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- 1 - BARBED SUTURES TECHNI CAL FI ELD This invention relates, in
general, to a barbed suture useful for connecting bodily 5 tissue in
various surgical contiexts, and nore particularly, to the optim zation of
t he di sposition and/or. configuration o{ t he barbs on such barbed sutures.
BACKGROUND OF THE | NVENTI ON Vari ous surgi cal nmethods enpl oying sutures
have been used in the past for pheB¥rEsoTUREksdi ndi ng toget her wounds in
human or ani mal tissue, such as skin, nuscles, tendons, internal organs,
nerves, blood vessels, and the |ike. Mre specifically, the surgeon may
use a surgical needle with an aﬁééﬁﬁﬁé ofYyg i onal suture (which can be a
snoot h nonofil anent or can be a nulti-tfilanment) to pierce the tissue

al t er nat el y oFhisppyetiongelatzs.ds goferal e ahetped) suiwrd veaf] Sorconpectins bosklid cl osed.

Whet her i i I i [ ' is the nethod
15 o?f en&%g%wﬁge%@%%&?%%‘?@@%ﬁ%‘& $%p§%%%%edl e is then
renoved diapbsitivn sed/dsconfigtdatiorsefithe barby an socketyrbedguingsl [y with at | east three
overhand throws to forma knot. As is well known, conventi onal
sutures can be of non-absorbable material such as silk, nylon, polyester,
pol ypropyl ene, or cottonBA@KGROUND OF PHEINVENTION e naterial such as

gl ycolic aci ol yners and copol ynmers or lactic aci.d pol rs,and

Copol yner o, 2VASaHE Erpiel Thethesls Sropla e uBtT N bogh el 3t e aid T S195E ofni ch

ar e genepiadihy topbthb\eomaih KA 0r ahitnabissGe)Ru@ s isHiA ahustlek, Wéfions, iaetgal of f ered
nuner ous advantages over <closing wounds w th conventional sutureés. A -
barbed sPPESendryre) RloRdvestel peshigatiker Momspericallpdle girgeop mayysea spgicald

bar bs, Whie@iB wihQinGehchbd SoRveRGonAPhYurS (rAiBl Sanfe@thobRSndRhanteRitdHchn beThe
barbs are arranged to allow passage of the barbed suture in one-direction
t hr ough a mykicilament) tocpigreg the Hssve wlerasielyon opResingfagse af hejwvored and thiseepposi t e
directi e i V, BPSP: - bdRB :
provi si gﬂe gﬁ&%&fe&g&rﬁ:@é Iﬁétghtr#ei Eut e% %%:dgp%'li ng f Lgogggﬁgﬁg%ﬁggmgtgs%ot have
to Ué kroften@ged, ipeeialiyfov suifico mabknds. {The eurgical needlaisdbapvemovedand thegnds e, a '

bar bed i dii i 1S i . de F
st anc ot el e skl Sl Bt b8 iioliald hoBs BB SR o0 O 1O
for 30 sew ngsiswel khdves lbonwheomel siteres cancheltd aomalizordiablp eraterialsuelnas
har p- edged, ,resilient harb rojecting fromthe hod t acut.e angl e
Corar; vk polstRe. PR et e At Dpase i Rt M SRS e
one di r @a§doRd acibgblyfn@ﬁiaﬁa %PW Bi lattic 40iEpdAREs hiidoflbly@edsi on.
a

Sutyres wi th barbs dispose _bi-djrectional, arrangenent, also called

in
douBPe- ar med S&ise tedime ofitheis eangeption, bareed spRyes, whigh are genprallygS B1esgmpy incke and

-U. S, Patefitiaoas c@n%ﬂior?a‘f’.&ztﬁ&s,fh'aae of LA nudboss d&%ﬂt&g@ﬂ)\%’i‘ EMsing ReuRidt ur e has

barbs facing toward one end of the suture for about half the suture |length

and bar Bgthfegaventions] suiesso pshedsuiry iaelndesanelongste hady thot hesrong REMETE t he
suture koleol BELOIWIS fiBlelt fm tillbody bikikte WRAGIH bodyefeR! TRAGAIEAL al | ous
ctive sutur

t he bat to nove In e sane direction as each resp ure end is
i nser t edrranged to Wléow passdge @f thedethed dutvieda onofliregtion thoawghl tiss8e bt rédistdi r ect i onal

bat hed sutures t .onl re .especial.l V.sui-ta r i mmg? 35W_i th
edggg p%or‘{gm%tog 6&’?&%3&%"& ea L%%Cvnliéa:ééen'?ﬂﬁgs’frtllgee gé‘&sa{eggﬁre suture ends
t oget hesutuies haddreh tiachrbisips of {hon-slipeateibtiel Ackardinglebrarbedishioskdd nblat ent

licati 1,075 843 Al. tq Sul amani d khai | ov., publ i shed =
Febr uar o oot keaavanghilisthiR BarGrTB I DR SR 00/ 51655

on Sept aR®e itberta R tissil hsigl 4 sordical BebAO103732 (March 3, 1999), which -
shows coni cal barbs arranged_sequentially along the | ength of t hr ead. and

oriented in Hotdpstenei B- bppdia &-128.07 hin P HEoRbeE 28 AloPEAEI 9. ToRi th t he
di S3QNCEWIRE WaRH RAhDIRAE tHREoRPlasa¥dy nlncﬁshﬁp%?e&, b&idehraag di ameter.
Also of interest is U S Patent No. 5,342,376 to Ruff. This patent shows
an i nseprojasting fomdhe badyiah agute anglesaelative tortheody s Thmbaspdsulyarga@esut ure i n

?reg:{v})g%s% e%ﬁ&u?&%ﬁ%&%%&%ﬁ%ﬁ%%som% e&%}gyf ;girl i éate

mani pul at i onSwfire withdexbs dispbsedtithe bisdireptiongl affimgeinens calsd eaHedidopbleestingd
: i b ; _ bei
| neert et raSaal i PRer NS S aaef B eSad 0. Pk §RhL PG e 1O

insertion. Such sutures with barbs opposing the 20 direction of insertion
are also shown in '376 to Ruff. The di sclosures of all patents and
patent applications nentioned here are incorporated by reference.
Escarpnent of barbs into a nonofil anent, depending on the barb cut depth,
reduces the straight pull tensile strength since the effective suture

di aneter is decreased. However, 25 the straight pull tensile strength of a
bar bed suture should be conpared to the m ninum knot pull strength of a



SUMVARY OF THE | NVENTI ON In accordance with an aspect of the present
i nvention, there is provided a barbed suture for connecting human or
animal tissue, said suture conprising (a) an elongated body having a first
end and a second end and (b) a plurality of barbs projecting fromthe
body, each barb facing in a directionr%nd bei ng adapted for resisting
novenent Qf. t sut.ur,e en, | I - i W A=Yor NN romthe
directi orllﬂllffh l\qi\%legﬁr%flﬁ%riyb%ebsu?ug%he%,bﬁlﬁgzacbdgﬁg‘gﬁﬁgﬁﬁgJg%i g{ 0Si tiggbr:ﬁon t he
body sel &alf égt shtupnieigieargitends fadngsinshe opposife directivingoward therihariepd of Bpi r al

di sposition n.overl.appi dj Sposi.ti | Ll

Conbi nat FUte PhLF aGr AR ShFERRD, e AR AU W il |
at | east mmd&amahséaambespeoﬁnesmﬁbggdﬁﬂ?]mﬁihm%ﬁgt duuirsbc@gdit:ﬁﬂef dbei ng
an overl apped barb, .t he oyer| appin ar as_an. under si n e
overlappé‘@ﬁ%r%“?ﬁglsd@cf‘ E‘b‘he‘gﬁ’@ftgs?fﬁf’ y&f"?ﬁ"é"%ﬁﬁ‘é’l@e&?%@? e

over | appigdgndavith ddgesdRbres degabHidch it blse bbidte the apai td eecufte sunre endsr | apped

barb, and wherein the random di sposition is such that the rel ative radial
and | ongtagatengith kyoited logpsf t he barbs al ong the body of the suture is

random and t§ inlaeagspggﬁ,ﬁ%gaﬂmummgﬁﬁdamm@m@mm | east one

axis of the at | east one barb is not

barb wherein the |ongitudinal :
par al | el Stlgmatidzd @d@%kmmmubhséleé Februgrye, By deatved fremdift [REI/08 3
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‘enbo |rre¢ﬂgt\ﬁcl)§:efl e preser??lé;igrﬁ&g%t%?%%, 'S 03@]"%5 ? barbed suture wi th barbs
di sposed1999)aviid(shdwscanicat bahyaraged paoentiglly EpGURelengthof aghrsadandonal vi ew
~along line - 1B of the barbe Up e LU nisti Bt bhBs @ Si de
vi ew of ZHBYHEP aé”%%&f"r%%‘fsﬁ%gotﬁ%ec’%%%eesené{épﬁ{’fg%fﬁgﬂfmg lil)wi ng & barbed
sut ur e tbeibg e 1636 thah 1 Seimesniad thisiadl iaowtdns di sposed in a 180 degree

st aggered spagj ng,. FI GJ is.as j | pV e I | i < of the
bar bed sut ur ngﬁnWtells?;Ag.%atent ﬁﬁ m&ff a%s“% ggég'i Sg\sjvag?lg grsl%r{lﬁ'gr
embogd meadvicithdt ieusPRiEfe Posilictignd babed sshowinngda thelofeadvanilu Tee isetiobar bs

di sposed_in a 120 degree staggered_spacing; FlI.GJ 3B i s.a sectjqnal view
al ong | i fpyicgihas gibyar fB‘é‘FB‘%H“%BPB‘%SE F‘ngﬁi @&pge%fx‘g@y ai-sogas-atl'—é\"éﬁ%% 4Ais a
si de Vi epliitat@RalipRhdAH atl dBRItk bY fthel SufaeBh. S TR Thsertidhadalice fk resdismtndgd a bar bed
suture that 1s bi-directional with barbs disposed in gjlz ree

. > [ 0 de ,
st agger efér yseaitihg barpadaurEe where shesubie poram beilg iserigd &g dlefh‘ggszl CINZAB of the
~ barbed sgidise, | ' £i2etidnl SPHRERRA. IStcsubirtlewmi BibQs Mer enbodi ment
- -of the preseﬁ?b]lgbr?gégﬁwh%n,‘_ Sth(;IWI ng 5 a ba?bed suture w tplgaﬁa hs di sposed in .
a tvest disctonbfingitonsyps alsd shoivapn S37H6ite RuffF| GURE 5B is a sectional view
along line 5B.- f 1 h | [ fied teréEBncBhokaed Side
vi ew of anot %ﬁ dgs%{?g I rr%r%’t“ p%#%?ﬁ]dagﬁﬁdgétgaﬁ{p ﬂ?aﬁ\l;%lrﬁi&gg,ﬁbdslgow ng ca bar bed
sut ur e tdadeferenchi - di rectional with baths disposed in a twist cut nultiple

spiral dispogition; 10FI GURE 6B is.a sectignal vi NN - 6B of
) tE\e bar bedpsﬁé“ﬁ?@mﬁﬁoggﬂ% ﬂ‘t%%fmmomame?—tr@%%ﬁ i @%géggﬁegﬁa&dgi& e view
. of a barihe strfitt YiR ten¥ilti s&bngth site theletfoétivenafuradiiiettrds bexratisap dmwbven a twi st
cut nultiple spiral dispositiogon |ik theﬁé}a@%}ed suture in _FEigure 6A, but
iIIL%StréP%'W&PtQHH@HﬁErS&E’EEESE?P%tH?‘fﬁ% ‘1%”%‘3“3‘%@% RV

as 111 ustyy Bf £LAVERioRAY subied (i Batistdatere) n bardmR with thd Ugited: he bat hs

for neasurenent of the cut di stance between the baths; 8 i.s a side

[ Fl GURE
vi ew of Siatet Peatoasoperia sinen fatipreof sonyentiensl sutpoeimhichhavetodwikagtted 498 ped
suture w @[gtgg | N bRt Be kifot@u fCt | Onal’
si de vi %%%W%o I ner&r’\%hg?@%m%?ceusmeﬁ?ﬁiﬁﬁgentl on, eshcswiung a bar bed

sut ur e Hasreasgd bochlasstrbsswi t h a corrugated or serrated underside; 20FI GURE 10A

is secti onal rs tiVe View i nt
i nvention, sﬁl&/ﬁ%ﬁﬁnéﬁﬁe eocrirngrtlﬁet?r?g% a\%&ﬁg awgﬁ%ﬁt@%o%sﬁeg%g%?e base;
FI GURE haBingtha babgeomein (barkicup bigle, hiadveus fleptti batbaublengts L entidistaicg ur e

10A; FI QU C.is a cross-secti | view.alo | J - Fi gure
. 10B; FI &9%"]?85‘1?%‘1’ HLABERER, %ﬁfgﬁabwsé%ﬁ %ﬁ'glgln?{n%&&%l%%?e&g%fx g&i gure
10B; 25k EAIRE ofld birBedBufifs; bupiled stoulienhinee tinf abilivg bfvebarbedontirerizritolddg t he
present invention, show ng a bat he‘q Zkuture W tag ar bs o‘lf‘h%ari ous si zes;
FI GURE reAmaintainiog sopptheriees aesthet « ik roaYEen SRR AR ABTS ¢ ne
present invention, showi ng a barbed suture with barbs in an overl appi ng
di sposition; FIGURE 12B is a perspective view of a portion of the
over | appi ng barbs of the suture 30 of Figure 12A; FIGURE 12 Cis a plan

view of the portion of barbs of Figure 12B; FIGURE 12D is a side view
along line 12D - 12D of Figure 12C;, and




