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0ss-Reference to Rel ated Applications [000 [
gﬁ’pﬁ%ﬁ%‘)ﬁﬁygn is a continuation-in-part of co-%éﬁﬁ?ﬂ@mssm
application 11/168,173 filed June 28, 2005 on behal f
of the present applicant and which is entitled SUTURE
FOR WOUND CLOSURE, TI SSUE APPROXI MATI ON, TI SSUE
SUPPORT, SUSPENSI ON AND/ OR  FI XATI ON whi ch i s herby
i ncorporated herein by reference and which in turn
clainms the benefit of and priority under 35 U S. C
119(e) of U.S. Provisional Patent Application Nunber
60/ 584,927 filed June 30, 2004 as incorporated herein
bSURYRE ERRWOUND E1ESURTe TISSIEAPBRO TIONGTESSUE
invention relates generally to ap aratus for ti ssue
suturing arﬂ’#ﬂ?*?&ﬂsﬁﬂ“ﬁlé %r sur gi cal
i nci sion or wound cl osure as mell as tlssue
appr oxi mation in sur gPREt G EdONdur es such as. cosmetic
surgery. Background of the Invention 100031 A
substanti al nunber of devices have been provi ded
t hroughout the years _which_ may be used for closure of
a wound or surd Reference.to Related Applications

7t ces have
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CLOSURE, TISSUE APPROXIMATION, TISSUE SUPPORT, SUSPENSION AND/OR
FIXATION which is herby incorporated herein by reference and which m furn claims the benefit
of and priority under 35 U.S.C. 119(e) of U.S. Provisional Patent Application Number

60/584,927 filed June 30, 2004 as incorporated herein by reference.

Field of the Invention

{0002] This invention relates generally to apparatus for tissue suturing and particularly to
apparatus for surgical incision or wound closure as well as tissue approximation in surgical

procedures such as.cosmetic surgery.

Background of the Invention

[0003] A substantial number of devices have been provided thronghout the years which
may be used for closure of a wound or surgical incision. Such devices have included staples,

sewing and stitching as well as tissue connecting sutures.



suture". Such sutures generally conprise el ongated
thin filaments having pluralities of tissue- engagi ng
barbs and are designed for closure of wounds or
surgical incisions. In such use, the min fj| n
BOOPREORY awi ng tension while the pluraliti e&C @2057"015876
ti ssue-engagi ng barbs increase the "grip" of the
suture to the drawn tissue. [0005] Not surprisingly,
the need for ever-inproved sutures has pronpted
practitioners in the art to provide a variety of
suture structures which can be generally described as
barbed sutures. For exanple, U S. Patent 3,123,077
[000#)s s ue @t eoditly alavelaped B¢ off stifareamSURGHGAlly SumiREs hidesbed)
an elongated flexible filament defining a plurality of
suturg {1t Sush sliyreegeneally erynpivise dengated thiyy Direents howins Plyrakitier of Hssue-
its surface. [0006] U.S. Patent 6,241,747 issued to
engagin bargeans atestesigned feyglusmp ofEpds orBisakinCiGPRNIDEYERYsS, the
_having an elongated fil| anent or body which supports a
mainpfilanet pRRjiesdrawing dapipn whilzibepfugglifies of 'éﬁs'é"p%%%n&'aﬁbtﬁgnqw the
_body. The barbs are pointed in a first direction on
“gripy i s sppredm e dravfenBody and in an opposite direction
on the remaining portion of the body. [0007] U. S
Patent 5,425,747 issued to Brotz sets forth a SUTURE
[0006DTr e (Nodfurgrisiziplyo the aevdfatdver-imptoyed aturdsdns prgmpted prattitighers in
body defining a plurality of |ateral nenbers extending
the goiatp peovidie @ whréety of stifnersefictames Whicht ¢na bs generatjie descdlied pb baresd
with the central body. Each l|ateral nenber further
sutuckefHon esumalepUisy: Bitertt §,185.0dssbed e dilramo seix fosth diSRIRACARSWITERE
angl es therefrom The |ateral nmenbers are constructed
having athelongaised flpxdble filpmspigdefiging mplaraliyef eptyardivxiepdipg Raabper
cut and to provide a securely retained structure. 2
projggtion0iorred 20 8 Furfagt/ US2007/ 015876 [ 0008] U.S. Pat ent
5,584,859 issued to Brotz sets forth a SUTURE ASSEMBLY
formed of

[0006] U.S. Patent 6,241,747 issued to Ruff sets forth a BARBED BODILY TISSUE
CONNECTOR having an elongated filament or body which supports a pturality of closely
spaced barbs disposed along the body. The barbs are pointed in a first direction on one portion of’

the body and in an opposite direction on the remaining portion of the body.

[0007] 1.8, Patent 5,425,747 issued to Brotz sets forth a SUTURE formed of a
bioabsorbable material having a central body defining a plurality of lateral members exte;nding
perpendicularly therefrom in the same general plane with the central body. Each lateral member
further defines a plurality of barb members extending at acute angles therefrom. The lateral
members are constructed to be inserted laterally into two sides of a tissue cut and to provide a

securely retained structure,



a bi oabsorbabl e material having a central body nmenber
and a plurality of elongated nenbers in a plane

ext endi ng perpendicularly on each side therefrom The
extendln | ateral menbers are interconnecte

AhT0P8iy2 %%dy menber by connectors and each sgﬁb@F¥m )15876
plurality of acutely angled barb nenbers extendi ng
fromtheir-respective outer surfaces. [0009] Wile the
foregoi ng described prior art devices have to sone
extent inproved the art and in sone instances enjoyed
commerci al success, there remains nonethel ess a
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particularly advantageous in cosmetic surgery
procedures directed toward recenthé' gg %? dth
[000Hb ns uMgils e ferepeinedoRsrities pracs Y devicss hive Q. some oy S}mpmve ¢

procedures directed toward facial liftin
act SO PGS} DU coPE o et AR G AP 8 comtiming
structure of the present invention provides an
need ipfleapten sV MO, W@WF%“F&\"’ WS ng devi ce which nmay be
fabricated in either a directional or bi-directiona
structure. The suture apparatus of the present
invention may be fornmed of elenents which are
i njection nolded or col d-headed and maybe used for
wound cl osure, tissBenmamobhe Fyesti9n tissue 3 WO
2008/ 020937 PCTI US2007/ 015876 support, suspension
and/ or fixation. The nol ded or col d-headed el enents
[00IDRY beackerdngty, i &\ gaferal object of the present invention to provide an improved

