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- - BARBED SUTURES TECHNI CAL HELD Thi s
invention relates, in general, to a barbed suture
useful for connecting bodily 5 tissue in various
surgical contexts, and nore particularly, to the
opti m zation of the disposttion and/or configuration
of the barbs on such BACKGROUND OF
THE | NVENTI ON Variou§3$&i§?§§ﬁ&#gﬁﬁods enpl oyi ng
sutures have been used in the past for closing or 10
bi ndi ng toget her wounds_in human or ani mal tissue,
such as skin, nuscl ebE FIELR o1 nal or gans,

ne rI'ﬁi%%nvth&PfilaY&%ﬁ Gbreral 04 HattRd shdsR-usdfhr @r cormectmg bodily
speci ficall he surgeon may use a surgical nee

tissugjin Markmys awmelweateété,rw mqrwanc@mm focthe Qptiveipation of te
di dﬁﬁ JutiH £ baBoPSuch bAbkd Sirkkd 2MENL) 1O
q%?@@%%n e E?ssueﬂgfﬁeP%gte y on opp&g@%g faces of
the wound and thus sew the wound cl osed. Wet her the

wound i s acci Rt ching i s
t he net hod 15q£¥¢f$? ) espe0|g+€€ﬁ orNéurface
wo ¥adseus s‘lﬁfw:aisme@mdmdmpi@senﬁ situres bdve beenem'ﬂ/m dhegrask foheosing or

bmdfl}g&g%e%& évroﬂ r e al ezsfl%ﬁq(iglﬁﬁeysou&lﬁ a3 s sk}/n muscl?esa{em.llo%g1 l}nemal
organk Inkrviss) Giod VGSQBN ealﬁti Itlibl’]:ﬂde Mdrd:lﬁpbsmcﬂly e smfgeon may use a surgical

neediEpifh 8% fschisOppBUA e 5 ich ge e ragblt FRofleggt o can be
a muMi P ARMOH PR theXistud &bﬂﬁtéﬁfbrﬁﬁpp@blﬁg frkcéstof @@ wbound and thus sew

pol yners_and copol yners, or | actic aC|d pol yners and

wmcmﬁ s Whethet the oppdis grgidental of srepiral dger-dithing s the method

ofteP Bl SRR T6Ssurfikd wdhndd, ETIRARES @ hdedRfis thBPred@WBd and the ends
materi al s as conventi onal sutures, have of fered

of the swrece tieds ixpirallyywish etlesst Biressoveehaps thiers tafar a knot.
CORY wélglﬂ'@kvgy%ﬁ&ﬁﬁ alRufits REE LS b AdnSibd 3%2?%@ such as

el ongat e Ras one or rore space .
silk,wyloorpqd:yasjeecpplyprapmemq or busthp, enoah he ef bip-ebrgriahle nipdeiial such as

en The ba e ar of
tyc i polis AR SpoBien i AN0 5o BB BASARE O
r eSingé th2 hinfenf erenbna@ptidrl) batbed hetkes whitherd glmeﬂaﬁy of the same
opposite direction., Thu t.he mai n advant
mateg R IR OB BL S I gttt BpGoS i aees 29 fosing wounds
with %bﬁ\r(dnbbﬂaﬂi Z“"ﬁfg EA Bhbed 36turb am{aﬁs stiélofgtd cﬁedmtn Hagure drGnore
e knotte i ke conventiona ut ur es
SpacRE R MG Rroles e S acs Aoha R oo s T e e
an‘aﬂﬁ@@l & 41 Ebbﬂﬁe BarBéd Sihrdin SR We&ionMRbuINEE@ Wil resist
S. Pat ent 123,077 to Al canp descri bes an
moveingH ghthe @a@e«i Blitprg in e ORRAAIt GirertiNAn Thysetbp majgadvantaasof barbed
I r
suml% %sd%%?gﬁ% é’ ctin rag%ﬁ{& %R@a%cgc ute Sﬁlgédeésd“ﬁgé domot
haverte baimal@d,tldcetchevebwyl suTres. Hakbedorgmtmnel subre, B darbad sutyre
u on, but resists novenent
mayﬁ) i Igelaolﬁ%%%a{% usféggggrg%afr%%hfe Sutures wi th barbs
dl quiﬁseailce .8, RutendNbellil?{ﬂ?&'I to vcamgdesaibes arpdlegated cbmdor

.doubl e- ar ure 0 S. Pat.ent.
sevwigs Bl gheat i 6 it B PopBon e S B o R b
pro;e'Bﬁﬁg frofiheEbdaiat acutel anpley reldtive tGibe body. ER bb@e&bmﬁﬁlaemnge
toward aone end of the suture for about half

passed| fhrpugh BEsyg iHongirestion it Fesists o ysoenhiz ﬂ&f‘pfﬁ’@%%“? rection.
di §\R6des Ath bW AEPIsBE 0 1 HirefiitshaPdrran Bédht taléo %aﬂdardohﬂile—armed

other half of the suture |length. Thi's arrangenent

Suturgs, BEROWRE B BEout N3 98LBR Haskin Bl -5 oeatshb Nog 241,747 to
each respective suture end is inserted into the first
and second sides of a 5 wound. Such bi-directiona
bar bed sutures not only are especially suitable for
cl osi ng wounds with edges prone to separation, but
al so obviate the need to secure suture ends together
with knotted | oops. OF interest is European Published
Pat ent Application No. 1,075, 843 AI to Sulananldze
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- 3 - directly at the knots, bathed sutures can
spread out the tension along the escarped suture

| ength, often evenly along the length. Optim zing the
di sposition and/or the configuration of the barbs
shoul d therefore further ingrease the effectiveness

f_ the new barbed suture . maxi m zi ng the. hol di n
Rutf Mk Furehisas e S P A oo o B A B LG et g about
halﬂ/tﬁé'.ﬂﬁlr@!éﬁ?&-ana_ b&bt Aakin@hin hs op@sitd GikdcAsd WowhaRIBE bikBdnd of the
for i ng wound heal in

ronof | g;_ Al so, _such Ee .
st fop i ot helEe! thagtivma gty okbinairanepred alovifie ng Rirpqye in
the SR BREGR!R eh@NedpRPtivedlituRVdn@tSinshdd Riid iheBirffand §628/tBsides of a

and help to mnimze scarring, due to the

wougg| Bughei-alirpetisgalihurhed spwres Apfeantye ppedirlly Bifahle forrlpsing

worRE¥¥ iR E&e};%g W‘]o&ié t s%?aw Gut.%o%ﬁggﬁ'ﬂ?é de¥d #REME shtbre ends
surgeril es ere nim zation o scarring 1s

togethepavithtknotéed lsopsh as cosnetic surgery, as well as in

SRS R AR Pt SR POTERARRERY ©

Suldnmnitize endieikteilo, piblahedBgbenty 22001 degpvedSmmt PCT/RU99/00263

Bl gobi o Folfbte SPpQ R 90 o f7af e,

1999 Which shavgs conikaldiarts labagged cejueniily v dg lengih ofst thesad and

..and._a second end an by .a pluyrality qgf barbs
oriefJg ren SR o g e T e Bt ofhston Yl o g eface between basbs
bein@nbeEets tRéh BSImBeihs thragiaiiderd or resi sting novenent of
the suture, when in tissue, in an gpposite direction

f r SO dntefEst dtSoRateRt Nih P SA2.8 Hto Fhispatent ghowsgg insertion
devib@that e userd ifsiRitibhinR a BBrbk M Suthe G 036 t6 elo8sla oM. tTHR insertion

group consisting of "a twist cut nultiple spiral
devige bsadihulaspodpfor sreeivingiapd sriypso and nrefarably alserd@sahandle to
o g . . t her _ i
i OB PR EAER h2tn T5E Rl SRS0 kB
for ume with arbiarbod swsre voees the sutgre partion being pysentagl inelndes badss fsing a

. _hein n,over l.a d rh,. t verlaphi ng an
iy e B PRESH LR on SR R B B
diregaivntof afseitibe are Ao sEowleindB76 foRudf er | appi ng barb is

derjved .from t of th opsi de of the.overl apped

oarthe ScioPoiaF o pesprre e SaraFuap s PRRIORES herf BB Thsomporated
by réfB@ndec! ative radi al and | ongitudinal spacing of the

bar bs al ong the body of the suture is random and th

baFHETTIEREO] bk A Peofamient epending g F‘wg’a}t cut 8@&, reduces
the sHBRNPANReNME E@nBH dife iR ik il sifthe @¥indteis dbéiBasdd. However,

| east” one barb i's not parallel to the |ongitudinal

the siipight pill tensdle pormgthorf atebed getveshoulgshy qmpapeg trytieTpingogs knot
. 3 N : |- . -

pult S cPiepionsl suri B i bt o ok AL UPAE Dnied

States\Rhamencopaeta siree ffgluge ofrogeantipeal sutwgd (whigl kave ta biglgiettedjand

i ng.. Fl [ ' ' '

s R Wil RIS p ey ly P b Pk e fior e o
increasad 1deal stredyy of anot her enbodi nent of the present

i nyentjon, .showi ng a barbed suture.that is .

bi TR PRI {15 PETOTFARRE P BEOH SUME B #Yanagegys Ragpader
varyﬁ*fgmﬁi-ﬁ SechitGi(Bgh caﬂ;aﬁgﬁﬁaa&‘&dtﬂgﬁhﬂﬁﬂi ¢up Rempthy b&veut distance,

along line 2B - 2B o arhed suture in Figure 2A;.
etc.) gpeopihe spatiplargngsracnt of %ﬁ/‘e’b‘%&aﬂaf ﬂ’é’f-‘ltdé}%%‘iy S fhe fapsile
sueng;&ﬁ%rﬂarﬂea \@iel Bt alss RAMIIMEnRAnRARO IS OF B barbid Slturb @t RSding

i sposed in a 120 degree staggered spacing; FlGURE 3B

and maintpinies wpwadess tagethar o Mgliks qavegonal sguess, Wijeh plagajepsions
suture in Figure 3A;, - 5 - FIGQURE 4A is a side view
of anot her enbodi ment of the present invention,
showi ng a barbed suture that is bi-directional with
bar bs di sposed in a 120 degree staggered spaci ng;
FIGURE 4B is a sectional view along line 4B - 4B of
the barbed suture in Figure 4A; FIGURE 5A is a side
vi ew of anot her enbodi nent of the present invention,




showi ng a barbed suture with barbs of various sizes;
FIGQURE 12A is a sectional perspective view of another
enbodi ment of the present invention, show ng a barbed
suture with barbs in an oveﬁiapping disposition;

- R B f .
dlra.cs G RG P SRRRE AL RS H i ol e e e
fgﬂQUFEEn d&2nlCalofig the Mérith. \Otisnioihy thedispaition and/of thb aorfiguafion of
a%‘ﬁsg Y Zaerﬁfﬂreefuitﬂ GJR%@%%&F}%?% thaé 3 egh% Veléijgégel g%‘pb ¥ utlu'%el%n
Rt nglﬂié hbRiAeSRONkY Ald RHSmizis theﬁ% fd@ﬁ@iﬁ’drﬁ@ong\&ﬂ@ﬁrﬁmﬁl edges.

suture is attached to ea surglcal needle -
The latterjs gappyiarlydrpeficial forpsompating woepdhealidge t er m "wound"
nea%oasu&%&) sﬂ IsRBuId nﬁlﬁs@ﬂsﬁé b8ty $R%&pHTpriate
ti ssue’ or acc wound 11 human or anlnal ski'n ‘or
tenatoh,eallemtmtomonaﬁ nmb, a@ddwlpyo miniwize scagingpduede the self-retaining
be dit]
s B e AT OB MR
surgmes Me:&mimbﬁzaﬁemoﬂf scmcdmg is mpen&hm su;h a&mmehmmgery he well as
"tissue”

In %“F@Eﬁ%‘%@%ﬁ?ﬁ“d% Hg”ﬂéf"ﬂ S“‘?‘hﬁs cn'ﬁ?fg%ﬂm S‘”ﬁ?ﬂ’ e ““ﬁﬁ?%‘é‘?%‘y

- organs, nerves, or bIood vessel s, or fibrous tissues
such as tendons or anment s the term-
“pol ynmer" as usé® éH%T§E¥B%iﬁ%%bg% but is not
Tim h’?é’ccBﬁanéEQwﬂ?Hﬁ’ﬁﬂJeﬁftr@* the pFe@RR IWRRGH, Ql%ét‘@ [ #8vided a barbed”

bl'ock, graft, random and alternatlng copol yners),
- Sﬁtsrepf@r ybﬂm‘regtmgehumm er animah tiswk.evaih sume avsdiringat) anglongated

bB{ijf %&g‘[ aF 1%{ érgig E;SI{BE ?ebon%d: %ncdi a?nrdgls)) D ?fui/aa@; of ?%?g f)arlojectmg from the

badhe acts barb Cﬂlchh’(@ﬁl b Airkettb, andUicirgy slapetl fbi ﬂ?sisﬁﬁg trvement of the

~ Isotacgtic, syndiotacti.c, and random symetri
SWifIRen Y ahmttﬁawsm B PPogifealitreion %&h@c@reawrf iy ‘@wh the barb faces,
t}wt?aﬁ%rﬂa%%tgea'm%sﬂ%ﬂton%& Body Sdidctdd! fim IR &HOS Bonsisting of a twist
section he sutures coul d“al so have a non-circul af -
catr wyKipkesifab dispositieip eant preerlapping dlispagtiemse ranldemsalnsﬁcarten and
c@%@iggtﬂ)gg é{ne?egdfl M‘g‘%% &Qeovfer%ﬂ};%g 815%0% tg)%hg SB&{ Ql%% for at ?east two
- allja¢eint &8kbt,coneMedtlg ar bvampbmg tﬁaﬂmand‘:‘pn@ﬁﬂﬁlglaﬁlcﬂz{aﬂﬂﬁﬁd barb the
ezoi d, - rhonboi d, . pent x on, . cruci form
O&?ﬁgpl’lﬁ% F‘FWS a IR deyand B%efg glf‘(% A & Llopside where part of
&Oha/dzmec of Itﬁ@m&ﬁaﬂph@ bRBSisPEG R ell O 8T oy o8Xhé Ltélbs@d& of the
" using-a die with a'circular cross 20section, and
ovdilagped; lreeb,ciné seherele thieomndsim dispositidnaissheh thet. the pelative radial and
10%'%{'[1(1:&4113? sRac"flq?%(gfht%E rbar‘obsvf\a'§1 ng thé %B‘J&# éfs tﬂ(%:' é{ﬁtﬂ%efssuc h({OglmaH% ahe barbs -
fank ﬁrhraﬁﬂkym dasdtioas 1@[1%83—deﬁﬁéﬂst ﬁxrb&barlshraﬂemdthb hegitudihs I'?XIS of the
term" net er us ere._is int ed to an the
atlpaghg a‘élsmeh@ﬁtrﬁf%fo ¥ éortg.lt&sélgalsaé@tq?gw quwgaﬁse@se- of
whet her the cross section is circular or sonme other
shape. 25 Suitable dianeters for the inventive
sutures described bel ow may range from about 0.001 mm
to about 1 mm and of course, the dianeter may be
fromabout 0.01 mmto about 0.9 mm or from about
0.015 mMmto about 0.8 mm- The typical dianeter ranges
- fromabout 0.01 mmto about 0.5 nm The I ength of the
suture can vary dependi ng on several factors such as
the I ength and/ or depth of the wound to be cl osed,
the type of tissue to be joined, the 30 | ocation of
the wound, and the like. Typical suture |engths range
fromabout 1 cmto about 30 cm nore particularly
fromabout 2 cmto about 22 cm The terns
"staggered" and "staggering" as used here in relation
to the disposition of barbs on a suture are intended
to mean that the suture has at |east two sets of
barbs that are offset with respect to each other,
where the first set is aligned longitudinally on the