FI GURES 13A, 13B, 13C, and 13D show various surgical needles, where a
barbed suture is attached to each surgical needle. - 6 - DESCRI PTI ON
As used here, the term"wound" neans a_surgical incision, cut, |laceration,
severed tissue or accidental wound in Adnman or animal skin or other human

or ani mal. bodily,tjissu itk ' m@e&;jrpa@"gdmg wher e
suturing, dg?cglﬁla%lt%,fnogsrgﬂegsﬁlgjé&gmg ot %drt@lt@itdslég%rgajS connecti ng devi ce may

be requi r &dgth, ofien enBloag thisledgthe Optimizing thestisprsidangndier thereniighedion glit i s

not limted to, tissues such as skin, fat.. f i ShedlgGtf Organs,
nerves, o el?P@%EPW’Z‘é’%@&%‘?%W?Wﬁ%ﬂTF@escﬂ‘éegggggﬁeg%tﬂendons o?r | i'ganent s.
Mor eover , pdalighidiR the hdd@hy/siRhgthaad wstkhiting the gpfarnatioyalbmrthedesnd tiges- i s not
limted ta, 10 honopol ynmers, copolynmers (such as block, graft, random and
al ter nati%@@éﬁ%ﬂ&&%%@ﬁﬁﬂ%‘rﬂ@%ﬁ B‘H'ﬁé‘?"zi?g'and bl ends and

modi fi cations bR hew FAtbEA SRS &oﬂd‘?p&%e'ﬁﬁﬁbhjﬁﬁﬂy withedpproprigt ude al |
possi bl e structures o? the material. These structures in lu?t%’r: but are not

|imited tiopsionssliexiate distorégmef tissums Bnd help umipEReRSFATLSAY AR 10 e SelAREIGEgh t he
sutures are gdescri QF% s i i sEeeWhNdhe @RteiiMy diefl &i r cul ar 15
Cross se(a:tfﬂlmgﬂ,s“?%ag S ttgereﬁeag%\édou e(aj_mglhg% _hasive a non-ci ?c_ula% cross sectional
shape t hafurgeeie wherawniniaisesion of scarrifgisdmparaitye.sneh 25 gosmeolic SUESHRE Y¥?¥fmt i on of

the barbs. Qther cross sectional sha [ | Ho& A e not linited

_ to, oval MFWEEHEGVECT S fm’gegf%‘fcl%eafg%q%ﬁeg, S‘%I%%ezmcg%%%gfnboid, pent agon,
hexagon, cruciform and the like. Typically, barbs are cut into a -

polyneric-filanment that has. been ‘ ion using a die with a -

~circular cross 20 secti on,gmg)ﬁ%gwmti on of the filanment

[ will be circul gpac@pddnblvithSanMipbct ldF S presetlUinbéh@os, ubbredX pravidedn. batiedever

extrusion dies can be custom nmade with any desired cross-sectignal shape.
Hence, t hesuture for' ciinagating humss ersanimplelisus, $aid FUBHY eQMPHIRE N O %HAsver se

" length of the,cross sectiong.r ' vm,% her _ - i@a is

C circul ar 'o‘F"-:,é’cE‘Pr%m%t?ﬁ%? eé@.%g%.a Sggﬁ.@%ilntg 3’1‘3‘?@‘()&% o rosftb?%rs %E(ﬁgalin%g@m i ve
“sutures deswlyj et tagd fvinpEy o dingeioh ranth belng atla@edd®t resisting moemtentiofithe and

- of course, the dianeter may be from about. 0.01 nm.t o .abqu R or from
about 0. 0L g Ee-0n B0 ARPOTRATESHNCET BF ARiEn if Ahes™s Pofsbu
0.01 mm t oy2Bawt hvife Flspdiifioh BARbESY delttes Bt tBe @RsupvadnyistignEmdinig on
several factors such as Phe | engt h and/ or depth of the wound tq be cl osed,
the type  ofut nggple spivalbdispasitineg ant onsrigeping dispessinop EroRHRRAstihthe

i ke. Typical .suture | engths . ' 1 CF : Dre
par i cul artoFhS Gt SV e haRg Syt Ridosifof B KRR for IETMITL
and " st agogldcag” badlss, useteingra dverlappiagiberb snd dreebeitiss pooitiappedbarbatbbs on a -

suture are i ntended to nean that, the suture h t, | east .two.,sets of. barbs
‘that are oVeHeRPiRg }E’Wgﬁé%ﬂéé‘flé?r%‘dééle ﬂ%ft-%‘@ﬂ?mﬁﬁif’% ‘E%éa?P yide WhRIE pad of | gned
I ongi t udi ”[ﬁ% '%d&@id%hh&” Bt S @1BPRhg barB is ddiRed ERANGanes! ik alpsgeed the

| ongi tudinall'y on the suture, but a plane perpendicular to the suture and
_ cutting trevedamped dhsp, i whetein the rendam dispirdion s archdbatithg reldvepylied B a

barb of the f.jrst,set. wil.l,n i r > of: b econd
02 The' DEpaulhL Rnd pF e RiroS AoERGE body/\E RES Rty RurldBinp ol RS>
whi ch t he fagy Asadion Srediispomelidinden dedi og barb Wieeeii theclodgithdimadi axis ef & t he

barbed suture, barbs of differen i zes,.mgy be | gye I eneral,

| ar ger barddeagtaae farbds aghpagallebtor Pifﬁﬁwwﬂ a@gpf@?ﬁO@igﬁyegﬂu i ssue such as
fat tissue or soft-tissue. On the other hand, snmaller barbs are nore
suitable for joining other types of tissue, such as collagen dense tissue.
- As not.ed above, barbed sutures may be nade fromthe sane materials used
for 10 maki ng conventional |oop sutures. Any particular chosen nateri al
for the barbed suture depends on the strength and flexibility

requi rements. More specifically, bathed sutures may be forned froma

bi o- absorpable material that allows the suture to degrade and thus to be
absorbed over |ine into the tissue as the wound heals. Generally,

‘bi 0-absorbable materials are polyneric, and depending on the particular 15
pol yner sel ected, the degradation . tinme in the wound ranges from about |
nonth to over 24 nonths. The use of bio-absorbable materials elimnates
the necessity of renoving the sutures fromthe patient.




Vari ous bi o-absorbabl e polyners include, but are not limted to,

pol ydi oxanone, polyl actide, polyglycolide, polycaprol actone, and

copol ynhers thereof. Commercially 204avail abl e exanples are polydloxanone
(sold as PDS |1, a trade nane used by Ethicon for selling surgica
sutures), copolyner of about 67% glycolide and about 33%tri et hyl ene
carbonate (sold as MAXON(r), a trademark re |stered to Ameri can Cyanam d
for surgical sutures), BEIEFEE$6E¥REHNSﬂuﬁ fcol i de and about 25%

caprol act one YL SOshbson &
~ Johnson for Q%iﬁ?&%ﬁgﬁgggng eﬁ%@%ﬁ%@?&%gg beghgﬁfﬁ?ég made from such

bi 0- abs qipadl sanREEE babsdissediaal180 degreastagmied speags: of appl i cati ons.

Addi tionally, barbed sutures may he f Q terlal,
whi ch may befﬁGﬁﬁﬂﬁﬂ%ﬁasgﬁ@ﬁﬂﬁ6¥ ﬂEW%ﬂWﬂﬁf gé F%gP are ﬁ§€ (& ' to,
pol ypropyl engygi %ﬁzﬁﬂsq%&a)l&@ f@er aﬁbdmh@m):f th@pie;m&hwnﬁ@muhcwaag

pol yet hyl ene "terep

te, abb ted h
pol yt et raaialrhﬁdrsowm&xhieng-imgqmﬂgfg’ytlbg eﬁe:éﬁés%%a%fﬁ@? Pﬁ&ﬁf&%@?ﬂ?ﬁ%‘ﬁ%
bbr evi at ed -

abbrevi ate ?ﬁ{r‘ﬁ?@gﬁ %)n%ﬁﬁv&%go 1@02]33 @oftﬁ@ﬁarﬁ@@(lmﬁémﬁgm'ez&

pol yet her - es ybutester, which is the condensat

pol yneri zat i MGURECBAﬁmalsgde WMMWQQ@O%W?@?WWYWEH’ ‘?ﬂé‘Pg gl ycol ,

is atr ade”HHGURﬁlsﬁﬁ&@ébhb@aIWﬂom‘mmﬁBdfﬁmbﬂbﬂ%m Fagire;

and 1, 4- but anedi ol mh .ch Gbck and by U. S.

Sur gi cala aét?ﬂﬁ ?‘mag Bagﬁf)#ﬁ%gg tgér%d@\é’% he “nane NO\/AFlL}S}(g’)S whi ch
), or

pol yurethane. Alternatively, the non-absorbable naterial may be netal

(e.g., steel), nmetal alloys, natural fiber (e.g., silk, cotton, etcetera),

“and the |ike. Mst of the bathed sutures discussed bel ow are described as
“having their ends belng 5 pointed and fornmed of a material sufficiently -

stiff.-to allow for piercing tissue. It is contenplated that the ends of
the bathed sutures may conprise a surgical needle. In this enbodinent, the
barbed suture is adapted for attachnment, such as by swagi ng, - channel

_wrappi ng, heat shrinking, or eyelet threading to the surgical needle for

insertion into tissue. Attachnment by swaging is well described and is
typically acconplished by inserting 10 the suture end into the surgical
needl e hole that is longitudinally disposed at one end of the surgical
needl e (usually the hole has been drilled longitudinally into one end of
t he needl-e), followed by crinping the resultant about the needl e hole so

-that the suture is secured to the surgical needle for insertion into

ti ssue. Also, sone surgical needles with a |ongitudinal hole in one end

~.are heat-shrinkable tubes that are heat shrunk after insertion of the

-suture in order ‘15 to attach the suture to the surgical needle.

Additional ly,” sonme surglcal needl es have a channel or trough at one end,
and the suture is laid in the trough, followed by wapping to secure the
suture to the surgical needle. Surgical needles with a conventional eyel et
type of hole transversely disposed in one end of the surgical needle could

‘al so be used, .but are not preferred for barbed sutures. For the present
~invention, part of the discussion- below regards 20 surgical needl es swaged .

w th barbed sutures, but it.is contenplated that any other suitable neans

-of attachi ng needl es can be enpl oyed. Attachnent of sutures and

surgical needles is described in U S. Patent No. 3,981, 307 Borysko, U S.
Patent No. 5,084,063 to Korthoff, U S. Patent No. 5,102,418 to G anger et
al., US Patent No. 5,123,911 to Granger et al., U S. Patent No.
5,500,991 to Dermarest et 25 U. S. Patent No. 5,722,991 to Colligan, U S
Patent No. 6,012,216 to Esteves et al., .and U S. Patent No. 6,163,948 to
Esteves et al. A nethod for the manufacture of surgical needles is
described in U S. Patent No. 5,533,982 to Rizk et al. Further, it is noted
that the surgical needle may be coated, the coating allowng for the
needl e of the inventive conbination surgical needl e/ barbed suture to be
inserted into tissue with less force than if the surgical 30 needle were
not coated. The coating nmay be a polyner, for instance, a silicone resin
coating. For exanple, an inproved siliconized surgical needle that
requires significantly less force to effect tissue penetration than a
standard siliconizecl surgical needle is described in U S. Patent No.
5,258,013 to Granger etal. - 9 - The barbs are disposed in various
arrangenents on the body of the suture. The barbs may be fornmed using any
sui tabl e method, including injection nolding, stanping, cutting, |aser,
and the like. Wth regard to cutting, in general, polyneric threads or
filaments are purchased, and then the barbs are cut onto the filanment



exterior of a suture filanent. 15Wth reference now to the draw ngs, where
| i ke reference nuneral s designate corresponding or simlar elenents

t hroughout the several views, shown in Figure Ais a side view of a
barbed suture according to the present invention and generally designated
at 1. Suture 1 includes el ongated-body 2 that is generally circular

in cross section and that term pates in end 4, 1S ] in one
embodi nent asFISETRIg A & aded "?‘Y)Ppal?@ﬁ'gf ?rﬁli’cf%enﬁ Bf IF?grsesﬂég* ﬁlgﬁdo}*’[sgh?g’h%d

cont enpl ghefled Adtire BAFis i-HRLH6QIMWith Herba dRpased ibal 120 degibestigpetedshasing f or
insertion into tissue. (The other end i SAEEO%BS{;@WB. s%%einsﬁg@feﬁAl

i ncl udes pl urBIGURE #B isc soctiongl sy alane Fag 48— 5 8 4 ghfﬁed’ I'n a Staggéred
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base of one barb 18 of barbs 18 does not intersect the base of any barb 20
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Suture 30 may be nmade with the same cutting machine as suture 1, such as
the cutting device described in the above-noted Serial No. 09/943,733 to
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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. Likew se, a transverse

pl ane that is perpendicular to suture body 32 and that intersects the base
of one 20 barb 49 of barbs 49 does not intersect the base of any barb 51
of barbs 51. Simlarly, a .transverse plane that is perpendicular to
suture body 42 and that intersects the base of one bath 51 of barbs 51
does not intersect the base of any barb 47 of barbs 47. Also, a transverse
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the bl ades are rotated 180 degrees so that they are now di sposed in the
opposite direction and over the uncut half of the |l ength. The bl ades then
are allowed to splice into the other half of the length of the suture
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S, shonI TP E ARGITBr A her MR UERR R los force thlh MRl
genegal | eediesvegeadt @dated. 'Em&waangmay\bctarpo}yam,éml ,rﬁgsllmaft repig cpeﬁma t wi st

cut nultiple 10 spi.ral re 60 incl erally
ci rcul arﬁglbaglgplg Wwveéﬁ%’ﬁﬁgﬁ‘g ‘B%‘ﬁ?}'ﬁg%ﬁ"f@%t% ﬁa§ es gQi?igé{m?nt od réeéﬁg 64 for
penet r at gt fidssS mﬁdoﬁ%aﬂiszbﬁdmmlemmedm@memmmm USnaténte a

surgi cal_ needl e gﬁot shown) for insertion into tissue. Furthernore, suture

60 i ncl Mied-BBdHalte Brngsr iabsel y spaced barbs 67 arranged in a twst cut
multiple spiral pattern around body 62 and facing in the sane direction
toward pointed end 64. 15Figure 5B is a cross sectional view along |ine 5B
- 5B of suture 60 in Figure 5A. Due to the twist cut nultiple spira

di sposition, each respective bath 67 seens to be smaller 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 simlar cutting machine as that used
for making 20 suture 1, such as the cutting device described in the