apparatus for tissue suturing. It is a more particular object of the present invention to provide an
improved apparatus for wound closure, tissue approximation, tissue support, suspension and/or
fixation, It is a still more particular object of the present invention to provide an improved suture
apparatus which is particularly advantageous in cosmetic surgery procedures directed toward
recently emerging nonsurgical minimally invasive cosmetic surgery procedures directed toward

facial lifting and contouring,

[0011} Thus, the inventive suture structure of the present invention provides an implantable
directional camming device which may be fabricated in either a directional or bi-directional
structure. The suture apparatus of the present invention may be formed of elements which are

injection molded or cold-headed and maybe used for wound closure, tissue approximation, fissue



any of a nunber of cross-sections as desired. The

suture of the present invention is constructed to be

inplanted into the human body with or w thout the use

|nt.roducer and is designed to work in

g’&ﬁ% CBPPon with the heal | ng process post Suyﬁnggaoomlssm

such as scar tissue formation and fibrosis. The

i nventive suture apparatus hol ds 'wounds cl osed or

fixates tissue without the need for suture knot tying

to maintain tissue approxi mation. The inventive

structure being fornmed of injection nolded or

col d- headed el enents may be formed w t hout the Peed ,
suppoty suspensiaANilon Bxationddn me@e%mqolddtjaf%es elspIghts gay be formed having

tissue-gripping structure. 100121 In certain
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the el ongated fl exi bl e body; and an el ongated porous
01135 T dhipeposr e B s S AR
IR T t&nﬂ‘gt e T L
IR PR HAHE EBHIE po nt 6d end and & second

connector end; an elongated filanment having a first

end joined to the first connector end, a second end
[00j3i nedThus, in Aesorlance with the present invention, there is provided a suture

comprising: an elongated flexible body having first and second ends; a plurality of tissue-
engaging elements each defining a bore therethrough, the tissue-engaging elements received
upon the elongated flexible body; and a plurality of knots tied in the elongated flexible body each
larger than the bore, the knots maintaining the tissue—enga'ging elements in a serial arrangement
on the elongated flexible body; and an elongated porous tissue bonding sleeve supported upon

said elongated flexible body.

[0014] In further accordance with the present invention, there s provided a suture
assemnbly comprising: an elongated needle body having a first pointed end and a first connector
end; a curved needle body having a second poeinted end and a second connector end; an

elongated filament having a first end joined to the first connector end, a second end joined to the

4



WD 2008/ 020937 PCT/ US2007/ 015876 second connect or
end, and a plurality of knots fornmed in the fil anent;
a plurality of tissue- engaging el enents each defining
bor her et hrough, the tissue-engaging ele
@é)l z?q&s?ozﬁsggei ved upon the filanent by passi ng{%ﬂﬁiommssm
filament through the bores with each tissue-engagi ng
el enent bei ng proxi mate one of the knots; and an
el ongat ed porous tissue bondi ng sl eeve supported upon
the el ongated fl exi ble body. Brief Description of the
Drawi ngs [ 00151 The features of the present invention,
which are believed to be novel, are set forth wth
secopbohastor eud, enyd 4 pinrekity ofloytsifermed én the Alsmentiaplurality of tispe-
together with-further objects and . advantages . |,
engaging elentnts eraly defiming ahera thatethughy the Hsus-g1eepian elements ons
followi ng description taken in conjunction with the ,
receizedupop theyfilaveentiyamossingthe filgment dhraugh dhehpres wifhy F@gt‘éﬁ“&ma&‘}g
like reference nunerals identify |ike elepents ?nd_in
elemphti being pfobueriongiof the knots; aed an qlopgsted RPrAs Yesug F&W“@f‘ e
conpl ete suture assenbly constructed in accordance
suppaited-upon thegloagaigs Aexiblediody-on: [0017] Figure 2 sets forth
a side view of the suture portion of the present
i nvention suture assenbly; [0018] Figure 3 sets forth

a section view of_a iILustr? [ segnment of the

ti ssue- gripping B CHpton0 B¥8Sent i nvention

suture; [0019] Figure 4 sets forth a section view of a

ti ssue-gripping elenment prior to installationin the
[001S§it ur &Tha Seabuds|of theprepypt yedion. MO RFTH S XOTFAYlsBy Bt forth
with particularity in the appended claims. The invention, together with further objects and .
advantages thereof, may best be understood by reference to the following description taken in

conjunction with the accompanying drawings, in the several figures of which like reference

numerals identify like elements and in which:

[0016] Figure 1 sets forth a side view of a complete suture assembly constructed in

accordance with the present invention;

{0017} Figure 2 sets forth a side view of the suture portion of the present invention suture
agsembly;
[0018] Figure 3 sets forth a section view of an illustrative segment of the tissue- gripping

portion of the present invention suture;

[0019] Figure 4 sets forth a section view of a tissue-gripping element prior to installation in

the suture assembly;



[0020] Figure 5 sets forth a front view of the
tissue-gripping elenment of Figure 4; [0021] Figure 6
sets forth a side view of the straight needl e portion

f th resent invention suture assenbly; [
ﬁ’iog{?f’szﬂzgw’ ets forth a side view of the cur veggﬁ@?&%ﬂﬁsm
portion of the present invention suture assenbly,
[0023] Figure 8 sets forth a section view of an
al ternate enbodi nent tissue-gripping elenent; [00241
Figure 9 sets forth a front view of the
tissue-gripping elenment of Figure 8; [0025] Figure 10
sets forth a still further alternate enbodi nent of the
10028} es e Aigurs ¥ estit fosina froptiviery ol thsipe-gripping dlemet e aue 4
suture; [00261 Figure 11 sets forth a perspective view
of a still further alternate enbodi nent of the
[0023} es eFigurevy it foding sifOOV &f the guigbsncik@Apartidn 42K wredent invention
forth respective front and section views of a tissue-
sutupgrdsgepiblyy el enent constructed in accordance with the
present invention having a generally conical shape
and slot configuration; [00281 Figure 13A and_| 3B set
[0029r t h RigRPESkd forh h EiQie DEkhs AfTddBedld RSonQdf ik present invention
tissue-gripping elenent defining a generally
sutufd as@entblygled t apered shape; 6 WO 2008/ 020937
PCT/ US2007/ 015876 [0029] Figures 14A and 14B set
forth respective front and section views of a tissue-

003) S8 7Ry SAPRI B Lt FLESTERAL WG B inpine

elefi@Bpective front and section views of a tissue-

[0024] Figure 9 sets forth a front view of the tissue-gripping element of Figure 8;

[0025) Figure 10 sets forth a still further alternate embodiment of the present invention

which provides a bidirectional suture;

[0026] Figure 11 sets forth a inerspectivc view of a still further alternate embodiment of the

present invention;

[0027] Figures 12A and 12B set forth respective front and section views of a tissue-
gripping element constructed in accordance with the present invention having a generally conical

shape and slot configuration;