15 pol yner selected, the degradation tinme in the
wound ranges from about 1 nonth to over 24 nonths.
The use of bio-absorbable 4mterials elimnates the
necessity of renoving the sutures fromthe patient.
Vari ous bi o-absorbabl e polynmers include, but are not
limted to, polydi oxanone, polylactide,

pglyglycolidﬁﬂEﬁdM?F@&Hﬂﬂﬁﬂi@E&JB%HBAEEE$G§rhers
t , i 20 . : '
pof HATRE 4AIRREEE Rl of APl bfinE AU fReEf shpwing o

barbEdl hitaefvifharts dispbsed 1154 180 dereestaggaraispacimmpol ymer  of

about 67% gl ycol.i de and,abqut ,33%t ri.net hyl.ene . .. )
e SRE b{sdeguonal R te 187 e S &y B 1
t OFFBRE QANs £¥a0 devef hRsthdr \eiBbdirlknt0 thd pB&Pat ivedtion, showing
copol yner of about 75% gl ycol i de and abput 25% .
aba@a@pw&a@#@i@m@n@lwmewn B 1407 geered spacing;

" CBicines 9 i iBwSioh@HAS B —12BTof HeHARRE st in Figure 2A;
sﬁgtre gﬂ#%gﬁ#gg?f Barbeg sutqres(hade frbn1sughlgme_
bi BIRIGB A sderate of anathea cabedimeniof the peesoyt iRy entgrgthowing

_ f,applications, . - @bdeYed sPRERLD sutures
abmﬁg@m@@ep% %%%? Fg%?%”h%ﬁgg or%a émﬁgterfal, whi ch

MeyICHIR B3R & ayseetionaBdew alvo fine8B —3Bof thddarblod sutancdn Rigwe 34;
limted to, polypropylene, polyani de (also known as
nyl on), polyester (such as pol yethyl ene tenphthl ate,
abbrevi ated here as 30 PET), polytetrafl uoroethyl ene
(such "as- expanded pol yt etrafl uoroet hyl ene, .
abbreviated here as elrl1C and sold by Gore as

GOR- TEXO), pol yet her-ester (such as pol ybutester,

whi ch is the condensation polynerization of dinethyl:
terepht hl ate, polytetranethyl ene ether glycol, and

1, 4-but anedi ol , and which is marketed by Davis & Geck
and by U S. Surgical, conpanies - 8 - owned by ,
Tyco, under the name NOVAFIL(r), which is a tradenmark
regi stered to American Cyanam d for surgica

sutures), or polyurethane. Alternatively, the

non- absorbable material may be netal (e.g., steel),
nmetal alloys, natural fiber (e.g., silk, cotton, et
cetera), and the like. Mst of the barbed sutures

. di scussed bel ow are descri bed as having their ends
being 5 pointed and formed of a material sufficiently
stiff to allow for piercing tissue. It is :
contenpl ated that the ends of the barbed sutures nmay
conprise a surgical needle. In this enbodi nent, -the
barbed suture is adapted for attachnment, such as by
swagi ng, channel w apping, 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 needle hole that is

| ongi tudi nal Iy di sposed at one end of the surgica
needl e (usually the hole has been drilled _
l'ongitudinally into one end of the needle), followed
by crinmping the resultant about the needle hole so
that the suture is secured to the surgical needle for
insertion into tissue. Also, sone surgical needles
with a longitudinal hole in one end are

heat - shri nkabl e tubes that are heat shrunk after
insertion of the suture in order 15 to attach the
suture to the surgical needle. Additionally, sone
surgi cal needl es have a channel or trough at one end,
and the suture is laid in the trough, followed by
wrapping to secure the suture to the surgical needle.
Surgi cal needles with a conventional eyelet type of
hol e transversely di sposed in one end of the surgica
needl e coul d al so be used, but are not preferred for
barbed sutures. For the present invention, part of
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Suture 1 includes elongated body 2 that is generally
circular in cross section and that termnates in end
4. End 4 is illustrated in one enbodi ment as being
poi nted for penetrating 20 tissue, but it is
contenplated that end 4 nmays5eonpri se a surgica
needlgg%not shown) faor inpsertign into tissue.

Th )
ot AEFUBRdHA ig 2 ige varro%ﬁnsth%ewod'gmﬁféh@tprtﬁtet iygon. showing
a bameﬁrsﬁﬂutett}iat‘?; hildiRSRinY] WiReK8E Bols il a 190 &g&@%@m‘e@ spcing;

st aggered uni-directional disposition.

UREAPB 1y 2 seetipeal Vipvalmedime BB of th 'é“‘IP%{]cﬁ“%\’F? ip Figure 4A;
a r Ff@@‘gﬁﬂ 5ahoy Etd% Swdsz %&ﬁ& eHbQ&hﬁ%ﬁﬁeﬁﬁ&%ﬁﬁQVéﬁubﬁ‘ showing

respect to axia spaced barbs 9, with barbs 7,9
a bafbed isvigrepuithriages desmsml in Ewigtcupmgltiplerspistl dipPHEOR def i ne

d e?!l éﬁ‘ggEbg ‘Ié e %:%Hgﬁjag 2{&9&?6‘% Sﬁwﬂﬁﬁ%%gﬁ%%q%gﬁ% iIrﬂy ,

bafGURESAdeh bide v&wbtftaaattherrahibydttﬂmt of glreepreneat ipt'q;lrien,@hewing

= balf pySrb i o B PR ket cpu bl el

dispssitiom;e | in Figure 1A, nore cI early |IIustrat es angl e

X, t.he radi r ar,

7 ENIREHiE eBmal it one T8¢ B Y] QOREHROY gt 1Hiure o4

f r pIGERBYASs 4 Foctibm side mwl df ragarbladt sieviire Avlgich isl’bathrédtlbﬁ:il with

barb 7 of barbs 7 is closer to Jnteo%ﬁﬁg oﬁr GA
barbs Rlsppsed 1 5P PE: TPl GPIE AR iRy spigpeg Figure 64,

buthlﬁﬁﬁtgdaﬁgﬁrgrﬁa@mcﬁwst barb 9 of barbs 9, due to the
a A'transverse plane that is perpendicul ar

erin
F%%@EE Bl sectignal sidp aiew adlisyaed in igae gAs ot getaigd and
ARRR tof tHRLGE &?cﬁﬁ tHREvelAaR tafbsany
danﬁ’ar%%‘ ot&h bar bzogmgﬁ@%m%d Sut ucree [ may be rsrade
vvr FIGURE 8tit 4 side view of arothe ambmlmméﬁﬁetme%teﬂ‘@nmn showing a
at a tinme, in a staggered
barbe glt%ﬁmon %mg%lygu ﬁrrg%%pgsu%"h as the cutting device
d eFIGURE @ id msebinmaakldrvaew«»f exbt!Be cinhdditent o HeptGemIgventon,
rst Se 7 15 y
sho g b Prh PP A0S b B el btk BB Y
angIGURB ¢0A is heceaial pirspattadadew miotHer emboditiette therpestent
| ength, spljces into the suture fil arrené%at an angl e

m"e%@“eﬁltoé’ﬂ“& pbarped MBIHIAVIG 23R VHE PhYCre BHE di rection
t ORRIIRE P01 s@kebiithaltop PRA Gk Sahe Rikbdaaahise ) Figure 10A;

created simlarly after of fsetting the blades
| oRETURA L9 IS acrpiseeionsl ey Hangtinglfrt HYfy of Figure 10B;
APRIFORETHIS ioVa &g&atse&fonﬁme\b QRAE likioral 161 SF BiRER 10B;

bet ween two of and al so rotating the sut ur e
f | FEFERE 1 hbsausectiovel sideyriewe of anethehembadireent g fhetprgsent invention,

set of 10 barbs 7 that
Sho“ggééggsgda%@mgﬁ’?ﬁ%%ﬁ%%%h@%ﬁre 2A is suture 10,
\AhFIGURB (2 it deectienabpotipeetive visfw ofmotheesmbaditneny ofithe present

ik h
inverjon s ot it v SGEF i el e E o0y 10
t hBIGTURE UEB &/ :3jekspectiveGitwast d portionas shesevetiapping barbs of the suture

El ongated body 12 terminates in first and second
of lﬁtb‘ierlr 84 ends 14, 16 for penetrating tissue. Also, it

| SFRAIe TPCad Eﬁlah Rithw FRe Poatidi oftbaibl oeHi@&relﬁB 16 may
hg@;lse a surgical needle (not shown) for rtlon
R §2 is aidgoview glopg ding 621 ndf &é?lgﬁmlﬁ

C | BRRIES PRE 4B B Snd 13D dow ¢§10u39.1r§&£1@1@&ﬁé’s *«vﬁe:@ a barbed
st'agger ed bi’-di recti onal di sposi ti on.

suturs pregtatheddp each sprgigahngedle- of axi al |y spaced bar bs 17
are radially arranged about 180 degrees from and
staggered with respect to plurality of axially spaced
barbs 19, with barbs 2017, 19 facing pointed end 14
for a portion (about half of the length) of suture
10. Simlarly, plurality of axially spaced barbs 18
are radially arranged about 180 degrees from and
staggered with respect to plurality of axially spaced
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15180 degrees on the vice, which is equipped to
accommodate first set of bi-directional barbs 17, 18
that are already cut. Then, for second set of
bi -directional barbs 19, 20, the blades splice with a
first cutting action into afproxi mately half the
| ength of the suture fi create barbs 20
facing in one directio#ﬁgggﬁﬂﬁgginted end 16. The
fir At uetdhére e Reh “@FOundS nheahd DR c yndiddmatit igedrdtidn, severed
. bl ades, | ongitudinally 180 degrees so,that the re. .
tsspR G HPSPA AP PR Il T S BBLTRLOTtheE SEmE oLRT paily tissue,
or St chitfitidn iNAlhbmad of BemhieRBidbuubie, d@dp]gmg%r tHeuisé BEMother tissue

all owed to splice into the other half of the |length
congecting dedieq WARDE eAEENt with a second cutting action

L0 L&A GelR&D S:llé-l%n:gx_ Z&ésﬁ&i’ ih@lude8 P RRPBETiRedlol @5hdsQhch as

t owar d pointed’end In an alternative

skiny s ofgsoits hene; myscle eageny, neo/es, 19t blapd wessdls pafibrons Wssees poch as
tend QR of suture 10 with barbs 17, 19 may have
e“ﬁﬁiﬁ??%@#ﬁ% toward pointed end 16 and the portion of

25 Moreoves, thotemn {polpmefi 9s 18d hérergayeriibviacludesnbut Hoiofjmited to,

in e 14. { t his, vari i t
hon PSR Bl Efket Bfcn'sh piofk ot Aot Hrla b inelchfotmers),
terpolynerd, etortette uhdbignds aad madifichtiins thecavfi Funthiehisore, the term

« above-npted U.S. Patent No. 342, 37 0 Ruff .
polyite s R itgd ol porsie sty R ine Wt itati s tyresnchugs but
are Eaft lﬁﬁféfa&@gﬁtfﬁ:ﬁc,tshﬂﬁ?jth&t&é shdraytoRtsyimitenal t i ons bwi th
ar ci ng one end and.one portion t ar bs . .
f ac“ﬁﬁ‘@“ah © SqtHES arg qgscrifed bejoy E‘bﬂ@gﬂg‘w finbsiget gdth a circular
cross 86dtiof, tBOsuies &l Afthave nBRE PR Srosk Sdaridial Bapd el dvild
the other end, and_so on (not shown and thus, if a

incrgase thesrrfage genapd facilitafs therferanatign ohibe g’arﬂ?ar@thémo%f@ecﬁonal
shapild i) it dRRBCHIR It Bnfedfd, S8 Wiangld) Sbarel Pﬁalﬁéﬂ?&‘i trapezoid,

suture woul d be inserted into ti'ssue w _
rhombrgdpeniagord bedagen, crucifornpand thedike afppioflyabagesraseent into
o B W eSO Rl
sectfompandabitsethe oross secadn ofchy/fimmehd witlibawatdar, as-thdt?s what results

filapents.and,the st eri i Mproves anchaorin .
duripg @R EMGET HarriSer pRIAR RN o Bt om Bge AT depise gross-
sectionslishbgecr suture is desirable, the staggered 180 '

degy ee aci ng.generates effective anchorijn

oo TieBF e e Hitoeerg a0 ere 1 1gisPeeSinmeg e dpptyerse logath of
the GrbsiQedtioVYeSirdREUT Rbletherie SHoRPRREL 6l is diréuldréf Sorfe other shape.

according to the present invention, and general
de SPible Gamsters dox the Wveive spes desgnbedbelqw may pangs gom about

0.003 29WRo 4Bduf i B, Gnd 8% coBXEQRE dibBRier Inﬁﬁbé #6iaboit P3AI A to about
for suture 30 is 120 degrees instead of 180 degrees
0.9 mm, pusfrer ebpnt P85 gum trabout 0.8 mm. Therypica) diametar rangps,from about
[ u 0 :
o135 ok 52198 St 138 b sve s
sucht asth laugtle snd/or depihrof ¢ vemuld 3atbd dosefaghetypaof tiggue fodsgeined, the

.t is. contempl ated 1Q.t ha nd,34.may c ri
tocaly bE PO R AT it “Dipd 885 19 f he€ PRI ALBE Cham cqgpout
30 cinpf@fd ekidubidy ffonssboat 2 ¢hhealaiuhe? cland i s not shown.)
Addjtionally, suture 30 includes pluraljty of closel.
oo bhe s bR i siageeeh e Bue iislalits 2 pSgScRion of
barbb B a SRR 2k MEABLDB nicanetiat the QuttfeIfhs 8NFasBhvo 3RS Barbk BRt are
di sposition of barbs 35 §7, 39 is uni-directional.
offschwith respectdp each othen israide S5t sptés ligaedepgitudinally g the suture and
about 120 degrees fromand 15 staggered with respect
to axially spaced barbs 37, which are radially
arranged about 120 degrees from and staggered with
respect to axially spaced barbs 39. Hence, axially
spaced barb's 39 are al so arranged about 120 degrees
fromand staggered with respect to axially spaced
barbs 35. As a result of the radial 120 degree
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First set of barbs 35 is created by placing and

hol ding a suture filanent in the vise, foll owed by
the bl ades, after having been adjusted to a
predeterm ned | ength, splicing into the suture
filament at an angle that 4% chosen to create barbs