Next, the bl ades, after having been adjusted to a predeterm ned | ength,
simul taneously splice into the suture filanment. The cutting action nakes
cuts to create barbs 67 so that all are - 17 - facing in the sane
direction toward pointed end 64. After twist cut Multiple spiral barbed
suture 60 is released fromthe vice apd untw sted, barbs 67 are di sposed

in multiple spirals on suture 60. Turning now,t e 6A, sh IS
anot her enbodrrrmxatbsafedaspesqdnesmls PTRREATFYHON %“’&H ‘1%“ F%S%ef'%ﬁq?ws
desi gnat ed at ol pr nibMHoBimdldihg, Rabiping] eutsyy, r al
di sposi tpﬁiﬁg% ?ct]ll&glg]agy %’ﬁe R lstnfling qé ccept: t

Simlar to suturé except .that suture 70 is
bi - di recras@mkitheﬁmeumm&egardm@m mlgsnfg‘als me%rg/ﬂmezd% AL Aer al | y
circular in cross g?r.l}_ and tthoartotfug | n first and second poi nted
ends 74, Fgchaged: ?”r £ Pargs pE s 'S con ghpl ated that one or both of
ends ¥4, 76 nniécﬁ@zﬁgmageemaaumgm&iammm@m@mﬂmmw ti¥isertion into

tissue. 10Suture 70 further inc)ude ¥, ¥n SOAERE, bar bs
77,78 arrange‘ﬂ"?fﬁt'-"*‘t“%@‘?‘1‘%‘33%5"5(5’[“?‘35%k ‘ﬁ?cgq gr%agént%?g%%%e? ng a multiple

spiral  aggond;RegiedRa PR, B&x&ﬁrslS@ﬂBMdmsqddﬂediAugusnﬂhéﬂ@l rerdiscluRP ¢ hat

IS appr oxi mately 3 inches (a C)pI‘OXI tely.76 m each
end porwﬁ)ﬂu@smw@mqtndévm ALt g S H "eglas aﬁlﬂhﬁ'l H” d& Pural ity

of barbs ZJ‘F‘S‘ SR8 a st fﬂb&h&ﬂtph&yﬁ&lmwungﬁtablanﬁmmfmwnﬂgar bs 77
p0|nted 15

facing t Ova end 74 for a part portion
MP albngbarbrel shmaytulilizes asuttingded@, viss; ?ﬁeloéfff‘?c %{1\92 8?5 %megg are

arranged _in ! L&tﬁema\eﬁéﬂhm ace@mmebea&nﬂadﬂmgmeomrd
poi nt ed %nga%&%}deg%g ‘Hh&é@ TB@ t he ot her rﬂ proxi mate hal f ddI e
‘pot i on I\A]is@haﬁmhghdmwmghﬂwcmn @@ntheieseencmﬂg@ﬂseowéi? e frapyve ‘i‘ona|

- view al o I i ne 6B of N 268 batd4ali GseHQnitI’fbe mul tiple
spiral c SE’B}?“ rﬁgtggdeﬁ%l}g@]éfybar bg%ﬁseem; to S%e smal | er and

smal | er é)ﬁeri%aﬁhakuﬁuré&wn’fm: and farther away from pointed end 74 (not shown

in Figure GB) s illustr i he eraRMdddioRatd 0 My be
madel ﬁ?\nth t heW: H‘BcerE‘EFFﬂO 3 ﬁ*c‘ﬁ%%’ggsagﬁ’%uﬁgé?e g ne%Such as tﬁgacuttl ng
devi ce d&ﬁﬁg%-ﬂaﬁi gloPsitdiler cibRwRs thedugtioBele saverloviewpo Alea, in Fpureol SSRGS et

al., but wwth 25 the foll owing change nblad the tw st
cutting Yiewieha bathed wiury accoEdingio ?B‘gﬁ’&‘ v?nr?o%uf“?kéﬁ%&hgplr Q%H?l -

preferably arsemgf,' ¢ lchhe@biohBRe RIS 2ithdTes genewlly bieculafin eosstshesiogiapétiat on -
change for the

d barb$ 78 d t t hat
pref er abﬂegmlaates mrﬂgégz H-nét%r“! ﬁ'és%aéfﬁ’é“ PPW%%‘%&& lﬂ%rnﬁ?iﬂ |89 E:OSP? [%lrtlléﬁlll%s he 2
sut C :ﬁl et lssco{it%ﬂlaﬁa@%f.%% '&&hﬁﬁﬂz uriheil Besdlecthotshokm)FONDT €

specTti Sec |nches (about i.n length of a
suture finhemmmlta tssmm(%‘b@dthemmdm@@sm} Res0; sred 1’%%‘6‘[??11?“%'8{1?#7 i nches

(about 178 t uSi-aR&bRA disphsiidnl M@t her end i's
gr asped ?}ﬂ%}%&’ﬂ‘%ﬁg& 8€9 ﬁiné‘%‘@%élfk#eéu So the twi sted section of the
sut ure fipeaedty, hasl yaipaced bR/ Tare wdially apageei Abont A e desgess oM duhen t he

suture fil ament |sthen|s | aced h
"~ Twi stl ngstpgesTed it respect ?)8%“?181‘ aedzl%?@dq%ﬂib:aﬂ)gg gf%h%%ommee%ggr ngr)tned nor e
or | 85S, sef k7 dedink @ ?aaemmub&nuaﬁjotgp,lanawgh th@gnlmyie@@df‘we?ﬁoaﬁout 2 to

about 17 tw sts per |nch or about

5 10 abomoqmw"mcwwem%e%@& e BER Aty Bkl odbhant Ricko R 2

bl ades, Iﬁaf ﬁe@ theaaflj usted to a predet erm ned length, splice into
y hal't of

appr oxi mat e approxi mat el 0 I
| ength of m dEigvaepBrWhlGhlﬂ\PmmSW %’/‘Bﬂ ?‘E‘Féﬁ Fi?&% (elalépr@%?]r‘rr)atel y

\}\nlﬁh mtT)h e{“)gq m«(gégle%i{ﬂu angréeX%éf El‘dd?dmsﬂ &gﬂee%rﬂahgesmenmﬁliarbag acti on

I'ng cutsto create barbs 77 sot | . gin
one 30 rewiﬂxmspéommbadaspblmsé@bmd)emen %a}t?ﬁdh H@gﬁ{s ere 10

are on the #athusedemt toclee mMay be
one cutt?ﬁﬁ@sﬁ%i’?g%F]fSC? toﬁ%ﬁl%ﬂ%d]&%@wssh?ﬁﬁh?‘?glneous@ . or St%r%gr g
r epeat edjafpé than Gartiiof dverysfirsriarh 9 pfiberbed.idue ¢ the ABEgerse- WH%""?‘? Pg?’gﬁé% car ped

into a portion_of the sutur f|| REBf ﬁchﬁrmj@giﬂg,sar@egﬁgtated
180 degrie@epepdieyianio sfte th(ﬁd glt;t)ose Pengtﬁe %pp05| te direction and

over they M(m@ﬁisEopﬁnﬁMbgwbm%teW 3 inch (approximtely 76 m

|l ength 15 of middle portion MP of the approximately 4.5 inch
(approximately 114 mm tw sted section of the suture filament. The bl ades
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

t he opposite direction toward pointed end 76. Dependi ng on how nany bl ades
there are on the cutting machi ne and how nany barbs 78 are desired, there
may be one cutting notion to cut 20 all barbs 78 sinmultaneously, or there
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- 19 - and a right group with 39 barbs on a second portion of the suture,
each group opposing the direction of the other group fromthe approximate
m ddl e of the suture. The specific cutting machi ne enpl oyed had 13 bl ades.
Thus, for each group of 39 barbs, there were 3 cutting notions (3 x 13 =
39), with the blades being offset witfpa guide for each of the 3 cutting 5
not i ons. Each suture was about 7 inches (about 178 %j gng. The
m ddl e porti SuuvP] was babadt wih agotiog magiies tharpsodeRgs (Ve segfs § mtai ned t he

78 barbs that were scarped [nto the.sut | eaidé BGideyond t he
3 inch (YHapnyresshaha 'Iaalsbﬁ%ﬁﬁﬁ&wwgéﬁe\?gﬂ&%ﬁ%ed e%d portions EP

of the sgdstiitedil@b avve@ordSariaNwL09/243 ddteSepenscttl 51 nmm) | ong. 10
Dependi ng on the suturing technigue,. one, 0h.bot | E suture
may be suffi dightet ¢f %Sﬂt%&%‘ﬁ@"’??%?&gf’%d%lﬂgé fhofid e ot R B

r 1ns (Ion Into tlssue, or may
CONDIg Seman Siid 3 EHiaded, wela\Retctiingied ingthesilibes into the suture flamesftat &gt h of t he

twist cut, 7 inch (17é bar_bed sutur.es.was _teste t . One

net hod vengleseleeted fomea s T RafRtmEedn Opg %?Wv%ggrt% Rﬂntg%db%d 6\;1\?\7%?‘ E gﬁ%ii'est er .

and the gy of Dok B LRGN YaRertsbifiny it Glades onginminaly (esteatilieistageging)

For the straight pu tensile strength neasurengnt ,}aerﬁéhsnggv\%ls thrfor med

using a @wﬁ@@u@d@e&mmw@aﬂdﬁ&%wwm&w@%‘éﬁ NRPATEF eadi ng

of 10 rep Qsdh iki cdetstfmodwstinseenofded f or
B D B e B st ur o

the bar b s an orthe conpari son unbarbed sutures. 20Conpari son
" unbattbe thashst Uth@tsaredreadypaity di oxanone nonofil aments (a synthetic absorbabl e

suture materigal) of_vari ? i AL ot ofth®3d8sdnnich (about
0. 457 mm, absg'ﬂ%mﬁ?ﬁﬁgmiz%g%sﬁ%&ﬁwg!cgg%ﬁmﬁf%nd aboﬁt 0%%?15 i nch (about

0. 292 NMphventibh &l i@ like sunmpd céxcept|tyat shtnrgHi0|iy bi-difegtianak (Safre foinclii%seq St at es

- Phar macopoei a _si ze 2-0, and 3-Q f.or st 1 BQ@biﬁ aMhateSs. I n
accorda @&ﬁ}eﬁﬁoéhf%tgéf%%%@@yﬁﬁg‘gﬁég%%%. a sbé%? I cations 35 for

synt het i frsBina @6doal bein@ bhdses!, 16 fargefitiating Gssui. aAbsodt iscarigapleed 48608¢ 0 35 mm

to about 0. 399 size 2-0 _has ‘a .di.a e n - : t o about
0. 339 mAr batpnds b 16 My GQUPHSeH W@P%%@g{%?%f%wg%e%m%m&%@bout
0. 249 MAjgo, suture FRGAURRIPLAEILS UE BlogIyERcgl bagpdd, 1, 1820Rmengtdiya bei ng hel d

with cork gas et padding in two respective serrated jaws, whereas each
unbar becst%sclﬁdbl-dmﬁgwg'ﬁwﬂlﬁ“- each end by being 30 wapped around two
respective c %c{ LngHhl '%fagagw dracedtalts a7 srevadisilusedgddubotmdlsdi ng t he
unbar bed sut 3@@% of%\%i(l))?(?!lgtﬁ]?tgss an istensisfo . qu\fﬁ-,”ibon of each
suture siegmenfrombed sieggeradneith tespegt foharality ohadlix saced barbe 1% WIS (about
126 ] ngth. . which, i &E@ﬁ R hatl 8f 16 oSt} &F sBfure ERNEMMiNEY, t he

ent i#bg) é?ﬁ%ﬁaﬁg‘g@?’@%g%f@hﬁ&ﬁgr edom' ddl e or?@on. -20- Each speci nen
was pul | gckaligrgatiblly spatddybass 18rre ragiallylsrenged @bqup t3desresbBOM 2984 ) per

m nute until breakage occurr.ed, 28505t kged fagnd he strai ght
pul | t eri¥qsggre W’Eﬁ@‘gﬁt?oﬁumﬁ‘%qfh%]% Eﬁ%éghare s’umTErgii%gég’ in Tabl e 6A

bel ow, afghtsd\éndl 8o dnghier partin(apganinaely tirotfr baPoitholengh) of 8% 1y ni num

- requirenents for conventional .(unbar.be r. dstighiRt i C
- absor badfiest sghpbarky 17, 1de e@’ﬂ’lgﬂeltggfé? ?ug%@%ﬁgﬂﬁgﬁhﬁe I mim %eq{})?r ement s
Bar Bgd QboddalRer eabstd Woe A ZRsdH, RiofbirbP1l, 1 8,(1902dkfine subskintallyrhy |
(pounds) Unbarbed 0 17.72 8. 60 Unbarbed 2-0 Hﬁrs%fs 5 81 UPP% hed 3-0
same one plane due to the radial 180 degree arrangement of 1irst set of barbs 17,
respect to second set of barbs 19, 20.
Pigure 2B is a cross sectional view along line 2B - 2B of suture 10 in Figure 24,
more clearly illustrating angle X, namely the radial 180 degree arrangement. Due to the
30 staggering, first barb 17 of barbs 17 is closer to pointed end 14 (not shown in Figure 2B), and
thus, appears larger than farther away first barb 19 of barbs 19, as is illustrated by the

stippling. A transverse plane that is perpendicular to suture body 12 and that intersects the

base of one barb 17 of barbs 17 does not intersect the base of any barb 19 of barbs 19.