[0028] Figure 13A and 13B set forth respective front and section views of a tissue-gripping

element defining a generally five-sided tapered shape;



gri pping elenent defining a four | obed cross-section;
[0031] Figures 16A and 16B set forth respective front
and section views of a tissue- gripping el enent
defining a three | obed cross-section; (0032]_Fiaur
T’?’&“%ﬂa%ﬁs set forth respective front and SSE#’?‘E%%MSS”‘
views of a flat disc-like tissue-gripping elenent;
[0033] Figure 18 sets forth a side view of a suture
portion constructed in accordance with the present
invention and utilizing a plurality of tied knots for
tissue-gripping elenments; [0034] Figure 19 sets forth
a side view of a conplete suture assenbly constructed
0029  ackignedddandd 4B sqt fathspspectife front prdReption vicys 96 HISRY a
_porous tissue bonding sleeve; 100351 Figure 20 sets
grippipg elsmant pfining 3 gaperaily sauars CI9ESSeF™ i on havi ng
ti ssue-gripping elenents which are nonuniformy
spaced; [0036] Figure 21 sets forth a partial section
[0030]de \VFiguesof5Azand 0518 s@ fprturtspentive Hom tmdisstisuk vigws of a tissue-
accordance with the present invention having a
grigpingsiseentrdefigngg foet bhehtrossestiosd t o t he el ongat ed
filament of the suture assenbly by attachnent
utilizing | aser welding, ultrasonic welding, or
[009%?93 | WiBurad feACAHAR BB set foriPespOdlit BARART section views of a tissue-
PCTI US2007/ 015876 [0037] Figure 22 sets forth a
grifp@igleletdenSRfihin® B thSded6beM icRidé-@ttich; sut ure portion
constructed in accordance with the present invention
having a plurality of tissue-gripping elenents forned

Iouﬁér t g“#ﬂh’@sglt@g ?Ja%ﬁisa%w BE85Re ﬁL&%ﬁ§Le&E&r9HE\§s 43 thfdis-like

a par sectlon si VI ew a suture portion

tiss&ggﬁphﬁﬂé%ieﬁfgnf‘n ~accordance with the present invention
aving a plufality of tissue engaging el enents

posi ti oned

[0033] Figure 18 sets forth a side view of a suture portion constructed in accordance with

the present invention and utilizing a plurality of tied knots for tissue-gripping ¢lements; .

10034] Figure 19 sets forth a side view of a complete suture assembly constructed in

accordance with the present invention supporting a porous tissue bonding sleeve;

[0035] Figure 20 sets forth a side view of a suture portion having tissue-gripping elements

which are nonuniformly spaced;

[0036} Figure 21 sets forth a partial section side view of a suture portion constructed in
accordance with the present invention having a tissue-gripping element secured fo the elongated
filament of the suture assembly by attachment utilizing laser welding, ultrasonic welding, or

adhesive attachment;



by a plurality of integrally fornmed enl argenents on

the filanment body; and [0039] Figure 24 sets forth a
side view of a suture portion constructed in

ccordance with the present invention utilizin
g"ra%ﬂasé?}()%’? woven nulti strand filanment. Desc?%’l%is%’ﬂ"’%llssm
the Preferred Enbodi nents of the Invention [0040]

Figure 1 sets forth a side view of a suture assenbly
constructed in accordance with the present invention
and generally referenced by nuneral 10. By way of
overview, suture asserrbly 10 conprises four basic

[003(?31I :;rre %%gér :s%g ﬁ{]‘;gt%gls! v;rgpv{??ggqt{lr§ gg% nconstru%ted in

ssue- eng ele nts 30 throygh 47 . and curved
sccofdas Wik 1 BEEREE TR GRTTIRLE fglorLha Rapusc G eriee foumed by
es an el ongated straight body 11 formed of a
m°ldﬂ‘l‘ga§bj‘ g RIS al such as pol ypropyl ene or the |ike
and includes a generally pointed end 12 and a
connector end 13. Suture assenbly 10 further includes
10038] f | eRianree3apts fytiaartiol seatiqu side yisH ol 2 guivas ROTHAR copstrgstd in
22.secured to connector 13 in _the manner described |
accoplanesviththesepspidnysation baying p ghuralibr ofdisiip s7828ing clsmetspysitipned
of tjssqe-engggin% el ements 30 throu%P 47 set forth
by apbyralify efintegral od galergements on e §iament badyaael 5. Suffi ce
it to note here that tissue-engagi ng el enents 30
through 47 are substantially identical in structure
(0038hd aFeurclicen dthuaxide vidweodialshisrdyodipn 20nstrigtedsid decbidemse with
ti ssue- engagi ng el enents 30 through 47 conprise
the pyespririnvehtjongbitizisgd braidedien wavews ol sopnd filgaant. a S WO
2008/ 020937 PCT/ US2007/ 015876 directional character
to the suture assembly in its engagenment of tissue. As
is better seen in Flgure 3, erX|bIe body 20 further
def i nes aDgscrptignof{ ferres odiments of the bygn
are tied within flexible body 20 to prOV|de
limtation of the novenent of tissue-engagi ng el enents
[0048D t MiginghsekAotiposids view bbd sxttbogkyenBy combtarcted lieadoadync? @ith
further defines an end 21 which is received
the present invention and generally referenced by numeral 10, By way of overview, suture

assembly 10 comprises four basic elements which are a generally straight body 11, a flexible
elongated body 20, 2 plurality of tissue-engaging elements 30 through 47 and a curved body 14,
More specifically, suture assembly 10 includes an elongated straight body 11 formed of a plastic
material such as polypropylene or the like and includes a generally pointed end 12 and a.
connector end 13. Suture assembly 10 further includes a flexible elongated filament body 20
having an end 22 secured to connector 13 in the marnmer described below. Flexible body 20
further supports a plurality of tissue-engaging elements 30 thrdugh 47 set forth below in greater
detail ill Figures 4 and 5. Suffice it to note here that tissue-engaging slements 30 through 47 are
substantially identical in structure and are received upon flexible body 20. In addition, tissue-

engaging elements 30 through 47 comprise generally conical structures which impart a



within a connector 16 of curved body 14. Curved body

14 further defines a sharp pointed end 15. Connectors
13 and 16 secure ends 22 and 21 of flexible body 20 by
use of a _conventional crinping attachment.