35 so that all aye,facinglin thg s%ﬁe 10 di@ggtio&emﬂmt
the seenpd sef ihai gred lpnaiinglfy on the sufyrg Dut 3 pane RERUCILPTIO
and QftfiSikank ARG M%ﬂu?[}?iﬂe%utﬁ%e&nﬂ hteketihH the HaggFarbaidgf the first set
a a 0

__approxi mat el’y t he | ongi tudi nal distance
will peitinlewsact thadapst ofischapsofse seapudset-t he filament is

ro he GEESSuhcel It Ehe\sufifs bodly iofi Rvhiich the barbs are
eqﬁﬁ%%gb gﬁgg%%%nndate first sef O barbs_ 35 fhat

dispradeDepanding wn ihwantended end hee of aapashed sp@res Barboef diffgrey sizes

7 1S Cl ' i is i " £
may Bf olgBioSE S Fndid. Byt St e BRIt RSk Bt s of
tissus badge fat tigdue ap pofotisseen t@ the bthef handeshablarbarksdirpaore suitable for

. . di stance between two of r and al so the suture
Joinipg Péﬁé Si 02 &F%'F’aqlgﬂasé:ﬁ’g#%flg%eggsguf ees on the vise,
WhAE fotied aleye) taphed sttorea omg ancide Gotndbdsaalemetialsouged for

first set bar bs 3 d.alread
makigg oReve35oneEiopr SHRY ARGPTUT COOFR AR R Blure
dcpeh@i@*llﬂh@&rentgﬂﬂ@dﬂgggﬂ@irehﬁgfiﬁenﬁ@ is created in a .
Similar manner. rerera . €4a SUccessl v ar .
oSV PaRFaIY, st PRSI B G S8 ARG el that

allowiltht! ERuld 86 ¥e giaielah@ b RFbeibesiBet (\@r ik e tidee ss thetwound
overla? Wi th any ot her barb. Wth reference now

heals. (Gemetplly ebig:absorhablegnaterialichrs BolymER AN fependipg puthe particular
polygllg;ron&?écfganﬁle Qéu%rﬁcﬁﬁoﬁ’fiﬁé Sthe WOURDEah SR froavideiel Henthdo over 24

ar to suture 30, except that suture 40 is |
monthis- The usetof bivedbsorSahlemeterials elmingtes thearenss it of depeiRe the sutures
fro tggtmkgtgenerally circular in cross section and that
T P nates in first and second poi nted ends 44, 46
f oVapeneic-aisbrbgbit pslymers indlede, buttard not Govieé op pelydigxanpag,
one, or bath ends,44 46 may C [ [ . e
poly e EofaageIfeh 1o Bel RS S ST b, GRmetaat
availoble bk Anpies drel pblpaibxdnond @okdss PSR aittage odmeahsed by ¥thicon for

d barbs. 47, 48, 49, 50 5 i
L CHE LI I e T e
carb&atd (361418 MAXOR®, § hatnSarkt fogistortBio AnéiRas €daramidfor dofgical

are circunferentially 30 arranged about 120 degrees
suturiesoandagepokymenefeabert 1aPa elyealisp and ahoyt 250 sanrglactpnsc (sgld as
: - wWhi ch, are ' I ,
mONGERYAE b b e Bl Bpnieofi PR BRplbes i syt
needs8 R Bbdibsubsesaiade Emnsagh biv-dbgorbable alateyials preosefubiarabyide range
51 are al so arranged about 120 degrees from and
of appligeioB-ed with respect to axially spaced barbs 47.
ThEaditiBndM9! birbdd stfurds féRndddeor@h hompibsbambis mbikrial) Which
51 facing'in the same direction toward pojn

t d. .
may bg a polymes, Such polymewsyinglide. Bpiase nW&HWWSFO’tPﬂE’PPS’%{?‘Tq Pgyamide

' Ge8bl encASrepHitRlate2&libadviayed h
(alsctHoll s AfHonf Buifbatck (RBRGERIRRRAIAoAHE 8% ot

PET), polytatieflueroethyland tyualyns sxppnded palyiswailugrqetpylege.gbbreviated here as

ci al ) L.
P il R BISRE oy A e SB e o s 0
condERdAE 61 pelpinkivzatiax bidingthybempbithkete, pelyERamebylahsaher glycol, and

arranged about . 120.degrees .5 . fr.om a A j .
1RGO b iieh 1 Treare g s Godtby LE SRLER hbbhice

portion of suture 40 has all of barbs 48, 50, 52
facing in the same direction toward poi nted end 46.
. As a result of the radial 120 degree arrangenent,

first set of barbs 47,48 define substantially the

sane one plane; second set of barbs 49, 50 define
substantially anot her same one plane; and third set

of barbs 51, 52 define substantially still another
same one plane. 10Figure 4B, which is a cross
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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 length. The bl ades then are all owed
to splice into the other half of the length of the
suture filament with a secosd cuffing action to
create barbs 48 facin% in the opposite direction

ownegharigcpongerekr rame NQVASKR: whiehis atyradereark seistased e dymerican

! . | A \ i _
Cysp R tob B st of Bl Epbid® SEAQGREY, U nnOfps GBI, materil
mayli7e metalde gl, seel), heets wilayse ndtiniabiien (e.£. ssilkotattontt edera), andibe like.

OS5 O My LA SRUAE SRR S

poittd arldyrmaadiof a Tinedrial fufificiamtyciff ts elflovofor Ipierdng esstd. dhial
arbs 4 50, .the. bl ade lice with a first, cutti .
conlglaled i Sah PP hEPET g Foiiad's BiEEH rEf. g s
emlgjdlmﬂnﬁ tid Haﬁlﬁ@ﬁtgfeﬁ.s afaptdierat agtablgﬁéiﬁ, ﬁﬁa} dsdgisgging, chirmel
i.rectiop. towar inted.end 46. T i,fst cutting ..
WIABRIDE. R SR GN, GTEtFIeS 3@%&%&@ s Waﬁwf}@%ﬁ%ﬁ@ dgsue.
SO Atheimdr 8Y s@dgind R Welll BRISEDarid s typRaDPRREMbRshed by inserting
direction and over the uncut_half of the suture
the sytyrg gachinto the ayreicalagedlp hole that islensitidnglilsposed 4t oy endipf the

surgi @M eleQhsualif it Bbid Has bédn@HPBA 108bihd 'rﬁ]lz &0 BAk Gidlok iR Geedle),
action to create barbs 49 facing in the opposite
follgyeddwrarispingomresulinst shostithe pepdphole wthet the sukse isiseepecs to the
_ ien. : f. ' ' . it o
o PR 0 SIS R, B o SRS ittt
in ohetnieerhdatehrizkalijatubes thit ar\biedl shiresrkalteyinserfien gfitheisuure in order

filament agajn is I d
ol H RSl UE P BRIy Sl SRR e o
charnicl attromgh atafne lohd,ind detsutnais Jdddinbe woyghdBllancd by weaping to
cut second set of bi-dirgectional, barbs 49 0.
Se"“ﬁ%fthﬁ SHPTEd© f*l‘?é“f%%b?‘?“ﬁ‘g“r r?é{fg‘??g{}“eeﬂjé’ﬁ ¥ 1‘5 ﬁ&"?%"t“g?‘?%ﬁekf h&e of
holel thinkr2 Bl digosddl in @hé et dfahedurdiedl REdR oo, aldvbeakal, BEtde: not
by having the bl ades splice with a fé{ﬁt putLing
prefeiiqd feﬁbi}fgﬁdos_ ulRSr SRT HEDETSGLABYCRUT PIThe! (Peigisio Delew regards
surgical AteBlef LWaHRE Withtbarted Sabhfs, AL % edtelrpfitd®dhit AnPBifer suitable
direction toward pointed end 44. The first cutting
meapg.ef afactiing nesiienoaacbetppnioyeds i ng the bl ades 180 degrees
S0 Ak@m \%ﬁgﬁpaéggi [
di fe tet:ct | o‘ﬁ‘p%& ﬁ%%e@at uncut iaslrafgcgg ec?@?' gh%%r"éNo' 3,981,307
Boryskb,dd8 nbatent oy 5,084063stp K ariboff iy § . Paient dion 840041 & to Girangaeet al.,

B G R S o A G i T S

U.S dtateme No off) 722084 rtol CoBigan,ddlS dretend Blo. 6,012,216 Ebtevealot al,, and U.S.

each [ barb.ig escarped at a.positdon.abou .
ParcfEI0, foltn SR et ety B BRSO s Mo BreP B or P dicRRles s
desclBEDinaNs. PSS NOOS,538/987 ta RizM dt Al. FFuyther ey ndiad that thesufgical

al ternpative enbodj nent nOtdﬁhqéﬂ& fﬂgébi-directLonw
needlq gy pe ongted; the Copbing ABAWE 1on fhemesdig O Hgynyrgtyrgambingtion
surgftdl needie/FRMbed AMEre td) BNk @ fld ko OB WSthR&Ys RérBéltham & tlﬁ’e@u?i@l

the 30 portion of suture 40 having barbs 48, 50, 5 .
needimyemnragkcopisdnTheetaigs maNde 8 PROTISE &er iBHencaA siigopprosigicgating.
For $&Hipf bPPapbia sARLRE: %@g{l GedMRiinst r@ﬁ.ﬁfeg §1? hikieshtlyMs® force to

Fiseu evi ce, such as ﬁ

@ Wth an I nsertion hat shown
effeqt tissul @ezdbotien then e staidag] sibeaniged sigicalnegdle isgdegcrihgd RS, Patent
j Lional | it.is noted that, if desired, barbs may
Nb'égg%égﬁ?g%3*§5mfﬁat there may be two portions with
bar bs facing one end and one portion with barbs
facing the other end, or two portions with barbs -
16 - facing one end and two portions w th 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
i nsertion device. An advantage of a barbed suture
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- 17 - facing in the sane direction toward pointed

end 64. After twist cut nultiple spiral barbed suture .
60 is released fromthe vice and untw sted, barbs 67
are disposed in nultiple spirals on suture 60.

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

of the present invention, 5 which i
o, HbuATe SPasGt it 1iipEs AraeeFeaoRs (e e i Baghge. R beres
mafﬂél fhinkli Qs P b Pluitbis BRBIcH! ;afu&ng ididtusn il gTkthpink Cutiing,

suture 60, except that suture 70 is hij-directiona
lasesgudithe lirg With regsekiospingdn 6w%dgﬁlwqcﬁlarﬁaqs§f filaments are

d that
oGR8 i thd il L ARSI BB, and tha

nates in first an ed ends 74, 76
f oMhpenttng mey brgmarush but thattis labordaipesypsndmetrostrifectyite

?r Atb\%tghhsulota 1€ ]E‘g[%n% thacriSe 1?%18 U5 PRt O%Jlﬁ&ton‘%%ﬁﬁﬁl

nserti on | n | SsuUe. ut ur e
09/9878 herGenoed etc sasgilgneratd Quill (Medmab SidddyAugusicd d 2004 the disclosure

ot BB b S RES b Al JBIBE Btces

escarpfoent 8 1RFS oeltosap@md fitament. 44l bypicabeuttingmadRine Hiaitmarsfacturing

pr oxi es (approxi mately 76 of .
barbgl s RS FHTREGH B 07 0 BT EISch poegp e gometimesa
tem%ﬁé AP gl for ﬁ]&%ﬁzdeé\/bl‘& sPfukd filgtabimiis Macelﬂlml t’tﬁlbkuﬂ yndoifeld by the

arbs 77 are arranged in a multi attern
viseyjv ity the frEnersGdiTeEfoR gthe alatife;w&wﬂlﬁab&mogﬁﬂ[ ipghdiFge e dpction
of t}ﬁ sQﬁFctﬁlﬁtﬁm Uh oft®k {0 cuPh pIﬁ'rzﬂﬁ‘ﬂr & KUY ispeed/BarBl ARWsédh the

'ength of suture 70. Simlarly, plurality of barbs 78
mﬂﬂam@ﬁéﬁW@ﬁdﬂa“ﬂﬁ anultiple spiral pattern with all

b arvﬁﬁ'x 1 %née W0id tﬂ%@n%g' ﬁﬁe?@hfé}gfcze@ncé Rm&Re bégmate

part ot er approxi mate half) of mddle potion M
corralpomrgng dreithibm glekneofs throughout th@sevmagup@s,@hpmmﬁm $4 isaside

|

weui:oefc ubraé @ Aut\ﬁllﬁﬁa\évcc%aﬁ)lggo {hﬁ gﬁaﬁ%@ P}Vﬁﬁ?ﬂ%ﬁ%ﬁ:ﬁéﬂﬁlﬁr Rl ehdied at 1.

co sﬁﬂu@ur iatludus cieea@ated bedykihtt iv geriorlly ciiPularge nwst sectian and that

snalle snal Ler as.each | arther an

T WP e B PRSTOSHBIN i Qo B penesing

tlssde| ‘tt;jdﬂ &ti:f @T:%I?Med fhex éntlfdy d@glpn;e a surSiodl weadle Gonshpwhkfor

made wi.th the same cuttin ine as sut
insciion .. TG OUGT P BEISRPP bbb siths Lt abirutySF
closéﬁ EpaRbd BiRbs 09/aB4ReciIB a k@ W&@hﬂ ,dispotition. tMor@5

e follomnn change in ade di recti on. UBIH%Tthe

specifigely, a@@llx m#ge%qrbﬁo are gagially apeanged\abert 180 degress drompnd
stagé@fé& ?xﬁhlg dpfizﬁ'f)@ Fhbafs®, 9@&%@3nﬁéd etnhq First

ter the direction change f
set of ba:be d@fes a pbmeuhat Tsesuhﬁgmbéy perdenge wighithe nmetdeﬁmél by second
hat I
s o Y S G ARY, SR S o e
radiad 1 80 d@gﬁ&ra}‘rangmeamd of be| ng rotated. 30More

ficall t
e e ahg B otond vy Sl g AR ROy g
1A, ﬁx@fe’bl@ﬂyaalstrmaealgﬂeox wansely the eadadd 480 dagmamnagemembdwarbs’l

Wlthd?%‘é‘ft t‘é\’ﬁiﬂgﬁ l%e@%g ts'g Tmﬁaeqa%?%g%. %‘g%&gr e %‘i.sftae%‘ha‘ first

barb!7 JF®asbs § s d16Rs Ed’)%&ﬁt@(ﬂetﬁﬁﬁ@)bﬂdhoﬁ'ﬁ it Fl%uﬁ:la!tB}I eﬁxdftlhds?déemi to be
has about 8 2/3 tw sts per inch (per 25.

largar phandarther away fighieath 90 b%fh%% qug t %é‘é&%‘ﬁ& m‘dﬂs"eﬁeﬂ?ﬁe that
is pe)zl%eﬁﬁmular to Sftufe bod y 2§ 2 ana\ﬁ\a‘f? Idté}ﬂacﬁrtﬁ‘é @Bt dhelbartPRs T Hars¥Edoes not
t1nmes, be perforned nore or |ess,

intersaet the ese g 200baD 9tqfim1§s 9Suitably, tw sting may be

fromabout 2 to about 17 twi sts per inch, or about 3

to about 15 twi sts per inch, or about 5 to about 13

twi sts per inch (per inch being per 25.4 mm. 5Next,

the bl ades, after having been adjusted to a

predeterm ned |l ength, splice into approxi mately half

of the approximately 3 inch (approximately 76 nmm

l ength of mddle portion M' of the approximtely 4.5
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Each suture was about 7 inches (about 178 nm | ong.

