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- - BARBED SUTURES TECHNI CAL FI ELD Thi s

~invention relates, in general, to a barbed suture
useful for connecting bodily 5 tissue in various
surgical contexts, and nore particularly, to the
optim zation of the dispos[ﬁ[on and/ or configuration
of the barbs on such barbed sutures. BACKGROUND OF
THE | NVENTI ON Var i ougsrBebhcaiTorifods enpl oyi ng
sutures have been used in the past for closing or 10
bi ndi ng toget her wounds in human or aninmal tissue,
such as skin, nuscl esrdEIAR0s Frknber nal or gans,
nerves, bl ood vessel s, and the |ike. Mre

s peldis ingaptipy relatereinsaspeyalo ip Miapbadsaturp wiuhfos sprnpeing bedily
tissid maﬁ&s@a tex BRI e Béﬂuc.auﬁy &@thé%ﬂnﬁi%atﬁﬁrbf% a

snoot ament " or can"be a lti-filament) to
disposition enwwaonﬁmn@lf therbaehs @nyuqhbadpé GuPigs faces of

t he wound and thus sew t he wound cl osed. Whet her the

wound i s accidental or surgical, loop stitching is

t he nmet hod 15 EJACEGR@EUD @an: ENVENI@ONsur f ace

ds. The eedl e s
o s gl HeloiF plEfil R DAY Fndfily &b Blosing o
bindify Bgetbat&fdﬁﬁdﬁ:inﬂjhﬂﬂmr dndmflatssaeasuchas skin, muscles&ﬁand&:s internal

R ST NG T T X A —

need1® Wyth $h @ftach@DénRERMAIS Otire @hichQiah B8 a smﬁotn andflamént or can be
bi.o- absor babl e pateri al su

h | id .
A R0 DRI B AL SIY 98 PP e e P A thos sew

the VORI AIBA.S Wikher teQvduh@ ist dchedhl o Eﬁgi’calcmﬁﬁ @REHiADis the method
bar bed sutures, which are generally of the sane

ofteniisedy ¢sppciallyforawipenowiia Thesusgied o ol s thep piapcigd and the ends
of tHAUWTRIOMS tied! Y,%m!aﬂg SithQY RhstGhieS bRGhaR Wites #ifbih a knot,

convent i onal sutures. A barbed suture includes an

el dndawellikinydy cwﬂvanﬂqnalssuaﬁ@s 9p baof eonsihaerbeblpmatggal such as
sill(1| hﬁ&&%ﬁ? ‘i:%) jpg@ﬂetng r 286 §H§afnab%%F ?’lo h9Bhddbe AEal such as

ar€ arranged to al low passage o
glycbhead)@pdd guiers audicapol ymeone lakiticacidi polymdﬁrmdghpqlmgue but

ist,.2 went of th suture |n
o p 8§| {;hg%&.[i\e og cr?ncepﬁ a{%ﬁg wha elt}lﬁ?/ of the same
matdiialshe ekofmhmdsxasSdmss hmffelmi mnmmmadvanm@esawnmlemh g wounds

attribut Accor bat suture 0.n have to
Wity oGOl JuLckes o DAY M dhelpdts ot clopeRed el Bt 1 e bfmore
spacB@BMBE) twrmqimjsutwshe BobpsubRe: a e bﬁ@ueltg@l | THebattedre
into tissue using a surgical needle. For instance,

arranged to Ploavepassage of the barbedsuture in opedifeptiondaongtydssue put resist
movBineRdA tRbafRE uthRlin A ppYiR AirBMBRAN Thh€ 8] maAMfivanth§Eof barbed

cord has a body portion and sharp-ed ed, resilien
sututgg hissbogn djearevisien ofanantship angbyte.af ly.dhaged sutures do not

have[tﬁ lb@tkh%t%dt A A s%#h% 5. PRI %‘éo@%ﬁ’nﬂ&ﬁl §Ae, 26HaRRA $6Ere

rough ti'ssue I n one direction resi sts novenent
mayibnmshﬁedmpmues:smgr@utgl@hneedle Sutures with barbs

D N e T

. sew;ﬁg Bﬁilalﬁﬁ&ht whdBe the lcerding a Hody pdrtibemtd sharp-edgd¥ fesifidnt tacbs

Ruf f rtlcular t he sutuyr s .b facin
proidogys MO GR R Bia FBled s 1B Hhe ot T tarfed Sy cal Be
pass&dihktugh keue i o HreBi@dnh Butfrasidtd folémdnld & tﬁ@@ﬂﬁ)kxteﬁilrecuon

direction toward the other end of the suture for. t

ot PRI ith bafbs ifeoseeiins B-giesRoN aTamemety aligfalfe flouble-armed

sutufds, 'a?é/\ﬁaom?n e PSichONGBWS 11855 I BuRRB Bnd U SEPALER NGAE,241,747 to
each respective suture end is inserted into the first

and second sides of a 5 wound. Such bi-directiona

bat hed sutures not only are especially suitable for

cl osi ng wounds with edges prone to separation, but

al so obviate the need to secure suture ends together
with knotted loops. OF interest is European Published
Pat ent Application No. 1,075,843 Al to Sulananldze
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directly at the knots, barbed sutures can spread out

the tension along the escarped suture |ength, often

evenly along the length. Optim zing the disposition

and/or the configuration of the barbs should

therefore further increase the effectiveness of the

new barbed suture in nmaximzing the holding strength
Ruffd mdmmpalinm'uzﬂmhet deurg By Hathss Padin copwakd@ng erchef tiosunde for about

i S - 028 oSl

suh@&bﬂ&@%ﬂﬁhﬁ&lﬂ&ﬂ?@ﬁi&él e THiS&HAgehine Kidiwsthé Bhrbs to move in
appropri ate tension, eviate distortion of

the sapag dﬁgq:bﬁnta@eqﬁl ﬁﬁ’sﬂf"%’é’e §%t3;erepﬁ 5 ingggied ingp the Brst anc} second sides of a
woud! &och®h-8irdiioa1 Bemed bdisred H&%ﬁfyeﬂe Q¥ediIf sBRMISfor EidSing

new barbed sutures woul d be especially useful in
woundsy it ¢dgss pihes te sapasatianz biitialsa obYiats gigmefdhlg sp@ure suture ends

to e{hﬁpﬁﬁﬁ‘i&) M&?gh as cosnetic surgery, as well as in

surgeries e space is limted, such as endoscopic

suP§intsresdis Frirogeos Brlgishgd Pastnplicatim Rpiel 08 10N
s SRR, ol oy S0 BB BR oo

(pubtismﬂae W 00/BL65& ron@Eepembaed, 200@ sprivritstei R 8903732 (March 3,

9 0REh R TP ABA Sl YL BP g A

orerpédinactiettipnfopposit e thansiithe ®igeal tdnsioh, widcthadistancesbetween barbs
di rection d be ted for resisting noverment of
being pef %S&Iﬂfﬁnel i‘?%@ﬁ?@”ﬁ?@ Tin an opposite direction
fr Alﬁbbhﬁztéibdi RAY.EOPatért NoD5 84 8 Teo Rafh Thisqreent shoes ah Mmsertion
the harbs _are in a tw st cut nulth‘rg_les iral

devies; hads neefu for prsitipnag p habedsulye VPK, ghe insertion

dew@eLﬁaH b @utuldr B6B Yor RRYVIRG adaRRA ki, ddddfefb:Sbly\Wssthasla harme to
about 2 to about 17 tinmes per i nch when the barbs are

facilisaie mapiplation ¢f thevdevigehythe surgenpe hhe ngeriigikdeviosds Tsspp@gnded

for %ﬁ b?rkedd' turBRhEe thiEseldt E&%&Mdﬁ%ﬂs facinga

Is a side view of one enbodi nent of the
direqtioe opposed tovndiiestion sihtmrtngl Suplasuberes wigh barbs upeping Hheps
e red spaci ng; FlGURE I
dlmcgoggpizlg%né% ?r%ﬂléﬁ?%os&%vha ong ?ﬁg&ﬁe 1B - 1B of the
b aFimediscdastites of il hpdeénaianel pm&nt FpipltFBn Oentimned dre are\ingopporated
b Sf anot her enbodi nent of the present invention,
ng a barbed suture that is bi-directional with
barfarpdiet I vads itto @ nloROHRAGHE depRhdigg i the bs:ﬂ)am't &gpth, reduces
FIGUREZBlsasectloa i ew al on Ilne ‘Eﬁ%
the srpightpyfl fengtie siten g smge ‘?/-‘\“t“ﬁ féﬂ pgeagd wever,
the sMhigMY paft (@RAL iﬂ%ﬂgﬁ@ﬁ@bﬁﬂ‘ but@k shiid B &mfated!tb ViRthiniBum knot
showi ng a barbed suture with barbs _disposed in a 120

pull geeged@or 3 corygations] sibe (epn-fprkgdppiugd in accgrdaggerighhe United
State¥ !Pﬁ%ﬁ‘nﬁlx%%gla sinﬂ@ farglﬁre of%gm%fntx&m s&ﬁ%@@vﬂnﬁfﬁa% f be'knotted and

Fi gure 4A 1s a side view of another
mustgnded al inin mumddot Plél !pn@s @ﬁ@ngtlr)\pémw mast @n@wﬂwgt the kaptsiug to
“’%%l%&dg is bi-directional with barbs disposed in
egr eée staggered spacing; FIGURE 4B is a
S €Bd omindike the perfaimang dfiarbarbéB suturkBit of advingageaundteodonsider
n Figure 4A Fl 5A| i d |
ey R IR Eamst Nk “lsenhnnh 28 dhin alsif 1k bl gt istamee,
efc.) Encﬂoxhﬂelt al%ﬁbﬂgl eglem éi’fthbmrbas 'ﬂuﬁﬂﬁmﬁd}ot onl@eiihained the ttinlsile
esplra i SPOSi Fl GURE. 5B, i ectio .
srenheod BRI % Shamd e A o5 by pes e o holding

and rkifding a%un& @R dthet.SURlIW (ﬁl)ﬁ\féﬁltl@ﬂm QltuRE GHIEN place tensions
enbodi rent of fhe present invention, showi ng a barbed

suture that is bi-directional wth bar bs di sposed in
a twist cut nultiple spiral disposition; 10FI GURE 6B
is a sectional view along line 6B - 6B of the barbed
suture in Figure 6A; FIGURE 7A is a sectional
side view of a barbed suture, which is bi-directional
wi th barbs disposed in a twist cut nultiple spiral



FIGURE 8 is a side view of another enbodi nent of the
present invention, show ng a barbed suture with barbs
in a random di sposition; FIGURE 9 is a '
sectional - side view of another enbodi nent of the
present invention, show ng azbarbed suture havrng a
barb with a corrugated or serrated under si de;

dizoth £UREnbAbdrisedauansichosatadper &peamn/@owg ewesnapedh syture

i GER PR g P PR e B B i ffion of

thé Barks shBGIH m&?éretf&ﬂ:ephﬁfba,éél Rkt fohess batheedwdatbad entia in
Figure 10A; FIGURE IOCC is a_cross- sectlon%[ Vi ew

- meyingiApe thakoldngstrengih@nd mintizipedho g1 forey opg Hye;wougd edges.
Th% 6 1313312'&_1% i)en%ﬁa‘éﬂ 8} ABBolhd WolnEReatinkOD of Figure '

a secti-onal side view of another
enbédionmich noy bmed grﬂ@g&ethuld ARRPRimgts issainiokly veithapprggate
sSut un t

cth e AR08 ot B B s b R inine
bendfitst ifrpafieddisyeih barhy €ftteinow, babkd wtmgs woldbp eapegalﬂmseful in

Wi th harbs. | n overla n t
L
in Qiv@kibaRRem @ﬁafshﬁm@a‘d, #uok asetidogcopis Surpdry bi gwesu@g; '-
FIGURE 12 Cis a plan view of the portion of barbs of
Figure 1213; FIGURE 12D is a side view along line 12D
- 12D of Figure §8MMARY OF THE INGUREDN3A, 13B, 13C
and 13D show various surgical needles, where a barbed -
sut lr e:cr)siamet withed asmeceaﬁ:uhe Pesgit draentiare dicse is prowided a barbed

s camisc s hapen Rl oy Saq s PRt Epn glongated
bo&y Mﬁgh@ﬁrsﬁeﬁd gkend adcowd idlar d(bink FRFalioy oﬂbﬁrﬂsabroﬁelenmg f6m the
her human or ani mal bodll%%$|ssue or ot her

bo@oﬁarft Pash faging imarrirccion at Brine adveted forfesishpg movement of the
sutifeBRhLd G tisQle, i s@é dmgw%mtth@eﬁreuén FONRES tHeMib faces,
evi ce may e required Al'so as used here, the
whbmmrthéthaé:smé ini pdivistiest mbltiple snrﬁbdlqusrﬁrpn add ttes, barbed suture is
ma%l? é-Z)ﬁjseg sﬁtglfevhfé%%eﬁt i’l%\il%% p\%tgozl: s tw1s¥8 bff"é% E&B%u%szstg about 17
tim@Ybr MBh ARG @RSbabs. hﬂegaamcismtd\/&he emverfilainbgt toanakie the barbed
"polynmer" as used here generally includes, but is not
suliieni t ed to, 10 honopol ymers, copol yners (such as
bl ock, graft, random and alternating copolyners),
terpolyners, et cetera, and bIends and nodi fications
thereof. Furthernore, the term "polyner" shal
i nclude all possible structures of the material.
These structures include, but are not limted to,
I sotactic, syndiotactic, and random symmetri es.
Al t hough the sutures are described belowin a
preferred enbodi nent with a circular 15 cross
section, the sutures could also have a non-circul ar
cross sectional shape that could increase the surface
area and facilitate the formation of the barbs. O her
cross sectional shapes may include, but are not
limted to, oval, triangle, square, parallelepiped,
trapezoi d, rhonboi d, pentagon, hexagon, cruciform
and the like. Typically, barbs are cut into a
polymeric filanment that has been formed by extrusion
using a die with a circular cross 20 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 rmade
with any desired cross-sectional shape. Hence, the
term"diameter" as used here is intended to nean the
transverse length of the cross section, regardless of
whet her the cross section is circular or sonme other
shape. 25 Suitable dianmeters for the inventive
sutures descri bed bel ow may range from about 0.001 mm




- 7 - the second set is aligned longitudinally on the
suture, but a plane perpendicular to the suture and
cutting transversely through the suture and
intersecting the base of a barb of the first set will
not intersect the base of a barb of the second set.