ﬁ@@@%ﬂ? **hvention suture may be fabricated o§@§F§ﬂ%W“ﬂ”“
absorbative or non-absorbative materials to suit the
patient and the procedure. [0041] As nentioned above,

the present invention suture assenbly is suitable for
use in a variety of wound closure, tissue

approxi mation, tissue support, suspension and/or

fixation rocedures. However, as is_al so nentioned

direciigen) gharactes %%ﬁ@ assPrgint tn| 16@&3@?!&?%0%‘%‘%«6? I better seen in

artlcularl it in prsﬁedu
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I'ssue. Wile not
I|n1ted to use in any particular procedure, the
resent invention suture is well suited to
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capability of the suture. In 1ts preferred fabrication, the entire suture is formed of a monofilament
material such as polypropylene or the like. Alternatively, an absorbable material such as PDF

. may be used. Once inserted under the skin, the directional character of tissue-engaging elements
30 through 47 form a permanent support structure for the tissue and actually lift and contour the
tissue. While not limited to use in any particular procedure, the present invention suture is well
suited to use for lifting and contouring nasolabral lines (smile lines) as well as retracting of the
patient’s jowls or other parts of the body which need lifting or contouring. The procedure
utilizing the present invention suture is extremely safe and requires relatively little time

compared to conventional cosmetic surgery. The procedure utilizing the present invention suture



the procedure, the suture is inserted deep into the
subcut aneous tissue along the lines where the new
contour is desired. Typically, as few as three suture

insertions significantly raise the cheek co
WRP®3Y3t ew as two sutures correctly pl aced%?gyhézf:))ﬁemlsm6

utilized to draw back the patient's jows. The suture
may al so be used to raise the patient's brow and pul
back neck tissue. Also, the present invention suture
maybe used el sewhere such as pulling in waist |ines.
Once inserted,, the gripping power and lifting effect
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structure.

[0043]) Figure 2 sets forth a side view of the suture portion of suture assembly 10. As
described above, the present invention suture includes an elongated flexible preferably
monofilament body 20 formed of 2 material such as polypropylene or the like. Flexible body 20
defines an end 21 and an end 22. A plurality of tigsue-engaging elements 30 through 47 are
threaded upon flexible body 20. As is better seen below in Figqre 3, flexible body 10 is tied to
define a plurality of knots (knots 50 through 67 shown in Figure 1). knots 50 through 67 are
positioned upon flexible body 20 at generally evenly spaced intervals and are utilized in limiting

the movement of tissue-engaging elements 30 through 47 upon flexible body 20. Thus, it will be

10



WO 2008/ 020937 PCT/ US2007/ 015876 apparent that tissue
engagi ng el enents 30 through 67 are serially placed
upon flexible body 20 and that a correspondi ng

| ural i of knots 50 through 67 are tied in f
g’é’ﬁng’qzé%ae-engagi ng element as it is threagé@ﬂg%%ﬁmsm

end 22 of flexible body 20. For exanple, assenbly of

ti ssue- engagi ng el enments 30 through 47 upon flexible

body 20 is initiated by threaded tissue-engagi ng

el ement 47 passed end 22 to the desired position on

body 20. Thereafter, knot 67 is tied in flexible body
ti ssue engagi elenent 67 is threaded u
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Figure 3 sets forth an enlarge a portion-o

of ﬁelx% &hﬁZ@QﬂXheg&ﬁmm\fég H%B*I% of’%@ffﬁceﬂfng ﬁssue-enga%inF N '

ti ssue-engagi ng el enents 44 and 45 secured thereo

eleh iR 2R WREH ﬂ%%ﬁ‘éép@%ﬁ’ngﬁ?ﬁﬁ&ﬁng KHRLS tied # AckiBle SR On all of

Figure 3, flexible bo 20 I's shown supporting tissue

the QEMHODHSREk-&lg §18mentthaddibedt BssenfiIed 16 BBARE bW 20:2nd the
flexible body 20 has been tied to forma pair of knots

corfebpondifly Bdvel lﬂﬁﬁiH% RiotsMakEbeeh gl it RS bddy 20 StieRible body 20 is
correspondi ng of tissue-engaging el enents 44 and 45.

readyfof AknblyBRALEL bbdySfkitontlN AAQLUREIBbSNRMich 144sc8ii Figre 1) to
are able to transfer drawing force fromflexible ody

conileis the sumireoundi ng ti ssue which i s engaged by el enents
44 and 45. Once again, it will be

[0044] Figure 3 sets forth an enlarged view of a portion of flexible body 20 having section
views of tissue-engaging elements 44 and 45 secured thereon in the manner described above.
Thus, in the example of Figure 3, flexible body 20 is shown supporting tissue engaging elements
44 and 45. Correspondingly, flexible body 20 has been tied to form a pair of knots 65 and 64
each of which limit the positions of corresponding of tissue-engaging elements 44 and 45. In this
manner, tissue-engaging elements 44 and 45 are able to transfer drawing force from flexible
body 20 to surrounding tissue which is engaged by elements 44 and 45. Once again, it will be
noted that this engagement is directional in that elements 44 and 45 provide substantial greater

engagement of tissue in the direction indicated by arrow 48,
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noted that this engagenent is directional in that
el enents 44 and 45 provi de substantial greater
engagenment of tissue in the direction indicated by

11 WO 2008/ 020937 PCT/ US2007/ 01587
%?%%?%éﬁgz'gets forth a section view of tlssueggﬂb 0“‘]9‘5876
element 30. It will be apparent to those skilled in
the art that tissue-engagi ng el enents 30 through 47
(seen in Figure 1) are substantially identical in
construction. Thus, Figure 4 and the descriptions
which are provided in conjunction therewith wll be

[01’.)4§f1 der ?t Y d%stft% f?lﬂf %%?@?P%:Jﬁé# %FV\@L%?J%%H% :elié%gqlefg}enlg wﬁl be apparent
o bl HEL B AR PR gﬁsnﬁtgwg Sy Gty G et Do
A TR i ot
coniiol hBESi BfY a"n“*@%&?% ?’3@%*’9@%‘ %%ﬂ?ﬁaﬁue §ﬂ%‘i‘5‘é‘g glpmers 31
o o o, B Bl RO o) G 5380 Hhopere
and hﬂs WA ArrBw SHPFS ARG Crdte% o@f;ﬁn@ﬁg&g}n% ol Wx&%s 9% 10

el emrent 30. As nentione I'Ssue-engaqgl

fit sRipB RO fex@fie b ?Br fﬂtFl %r'eﬁ ?*P&% Emle&s%a 9£ume for

usi'ng I njection no niques as

mtax‘iiﬁ%bﬁl@ﬁjﬁ M@ﬂe&feTheacoﬁfémﬁﬁpegf tléﬁ&énggl FRLEL 5o etﬂ.@xr tﬁ) fe

lized in fabricating the tiss gaglng erement

opelpcfhaiabt@r of PRE &R 77 IWM Siirio? B8 55&5&51@ 1 ARSREP] Qﬁbst&@gﬁ%%@leﬁ%agmg

such as pol ypropyl ene or the |1 ke "have been

propey forl blbaét 80.20dnad ¥ LB8GR QH@BSS!@-&@EQE? élé{ﬁénié of the present

absorbable materials may al so be us [0046] Figure 5

investidnandybs fabricited @8ihg ij@WorDholliing SiURidEadAL fé@uﬁiu@{rﬁr&sx:@@ While
showing flared end 77 and interior 78. Al so seen in

a nufibenorf euitable MateHels ol BOGHIRE RffabbiostRg 1 titie @bEHRnG RBmERs SHihe
the tissue- engaging elenent. [0047] Figure 6 sets

presém irtvbntien gttt agskinylySatérdavach 8 iptBpiopAvieRk the ke hsB bedd @shad
11 in the absence

to be suitable and advantageous. Alternatively, absorbable materials may also be used.

