl apping barb and the
over | apped barb has a barb cut length, and the
over |l appi ng barb and the overl apped barb have a barb
cut distance between themthat is less than the barb
cut length of the overl apped barb. 23. The barbed
suture and surgical needl e conbination according to
claim1, wherein 15 the barbs ave a configuration

sel ected fromthe group consi st ng of (i) a barb cut :
angle Q1. 18 t o_about
degrees, (ii jmrg&gglﬁl%@ggt %%%19?%1,,“&;8? P%O'glf"gttﬂ éla‘m 10,
bavsreythe gelyper is seledtes foum thpgrqilpamsisang ofqmgyaﬂ@det péiyaster,

abﬁw}p a, bar ngth wt

a rat f(gyy%? ¢ :pﬁl :d{') gm?( Fgﬂuotr%ft pleng. r?@lygil}j'{?’i]"rs '&%Qﬁ%“@?a“‘ms

r dhgseafg from about 0.2 to about 2, (iv) a barb cut

di st an [ f the, barb cut, distance to the

sut ur qu’l 2"‘%?%?"‘*?8@%%&%&‘%% . B‘Bﬁtlm%'oi agegrdigdgelagn 1, wherein
(vhe 'ﬁﬂwdﬂﬂvmswdnbmbtha boly selected froiitlle @bupPdoRHding obﬁﬁthgemd
b"i‘lfb?osménv%{v); tml?léx g) sets, of barbs with each

havf n siZe yf ‘é‘ﬁ*i’osft'PBTﬁ“t"r‘i%‘!E'BB‘%d@P%ém@fa faﬂdom

: tldep@sutmmarsie:bmbmntﬂbn(smerdoﬁ, conbi nati ons thereof. 24.
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The bay })e,q}z) %ée and ur i cal need| e conbination
accor dig § f"rtH”i%“ Bedlecpabmation asenrding) gl claip 12,

r a/hgem the ieanbsakxOivta sthdferdiRGRS80l, @ t@ﬁpé& l?l%leds |lﬁl%?051@°§l an

bed suture and surgical needl e co

agveélra%q ,%3{; R§SIUPYiOht s9mbinafiqn thefaef.tand the harbs argall faviyigan @direction

r engasonly @1of e Wirst sfand e REshdleRa about 170 degr ees.
suture and surgi cal needl e conbi nation

26. The
accor 914 3%? g‘“ qd5upproxpd susgical nepdie corabination accofdingre claan b2,

herél af a
o Ty i sl ST EpRTRRES o LR DRTN A Aithostion. an

n‘é‘@a?@"@cﬂﬁﬂoﬂ 991 8h2 ¢oembinatiphtirercof, anctharbaed sumi'ﬁelrae laﬂeztshﬁfrst
rsakted poftioh Bd p@f:&ldcb‘d;be&i g&hg&b e;egle\gé Hargﬁd)%t di rst.ﬁg?glon are facing

ranges from about
A AHuertien fqyaed @‘lhﬁlthé lﬁfsgfimndlﬁ@ddﬁs of twrisécoad p@rtion are facing in a

ARl ti\Garll 8ni§ kiR sRopdend€r €I N the ratio of the barb
cut length to the suture dianeter ranges from about

0.4 t &-abltharbed siture28d sutieal bmdhaﬂmmm@cwﬂlngwgaxﬁﬂz

o S wher ei
O SR P R el I 571 p e habhsingo sty spiced bout
dﬁ%ﬁ%ar@pfrpmr@e@nﬁs@mabmmso 8 to about 1.5. 30. The

onbi nati gn

bar beg LG8l

accor d| ng t 0 c?gﬁurﬁ %&ps urg“ff%ger eﬁo’flﬁ’@a‘f“&taﬁ?r@f'g torrdaimden
ewheretli the siaggered dispdsition includes fiangt 6ffthd B aRink rr&i’ﬁl@k?,ﬁé&d about
desdetgpces ﬁ‘prg lﬁtsccong set of the barbs and the second set of the barbs being radiaily

spaced about 120 degrees from a third set of the barbs.

17. The barbed suture and surgical needle combination according to claim 12

]

“wherein the barbs are in a twist cut multiple spiral disposition and the barbed suture is made

from a suture filament having a portion that is twisted from about 2 to about 17 times per inch
when the barbs are escarped into the suture filament to make the barbed suture.