~ The barbs project fromthe exterior surface of the

- suture bodygRIEMYRSTHIPITON OF BIE IRAWINGSed.
Dependi ng on the intended end use of the barbed - .
sutkiGa/RIbad s a side iy of ene enabodanentgy thsepresap 1Byragon, showing

- neral , l.arger b . j .j oi ni ng

ol fedth P Fbea 1h s TR AR Sl e ° O

ti SERJRIONBtihe s@tiber vianapnsiiad 1B IBaefibe barbedipituge in Figure
suitable for joining other types of tissue, such as

1Acol | agen dense tissue. As noted above,

bar@%f@ﬁjbw £S5, RN Hew RIS dip NanitdainsRi®f Thd Prck@lt Snvention,
used for 10 maki ng conventional | oop. sutures.

convent 1. . Any
shopang iachdrbed shosethatnist birdigictiornl Widhe baks yigpossy: iy &7180 degree
~depends ..on the strength and flexibility requirenents. o
ﬁ%ﬁﬁggsggﬁ%%fically, barbed-sutures nay be formed from
a b0/ a0s oB heb ke tiomd eidvahliongtine 2B FABsoftthebarbedgugare on Figure
degrade and thus to be absorbed over tine into the
2Atissue as the wound heals. Generally, bio-absorbable

mat S 3 & PRUMMBEWCef AtAhatesiodiniat @ff thd@resent invention,
particular 15 pol yner sel ected, the-de%radation_tine

~ showing hlearbastutiire awtl derbs disppsegdne 120 demessizasersd apaceng; |
nmo The .use of bi o : | ' in Figure
o | AR i E sl s ISR WL S8 T8 b ELibed siurp n Fiew

3Aihe patient. Var i ous bi o-absorbabl e pol ynmers
i nclude, but are not limted to, polydi oxanone, ‘
pol yl acti de, polyglycolide, polycaprol actone; and
copol ythers thereof. Commercially 20 avail abl e
exanpl es are pol ydi oxanone (sold as PDS Il, a trade
nane used by Ethicon for selling surgical sutures),
copol ynmer of about 67% gl ycolide and about 33%
trimethyl ene carbonate (sold as MAXON(r), a trademark
regi stered to American Cyanam d for surgica
sutures), and copol yner of about 75% gl ycoli.de and
about 25% caprol actone (sold as MONOCRYL(r), a
trademark regi stered to Johnson & Johnson for sutures
and suture 25 needl es). Barbed sutures nade from such
bi 0o- absorbable materials are useful in a w de range.
of applications. Addi tional ly, barbed sutures
may be formed from a non-absorbable material, which
may be a polyner. Such polyners include, but are not
limted to, polypropylene, polyamde (also known as
nyl on), polyester (such as polyethyl ene terephthlate,
abbrevi ated here as 30 PET), polytetrafl uoroethyl ene
(such as expanded pol ytetrafl uoroet hyl ene,
abbrevi ated here as ePTFE and sold by Gore as
GOR- TEXQO), pol yether-ester (such as pol ybutester,
whi ch is the condensation pol ynerization of dinethyl
terephthl ate, polytetranethyl ene ether glycol, and
1, 4-butanediol, and which is marketed by Davis & Geck
and by U S. Surgical, conpanies - 8 - owned by Tyco,
under the name NOVAFIL(r), which is a trademark
regi stered to American Cyanam d for surgica
sutures), or polyurethane. Alternatively, the
non- absor bable naterial nay be netal (e.g., steel),
netal alloys, natural fiber (e.g., silk, cotton, et
cetera), and the like. Mst of the barbed sutures
di scussed bel ow are described as having their ends
being 5 pointed and fornmed of a material sufficiently
stiff to allow for piercing tissue. It is
contenpl ated that the ends of the barbed sutures nay
conprise a surgical needle. In this enbodi nent, the
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A very suitable cutting machine is disclosed in U S

Pat ent Application Serial No. 09/943,733 to Genova et
al ., assignors to Quill Medical, filed August 31,

2001, the disclosure of which is incorporated by
reference. Such a cutting npchine has a plurality of

bl ades for escarpnment of barbs onto a suture

f | FEDURTE 4AAs 4 §ipé daw of uidtlicn gmbadimenef trerprevemuteotion, simyving

0, barbed sutures. util.jze .cuttin ,a Vi .
a b e O o b SR P SR B B

g um;ﬁ;m%mg wwsdebdri]@firgﬁew ?itaﬁ g itié 4B & 4Bi dfdmr‘lihat“beidSuqai'eén Figure 4A;

in_the bed and_he t he vise, wi t he transverse .

o FIERERTE S5 ki 26 S b g QoS e Showing
a barbEPEIME W8 beivs b ] twifiRuEHlIMpR shirdl ABition; N or der

to cut a plurality of axially spaced barbs dISpQS%d .

onFICHIRIE T8 ésr4 stiogl wew glogg ing PP aErRf theisyfed jutute m Figure SA;

r SfRiRNe G;C\j ROV EOViERN Bf SRtk BSBoditBR o tHel pfQehtIh RIS Showing

nuner al s desi gnate corresponding or simlar elenments
a barbért svtugh Bt isbirdireatipa! it haghislispesed iina twistcrmpliplespird o
di-spo%l g.vi ew of a barbed suture according to the present
I'nvehtion and generally designated at |. o
SUFIGUREL6B iscd sediemaktiown glang ink6)y- 6B of hetbarbed getresrin Figire 6A;

I T

barbispusadinfaawispeut etuldgle siradispdsision dike tetbaibed sugure in Figure 6A,
.contengplated that end 4 may conprise a surgical
b““‘ﬁ‘é‘?ga@"(ﬂ'o?‘?@%ﬁﬁ‘j“%r insertion into tissue. (The
OtMGURHE isth@ctishabyite Yiewlas ijusalédiinEigure &) bod eated and
| ural.it f closely spaced barbs 7,9 arranged in a
ctamsctip i o BrebS it o RGIE SLIHE Sl bR Dbl
S PIGURE sl a\cideiéwd bf shofRAGEELAARER Bf the PFetert artlietidny showing a
arranged about 180 degrees from and staggered with
barbedesyspise with bark ina Tepdap BiERRFiteBi bs 9, with barbs 7,9
- T a9 PO Bideatkidh: vidsk bfdnother SRbodtherd? 3F Bie pfesélft invefiion,

a plane that is substantially coplanar with the plane
showief 4 brebpdisytusehaying aharb with p seinigad op srirated OEEEe | v,
basPsRE efine: ] IR BE A5 Brediif
: tgflt he r@é?glasggu@%g@g%sggagglﬁgﬁg%ﬁgﬁf tFi gu Ie
inventiBp, shhwilg a terted entuschaging tajberbavithyincarcusledrige:| | ne 1B -

PR IO ol i, oy Rl Bit sh ARG o 2

baNOSTRE BIT isiatchoss-eafiond] viesr dlenglined0CAs106] efdFigiam 1034

S Figure 1B,. the.stippling.ill rat.es 1

F RGPSl s srcvs arisonal iy epBeli o o Kith o ERR 0%

( FIGURPOW s b RedtiogalsRle MRw ofainbthbrénshodBRatBf the plesent invention,

| arger than farther away first barb 9 of baths 9, due
showing & ebegsaiiewith Barbpok YaEA%AHEe pl ane that is

PEBERY BN R'a sbQichHl géfsPedtivd Vied dFfloth&idimbobin®nb6lthépresent
. the base of one bath 7 of barbs.7 does not intersect
inventine, shawing@fbatheyd sezreyvith rrbsin ep ovalapping digpoesition;

Syt g@&i&% elufbe @ poHich o fhe PEMpRE oA of the sut

pllrﬁg%ucesltv\oa g{S ofcﬁfg%bs ‘?Bmé) 0usﬁal y gng set 0at eguure
of Figureré2Aj n a staggered position along suture 1, such as

SHTREIE S o e 3 s e Aol o BN N2R) OC,

F&FGS]RE; 12D snaiicadevbylont mmémépham ?ﬁﬁgum?,za; slglt ure
OB e D 25,45 S g B oo’ i ol e i A f Baroes

suturd isl2RA@RE tPdach Burafegl Redlel ected to create barbs 7
pointing in one direction toward pointed end 4.
Second set of barbs 9 is created simlarly after
of fsetting the blades longitudinally (to create the
staggering) approximately half of the |ongitudina
di stance between two of barbs 7 and al so rotating the
suture filanment about 180 degrees on the vise, which
is equi pped to accommopdate first set of 10 baths 7




10

5

25

30

Suture 10 may be made with the same cutting machi ne

as suture 1, such as the cutting device described in

t he above-noted Serial No. 09/943,733 to Genova et

al ., except with the 5 foll ow ng change in bl ade

di rection. For firstgset of bi-directiona

barbs 17, 18, after the suture filanment is placed and
held in the vise, the BESGBIPFNce with a first

cuttin act n{.0 approxi mate(}éb al f of the |l.en %amnﬂ

o1 b R, e PR s Rl ik Aiston e BN
tissue e aﬁi}:ﬁdeﬁﬁl Wwoimd i bamen podnhadk@rd ofhér hideati or ahinee] bbdilyassue

re r tated 180 degree o t hat, the .are now disposed.
or offiFF Gonltigh B RTRAT A AR WRets AR e SRling: R A e A ey tssue

ammamﬂg&aﬁﬁﬁﬁ_men{pﬁmblades are then allowed to splice
intg the other half of the |ength of the suture

f i ALRERpsegihers, ﬁl%%@’cf‘r‘i’dﬂ{?’&tﬂcﬁﬁlﬁs betis pef Limgjted e disgnes syahas
skin lfﬁt, ifa@éih Nidné, rmﬁstae &@%Shéxﬁ‘esdéﬂﬂ&td RBselsONEE ol QisBile8 Juch as
the bl ades are of f set
“de@ﬁgﬁgﬂﬂﬁﬁ%IIy (to create the staggering) about half

goPe%ero Itéruld:peglme?v SLALEFOSINRAY 1ﬁéi‘6&e9fbupﬁ Gtshri!nzed to,

al so e su l'ament 13 rotated about
hom@m@jﬁe@s copelymers {such as biptls igrafts raadern ppé altarentiag @mk

f 7,
terpoljihct, of Sherd apfl o164 S h IR Mo rldertl, o o
“polyraerh shallgnclﬂd}: allt jossible athedurepofi themaictinl. hkserstuciores irichygle, but
men%gt'%mi'nl&m%ﬁproémﬂgﬁguﬁdhalf then?gmgth of the
ure*PﬂFanent to Credate acing in one
d [ Ahl@dugb metsﬂtmrsdrq:)dnscﬁtad belodr ith G.preFereedf dnitlinent tvithg circular
action.is fol d rotating the bl ades
crossehichy i s G 618 et B oy Bt o shaps ghat could
increiteXOS LA fre2 bad MRELORNDS fdrMatibrl Gfahd Kb MBthé\tedss dvtional
uncut. hal.f of the ] ength. The blades are tﬁfn al. | owed
shapgsgnagyjnclade. pik e Pwéma &9- &} friaggles quare agalislegiver. igpezoid

rhombbid, tztgbh a{éﬁ Wrh8rdmS Seanelikd EypRAN A WaltR Ard it into a

crea bar bs aC|ng In the opposite directiaon
polmevsaﬁlamwutmté@ﬁ kaga farmed by extrumqwsma aflie with g(cjrgdar cross

secti HE e &&?tse&iaﬁ‘é@lhe &qupa?ais tﬁdﬁsuur/%t Muits

t he portlo suture 10 wt s 17/, ave
duringlsuch efxa'oslnrg Howgied, qmumredlefem bﬁ@usimi made “ptls\rmv desirgfl cross-
“wn%g re 10 with barbs 18,20 nmay have them facing

‘pointed end 14. Wth this variation, the -
b &Idmeci tipatern Edimmetied ds asediser is adended ® Memslhetrmnswers@length' of

the ¢ |nsert|on dg%lce ?@#&ﬁﬂgs t§3&§%§%§gﬁl Bhe (xmxsmme
Ad;imlble ﬂakdc;em fok theSnventiackutlied deséribed Gelowatlay xbﬂgetﬁorﬂabbut

be esc ed so that there be two portjon
0.001gpg 2 08 98 ofirse, ihe slstiet aye g ﬂb%%ﬁﬂ?mm to about

0.9 mh@ Gk AGmt d:beum mrmﬁrtd abdtit 018WRmP Ahé typRal dvafbBrePARES from about
faC|ng 30 one end and two portions with barbs facing

0.01 oo 0.3, Thedength of thq sidyre mm dep&n@na R gevera faators
wh BT ARG RRLE b0 O IR IR A e v, e

‘ 'locatlgm ofithe wovnd, dnd thejlikee H‘vpldalusnw ltsnglsuenm ﬁwmahout 1 cm to about

Socnhgli/oﬁé Arﬁaﬂgg}/ﬁ‘%gfg@&%gyg% e,qf, @ bathed suture

ara egree -arrangenent with
S ﬁ&gmms ﬁgagﬁrdﬁh and ‘l‘dmggé;&ig’ che gseelfhe&pa ce¢lagpn te theadishobigion of

G A A oo

offsetpﬁﬁf REPEBNG @achldthi&, white tiv firstandis dBdried ddrgithdinsitieon thihartere and
a smaller suture is desirable, the staggered 180
degree spaci ng generates effective anchoring
performance. Turning now to Figure 3A, depicted is a
side view of another enbodi nent of a suture 5
according to the present invention, and generally
designated at suture 30. Suture 30 .is like suture 1
shown in Figure 1A, except that the radial spacing
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- 13 - intersects the base of one barb 39 of barbs 39
does not intersect the base of any barb 35 of barbs
35. Suture 30 may be made with the same cutting
machi ne as suture 1, such as the cutting device
described in the above-notegd Serial No. 091943,733 to
CGenova et al. The cuffing 5 machine is now used to

the speond yerds iliphedloaginglicd]ylbathessuBss, bB7 pla@®, pegsuditly to the suture

o 3o et B S AR5 3 4 s
will pbragteRect &itbakhodidi bagh 6f thaidcocal sei.| anent in the vi se,

foll owed by the bl ades, after vi ng been adj ust t

L BT APTE R GE RO STRE  he HE T8 OB B B ae
dispdsell. ANBRdRAE of theil@hddlenaisd of U WRRA stitdre; babs f diflerbist sizes

35 so that all are facing in the_sange 10 direction

may peampleyeshiIn geerelnigrespbarbs are moregyiifble {05 doipjg ARk YRCS of
tissu@bdcBek rdt ARQE bHEshe! O Mie SitRAkMd! NGIISE BHASSId MBe suitable for
~approximately half of the |ongitudinal distance
joinipgethertsipas Wb tigsie tsaetbas c@Bagen|dsese UsWe- i | ament s

r ok 24664 4R tharked sﬁkg&% G5 b Rual froM ifEsam¥thfddialsSused for

equl pped t o ‘acconmobda irst set O barbs 35 that
makihg venvahtieabipop swwres ubny pavticularehosse owted akfer the bajhed ggure

' J: By, 1 ] ner. 15Li kew se, the
depeé%ad Ztgg%\u%ggtggaggghe%P@%%ﬁ%%&di nally (to create the
st Miggespeafidalladprioed snmtas|myaytiel formed éroombjiotabstirbable material that

di st ance, bet ween f. bar b . .
stows 5 SERE « SR p 0 B BiS Yy Q) BB hsaE agife Wofina
healsfl\:fﬂdinhrallf}, m?ﬂsgﬂﬁgle&?émmpﬂl ﬂh?i(b anddepbndiagon thel par;;icular
irst set.o ) and alre cyut second set .o
Poly g 5 eci89. P AR B 6 A A BRI oA TR oS 4 Over 24
month®t Blid 188 of bidlabsbrbstile MhteAAls BiSminGtet the BE@EH DT rdindving the sutures
simlar manner. 20Preferably, each successive barb is

fromdbepatiedld at a position about 120 degrees around
S Wit diis B s Bali1E gaz&@& RISRCHlt AR MR, ffEotRbne,

overlap with any other barb. Wth reference now

polylagfide; pplyadycehide, ipplyganrplagtere: pad cqpplyrierspbereefn SGopgrercially
availiiP 9%%?%1%@%@8&@&& ak PMSHE L @de Méﬂs%i B¥Ehiton for

sim except that suture 40 i's
selling sugfiicabgittires)a¢opolSuten pbaboot 679 Elydelle andalyut 33 iagthyione

t hat | ' I ' t .
cartsal o pTHIAROTRY sl ol 8 AL SNyl Aion
suturéé)!alﬂe:ﬁgdljnﬁéﬂ Jf@bbiit S %ealylidoand dboit25¢0eHpastziun edolt hat
~_one or both ends 44,46 _may conprise a_surgi cal needle
MONGR YL Ronplamiin aistoreiohmse & Jobtron frsofiyes
needies)t ¥, ﬂguqfafé% LiaE ?gﬁﬂilgﬁj ﬁ%ba%dfﬁzﬁhé IndteRfls Se @8&Yin a wide range

spaced barbs 47, , , 51, -52 arranged in a
of applicatjges: ed bi - di rectional disposition. For about half

of e | f . ' D AT .
e Rl Bl e
may be Dpolgunck. sSualy pelymersindiinde; bgpectot limitad ica pblypropylenedpolyamide