The m ddl e portion MP was about 3 inches (about 76

nm | ong and contai ned the 78 barbs that were

escarped into the suture filanment. Extending beyond

the 3 inch (76 nm barbed-moddl e portion MP were two

unbar bed end portions EP of the suture that were each

abStturel may brewadeawidhs cuingmychingihat proguess SR asthef s 7.9,
usug! %né W WY d §e g G 8 o8 Yon Attt @NGh &€ thk BAILing device

rbed suturé€ my uff|C|ent y pointed and rigid
desqfkbf:d inﬁbfeﬁblOW@notﬁth@rlﬂl NQSQ%943@T33 talfervagttlse a strai ght

or an
R B g Bl ol e SR, A,
ﬂlenbshe setof hhﬂdsowﬁh a@a@emmheibﬂem splices indd Higtsutprg filament at an

sk S I SR TR o

barbd Odscreated sunﬁﬂiy fifhae offtettirigghé blpdds IIortgﬂtnﬁhdtlb/ (s greatgth staggering)

nmeasur e t.est.i erfornmed usi.n Tes .
pPIRE AT s Bp o chol S e e tet o3 s o o rotasing the
sumfeefﬂﬁhélﬂ abdut 180 depped bf theiRswhiel B Hgsippadie atamreaiate first set of
kind of suture was recorded for the barbed sutures

barbg { 4haf gie afrpady CBhpar i son unbar bed sutures. 20Conpari son

u NBAGHER FEtkd/s 8 $s WRKE 10OV HIEH i %RdRE S mbBdifichi Ry Yrésehia
nt heti c absorbabl e suture material). of var|0ﬁg?dmhs

mveg npod iglikgsaer b easephttutye Ak W‘HE?F“PE@O qrtuEe
elonBiRkd bcﬁ?qgthagls(%ﬁexhlnfar&ﬁ? %rosq s@ﬁﬂan MEongABEbRIFALterminates in

01157 i nch are respectlvel%lI
at one

first ghd @nonqmrmcbfmds 4k fphleenmﬁtme @SSPatPéﬁo mwmw

oo 58 5 o 0 e AR by hahtn o
AIsontaumﬂﬁ orheeaplepdit ¢fichatlyspzed barbot7, 4§t @ pranged in a

abs bl e ures, size 0 has a dianeter range of
Stagehy d@“’%‘? M%’Sg%ut 0.399 mm size 2-0 has a
di nfved @éclﬁamgeplafah@bﬁmmauy Sfhcathbarbs Fometadall Afrawgey about 180
ize 3-0 i anet er abou . 0
desmEydiaes kB wilh S Mol PR a<Bly FRed s 5’3’ }%3}“"5
17, @tfaﬁ@g:ﬂsmﬁeai ekl 140RF A gotioh thboitHAIFRS te 1@ f spaddon Gimilarly,

two respective serrated jaws, whereas ch un arbe
pluralify of axiaky spased bﬂéﬂi%ﬁmé%ﬁéﬂlm?anw 33%?‘&38 3

W% ARSHhackabaiok 80, ik BiEb @amfaamo
sta: et ith ﬂﬁ&ltt YEGARSH s

or holdi ng t he unbarbed sutures to
pointed ghdi 1&for e@@hgmeﬂmniammﬁte y the Oﬂlerhal:f o Bredengh) of suture 10.

Fnst%@tcd} b%éﬁ& bl b S igmg&l‘aé’@ %%é;{aﬂ%l %‘Sf?ﬁﬁh \A})]l%ﬁee&aﬁned by

secondlselt hEbarlsi®, N Aan beedlt,sxlltoj barbs l'bdﬁt 159, 38 definpsubsiantiplly the
i nches §
samer:(glgw?aélséi %I‘[ﬁ@ a%ml tlgkﬁie 1“on g%%& gl na ySIEn!a(?%gI r‘13tS qeﬁo with

nmpabﬁutuﬁﬂsﬂﬂﬂb&&s@ﬂbﬂht 254 nmm) per mnute untll

K d K |
e et e R
moreAlEurSHINSRGiEheld X, ikledy @& rdael 080 de’g[’& aifaggdngent. rm@hm the

| d he 5
saseBRB I FEI JAFEAPIE RS g LY EEFR 4B), and

thusf P&IH@Fame@z%%f RaYafd 1Bdraita |19 2b3dilstffed by the

nsile Strength) USP M nlnun1ReqU|renents Bar bed or
stippling af [atisverse nlaee giaz@ pemerdigiiar tpghiprebedy he 394 Bt ipteects the

base fglmg Gﬂagt?gfl‘&ftj)nagarlge'hg@% }&%‘i’%gg%c? tebaft FAn}BR8M1DRELABOIO.
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3.90 Barbed 0 7.03 not applicable As can be
seen, escarpnment of barbs into the size O

pol ydi oxanone nonofi |l anent reduced the straight pul
tensile strength by approxi mately 60% as conpared to
the 20 conventional unbarbedlsize 0 pol ydi oxanone

- fil nt. (7. oun =40% of 17..7 0 S)..
LiTRAZ A GRTR e i RBRR g5 s lrebbuy £ BRHAS Sbrersects the
baspofinetsbartt 19sfdakade dbexrnot Intersicribe Basp of i laxa?®ofbarbs 20.

bar hed tur ich, due to t.he escarpnment of the .
b e il e i, it i ok Qi R B0 gt o puteing
devideadcstirdb@indhie sHove-h6ted BN Nol 097943, 18308 GRSl a%t ZIE eRcept with the
ol ydi oxanone 25 syture) conpared favorably with the
fo Wméﬁmﬁﬁﬁﬁﬂﬁﬂﬁgﬁﬁﬁﬁ¥ requi rement of 8.60 pounds for
t hergrifig® s& of Bi-dﬁf&cﬁéﬁﬁ:m B&iBs LY Sifdel @B Sturd lﬂ?ﬁﬁéﬁ@ ¢ placed and held
Addi tional straight pull tensi

. suture. y ] | e
In ta¢ Yieh Grerpladestrdicquith afiyiopling action injgaprroatelishalioof ghe length of
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5 spaced barbed suture. The reason is that the tw st
cut, nultiple spiral pattern results in groups of

bar bs that conpl enment successive and precedi ng groups
of barbs, which tends to provide inproved anchoring
when the suture is in tissuéz This feature is

. eci I useful for ti such as f tissue .
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-24- 81 were aligned. Next on barbed suture 80,
| ongi tudi nal cut distance P between two adj acent
barbs 81 was neasured nicroscopically between the two
respective termnus T of the two successive cut-out
depressions CD left in sutuld®e body 82 fromthe

barbhs 81. The avera
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barbdBs.5 |l eft group of barbs and 5 fromthe right group
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surtVfe 2&may e PR Yibh theRAmg CuFdng maching as ?"é‘,“e'ekfucg 3 the cutting

devicPdescriBaih She/olShdtd Ser@NBasb/RIBI788 @) GERRlh 6 0 The cuiting
P over Suture Units Left Right Dianeter

mac?hgnezismwd drepogics thisgsels of badrp 35, 37/, B usuaflp PRewh Pt e, in a
staﬁerl:épd’si&n%&-sl&eﬁ(p- 04 0.35 Mmm 0. 36 + 0.03

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

Next, the 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.

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 1s equipped to accommodate both
alrcady cut first set of barbs 35 and already cut second set of barbs 37. Following the
longitudinal movement and rotation, third set of barbs 39 is created in a similar manner.

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

With reference now to Figure 4A, illustrated is suture 40, another embodiment of the
present invention. Sufure 40 is similar to suture 30, except that suture 40 is bi-directional.
Suture 40 includes elongated body 42 that is generally circular in cross section and that
terminates in first and second pointed ends 44, 46 for penetrating tissue. Also, 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
arranged about 120 degrees from and staggered with respect to axially spaced batbs 49,
which are radially arranged about 120 degrees from and staggered with respect to axially
spaced barbs 51. Consequently, axially spaced barbs 51 are also aranged 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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0.40 + 0.10 0.87 M 0.90 + 0.17 0.88 + 0.15 1.92
Table 7B (size O barbed suture) Ratio of D. L. or

P over Suture Units Average Standard Devi ation

Di aneter (0.457 mm) degrees 151 1.642 not applicable
mm 0. 215 0. 027 0.47 mm 0. 4464 -

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

Figure 4B, which is a cross sectional view aloxi g 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, a transverse
plane that is perpendicular to suture body 42 and that intersects the base of one barb 438 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 batb 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 cuiting 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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0.042 0.97 mm 0.962 0.073 2.1 degrees 20.833 1.602
not applicable Table 7C (size 0 barbed suture)
Ratio of D. L, or P over Suture Measur enment
Units Average Standard Deviation D anmeter (0.457 mm
cut angle O degrees 154 2.-836

the blades are rotated 180 degrees so that they are now disposed in the opposite direction and
over the uncut half of the length. The blades then are allowed to splice into the other half of
the length of the suture filament with a second cutting action to create barbs 48 facing in the
opposite direction toward pointed end 46.

Next, the blades are offset lonigitudinally (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 already cut. Then, for second set of bi-directional barbs 49, 50, the blades
splice with a first cutting action into approximately half of the length of the suture filament to
create barbs 50 facing in one direction toward pointed end 46. The first cutting action is
followed by rotating the blades 180 degrees so that they are now disposed in the opposite
direction and over the uncut half of the suture filament. They then splice into the other half
of the length of the suture filament with a second cufting action to create barbs 49 facing in
the opposite direction toward pointed end 44.

Then, the blades are again offset longitudinally (to create the staggering) for about
half the longitudinal distance between two of barbs 47. Additionally, the suture filament
again is rotated about 120 degrees on the vise, which is equipped to accommodate already cut
first set of bi-directional barbs 47, 48 and already cut second set of bi-dircctional barbs 49,
50. Following the longitudinal movement and rotation, the third set of bi-directional barbs
51, 52 are made by having the blades splice with a first cutting action into approximately half
of the length of the suture filament to create barbs 51 facing in one direction toward pointed
end 44. The first cutting action is followed by rotating the blades 180 degrees so that they are
now disposed in the opposite direction and over the uncut half of the suture filament. They
next splice into the other half of the length of the suture filament with a second cutting action
to create barbs 52 facing in the opposite direction toward pointed end 46.

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

In an alternative embodiment (not shown) for bi-directional suture 40, the portion of
suture 40 having barbs 47, 49, 51 may have them facing toward pointed end 46 and the
portion of suture 40 having 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, it is
noted that, if desired, barbs may be escarped so that theré may be two portions with barbs

facing one end and one portion with barbs facing the other end, or two portions with barbs
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not applicable cut depth D nm 0.205 0.033 0.45 - 95
- cut length L mm 0.4690.044 1.03 cut distance P nm
0.9750. 103 2.13 spirality angle a degrees 19.3331.506
not applicable Table 7D (size 0O barbed suture)
Ratio of D, L. or -16 -

facing one end and two portions with barbs facing the other end, and so on (not shown), and
thus, if a portion of barbs is not facing the suture end that those barbs are adjacent, then, the
barbed suture would be inserted into tissue with an 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 comp]iment 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 sutore 60, with radial spacing that is in a twist cut multiple
spiral. Suture G0 includes elongated body 62 of generally circular cross section. Elongated
body 62 terminates in pointed end 64 for penetrating tissue. Also, it is contemplated that end
64 may comprise a surgical 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
sature 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, instcad of
being rotated, when the cutting takes place.

More partlcularly, a suture filament that is about 7 inches (about 178 mm) in lcngth 1s
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, so the portion of the suture filament is
twisted when the suture is then placed and held in the vise.

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

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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P over Suture Units Average Standard Devi ation

Di aneter (0.457 mm) degrees 155 2.390 not applicable
nm 0. 186 0.026 0.41 mm 0.437 0.039 0.96 mm 0. 966
0.071 2.11 degrees 18.833 2.137 not applicable

15Al so, some additional neastrenents of angle; were

perfornmed gn a few addijti.on dlrectlon twis
fama&t“ the§ATeg Girestippard Pa%msié'ag@t AHtEROWRE oy HP'&F@{%PM“‘
sutR€ 60 RMEsOd BB thdabe 4RARAHYisEd, Harhs BMaredispeéddliy niifip®: spirals on

than the USP requirement for a size O synthetic
sutge8®r babl e suture). The nean average was 16.87 and

thensdig s & ﬁ?yﬂg Bl %%aﬁbﬂ%r Sabodheit ok Eh@%k‘ésh‘nt invention,

neasurenents 0 arb cut angle O, barb length L, barb

whicluis gaespally dsignated 2Guigret 70d |S$1tva¢1’6(é15 of abigt qyempispieeseren
cisgefA5f i (06 RUPlc ik B Bt suih 0 Rl Rk, e 70
1ncldtilea rEngatedbodytyubat (s @hdrBlly ciciula abayots sectig andrikat tadmindtes in
ﬁrsti and second pointed ends 74, 76 for penetrating tissue. It is contemplated that one or both
of ends 74, 76 may comprise a surgical needle (not shown) for insertion into tissue.

Suture 70 further includes plurality of closely spaced barbs 77, 78 arranged in two
respective spiral patterns, each being a multiple spiral around body 72. Barbs 77,78 are
disposed on middle portion MP that is approximately 3 inches (approximately 76 mm) of
suture 70, with each end portion EP of suture 70 being barb-free. More particularly, plurality
of barbs 77 are arranged in a multiple spiral pattern with all barbs 77 facing toward pointed
end 74 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 all barbs 78 facing toward
pointed end 76 for another part (the other approximate half) of middle potion MP along the
length of suture 70.