8.82 3.90 Barbed 0 7.03 not applicable As can be seen, escarpnent

of barbs into the size 0 pol ydi oxanone nonofil anent reduced the straight
pull tensile strength by approximtely 60% as conpared to the 20

conventi onal unbarbed size 0 pol ydi oxanone nonofflament (7.03 pounds = 40%
of 17.72 pounds). However, the stliaight pull tensile strength of 7.03

pounds at breakage for the size O | ydi oxanone .barbhed syt i ch, due
to the eddkpfisreniransversplansiipds W@%ﬁﬁgépfsgmn@gyg:égﬁ%{hgﬁ "téﬁlsgftgiﬂsa smal | er
t han t?e Hgg@df%ﬁg?g&ggmblrgg*gv_&jﬁgh&htﬁﬁb;swﬂbﬁlbwuséaiﬁymrﬂzp?fwmnone 25 f
suture) conpared tfavorably with the m nium no requi rement o
8. 60 pounds f §uturerld @ayﬁ@mawlmﬁwmm’aﬁ?mﬁgr%}ﬁgﬁ“% W e.
Addi tio “ﬁeviéé &a@!zg!ék i Lékbé\%%kédeseﬁwm 951043 251 15 GHR6E: @al.fexeepe diththe

al 'size poly

addi tion I oxanone barbed sutures, as discussed belowin

- Tabl e$ 7 Helk&ying chapgarinbbade divealiorh Fi gures 7A and 7B. 30For the in vivo

per f or mance, nonarel d.ﬁﬁ&i Uig 2 sulfBd SiakhieRds pikdeag heldog, 7

i nci si ons Werg M%eteﬂfbf e nﬁgfﬁax ?g\ﬁ cé_, r_t hisah (tw ceL, pf | ank, ventral

mi dl i ne, imthe visaytemaiades nplicearith aofirst ¢veting actier igtosppronimately half otthe lepgth of | osur e

sites. The | en of eac - 1,5 NG SI t140 i nch
(about 13 ﬁ%@%ﬁgbﬁ@éﬁggact%%éﬁ%ﬁwg’g{ﬁ tLe geplfh%?ﬂ’ each
i nCi si on tyAsades A rbthed $8DAsghdes sathatibeyire now dishese & the oppasite direction andsj ng

t he barbed sutures (all de from.sjze ok.ydi e i t), 24
of tHE sivedbgmert ]E’*gfdg gﬁqg'?f%l?‘ t@%%\% g%%?&talllnlé ?@%a%?ﬁ%n%@?%%gé@g?g cl osed
wi th var W@nog@i SRS Rfiurd Fifdnins with aGevdre aitiinnattion haedebhrbut & fagsg {nithsi t e
with size 2-0 silk braided fil a%raegﬁte, 6 sites with size 2-0 nylon

- ronof i | anepRsite gifrgtion topwarkpeijtedhe 3-0 pol ydi oxanone nonofil anent), which

“were knotted. nAll e bREdsHPe Bffsed Icn8Rudi@Bly PRIckaidTRestageangh abgutthalf af thandomni zed
schene. he i i

ogs were nonitored daily, and th%ﬂ subj,ec%ﬁgﬂ% Bo )
eut hanas flongiedinel distepes; betweaniworof harbyi7, gachlse the suruse flprenf ssTotpled 200K o1 yat ed

- macr ggcopk Yo ide o] 3 Quid RHBodihORSRrsdA: raidseainsitans, and
| oca ?ongk%%g{'%g%tg&&éﬂﬁ{cgil%&l pposegl wth the size Oﬁ@ol ;llcll xanone
bar bed s W7, uBabat atecajreatiyodub s Blknaf seqopé sat ofbirdirepionabards 1P, Adtheh 11%5

t hr oughout,. t he, 1 ay.observation i 'gﬁlc(gfrm@s HiabRa: t The
site appﬁ%"@ﬁvﬂ?‘ta‘ﬁirgﬁém@gﬁ%oﬂlls’lé)n@?%g%égg%g%‘lpgh?ff sut ur e;mgﬁd a.t he sites
apposed wiehis bhide 20 Giaingih bandirectnh avbaetipgintky erdobba Tda dirg Guiing &cti®R 30 heal ed

w il wthaqut conplicat.i ons. No.dehi sge 0, ) - he 6

t opi cal 1°Weég¥ Egar%g&% a@ﬁSﬁW@“ﬁ%‘“@P”z@%’é@ gT% ﬁsyﬁ%%tﬁoaﬁ ?%wndelg sod 1

convent i fRAppesRAlrbRidn S B She ihcsi Hatfof eheledypth. eThefidades ale then allowesd ot e
suture | oss, apparent|y due to self-mutilation by the d : in the
convent i SHigE lmﬁﬁpé@r paEefi the i;ngtix&f & %f%amr}tm %E’F%%rf‘glr?iudlgl'gg@%ﬁ?zed
pLessuremﬁe@m%E'W?écﬁlg%ﬁ{e rsbiRdowitdipoiatdyns boul d not mani pul ate 20
the sutures. T

us, barbed sutures should_help. obviate th roblem of an
ani mal nani pulnaniatemnating esthodipept Giet shoe) E‘Hfﬁmg’é%?“mﬁ suture ﬁg’ﬁﬁﬂﬁ‘#’?,"g}t he in
~vivo per ' FRARIONSd PainitaEns Ub widH on of -
~efficaci %@ﬁﬁﬁmﬁ%@?ﬁ@@%@ﬁﬁgﬁﬁo silk braided fj I_a?reﬁ%fﬁ unbar bed
sut uz®s, sutie 19ivdth H2:8 18y20mayrbansithera fasing toward ppiatedent dte ¥ithdhig t he size
3-0 pol ydi oxan nonof j | ament Skl SSinsertion devlcl, sabh
al t er nat Yﬁugﬂ%‘% S“%Jﬁ%ng@ﬁg\%ﬁgsg]?%ﬁh%ﬁ%l rectiﬁglggﬁm_%nvw st cut, asrml tiple
spiral stiatdhewnGn theABoveardtédd.So PatsuttNn. §,3%2,38mtodkifE hAdditienalipdtis gotdr bs 77

h barbs 77 i d poi pt : ' t

70" on wiiheh desifeds St by B pel i oS Yy B8 o9 ol B b kahe °11 100
end 74. Middhdlahil Sne/stiriict WiRR barbh eachaithedtharsndy @ two portiohewBbirbsferingd int o
U &30t canenland Grapoiapmovitbi omaeiad: Sbang Stn (o lSnBaRt Epn® o5, 1
may be e§§@&i€f?gf il bt thiIBE the/SBMirdérddo ABEChItRGRS bibs birelxdjebent frhem, thg an end

and 1 portion wth barbs facing the other _end, qQr 2 portions with baths
faci ng aberbestsutimewould bednseried infq BssuaWHR 20 JserHER I9Y&%t her end, and so on
(not shown), j %‘]str ' RS 18PaepRle abdfgen@nt With sut ure end
to which _ ﬁ?gd‘{aﬁéég%%%? S arutédrgg?‘glfégeﬁt t_%\en, t he barbed suture would
be i nserdiegpeiing B that SwU@Odeptes apacingse reatiby. fabdcatesion relativelysmalidiametshe of a
barbed suture having a twist cut, nmultiple spiral disposition is that such
a bathed suture affords better wound hol ding capability as conpared to the
120 degree :
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N

5 spaced bat hed suture. The reason is that the twist cut, nmultiple spiral
pattern results in groups of barbs that conpl enent successive and
precedi ng groups of baths, which tends to provide inproved anchori ng when
the suture is in tissue. This feature is especially useful for tissue such
as fat tissue, which has fewer connectipve fibers conpared with other types
of tissues, so that greater suture retention force is desirable. 10Wth
refer encé’ilamntsandmlegstaggem impteyeranchoringpedorenes. Bugids Predsieliens ped

suture 80Q. Bar b ¥pa2ii@Gesbritad bs 81 on
el ongat e s uﬁ‘tﬁg%eb Igﬁ)jjeé%ﬁr? Sg&ﬁ;n%@;a%‘l y %a%g%rgé %318?)' c?éss sié}ctl orrl Each barb 81

has bar b effeqiv8 anchShmyperfarmareet ur e | ongi tudi nal axis A, suture dianeter SD,

barb I ength L barb c de C
opi ral | 1y anguTire tgte pleacy AeweRih £ille ARbEmbmer bl e e altae
CD. 15Fi gbb’o@dlﬂf,Btdtﬁe ﬁrb@nﬁﬁﬁdnuﬁmahd gmbealmdemgrmmduat tmm Bot Sutuier30ds ke e 7A,

but rotated and cIa edto al i r sfor neasu e cut
di st ance SHUk gwe 1a4exc hat 1 aqing fors 58%:1'1 éte cut ,

mul ti pl em%gyaaaflgomegl@bsrﬁqgg]@aalfommed suture, like suture 70 in Fi gure
6A, but illustrated as an enl arged section bgdxcl),{zstﬁr to shgw nore. detall

with respect Morepaaticulsrly; sytiras? meluges glopegted af i gegerally gireular i
| ongi tudifal ¢ +1§anﬁ‘ﬂ1a§ﬂ:uﬂfn§tegﬁl pHiREEERY 3435) poadFdoink GRGE. hItEacob&liﬂplatw dept h
gle

D, barb cut an { distance P, spiraljty angle a, - out eressron
CD, #hd ﬂ@tmdrﬁismﬂy cgmprish 2 sugicdl aprde G Obﬂmw sothat the %\’/B‘Ff‘ecaé‘ éc‘ﬁ‘SFFE 1"

several fugst f‘éﬂd&é&%t%% 5%@&%(&}9%&%95&&&%1W&ﬁaw ed from
nonof i | amen rom I oxanone and having a di aneter of about 0.018

~inch (abspmecnbm;?ssnsﬁ, 39vla1w‘rgcdso thial gfhfacs/ingthe w@amqonéowpweaéuepé%nt for

a size 0 E?ngsg%sé gg&%%)?g)lﬁ §§st%é%, rechigfal suture contained 78 baths

i nt roduc 1’pl'& spir patterns around the circunference
of the sutureAlsSJames;talmlﬁza:rstﬁé mradxaﬂyadaquuhbm degiees/fropaad di vi ded into

a lef ou h 39 barbs nd a group
oppost ng® "i‘%% "’F‘ ?PS?Ftbf"x SP8??E‘(elr“9%r333‘68 F o (ﬁ appr e??arra‘gtzﬁpn ddl e of
the sut UaGsredsdolh fd stAERerbwitR Rpdc ﬂo a:ditﬂlyeﬁac(adibnh:t 391 Henoeyjexiabpgpacdhe ni ddl e

portion was. about 3 inches 30%%?‘? E rm%i n% uturet and. cont ai ned
the 78 blaths3q waelsqarmeedabonplif desress fRe 20 sapseted ¥ t%xa’[‘gﬁgi ng beyond
the 3 i nglddibib:2%) ARarbas oridh&aPotdegRe hl@M@élﬂerﬁﬁﬁ'Et S barbs BEdefi@r & t WO

unbar bed "end portions of the suture filanmen at were each about 2 inches

(about SS.leﬁmtlﬂlbﬁlgF same pesplengy serend st @PP‘?&W ?F&“P selstptifly angther ey ot 1y ends
of the %x ?.udQLi%rd seb BE bHibs mﬁlﬂ@ stidfahlifliyaaii laotRQisith€eneAilshel iThiugl f or
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suture). Then, barbed suture 80 was nmounted in a twi sting device with one
end of suture 80 clanped in a fixed position. The other end of suture 80
was rotated toinsert twist until barbs -24- 81 were aligned. Next on
barbed suture 80, longitudinal cut distance P between two adjacent barbs
81 was neasured m croscopically between-the two respective termnus T of
the two successive cut-out depressions CD left in sutur 2 fromthe
escar preintersdctsttinbaseioiume a3 bads 89 doeprat iHFEPH e %é"s"fg‘gp’gﬁ%a?g ed for 10
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mm 0. 86 madkifGisQowQised 18 pidiiuce 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

10 direction toward pointed end 34.

Next, the blades 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.

15 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 is rotated about 120 degrees on the vise, which is equipped to accomimodate both
alrcady cut first set of barbs 35 and already cut second sct of barbs 37. Following the
jongitudinal movement and rotation, third set of barbs 39 is created in a similar manner.

20 Preferably, each successive barb is escarped at 2 position about 120 degrees around
suture body 32 from the preceding barb and does not overlap with any other barb.

With reference now to Figure 4A, 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

25  terminates in first and second pointed ends 44, 46 for penetrating tissue. Also, it is
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

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

As a result of the radial 120 degree arrangement, first set of barbs 47, 48 define
substantially the same one plane; second set of bérbs 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 a]oxig line 4B — 4B of suture 40 in Figure
4A, shows more clearly angle Y, namely the radial 120 arrangement with greater specificity.
As illustrated by the stippling, first barb 47 of barbs 47, on account of the 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, atransverse
plane that is perpendicular to suture body 42 and that intersects the base of one barb 48 of
barbs 48 does not intersect the base of any barb 50 of barbs 50. Likewise, a transverse plane
that is perpendicular to suture body 32 and that intersects the base of one barb 50 of barbs 50
does not intersect the base of any barb 52 of barbs 52. Similarly, a transverse plane that is
perpendicular to suture body 42 and that intersects the base of one barb 52 of barbs 52 does

not intersect the base of any barb 48 of barbs 48.
Suture 40 may be made with the same cutting machine as suture 1, such as the cutting

device described in the above-noted Serial No. 09/943,733 to Genova et al., except with the
following change in blade direction.

For first set of bi-directional barbs 47, 48, after the suture filament is placed and 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 éplice into the other half of
the length of the suture filament with a second cutting action to create barbs 48 facing in the
. opposite direction toward pointed end 46.

5 Next, the blades are offset longitudinally (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, which is equipped to accommodate first set of bi-directional barbs
47, 48 that are aiready cut. Then, for second set of bi-directional barbs 49, 50, the blades
splice with a first cuiting action into approximately half of the length of the suture filament to

10  create barbs 50 facing in one direction toward pointed cnd 46. The first butting 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.

15 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 aiready 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

20 51, 52 are made by having the blades splice with a first culting action into approximately half
of the length of the sufure filament to create barbs 51 facing in one direction toward pointed
end 44. The first cutiing action is followed by rotating the blades 180 degrees so that they are
now disposed in the opposite direction and over the upcut half of the suture filament. They
next splice into the other half of the length of the soture filament with a second cutting action

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

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

Tn 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

30 portion of suture 40 having barbs 48, 50, 52 may have them facing toward pointed end 44,
With this variation, the barbed suture would be inserted into tissue with an insertion device,
such as that shown in the above-noted U.S. Patent No. 5,342,376 to Ruff. Additionally, itis
noted that, if desired, barbs may be escarped so that there may be two portions with batbs
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 multiple
spiral. Suture 60 includes elongated body 62 of generally circular cross section. Elongated
body 62 terminates in pointed end 64 for penetrating tissue. Also, it is contemplated that end
64 may comprise 2 surgical needle (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 5B — 5B of suture 60 in Figure 5A. Due
to the twist cut multiple spiral disposition, each respective barb 67 seems to be smaller and
smaller as each is farther and farther away from pointed end 64 (not shown in Figure 5B), the
illusion of size difference being illustrated by the stippling.