(aso ARy sk aerdelskalt i Ry T PR e b i v o

agdsuire

PET)Spalgreaafaidthyiche ($ioh aeetpandddpolytetaibbipettplans dblireviitsd here as

51 are al so arranged about_ 120 degrees fngg;ang&?mmmisﬂm

 ePTEE g geliby Gare # CRBHBEEC) golysiiar et sk et

condéslr{%&?og gﬁ‘:}#gi’.ﬁl{rfzhﬁﬁl &%ilﬁéﬁl&l&@ﬁﬂﬂhlﬁé?]ﬁ(ﬁ%téﬁ%ﬁd@ﬁ&ﬁ%&é? glyfdl; and

In the sane direction towar ol nted en .
1,4-butanediol, and which is marketut by Raviod(Eack red by UfS. Swgicab aenpanics

of suture 40, axially spaced barbs 48 are radially
arranged about 120 degrees from and staggered with
respect to axially spaced barbs 50, which are
radi ally arranged about 120 degrees from and
staggered with respect to axially spaced barbs 52.
Consequently, axially spaced barbs 52 are al so
arranged about 120 degrees 5 from and staggered with
respect to axially spaced barbs 48. Thus, another
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- 15 - the blades are rotated 180 degrees so that
they are now di sposed in the opposite direction and
over the uncut half of the | ength. The bl ades then
are allowed to splice into the other half of the
l ength of the suture filanegt with a second cutting
action to create barbs 48 facing in the opposite
owndd be Tkt Elndeﬁ%mdnﬁ NON &BILS) dviddh. is b Meddmarlt fegistekaaide & merican

are. of fset |ongitudinall to . create . the sta ri ]
CyapgRid ek PO o TR iARe AT ALl D b A bl paterial
mayHe RASINS 84&&:1? Rt bB&ys! RMRurBIAYer @.d |si1ﬁ,rﬂbﬂbn leScatepd)aiRlhe like.

about 120 degrees on_the vise, whjch i pped
ac pheldhe furegiscapsedbalay pcder aives aﬂo‘%vwgﬂzﬂr%ésbemg

pomtté?iagud rdedbf £ ﬁqﬁén%fﬁcﬂﬁﬁg stiff & alﬁﬁpﬁf‘ pieflp tRbue. Ttis

bi -directional barb the bl ades splice with a

contpmplated that thewgdsawftﬂx%bmbqﬁsgwwwmomﬁq gsupgirl negydle. Ha this
f
emb ARG R MbadbBE s l.gflfl:ee C?ﬁa%{eh AShe éﬁ&n@ Quéﬁrag ﬁ% @w%ﬁé} %tﬁaglgel

acl ng I N onhe n towar ol nt ed . ] .
Wrappm& heag ghrinking, erctyelehthreading té mvergbyl nepdle forpgpertigp into tissue.

D A3 BES PR PG AR s

the sstiseierel thioltiensargical hixelle hdiethatsip Kongeudumtlly dispesedtahenre endlof the

sorgat el (RO oS b BB Ao on GERPALY iy okt R EPRE necato),
folie@@n <b$ Ict‘lﬁnpiihg nigqtdulint doarthe paidlethel: seltldlt éhé suﬂ1&'ﬁl§ em:ureﬂhe the

re agai n offset on |tud|n ate :
surepieede Frgyrian IpGbwEn AP ! e T e hote
in ofRnWaR hehMAriffabRATBS ﬂﬂm‘lﬁdﬂ dhnﬁmhhmnse&ﬁtﬁa of Whekuire in order
filament again is rotated about 120 degrees op the

to at{arcly the syipredh thesuegicl pesdle- sidiionalbseme sirgiry! aseflesdgye 2
chanhbl ot tro8@H at 8fie &ld; Ghd 6 L@ 1aRBh B tﬁilgh 4811@1&5&1 li}(l Wwragslig to

cut second set of bi-directional bar

secupeghe e ¢ thheurpiealgicedied funsicaliredientitap aorrvsﬁtmrﬁabeﬂelef fyge of
hole ttllah{]vgx\-/s?lgtdn?{;]seﬁ E)l} rga' dnB Ok @ﬁi‘guﬁpﬁééﬁle%gulé Jiso BE u@dSoulBflfnot

es sp icewth a first cuttln
Prefqmti |f@1rbam¢ﬂ sutayepr Bodi thepresapt abiitionf partnd theatigpupsiay belqvercgards

surgl‘géﬂtrngézﬁ ?&E\Qﬁh {)%Bi&% 5 nlgtr 1?1% cgﬂkr‘ﬁ&ﬁ% g} ll %f({lﬁer suitable

ummaafmmamugnkem&nmedehmPMthting t he bl ades 180 degrees

bl S AR AR BB BRYES . 30810

Boryf;kd anNe PatentlNe )5 osazaéz. @ Koftkoff,N1.9. Raeat Nb % 1020#8fto Ghanighest al.,

o BEEA 3o Bl TR el S bbb,

U.S. PhieQbs. gv2b 99@{&:&9 ek, @ﬁ@nﬂ% 6,012,216 ¥ BfisVcal &Y., and U.S.
each successi ve IS escar pe at a pOSI ti on about

Patent ). 463 %toﬁs@ymt@htﬁ method dgr the mppyastum of prgie dﬁe?@es is

desc b, &7 plRESN r:g%tgﬁ\‘)%ﬁ lt@ﬁlzw& ﬂ i”ﬁ%ﬁh PR Mmota it theRu
alternative e nent (not shown or b| di recti ona

needicynayrte co@ed, 1t¥teec0|aong alhrwmg fog theuneedid of thamvngw@a:pmbmaon

suqﬁéﬁge%% por F%%%% e‘ ﬁ?e %%)%aV|ng g%ﬁ%&%gﬁﬂggégg%ﬂQl

needleByerdinot eodtik rm‘lfeamm hopby dpgiwnert, fod irstaice] 4 silidbieresinceating.

Fre%a”glgt' an, oy gqe1 Barbe% SUtc&L%e\é%L&mg be. Inssg?rﬁ &0 g#g‘wnforceto

effect thshdifenaRMon 1Rt Bhridasd silRahRed suifical Decitldis Jé&ribed RSB, Patent
Additionally, it is noted that, I1f desired, barbs may

No. 32843 & Geaegstehat there my be two portions with
bar bs facing one end and one portion with barbs
facing the other end, or two portions with barbs -
16 - facing one end and two portions with barbs
facing the other end, and so on (not shown), and
thus, if a portion of barbs is not facing the suture
end that those barbs are adjacent, then, the barbed
suture would be inserted into tissue with an
|nsert|on deV|ce An advant age of a barbed suture
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- 17 - facing in the sane direction toward pointed

end 64. After twist cut nultiple spiral barbed suture

60 is released fromthe vice and untw sted, barbs 67

are disposed in nultiple spirals on suture 60.

Turning now to Figure 6A, shown is another enbodi nent

of the present invention, 5 which is generally

d ei*hg babede aispﬁ;ﬁtl ur erils arBogemantsigh the bady o thosure. c'IIte barbs

e B 5530 Pl b 080550y T B i,

laseﬁuﬁdmhe lh}?eQ WiE hrégdﬁ’ﬁtl oehmng,ah gehehﬂ,cbolﬁﬁeﬂcgme?]ds&r filaments are
C|rc ar in cross.sect.i and t hat
P“fcg%ﬁﬁ 91 ath aﬁ?sraﬁ C"éﬁﬂ‘%‘é"c@ﬂﬁe‘ﬁ&oﬁi( ‘ed ends 74, 76
f orhpauigia Biy BrombhBE Bt thitls 1a5mciﬁzeﬁsemna&mbotsmecm
or both of ends 74, 76 may conprise i.cal %ﬁegllﬁ
( ndiveshitable FEHng maging inAisclaged e U s%a’étent@%{%‘f 0.
0919&3I ﬁi’;t"t%rGénBﬁi AL SasBilhbratd ol Medidal sﬁémﬁga@mdzdmt :hs disclosure

arranged in two respective s

pi ral patt
of wéwabw lb@q hmqferpm@ s?bich aF“t&Fé maehinobis apualigy B&PB'éladﬂS for

escafplnent S AR oﬁios‘aC ? 1&961&1’1@111&\481& I?&Imdrﬁfactunn g
a 6 mm

pproxi mately 3 |nc ppr X1 mat el
barbgdigutures Ridizesd mmmﬁ @wae 0B¢ o1 Ioere Ei:ade ﬁssgmkaSeaﬂﬂeomeﬁmes a

tem[@a% Exgg@t%rfgr IfhE Eﬁdew g sgﬂgﬁlﬁﬂ{{t@ﬁwme@llﬂ i lbb& Xndqeld by the

are arrange spi ral pat ern
vise WlthhahhnsbaSMreZ:ﬁmﬁ eltheblade\ganataliodisposet! it Shegtrras VRaisefdirection

or e iR o W PLp il S ARY spel BBl BB\ oy

exter&fre)falsﬁt&n&gﬂdmm a multiple spi raI pattern with all

b facin nd, 76 for aothe
oY eftph oo R R e B etsfes SpE e, p
cona’ﬂb(ﬁﬂﬁxgtdﬁemhﬁﬁ Flethefts tHFUIghoa HOsevbiaDyites, @Bow:s;na:@m $A is a side
sectional view al ong) line 6B, - 6B of _suture 6Q i

viewiaf g FEReAMITBARCORINg [ i BIOHR (BRI Bgferaly designated at I

c Og\ftbrgqﬁﬁélh&@ eloR8fbd bREPARAL Y SenBANY citdul SR BRsd Rcth and that
snmal | er and snal Fer as each is farther and farther

termigggs inand th &aﬁ mlédluémedm opp @pbgdq@m a5 heipg gerpied fmpeneigating
tissué, lbluﬁﬁ Esrd%t%f% DYt it endl it %g%'cgﬂx caﬁ geé@é’(n@@shﬁﬁﬁiﬁor

he sa cutting as su ure 60, such
insertipreinga tissien o The otherenddsnatisheswn.) dlsc sutpisdvinclydss éh!lf'allty of

el i B g R st

specifiealiyt, axiailyt Spngzdnmusd’ohre Iaeiallg aﬁ'ﬁ'ngﬂ:dylbtm 180 d@m@e &omrand

[,tipl l.s..t hat t ed.
e e P, S, S . i
set of lhﬂbsb]: Mi?ﬁ a tphﬂé H}Bat #Subsantiakdy m’mﬁ?ﬁgﬁh ::Hetplaﬂmb ideffrled by second
S lrals a retrera al create e sane
el tnd e bebn Sapiall i ER O SHE AL o the

radiajslgﬁ egﬂ:@%im& deslegad of being rotated. 30Mre
speC| caIIy a section of about 4.5 inches (abo

Bj which isgt erossrsegtiongl igve alopg HreHs —i18 of th’ieéd“ Figure
L Bl T, M el

with wispest toehacbsu% Agradsyped basebn feswnFigureddh ﬂmgpﬂw 111@9“‘1@ that first

ot 5 o PS5 By A0 o

largestiba fapthéd dvauydintt Hash 9 bidrarbss, ﬂhfamethb stagheting. dA tmanstvhee plane that

s perpaiplasio ifpegodygndhil Blorise Pisiedt gy bhg A B Tibes no

intersettahe Be dOarlyartOo bf eelss 9.Sui t abl y twi sting may be
fromabout 2 to about 17 tw sts per inch, or about 3

to about 15 twi.sts per inch, or about 5 to about 13
twi sts per inch (per inch being per 25.4 mm). 5Next,
the bl ades, after having been adjusted to a
predetem ned | ength, splice into approxi mately half
of the approximately 3 inch (approxinmately 76 ram

l ength of mddle portion MP of the approximately 4.5
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Each suture was about 7 inches (about 178 nm | ong.
The m ddl e portion MP was about 3 inches (about 76
nm | ong and contai ned the 78 barbs that were
escarped into the suture filanment. Extending beyond
the 3 inch (76 mm) barbed nj,ddl e portion MP were two
unbar bed end portions EP of the suture that were each

abguturel ag bemadaiaui cnﬁﬁngwmcmmgm p&muﬁnpwn d¢mgf tarbs 7, 9,
one o nds of

e suturing techni
“SU%&P% gtatd e %yﬁa&% re RoFitigp alops §Ft‘y}f8 it 25 g C?tfl'@% dpvice
desdri®bd intBEsHoveRotbd Badl NSORo430M33 MR ek®aRt dlse a strai ght
or gurved surgi cal needle. _.The strg&ggh of the
t wiEEst seipf bars 7 ix-greqtadAyy plagingnndheling 4 gyuse filginent i thegiipe, and
thenPihe s%f BRHAOREH 2 PRAcERNAG . ﬂ% splicek it EHRlsuti filament at an

fensile strength test with Uni versal Tester and the

anglg Selenteretp creaietbeths ipointing mw.dusctp@r%mw@@dtee% f- Wpqopd set of
barb§ 99Screated similki affel Sffscettﬁlg] tﬂ@ﬁlaﬂ& hdngl tﬁ&iﬁéﬂﬁt@&&ﬁé"ﬁiﬁ Baggering)

neasurenent, testl ng wa per or rre usi ng a
apprﬁze:mmhc@f afthadengaidivThdistence bikyeen tVEOQf@ﬁfWﬂ@ﬂé\?bP mgating the

sutuf(e%ﬁ%th&? ¢ 18b 8 &QB& %e%%@glgﬁ{}h&p i mh (8%% Sfirst set of

it are s reco
bwbaﬂﬂmtmmahhmymonparlson unbar bed sutures. ZOCanarlson

Unbor bedl iSHLL £5, MRre) POl 2XARNS BRI RISk

weI{ 1|rl e ra varl
inveﬁmdnwhd 1silummatuw B, cm(fepaihau.dimﬁc Hlﬁ bi-dizértipatl o folk. Whicludes

bqut, 0,015 ch bout 0.3
clonggag b A (s BN 6B oo G ieeeRBl R ap fapynas n
first ahd Q‘b&ﬂdypoﬁrgécg@ﬂé Ml&g f?ﬁ%n&dﬁﬁﬁhg ﬁtssﬁb atﬁgso Rgﬁdédmmmﬁi that one
sj zes , an or IC a rna
or bath erdsd4, 16 mayeqmprgaa é'ggwlt%“hﬁ fltOé @%{ﬂi?@éﬂmm into tissue.