[0046]) Figure 5 sets forth a rear view of tissue-engaging element 30 showing flared end 77
and interior 78. Also seen in Figure 5 is the extension of bore 76 through end 75 of the tissue-

engaging element.

[0047] Figure 6 sets forth a partially sectioned side view of straight body 11 in the absence
of attachment to flexible body 20. As is described above, straight body IT is fabricated of a
suitable material such as polypropylene or the like and defines a tap;ared end 12 forming 2
somewhat pointed end structure together with a connector end 13, Connector end 13 is shown in

partial section and defines an internal bore 17. Bore 17 is sized to receive the end portion of
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of attachment to flexible body 20. As is described
above, straight body Il is fabricated of a suitable
mat eri al such as pol ypropyl ene or the |like and defi nes
end 12 formng a sonewhat pointed
g‘@r%@ﬁfﬁ%’t ogether with a connector end 13. Egﬂﬂg%g%(pssm
end 13 is shown in partial section and defines an
internal bore 17. Bore 17 is sized to receive the end
portion of 12 WD 2008/ 020937 PCTI US2007/ 015876
flexible body 20 (seen ill Figure 1). Connector 13
secures straight body 11 to flexible body 20 through
the application of a conventi onal crlnpln roc
Rexitcedy B el g et e Bogp Thlagt E&Podv 20
received within.bore 17.  [0048] FI%% g 7 sets f?
thropgh e appfication of 3 YAYERIigNAL GHBRINE RIPSFELPTER G endportice o hexible body
descri bed Qve, rved body 14 defines a sharp
20 hag, ﬁ?@ﬁmﬁﬁﬁgﬁﬁ Eﬁﬁ?g connector end 16. Connector end
16 defines an internal bore 18 which is sized to
receive the end portion of flexible bodg (seen in
[0048] gur eFigyre 7 petafosh a gartially. sectionededevh ofhprved bedy 18y A deseribed
fornmed of a plastic material such as pol ypropyl ene or
abovd eurveddandy Thdefiats sashhmpgnintadfend brand ¢conmeetpnend 6 1 (epnnector end 16

flexi ble body 20 to formthe structure, shown above in
defippscpninterpaljbored§ mhix@ds sizprlvmreeritathe sndeertipn gf fepriblebody PO (seen in

flexible bod (seen in Figure 1) into bore 18
Flg@ne f bin a\gpechi. ure@mvﬁsmﬂ% wmaqferetrly FPHP?FbOféﬁ@F‘éﬁ sl §uch as
plied to connectaor end very_ sharp poi

polmq’mteae prhelier. The attaelment %F%@eftﬂré“ﬂ AS rftsthie Body %%W%f&l the
body., 14 into skin_or other tissue. 0049L_F%%EW%
STUGHEE 5@°‘§%@°PBHWH’%§}§@E‘WQ/@”§¥EPY weertigeend 2L p bogy 20
(se%ﬂgﬁgh{%%%&w&za@zh B QT BB FEmpin QOB BRI
I t t ed
conpr<S N L ght T B Foren s 1 1Pl e Mo af et ocy

14 found in the generally elliptical cross-sectiona
QHH%E”VQ HYhan the circul ar cross-section shape

[0049] Figures 8 and 9 set fogth respective section and rear views of an illustrative alternate
embodiment tissue-engaging element. The difference between the tissue- engaging element
illustrated in Figures 8 and 9 and the tissue-engaging element set forth in Figures 4 and 5 is

found in the generally elliptical cross-sectional shape rather than the circular cross-section shape

found in the above-described embodiments.

{0050] More specifically, Figure 8 sets forth a section view of an elliptically shaped tissue-
engaging element generally referenced by numeral 70. Tissue éngag'ing element 70 defines a
narrow end 71 having a bore 72 formed therein. Element 70 further defines a flared end 73 and
an interior 74. Element 70 is preferably fabricated utilizing injection molding or cold-heading

manufacturing processes. It will be apparent to those skilled in the art that tissue-engaging
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found in the above-descri bed enbodi nents. [0050] More

specifically, Figure 8 sets forth a section view of an

elliptically shaped tissue- engagi ng el enent generally

by nunmeral 70. Tissue engagi ng el

@ﬁ&@@ﬁ%‘? nZ\r row end 71 having a bgr g 7% f o?g@ggzog'%lssm

therein. Element 70 further defines a flared end 73

and an interior 74. Element 70 is preferably

fabricated utilizing injection nolding or cold-heading

manuf acturing processes. It will be apparent to those

skilled in the art that tissue-engaging 13 WO

2008/ 020937 PCT/ US2007/ 015876 el enent 70 provides a
elenj¢nt @@ proyifiescrdirget alternptive repltaserasit tortissue engeaing derpentyi 3qghrough 47

el ements 30 through 47 shown in Figure 1. It mﬁ[lgpe
shopm i Figwre Adpwitkherfusther eppgeeat te fopq skilled fn the,art thata phyraljty gf tissue-

plurality of tissue-_engagi ng el enents such as elegﬁpt

engagingelgrpesits fuph) 4sAlsnent 70y be anitzef i He famednaspe 35 Fipg
through 47 descri bed above. In certain | {cations it

thropgh 4 gespribed abryesIn SeranApPRgatipgs bas,pecp feged taitbe ?‘i RJpFalfross-
t.i ssue-engagj ng. el enent 70 provides sone advant age;