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

More part;cularly, a suture ﬁlament that is about 7 inches (about 178 mm) in Iength is
longitudinally twisted for a portion of the suture length, such as 39 times for a portion that is
about 4.5 inches (about 114 mm) of the suture length. Thus, an end is secured, and the other
end is grasped and rotated 360 degrees, 39 times, s0 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 predetermined length, simultaneously

splice into the suture filament. The cutting action makes cuts to create barbs 67 so that all are
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disposed on middle portion MP that is approximately 3 inches (approximately 76 mm) of
suture 70, with each end portion EP of suture 70 being barb-free. More patticularly, plurality
of barbs 77 are arranged in 2 multiple spiral pattern with all barbs 77 facing toward pointed
15  end 74 for a part (about half) of middle portion MP along the length of suture 70. Similarly,
plurality of barbs 78 are arranged in a multiple spiral pattern with ail 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
20  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
25  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.
30 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, s0 the
twisted section of the suture filament has about 8 2/3 twists per inch (per 25.4 mm) vtihen 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).

5 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
sutore 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

10  are on the cutting machine and how many batbs 77 are desired, there may be one cutting
motion to cut all barbs 77 simultaneously, or there may be repeated cutting motions until the
desired number of barbs 77 are escarped into a portion of the suture filament.

Then, the blades are rotated 180 degrees so that they are now disposed in the opposite
direction and over the other half of the approximately 3 inch (approximately 76 mm) length

15  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 desized, there may be one cutting motion to cut

20  all batbs 78 simultaneously, or there may be repeated cutting motions until the desired
number of barbs 78 are escarped into a portion of the suture filament.

‘When twist cut multiple spiral barbed suture 70 is released from the vise and
untwisted, the first cuts and the second cuts result in barbs 77, 78 being in two respective
multiple spiral patterns on two respective portions of suture 70, the two respective portions

25  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
polydioxanone (which is a synthetic absorbable sufure material). A diameter of about 0.018
inch (about 0.457 mm) is slightly larger than the size 0 synthetic absorbable suture, which has

30  adiameter range from about 0.35 mm to about 0.399 mm in accordance with the
specifications of the United States Pharmacopoeia (USP).

Each suture contained a total of 78 barbs introduced in two respective multiple 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 barbé, there were 3 cufting
motions (3 x 13 = 39), with the blades being offset with a guide for each of the 3 cutting
5  motions.

Each suture was gbout 7 inches (about 178 mm) long. The middle portion MP was
about 3 inches (zbout 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 mm) long.

10  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

15  other method was an in vivo performance test with dogs. '

For the straight pull tensile strength measurement, testing was performed using 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.

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

25  for synthetic absorbable sutures, size O 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-Ohasa
diameter range of about 0.20 mm to about 0.249 mm.

Fach 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

30  wrapped around two respective capstan rolier grips. Capstan rollers were used for holding
the unbarbed sutures to avoid stress and distension.

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

inches (76 mm) of the barbed middie portion.
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Each specimen was pulled longitudinalzig 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
5  USP knot pull test minimum requirements for conventional (unbarbed) sutures made from a

synthetic absorbable material.
Table 6A
(Tensile Strength)
10
USP Minimum Reguirements
Barbed or Unbarbed Suture Size  Straight Pull (pounds) for Knot Pull (pounds
Unbarbed 0 17.72 8.60
Unbarbed 2-0 11.86 591
15 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
20 conventional unbarbed size O 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 O polydioxanone

25  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 teasile strength tests were performed on additional size 0
polydioxanone barbed sutures, as discussed below in Tables 7K-7Z, in connection with
Figures 7A and 7B.

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

paramedian, each of the 7 incisions having 1, 2, or 3 closure sites. The length of each



0.40 mm 0.449 0.057 1.18 nm 0.944 0.098 2.48 - 27 - degrees 9.401. 606
Table 71 (size 2-0 bathed suture) not applicable Ratio of D. L. or'
P over Suture Units Average Standard Deviation Dianeter (0.381 mm) degrees

161.0 1. 707 not applicable mm 0.158 0.014
-21-

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 perifoneum.

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

5 gizes 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. Atthe
time of death, the incisions were evaluated macroscopically. With regard to various tissues,

10 incision sizes, and locations on the dogs, all sites apposed with the size 0 polydioxanone

barbed sutures stayed closed and appeared to be healing normally thronghout the 14 day

observation penod. 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

15 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
20 the sutures. Thus, barbed sutures should help obviate the problem of an animal manipulating
and pu]fing out the sutures. -
Tn summary, the in vivo 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

25  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 would be

30 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 basbs is not facing the suture end to which



0.41 mm 0. 489 0.054 1.28 nm 0.962 0.054 2.52 degrees 7.96 1.075 not
applicable Table 71 (size 2-0 barbed suture) Ratio of D. L. or P
over Suture Units Average Standard Deviation D anmeter (0.381 mr) degrees
161.0 1.506 not applicable ram0.154 0.017 040 ’
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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

5  spaced barbed suture. The reason is that the twist cut, multiple spiral pattern results in
groups of barbs that complement successive and preceding groups of barbs, which tends to
provide improved anchoring when the suture is in tissue. This feature is especially useful for
tissue such as fat tissue, which has fewer connective fibers compared with other types of
tissues, so that greater suture retention force is desirable.

10 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.

15 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 scétion in order to show more detail
with respect to the configuration of barbs 81 vis-a-vis suture longitudinal axis A, suture

20  diameter SD, barb length L, barb cut depth D, barb cut angle 8, cut distance P, spirality angle
o, 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 O synthetic

25  absorbable suture). Each suture contained 78 barbs introduced in 2 separate multiple spiral
patterns around the circumference of the suture. Since the barbs were bi-directional, they
were divided into a left group with 39 barbs and a right group with 39 barbs, each group
opposing the direction of the other group from the approximate middle of the suture. Each
sufure was about 7 inches (about 178 mm) long. The middle portion was about 3 inches

30 (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 sutare
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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mm 0.474 0.058 1.24 nm 0.973 0.068 2.55 degrees 6.53 1.755 not applicable
Addi ti onal neasurenents were perforned on several other tw st cut,

mul tiple spiral, 25 bathed sutures nmanufactured from ncnofil ament spun
from pol ydi oxanone and having a di aneter of about 0.018 inch (about O0.457
mm which is slightly nore than the USP. requirenent for a size 0 synthetic
absorbabl e suture) and thus simlar to the above-descri bed tested barbed
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connection wth Figures 13A and -28 - 13B.) The results for these other

bat hed stighigeoupare summarized in the follow ng Tables 7K - 7Z. Table 7K
(size 0 barb eﬂae%%ﬂd%le,e\)/as caicuBiUd'er f repatdd measurbnente(s ffout the &figrotsofAver age
Standard Deviation D aneter (0.457 h of cut
barbs and 5 from the right group of barbs on the same suture) that were made for each of cul
angle 6 and cut depth D. Barb cut angle 8 was measured from the surface of the cut to the
10  outer surface of barbed suture 80. Barb cut depth D was measured along a perpendicular
from the outer surface of barbed suture 80 toward longitudinal axis A of barbed suture 80.

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

L =D/{Sin (180 - 6)}
15
Also, ;fanglc 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 paralle! to the longitudinal axis of the vise while the twisted suture
20 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 batbs 31. 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
25  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 o was then measured between the outer
surface of the barbed suture and line M. The average was calculated for 10 repeated
30  measurements (5 from the left group of barbs 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



degrees 152.6 0.718 not applicable mm 0.221 0.011 0.48 mm 0.479 0.022 1.05
mm 0. 784 0.015 1.71 degrees 12.9 0.453 not applicable Table 7L (size.0
bat hed suture) Ratio of D. L, P over Suture Units Average Standard

Devi ation Dianeter (0.457 nmm
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81 were aligned. Next on barbed suture 80, Jongitudinal 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

5  left group of barbs and 5 from the right group of barbs on the same suture).
The resulés are summarized in the following Tables 7A, 7B, 7C, and 7D.

~

Table 7A (size 0 barbed suture)

Ratioof D, L, or
10 , P over Suture
Measurement Units Left . Right Diameter (0.457 mm)
cut angle 0 degrees 156 +2 15741 not applicable
cut depth D mm 0.15+0.02 0.16+0.04 0.35
~ cutlength L mmn 036+0.03 040+10.10 0.87
15 cutdistance P mm 090+0.17 0.88+0.15 192
Table 7B (size 0 barbed suture)
' Ratio of D, L. or
20 P over Suture
Measurement Units Average Standard Deviation Diameter (0.457 mm)
cut angle 0 degrees 151 1.642 not applicable
cut depth D mm 0.215 0.027 047
cut Iength L mm 0.446 0.042 0.97
25 cutdistance P ma 0.962 0.073 21
spirality angle o. degrees 20.833 1.602 not applicable
Table 7C (size O barbed suture
Ratio of D, L. or
30 P over Suture
Measurement Units Average  Standard Deviation  Diameter (0.457 mm)
cut angle 0 degrees 154 2.870 not applicable

cut depthD mm 0.205 0.033 045



degrees 152.4 0.947 not applicable nmm 0.216 0.014 0.47 nmm 0.465 0.024 1.0
: : : : : .02

mm 0. 774 0.015 1.69 degrees 13.2 0.349 not applicable - 29 -

degrees13.10.193 Table '7N (size 0 barbed suture) not applicable Ratio of

D L, P over Suture Units Average Standard Devi ation Di ameter (0.457
degr ees _925.
cut length L mm 0.469 0.044 1.03
cut distance P - mm 0.975 0.103 2.13
spirality angle o degrees 19.333 1.506 not applicable
5 Table 7D (size 0 barbed suture
Ratio of D, L, or
P over Suture
Measurement Units Average Standard Deviation ~ Diameter (0.457 mm)
cut angle © degrees 155 2.390 not applicable
10 cutdepthD 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
15 Also, some additional measurements of angle ngwere performed on a few additional

bi-directional twist cut, multiple spiral barbed sutures with a diameter of about 0.018 inch
(about 0.457 mm, 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
20  cut distance P were performed on 3 additional bi-directional twist cut, multiple spiral barbed
sutures like sutures 80, but having a diameter of about 0.01 15 inch (about 0.292 mm, which is
slightly rmore than the USP requirement for a size 3-0 synthetic absorbable suture), and
measurements of spirality angle ¢ were performed on 2 of these 3 additional barbed sutures.
Also, measurements of barb cut angle 8, barb length L, barb cut depth D, cuat distance P, and
25  spirality angle o. were performed on 3 additional bi-directional twist cut, multiple spiral
barbed sutures like sutures 80, but with a diameter of about 0.015 inch (about 0.381 mm, .
which is slightly more than the USP requirement for a size 2-0 synthetic absorbable suture).
The results are summarized in the following Tables 7E, 7F, 7G, 7TH, 7L, and 7J.

30 Table 7E (size 3-6 barbed suture
Ratioof D. L. or

P over Suture

Measurement Units Average Standard Deviation Diameter (0.292 mm)



152.8 0.612 not applicable mm 0.207 0.007 045 mm 0.453 0.016 0.99 ram
0.798 0.017 1.75 degrees 13.6 0.560 not applicable :

barbed suture) Ratio of D. L,

Devi ati on Di aneter (0.457 degrees

10

15

20

25

30

cut angle 6

cut depth D

cut length L.

cut distance P
spirality angle O

Measurement
cut angle O

cut depth D

cut length L.

cut distance P
spirality angle o

Measurement
cut angle 0
cutdepth D
cutlengthL

cut distance P
spirality angle o

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

degrees
mm
nom

mm

degrees

Units

degrees

degrees

Units
degrees

degrees

Units
degrees

Table 70 (size O

P over Suture Units Average Standard
-26-

166 1.651 not applicable

0.107 0.007 0.37

0.443 0.042 1.52

0.956 0.079 3.27
nottested  mot applicable not applicable
Table 7F (size 3-0 barbed suture)

Ratio of D, L., or
P over Suture

Average Standard Deviation Diameter (0.292 mm)

164 2.055 not applicable

0.106 0.006 0.36

0.395 0.042 135

0.959 0.074 3.28

7.329 0.547 not applicable

Table 7G (size 3-0 barbed suture)

Ratioof D. L, or

P gver Suture
Average Standard Deviation Diameter (0.292 mm)
165 1.031 not applicable
0.104 0.009 0.36
0.390 0.035 1.34
0.975 0.103 3.34
7.258 0.636 not applicable
Table 7H (size 2-0 barbed suture)
Ratioof D, L. or
P over Suture
Average Standard Deviation Diameter (0.381 mm)
160.2 1.320 not applicable
0.152 0.019 0.40
0449 0.057 1.18
0.944 0.098 248



152.9 0. 549 not applicable mm 0.188 0.016 0.41 nm 0.413 0.030 0.90 mMm
0.787 0.024 1.72 degrees 13.8 0.270 not applicable Table 7P (size O
barbed suture) Ratio of D, 30P over Suture MeasurenentUnits Averag
Standard Devi ationDi anmeter (0.457 nun) cut angle 8degrees 153.10.655n0t
applicable - 30 - nun 0.204 0.007 Q245 mm

spirality angle o degrees 9.40 1.606 not applicable

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

5 P over Suture
Measurement Units Average Standard Deviation  Diameter {0.381 mm)
cut angle & degrees 161.0 1.707 not applicable
cut depth D mm 0.158 0.014 041
cut length L mm 0.489 0.054 1.28

10 cutdistance P mm 0.962 0.054 2.52
spirality angle o degrees 7.96 1.075 not applicable

Table 7J (size 2-0 barbed suture)
Ratioof D. L, or

15 P over Suture
Measurement Units Average Standard Deviation  Diameter (0.381 mm)
cut angle degrees 161.0 1.506 not applicable
cut depth D mm 0.154 0.017 040
cut length L. mm 0.474 0.058 124

20  cutdistance P mm 0.973 0.068 2.55
spirality angle o degrees 6.53 1.755 not applicable

Additional measurements were performed on several other twist cut, multiple spiral,

25  barbed sutures manufactured from monofilament spun from polydioxanone and having a
diameter of about 0.018 inch (about 0.457 mm, which is slightly more than the USP
requirement for a size 0 synthetic absorbable suture) and thus similar to the above-described
tested barbed sutures, except that these other barbed sutures were cut with a different cutting
machine, namely a machine with one blade that moved longitudinally along the twisted

30  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



0.451 0.019 0.99 nun 0.792 0.018 1.73 degrees 13.6 0410 not applicable

Table 70 (size O bathed suture) Ratio of D. L,

P over

Suture Units .