AlsoPRAEERE %ﬁ%@glﬁﬂﬁ%‘ Jtickably 9p@e@Barb17, 180020 hefanged in a

absor babl e sutures, size O has a di aneter range of
stag@mshh dere@@nhhﬁlap@ma%ut 0.399 nm size 2-0 has a

?ISEI anahezgﬁldhaﬁy SRcIB BRRsadln §§aﬂ3h'&1about 180

aneter range of about

deg@gmm mdmgm with respecEtcciiuiahity o @xigliy mageq,msdp, W@@arbs
17, 1?%&@%@;&9 14961 Qg?.lﬂgxl %Mt%ﬁlf%ﬁﬁa% z&%ﬁé d&%ggg @i ffarly,

Ive serr

pluraditst cnframaﬂlaspaged bl &utre mlmﬂiymdngwl abaiti§o aegrw dopenhd

araoung two res IIV Stan I n,
stagese afhutHigruS ORIy oAb SpRge bRt B0 B S RPN |
pointad endll Gfof &iffthed @drudh $ﬁp@ftﬁcﬁ1ﬁitely the other hhlk ofthe léngth) of suture 10,

each suture sp C|nen tween the tmo ri pped, pl.ace
First S8 e -3 PEHLP (B> SRRy CAPEA ST piRrqctined by
second kel HEHaRRIO, ﬁtf Kod Reslt, SHoEBSSs 175 98! B wdeﬁlh@u&%nﬂfy tBe

i nches of the barbed middle portian

samepgRe plage ém todhe sdis! 10 degtee paanpemand of gt getpf bafbf é? 43 drith
res hB%Ex%ﬁs&Qﬁﬁﬁﬁsﬁ@@ﬂUt 254 nm) per minute unti

breakage occurrecl The peak | oad was recorded as the
stHigirg@B i lpm bﬂosa septisiiabview plongline 2B —2B of suturenll indigyre A, -

more%gﬁ%ﬁlﬁzlﬂﬂ eno L@%ﬂ%gﬁ{mﬁ@ pul qeg{%ﬁcﬁgﬁn% %ug% the

‘staggeshayg) ifirss tredbt 15 df barbs bhisedseomn pbinfadrvind 14 (mt# slsmwné‘gumaz&) and

e, 5 A A0S OB, 8 e, o Pl o e

stipplBas heg‘aﬁk:yefslﬂ ebm& 1|S|{Jérp£rﬁh<ﬁéal®o ﬁtﬁrgbg%;t %Paﬂdlﬂlat ént%r%ects the
n r.. Knot Pu ounds Unbar be 7
base Qi DR DAPaGE dose b ag s amsbat (9 3F Ve 19.

Bar bed07. 03not applicable As can be seen, escar pnent
of baths into the size 0 pol ydMkanone monof i | ament
reduced the straight pull tensile strength by
approxi mately 60% as conpared to the 20 conventi ona
unbar bed size 0 pol ydi oxanone nonofil ament (7.03
pounds = 40% of 17.72 pounds). However, the
straight pun tensile strength of 7.03 pounds at
breakage for the size 0 pol ydi oxanone barbed suture
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par anedi an, each of the 7 incisions having 1, 2, or 3
cl osure sites. The | ength of each i nci si on ranged
fromabout 0.5 inch (about 12.5 nm to about 4 inches
(about 101 mm and the depth of each incision was
fromthe superficial dennisjjto the peritoneum

_Using the barbed sutures (all nmade fromsize 0

Likqyasey d ransaersn plamaﬂmlfts bavgrdlqular Palsutdre bbdy K dngdghan@na@sects the

C son | i t
bascf 388 i 18 o GAIPT B ARG o aBptc N0 8y vle0 b 2p
un mlutnem 1RaK Mmsde(vhﬂsnhb ganid dulting) m&hﬁw@s sutlule IDswrh dethe cutting

doul R e S Enst B B BT BE L
foﬂdﬁﬁﬁ@éﬁah@mruadcdn&tﬂbh wer e knotted Al'l closing of

es mas erfornmed accordin a random zed schene

oa-diertiopghatbsdd; ﬁft%mlae R Lmspels pléged g held
in the Ufisb | aneBlades 3plickAvitloy first Aittidgd Wb Hiky :ﬁfprd?(ﬁﬁﬁ gy HEIRef the Ien gth of

i nci sions were eval uated macr os coBlcaII th regard

the spiyrs,lamgnido ereats babs 11 facingdp spodirestiontowagtppintedend n dNext,
the b%e§ 5}@ 6988 IS@Jlégre%k §& hatiRPPSE Qdeﬁ%oéeﬁ‘fn ﬁfc%ﬁg{%ﬂe direction and

di oxanone barbed sutures stayed cl osed

over ﬂpﬁp@awémlftoé thedengtln| Thepledse awithsp allnwed tpteplice intoctha dthehalf of
the IORRESARL duie B%ﬁeﬂgwh ) 8%%5% SERAL L8 FULRbarys JrskfamIE & the

si'te apposed wt
opposita direstiomtowardpointed exl pposed with the convent| onal

R OG5 RS R by o

longiRglinal Histaficet bepiazaltwe lof barbs 17 andilesibd swidelfilithent & roated-aBout
Ion nof il t con ent i onal bat bed, syt ur es
180 Beglofl e Fice, e i ERBPELY Commn EPL oo & gl onal barbs
17, 1_&|rrpaf]1eralrbadydme Tl&nlﬂel“ fecond sck of lbiQﬁtef‘libﬂhhﬁﬂﬂ?@@ZO, iBiades
. in, conventional sutures cause

splicgVigh 8 P B aeBar AEPPEEH L B t@? lragicd thgope filament to
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" inserted into tissue with an insertion device.
An advant age of a barbed suture having a tw st cut,
multiple spiral disposition is that such a barbed
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conpared to the 120 degree 5 spaced barbed suture.
The reason is that the twist cut, nultiple spiral



10

15

25

30

30 (about 76 mm) of the suture and contained the 78
baths that were escarped into the suture filanent.
Ext endi ng beyond the 3 inch (76 mm) barbed m ddl e
portion toward each suture end were two unbat hed end
portions of the suture filggent that were each about
2 inches (about 51 nm) |ong. Depending on the
filanSdntst268 kHeG o & HA i i fove OitRh@ingeifbmenes THustihehih aiddticate
. 23 suture may be sufficiently Pointed and rigid
tissup oY hern g dpaliep iR ipIesirads; dhe stseves | utrgre sRAcpese P right
effe@ive GhbhY ﬂﬁﬁﬁhﬁmejn order to characterize the
configuration of barbs 81, an Optem Zoom 100 cust om

mi EveHgapY toFimrethepictsd isfidadek of mgHer srgbegiieny by suture
accol RS prileht inferibR) aﬁaa@&%raﬂy%g 1IN Bre30. SLERI 3019 like

measure selected barbs 81 at x21.5 magnification from
sutngdchowh intIFigure dAg exnept thitghe radinlappning for suture 3@ie1 2\degrgere

ingtet\ﬂﬁéf @%ﬁ&c&tg% éh?)hn]fg%sruﬁi?@f‘t ed measurenents (5 from

togroup of barbs and 5 fromthe right group of
baMos: partictladysmfmre §¢ ingludys dlonpiatedbody FPetiet if gencmlly hirgflar in

cut.. anal .and cut dent , r . .
cross ki TP oA i SR end so F PnSbipBRELE. B BRiompiatea
that endr3flansy cofphisy hadgisalmaedie GOt shBan)soahdt tickeguture &nt@snserted into
. measured al.ong .a, perpendi cul.ar fromth uter ..surf ace. .
tissuflt Opa PHELAUI T ShBEn§ i BB iR sfady b By Rdy
spacdiiEl abﬁgfiﬁm lBQ ﬁrrﬁ{gedl b fhaﬂiiﬁﬁﬁ'f iﬁfﬂlﬁﬂl Haﬁll eﬂit&hifoﬁdoﬁz?tﬂ phiergiehd 34.

L to_be calcuylate ing the follow ng fornul a.
Henc:_:ﬁ&‘l? gsppstu_gg@%pargi ?5,%%, :?9(][3‘ unl-dlmcgtal’ -angl e a of

S PATs@t | acfaV sphSsi HIBIRSIS R6haliany @ﬁﬁ%ﬁa Svut Y2000 i8S frOm Sind

bar bed sutures 80 as follows. Wen the tw sted suture
staggered Aribrresppat toprigibetpassd harhs 37; wickip ratplbiameperg agput 120
degrdd@ B Ad stagéy%ec?/@ﬁﬁrés , V%ﬁmyge;aeea b 39TBldfice, axially spaced

.designated as |ine Minpressed on the suture i
barbs39 aaerelpr arrangerbabout KA degties fro anggipggered| wighyregpget to axially

- i.t2ddiynal [ f . t-heaMiSe. W : IS4 ;
spaced Yl oS0 W ol of it cadid W bl okl B fbprs 35 define
substentiplly thesama obe pleve; secndl s lof barby 37 define substaptiallyenother same
ila . then i can.he terain [ (SR
one g SRR eGP0 SEE i S T e b DR pade. s,
suturé 80 hasrbaths 3587, B arrhnged s eegpied enicditectoral dApdegsgidinpssition.
defr_in suture. bo 82 fromithe_gscarp t. of t

STiie i 1 Gltsreital ey Fonk i fHic 387 RPaln Magfeifh and
showD ¥ith @tbré pHrtiei@arl) ahSe WEh£IE £ thefridaN1 Db BegtéS@radpément of barbs 35

untwi sted so that suture 80 lies free, then [ine M 25

with gespectio bahs 32 haghs3 Towidy respeotip e 3% £pe Berbs 4 with ragpect to barbs
35. formng angle a of spirality. Specifically for
measuring spirality angle a, the Optem Zoom 100 L
. c xstiBustated by sheowiepling fisse bardy36 Bf barbrg33, bepanserny theystapgering, is
closclatﬁngaoﬁl"?&il%nhbg dt Movid 1099 ?B&énmqs,fsée@ﬁs té%e ¢t than farther
I megl ng anal ysis systentsoftWare was used. Sphal ity
away fimgy barb3 Tvedi barbh 87, Adsasiinstiohripd? ofderbst3iedugu ehe stagedringes closer

of .th rbed sutuyre Li M _Th VEr a S
to poiffleriofif 1P BigP ifowt iy 15 S E 20, i kool o B REP Prah Bl forther
away ffibee bhi®f30 of barp39f Ahmnbersepthnb tHat B peiphadiculghd sgmelpdps2 and

=]

oot il 6L e T P47 98090 PR Tt b 37

of barby Bl Eik&¥is6, | adie bbrid plahelthat @peRRAdiEM N0 sdiife KIAP D afdithat
of suture 80 was rotated to insert tw st unti barb?’%of

intersecythe base\pf pac barp g efibarkikt dashnesdntprsert disthaseoizny barb

barbs b9.n§ﬁﬁim&pﬂmﬁ%rs@?l§ﬁ@m£ﬁs§e VRGP Rr@BbBCR Y that
barbs 81 "was neasutred m croscopically betweén the two
respective termnus T of the two successive cut-out
depressions CD left in suture body 82 fromthe
escar pnent of two successive barbs 81. The average
was cal cul ated for 10 repeated nmeasurenents (5 from
the 5 left group of barbs and 5 fromthe right group
of barbs on the sane suture). The results are



10

15

25

30

P over Suture Units Left R ght D anmeter (0.457 nm
degrees 156 + 2 157 + 1 not applicable mm 0.15 + 0.02
0.16 + 0.04 035 Mm 0.36 + 0.03 0.40 + 0.10 0.87 nmm
0.90 + 0.17 0.88 + 0.15 1.92 Tabl e(si ze 0 bat hed

suture) .7B Ratio of D. L,_qar

intersects the base of one barb 39 of barbs 39 does not intersect the base of any barb 35 of
barbs 35.

Suture 30 may be made with the same cutting machine as suture 1, such as the cutting
device described in the above-noted Serial No. 09/943,733 to Genova et al. The cutting
machine is now used to produce three sets of barbs 35, 37, 39, usually one set at a time, in a
staggered position along suture 30.

First set of barbs 35 is created by placing and holding a suture filament in the vise,
followed by the blades, after having been adjusted to a predetermined length, splicing into the
suture filament at an angle that is chosen to create barbs 35 so that all are facing in the same
direction toward pointed end 34.

Next, the b'ladés are offset longitudinally (to create the staggering) approximately half
of the longitudinal distance between two of barbs 35. Also, the filament is rotated about 120
degrees on the vise, which is equipped to accommodate first set of barbs 35 that have already
been cut, and then second set of barbs 37 is created in a similar manner.

Likewise, the blades are again offset longitudinally-(to create the staggering)
approximately half the longitudinal distance between two of barbs 35, and also the suture
filament 1s rotated about 120 degrees on the vise, which is equipped to accommodate both
alrcady cut first set of barbs 35 and already cut second set of barbs 37. Following the
longitudinal movement and rotation, third set of barbs 39 is created in a similar manner.

Preferably, each successive barb is escarped at a position about 120 degrées around
suture body 32 from the preceding barb and does not overlap with any other barb.

With reference now to Figure 44, illustrated is suture 40, another embodiment of the
present invention. Suture 40 is similar to suture 30, except that suture 40 is bi-directional.
Suture 40 includes elongated body 42 that is generally circular in cross section and that -
terminates in first and second pointed ends 44, 46 for penetrating tissue. Also, itis
contemplated that one or both ends 44, 46 may comprise a surgical needle (not shown) in
order to be inserted into tissue. Suture 40 further includes plurality of closely spaced barbs
47, 48, 49, 50, 51, 52 arranged in a staggered bi-directional disposition.

For about half of the length of suture 40, axially spaced barbs 47 are circumferentially
arranged about 120 degrees from and staggered with respect to axially spaced barbs 49,
which are radially arranged about 120 degrees from and staggered with respect to axially
spaced barbs 51. Consequently, axially spaced barbs 51 are also arranged about 120 degrees
from and staggered with respect to axially spaced barbs 47. Thus, a portion of suture 40 has
all of barbs 47, 49, 51 facing in the same direction toward pointed end 44.
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Di aneter (0.457 mm) degrees 151 1.642 not applicable
nm 0. 215 0. 027 0.47 mm 0. 446 0.042 0.97 mm 0. 962
0.073 2.1 degrees 20.833 1.602 not applicable Table
7C (size 0 barbed suture) 14

For the other half of the length of suture 40, axially spaced barbs 48 arc radially

-arranged about 120 degrees from and staggered with respect to axially spaced barbs 50,

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

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

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

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

barb 49 of barbs 49 does not intersect the base of any barb 51 of barbs 51. Similarly, a

-transverse plane that is perpendicular to suture body 42 and that intersects the base of one

barb 51 of barbs 51 does not intersect the base of any barb 47 of barbs 47. Also, a transverse
plane that is perpendicular to suture body 42 and that intersects the base of one barb 48 of
barbs 48 does not intersect the base of any barb 50 of barbs 50. Likewise, a transverse plane
that is perpendicular to suture body 32 and that intersects the base of one barb 50 of barbs 50
does not intersect the base of any barb 52 of barbs 52. Similarly, a transverse plane that is
perpendicular to suture body 42 and that intersects the base of one barb 52 of barbs 52 does
not intersect the base of any barb 48 of barbs 48.