sectiRh BTSN HEGERISRAT 1O PR ICeh PEE ARG AON PCE o EBRgAlEng

el emept 70 is substantially identjcal.ta the operation
OPGROD P LGSR UL b et slshoet o e bl ot
005 Figure 9 sets forth a rear view of
eogp 08 Aemei QPR BEURAN. 70 ahowi ng bore 72 and
interior 74 formed therein. Tissue-engaging elenent 70
further defines a flared end 73. [0052) Figure 10 sets
008 t h Higgtedeetyifesth ayparyiest of tissupgrgapiag elam@fér’fa ghawing bore 72 and
_ enbodi ment of the present _invention suture generally
intprior & Prpelthergingisue-gnsaging clppert7P furher depppsadiareders those
skilled iri the art froma conparison of the
enbodi ment of the present invention shown in Figure 2
[00sRd t h&tguwHioskts furg ashiswiew of aBiilyfurther hemiie emisnginang ofgle present
provides a bidirectional suture. Suture 80 includes an
invghtongeitsgetidrallyirefeventsd dy nenerpl80i Iyilkyedppgont imtiog gkillg in the art
first plurality of tissue-engaging el ements
from a comparison of the embodiment of the present invention shown in Figure 2 and that which

is shown in Figure 10 that suture 8‘0 provides a bidirectional suture. Suture 80 includes an
elongated flexible body 81 having ends 82 and 83. A first plurality of tissue-engaging elements
90 through 99 are supported upon body 81 and are positioned by a plurality of knots 110 through
119, Knots 110 through 119 are tied as simple knots in filamentary body 81 in the manner
described above. Suture 80 further includes a second plurality of oppositely facing tissue-
engaging elements 100 through 109. Tissue-engaging elements 100 through 109 are positioned
upon body 81 in an opposite orientation to that of elements 90_through 99. In a similar fashion to
the above- described suture, a plurality of knots 120 through 129 atle tied within body 81 to
secure the positions of tissue-engaging elements 100 through 109. It will be apparent to those

skilled in the art that the opposite orientation of tissue-engaging elements 90 through 99 from
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90 through 99 are supported upon body 81 and are
positioned by a plurality of knots 110 through 119.
Knots 110 through 119 are tied as sinple knots in
j ntary body 81 in the manner descri bed
g&ﬁ&gﬂz@g;f urther includes a second plurali t§8ﬁﬁ¥2%07’015876
oppositely facing tissue- engagi ng el enents 100
t hrough 109. Ti ssue-engagi ng el enments 100 t hrough 109
are positioned upon body 81 in an opposite
orientation to that of elenments 90 through 99. In a
simlar fashion to the above- described suture, a
) lurality of knots 120 through 129 are tied within
tissug;gngaging elpmentss 0 fhraughy 9 provides wyhee %ﬁwrﬂ} shigiscionsheggioning
enments . 100 fhrough 109. It w !l arent to those
chargier Gt P P B ﬂgsw#ﬁ@cﬁfb‘&awr@ 2 abidveriiongligh ingpauired.

il o B BUCA TR rTB BBt P %axd%at
sy i Brifing=taiphevifeding Sg)‘ﬁ*mﬂé“ Figpros2 nd
10 ma}r %rxth{zg éll?ufgeagrt k %I%Sx%i 3&%%&&18%&3% iﬂl%g 18n (i![‘]a
ekl evg?x“ahéh?o%awzadﬁ% agspita%@%%ﬁﬁi‘ «anstu? g eém@e-
oo MBS T PU U R PR R
clen®i0 Ay 0 v iBF oo B R od MRH' Bt sdefiic AGFOLBIANG Becll )

|npor ant advant age of e pres I nv on suture,
pﬂm&ﬁﬁspOSItlon of tissue- engagi ng el enents upon the

filanentary body as well as the orientation of the

tissue- engaglng el ements may be varied or conbined as

[oosgf \S/Ie:]% % é‘ira[epg%g%(%v%qsﬂg rtg_slilﬁagelé]gég:q gz%ngc%nsatructad in
el Spe@: é@ G AR FR et
v BRSO R e R e AT e
engalg{ng%fe%e&?@h&eaﬁgurghé) dr;%et fo fant e nptagalﬁsc?ogg-séc gne tcomcal body

forming an alternate construction for the nssue-engagmg clements. Figure 11 shows a faceted

embodiment of the present invention in which the outer shape of the tapered tissue-engaging
element defines a plurality of facets. Thus in Figure 11, a Fissue-engaging element 85 defines a
bore 87 therethrough. Tissue-engaging element 85 is generally tapered to define a narrow end
and a broader end and is covered on its outer surface by a plurality of facets 86. Tissue engaging
element 85 is suitable for substitution in any of the above-described suture assemblies and is
representative of a still further alternate shape for the tissue-engaging elements of the present
invention suture, Thus, it will be apparent to those skilled in the art that a variety of tissue-
engaging element structures or shapes may be envisioned and utilized without departing from the

spirit and scope of the present invention.
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engagi ng el enments while Figures 8 and 9 set forth an
elliptically cross-sectioned conical body formng an
alternate construction for the tissue-engagi ng

Figure 11 shows a faceted enbodi f th
SJ zgggzng’glsﬁventl on in which the outer shape g?rc]%/ﬁlgzoo'}mgsm
tapered tissue-engaging elenent defines a plurality
of facets. Thus in Figure 11, a tissue-engagi ng
el ement 85 defines a bore 87 therethrough.
Ti ssue-engagi ng el ement 85 is generally tapered to
define a narrow end and a broader end and is covered

loo%sist gﬁé‘g’é}‘%‘%‘r lf'e t}?%ﬁgﬁﬁggcsqgﬁ qs ¥2§£f @Ll?%? o?'thsrgspectwe front
escr

mﬂsgci’gwﬁ%g%awafsflgpﬁgr it Bl SHRSpouea podt e o omt
opeflire P4 Beteaher R, il bt eSSy B Gnemepions P4, 14
i PRS0 1 St PR3 Rt et P S e Bt e

and utilized without departing fromthe
enggﬁyére?%"%gﬁgdoscope of the present invention. 15 WO

2008/ 020937 PCT/ US2007/ 015876 [00541 Wth concurrent
ference to Fi ures 12A and 12B whi ch set forth
iﬂﬂ%ﬁspea@rﬂa ERFBR e UL 45T Wk G o
ment 140 defines a frusto-conical body 141 having a

aﬁdeF il Vle‘é{iaéPFﬁYFénng‘BgPla?’ﬁ%dW firtings wap%idvdnhﬁl hamns nwerture
157%9 le Z]r %Sléxéh()f el ongated slots, 142
oped Sl b Jusgher dafings a Phugplipteg endlobis 152, ItSHeleh lééar@i