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

Suture 70 may be made with the same cutting machine as suture 60, such as the
cutting device described in the above-noted Serial No. 09/943,733 to Genova et al., but with
the following change in blade direction. Using the twist cutting method, barbs 77 may be
produced in multiple spirals that preferably are created at the same time, and then after the
direction change for the blades, barbs 78 may be produced in multiple spirals that preferably
are created at the same time. Thus duaring the cutting, the suture filament is held stationary
instead of being rotated.

More specifically, a section of about 4.5 inches (about 114 mm) in length of a suture
filament is twisted, such as 39 times for a suture about 7 inches (about 178 mm) in length.
Thus, an end is secured, and the other end is grasped and rotated 360 degrees, 39 times, so the
twisted section of the suture filament has about 8 2/3 twists per inch (per 25.4 mm) when the

suture filament is then is placed and held in the vise.
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slightly nore than the USP requirenent for a size 3-0
synt heti ¢ absorbabl e suture), and neasurenents of
spirality angle a were performed on 2 of these 3
addi ti onal barbed sutures. Al so, nmeasurenments of barb
cut angle 0, barb length L,gbarb cut depth D, cut
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- _deqt 1 1.651.nat | i . . . :
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all are facing in one direction toward pointed end 74. Depending on how many blades there

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

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

When twist cat 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
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 suture material). A diameter of about 0.018
inch (about 0.457 mm) is slightly larger than the size 0 synthetic absorbable suture, which has
a diameter 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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P over Suture Units Average Standard Devi ation

Di aneter (0.292 mm degrees 164 2.055 not applicable
nm 0. 106 0.006 0.36 mm 0. 395 0.042 1.35 rum 0. 959
0.074 3.28 degrees 7.329 0.547 not applicable Table
70 (size 3-0 barbed suture)l9-

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 cuiting
machine employed had 13 blades. Thus, for each group of 39 barbs, there were 3 cutting
motions (3 x 13 = 39), with the blades being offset with a guide for each of the 3 cutting
motions,

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

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

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
for synthetic absorbable sutures, size 0 has a diameter range of about .35 mm to about 0.399
mm; size 2-0 has a diameter range of about 0.30 mm to about 0.339 mm; and size 3-0 has a
diameter range of about 0.20 mm to about 0.249 mm.

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

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

inches (76 mm) of the barbed middle portion.
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Ratio of D, L, or P over Suture Units Average
Standard Deviation D aneter (0.292 mm degrees 165
1. 031 not applicable mm 0.104 0.009 0.36 mm 0. 390
0.035 1.34 mm 0. 975 0. 103 3. 34 degrees 7.258 0.636
not applicable Table 7H (S:’zioze 2-0 barbed suture)

Each specimen was pulled longitudinally at a rate of about 10 inches (about 254 mm)

per minute until breakage occurred. The peak load was recorded as the straight pull tensile
strength.

The results are summarized in Table 6A below, and the far right column denotes the
USP knot pull test minimum requirements for conventional {(unbarbed) sutures made from a

synthetic absorbable material.

Table 6A
(Tensile Strength)

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

Unbarbed 0 17.72 8.60
Unbarbed 20 11.86 591
Unbarbed 3-0 8.82 3.90
Barbed 0 7.03 not applicable

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

However, the straight pull tensile sirength of 7.03 pounds at breakage for the size 0
polydioxanone barbed suture (which, due to the escarpment of the barbs, has an effective
diameter that is smaller than the diameter of the conventional unbarbed size 0 polydioxanone
suture) compared favorably with the minimum USP knot pull requirement of 8.60 pounds for
the size 0 polydioxanone conventional unbarbed suture.

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

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

paramedian, each of the 7 incisions having 1, 2, or 3 closure sites. The length of each
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Ratio of D, L, or P over Suture Units Average
Standard Deviation D aneter (0.381 nmm degrees 160.2
1.320 not applicable mm 0.152 0.019 0.40 mm 0. 449
0.057 1.18 mm 0.944 0.098 2.48 - 27 - degrees

9.401. 606 -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 peritoneum.

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

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

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

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

In summary, the in 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
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
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 ! portion with barbs facing the other
end, or 2 portions with barbs facing an end and 2 portions with barbs facing the other end,

and so on (not shown), and thus, if a portion of barbs is not facing the suture end to which
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Table 71 (size 2-0 barbed suture) not applicable
Ratio of D, L, or P over Suture Units Average

St andard Devi ation Dianmeter (0.381 mm) degrees 161.0
1. 707 not applicable nm0.158 0.014 0.41 nmm O. 489
0.054 1.28 ram 0.962 0.054-2252 degrees

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

With reference now to Figure 7A, shown is a sectional side view of barbed suture 30.
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 6, cut distance P,
spirality angle o, cut-out depression CD, and tip T of cut-out depression CD.

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

Barbed sutlure 80 is a twist cut, multiple spiral, bi-directional barbed suture, like
suture 70 in Figure 6A, but illustrated as an enlarged section in order to show more detail
with respect to the configuration of barbs 81 vis-a-vis suture longitudinal axis A, suture
diameter SD, barb length L, barb cut depth D, barb cut angle 8, cut distance P, spirality angle
«, cut-out depression CD, and terminus T of cut-out depression CD.

More specifically, several twist cut, multiple spiral, barbed sutures were manufactured
from monofilament spun from polydioxanone and having a diameter of about 0.018 inch
(about 0.457 mm, which is slightly more than the USP requirement for a size 0 synthetic
absorbable suture). Each suture contained 78 barbs introduced in 2 separate multiple spiral
patterns around the circumference of the suture. Since the barbs were bi-directional, they
were divided into a left group with 39 barbs and a right group with 39 barbs, each group
opposing the direction of the other group from the approximate middle of the suture. Each
suture was about 7 inches (about 178 mm) long. The middle portion was about 3 inches
{about 76 mm) of the suture and contained the 78 barbs that were escarped into the suture
filament. Extending beyond the 3 inch (76 mm) barbed middle portion toward each suture
end were two unbarbed end portions of the suture filament that were each about 2 inches

(about 51 mm) long. Depending on the stitching technique, one or both ends of the barbed
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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 aneter (0.381 nm
degrees 161.0 1.506 not applicable mm 0.154 0.017
0.40 mm 0. 474 0.058 1.24 me30.973 0. 068

suture may be sufficiently pointed and rigid for insertion into tissue, or may comprise a
sfraight or curved needle.

In order to characterize the configuration of barbs 81, an Optem Zoom 100 custom
microscope with both ring and back lighting was used together with a CCD brand video
camera in order to measure selected barbs 81 at x21.5 magnification from each of the left and
right groups.

The average was calculated for 10 repeated measurements (5 from the left group of
barbs and 5 from the right group of barbs on the same suture) that were made for each of cut
angle 6 and cut depth D. Barb cut angle 0 was measured from the surface of the cut to the
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)}

Also, ;ctngle o of spirality was measured microscopically on various barbed sutures 30
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 parallel to the longitudinal axis of the vise while the twisted suture
filament is being held in the vise. If the vise does not leave a light mark on the suture
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 eft in suture body 82
from the escarpment of two successive barbs 81. Afier cutting of barbs 81, when barbed
suture 80 is released from the vise and untwisted so that suture 80 lics free, then line M
spirals on suture body 82 around barbed suture 80, forming angle o of spirality.

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

* analysis 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 1¢ repeated
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
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2.55 degrees 6.53 1.755 not applicable Addi ti onal
nmeasurenents were perforned on several other tw st
cut, nultiple spiral, 25 barbed sutures nanufactured
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a di anmeter of about 0.018 i h (about O 457 nm  whi ch

is slightl nore than t

81 e I%“h%‘?ﬁ“iff’gﬁfl%“%ﬁ% é)mcg ﬁq%ﬁ%{‘iﬁe‘i gre adjacent

barbh 81 abmeas&ea ﬁﬁw@dpit:ﬁgx&dndaﬂ rttttadzo&egpwtﬁs ter@Kue Wtof the two
that these ot her Eed sutures were cut with a

S“CB‘FSF‘fV‘é Pt Q‘EPE‘%SFIH’@S ?ﬁ’l’%e“umff’alﬁ?é%?z&m £ FSRAPRCRPI SWe
uchdsside barbal1. Mt fNGhd dabueldl fvr A @ﬁ&tédhﬁea&%;ﬁ&ﬁﬂ(ﬁﬂ)m the

filament between cutting strokes and that was

left gaoipyof Ibabg ang 3 from theomght Seup phbarhsen ihp samesuiwsels cut 3

for rﬁlﬁﬁﬁhz& gbﬁgg t her e
sutjlﬁe[e}gsu%g%g al so test‘éﬂg??lli)(%mzf rfrgl-i;lig 33 ?@tagﬁglblbe
strength and for chanois cloth closure strength. (A

di scussi on of ho""rﬁ@’ﬂi&sﬁzﬁ%&d‘ﬁh re strength is
performed can be nection with

Figures 13A and - 28 - 13B.) The results foRatihed L. or

ot her barbed sutures are summarized in the ljg‘lflguv% ng
Tables 7K - 7Z. Table 7K (size 0 bathed sut

Me&atenenof a LUnits P ovdeftSut ure RBights AverRigmetSi @a3d medn)
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cabl e
cut depth D mm 0.15+0.02 0.16+0.04 0.35
cut length L mm 036+003 040+0.10 0.87
cuf distance P mm 090+0.17 0.88+0.15 1.92

Table 7B (size 0 barbed suture)
Ratioof D, L, or

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 length L mm 0.446 - 0.042 0.97
cut distance P mm 0.962 0.073 21
spirality angle o. degrees 20.833 1.602 not applicable

Table 7C (size 0 barbed suture)

Ratio of D, 1., or

P over Suture
Measurement Units Average  Standard Deviation  Diameter (0.457 mm)
cut angle 6 degrees 154 2.870 not applicable

cut depth D mm 0.205 0.033 0.45
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nm 0. 221 0.011 0.48 M 0.479 0.022 1.05 nm 0. 784
0.015 1.71 degrees 12 9 0.453 not applicable
Table 7L (size 0 barbed suture) Ratio of D, L,
P over Suture

-25-
cut length L. mrm 0.469 0.044 1.03
cut distance P - mm 0.975 0.103 2.13
spirality angle & degrees 15.333 1.506 not applicable

Table 7D (size 0 barbed suture
Ratioof D, L, or

P over Suture
Measurement Units Average Standard Deviation — Diameter (0.457 mm)
cut angle 0 degrees 155 2.390 not applicable
cut depth D mm 0.186 0.026 0.41
cut length I mm 0437 0.039 0.96
cut distance P mm 0.966 0.071 2.11
spirality angle o degrees 18.833 2.137 not applicable

-

Also, some additional measurements of angle o were performed on a few additional
bi-directional twist cut, multiple spiral barbed sutures with a diameter of about 0.018 inch
(about 0.457 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 0, barb length L, barb cut depth D, and
cut distance P were performed on 3 additional bi-directional twist cut, multiple spiral barbed
sutures ljke sutures 80, but having a diameter of about 0.0115 inch (about 0¢.292 mxm, which is
slightly more than the USP requirement for a size 3-0 synthetic absorbable suture}, and
measurements of spirality angle o were performed on 2 of these 3 additional barbed sutures.
Also, measurements of barb cut angle 8, barb length L, barb cut depth D, cut distance P, and
spirality angle o were performed on 3 additional bi-directional twist cut, multiple spiral
barbed sutures like sutures 80, but with a diameter of about 0.015 inch (about 0.381 mm, .
which is slightly more than the USP requirement for a size 2-0 synthetic absorbable suture).
The results are summarized in the following Tables 7E, 7F, 7G, 7H, 71, and 7J.

Table TE (size 3-0 barbed snture)
Ratioof D. L. or

P over Suture

Measurement Units Average Standard Deviation Diameter (0.292 mim)




Units Average Standard Devi ation D anmeter (0.457 nm
degrees 152.4 0.947 not applicable mm0.216 0.014
0.47 mm 0.465 0.024 1.02 nm 0.774 0.015 1.69 degrees
13.2 0.349 not applicable - 29 - degrees 13.10.193
Tabl e 7N (size 0 barbed sut2re) not applicable Ratio
of D, L,

cut angie & degrees 166 1.651 not applicable
-cut depth D mm 0.107 0.007 0.37
cut length L. mm 0.443 0.042 1.52

~ cut distance P mm 0.956 0.079 327
spirality angle « degrees nottested  not applicable not applicable

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

P over Suture

Measurement Units Average Standard Deviation Diameter (0.292 mm)
cut angle 9 degrees 164 2.055 - not applicable
cut depth D mm 0.106 0.006 0.36

cut length L mm 0.395 0.042 135

cut distance P mm 0.959 0.074 3.28
spirality angle o degrees 7.329 0.547 not applicable

Table 7G (size 3-0 barbed suture)

Ratioof D, L, or

P over Suture

Measurement Units Average Standard Deviation Diameter (0.292 mm)
cut angle 0 degrees 165 1.031 not applicable
cut depth D mm 0.104 0.009 0.36

cut length L. mmm 0.390 0.035 134

cut distance P mm 0.975 0.103 3.34
spirality angle o degrees 7.258 0.636 not applicable

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

P over Suture

Measurement LUnits Average Standard Deviation — Diameter (0.381 mm)
cut angle 8 degrees 160.2 1.320 not applicable
cut depth D - mm 0.152 0.019 0.40

cut length L mm 0.449 0.057 1.18

cut distance P ot 0.944 0.098 2.48



P over Suture Units Average Standard Devi ation
Di aneter (0.457 degrees 152.8 0.612 not applicable nm
0.207 0.007 0.45 mm 0.453 0.016 0.99 nm 0. 798 0.017

1.75 degrees 13.6 0.560 not applicable
-27 -

spirality angle o degrees 9.40 1.606 not applicable

Table 7I (size 2-0 barbed suture

Ratioof D, L, or
P gver Suture
Measurement Units Average Standard Deviation Diameter (0.381 mm)
cut angle 6 degrees 161.0 1.707 not applicable
cut depth D mm 0.158 0.014 041
cut length L mm 0.489 0.054 1.28
cut distance P rom 0.962 0.054 2.52
spirality angle o degrees 7.96 1.075 not applicable
Table 77 (size 2-0 barbed sufure)
Ratioof D, L. or
P over Suture
Measurement Units Average Standard Deviation  Diameter (0.381 mimn)
cut angle 0 degrees 161.0 1.506 not applicable
cut depth D mm 0.154 0.017 040
cut length L. om 0474 0.058 1.24
cut distance P mm 0.973 0.068 2.55
spirality angle o degrees 6.53 1755 not applicable

Additional measurements were performed on several other twist cut, multiple spiral,
barbed sutures manufactured from monofilament spun from polydioxanone and having a
diameter of about 0.018 inch (about 0.457 mm, which is slightly more than the USP
requirement for a size O synthetic absorbable suture) and thus similar to the above-described
tested barbed sutures, except that these other barbed sutures were cut with a different cutting
machine, namely a machine with one blade that moved longitudinally along the twisted
filament between cutting strokes and that was controlled with a computer to make the various
cats 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



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

P over Suture Units Average Standard Devi ation

Di ameter (0.457 degrees 152.9 0.549 not applicable mm
0.188 0.016 0.41 mm 0.413 0.030 0.90 nm 0. 787 0. 024

1.72 degrees -28 -
13B.) The results for these other barbed sutures are summarized in the following Tables 7K

- TZ.
Table 7K (size 0 barbed suture)

Ratioof D, L

P over Suture
Measurement Units Average Standard Deviation Diameter (0.457
)
cut angle 0 .degrees 152.6 0.718 not applicable
cut depth D mm 0.221 0.011 0.48
cut length L mm 0479 0.022 1.05
cut distance P mm 0784 0.015 1.7
spirality angle ¢ degrees 12.9 0453 not applicable

Tabie 7L (size 0 barbed suture)

Ratic of D. L.