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

For first set of bi-directional barbs 47, 48, after the suiure filament is placed and held
in the vise, the blades splice with a first cutting action into approximately half of the length of
the suture filament to create barbs 47 facing in one direction toward pointed end 44. Then,
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the blades are rotated 180 degrees so that they are now disposed in the opposite direction and
over the uncut half of the length. The blades then are allowed to splice into the other 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. ,
Next, the blades are offset Iongitudinally (to create the staggering) for about half the

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

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

~ half the longitudinal distance between two of barbs 47. Additionally, the suture filament

again is rotated about 120 degrees on the vise, which is equipped to accommodate already cut
first set of bi-directional barbs 47, 48 and already cut second set of bi-directional barbs 49,

50. Following the longitudinal movement and rotation, the third set of bi-directional barbs

51, 52 are made by having the blades splice with a first cutting action into approximately half
of the length of the suture filament to create barbs 51 facing in one direction toward pointed
end 44. The first cutting action is followed by rotating the blades 180 degrees so that they are
now disposed in the opposite direction and over the uncut half of the suture filament. They
next splice into the other half of the length of the suture filament with a second cutting action
1o create barbs 52 facing in the opposite direction toward pointed-end 46.

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

In an alternative embodiment (not shown) for bi-directional suture 40, the portion of
suture 40 having barbs 47, 49, 51 may have them facing toward pointed end 46 and the
portion of suture 40 having barbé 48, 50, 52 may have them facing toward pointed.end 44-
With this variation, the barbed suture would be inserted into tissue with an insertion device,
such as that shown in the above-noted U.S. Patent No. 5342,376 to Ruff. Additionally, it is
noted that, if desired, barbs may be escarped so that there may be two porﬁons with barbs

facing one end and one portion with barbs facing the other end, or two portions with barbs
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facing one end and two portions with barbs facing the other end, and so on (not shown), and
thus, if a portion of barbs is not facing the suture end that those barbs are adjacent, then, the
barbed suture would be inserted into tissue with an insertion device.

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

Turning now to Figure 5A, shown is another embodiment of the present invention,
which is generally designated at suture 60, with radial spacing that is in a twist cut muitiple
spiral. Suture 60 includes elongated body 62 of generally circular cross section. Elongated
body 62 terminates in pointed end 64 for penetrating tissue. Also, it is contemplated that end
64 may comprise a surgical needie (not shown) for insertion into tissue. Furthermore, suture
60 includes plurality of closely spaced barbs 67 arranged in a twist cut multiple spiral pattern
around body 62 and facing in the same direction toward pointed end 64.

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

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

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

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

Next, the blades, after having been adjusted to a predeterinined length, simuitaneously
splice into the suture filament. The cutting action makes cuts to create barbs 67 so that all are
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end 74 for a part (about half) of middle poruon MP along the length of suturc 70. Similarly,

plurality of barbs 78 are arranged in a multiple spiral pattern with all barbs 78 facing toward
pointed end 76 for another part (the other approximate half) of middle potion MP along the
length of suture 70.

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

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

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

produced in 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.

More specifically, a section of about 4.5 inches (about 114 mm) in length of a suture
filament is twisted, such as 39 times for a suture about 7 inches (about 178 mm) in length.
Thus, an end is secured, and the other end is grasped and rotated 360 degrees, 39 times, so the

twisted section of the suture filament has about 8 2/3 twists per inch (per 25.4 mm) when the

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

Next, the blades, after having been adjusted to a predetermined length, splice into
approximately half of the approximately 3 inch (approximately 76 mm) length of middle
portion MP of the approximately 4.5 inch (approximately 114 mm) twisted section of the
suture filament in a first cutting action with the blades making cuts to create barbs 77 so that
all are facing in one direction toward pointed end 74. Depending on how many blades there
are on the culiing machine and how many barbs 77 are desired, there may be one cutting
motion to cut all barbs 77 simultaneously, or there may be repeated cutting motions until the
desired number of barbs 77 are escarped into a portion of the suture filament.

Then, the blades are rotated 180 degrees so that they are now disposed in the opposite
direction and over the other half of the approximately 3 inch (approximately 76 mm) iength
of middle portion MP of the approximately 4.5 inch (approximately 114 mm) twisted section
of the suture filament. The blades are then allowed to splice into the other half in a second
cutting action with the blades making cuts to create barbs 78 so that all are facing in the
opposite direction toward pointed end 76. Depending on how many blades there are-on the
cutting machine and how many barbs 78 are desired, there may be one cutting motion to.cut
all barbs 78 simultaneously, or there may be repeated cufting motions until the desired
number of barbs 78 are escarped into a portion of the suture filament.

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

More particularly, several twist cut multiple spiral, barbed sutures were manufactured
from a monofilament having a diameter of about 0.018 inch (about 0.457 mm) and spun from
polydiexanone (which is a synthetic absorbable suture material). A diameter of about 0.013
inch (about 0.457 mm) is slightly Jarger than the size 0 synthetic absorbable sature, which has
a diameter range from about 0.35 mm to about 0.399 mm in accordance with the
specifications of the United States Pharmacopeeia (USP).

Each suture contained a total of 78 barbs introduced in two respective mulfiple spiral
patterns around the circumference of the suture. Since the barbed suture was bi-directional,
the barbs were divided into a left group with 39 barbs disposed on a first portion of the suture
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and a right group with 39 barbs on a second portion of the suture, each group opposing the
direction of the other group from the approximate middle of the suture. The specific cutting
machine employed had 13 blades. Thus, for each group of 39 barbs, there were 3 cutting
motions (3 x 13 = 39), with the blades being offset with a guide for each of the 3 cutting
moftions. '

Each suture was aboﬁt 7 inches (about 178 min) long. The middle portion MP was
about 3 inches (about 76 mm) long and contained the 78 barbs that were escarped into the
suture filament. Extending beyond the 3 inch (76 mm) barbed middle portion MP were two
unbarbed end portions EP of the suture that were each about 2 inches (about 51 mum) long.
Depending on the suturing technique, one or both ends of the barbed suture may be
sufficiently pointed and rigid for insertion into tissue, or may comprise a straight or curved
surgical needle. .

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

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

Cpmparison unbarbed sutures were polydioxanone monofilaments (a synthetic
absorbable suture matedal) of various suture diameters of about (.018 inch (about 0.457
mm), about 0,015 inch {about 0.381 mm), and about 0.0115 inch (about 0.292 mm), which
are respectively slightly larger than the United States Pharmacopoeia sizes 0, 2-0, and 3-0 for
synthetic absorbable sutures. In accordance with United States Pharmacopoeia specifications
for synthetic absorbable sutures, size 0 has a diameter range of about 0.35 mm to about 0.399
mm; size 2-0 has a diameter range of about 0.30 mm to about 0.339 mm; and size 3-0 has a
diameter range of about 0.20 mm to about 0.249 mm.

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

The portion of each suture specimen between the two gripped places was-about 5
inches (about 126 mm) in length, which, in the case of barbed sutures, contaired the entire 3
inches (76 mm) of the barbed middle portion.
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1. 031 not applicable nm0.104 0.009 0.36 nm 0. 390
0.035 1.34 mm 0. 975 0. 103 3. 34 degrees 7.258 0.636
not applicable Table 7H (size 2-0 barbed suture)

Ratio of D. L. or P over Suture Units Average
St andard Devi ation D aneter (0.381 nmm
-20-

Each specimen was pulled longitudinally at a rate of about 10 inches (about 254 mm)
per minute until breakage occurred. The peak load was recorded as the straight pull tensile

strength.

The results are summarized in Table 6A below, and the far right column denotes the

USP knot pull test minimum requirements for conventional (unbarbed) sutures made from a

synthetic absorbable material.
Table 6A
(Tensile Strength)
USP Minimum Requirements -

Barbed or Unbarbed Suture Size  Straight Pull (pounds) for Knot Pull (pounds

Unbarbed 0 1772 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). |

However, the straight pull tensile strength of 7.03 pounds. at breakage for the size 0
polydioxanone barbed suture (which, due to the escarpment of the barbs, has an effective
diameter that is smaller than the diameter of the conventional unbarbed size 0 polydioxanone

suture) compared favorably with the minimum USP knot pull requirement of 8.60 pounds for

the size 0 polydioxanone conventional unbarbed suture.

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

For the in vivo performance, 3 mongre! dogs, each about 14 kg, were used. On each
dog, 7 incisions were made at the thorax (twice), thigh (twice), flank, ventral midline, and

paramedian, aach of the 7 incisions having _1, 2, or 3 closure sites. The length of each
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degrees 160.2 1.320 not applicable ram0.152 0.019
0.40 mm 0. 449 0.057 1.18 nm 0.944 0.098 2.48 - 27 -
spirality angle ccdegrees9. 401. 606not applicable
Table 71 (size 2-0 barbed suture) Ratio of D. L,
or P over Suture Units Ayerage

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

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

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

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

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

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

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

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

and so on (not shown), and thus, if a portion of barbs is not facing the suture end to which
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Standard Devi ation D anmeter (0.381 mm degrees 161.0
1.707 not applicable mm0.158 0.014 0.41 nmm 0. 489
0.054 1.28 nm 0.962 0.054 2.52 degrees 7.96 1.075 not
applicable Table 7J (size 2-0 barbed suture)

Ratio of D. L or P over ,Juture

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

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

With reference now to Figure 7A, shown is a sectional side view of barbed suture 80.
Barbed suture 80 has plurality of closely spaced barbs 81 on elongated suture body 82 of
generally circular cross section. Each barb 81 has barb tip 85. Shown are suture longitudinal
axis A, suture diameter SD, barb length L, barb cut depth D, barb cut angle 0, cut distance P,
spirality angle o, cut-out depression CD, and tip T of cut-out depression CD.

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

Barbed 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
diameter SD, barb length L, barb cut depth D, barb cut angle 8, cut distance P, spirality angle
0., cut-out depression CD, and terminus T of cut-out depression CD. _

More specifically, several twist cut, multiple spiral, barbed sutures were manufactured
from monofilament spun from polydioxanone and having a diameter of about 0.018 inch
(about 0.457 mm, which is slightly more than the USP requirement for a size 0 synthetic
absorbable suture). Each suture contained 78 barbs introduced in 2 separate multiple spiral
patterns around the circumference of the suture. Since the barbs were bi-directional,— they
were divided into a left group with 39 barbs and a right group with 39 barbs, each group
opposing the direction of the other group from the approximate middle of the sauture. Each
suture was about 7 inches {abouot 178 mm) long. The middle portion was about 3 inches
(about 76 mm) of the suture and contained the 78 barbs that were escarped into the suture
filament. Extending beyond the 3 inch (76 mm) barbed middle portion toward each suture
end were two unbarbed end portions of the suture filament that were each about 2 inches
(about 51 mm) long. Depending on the stitching technique, one or both ends of the barbed
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Units Average Standard Deviation D anmeter (0.381 nm
degrees 161.0 1.506 not applicable nm 0.154 0.017
0.40 nmm 0.474 0.058 1.24 nm 0.973 0. 068 2.55 degrees
6.53 1.755 not applicable Additional neasurenents
were performed on several gther twi st cut, nultiple
spiral, 25 barbed sutures manufactured from
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from thc outer surface of barbed suture 80 toward longitudinal axis A of barbed suture 80.

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

Also, éngie o of spirality was measured microscopically on various barbed sutures 80
as follows. When the twisted suture filament is gripped by the vise during cutting of barbs
81, the vise leaves a very light mark designated as line M impressed on the suture filament.
Thus, line M. will be paraliel to the longitudinal axis of the vise while the twisted suture
filament is being held in the vise. If'the vise does not leave a light mark on the suture
filament, then line M can be determined in. that it is parallel to a line connecting the two
respective terminus T of the two successive cut-out depressions CD left in suture body 82
from the escarpment of two successive barbs 81. After cutting of barbs 81, when: barbed
suture 80 is released from the vise and untwisted so that suture 80 lies free, then line M
spirals on suture body 82 around barbed suture 80, forming angle o of spirality.

Specifically for measuring spirality angle 0., the Optem Zoom 100 custom microscope
was set with ring lighting at 60 and back lighting at coarse 12 and fine 10. Also, imaging

" analysis system software was used. Spirality angle o0 was then measured between the outer

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

Then, barbed suture 80 was mounted in -a twisting device with one end of suture 80
clamped in a fixed position. The other end of suture 80 was rotated to-insert twist until barbs
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13B.) The results for these other barbed sutures are
sunmari zed in the followng Tables 7K - 7Z. Table 7K

(size O barbed suture)

Ratio of D, L, P over

Suture Units Average Standard Devi ati on D aneter
(0.457 degrees 152.6 0.718 not applicable rumO0.221
0.011 0.48 M 0.479 0.022 22405 nm 0. 784 0.015 1.71
81 Wague@sd. Next on barbed suture 80, longitudinal cut distance P between two adjacent

barbs 81 was measured microscopically between the two respective terminus T of the two
successive cut-out depressions CD left in suture body 82 from the escarpment of two
successive barbs 81. The average was calculated for 10 repeated measurements (5 from the
left group of barbs and S from the rght group of barbs on the same suture).

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

Measurement

cut angle O
cut depth D
cut length L.
cut distance P

Measurement
cut angle €

cut depth D

cut length L.

cut distance P
spirality angle ¢

Measurement
cut angle 6
cut depth D

Table 7A (size 0 barbed suture)

Units
degrees

Units
degrees
mm

Ratio of D, L, or
P over Suture
Left Right Diameter (0.457 mm)
156 +2 157+1 not applicable
0.15+0.02 0.16+0.04 0.35
036+0.03 040+0.10 0.87
090+0.17 0.88+0.15 1.92

Table 7B (size 0 barbed suture}
. Raticof D, L., or
P gver Suture
Average Standard Deviation Diameter (0.457 mm)
151 1.642 ~ notapplicable
"0.215 0.027 047
0.446 0.042 0.97
0.962 0.073 2.1
20.833 1.602 not applicable
Table 7C (size O barbed suture)

Ratio of D, L., or
P over Suture

Average  Standard Deviation  Diameter (0.457 mm)
154 2.870 not applicable
0.205 0.033 0.45
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119 0.453 not applicable Table 7L (size O barbed
suture) Ratio of D, L, P over Suture Units
Average Standard Deviation D aneter (0.457 nm
degrees 152.4 0.947 not applicable mm 0.216 0.014
0.47 ram 0. 465 0.024 1.02 gun

cut length L. mm 0.469 0044 1.03
cut distance P mim 0975 0.103 2.13
spirality angle o degrees 19.333 1.506 not applicable

Table 7D (size © barbed sufure)
Ratio of D, L, or

P over Suture
Measurement Units Average Standard Deviation  Diameter (0.457 mm)
cut angle 0 degrees 155 2390 not applicable
cut depth D mm 0.186 0.026 0.41
cut length L. mm 0.437 0.039 0.96
cut distance P mm 0.966 0.071 2.11
spirality angle o degrees. 18.833 2.137 not applicable

—

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

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

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

suture). The mean average was 16.87 and the standard deviation was + 0.85.