Aver age Standard Devi ation D aneter (0457 degrees 163.1 0.505 not
applicable mm 0.245 0.013 0.54 mm

10

15

20

25

30

-98 -

13B.) The results for these other barbed sutures are summarized in the following Tables 7K

—7Z.

Table 7K (size 0 barbed suture)

Measurement
mm)

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

spirality angle o

Measurement
cut angle 9
cut depth D
cut length L
cut distance P

spirality angle o,

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

Units  Averare Standard Deviation

degrees 152.6 0.718
mm 0221 0.011
mm 0479 0.022
mm  0.784 0.015
degrees 12.9 0453

Table 7L (size 0 barbed suture)

Units  Average

degrees 152.4 0.947
mm 0216 0.014
mm 0.465 0.024
mm 0.774 0.015
degrees 13.2 0.349
Table TM (size O barbed suture)

Units Average Standard Deviation

degrees 152.3
mm 0.227
mm 0.489
min 0.796

Standard Deviation

0.576
0.015
0.034
0.018

Ratio of D, L,

P over Suture

Diameter (0.457

not applicable

0.48
1.05
1.71

not applicable

Ratioof D, L.

P over Suture

Diameter (0.457 mm)
not applicable

0.47
1.02
1.69

not applicable

Ratioof D, I,
P over Suture
Diameter (0.457 mim}

not applicable

0.50
1.07
1.74



0.842 0.045 1.84 mm 0. 774 0.009 1.69 degrees 10.8 0.449 not applicable
Suture Units

Xabl e 7R (size 0 barbed suture) Ratio of D, L,
verage Standard Deviation D anmeter (0.457 degrees 161.1 1.1
applicable mmm 0.233 0.017 0.51 mm ) 2° not

10

15

20

30

spirality angle o

Measurement
mm)

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

spirality angle o

Measurement
mm)

cut angle 0

cut depthD

cut length L

cut distance P
spirality angle o

Measurement

cut angle 8

.79

degrees 13.1 0.193

Table 7N (size 0 barbed suture

Units Average Standard Deviation

degrees 152.8 0.612
mm 0.207 0.007
mm 0453 0.016
mm 0.798 0.017
degrees 13.6 0.560
Table 70 (size 0 barbed suture)

Units Average Standard Deviation

degrees 1529 0.549
mm  0.188 0.016
mm 0.413 0.030 "
mm  0.787 0.024
degrees 13.8 0.270

Table 7P (size O barbed guture

Units Average Standard Deviation

degrees 153.1 0.655

P over

not applicable

Ratioof D. L.,
P over Suture

Diameter (0.457

not applicable
045
0.99
1.75

not applicable

RatiooiD. L.,

.P over Suture

Diameter (0.457

not applicable
041
0.90
172

not applicable

Ratio of D

P over Suture

Diameter (0.457

not applicable



0.721 0.035 1.58 nm 0.773 0.010 1.69 degrees 12.6 0.189 not applicable
30 - 31 - Units Average Standard Deviation Ratio of U L. P over
Sut ur e D ameter (0.457 not applicable degrees 160.9 0.708

-30-
cut depth D mm 0.204 0.007 0.45
cut length L mm 0.451 0.019 0.99
cut distance P mm 0.792 0.018 1.73
spirality angle o degrees 13.6 0410 not applicable
5
‘Table 70 (size 0 barbed suture
Ratio of D. L.
P over Suture
10 Measurement Units Avemge Standard Deviation Diameter (0.457
mm) ‘
cut angle 6 degrees 163.1 0.505 not applicable
cut depth D mm 0.245 0.013 0.54
cut length L mm 0.842 0.045 1.84
15 cutdistance P mm 0.774 0.009 1.69
spirality angle o degrees 10.8 0.449 not applicable
Table 7R (size 0 barbed suture)
20 ' Ratio of D, L
P over Suture
Measurement - Units Average Standard Deviation Diameter (0.457
mm)
cut angle 0 degrees 161.1 1.126 not applicable
25 cutdepthD mm 0.233 0.017 0.51
cut length L mm 0721 0.035 1.58
cut distance P mm 0.773 0.010 1.69
spirality angle degrees 12.6 0.189 not applicable
30

Table 78 (size O barbed suture)




nm 0. 240 0.014 0.52 nm 0. 734 0.037 1.61 ram0.774 0. 009 1.69 degrees 13.6
0. 312 not applicable Table 7T (size O barbed suture) Ratio of U L, Units

Aver age Standard Devi ation P over Suture D ameter (0.457 degrees
154.6 1.434 ‘ N
-31-
Ratioof D. L.,
P over Suture
Mesasurement Units Average Standard Deviation Diameter (0.457
mm)
5 cutangle @ degrees 1609 0.708 not applicable
cut depth D mm 0.240 0.014 0.52
cutlength L mm 0734 0.037 161
cut distance P mm  0.774 0.009 1.69
spirality angle o =~ degrees 13.6 0.312 not applicable
10

Table 7T (size 0 barbed suture

Ratioof D, L.

P over Suture
15 Measurement Units Average Standard Deviation Diameter (0.457
mm)
cut angle 6 degrees 154.6 1434 not applicable
cut depth D mm 0210 0.009 0.46
cut length L mm 0.492 0.026 1.08
20  cotdistance P mm 0.538 0.011 1.18
spirality angle o degrees 12.3 0.223 not applicable
Table 7U (size O barbed suture
25 Ratioof D, L,
P over Suture
Measurement Units Average Standard Deviation Diarmeter (0.457
mm)
cut angle 0 degrees 152.9 0.809 not applicable
30 cutdepthD mm 0.212 0.014 046
cut fength L mm 0.464 0.026 1.01
cut distance P mm 0.530 0.015 1.16

spirality angle o degrees 13.7 0411 not applicable



not applicable nmm 0.210 0.009 0.46 nm 0.492 0.026 1.08 nm 0.538 0.011 1.18
degrees 12.3 0.223 not applicable Table 7U (size O barbed suture) Ratio
of D. L. UnitsAverageStandard Devi ation P over Suture Dianeter (0.457
degrees 152.9 0.809 not applicable mm 0.212 0.014 0.46 mm

-32-

Table 7V {size 0 barbed suture

Ratioof D, L.
5 P over Suture
Measurement Units Average Standard Deviation Diameter (0.457
mm) "
cut angle 0 degrees 1534 0.503 not applicable
cut depth D mm  0.221 0010 0.48
10 cutlengthLL mm 0.495 0.023 _ 1.08
cut distance P mm 0.537 0.012 1.17
spirality angle o degrees 13.9 | 0.605 not applicable
I5 Table TW (size O barbed suture)
| Ratio of D, L,
P over Suture
Measurement Units  Average Standard Deviation Diameter (0.457
mm)
20 cutangle® degrees 155.2 0.829 not applicable
cut depth D mm 0.202 0.008 0.44
cut length L mm 0.483 0.017 1.06
cut distance P mm 0.789 0.031 1.73
spirality angle o degrees 12.6 0.328 not applicable -
25
Ratio of D, L,
P over Suture
30 Measuiement Units  Average Standard Deviation Diameter (0.457
mm}
cut angle 6 degrees 155.5 0.799 not applicable
cut depth D mm 0.200 0.010 0.44



0.464 0.026 1.01 mn 0.530 0.015 1.16 degrees 13.7 0.411 not applicable

31 -
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cut length L

cut distance P

spirality angle o

Measurement
mm)

cut angle 6
cut depth D

‘cut length L

cut distance P
spirality angle o

Barbed Suture

Sample 1

(Tables 7K — 7M)

Sample 2
{Tables TN — 7P)
Sample 3
(Tables 7Q — 7S)
Sample 4
(Tables 7T —7V)
Sample 5

(Tables TW — 7Y)

. Table 7V (size 0O barbed suture) Ratio of D, L,
Units Average Standard Deviation Diameter (0.457

P over Suture
4 degrees 153.4 0.903

-33-
mm 0.484 0.027 1.06
mm 0.798 0.017 1.75
degrees 11.8 0.362 not applicable
Table 7Y (size () barbed suture)
Ratioof D. L.
P over Suture
Units Averape Standard Deviation Diameter (0.457
degrees 1554 0.560 not applicable
mm 0.196 0.008 043
mim 0471 0.017 1.03
mm 0.799 0.019 1.75
degrees 11.8 0.496 not applicable
Table 77
Straight Pull Strength Chamois Cloth Closure Strength
{pounds) (pounds to mpture)
7.29 11.23
8.73 12.14
85 9.22
592 09.27
7.69 9.97



not applicable mm0.221 0.010 0.48 nm 0.495 0.023 1.08 mm 0.537 0.012 1.17
degrees 13.9 0.605 not applicable Table 7W (size O barbed suture) Ratio
of D L, P over Suture Units Average Standard Deviation D aneter

(0.457 degrees
-34 -

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 8, and/or cut distance P should be the same
for the various other inventive barbed sutures described here.

5 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
suture diameter SD from about 1 down to about 0.2, whereby the ratio of the highest possible
barb elevation (the elevation of barb tip 85 above suture body 82) to the suture diameter SD

10  correspondingly ranges from about 1 down to about 0.2. (The highest possible barb elevation

_ is the same as the barb length L.) Also, a suitable ratio of cut depth D to barbed suture
diameter SD ranges from about 0.05 to about 06 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,

15  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

20 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 bafbs i'anges from
about 150° to about 170°.

25 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 requirerent 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 mm; and the preferred barb cut angle would be 153 degrees.

Longitudinal spacing between any two barbs is generally effected with the goal of

30  creating as many barbs as possible along the suture, and is a factor in the ability of the barbed
suture 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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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 distance 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 124, 12B, 12C, and 12D.

Additionally, spirality angle o formed between 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 degrees to
about 21 degrees. The most preferred angle ¢ for all barbs on a twist cut, multiple spira_l
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 comprisc a surgical needie (not
shown) for insertion into tissue. Additionally, suture 90 iﬁcludes 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 advahtage of the random disposition is that the many barb 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 includes elongated suture body 102
of generally circular cross section. Also, suture body 102 has disposed on it a plurality of
closely spaced barbs 107. Each barb 107 has a barb configuration such that barb underside
108 is serrated or corrugated. One or both suture ends (not shown) are pointed for
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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 cuiting 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 cufting 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 configuration that includes a serrated or corrugated
underside.

With referenice 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 115 is shown for purposes of
brevity). Barb 115 has a configuration with an arcuate base 119 where barb 115 is attached
to suture body 112. One or both suture ends (not shown) are pointed for penetrating tissue
and it is coniemplated 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 comrespondingly arcuate with respect to arcuate base
119. ‘
It is intended that any of the barbed sutures of the present invention as described here
may have barbs with a configuration that includes an arcuate base. The arcuate base should
enhance tissue anchoring as compared to a flat, linear base. Regardless, it is not desired for
the base to be circular or oval, which would result from conical shaped barbs, as that could
decrease tissue anchoring.

Shown in Figure 11 is a sectional side view of a barbed suture that is another

embodiment of the present invention, and that is generally designated at 120. Suture 120
includes elongated body 122 that is generally circular in cross section. Elongated body 122
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terminates in end 124. End 124 is pointed for penetrating tissue and it is contemplated 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 a surgical

needle for penetrating tissue.)
5 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. )

10 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 filament, then the barb cut lehgth is made longer or shorter, as desired, to result in each
of the three sets of bafbs 125, 127, and 129 being of a size different from the others, where

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

For instance, relatively larger barbs are desirable for joining fat and soft tissues,
whereas relatively smaller barbs are desirable for joining fibrous tissues. Use of a

20 combination of large, medium, and/or small barbs on the same suture helps to ensure
maximum anchoring properties when barb sizes are customized for each tissue layer. Only
two different sized sets of barbs (not shown) may be escarped into suture body 122, or
additional sets of barbs (not shown) with four, five, six, or more different sized sets than three
sizes as illustrated for sets of barbs 125, 127, and 129 may be escarped into suture body 122

25  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 sutures or any of the other inventive barbed sutures
described here.