P over Suture
Mcasurement Units Average Standard Deviation Diameter (0.457 mm)
cut angle 0 degrees 1524 0.947 not applicable
cut depth D mm - 0.216 0.014 647
cut length L. mm 0.465 0.024 1.02
cut distanceP = mm 0.774 0.015 1.69
spirality angle ¢ degrees 13.2 0.349 not applicable

Table 7M (size 0 barbed suture)

Ratioof D, L

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

cut distance P mm 0.796 0.018 1.74
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13.8 0.270 not applicable
suture) Ratio of D. L, 30P over

Table 7P (size 0 barbed
Suture

Measurenment Units Average Standard Devi ati onD anet er

(0.457 Man cut angl e Odegrees 153.10. 655n0t

appl i cabl e nm 0. 2 -0. 007 0.45 nm 0. 451

- 30 -

0.019 0.99 M 0.792 0.018 1.73 degrees 13.6 0.410 not
spiralifjplngla®l e degrees 13.1 0.193

Measurement
mm)

cut angle 0
cut depth D
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

Measurement

mm)
cut angle 0

Table 7N (size 0 barbed suture)

Units  Average Standard Deviation

degrees 152.8 0612
mm 0.207 0.007
mm 0.453 0.016
mm 0.798 0.017
degrees 13.6 0.560

Table 70 (size 0 barbed suture)

Units  Average Standard Deviation

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

Table 7P (size Q barbed suture}

Units Average Standard Deviation

degrees 153.1 0.655

not applicable

Ratioof D. L.,
P over Suture

Diameter (0.457

not applicable
045
0.99
1.75

not applicable

Ratioof D, L.

P over Suture
Diameter (¢.457

not applicable
041
0.90
1.72

not applicable

Raticof D. L
P over Suture

Diameter (0.457

not applicable
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Table 70 (size O barbed suture) Ratio of D, L,
P over Suture Units Average Standard Devi ation

D amet er

(0.457 degrees 163.1 0.505 not applicable nmm

0.245 0.013 0.54 M 0.842 0.045 1.84 nm 0. 774 0.009
1. 69 degrees 10.8

cutdepth D

cut length L

cut distance P
spirality angle o

Measurement
mm})

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

spirality angle o

Measurement -
mm)

cut angle 0

cut depth D

cut length L

cut distance P
spirality angle o

mm 0.204
mm 0.451
mm 0.792
degrees 13.6

Table 7

Units  Average Standard Deviation

-30-

0.007
0.619
0.018
0.410

size  barbed suture

degrees 163.1

mm 0.245
mm 0.842
mm 0.774
degrees 10.8

0.505
0.013
0.045
0.009
0.449

Table 7R (size 0 barbed suture)

Units  Average Standard Deviation

degrees 161.1
mm 0.233
mm 0.721
mm 0.773
degrees 12.6

Table 7S (size O barbed suture)

1.126
0.017
0.035
0.010
0.189

045
0.99
1.73

not applicable

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

not applicable
0.54
1.84
1.69

not applicable

Ratioof D, L
P over Suture
Diameter (0.457

not applicable
0.51
1.58
1.69

not applicable
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0. 449 not applicable

Rati o of D,

Ll

Table 7R (size O barbed suture)
Suture Units Average
(0. 457 degrees 161.1

P over

St andard Devi ati on Di aneter

1.126 not applicable mm 0.233 0.017 0.51 mm 0. 721

0.035 1.58 nm 0. 773 0. 010 -31-

Measurement
mm)

cut angle 6
cut depth D
cutlength L
cut distance P

spirality angle o

Measurement
mm)

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

spirality angle o

Measurement
mm)

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

spirality angle o

Units  Average Standard Deviation

degrees 160.9 0.708
min 0.240 0.014
mm 0.734 0.037
mm  0.774 0.009
degrees 13.6 0.312

Table 7T (size 0 barbed suture)

Units Average Standard Deviation

degrees 154.6 1.434
mm 0.210 0.009
mm 0.492 0.026
mm 0.538 0.011
degrees 12.3 0.223
Table 7U (size 0 barbed suture)
Units  Average Standard Deviation
degrees 152.9 0.809
mm 0.212 0.014
mm 0.464 0.026
mm 0.530 0.015
degrees 13.7 0411

Ratic of D, L

P over Suture

Diameter (0.457

not applicable
0.52
1.61
1.69

not applicable

Ratioof D, L

P over Suture

Diameter (0.457

not applicable
0.46
1.08
1.18

not applicable

Raticof D, L.
P over Suture
Diameter (0.457

not applicable
0.46
1.01
1.16

not applicable
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1.69 degrees 12.6 0.189 not applicable

(size 0 barbed suture)

(0.457 degrees 160.9 0.708

0. 014

Measurement
mm)

cut angle O
cut depth D
cut length I
cut distance P

spirality angle o

Measurement
mm)

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

spirality angle ¢

Measurement
mm)
cut angle O

cut depth D

30 Table 7S

31 - Ratio of D L, P
over Suture Units Average Standard Devi ation Di ameter

Table 7V (size O barbed suture)

Units  Average

degrees 153.4

mm 0.221
mm 0.495
mnm 0.537
degrees 13.9

Table 7W (size 0 barbed suture)

Units Average Standard Deviation

Standard Deviation

0.903
0.010
0.023
0.012
0.605

degrees 155.2
mm 0.202
mm 0.483
mm 0.789
degrees 12.6

0.829
0.608
0.017
0.031
0.328

Table 7X (size 0 barbed suture)

Units  Average Standard Deviation

degrees 155.5
mm 0.200

0.799
0.010

not applicable mm 0. 240
- 32

Ratio of D, L.
P over Suture

Diameter (0.457

not applicable
0.48
1.08
1.17

not applicable

Ratioof D, L

P over Suture

Diameter (0.457

not applicable
0.44
1.06
1.73

not applicable

Ratioof D, L.
P over Suture
Diameter (0.457

not applicable
044



0.52 nm 0.734 0.037 1.61 nm 0. 774 0.009 1.69 degrees
13.6 0.312 not applicable Table 7T (size 0 barbed
suture) Ratio of D, L, P over Suture Units
Avenge Standard Deviation D anmeter (0.457 degrees
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30

154.6 1.434 not applicabl e33-

(Tables TW —7Y)

cut length L. mm 0484 0.027 1.06
cut distance P mm 0.798 0.017 1.75
spirality angle ¢ degrees 11.8 0.362 not applicable
Table 7Y (size 0 barbed suture)
Ratioof D, L
P over Suture
Measurement Units Average Standard Deviation Diameter (0.457
mm)
cut angle 6 degrees 1554 0.560 not applicable
cut depth D min 0.i%6 0.008 0.43
‘cut length L. mm 0.471 0.017 1.03
cut distance P mm 0.799 0.019 1.75
spirality angle o degrees 11.8 0.496 not applicable
Table 72
Barbed Suture Straight Pull Strength Chamois Cloth Closure Strength
(pounds) (pounds to rupture)
Sample 1 7.29 11.23
(Tables 7K — 7TM)
Sample 2 8.73 i2.14
(Tables 7N - 7P)
Sample 3 8.5 9.22
(Tables 7Q —75)
Sample 4 592 9.27
{Tables 7T - 7V)
Sample 5 7.69 9.97
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1/1111 0.210 0.009 0.46 UM 0.492 0.026 1.08 mn 0.538
0.011 1.18 degrees 12.3 0.223 not applicable Table

7U (size 0 barbed suture) Ratio of D, L, P
over Suture Units Averaze Standard Devi ati on Di ameter
(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 I, barb cut depth D, barb cut angle 0, and/or cut distance P should be the same
for the various other inventive barbed sutures described here.

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

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

Cut angle © 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 6 for all barbs ranges from
about 150° to about 170°.

For instance, for a polydioxanone barbed suture with a diameter of about 0.018 inch
(about 0.457 mm), which is slightly larger that the USP requirement for a synthetic
absorbable suture of size 0, the preferred barb length L would be 0.45 mm; the preferred barb
depth D would be 0.2 mm; and the preferred barb cut angle would be 153 degrees.

Longitudinal spacing between any two barbs is generally effected with the goal of
creating as many barbs as possible along the suture, and is a factor in the ability of the barbed
suture to anchor tissues while 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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152.9 0.809 not applicable DIMO0.212 0.014 0.46 ram
0.464 0.026 1.01 ram 0.530 0.015 1.16 degrees 13.7
0.411 not applicable - 39 - Table 7V (size 0 barbed

suture) Ratio of D. L, P over Suture
-35-

filament may be jeopardized, which could lead to a tendency of the barbs to peel back and
also to a decrease in suture tensile strength.

Generally, a suitable ratio of cut distance P to barbed suture diameter SD ranges from
about 0.1 to about 6, more preferably from about 0.5 to about 4.5, even more preferably from
about 1.0 to about 3.5. Very sunitable 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 o for all barbs on a twist cut, multiple spiral
barbed suture is about 10° to about 18°.

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

Suture 90 may be made with the same cutting machine as the above-discussed sutures,
such as the cutting device described in the above-noted Serial No. 09/943,733 to Genova et
al. With combinations of the above-described methods for making the 180 degree disposition
(sutures 1, 10), the 120 degree disposition (sutures 30, 40), and/or the twist cut multiple spiral
disposition (sutures 60, 70, 80), barbed suture 90 with a very random barb disposition is
obtained. The advantage of the random disposition is that the 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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Units Average Standard Devi ation D anmeter (0.457
degrees 153.4 0.903 not applicable mm 0.221 0.010
0.48 nmm 0.495 0.023 108 nm 0. 537 0.012 1.17 degrees
13.9 0.605 not applicable Table 7W(size 0 barbed
suture) Ratio of D, L, -36 -

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

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

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

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 cl:m'fy that barb 115 becomes
narrower going from base 119 toward tip 117.

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

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

Shown in Figure 11 is a sectional side view of a barbed suture that is another
embodiment of the present invention, and that is generally designated at 120. Suture 120

includes elongated body 122 that is generally circular in cross section. Elongated body 122
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P over Suture Units Average Standard Devi ation

Di aneter (0.457 degrees 155.2 0.829 not applicable nm
0.202 0.008 0.44 mm 0.483 0.017 1.06 nm 0.789 0.031
1.73 degrees 12.6 0.328 not applicable Table 7X
(size O barbed suture) -37-

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.)

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

Suture 120 may be made with the same cutting machine as the above-described
sutures were made, such as the cutting device described in the above-noted Serial No.
09/943,733 to Genova et al. By altering the amount of blade movement during cutting into a
suture filament, then the barb cut length 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
the varying sizes are designed for vadous 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. Usc of a
combination of large, medium, and/or small barbs on the same suture helps to ensure
maximum anchoring properties when barb sizes are customized for each tissue layer. Only
two different sized sets of barbs (not shown) may be escarped into suture body 122, or
additional sets of barbs (not shown) with four, five, six, or more different sized sets than three
sizes as iﬂustratcd for sets of barbs 125, 127, and 129 may be escarped into suture body 122
as desired, in accordance with the intended end use. Also, although suture 120 is llustrated
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.

Figure 12A is a perspective view of another embodiment of the present invention,
showing barbed suture 130 having elongated body 132 of generaily 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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Ratio of D. L, P over Suture Measurenent Units
Average Standard Deviation Dianeter (0.457 degrees
155.5 0. 799 not applicable cut angle O cut depth

D nm 0. 200 0.010 0.44 - 3335-;

Suture 130 further includes plurality d;” barbs 135 projecting from body 132 such that
at least two longitudinally adjacent first and second barbs 135 are disposed on body 132
where first barb 135 overlaps second barb 135 if first and second barbs 135, which is readily
apparent if barbs 135 are laid flat on body 132.

Figure 12B is a perspective view of a portion of overlapping barbs 135 of the
overlapping disposition barbed suture 130 of Figure 12A, and Figure 12C is a top plan view
of Figure 12B. Figure 12D is a cross-sectional view along ling 12D — 12D of Figure 12C.
As can be more clearly seen from Figures 12B, 12C, and 12D, during escarpment of barbs
135, overlapping first barb 135 is escarped into part of topside TS of overlapped second barb
135, and so on. Part of topside TS of overlapped second barb 135 becomes part of underside
US of overlapping first barb 135. '

Thus, with the overlapping disposition, the barb cut distance between first barb 135
and second barb 135 may be shorter than the barb cut length of overlapped second barb 135,
whereas, in general for barbed sutures, the barb cut distance between two barbs > the barb cut
length. Particularly for the overlapping barb disposition, very suitable barbed sutures may
have a ratio of the barb cut distance to the barbed suture diameter from about 1.5 down to
about 0.2, since the barb cut distance P may be as low as about 0.1. (See discussion of Figure
7 for comments vis-a-vis the barb cut length and the barb cut distance.) This overlapping
disposition allows for closely packing many barbs 135 on body 132, and typically, barbs 135
are thin, as compared to when the barb cut distance between two barbs > the barb cut length.