Additionally, measurements of barb cut angle 8, barb length L, barb cut depth D, and
cut distance P were performed on 3 additional bi-directional twist cut, inultiple spiral barbed
sutures _like sutures 80, but having a diameter of about 0.0115 inch (about 0.292 mm, which is
slightly more than the USP requirement for a size 3-0 synthetic absorbable suture), and
measurements of spirality angle o0 were performed on 2 of these 3 additional barbed sutures.
Also, measurements of barb cut angle 8, barb Iength_ L, barb cut depth D, cut distance P, and
spirality angle o were performed on 3 additional bi-directional twist cut, multiple spiral
barbed sutures like sutures 80, but with a diameter of about 0.015 inch (about ¢.381 mm, ,
which is slightly more than the USP requirement for a size 2-0 synthetic absorbable suture).
The results are summarized in the following Tables 7E, 7F, 7G, 7H, 71, and 7J.

Table 7E (size 3-0 barbed suture)
Raticof D, L. or
P over Suture

Measurement Units Averape Standard Deviation Diameter (0.292 mm)
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0.774 0.015 1.69 degrees 13.2 0.349 not applicable -
29 - degrees 13.10.193 Table 7N (size 0O barbed
suture) not applicable Ratio of D, L, P over
Suture Units Average Standard Devi ation D aneter
(0.457 degrees 152.8 0.61%9%gt appl i cable nm

cut angle 0 degrees 166 1.651 not applicable
cut depth D mm 0.107 0.007 037
cut length LL mm 0.443 0.042 1.52

~ cut distance P mm 0.956 0.079 3.27
spirality angle o degrees not tested  not applicable not applicable

Table 7F (size 3-0 barbed suture)
Ratioof D, L. or

P over Suture

Measurement Units Average Standard Deviation Diameter (0.292 mm)
cut angle 6 degrecé 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 0.547 not applicable

Table 7G (size 3-0 barbed suture)

Ratioof D, L, or
P over Suture

Measurement Units Average Standard Deviation Diameter (0.292 mm)
cut angle 6 degrees 165 1.031 not applicable
cut depth D mm 0.104 0.009 0.36
cutlength L mm 0.390 0.035 1.34

cut distancc_P m 0.975 0.103 334
spirality angle @ degrees 7.258 0.636 not applicable

Table 7H (size 2-0 barbed suture)

Ratioof D, L., or

P over Suture
Measurement Units Average Standard Deviation — Diameter (0.381 mm)
cut angle 8 degrees 160.2 1.320 not applicable
cut depth D - mm 0.152 0019 0.40
cut length L . mm 0.449 0.057 1.18

cut distance P mm 0.944 0.098 248
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0.207 0.007 0.45 nmm 0.453 0.016 0.99 nm 0. 798 0. 017

1.75 degrees 13.6 0.560 not applicable
(size O bathed suture) Ratio of D, L,
Suture Units Avenge Standard Devi ati on Di aneter

(0.457 degrees 152.9

spirality angle &

Measuremcnt
cut angle 0

cut deptil D

cut Jlength L

cut distance P
spirality angle o

Measurement
cut angle 6

cut depth D

cut length L

cut distance P
spirality angle o

degrees

degrees

Units

degrees

degrees

~ 27 -

9.40

Table 71 (size 2-0 barbed suture)

1.606

Average Standard Deviation

Tabl e 70
P over

not applicable

Ratioef D, L, or

P over Suture

Diameter (0.381 mm)

161.0 1.707 not applicable
0.158 0.014 041
0.489 0.054 1.28
0.962 0.054 2.52
7.96 1.075 not applicable
Table 7J (size 2-0 barbed suture)
Ratioof D. L. or
P, over Suture
Average Standard Deviation  Diameter (0.381 mm)
161.0 1.506 not applicable
0.154 0.017 040
0474 0.058 1.24
0.973 0.068 2.55
6.53 1.755 not applicable

Additional measurements were performed on several other twist cut, multiple spiral,
barbed sutures manufactured from monofilament spun from polydioxanone and having a
diameter of about 0.018 inch (about 0.457 mm, which is slightly more than the USP
requircment for a size 0 synthetic absorbable suture) and thus similar to the above-described
tested barbed sutures, except that these other barbed sutures were cut with a different cutting

machine, namely a machine with one blade that moved longitudinally along the twisted

filament between cutting strokes and that was.controlled with.a computer to make the various
cuts for the escarpment of the barbs.. These other barbed sutures were also tested for straight
pull tensile strength and for chamois cloth closure strength. (A discussion of how chamois

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



0. 549 not applicable nmm0.188 0.016 0.41 mm 0. 413
0.030 0.90 nm 0.787 0.024 1.72 degrees 13.8 0.270 not
appl i cabl e Table 7P (size 0 barbed suture) Ratio of
D, L, 30P over Suture MssurenmentUnits Average
St andard Devi ati onDi anet er i&@ 457 trit cut angle
Odegrees 153. 10. 655n0t applitable - 30 - nun 0.204

138)) 894 resulis for these other barbed sutures are summarized in the following Tables 7K

VA
Table 7K (size 0 barbed sature)

Ratio of D, L.

P over Suture
Measurement Units  Averape 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 0784 0.015 ' 171
spirality angle o degrees 12.9 0.453 not applicable

Table 71 (size 0. barbed suture)

Raticof D, L.

P over Suture
Measurement Units Average Standard Deviation Diameter (0.457 mm)-
cut angle 6 degrees 1524 0.947 not applicable
cut depth D mm -~ 0.216 0014 047
cut length L. mm 0.465 0.024 ‘ 1.02
cutdistanceP . mm 0.774 0.015 1.69
spirality angle « degrees 13.2 0.349 not applibable

Table 7M (size 0 barbed suture)

Ratio of D, L.

P over Suture
Measurement Units Average Standard Deviation Diameter (0.457 mm)
cut angle 0 degrees 152.3 0.576 not applicable
cut depth D mm 0.227 0.015 0.50
cut length L oin 0.489 0.034 ‘ 1.07

cut distance P mm  0.796 0018 - L74
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0.45 nm 0.451 0.019 0.99 inm0.792 0.018 1.73 degrees
13.6 0.410 not applicable

suture) Ratio of D, L,

Aver age Standard Devi ation D aneter
163.1 0.505

spirality angle ¢

Measurement
mim)

cut angle 0
cut depth D
cutlength L.
cut distance P

spirality angle o

Measurement
mm)

cut angle @

cut depth D

cut length L

cut distance P
spirality angle o

Measurement

mm)
cut angle 6

Table 70 (size O barbed

P over

Suture Units

-29
degrees 13.1 0.193
Table 7N (size 0 barbed suture)

Units  Average Siandard Deviaiion

degrees 152.8 0.612
min 0.267 0.007
mm 0.453 0.016
mm 0.798 0.017
degrees 13.6 0.560

Table 70 (size 0 barbed suture)

Units  Average Stat_ldard Deviation

degrees 152.9 0.549
mm  0.188 0.016
mm 0413 0.030 .
mm  0.787 0.024
degrees 13.8 0.270

Table 7P (size O barbed suture)

Units Average Standard Deviation

degrees 153.1 0.655

(0. 457 degrees

not applicable

Ratio of D, 1.,

P over Suture

Diameter (0.457

not applicable
0.45
0.99 .
175

not applicable

Ratio of D, 1.
P over Suture
Diameter (0.457

not applicable
0.41
0.90
1.72

not applicable .

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

not applicable
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not applicable mm 0.245 0.013 0.54 nm 0. 842 0. 045
1.84 mMm 0. 774 0.009 1.69 degrees 10.8 0.449 not
Table 7R (size 0 barbed suture) Ratio of

appl i cabl e
P over Suture Units Average Standard

(0. 457 _dﬁ)gr ees 161.1 1.126 not

DL,

Devi ati on Di aneter
appl i cabl e

cut depth D

cuf length L

cut distance P
spirality angle o

Measurement
mm)

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

spirality angle o

Measurement -
mm)

cut angle 0

cut depth D

cut length L

cut distance P
spirality angle &

mm ¢.204
in 0.451
mm 0.792
degrees 13.6
Table 7

Units Average Standard Deviation

0.007
0.019
0.018
0410

size O barbed suture

degrees 163.1 0.505
mm 0.245 0.013
mm 0.842 0.045
mm 0.774 0.009
degrees 10.8 0.449
Table 7R (size 0 barbed suture)

Units  Average Standard Deviation

degrees 161.1
mm 0.233
mim 0.721
mm 0.773
degrees 12.6 -

Table 78 (size 0 barbed suture)

1.126
0.017
0.035
0.010
0.189

0.45
0.99
1.73

not applicable

Ratioof D, L.

P over Suture
Diameter (0.457

not applicable
0.54
1.84
1.69

not applicable

Ratioc of D, L.
P over Suture

Diameter (0.457

not applicable
0.51
1.58
1.69

not applicable
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tom 0.233 0.017 0.51 nmm 0. 721 0.035 1.58 mm 0. 773

0.010 1.69 degrees 12.6 0.189 not applicable
Ratio of D

Table 75 (size 0 barbed suture)

L. P over

Measurement
mm)

cut angle B ‘

cut depth D

cut length L.

cut distance P
spirality angle o

Measurement

mm)

cut angle O

cut depth D
cut length L
cut distance P

spirality angle o.

Measurement

mm)
cut angle 6

cutdepth D

cut length L
cut distance P
spirality angle a.

Suture Units
-3 -

Units  Average Standard Deviation
degrees 160.9 0.708
mm 0.240 0.014
mm 0.734 0.037
mm  0.774 0.009
degrees 13.6 0.312

Table 7T (size 0 barbed suture)

Units Averagse Standard Deviaiion

degrees 154.6 1434
mm 0.210 0.005
min 0.492 0.026
‘mm 0.538 0.011
degrees 12.3 0.223

Table 7U (size O barbed suture)

Units Average Standard Deviation

degrees 1529
mm 0.212
mm 0.464
mm 0.530
degrees 13.7

0.809
0014
0.026
0015
0411

30

Ratioof D. L.,
P over Suture

Diameter (0.457

not applicable
0.52
1.61
1.69

not applicable

Ratioof D. L.
P over Suture

Diameter (0.457

not applicable
0.46
1.08
1.18

not applicable

Ratio of D, L.,

P over Suture
Diameter (0.457

not applicable
046
1.01
1.16

not applicable
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Aver age Standard Devi ation D aneter

(0. 457 degrees

160.9 0.708 not applicable ram0.240 0.014 0.52 mm
0.734 0.037 1.61 mm 0.774 0.009 1.69 degrees 13.6

0.312 not applicable
Ratio of DL,

Measurement
mm)

cut angle 6

cut depth D

cut length L

cut distance P
spirality angle &

Measurement
mm)

cut angle 6

cut depth D
cutlength L

cut distance P
spirality angle o

Measurement
mm)

cut angle 6
cut depth D

Table 7V (size 0 barbed suture)

Units Average Standard Deviation

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

Table 7TW (size 0 barbed suture)

Units Average Standard Deviation

degrees 1552 0.829
mm 0202 0.008
mm  0.483 0.017
mm  0.789 0.031
degrees 126 . 0328

Table 7X (size O barbed suture)

Units Average Standard Deviation

degrees 155.5 0.795
mm 0.200 0.010

Table 7T (size O barbed suture)
P over Sut4ye Units Average

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

not applicable
0.48
1.08
i.17

not applicable

Ratioof D, L.,
P over Suture

Diameter (0.457

not applicable
0.44
1.06
1.73

not applicable -

Ratioof D, L,

P over Suture

Diameter (0.457

not applicable
044
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St andard Devi ati on Di aneter

(0457 degrees 154.6 1.434

not applicable nmm0.210 0.009 0.46 nmm 0. 492 0. 026
1.08 nm 0338 0.011 1.18 degrees 12.3 0.223 not
Table 7U (size 0 barbed suture) Ratio of

“appl i cabl e

D, L,

cut length L.
cut distance P

spirality angle ¢

Measurement
mm)

cut angle 0
cut depth D

‘cut length L

cut distance P

spirality angle o

Barbed Suture

Samp’lf; i

(Tables 7K — TM)

Sample 2
(Tables 7N - 7P)
Sample 3
(Tables 7Q —7S)
Sample 4
(Tables 7T — 7V)

s ample 5
{Tables TW - TY)

-33-
mm 0.484 0.027 1.06
mim 0.798 0.017 1.75
degrees 11.8 0362 not applicable
Table 7Y (size 0 barbed suture)
‘ Ratioof D, L,
P over Suture
Units  Average Siandard Deviation Diameter (0.457
degrees 1554 0.560 not applicable
mm 0.196 0.008 0.43
mm 0471 0.017 1.03
mm 0.759 0.019 1.75
degrees 11.8 0.496 not applicable
Table 77,
Straight Pull Strength Chamois Cloth Closure Strength
(pounds) {pounds to rupture)
7.29 11.23
8.73 12.14
85 922
5.92 9.27
7.69 9.97
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P over Suture Units Average St andaf d Devi ation

D ameter (0.457 degrees 152.9 0.809 not applicable mm
0.212 0.014 0.46 mm 0. 464 0.026 1.01 ram 0. 530 0. 015
1.16 degrees 13.7 0.411 not applicable Table 7V
(size O barbed suture) Ratig of D,

Although all the above-noted measurements were performed on bi-directional, twist
cut, multiple spiral barbed sutures, the below-noted desirable ranges for measurements for
barb length L, barb cut depth D, barb cut angle 0, and/or cut distance P should be the same
for the various other inventive barbed sutures described here..

A suitable ratio of cut length L to barbed suture diameter SD ranges from about 0.2 to
about 2, more preferably from about 0.4 to about 1.7, even more preferably from about 0.8 to

about 1.5. However, very suitable barbed sutures may have a ratio of cut length L to barbed

" sature diameter SD from about 1 down to about 0.2, whereby the ratio of the highest possible

barb elevation (the elevation of barb tip 85 above suture body 82) to the suture diameter SD
comrespondingly ranges from about 1 down to about 0.2. (The highest possible barb elevation
is the same as the barb length L.) Also, a suitable ratio of cut depth D to barbed suture
diameter SD ranges from about 0.05 to about 0.6, more preferably from about 0.1 to about
0.55, even more preferably from about 0.2 to about 0.5.

Regardless, length L. may be desirably varied depending on the intended end use,
since larger barbs are more suitable for joining certain types of tissue such as fat tissue or soft
tissue, whereas smaller barbs are more suitable for joining other types of tissues such as
fibrous tissue. As discussed in more detail below vis-a-vis Figure 11, there will also be
instances where a barb configuration that is a combination of large, medium, and/or small
barbs disposed on the same suture will be desirable, for instance, when the barbed suture is
employed in tissue that has differing layer structures. |

Cut angle 0 formed between the barb and the elongated suture body desirably would
range from about 140 degrees to about 175 degrees, more preferably would range from about

145 degrees to about 173 degrees. The most preferred cut angle 0 for all barbs ranges from

about 150° to about 170°, _ ,

For instance, for a polydioxanone barbed suture with a diameter of about 0.018 inch
(about 0.457 mm), which is slightly larger that the USP requirement for a synthetic
absorbable suture of size 0, the preferred barb length L. would be 0.45 mm; the preferred barb

depth D would be 0.2 min; and the preferred barb cut angle would be 153 degrees.