30 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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sut ures mpdn@imtbeaimmtmﬁgth peovisiedlto approximsted Hesue thet has besnasuped Witk ur e
dra er f'rr%%rﬁagy wn 4.0 about 0.2, since the barb cut distance P
% 85\'@5: ee di scussion of Figure 7 for conmments
VI s- - Vi s t he gy ot ith raﬁgn‘ektu&rfdrmheoxinhmbumnfﬂmhsgrmbeeeﬂle'ﬁﬁﬂ@eé%ﬁhpappl ng

di spositjo || ows for, close and
Lypi cal | JEbRgRRpEe s%argwsar S e Sendat bR ph Al MRl BEectE,

di st ancempel 288 of ¥\Ehabid BSthe ehd)udhdiyldrilling, lt@alipihor Akation aﬂthdnbarbftﬂ suture

¢+ 130 is illustrated with barbs 135 belrégauntlhdlre,ction | ,. iS intended to
“ i ncl ude YomEe intg theheleos the changel Neperipeless, a1t ?ﬁ‘gg’icﬂ\?ﬁ?fﬁ? @ﬂmﬁtr’%l& T8> be a

bi digsect g, BBLRE! ad8SE4s the chtldf the al needle diaegittethe 13A,

13B, iseiSC 93&%1 13D s%és\fvdﬁyﬁﬁ%%i sﬁ‘?’%. cal needl essmglv\(,:helre g bar bed 25 suture
is attacbvehbdtm@hmsm!glab@lﬁﬁe@'dﬁé In other to facilitate insertion into
tissue, the siiifidhy 1RMMRR %E%opsg:@%&ﬁéﬂmme@r RV Eutur Garkdi! ance,

as descri bed a i 258,013 to Granger et al.
Fi gure mﬁmﬂm“&mgmgleerﬂé omeuw@l rdedleiambous 3: o dessingive Prefesainebodt Fidedl e i n

Sect i on o dipospreriay o5y THELScIR, R EARIC pecko i R RS

tisgee amehleyedpthd mohﬁlsﬁghﬂai neSdlegiiatdterrto baibed $uture Siainetenmiay be exlowss

attached, such as n t o bat he tuf e .S is a
bar bed PRI PhiErs, b sYgn (AR b Isne ARSPLOS T S B O g I S Lo
bat hed 4k aSout Hd. t&ﬂtﬂ%&é{p réi:&!ftélilﬁadhelpeﬁdiﬁfdﬂlmmshﬂlmﬂmaﬁrth@tamn t he
transverse direction, whichis illustrated atgﬁ ati M%@F‘g aneter,
such as saedétbe@almwth@ﬁtrqra%mﬂews‘iesﬁﬂ)as omeio E”(’E"u'g B%SSIX’ XS - 39 -
vVis svva gﬁﬁ%lg i f saving suture Si inserted into hole
H e cr?rrk{’plgg?@bysta glrl%nrﬁl%ég%l&frles about hole 111 to hold suture Si
in pI ace for suturing tissue. Figure 13B shows surgical needle N2 that is
a straight elongated needle in the longitudinal direction and that is
generally circular in cross section. Surgical needle N2 has 5 pointed tip
T2 for insertion into tissue and al so has hole H2. Surgical needle N2 is

illustrated as attached, such as by swagi ng, to barbed suture 52. Bathed
suture 52 is a bathed suture including, but not limted to, any of the



.

| ongi tudi nal direction and that is generally circular in cross section.
Surgi cal needle N3 has 15 pointed tip T3 for insertion into tissue and

al so has hole H3. Surgical needle N3 is illustrated as attached, such as
by swagi ng, to barbed suture S3. Bathed suture 53 is a barbed suture
including, but not Iimted to, any of.4he above-descri bed bat hed sutures.
Additionally, surgical needle N3 has dianmeter D3 in the transverse

di recti on, whiQifsuiestiehgdtiust ihit ssegicd naediee] tath hp&ingatr#nqpfdvmléﬂedlﬁsuch as

S\?/g;it ng ; |nch ?’%W%@’“@?"é@aﬁg?/ gE dtﬂ\ze% |nse eé‘zl%rltltéﬁhol e

113, may be CMaﬂB@:bléass sﬂ@aﬁarsdeameaaaﬂmfaemmmm S Hethaenolsl¥ Rlaridabhayingut ur e

S3 in place for use in suturin u e 13D, shows eedl e
N hat | Pdbigkags orou g ARt RELERD Yere Tt TR TR B o Bl Ros g
t hat ks g%qﬁ‘gj(if about B iAd)ar i n cross section. Surgical needle N4 has 25

pointed tip or |nsert|on|ntot|ssue and al sqQ has hqle 11 ur gi cal
needle N4 is ﬂﬁrawwwa%maéqfa%éam%%%a@glswﬂwﬁq ghing G2 d suture

S4. Bar b‘g&gédﬁge e%f wRuRAHRE Y dltdEm sWeaﬁ (Gtdniho. 138R07A7AM ted to, any

of the a |be ed sutures. Additionally, sur%mcal needl e N4
has di anpwhasaiﬁom&meﬁvmwéwé@hdfaﬁ swagedrvitharhaged suture I eiberverds.as a

suitably &d@%t&%@ difhe but not
as thin 3@9 Iamne Q‘%d’“t")%ggmé‘&‘?’%ﬁeﬁlﬁg'g 464 . As di scus%bed agove
vi s- 10i shelwagsaag:;e tbajragwdahtuméding stithings ﬁétpr Sﬁmnsg?k@@dﬂilpévomdﬂﬂ?%@?‘teed into

28![ Sr élggf %rsggagﬁqrgtpﬁs cut QX arec r@ﬁ]‘;mldsnh[gﬁf)?l&g%ﬁ“g%%nm %@gm&% pol d )

T3, and By atuue 1 26 ehies (abalt B;Z m:h)l instidth] whtrage pitfchrdotund was irthe msddlmfl

known, eed| es cone t va ous k h as
t aper poﬂﬁg transveygg th f b ?fmcmcgg)ﬁgts‘%%‘ §

poi nt, t Bf dcikdld)ewitiR A tn, Qﬁ@bmﬁgﬂ Aim amDsireldtivély mmﬁmdedoﬂmummmmh but not
be I|mted to, aII such needle tips. Taper point, taper cutting, and
di anbhd BEPHIO- B8 ef erred needl e tips for surgical needles used with

bar bed SUture?henpﬁslﬂgsth&@ddle&iﬁsmgﬂn&hb&l%seddnds ﬁﬁlelnevﬁlnwﬂletf@fnatnemeﬁurgl cal
needl es used wth 5 conventional (i.e. unbar &ggutures consi dered

uni mpor t pisge ofchamois leatherby Wtﬁmng:t@ggtbw & APSPprbiNe peges g fhe tY§’ WPRAt hi n
convent | giifls e ilafi A diditho 87T AN hifclibed il Simle CUBASING SagfPiia O

conventi on sutu meter 1s 1 or” even hi gher such as

However , theisarhe kind of barbgdomiunad ed Wd@@@édeﬂﬂ%é’ﬂmﬁﬂbﬁb%ﬁ ﬂ’éﬁe?ﬂ"le '!‘-H"e present

invewio for either.a |nner
t hat™t he 5?’8?’@89 E@g&@e&g&u@ ﬁtoq‘%amtl éggn%%e%lﬁ erggﬁ‘ﬁ%fﬁ]}‘?g%ﬂ@u{;ur gi cal
need| e/ bRgrhkskesord speciinen, the ﬁébdtehmsdﬁspar pdinhaevidesurgicahmdedle (B/8iofig cirtlehner

and thinngr as it a ches d sut S

0ssi bl vithaCheiof B AE Tih AHLE SRS BT aret of ArArorSS mehBaliadl” o
suture dipayBi®bugh not as thih SQREBidnelepdf thbAeqdicasedfor firsy spetinen, a rel atively
thin surgical_needle attached to a, barbed suture is rabl.e for
appr oxi mat i ngfach bathed wwR fer Gack FRefEpe %m&t‘} anﬁuﬁ'gmgplgéyﬁlt vel y
thi s s daanBRESISdbreafRSsut o i Bigal A, siveptithat cddhbarfiRd samrdadt hat

the relatively thin surgical needle attached to . a barbed su urggal | ows for

gr eat er adigmefenefnboutr0.0id5ach (gbaut §234 m%ﬂﬂ“?ht’éﬁ’é&*@ﬂé"‘%‘?f tter
closure strenalnefa s{z@%ﬁiﬂﬁ@ﬁb ﬁﬁ%ﬂﬂbﬁe'ﬁﬁ&@ ih&i8da d?aSulRSTaridiérbE @Bt O

pr event € opposing sides o e closed wound from pul ling apart, as
conpar ed)m}}md:te(abbmmm) ength provided to approximated tissue that has

been sutured relativ . ! sl tested for 1N€ NDst
i nport ant fegmoﬁlit’gl 8‘ ng%%xd g{ﬁ (ff%?ﬁgé%&%‘g%”ga needl e at St}r(;tched to
t he 30ar ksutelstrengh iusing hatasﬁlt&oﬁuc@]mad:rsaiﬁbstblemd@lrﬁﬁﬂﬁr Eatlospecimisn waf

sufficient dth in order to haol e or a.ch uch by’
drilli n@“PP%é F’Hg‘?’f"sof ﬂ’eeaﬁli %gﬁléuédg?éé}@ﬁﬁg% ?tZa or the
channel mtél%vﬁtsddﬁ@bﬁﬁ:ﬁesp%sﬂxﬁ&embmmmmqedmuch)amitoemplemmpmmegrhe25 t he
surgical needle is still suitable s 'Ougﬂgﬁlé the ratio 3}? ﬁ%‘gécal
needl e @PM@F“P%’HW@@B’I%QR pipjen ‘X%ﬁ‘(‘ it

Accor di Rglyoth 2TRERLIIRRNRe fiat the fRé sPebiebs G hichoRaH satuekdanie mt: néstlldxasrad
suture |aneter for either a stralght needle or a curved needle, is about
3:1 or less, nore preferably about 2:1 or |ess, nost preferably about
1.8:1 or Iess. Furthernore, particularly if channel needl es are 30

enpl oyed, the ratio of surgical needle dianeter to barbed suture dianeter
may be as |ow as about 1:1 or less, or even |ower, for instance, about

0.9:1 or less, or about 08:1 or less, or as low as about 0.5:1. It will be
appreci ated by the person of ordinary skill |n t he art that care should be




20 after insertion of the barbed suture into the hole, to secure the
barbed suture during stitching. For the second specinen, the needle was a
taper point curved surgical needle (318 of a circle) with a I ength of
about 22 mmand a suitable thin diameter of about 0.032 inch (about 0.81
mm) , although not as thin as the di angter of the needle used for first
speci nen. Each bathed suture for each specinen was a bi-directional, tw st
cut mul tj Riiivsiithia diamkr BPAb OaBrinche alwat 6.6 mewttenks-§8 peands gl woRs! i n

Fi gure 6A, excépt that each harbe ut ur.e ' Bhgdt 0.0115
i nch ( abéisupiiomereunsd WW%P&G@FP?{?%?%S? iﬂ%%%%éaﬁ B requi r ement

for a si Z;%mgleg ok Dt ihiorRB vomiaRiteedls tatihee) a suitsidy tinidiameter Subatd Wanet er
of about "0. 018 "I nch (about O0.457 rm)%gE&th tBe fi r.ste maﬁgzﬁcond
speci nenQCh)hbmtiot&im,‘aﬁaﬁﬁﬁsémﬁFﬂPﬁn of the g SReEmehORf 8V & st r engt h

usings a %(531?1{]5 Lﬁ‘%ﬁ%@c@@dhﬂh}sﬁ%ﬁﬁhtﬁ@@e&hmwmﬁ@ﬁﬁkiﬁaalpixpseci men was

gri pped Wo respective sSerrated jaws. each speci nen was pul | ed
| ongi t udi nal I'Eheatsults pesemokrizadénTablo13MBFAY. per ni nute (about 254 nm per
m nute) until conplete rupture. The peak | oad in pounds reached before
conpl ete wound disruption was recorded as the closure strength. The
results were that the firstTshie P :

(Chamaisi (ath (desuee pHepel) \\i t h t he needl e
that had - 42 - arelatively thin diameter of about 0.020 inch, about
0.51 nm took 5.88 pounds until wound disruption occurred and the specinen
pul | gyl a%imehaCk Niaille Diarhéterc e s , BanbelrSuirre Diiametesc onRaighc B 1 s
stitched_ wth the needle that had a | ¥ thin dj ter o bout 0.032
i nch, abBtt 0.81 r’rﬂ}ozgm‘:hnot as thi nﬁgﬂs}ﬁsﬁlecxneedl e *%fret he fig'rggt speci nen)
"t 00k ONl ZpoodndB8 5 POWAHECHNtiI | the wowallSihuption 28 the sp88inen pul | ed
v apart back into 2 ?i eces. The resul tz) rﬁ Stu%e gd in Table 13A bel ow.
Tabl e 13A ( Ci%wiip of ergies nesdie diagelat i F@’F FHESECIEn Needl e Di anet er

Bar bed Suture Di aneter Ratio* Pounds to Rupture First 0.020 inch

0. 0115 inch 1.74 5.88 Second 0.032 inch Q.0115 inch. 2.78 2 88.*Ratio of
surglal needileo,diacioustpisces of BLEKISHETE Gt A1 5%%?&?&“%@%?’335%?%% pi eces
of Tt SKLB VRS 808 Wi Wfbod bih&hEKofiGks  esting of more surgi cal

Three freshly killed Sprague-Dawley rats, each about 600 to 700 g, were used. Two

full-thickness skin incisions were made on the back of each rat to create wounds. Each
wound was about 4 cm in length and parallel to the spine.

20 For each rat, one of the two wounds was closed with a drilled end, curved surgical
neadle that was a Sulzle jtem no. 3822734, which was 3/8 circle. The needle had a length of
18mm and a diameter of about 0.022 inch (about 0.56 mm). Also, the needle had a taper
point needte tip where the needle tip had been ground to a 3-facet cut to approximate 2 taper
cutting needle tip to facilitate penetration of rat tissue. The needle was swaged to a barbed

25  suture.

The other of the two wounds was closed using the same suturing technique, but with a
drilled end, curved surgical needle that was a Sulzle item no. 832679A, which was 3/8 circle.
The needle had a length of about 18 mm and a diameter of about 0.026 inch (about 0.66 mm).
Also, the needle had a diamond point needle tip. The needle was swaged to a barbed suture.