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

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

Figure 13A shows surgical needle N1 that is a straight elongated needle in the
longitudinal direction and that is generally circular in cross section. Surgical needle N1 has
pointed tip T1 for insertion into tissue and also has hole H1. Surgical needle N1 is illustrated
as attached, such as by swaging, to barbed suture S1. Barbed suture S1 is a barbed suture
including, but not limited to, any of the above-desctibed barbed sutures. Additionally,
surgical needle N1 has diameter D1 in the transverse direction, which is illustrated as a

relatively thin diameter, such as about 0.02 inch (about 0.51 mm). As discussed above vis-a-
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cut length L mm 0.484 0.027 1.06 cut distance P mm

0.798 0.017 1.75 spirality angle a degrees 11.8 0. 362

not applicable Tabl e 7Z 20 Bar bed SutureStrai ght

Pul | StrengthChampis Cloth Cosure Strength

(pounds) (pounds t o rupture)39-Sanple 17.2911. 23

(Tables 7K - 7M_ Sanple 28.7312.14 25 (Taples 7N -
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Figure 13B shows surgical needle N2 that is a straight elongated needle in the
longitudinal direction and that is generally circular in cross section. Surgical needle N2 has
pointed tip T2 for insertion into tissue and also has hole H2, Surgical needle N2 is illustrated
as attached, such as by swaging, to barbed suture S2. Barbed suture 52 is a barbed suture
including, but not limited to, any of the above-described barbed sutures. Additionally,
surgical needle N2 has diameter D2 in the transverse direction, which is illustrated as a
suitably thin diameter, such as about 0.032 inch (about 0.81 mm), but not as thin as diameter
D1 of surgical needle N1. As discussed above vis-a-vis swaging, surgical needle N2, after
having suture S2 inserted into hole H2, may be crimped by standard procedures about hole
H2 to hold suture S2 in place for use in suturing tissue.
Figure 13C shows surgical needle N3 that is a curved elongated needle in the

longitudinal direction and that is generally circular in cross section. Surgical needle N3 has
pointed tip T3 for insertion into tissue and also has hole H3. Surgical needle N3 is illustrated

as attached, such as by swaging, to barbed suture S3. Barbed suture 83 is a barbed suture

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

surgical needle N3 has diameter D3 in the transverse direction, which is illustrated as a
relatively thin diameter, such as about 0.02 inch.(about 0.51 mm). As discussed above vis-a-
vis swaging, surgical needie N3, after having suture S3 inserted into hole H3, may be
crimped by standard procedﬁres about hole H3 to hold suture S3 in place for use in suturing
tissue,

Figure 13D shows surgical needle N4 that is a curved elongated needle in the
longitudinal direction and that is generally circular in cross section. Surgical needle N4 has .

~pointed tip T4 for insertion into tissue and also has hole H4. Surgical needle N4 is illustrated

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

Needle tips T1, T2, T3, and T4 are schematically illustrated as pointed, but, as is wejl

known, surgical needles come with various kinds of pointed tips, such as taper point, taper
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of a girelg), ithpy lengiipef] dbopt i3 mmsad A yelatively; thia diamedgy of Apeyt 0.020 inch
(abdut 8.5 ¥ 6m). Figures 10C and 10D are

cross-sectional views respectively along line | CC -

10 &hem arsing the spme si@phing methodfa erepdrspecinen way gagedropg another
piccB BF et i By il b 1B Re A RARB S RSy, ssing =
drilled endnmiygitad necsitbe(itaintrio. 38387 b perchased frog SwixddhComepany) $wrged with

- dj t h t he cutti i C
the REYEIORBRE il S CUBS noB bede Wity Py PSS pote
afterGesenticn @tthebarbeioumedinembe hale 1o dbrethybartedanauadeingatehing.

19, the cutti deyice is provided 25 with cuffin .
For (i 3400 spepiinaan I abrlh e 4 e PP S e Rogtorl Arii ol ot a circte
with\d Ibdpth 66461 22 Anddnd UabiebRasi didieter of about D.0BS irich (&RdeE0Is1
that any of the bathed sutures of the present
mm}, ﬁ‘@lweh Bof a5 &hip as e dismster of B Reglle e 195 Syl sPeRimagh- o

COBAIHBATR s@itrd faREach BFdcHAGSW A BUdHAIRADAAR-cutl ABltiple spiral,
arcuat e_base shoul d enhance tissue anchoring as
polydigngnone hatbed sutyre ke sytirn 38 in Bigyre 6ARexpspidthateach harbadsuture had
. . [P vV,
s il OF S0 01 EL (DHE 0731 Th Ay B i Tirpll mlV sp
requigeroént fercsizecis@ synitletio ebsarimblersiings), issteadoiiasufirgdinmetgrof about
' | | side view of a barbed suture that is
Oﬂlgﬁgﬁﬁégﬁé%%%g?ﬁéht of the present invention, and that
I sBobrd filst ynddies segoval specimbnslaGtitchid chamoik2Mbth weteltehas] for

el ongat.ed. body 122 that .i.s r.al CJ I in .
closify SRRt tesER GyrL Ny Tpoar ModglAd0t. Hach Fhesimen was
grippet b§ivto tedfectiv Seriatedl jhnes. PticA! éach ERtinien Vel hallddgnditudmdRy at a
éﬁ%ﬂ it is _ contenplated that end 124 may. conprise a
rate o AogRil9 inghes peraninyig (abonbdmd) P gier Ty e compiete rupture. The
peaklidRiSH Pourds Réachid Wlor€ BSnpiBte Rfund BRWPtioRREs RE&BedBAhdQosure
pointed for penetrating tissue and may conprise a
strengtlyy Jibe agsulivweredhat ghe frataecimen (ehieh wap satuyedsyiths the needle that had
suture 120 includes plurality of closely spaced barbs
125, plurality of closely spaced barbs 127, and
plurality of closely spaced barbs 129. Barbs 125 are
relatively small in size with a relatively short barb
| ength as conpared to barbs 127, which are relatively
mediumin size with a relatively nmedium barb | ength,
as conpared to barbs 129, which are relatively |arge
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- 38 - Suture 130 further includes plurality of

barbs 135 projecting frombody 132 such that at | east

two | ongitudinally adjacent first and second barbs

135 are di sposed on body 132 where first barb 135

overlaps second bath 135 i#2first and second barbs

135, which is readily apparent if barbs é%? are | a d
a relftively i disogper o abous ﬁioan FTE’h 13231t|0351am§e1?°§b ipgunds |“8W woun
disrfPliof 9091{1{331 dﬁﬂé p&él = ﬁéd"ﬁ)aﬁ‘ BhdSinth3i&ks, Whereas the second

ver applng n barbed suture 130 of Figure
specir, (whivd vas gmcleedm@ thg needleghat bpch a switably thip dmyptsr of gbout 0.032

W $sial £h)lebdkbni?Ps8
inch aﬁ%{ SHgh PY D%Egt%%ssascaﬁ&%(ﬁg%%é c egéc?lﬂ aan fn?%m
pourms guiilahe W2khd dia@ucamdd i@ Bpecitoen pydied swﬁrh@n!ewto dpiegfsr bs

r 1 appin S escarped into part
%@b ‘ﬁ Jﬁéﬁﬁh%ﬁ% F%%%IEAigggbd barb 10 135, and
so on. Part of topside TS of overlapped second barb
135 becones part Ip_ung first

barb 135. THE 2 L Closure i
di sposition, the barb cut di stance betmeen first barb

135 and second barb 135 be shorter bar
Speciingn | o eaeIPRERET | apBAleL SUBRAIBRNE: | sciie, Bt b Rupture

Firstdener al d@p ihar bed sut uresgptizgndpar b cut 1didst ance 5.88
between two barbs > the bath cut 15 | ength,

Secopdr t i cul®#32yinghor t he over | &PHPABCbar b di gﬂésn tion,288
Vek Qb W GRbARYtuRAY%Sméer at 1 0 of the
bab%mgﬁgggggggﬁgggto t he barbed suture diameter from
about 1.5 domn to about 0.2, since the barb cut

ance O fbr tebtRffof 1
R eifishe Boen BFrf S tetic AU for kBT mare surgica
neecnﬁstswh@algmmm%dtshmrdsasﬁﬂbm d| stance.) This

| a siti.qn all I
B EP0 et SRRy 2ol 60T MORE Kt Two
fulI-%Q:kﬂés‘é‘ skifiintisie wepemadesh thebakef edcheatbacibate wounds. Each
di st ance betmeena¥mo_b%ggj > the barb cut |ength.
woungd was abgpt 4,610 dhleagh gpdp fothe FRfst rated with barbs

13RoaEm et WAk BF the Gvé @B@ds wak clofed Wittt @iildd fefid, icdied sergical

that suture 130 in accordance with th Hﬁé n aHso ¢
needipetpatyeasa Szl neeppém’fﬁé‘am v B(f @ §E‘1‘-41<’o€3& alength o
18mP&Q:a & ér \%§ Brch tabbut B DARBOME Hedlediad a taper

surgi ca nee ere barbed 25suture is attached

point ueedlrdip vstu:r@!ihg aeed&ﬁetadinad bwmgreumﬂetp a3ofapeh €W tp ppireximate a taper
nser | | B8 barbed

el 4o A 98 B3R o

sutu@bove VIS--VIS U S. Patent No. 5, 258 013 to G anger

2: ]['Etlr%thl:rlcg’l 1o étsvg%l% o\ﬁ%ﬁco h%:lﬁ%thf:ongl %n.ﬁ“nﬁtt%@hqhé At with a

drilléH én@Céiredt safideal heddld thatges aiSalze/item ne BBZﬁ’TQ]AnWbl’CbS'@S 3/8 circle.

section. Surgic needl e Ni _has 30
The Rl A aenEdt of Sopuciygamfon 8 Bgepagr RrD g2 i plur s mom.
Alswﬁl%%E@dlé\had anthhb didtneelilaap. Al eArbald was siedged so blyarbed suture.
swagi ng, bar bed suture Si. Barbed suture Si

ghe N T fﬁé?@hﬁrﬁsmwasm-drrmop (4% CLitpHe spirl.
polyhliaﬁarﬁ’);lg ‘lbgrbgfﬂflg NI 19@([3 bgsh B #Ex'é%@xs excBfiGhiticAdhPbaied suture had

urgi cal nee as di ane DI in the transverse

a diametee@f losru ow inigh (aboirt 0-3RJtmmt whichss shighth! latges/bpyy the Y
roauffb BB G i £ o i Gl by ot bR iber dbout
QOI&a&ﬂKﬂxﬁﬁ04Sﬁnun) having suture Si inserted into hole

H, may be crinped by standard procedures about hol e

Hl1 to hold suture Si in place for suturing tissue.

Fi gure 13B shows surgical needle N2 that is a

strai ght elongated needle in the |ongitudina

direction and that is generally circular in cross

section. Surgical needle N2 has 5 pointed tip 12 for

insertion into tissue and al so has hole HZ Surgica




10

15

25

30

Fi gure 13D shows surgical needle Nd that is a curved
el ongated needle in the | ongitudinal direction and
that is generally circular in cross section. Surgica
needle N4 has 25 pointed tip T4 for insertion into
tissue and al so has hole 1¥4- Surgical needle N4 is
illustrated as attached, such as by swag

ing, to
baFbescls stitehed v@#nd. Bdispiecpeimer Batgyas a@P@X*&%ﬁ&% 8 5E@tur e
. l . ) | i B fn thRSniddle paralleling tw
mca%‘%%@ég@gggfl?’gé%dﬁgg?%éﬂ]@gltglﬁ{rngg? Ad(:IiliQ'tni1 onal | y?P e e
oppasinggissl edpese wherehievidfor diosure steangth4estingt he transverse

di rection. which IS | stf j '
ai Tfeloa® o o o bipid el il Bing P k@ lulrl Dhfersa
Testbt) Mddelt?émQ. tFok a:jcasigmeap@hmn, 80 B edges punldling baqhééltfhed
. As di scussed above visS-a:W.S s i surgi ca
Wouﬁl\gg’ﬁfeémﬂ@f"dd? if—’}srtwﬂé‘%ﬁi’??é“’%ﬁ?{?%‘ By &ﬁ%’er €d into hole
114 herrechiRpeditbipadpiiitd Sngivatiudlyat o mechfrabsutinciies peringnute

(abogig' é]slf"ggl pll,? lm?nu?fe%}qgrgg?ogﬁilqltggl%ﬁg gcfgggcﬁ- ’ %&‘i)ﬁagmasf%% i(? | {'Sheountered

befoRCORPML FBltd/dibuplitsil wal:efbrd ap telticRtke sheigth.as is wel |
known, surgical needl es cone mnég var|o¥§ Ki

ds, of
poiThi% egulisi vipge a‘?&f&ﬂ@ gg)mttg?,gﬁ 156 {eet%g clqsecﬂ Hltln aneedle
havi%-‘i %%Hia]ﬁ)l%ter' leiﬂoup([ﬂbﬁ nciFtabéut '0%6%%}3@11:1%@,@%&6 afbaibed suture. Also,

ne, and lancet point, and it is intended to. .

the rieswits e, avbragedhisomidlee sepordiseicpftliyee wpnds glosediwidhyt aectlichaving 2
dianlé%‘e‘%gl’f W Ob26 {ﬁ@ﬂ ?a[bo&ﬂ&@ 1) atf G aBh A0 st M

preferred needl e tips tor surgical needles used with

balbecswtstanr ssnmaized i Toabld 13Bwlawv-in the art, needle

di aneter for surgical needles used with 5

conventional (i.e., unbarbed) sutures is considered

uni nportant, and often very thick surgical needles

are used with thin conventional sutures such that the

rati o of surgical needle dianmeter to conventiona

suture di aneter iTablk1BBIRaESIENClusabStrenghich as

4.43: 1. However, with the surgical needl g/ barb
W SL(Jiture conmbi nation of the present invention (M@gﬁ
Youig her a strai ght needle or. a curved needle), th
Speatmermer Mol Digety o et Subm Baeier | hERIGYD PddsipRunture
- abl ¢ gobafcpt he surgi calh19gel e/ bat hadizsut ure 1159
Flrs{/)vlsreﬁfe{ he ?es?r_ec needl e di ameter being thinner and
Secandisetmd3 a$.026 ingdpr oaches t BO1DIeEbed sut ulded3di anet erd-!

cveRida RISt R, diltier B PEERAR: SRRERLE, T P°

In general for the present invention, a relatively

thin syrqical, needl e _at.tached t. h [l en
o B sper e o a8 5ol e AT RN G,
the Bkt O 1081 stt@igtichvidnasmeing b auddclaseavitit snedigal nésidisiettached
1o PURELITS. FHEPoEh e Bae et el e s R GO strength,
partRhlkA¢ PG Qchi@tetidRadshRslveet, Bdr@owthltienes,fsoth grmaatierand bowel, thicker

engagenent of barbs in tissue, and therefore provide
needigstarepreferigd.y Thuss Whatigmpogtant; 1sgardjssy of ¥y éﬁletng"é@iﬂé e or

thin 'i)P ?&rﬁ%r&ﬁ% S 8t heRbEY S Lrd RAEnRRR WbdrRderdd B&Bed suture
of the

cl osed wound from puffing apart, as conpared

diantetertshenld boghaue3:d tor kg mprpproferabbtabont 2 gF 185 mat ed

ti . A '- ard to

t 7 Ot pidfie BEGTLH Hhy bR bfarlies dbel At B rogan
onlytshiewaaatdnplagt érabodiheritshef thaingintiah, inshedldde amderethediby Gose skilled

the barbed suture is that the surgical needle

di ameter should be of sufficient width in order to

make a hole or a channel in the end, such by

drilling, to allow for insertion of the barbed suture

into the hole or the channel. Neverthel ess, as the

surgi cal needle dianeter increases, 25 the surgica

needle is still suitable as long as the ratio of the

surgi cal needle dianmeter to the barbed suture




25 pol ydi oxanone barbed suture like suture 70 in
Fi gure 6A, except that each barbed suture had a
di anet er of about 0.0115 inch (about 0.291 nmm which
is slightly larger than the USP requirenent for a
size 3-0 synthetic absorbabKe.-suture), instead of a
suture dianmeter of about Q.018 inch (about 0.457
in g aF thay i i pqt tengpdyto lHait S*’éé’b‘f?&“%‘b‘@é'i‘%ﬁ%ﬁ%fm@%q"PE‘T%@!SC]OSG“