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

Di aneter (OA57 degrees 153.4 0.903 not applicable nun
0.221 0.010 0.48 mm 0.495 0.023 1.08 nun 0.537 0.012
1.17 degrees 13.9 0.605 not applicable Table 7W

(size O barbed suture) _35.-
filament may be jeopardized, which could lead to a tendency of the barbs to peel back and
also to a decrease in suture tensile strength. ‘

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

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

Turning now to Figure 8, shown is suture 90, which is another embodiment of the
present invention. Suture 90 includes elongated body 92 that is generally circular in cross
section. Elongated body 92 terminates in first and second pointed ends 94, 96 for penetrating
tissue. It is contemplated that one or both ends 94, 96 may comprise a surgical needle {not
shown) for insertion info tissue. Additionally, suture 90 includes plurality of closely spaced
barbs 97 arranged in a random disposition. '

Suture 90 may be made with the same cutting machine as the above-discussed sutures,
such as the cutting device described in the above-noted Serial No. 09/943,733 to Genova et
al. With combinations of the above-described methods for making the 180 degree disposition
(sutures 1, 10), the 120 degree disposition (sutures 30, 40), and/or the twist.cut multiple spiral
disposition (sutures 60, 70, 80), barbed suture 90 with a very random barb disposition is
obtained. The advantage of the random disposition is that the nianybarb angles provide
superior anchoring in tissues and thus afford superior wound holding properties. With the
random disposition, the barbed suture would be inserted into tissue with an insertion device,
such as that shown in the above-noted U.S. Patent No. 5,342,376 to Ruff.

With regard to Figure 9, shown is a sectional side view of barbed suture 100, which is
another embodiment of the present invention. Suture 100 inctudes elongated suture body 102
of generally circular cross section. Also, suture body 102 has disposed on it a plurality of
closely spaced barbs 107. Each barb 107 has a barb configuration such that barb underside
108 is serrated or corrugated. One or both suture ends (not shown) are pointed for
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Rati o of D, P over Suture Units Average

St andard Devi ation D aneter (0.457 degrees 1552 0. 829
not applicable mm 0.202 0.008 0.44 nm 0.483 0.017
1.06 nm 0. 789 0.031 1.73 degrees 12.6 0.328

-36 -
penetrating tissue and it is contemplated that one or both may comprise a surgical needle (not
shown) for insertion into tissue.

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

With reference now to Figures 10A and 10B, depicted in Figure 10 A is a perspective
view and depicted in Figure 10B is a top view of barbed suture 110, which is another
embodiment of the present invention. Suture 110 includes elongated suture body 112 of
generally circular cross section. Also, suture body 112 has disposed on it a plurality of
closely spaced barbs 115 having barb tips 117 (one barb {15 is shown for purposes of
brevity). Barb 115 has a configuration with an arcuate base 119 where barb 115 is attached
to suture body 112. One or both suture ends (not shown) are pointed for penetrating tissue
and it is contemplated that one or both may comprise a surgical needle (not shown) for
insertion into tissue.

Figures 10C and 10D are cross-sectional views respectively along line 10C — 10C and
line 10D — 10D of Figure 10B. Figure 10C and 10D further clarify that barb 115 becomes -
narrower going from base 119 toward tip 117.

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

It is intended that any of the barbed sutures of the present invention as described here
may have barbs with a configuration that includes an arcnate base. The arcuate base should
enhance tissue anchoring as compared 1o a flat, linear base. Regardiess, it is not desired for
the base to be circular or oval, which would result from conical shaped barbs, as that.could
decrease tissue anchoring.

Shown in Figure 11 is a sectional side view of a barbed suture that is another
embodiment of the present invention, and that is generally designated at 120, Suture 120
includes elongated body 122 that is generally circular in cross section. Elongated body 122
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not applicable Table 7X (size O barbed suture)

Rati o of D, P over Suture Units Average Standard

Devi ati on Di aneter (0.457 degrees 155.5 0.799 not

applicable nmm 0.200 0.010 0.44 - 33 - cut length L

mm 0. 484 0.027 1.06 37
terminates in end 124. End 124 is pointed for penetrating tissue and it is conternplated that
end 124 may comprise a surgical needle (not shown) for insertion into tissue. (The other end
is not shown, and also may be pointed for penetrating tissue and may comprise 2 surgical
needle for penetrating tissue.)

Also, suture 120 includes plurality of closely spaced barbs 125, plurality of closely
spaced barbs 127, and plurality of closely spaced barbs 129. Barbs 125 are relatively small in
size with a relatively short barb length as compared to barbs 127, which are relatively
medium in size with a relatively medium barb length, as compared to barbs 129, which are
relatively-large in size with a relatively long barb length.

Suture 120 may be made with the same cutting machine as the above-described
sutures were made, such as the cutting device described in the above-noted Serial No.
09/943,733 to Genova et al. By altering the amount of blade movement during cutting into a
suture filarnent, then the barb cut length is made longer or shorter, as desired, to result in each
of the three sets of I’)afbs 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
in the transverse direction, whereby the barb base may be short, medium, or iong,' and
regardless, the barb base typically is less than about % of the suture diameter.

For instance, relatively larger barbs are desirable for joining fat and soft tissues,
whereas relatively smaller barbs are desirable for joining fibrous tissues. Use of a
combination of large, medium, and/or small barbs on the same suture helps to ensure
maximum anchoring propertics when barb sizes are customized for each tissue layer. Only
two different sized sets of barbs (not shown) may be escarped into suture body 122, or
additional sets of barbs (not shown) with four, five, six, or more different sized sets than three.
sizes as ﬂl-ustrated for sets of barbs 125, 127, and 129 may be escarped into suture body 122
as desired, in accordance with the intended end use. Also, although suture 120 is illustrated
with the barbs being unidirectional, it is intended that barbed sutures with barbs having a
configuration of varying sizes in accordance with-the invention also may be bi-directional

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

described here.

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

that one or both ends may comprise a surgical needle (not shown) for insertion into tissue.
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cut distance P nmO0.798 0.017 1.75 spirality angle a
degrees 11.8 0.362 not applicable Table 7Z 20

Bar bed SutureStraight Pull StrengthChanois Coth
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di ‘&t with 68 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
length. Particularly for the overlapping barb disposition, very suitable barbed sutures may
have a ratio of the barb cut distance to the barbed suture diameter from about 1.5 down to
about 0.2, since the barb cut distance P may be as low as about 0.1. (See discussion of Figure
7 for comments vi§—ﬁ—vis the barb cut length and the barb cut distance.) This overlapping
disposition allows for closely packing many barbs 135 on body 132, and typically, barbs 135

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

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

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

Figure 13A shows surgical needle N1 that is a straight elongated needle in the
longitudinal direction and that is generally circular in cross section. Surgical needle N1 has
pointed tip T'1 for insertion into tissue and.also has hole H1. Surgical needle N1 is illustrated
as attached, such as by swaging, to barbed suture S1. Barbed suture S1 is a barbed suture
including, but not limited to, any of the above-described barbed sutures. Additionally,
surgical needle N1 has diameter D1 in the transverse direction, which is illustrated as a
relatively thin diameter, such as about 0.02 inch (about 0.51 mmy). As discussed above vis-a-
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10 correspondingly ranges from about 1 down to about
0.2. (The highest possible barb elevation is the sane
as the barb length L) Also, a suitable ratio of cut
depth D to bathed suture diameter SD ranges from
about 0.05 to about 0.6, ngge preferably from about
0.1 to about 0.55, even no 3 preferably from about
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low as abagit 0.4t 1. Tewill ke dppaciasd bwthle fedsoniof emtinarpskill i the art that care

[ e. (The other.end.js not shown, d al.so b
should b XS wie B hely g il <L e SRR e s LG E ocatized
weakisess, vhiet maeashpomBe tRR6 afsti@bhng tissue.) 5A 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

barb | ength as conpared to barbs 127, which are

relatively nmediumin size with a relatively nedium
barb | ength, as conpared to barbs 129, which are
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30Fi gure 12A is a perspective view of another
enbodi nent of the present invention, show ng bathed
suture 130 havi ng el ongated body 132 of generally
circular cross section. One or both suture ends (not
shown) are pointed for pene{rating tissue and it is
contenpl ated that one or both ends may conprise a
SUr@bsuad stﬂ%ﬁ%ﬂ'o@ tHi QfrgieA Qktles] Bth haA$EY 4 4280 of ffrBical needle
. tissue. - 38 - _Suture 130 further includes
diageter; tg babed wyturs diameter gujtabledpribe prespnt ypatingdyasitggedasdpllows.
t hataridhs hi6RS bf ENehdiORShdr ¢bid dtePl BRE Bharhbit 8F FBAf) havi
second b%r bs 135 are di sfg%_sed on body 132" where flﬂrs)t vine
a thigkpass of3Houi /6 ingfabous d 8 3membuerp cut 36th # wounddraviag e lengtioefaibout
1293k myﬂq’_ch is readily apparent if barbs 135 are
Iai}gél?ﬂ‘gt%gon ody 132. 5Figure 12B is a perspective
vi éwinsf specipen wias madé fromerpiap pf ehgmiosrlbaher By stitchinp eogether the
I [ j LI on. hed sut ur 0 of Ei
rospRffe B P ARG Sl R el Yoo Gl BPA

purdhbsgd frem]Nirle Sompany)ehichoedsisoagdd witheababaingture, N oftizPwords,

12D of FEi r C As.can b e.clearly seen from
aftegsfigefon OF i afegrattunt HeciBlineiic ol g opdic o GhtecisBot ghe
hole¥3 Secum\vks baabeai suquré diirig sifthingl A%tet Sit@Gadiaed tﬂd\ﬁ&nﬂﬁtﬁé picce
an

of tapsjde TS of overl apped second barb 10 135 C
of oo edi yes Gyt ?&agﬁwuf%ggefaee SRARPYEes ZoBh{p By | length
by aBati 1128 GBS (PGt 132 thmpinda A WRerbfBe AfitcROBN bR 43 8n e hSilidle of
bar b 135. Thus, with the overl apping N
the Igpeth o angyerse;the wisith- nThe eedle wenm epenRointecaved; spegicabagele (3/8
of a &i&le)2Rfih & REBMLIBHIR 23 Iom BRYa RESA9 il HihfRR of RHuPEOBD inch
cut _|ength of overl apped second barb 135, whereas, in
(abogfé?a%#lam-f or barbed sutures, the barb cut distance
betmeen.; P ) ,
oy e SADSURIAHRL 3 sbidhd pobos ROk made from anather
piecs/efropamois 1caliiee by stithidug togetherghe mespediiag edges ohithe svophid, uking a

ol ARG, 35 DMt Sl ) S i
the sekins kiad ofbdbarbsntie, ias theosnwrgienl adedletwS cimpéSelaout the needle hole,

di scussiron,of Fiqure 7 far coment I§-g-vis the _
sfter B EISR R LR s T i BT rn e Cafed syl g stching.
For the/&bblgi@hﬂgxeﬂ,istﬁ@ ﬂeeidleidm aggﬂeﬁ pardw‘ @he_alsafgfiaynégawgsﬁs% 2 circle)

. n rps on_body, ... anhd typica ar bs
with gg@ﬂéﬂ*@%ﬁ?hﬁ? st 3afg abtbicsin gt Reatsat § bation (ot 051
mm) HlhbaghaRt REGAEARh WambRf fiShendelR ubad for Skt speSinghh-

Al so, although suture 130 is illustrated with barbs
13%ch barherl tig forsack sneaimen was p bi-ligcsiarrl dwish cptreyltiple spiral,
lydi&@hom fakife ! iSrd6 A NexlcB% thdt YR lHaRRd
poly o RHaHER shrcs I ARROTO R LOM 8 SRR R bt
a diameferof abpyB:Qld 5 inok, (axB8B0.29 BOM, auhirch i8)iphHy fargenthanibe USP
. f . e i S
roqu el £E o8 38 SRl BB BURL il bt Bl ramser of s
0.01&indhi (abewOetSTmew).t i on into tissue, the surgical

n | es .l coated with a I f.or. i.nstance,
oS P e i 5050 Suctindie e BRege i by Wer2 e for
closufe, skl d3ng 8 TextFegQ e UniversaFT e MbdA 260Q WEadtikpatifdh was

. needle N that is a,strajght elongated needle in the
DR ERPREeeaied - Jhen errlPRameR et Biley Tengitedinaly =t a
rate of Bbout OFMcRRAGel RnutSHbEH DK nﬁﬁﬁ&'nﬁnﬁig) :Hlﬁﬁ c&%plraﬁ'hrﬂllsc&%. The

al so has hol e

tip Tl for insertion into tissue an

peak jqpd inqonpdsrgached beffoes qamplage wpwmssdistapticn veas reqordedies dhe closure
strengihl ChheASsuRy \&‘P@&'aﬁﬂﬁ ggﬁ gﬁt@{lﬁéﬂ‘éwﬁfé%x legF sutdred %ﬁg?needlethat had

suture SI is a bat ure i nc ng, but

limted to, any of the above-described barbed
sutures. Additionally, surgical needle N has
dianeter DI in the transverse direction, which is
illustrated as a relatively thin dianeter, such as
about 0.02 inch (about 0.51 M) . As di scussed above
vis-a- - 39 - vis swaging, surgical needle Ni, after
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Fi gure 13D shows surgical needle Nd that is a curved
el ongated needle in the | ongitudinal direction and
that is generally circular in cross section. Surgica
needle N4 has 25 pointed tip T4 for insertion into
tissue and al so has hole 1]4. Surgical needle N4 is
illustrated as attached, sUth as by swaging, to

a reidﬁ@él? @itln SidinelePofSthonBROIBECIS Ubdik 6.554unh)Tosk D88 hashds il vedund
including, but.- not Iimted to, any

of the
disrupipnaec fl feaperamp Bullsdrpback KHQR Piegrsalvhreas the second
speciftih Skt w h@crl] MthigsSncdip iRl 84d Dichitly tHedibmeRs ¥edbs6t 0.032

direction, which is illustrated as a suitably thin
inch, @beutB18d mum.dwit ot s thib evithe oesgior the first spssigentogh opky2.88
i ' . Al l e
pouniffinc{ e 8nd efhnfity MARE Ll oLl lpat HEAHEE 2 (HESE
n i iresuliilare afrhmarizeshin igble U3 A belo®4 i nserted into hol e
114, may be crinped by standard procedures about hol e
114 to hold suture S4 in place for use in suturing
tissue. NeEabileel 1A, (Zhatiois Clh n are
schematically illustrated as pointed, but, as is well
known, surgical needles come with various kinds of
Specipehnt eebdlPBianttgh aBdregEiSunpeDidmeter ape Ratio* 4 Pounds to Rupture
. cutting | point, cutti dge, diano poi nt,

First ¢ pip | | ?rB?Oanéﬁ‘a | ancet poi oS S ﬂ?‘énded t 388
Secorid Cl udeg ofncnot be |im t editeinchl | suchppeedl e t288.
Tg@;[ poi nt, taper_cuttin%, and di anond poi nt are
préee pleyrgied aecsle digacterdp dathed SR dIRERT-es used with
barbed sutures. As is well known in the art, needle
di ameter for surgical needles used with 5 i

c @¥sne Merass Riecgsiof gat skinwaae eri@nd sfitehed £y tosting ghiaprpetugical
needlwgﬁﬁg&ﬁgﬂﬁ]{)ar t8Ed SFol&ky thick surgical needles

are Used wth thin conventional sutures such that the

r hiee frsshly killgil SpragneBdiveydiatseatheabopid08 dm Ve iviarapsed. Two

sut ure. di. r : [ :
full- Hé{ngsslsk% ifd 151% Yé)r\%e nég% 019 Vﬁae?réa?% St it gtlo gl;%ﬁ&uvﬁﬁlds. Each
wound eas hisyub4 cindal lengthumé pariildito dteispime.of t he present

i pventj o for.either a,straigh eql. r ,a curved. .
nE0te) Pt S R e vep Ry s & o Bl
needié ﬂﬁg\lwﬂ.fhbsm:ge {jmﬁ&ommﬂm,hﬂﬁcﬁ hﬁh 3/8 gie;hf.s L[[‘lgi neadilg had a length of
need| e/ bar suture.is, Wt e i red need] e
18mny %?ﬂtﬁfé?‘?fﬁbo'{tlﬂ’:hﬁé?c' Alput ﬁ#ﬁ - Also; @egﬁﬁﬁ%éﬂﬁe@?“
point h&DH Ve S hbddle ) BAFERN grodfidtd 4 3-fa8ctRA6®Idppxinkas a taper

. the needle dianeter may be even thinner than the
cutting aegiiatinioifagilitatgipsnetratipn of rat tissue. | Fhegisprle Wps swnged fa barbed
present invention, a relatively thin surgical needle
attached to a barbed suture is nore preferable for .
aifpe othemafithertyyotwaimds wahdnsedtusing Hiesgme swiringlegtingane gbut with a

Vdril!etiwgﬁg c%é%u@!ﬁéﬁ% tégtt %ga"slﬁiié fidi 3. @2@@'}? r@%h%eﬁa circle.

reason i1 s ft
The nesllahddadength 6 abostul ynovindackheteraf tmoh@ 624 nch (dbantdbeb mm).