30 Each barbed suture for each specimen was a bi-directional, twist cut multiple spiral,
polydioxanone barbed suture like suture 70 in Figure 6A, except that each barbed suture had
a diameter of about 0.015 inch (about 0.381 mm, which is slightly larger than the USP
requirement for a size 2-0 synthetic absorbable suture), instead of a suture diameter of about

0.018 inch (about 0.457 mm).



sretriev

needl es swaged with barbed sutures as follows. Three freshly killed
Sprague-Dawl ey rats, each about 600 to 700 g, were used. Two

full -thickness skin incisions were made on the back of each rat to create
wounds. Each wound was about 4 cmin length and parallel to the spine.
20For each rat, one of the two wounds,pas closed with a drilled end,
curved surgical needle that was a Sul Zle item no. 382273A, which was 3/8

circle. The %@%@%&Féﬂeﬁweﬁ g&ﬁgseéspb&mmwas@pmmnmiyesqmut 0.022 inch
(about 0.56 nun)

the needl e had LRwyhere the
needl e tinpasheing doerd gn sahentdemy With ft%"c%‘ﬁ"%@&f”}) négtlaﬁ ﬁ;nfgapg;1 cutting
needl e tj gsg%ﬁgﬁ%ulég%p&q bd GRuRfsub fegta@ue The needl e was swaged

to a bar he ot her of the t unds Wg]s cI gfed usi ng
the sane sut Uftierforct eodpen gach, wavnd wep deferzpingd using 4 #<0gi cal

needl o &ling/eBclcdtitche@. The
need| hﬂ%fg%\%‘?fgm%é (aj%ht%ﬁ% and@e&m \gg%fslepﬁtﬂéf t};iéi)outs 0. 026 inch
(about Owﬁﬁade&eméhﬁedmtﬂwtwmsﬂemW@ia&ﬁﬁﬁ@%ﬁeﬁt needl e tip. The

needl e was s ed to a bat hed Beshoatd éRs bar mmaeh
speci nen WasVlﬁ1 eam%P&&‘H"'BPF&FP a@%{ltﬁt}%{ee sgl ral, p%'@‘;/dl owgnone

bar bed sybatits1 Lﬂﬂfﬁﬁﬁﬁhﬁkﬁﬁuﬂ@cmﬂpﬁe@m@éﬁmmmpﬁ mUmREcA CRARHERd s ut ur e

had a di aneter of about 0.015 inc which is slightly
| ar ger tM@FePW@PI%P’Q"EﬁGFF’@H%WaT ?Pg‘ge‘g %ﬂes nal etic absorbabl e

sut uf) . 1 nstRRGedits @eé%&ﬁgedcmﬂmeﬁmét dmma w&uﬂ&aowddhth(?a%@iﬁ 0. 457

. - 43 - F h stit t
appr ox nwangw@mﬁébcf@ﬁ@ﬁ%%%%wimemd5‘%%%‘?'?"5@%@ R PReor e
St i tChedrg@?éﬂ \{v g?ﬂ%hﬁh@@é&hé?&tbﬂ&ﬁemmmd@lﬁm%www was
ed Tor closure

trength testi orce to open each

wound wediawetcesfubosd.026 il (Bbope866 R@lﬁﬁ'ﬂé&‘g"ﬁﬁ? eg?rﬁzﬁ U ester, Model

200Q For eacp ti Sﬁé’?reﬁg in A6l (198 vedges paral l el ing each stitched
wound were noulited e two respective serrated jaws of the tester.
Thenis each specimen was pulled longitudinally at a rate of about 2 inches
per mnute (about 51 mm per mnute) until conplete rupture occurred. The
maxi num f orce encountered before conplete wound di sruption was recorded as
the closure strength. 10The results were averaged fromthe first set of

t hree wounds closed with a p «idl1 AV, 3 of about 0.022 inch
(about 0.56 mm) and swaged #= arved e 0, the results were
averaged fromthe second set of three vvounds cl osed wit Average®iBe havi ng a

di angj er out 0.026 inch (about 0.66 mn) and swaged to a barbed
suture. Q%‘E_‘“ { NeRNEDIMIE | ZBakbbd Sdtatel IiarkSEr bel_llmi Pouldaip Rupliee (Rat
Skin d rength) Averar of 3 Elg ﬁl mens Ngedl e

Di arreterFlBasdzieﬂ?:Sutlﬁ@ZI}ithreter Rat i o% sto Ru t

Secondsetof 3  0.026 inch 0.015 inch 1.73 8.1
*Ratio of surgical needle diameter to barbed suture diameter.

25
Thus, the lower the ratio of surgical needle diameter to barbed suture diameter, then

the better 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
30  needles are preferred. Thus, what is important, regardiess of whether the needle is thick or
thin or somewhere in the middle, is that the ratio of surgical needle diameter o 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 skilled



First set of 3 0.022 inch 0.015 inch 1.47 11.9 Second set of 3 0.026 inch
0.015 inch 133 8.1 *Ratio of surgical needle dianeter to barbed suture

di aneter. 25 Thus, the lower the ratio of surgical needle dianmeter to

bat hed suture dianmeter, then the better the closure strength when suturing
a wound closed with a surgical needle gttached to a barbed suture. In
general, the thinner the surgical needle, the better the closure strength,
parti cul afltye &Pthadek he@hBndddls lif thdiavenien to thespetificgmbodimsute disclotedh as

nmuscl e and bowel, thicker 30 needl es.are preferred. Thus, what .i

i npor t ant Yagqug W&ﬁég%onéfoquié“ﬂtaﬁéu%é’aﬁebﬁ%adf ﬁ‘? the d{f?‘%ofq‘ﬂlleﬁl%%‘rm%gtrsre\/\her e
in the m gghfie maSrikiAlepitifg ol the Rfveboichinga knd weshisged bftie ivention, bat hed
suture di aneter shoul d be about 3:1 or less, nore l?'arl_lgﬁ;‘ﬁlerabl(#algilbout 1 or

| ess. partionfarly dnlight pfihe Soregaing tepchingsy Feyrinfianceubarad ST H OGP bed in
detailzw . tugeu‘c}ﬂzé - SldRlra Jh'iR Biaple®indidiekinnvent i on,

it shosul dl%geéﬁﬁﬁgenﬁ)gt 00 ﬁyé({}ﬁ%?gﬂg| Il qdhﬁfl@g@@hi n the art .that %atsl i's not
i nt ended adbedivesito aidfieholdmethe position of e tiswec Arsadingiygtisiended i «vpllg.
Various npdifi i.ons, 1 SS1,QR Iotel ABORithia theiBirit

di scl osedsugﬂhglﬁi%%%lﬁfl% W ﬁg%og'%ta(a}r]rln?%??lgaﬁ ii@ gieelggr%??ﬁgﬁ??%lr% t he noveelmg

t eachi ngsandBrebpa dftho irmvgatonods defieed iyvhafollowingglaims.cul arly in i ght of the
foregoi ng teachi ngs. For instance, the barbed suture of the present 5
invention can be used alone or with other closure nethods, such as staples
and/ or skin adhesives, to aid in holding the position of the tissue. '
Accordingly, it is intended to cover all such nodifications, om ssions,
additions, and equivalents as may be included within the spirit and scope
of the invention as defined by the followi ng clains. 45 CLAI M 1. A
bat hed suture for connecting human or aninmal tissue, said suture
conprising (a) an el ongated body having a first end and a second end and
(b) a plurality of baths projecting fromthe body, each barb facing in a
direction and bei ng adapted



5 for resisting novenment of the suture, when in tissue, in an opposite
direction fromthe direction in which the barb faces, the barbs having a
di sposition on the body selected fromthe group consisting of a tw st cut
mul tiple spiral disposition, an overlapping disposition, a random

di sposition, and conbi nations thereoks wherein the overl appi ng di sposition
is such that for at |east two adjacent barbs, one being an overl appi ng
barb to and one being an overl apped bath, the overlapping bath has an
under si decishist he overl apped barb has a topside where part of the

under si de of the, oyerlappin .S i I pihaatidsugf sdidvesutuopsi de of
A Hirbed GEYED po Kb Bo i HHEK o :

t he overl apped'-b ndom di sposi ti on @i stjc .that the
relative gaehralngd Imgk&@%dﬂa@a&ﬂgﬂéﬂd%@é% gPR Y ody of

the suture i's random and the barbs.facg in. Ih8 GbineRdapte€! udi ng at
15 | east Qfd@ﬂbmfﬁemr@‘%@%é’dgo?ﬂf?‘tbﬂ% %3111@%(?99 0 th r?%gat n?eagl{ one barb

i s not, p QFGhd stlirgakhewih Sisai, ihlae opymdije directipe fretkthf e
2. The bgoﬁg%?%g&g&?&e&%%ordi ng to claim JS. (ﬂ\%erei.n the [albSepidain a
twist cutdiration pi ehiskthedartdfasere diethahs baying ALSROFHRT B M S0dsTt i on, or a
conbi nation thereof, ang.t . I b shpali kitlol adi ovedapmng t owar d
only one ngmt %gﬂupsof’nsé%diggogd.thgs%%gglrﬁ#lzgﬁend@o1-0_ té Th]% bar bed

sut ure achggoditng, b Raridbi digpodition, ddd ontnbinations thereefaberein R PYFRAPRP st cut
mul tiple spiral disposjtion,-an overl. ' 5Pl drOfverlBpind; B@bbi nati on
t her eof ahspostiion inFisk dhat for At deashivey J?%gts%’?l rl;fsag gfnathedzpfgfgtd;&n and a
second barhe -1 & ParbhhebaeHsppifg bird Has ragtunderstie G
in anlgi r:a%?i%ﬁp%ﬁ&%m{)%ﬁ‘t he fi rg--t 25.end 'ang Lh bg&%ﬁ ig%bmqssecond
porti on awerlippeidrigrt hesa Wpside whers B the Jnfgrifs, ¥ tg&?on Bha. teon 4. The
* barbed sufure, accordin 0, A Qe Of @p'g@ba;ﬁgemﬁ hedey therrapd@msut ure i s
made frofi€@Y ?‘@F} B?ngglt%ec{oggm’r:rom ?ﬁﬁ%rogp Cconsi S':”I n ‘0% "

bi o- abso Lol 8 Qich @hat tie relative batiallzad lengitdianl; Sa#‘im%ﬁ%hﬁ ﬁ‘%? A%PBons

t hereof. 305. The bat hed suture ording t i hidid:

"bi 0- absorthabody efthe ytege 15 Bndeme -t%e%p&%?%ﬁggn %%%%dégcr?gﬂgl? ng c;gfm

pol ydj_ox Gid Rtk AT aRisiocfehe fdkastansr tpitaistreh paraliplgo
_conbid‘r%at ﬁg%gg{.%gfalgﬁ&&‘%ﬁ%hlg %ar bed suture according to claim4, wherein
t he non- abshnpmidieal weis of thelbodyef the s&E%ect ed from the group consisting of a
polymer, a meta al _-alloy.. 408l WhielRRY the Bitls &b anaist ouls

t her eof . 2. %he$ﬁ%%§ﬁftﬁl§f9§%@§get8§%&%%j ng to ¢l ai m6, wher ezig’.@ t he

pol ymer ipsuigleaphardiscRmdnlien gv@hpphxgrthmmtmg,qrfamb}@ﬁp’ag}“ﬁ?&l ster,

pol ypr opyl ene, pol yuret hane, pal ytetrafi uoroet hyl enll Ghy BlchREoiSt er, and
conbi nat itbenbaxbhereerdl‘facmgmaWﬁ%bW&f‘{@@yé’ﬁ?ﬁfé‘e;ﬁg%oePgi ng to any one of

cl ai r£|§ 1 ta 7, wherein the baths are in an overl appi ng disposition such

t hat “Tor. | east two adjacent barbs, one being an tgv&%{éaﬁgi;ngt@g{b and
one being an GvEhé babeabsutarebeconding totlaimsel oFe MRS g BB B 4hG T he

over |l apped barb having.a harb cut length.si 5N &r @\ B hbaRAbm thebsifh and t he
9. over | &pbevptple fP St osbaapbo%ealsp E‘tdzli%g%u%ﬁ]et Ween them that.is |ess
than t heaﬂ@tﬁb Péﬁae& SRGeha8Tar 1dagt Dt baibpe pottian land a second barbed PBHOBed sut ure
according to-claim2, wherein the baths. are igh%n 0 grzl‘ragﬂygleoﬁéposi tion
such t hatwHesin diic babs of thadiadpertien@rh MRS Moy é’loﬁé i over | appi ng
barb _and one heing an ovar! + @ Bt ®tn b Wreqioar foopmi oy ibe b and

t he Géerleﬁgﬁé'a 'bﬁ?“ﬁ%?fa?ﬁ/ﬁ]& %leg(?ggfg{uog I engt hé,) and the overl appi ng bath and
the overlgpp@én@arb having a barb cut di stance between themthat is |ess

than the barb cut | engt h of. the over| [P wherein the dure i€ bat hed
sut ure accordi%@h@ba@%m,mé%ath%nebogg S afr)g)%?nWhgrr?mov%rl appi ng

di spositio - .  ashisitiam bf Dbibtabsoroable maleny), an-
P appiic B kel Bk et bty kg ’

over | appi one ng an o apped barb; each a the overl apping
bar b and nbhabsorbiblapptdal andcdrebintipng thegsa5 cut | ength, and the over| appi ng

bath and the qverl apped bath | ‘Eq?ljﬁ?i Whin i Blo2dbearbias iakriatisem t hat
is |88s than th %%ﬁ%ﬁﬁh@% e d\t}‘g%rggb%ed barb.  BARBED, SUTURES
ABSTRACT o GE.+&iEr{h Sie Aonkitiie tbf's polydioxinene,c pelpeetiden olyes&adCS and a

conbi nation surgical needle w_th tg
polycaprolacione, and combinations ereof.

6. The barbed suture according fo claim 4, wherein the non-absorbable material

€& facing




barbed suture. The suture includes an el ongated body and a plurality of
barbs projecting fromthe body. Each barb causes the suture to resist
novenent in an opposite direction fromwhich the barb faces. The

di sposition of the barbs on the body may’ be staggered, twi st cut multiple

spiral, overl appi ng, or random Also, the configuration- of the barbs nmay
depth arb cut

angt b bar b kesh ik (BEin Song e pupa dios pasdes il albS idhace.

| engt h, barB®
~or varying paebagi dbinalibtitheedt, 2/ 8 4/ 8 FIG 11 6/8 8/ 8"

7. The barbed suture according to claim 6, wherein the polymer is selected from
the group comsisting of polyamide, polyester, polypropylene, polyurethane,
polytetrafluoroethylene, polyether-ester, and combinations thereof,

8. The barbed suture accordmg to any one of claims I to 7, wherein the barbs

are in an overlappmg dlSpOSIthIl such that for at least two adjacent barbs, one being an
overlapping barb and one being an overlapped barb, each of the overlappmg barb and |
the overlapped barb having a barb cut length, and the overlapping barb and the
* overlapped barb having a barb cut distance between them that is less than the barb cut
Iength of the overlapped barb, : ' '
9. The barbed suture accordmg to claun 2, wherem the barbs are in an
 overlapping disposition such -that for at least two adjacent barbs, one being an
ovcrlappmg barb and one being an overlapped barb, each of the overlappmg barb and
the overlapped barb havmg a barb cut Iength, and the overlappmg barb and the
overlapped barb havmg a barb cut dlstance between them that is less than the barb cut ,
length of the overlapped barb. :
10 The barbed “suture accorcﬁng to claim 3, wherein the barbs are in an
“-overlappmg disposition such that for at Jeast two adjacent barbs, one being an
overlapping barb and one bemg an overlapped barb, each of the overlapping barb and
the overlapped barb having a barb cut length, and the overlapping barb and the
overlapped barb having a barb cut distance between thern, that is less than the barb cut
length of the overlapped barb. | |