VatBA b ficHiohd) oMREBnd, 88d Stk 9 bE hﬁayfo%é&m&% embodmems
using a Test Resources Universal Tester,

withgetmapriadly departingsoye theperel igackings mlégéwtagv-@fm ma@@em

[ ' Lnal
pePly R of A BRE HEMin S itk WU SAUAG o e present
invgriionran be wed aloné br witiplhet dosurpmetheds, STkl apsszriles|apdidr skin
co et e woun i '
a6 HAERGRRIP S bl G Tl Sot Afndll I LORGER coveran
suchhaddifidators] omissiegms addnmS,(amhleqhwﬂaﬁs ssuhay edneiiddd withén the spirit
eed| hat had r atlv thin di anet er of

nd 5866 SsheBtenin e ety Bod it ot 5. 88" pounds

until wound disruption occurred and the speci nmen

pul | ed apart back into 2 pieces, whereas the second

speci men (which was stitched with the needl e that had

a suitably thin dianeter of about 0.032 inch, about

0.81 mm but not as thin as the needle for the first

speci men) took only 2.88 5 pounds until the wound

di sruption and the specinmen pulled apart back into 2

pi eces. The results are sumari zed in Table 13A

bel ow. Tabl e 13A (Chanois Cloth O osure Strength)

Speci nen Needl e Di aneter Barbed Suture Di aneter

Rati o* Pounds to Rupture First 0.020 inch 0.0115 inch

1.74 5.88 Second 0.032 inch 0.0115 inch 2.78 2.88

*Ratio of surgical needle diameter to barbed suture

di aneter. 15Al so, various pieces of rat skin were cut

and stitched for testing of nore surgical needles

swaged with barbed sutures as foll ows. Thr ee

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

t he spi ne.
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20For each rat, one of the two wounds was closed with
a drilled end, curved surgical needle that was a
Sul zl e item no. 382273A, which was 3/8 circle. The
needl e had a | ength of 18nn1and a di aneter of about
0.022 inch (about 0.56 nm* Al so, the needle had a
taper point needle tip where the needle tip had been
ground to a 3-facet cut to approxinmate a taper

i ng needle tip to facilitate penetrati on of rat
tisyues bhitedneadt cfonasnsswtige chumsnaon apibwl ssues fajfy guture

The ot her of th wound t
compsing (%1 SEREHR PRSY BHGTRR TG0 i R End S hd (B SiafRLy
of 3#9%&34,;“% adiant Bady, wash Barbificihgini 4 diraction amslzemadapted

/8 C|rcle The needl e hadale%iﬁrt? m the
fom@ehnﬂswmwmﬁf@e antarre VEED BY ST I ANPPEOR G WER T Lo

Mhich’the Barb ks, 16E gﬁr@s Badnga dis ¢ioihe bodilﬁﬁléceed

tEmuf’he need e was swaged to a barbed suture. 30Each
frofdteqgospitansiatihpof edetst sptemulmp sharal dispsitinn, &R OVEHAPINE

tw st cu I tiple.s 1 _
disptition A fendbm hsho étmf'g "‘?P“Pur il SHeRE E’Q’S?thi HRSbverlapping
dxs 95!1@&‘?388\4%%!]1_1& Mdtmﬁaﬂ :ﬂfﬁﬂﬁﬂﬁfemﬁatihhmlnt béing 48 I:Nwéﬂ@pmg barb
about nmm ichjs s t y er t
8Re beiggiancavsriepped bag, the gvel 38 gﬂé‘é}glﬁg gnd the

: overﬂatgﬁ&f O&Qf‘%%%g]}ﬁmﬂgeré &551‘@ lo€ tifH @ﬁ@ﬁ;ﬁlﬁ cﬁﬁh@&x&ﬂhp@ng)&ﬂb is

~ For each sti chedd
derirdnilom apatti afsthe topeids of thet Mlapmﬂ bappraod i Wherd yti‘g rancom

qgquare, nme ri bout 1965 al
dlsg?ﬁl?@h’é&“%)'ﬁﬂﬁtﬂg ﬁé}?thve %&&gfme&(lpg? ﬂ.ﬁ.naf'l ng %t‘%p%o& ngng
thelHod ?lé? (RAGATe isWaRionE lahil ehetshrsoiacecinasndom ditactionst including at
tes

The force to d
lcaeteqr@rm@aemm thg I@gn@émﬂe@%‘eﬂ‘? ‘@& & %ﬁﬁg\?ﬁ”@%ﬁ% 1%\3%%‘%”’“61 to
2000 speci men, the two edges
the e #ngfng each &ﬂgltceégﬂﬁ%und were mounted in the
t Wo 2 Eesbddvatise accatding }oawlsurbf wiheeein thethapbs are in a fwist cut
Then, each speci nen ul led tong £, and
miale sl dgniogn. PRGNEOIBTE AR B o B phlerthetot, an
the Btbil £ ali Thdidg HONBrQYiOn fiéiird lolyos2wf tiefirsTT brel v —
force encountered before conplete wound di sruption

endvas recorded as the closure strength. 10The results
9 I BfimS Blor £fwiehti® heWarRAge in a twist

cl og'e'@]e\?aaﬁ%‘é ee%']fxmﬁl tlbr?gahg dllenevger of about  0.022
cutl M6liplcadpaul diSpdzGionmin anetlappingedispositianeir heembinatifngthereof,

h I f ,
s B S P S5 A5 S ptn
whgxfei;ba&g WartQ- (P 4R ﬁﬁk‘g BokRfOMe Hif iMH)disatbnswmgationly the first

sut ure. results are sunmmari zed | n Tabl e

endLaBd meé burbs b5 thalstand IRric aresfaring an gsdirestion fowyd pply the
Av e of 3 Wbunds Speci nens Needl e D| arreter
Secgy Suture Dianeter Ratio* Pounds to Rupture

4. The barbed suture according to any one of claims 1 to 3, wherein the suture is
made from a material selected from the group consisting of a bio-absorbable material,a -
non-absorbable material, and combinations thereof. '

5. The barbed suture according to claim 4, wherein the bio-absorbable material is
selected from the group consisting of polydioxanone, polylactide, polyglycolide,
polycaprolactone, and combinations thereof.

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



First set of 3 0.022 inch 0.015 inch 1.47 11.9 Second

set of 3 0.026 inch 0.015 inch 1.73 8.1 *Ratio of
~surgical needle dianmeter to hgrbed suture dianeter.

25 Thus, the lower the ratio of surgical needle

di aneter to barbed suture diameter, then the better

t i&elebe8 o B!, Bon¥i&iRg Sk '

WI th a surgl calﬁgg%dl e at%gchgjoq){%%rga }égﬁgg‘dﬁlgﬁtfgl?og a natural

hbegeand cambinatipasthrrepfer t he surglcal needl e, the

b I f

d:Itltgit gﬂgf’%ﬁ%“% O\A/eoverég%%%“{ éu artbgﬁ%@{ners’ﬁéﬂmé%i from

rths ¢ geupn dohuisial, dfhlpﬂimc&!) PoBedtEs ?Jl&%fﬁﬁﬁ Eélyurethane

Thus, at Sl Inpol”t% regardl ess.o et her t

;Pé’gg‘? parogthy. £ BPYPHPREST, e relhiErtions thereeé i ddl e,

is that ThdBarb&@t hﬁ:&%ﬂ&ﬂ@i@bﬁ&%ﬁf%ﬂh@ﬁ& & w?mgrem the barbs
out

bar bed suture di ameter should 1 of Tess
m‘?ﬂe aproyﬁréapamgymm@aon gucjz that foret éeastm hdjagsint barbs, one being an

GLFaP g bR Y o328 52 RN B nf RE Ry o¥Efapping b and

thebotilapped shao Hahmgu mv&m mm 1engﬂ1 shd el obR1appide kP aad the
in the art that it 1s not

. b h kj 1| ed
TR0 ety ving: # bich v dislafts RverD thophsisdesstaan the barb o

"'_ Eﬁ@ﬁ@fﬂ@@&é&%%&ftgﬁed Various nodifications,

om ssi ons additions may be made to the di scl osed
“enbod. Bt bard sutwre macarding| toyclaligpar twhecpid thembdbe are in an

eRtbls” BPIsARR 3RS AT AR e b iR BrbRgine pepe an
dvﬂﬂéppﬁigﬂ)mﬁ kel G besk avbudirRppdd BIAS RAESERL o5erlap?mg barb and

Inventlon can be used alone or with other closu

OHKefppped; @étﬁ b%wag @pb@b e dergth, stoidntha divedipping bab and the
hlqjaglpdl n&}) . I S In #}%@J&e%&h{%\?/@}: Z.tﬁ%ﬂ l§ b%?]than the baﬂ) cut

, Imunhﬁﬁmﬁwvamgmaddmﬂ55|ons addi tions, and equival ents :

: n ded within.the s ri.t and_ scope. of .the
o nvgﬁé{ gﬁ g’%'%ﬂ‘!fﬁuﬁ’é’%waﬁﬁér Po?&iﬁ]ﬁng"hﬁ% P fhe barhs; are in an
oty dispositidn ol HHBE ForS Bt Mgt HY aga&.q&% 09.9 "Bhg an

or anlnal ti ssue, said suture conprising (a

lepijag barb @adlynh éweinggmapvferla;medém eantl of ﬂsaaamidp}mlgibarb and

- oy
ty. bar b orOJe tin on]t
ﬂ]‘gn(g’y, Qépac h&gg L"fﬂgc? b guy ?c" @?‘?&*‘F %H%F %’Bliﬂﬁ}m‘b and the
oetlapicdbafb }iair[ngraesarbtclm&sﬁﬂd%ﬂw&en@ﬁexﬂ, %tsyrewtﬁan mﬁ%aﬁo cut
in tissue, in an opposite direction fromthe
laﬁﬁ?ét%Peﬂﬂ?WPq@h%#ithe barb faces, the barbs having a
di sposition on the body selected from the group
consisting of a twist cut nmultiple spiral
di sposition, an overl appi ng disposition, a random
di sposition, and conbi nations thereof, wherein the
over |l appi ng di sposition i.s such that for at |east two
adj acent barbs, one being an overlapping barb 10 and
one being an overl apped barb, the overl apping barb
has an underside and the overl apped barb has a
t opsi de where part of the underside of the
over|l apping bath is derived frompart of the topside
of the overl apped barb, and wherein the random
di sposition is such that the relative radial and
| ongi tudi nal spaci ng of the barbs al ong the body of
the suture is random and the barbs face in random
directions including at 15 | east one barb wherein the -
| ongi tudinal axis of the at |east one bath is not
‘parallel to the longitudinal axis of the body of the
suture. 2. The bathed suture according to claim
1, wherein the barbs are in a tw st cut




mul tiple spiral disposition, an overl apping

di sposition, or a conbination thereof, and the baths
are all facing in a direction toward only one of the
first end and the second 20 end. 3. The bat hed
suture according to clainms 1 or,2, wherein the baths
are i-n a twist out nultiple spiral disposition, an
over |l appi ng di sposition, or a conbination thereof,
and the bat hed suturegdsmmishaasts a first barbed
portion and a second barbed portion, wherein the
barbs of the first portion are facing in a direction
toward only the ABSTRAZT O@FTRRDISTLGSURE of the
second portlon are facing in a direction toward only
t heAdweendsutef Or connectiug tisphe. dpd misenbination surgicd opallegith a

0 erein, t t
rrade o%ﬁggma erl gﬁ seleg% &t PP%% n&?’%ﬁ éfrbarbs projecting from
- thectmidy] Hach harbicasasitee wbsetdrebisembwin®int @l an dpposite direction from
wln n-agﬁgrbable mat eri al, and conblnatlons thereof

facesndbe éimﬁtgmaééizﬁw bpdy Wy be gpggersd fwist cut

qﬁ@g&ﬁﬁ%# E&éﬁ% certai
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fromthe group consisting of a polyner, a netal, a
netal alloy, a natural fiber, and conbinations '

Figheeedf 7. The bathed suture according to claim .
6, wherein the polynmer is selected fromthe group
consi sting of polyam de, polyester, polypropyl ene,
pol yur et hane, pol ytetrafthoroethyl ene,
pol yet her-ester, and conbi nati ons thereof. 8.
The barbed sut ure according to any one of claims 1 to
7, wherein the barbs are in an overl appi ng
disposition such that for at |east two adjacent
bat hs, one being an overl apping bath and one being an
over | apped barb, each of the overlappi ng barb and the
over | apped barb having a barb cut length, and the
over | appi ng barb and the overl apped barb having a
barb cut distance between themthat is |ess than the
bath cut | ength of the overl apped bat h, - 9. The
bat hed suture according to claim2, wherein the baths
are in an overl apping disposition such that for at
| east two adj acent bat hs, .one being an overl appi ng
bat h and one bei ng an overl apped bath, earh of the
over | appi ng barb and the overl apped barb having a
barb cut |ength, and the ‘overlapping barb and the
over | apped bath having a barb cut distance between
themthat is less than the bath cut |ength of the
over | apped barb. 10. The bat hed suture
according to claim3, wherein the barbs are in an
over | appi ng di sposition such that for at |east two
adj acent bat hs, one being an overl appi nhg bath and one
bei ng an overl apped barb, each of the overl apping
barb and the overl apped bath having a barb cut
| ength, and the overl apping barb and the overl apped
bath having a barb cut distance between them that is
| ess than the bath cut length of the overl apped barb.
47 BARBED SUTURES ABSTRACT OF THE DI SCLOSURE A bar bed
suture for. connecting tissue, and a conbi nation
surgical needle with a barbed suture. The suture
i ncl udes an el ongated body and a plurality of barbs
projecting fromb5 the body. Each barb causes the
suture to resist novenent in an opposite direction
fromwhich the barb faces. The disposition of the
barbs on the body may be staggered, tw st cut
mul tiple spiral, overlapping, or random Also, the