1so, B tefe Bl S Bmop L G PO BETIE e ey BEOTE 2 blked suure
S Eael @it disGutd Tor e&nrsﬁééirﬁai ek 4 lbis&gagiohm@?mthtaﬁt bﬁEi-’pledspiral,
utured o _prevent the opposi ng sides e. C|] 0ose
mlyd\%émegp%ﬁqgww%mawr@%@ SR eeﬁbb%%iﬁ?ﬂse had
a dianfidrP abdut 0.09Y indR gaﬂoat EBPF DX, WRIcR S dibBiSHi8rdehtan BRUSP

been sutured with 20 the relatively thick surgica

requirpraggfifer a size 2-0 syntetigaborbabirorutusey inplesd of psutugg digweter of about
%&ﬂQ' ' the surgical needle attached to the

0.018 arbggﬁg%?€1§$Pé that the surgical needl e dianeter
shoul d be of sufficient width in order to nake.a
hol e or a channel in the end, such by drilling, to
allow for insertion of the barbed suture into the
hol e or the channel. Neverthel ess, as the surgica
needl e di ameter increases, 25 the surgical needle is
still suitable as long as the ratio of the surgica
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25 pol ydi oxanone barbed suture like suture 70 in
Fi gure 6A, except that each barbed suture had a
di anet er of about 0.0115 inch (about 0.291 nmm which
is slightly larger than the USP requirenent for a
size 3-0 synthetic absorbahke suture), instead of a
suture di aneter of about 0.018 inch (about 0.457 mm).
Bg Fbr da0e stlftJ:Heﬁtxﬁoﬁﬂ@. atth@e%p@?ﬁdl ggms}sr@mxmatay 2 kqnhfed
chanmois cloth were teste Qr C e
meagpEing b bapt feut X FOULE PRSI e SRS fﬁv@%
opmﬁﬁ%ﬂm§ﬁﬁ£g&£ﬁmM@ﬁnﬂ&iﬁ@@ﬁmﬁ&ﬂhﬁ@mmﬁﬁﬁ Cthe serrat ed
jaws. Then, each specinen was, pul |l ed i tudin
at The fosgedo gpenggsiywours! wasdetssmined U%W%T%“ ga%’ala?t% %B*Ay
Test&eMdga%b 8) ﬁﬂpédch ugéﬁg%&inﬁ‘enr RS Bdged: Bﬁa][hﬁﬁ% cAchagiched

pounds reached before conpl ete mound di sruption was

woun@wemdmntps\ in the tep eespectvetaraledidws of fhe eyl t s were
o b ot e Wik dhed te
L Ui spdeBherPRES BT IRV 3E, S e aB Pachel o i

(aboaltﬁiunnipef)ﬁﬂimen a:thtll tabxplﬂte ®pBiec ¢myrrqdo amc B8 Buyse im@rsencountered

unt| mound CURT eci men
befom tew dé agmfs &éaeggg'e@mgmw@esf% he second

s p'ﬂ:e mﬂts(mlm meragasfremltha:ﬂimbbemﬁﬂmt eumisettisal wilat nécaids

vy SRR AU BTS2 BRE el RSB Dby mo

the réquRe W’h)veﬂa@éﬂﬁm the s2coB8 s& of dsexchsounds Elbseddivdthvioneadle having a
d& di sr 0 sSpeci e ul | ed. ap into 2
diangieg et Boutho S adh et BED Tk HE 28R PR CPREY B4
betRyesiia atukricsanebe 18Bdelowd osure Strengt h)
Speci nen Needl e Di aneter Barbed Suture Di aneter
Rati o* Pounds to Rupture First 0.020 inch 0.0115 inch
1.74 5.88 Second 0.032 inch 0.0115 inch 2.78 2.88
*Ratio of surgical needle diameter to barbed suture
di aneter. 15Al so, various pieces of rat skin were cut

and stitched for{{gsysp Q@; gg@ needl es
swaged with barb

Average of 3
Wounds
Specimens Needle Diameter  Barbed Suture Diameter  Ratio* Pounds to Rupture
Firstset of 3 0.022 inch 0.015 inch 147 119
Secondsetof 3  0.026 inch 0.015 inch 1.73 8.1

*Ratio of surgical needle diameter to barbed suture diameter.

Thus, the lower the ratio of surgical needle diameter to barbed suture diameter, then
the rbctter thé closure strength when suturing a wound closed with a surgical needle attached
to a barbed suture. In general, the thinner the surgical needle, the better the closure strength,
particularly for delicate tissues; however, for tough tissues, such as muscle and bowel, thicker
needles are preferred. Thus, what is important, regardless of whether the needle is thick or
thin or somewhere in the middle, is that the ratio of surgical needle diameter to 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 skiiled



Three freshly killed Sprague-Dawl ey rats, each about
600 to 700 g, were used. Two full-thickness skin
i nci sions were made on the back of each rat to create
wounds. Each wound was about 4 cmin |length and
paral l el to the spine. 20Fop,each rat, one of the two
wounds was closed with a drilled end, curved surgica

in theadthat it fsa:*ot ingesided ©BUinzit the intvemd‘nao trﬁ&aa:m:ﬁemwmrﬁdsnwmsciosed

VS Sy RS8035 LS e AR A S i
withdue Iﬂa&aﬁdﬂﬁ ng floAPBE nP@il BacHGRAhe advaptagbdfehd ifGention,

ne %ﬁg ? been round to a 3-facet cut to
p WP Hglte etfaﬁg?m trecling. Kepwstangs ﬁsletbarb%aqwrppmhé present
inv@HBioR tarPld \38d Sbnd Stwik GiBsIIostRndARRY | Bl BSstAHRARE o Kirf

bar bed 25sut ure. The ot her of the two wounds

adhggives cip gigin haldingdhe pesitionraf the iissiici dgcerdemshy ifisintapded to cover all
suchMnbBifiRatfHnk,| dnfiskigiRRtad dﬁi&lﬁ’ %ﬂv\% %%mégg as e‘%«fi&%ﬁ*yﬁ@ﬁl tfle spirit

Sul zI'e item no. 832 circ
aﬂdﬁ%‘&’@loéﬂﬁaweaﬁqﬂbwgiﬁﬁn@f b)afbgﬁﬂuomgﬁﬂlmnd a di aneter of
about 0.026 inch (about 0.66 ran) Al so, the needle
had a di anond point needle tip. The needl e was swaged
to a barbed suture. 30Each barbed suture for each
speci nen was a bi-directional, twist cut nultiple
spiral, polydi oxanone bathed suture |ike suture 70 in
Fi gure 6A, except that each barbed suture had a
di aneter of about 0.015 inch (about 0.381 nm which
is slightly larger than the USP requirenent for a
size 2.4) synthetic absorbable suture), instead of a
suture dianeter of about 0.018 inch (about 0.457 mm).
-43 - For each stitched wound, a tissue
speci nen that was approximately a square neasuri ng
about 4 cmx about 4 cm wth the stitched wound in
the mddle paralleling two opposing tissue edges, was
retrieved for closure strength testing. The
force to open each wound was determ ned using a Test
Resources Universal 5 Tester, Mdel 200Q For each
ti ssue specinen, the two edges paralleling each
.stitched wound were nmounted in the two respective
serrated jaws of the tester. Then, each
specimen was pulled longitudinally at a rate of about
2 inches per mnute (about 51 ram per mnute) until
conpl ete rupture occurred. The maxi mum force
encount ered before conpl ete wound di srupti on was
recorded as the closure strength. 10The results were
averaged fromthe first set of three wounds cl osed
with a needl e having a dianeter of about 0.022 inch
(about 0.56 rum and swaged to a barbed suture. Al so,
the results were avenged fromthe second set of three
wounds closed with a needl e having a dianeter of
about 0.026 inch (about 0.66 nm) and swaged to a
barbed suture. The results are sumarized in Table
13B below. 15 Table 1313 (Rat Skin C osure Strength)
Aver age of 3 Wbunds Speci mens Needl e Di aneter
Bar bed Suture Di aneter Ratio*
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Pounds to Rupture First set of 3 0.022 inch 0.015
inch 1.47 11.9 Second set of 3 0.026 inch 0.015 inch
1.73 8.1 *Ratio of surgical needle dianmeter to
bar bed suture dianmeter. 25 Thus, the | ower the
rati.o of surgical needle dianeter to barbed suture
di aneter, then the betterSthb cl osure strength when
suturing a wound closed with a surgical needle
attached to a barbed suture. In general, the thinner
CLAIMSe surgical needle, the better the closure strength
par.t kcuhbed Wufugd feelcbmrtend ihsslarsor howey efssud, oshid cughre
ti ssues, such as nuscle and bawel, thigke- 30. needl es
compgisiespemeiongaed rpdyshavipg s firstend 3pd p peprpd ey () %glgragfy

of ba?%gﬁrﬁggtgf er IHQEéjh@dﬁ Sadnhiagk _fé%‘fng% R NdiRdctise ﬂﬁd"@:&lﬁ% alldpted

, I's that ' the ratio of surgical need
for radistine trevernent lod tHeettue twiee i fisawet wransippodie dyscémoliem the

. :1.or.1 f er.ahl .2: | . .
e i e Pl S U BELE s bRy

dispodRios ahd 8@ barbed Qitaid is wiatlh froagasetutecfilambyt lavingw portion that
ry enbodi nents of the inveq%é it shoul.d be

pl
is twg)r%g%? Rt Byo plays &7 et perdnch whep baths pan6scaped g he

' suﬂﬂ%&iléﬂ%{l%tmék@ttmdtsgmké.m t the invention to the

speci tic enbodi ments discl osed. Various )
modli Thie dattied sgturcaricerslingrie, claimal , afuicain dressutiiyg iv@agmbiem a

S h i scl d_enbaodi i, i ) _
o 1, P RS STRS LTI e AR L, o -

ﬁmmmhﬁeﬁﬁwﬁmganmnﬁaﬁﬁbmuhaéwz ig Ingt of the ;orﬁgoing
t eachi ngs. For instance, t rbed suture of the . .
~ predénbased sifun ascopiRgR clEm 2s¥ efé‘l“é'ﬁf‘ebIB'raBWﬂ?&l’i’ledPﬂ%ﬁ’al is

OfHIC HEELARHS §i§t‘§ﬂ'1g1%§ LRI @8 o) laci#dbN polyglycolide,
Sekdggheg%vés,bgopéﬁglin oldfﬁgﬂ%heopo§$?¥%n ofp?%%y o
polydapeagtone od spabingligns theredfs | nt ended to cover all such

modi-fi cations, onissions i , ) .

OB SR W LR O oA 805 v A il
is selediscefdrh G @supt@hkingg diy polyenet,al henal, agmecil afloys a natdfal fiber,

CLA| M5 I. A barbed suture for connecting human
and cgmbytioRsithereddsye, said suture conprising (a) an

el NG LeBePafire RBMrMAe B JhifiSt, vaebiRne palynes andiceRd from

and (b) a plurality of barbs projecting fromthe

the imelp, eashingaref feadyanyds. n palyghtelc tiobirapnienge podyurethane,

I'rection fromthe direction
i n6.hi binbédhatibandrofdice® anwhes ef daiisd tdp ar Wiserein thei barks are

twi st cut nultiple. spir disposj ti.on and the barbed

o i iyt G Bl BRF PRI SR8 |
PO tihe Batbl@buth® Jc%r&fn%% B OoRARIImE 116 6akBstEinkHe barbed
ti mes per inch when the barbs are escarped into the

suturg liasptdedst p ding barbed paiiies anhe seongdwhsd partion, aghwhergig the
e Ur e rding: Lo clai '
bacb Rl P Rl th Rk o VR bl REFRYL B 1R e barts
of thgscompl otkai &t favingoh adirbitonadsadbalyl tee sembwt ¢l , a non
absorbabl e material, and conbinations thereof.
3. The barbed suture according to claim?2, wherein
t he bi o-absorbable material is selected fromthe
group consi sting of pol ydi oxanone, polyl acti de,
pol ygl ycol i de, 15 pol ycaprol actone, and conbi nati ons
t her eof . 4. The barbed suture according to
claim 2, wherein the non-absorbable material is
sel ected fromthe group consisting of a polyner, a
netal, a netal alloy, a natural fiber, and
conbi nati ons t her eof 5. The barbed suture
according to claim4, wherein the polyner is selected
from20 the group consisting of polyam de, polyester,
pol ypr opyl ene, pol yuret hane, pol ytetrafl uoroethyl ene,
pol yet her-ester, and conbi nati ons ther eof 6.
The barbed suture according to any one of clains It

i A
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25 suture has at least a first barbed portion and a
second barbed portion, and wherein the barbs of the
first portion are facing in a direction toward only
the first end and the barbs of the second portion are
facing in a direction toward oy the second end. 46
BARBED SUTURES ABSTRACT OF THE DI SCLOSURE A bar bed
suture for connecting tissue, and a conbi nation

surgi cal needle wth gaia@mekeripke. The suture
i ncl udes an el ongated body and a plurality of barbs

" projecting from5 the body. Each barb causes the

suture to resist ARYERRUIT OF PAREIYIGEURE ection
fromwhich the bath faces. The disposition of the

_ bar bé *@Mﬁeﬂm@y CHRIPCHNg twugg@ﬂ @gombipaton sslcalcal needle with 2

‘bC on I gur at 10 n&!“? Bﬁﬁ&%%? tearbodga% e% ngﬁa %265 Ibgrng’? PP&Mg from
: ﬂwﬂ@ld? &Hach badd candes amg;hm@to :baﬁmev&nﬁemtm,o ppesith diredtion from

Eﬂg rb cut di stance, corrugated barb underS| de,
b edt W‘W&WMMW@P 1y Dpayy sg%ag@mf»

: m‘ﬂﬂplc spiral, overiapping, or random. Also, the configuration of the barbs may_bc a certain

spirality angle ¢, barb cut angle 6, barb cut depth, barb cut ength, barb cut distance,
corrugated barb underside, arcuate barb base, or varying barb size.

Figure 1