156 LR 2 inen TORTSe o Dbt Or sk oo Aabcdhs Dessing

13A a ch set forth respective front
capﬁmgygg%sfueenga\‘ﬁmgv\éemeﬁ |Ssue engagi ng el enent 150

defines a tapered body 151 having an aperture 157
formed therein. Body 151 further defines a plurality
[00  endVith presurtespreferge tojlignres 194 angh 44B whigh set Enthgespezive front
t hrough 156 cooperate to enhance the tissue bondi ng
and $eplop Yigws, @ txéshlﬁ gggaglgg element 160 includes a tapered body 161 defining an

aperture 162 therein. Body 161 defines a generally square-shaped end portion which provides
corner sections to enhance the tissue-gripping and tissue engaging capability of tissue engaging

element 160,

[0057] With concurrent reference to Figures 1SA and 15B which set forth respective front
and section views, a tissue engaging element 170 defines a tapered body 171 having an aperture
172 formed therein. Body 171 further defines a plurality of lobes 173, 174, 175 and 176 at the
larger end thereof. Lobes 173 through 176 enhance the tissue 'engaging and tissue-gripping

capability of tissue engaging element 170.
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capability of tissue engaging el enment 150. [0056] Wth
concurrent reference to Figures 14A and 14B which set
forth respective front and section views, a tissue

aqi n | ement 160 includes a tapered body 161
%2%0%/%§3Z aperture 162 therein. Body 161 BETURLTYs876
general |l y square-shaped end portion which provides
corner sections to enhance the tissue-gripping and
ti ssue engagi ng capability of tissue engaging elenent
160. [0057] Wth concurrent reference to Figures |5A
and 15B which set forth respective front and section

OBy AR O TR i oo

a“d§%°§°‘1‘?t6‘}'§t§2‘fﬁ9fgiﬁﬂgg‘§§ Bebettae ﬂe%eeafa;a'p‘ééﬁig&{% e
h
e LETRARGC phe Bt P Tn BT Ry Brieto S0 165 v\%an 185

AR S o

engh g%front and section views, a tissue engaging

el enent 1 i ncludes a tapered body 181 defining an

aperture 182 therein. The enlarged end of body 181

fln trio of |obes 183, 184 and 185. Lobes 183

rou g %‘Bw‘éfrﬂﬁ'aﬁéé‘éeqch@ Riguses | dAand LR whick pad forth respective front
abilities of tissue engaging

wnd SR 8BEf BrsSEte e Sheor EnrabeHot eotaped boty
d h f h t f t
to1 EX B Rl BE 127 gl 828 i ng o) Gmont 190

defines a generally circul ar disc-shaped body 191
£€V|n a center aperture 192 formed therein. 100601
1004 ¢ 1 rEuiyweiect o thepyariously shapstl {issumenseging ¢lerments sehigdiyiboge, it

. % ements set forth above, it
will be apparent to those skilled in the art that a variety of tissue engaging element shapes may

{00

be utilized without departing from the spirit and scope of the present invention. It will be equally
apparent from the discussions and Figures that follow that a corresponding variety of positioning
elements may be utilized to cooperate with the various tissue engaging elements described
therein. The essential function of the tissue engaging element is to provide a grip or engaging
characteristic for the suture while the function of the positioning elements such as the tied knots
set forth above is to provide a restricted movement of the tissue engaging clements and thereby

transfer the gripping force between the tissue and the tissue engaging element to the suture body.

{0061) Figure 18 sets forth a suture portion which includes tissue gripping elements formed
by knots tied in the elongated flexible body of the suture. It will be apparent to those skilled in
the art that Figure 18 shows a portion of a suturs constructed in accordance with the present
invention. With reference to Figure 1, it will be recalled that the com.plete suture structure

includes a flexible elongated body together with elongated straight or curved needle portions.

17



wi Il be apparent to those skilled in the art that a
variety of tissue engagi ng el enent shapes may be
utilized without departing fromthe spirit and scope
sent invention. It wll be equally ren
%00}%98‘[}‘%@3 i scussions and Figures that foll ompgﬁ%?z%gﬁmtssm
correspondi ng variety of positioning elenents may be
utilized to cooperate with the various tissue engagi ng
el ements described therein. The essential function of
the tissue engaging elenent is to provide a grip or
engagi ng characteristic for the suture while the
functjon Qf the positioning elenments such as the tied
Thysy pll Secoglerpepsel thﬁélb‘besf@c’@gl%%%w Figairel 8 famis 4 potiog of the

o R e RS RO S PR DB
T R L L AT -,
oS PR TR A o o e o B
oo SRR 085, L b g e Bl B
o W PESEY, TR S8 S By

ﬁm\?\}lﬁdt'nﬁ sée ﬁsgaea%ng@k e?neﬂhf’fh%éiakuﬁé}'ggpcﬁﬁg%ﬁﬂnﬁgﬂﬁ %ﬁgﬁﬁ@ Lible

rargnt or cur needl e por

L TE L T R

invERfof® a portion of the inventive suture utilizing the
remai nder of the structure set forth above. Mire
specifically, Figure 18 shows a portion of a suture

onf DN RS RSeR % ks
oo 4 R P Pl e e B iRt by
w2005 Bl RGPy
o FORILEAEA H5h S0 S0 RERTROY OLGD ), BUFYWABR T et

rigid A0dFe- AR Y%trDGurbd iBfhed By 4l SSgRbfRexible body. In further similarity, it il be

noted that suture assembly 200 includes a plurality of tissue engaging elements which are

positioned upon the elongated flexible body by cone@oqding positioning elements such as knots
or enlarged beads. Suture assembly 200 differs from the suture assembly set forth above in that
it further includes an elongated portion of the flexible body which is free of the tissue engaging
elements and which supports an elongated tissus bonding sleeve positioned upon the flexible
body. As described below, the function of the tissue bonding sleeve is to provide a mechanism
for further enhancing the gripping and tissue engaging characteristics of suture 200. In essence,
the porous structure of the tissue bonding slecve allows the growth of tissue into that porosity

and strongly bonds the sleeve and as a result the suture to the patients tissue. The inventive
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body 196 to provide this function w thout departing
fromthe spirit an scope of the present invention.
100621 Figure 19 sets forth a side view of a conplete

t ucture constructed in accordance
%zén{’sgoéﬁgggenbodl ment of the present inventi oﬁ%‘%@gﬁ&mlssm

generally referenced by nuneral 200. By way of
overview, suture assenbly 200 is constructed generally
in accordance wth the fabrication of suture 10 set
forth above in Figure 1, in that it provides a pair of
generally rigid needle-like structures joined by an
eIongated flexible body. In further simlarity, it
sutyfy ey prsfabripgied ysing, %lrar@u*tqﬁ ireplapiablemgisrialsinelvding %9%‘3?“&6 or non-
lurality. of ti ssue engagi ng el enments which are
absyBRVE YA supon the el ongated flexible body by
correspondi ng positioning el enents such as knots or
enl arged beads. Suture assenbly 200 differs fromthe
[0083)t ur eMarespepifioplly ertufe@PP inchideseair af ¢lpngpted genefally rasidient needles
i ncl udes an el ongated portion of the flexible body
201,gael @ haying respectiye shaw onfss2B andifadicedies 201 éwe%%@rﬁmdeﬁne
whi.ch supports an el ongated tissue bondi ng sl eeve
respegidverattashegnt spdni B ead Mﬁe Ansiaagatedbiigriblebody égias sqsargd between end
bel ow, the function of the tissue bonding sleeve is to