18.  The barbed suture and surgical needle combination accordin g to claim 12,
wherein the barbs are in a twist cut multiple spiral disposition and the suture has a spirality

angle o ranging from about 5 degrees to about 25 degrees.
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sur gi cal. maeduded swhiR' ﬁid‘sﬁr@i@alsl%ﬁiﬁ%oﬁﬂ{ﬁpﬁdnsg&gﬁbné dtyo claim 21,

10 31. The barbed suture and surgical needle

conbi nation according to claim30, wherein the ratio
of the barb cut distance to the suture dianmeter ranges
fromabout 1 to about 3.5. 32. A barbed suture for
connecting human or animal tissue in conbination with
a surgical needle, said conbination conprising a
barbed suture attached to a sq@gical needl e, 15
wherein the suture conprises a plurality of barbs

pr-oj ectibNgTHe BabaNsydird Naat s%Eb](pd? %e&@%rﬁlg?a@iorl i a%é&mﬁgqo clai-m 18,

a second end, and a dianeter, each acing In

di Whegein g Sﬂﬁb%ﬂﬁ@‘ TaREes flom doout 7 deemsso abngt Phdeereent of
L SUBH" SR eSSy PR S S8 o i 1

fromthe direction 1n
t Fyehersir he gplslutyunge anangeh ﬁomngtaaldegaaﬁ @ Molkarsalegies.

attach ted fromthe gro conS|st|ng of
swagi ng, cﬂ‘a 8 @n &? ‘éﬁﬁ% bijtgtion; gerogding & claim 12,

2®vltetmzemd bartys mamanmﬂ@phgt &isposiib beh khaD RP Y Bash 8%0 QdJacem barbs,
needl e di anet

er with a.r f the surgical
“?ﬁ%"%%‘%’&ﬂpgws 3?% ai? gRfeheing aafovsvb@md barby thgoverdapping bar-has an

SBndokldhaarhE&eSbl\teﬂﬁ@eﬂ Harls WA ACohHGe Wﬁ@ﬁnpzﬁ’!r of"“?l'lemahd rside of the
|ssre .in combination with a surgical needle J

appipg bt SRmyer Sopypagt of shadepside of theevestoppeeibec. { 0 a

graj |t of barbs projecti ngﬁfrom an el ongate
XVFHG © hﬁ thg gvetlanpig bagb anddtbnevedapped hartt has albaretidiength, and the
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27. The barbed suture and surgical needle combination according to claim 26,

‘wherein the ratio of the barb cut depth to the suture diameter rahgcs from about 0.2 to about

0.5.




wherein the suture conprises a plurality of barbs
projecting froman elongated body having a 1Q first
end, a second end, and a dianmeter, 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,
wherein the barbs are in an ov§ilapping di sposition

~such that for at |east two adjacent barbs, one being
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thé. barbs are in a random di sposition, and wherein the

urgicgl .needle has a dianeter with a ratio of the
gur Si ??rr Ann‘@g‘??f‘é“‘aﬁeéﬂ’éi‘%?ecw lyman 9 pigl tisgpe ip ombigation with a

(Buggiedl éedi sadbéditbindiidn @mpri8Mg 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 barbed suture and the surgical needle have an attachment
selected from the group consisting of swaging, channel wrapping, heat shrinking, and eyelet
threading, and wherein the surgical needle has a diameter with a ratio of the surgical needle
diameter to the barbed suture diameter of about 3:1 or fess.

33. 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 adapted for
resisting movement of the suture, when in tissue, in an opposite direction from thie direction
in which the barb faces, wherein the barbs are in a staggered disposition, and wherein the
surgical needle has a diameter with a ratio of the surgical needle diameter to the barbed suture
diameter of about 3:1 or less.

34. A barbed suture for connecting human or animal tissue iﬁ 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
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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 twist cut multiple spiral disposition and the
suture has a spirality angle o ranging from about 5 degrees to about 25 degret_as, and wherein
the surgical ncedle has a diameter with a ratio of the surgical needle diameter to the barbed

suture diameter of about 3:1 or less.
35. 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 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 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 wherein the surgical needle has a diameter with a ratio of the surgical needle diameter to
the barbed suture diameter of about 3:1 or less.

36. 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 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 needle has a diameter with a ratio of the surgicai needie diameter to the barbed suture

diameter of about 3:1 or less.