a“aﬁliﬂﬁws(fé’ andR0sred radies 2¢1and 204- ¢ lhwill bempted diahig thepxample shown for

|&P|ng and tissue en ing characteristics of suture
Suhﬂeé ip Fieuss!@nbath ﬂee@ﬁéz%d’f%éwﬁﬁkgp%?@?se Hopeyqndt Wi %a@mﬂt
F sl.eeve al |l ows the growmh of tissue into th
ftgﬂv n the 4 taaf piFiSE PO desclen 201gmd 2lyhmay,dpige cugved or ooked
sult t he sut ur the patients tissue. The
seEnEOIR RSO 129V 603 BRI 020057 PCTI US2007/ 015876  sut ur e
may be fabricated using a variety of inplantable
mat eri al s i ncludi ng absorbative or non- absorbative
(08t er | Bl ascorfpoeBith 1 fabrisatien kit fastlabyye, dengated flodige body 210
includes a pair of elongated generally resilient
supReréstH Rburality ofispaged tisna erzaging glemenshidl throeshPA B which arositaned

and 205.. Needl es 201 and 204 further define
upon body 210 by a corresponding plurality of knots 221 through 230. Further, elongated

to ¢

flexible body 210 supports a secox_xd plurality of tissue engaging elements 231 through 240 which
are positioned upon elongated flexible body 210 by a corresponding plurality of knots or other
positioning elements 241 through 250. It will be apparent to those skilled in the art from the
descriptions which follow that positioning elements 221 fhrough 230 as well as positioning
elements 241 through 250 may rlternatively be knots tied in elongated flexible body 210 or may

comprise headed or beaded segments in the manner set forth below and illustrated in Figure 20,

[0065] In accordance with the alternate embodiment of tﬁe present invention, elongated
fiexible body 210 defines a portion which is free of tissue engaging elements 211 through 220
and 231 through 240. It is upon this portion of elongated flexible body 210 that elonéated

flexible tissue bonding sleeve 251 is supported. For purposes of illustration, sleeve 251 is shown
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respective attachnment ends 203 and 206. An el ongated
flexi ble body 210 is secured between end attachnents
203 and 206 of needles 201 and 204. It will be noted

t exanpl e shown for suture 200 in
%620%8602?19%2(3(3(1' es 204 define straight needl espgtg%gg@llsm
it wll be apparent to those skilled in the art that
ei ther or both of needles 201 -and 204 may defi ne
curved or hooked segments as shown above in Figure 1.

[0064] In accordance with the fabrication set forth
above, elongated flexible body 210 supports a

o 8BRSy R R A8 0 b

corr S di n ural i f knots 21 hrou
thepegp, é‘ﬂ?‘? eﬁPB% B‘glt"gﬁe"ef %Séﬁﬂ"é‘“ﬁ%@ﬁ il Ft" %‘1"3 in accordance
Iur f elenents 231
wighp ﬂﬁw S BPCA. Sl TR Dy B i e i 254 ana 255
fle esponding plurality of
at %q%%%&a& 2 trﬁ%’P"?t‘ ¥f1F?Yﬁ?% el ements 241 through 250.
It will be apparent to those skilled in the art from
he descriptions which foll ow that positioning
IO‘LGﬂe e nisiteppaferad fhrigationaeieeye 2§dp plongsted gad qommhqgﬂexxble and
| ements 241 through 250 may al ternatively be kno
defqeéa cqnppr 5?86%@ altl%}ns it &weﬁp@%woa flensﬁedrﬂ&ytblc@emms &n further
e beaded. segnents_in the manper set faort
ac%@aaa%“ﬁ § Rreigaed fabricgtion pf heprgsent inyentioprgyy 2§1ﬁs preferably
ance with the alternate enmbodi nent of th
f°fﬂaﬂ§g%wa PR BGR PORPITER PIOTRRE Ftble PRl cmaferip): Prgpreferced

roren e RIS B S0t S s o RO BRIV 45 Hiaws e
on of elongated flexible b 0 t hat
st ARl i B oL HRT bR gk ofow 24 Thd o

er O B D oBBE SRy ol s 1809 67 g wit

ﬂw%@ﬁ?oﬁﬁg :gﬂo general ly equidistant fromthe two sets
I'ssue ‘engagi ng el ements thereon. It wll be

apparent however that the position of sl eeve 251 maybe

vgfied i n accordance
[0¢6 As mentioned above the present invention suture may be fabricated utilizing a

variety of differently shaped tissue engaging elements, Additionally, and as is also mentioned
above, the attachment or positioning of these tissue engaging elements may be similarly varied
upon the elongated flexible body portion of the suture. Thus, Figures 20 through 24 set forth
below provide side views of portion of these alternate embodiment sutures which may be
fabricated in accordance with the various embodiments of the present invention, Thus, in
Figures 20 through 24 it will be understood that the Figures show a portion of the suture
assembly which, in its entirety, is fabricated in the manner indicate‘d in Figures 1 and 19 and in

accordance with the construction shown therein for sutures 10 and 200.
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with specific needs of suture 200. Sleeve 251 is
positi oned by positioning el enments 254 and' 255 at
ends 252 and 253 respectively of sleeve 251. [0066] In
' red fabrication, sleeve 251 is elo
?%ﬁ@&%ﬁgggflexible and defines a center pasgggéggwaHQWG
allowing it to be supported upon el ongated flexible
body 210. In further accordance with the preferred
fabrication of the present invention, sleeve 251 is
preferably fornmed of a material such as gortex or
other suitable inplantable material. The preferred
function of the sleeve 251 is realized as the .
0008k e r Y9y spssifigelly. sndrwith raferenesrto Eiguie\20, osuiureparians26p irshown
e wthin the patient to "grow into" or. bond with

ha"{"iﬁfé’g%%%?tes_ e/ y s O g s s 2
o SRR B R S SBEnBi
. .251. .[.006,7 ' , th I, [
B e i e
g, B R B AR B e s
. ‘ cas 1 £ th e .
S‘m@?teﬁn?%ﬁ{@g frﬂgéy)ﬁ%’@ﬁiﬁﬂvﬁﬁﬁ’@:?gﬁi@%jw Eﬁﬁ%‘lel%g@%?g%% 261
31 i e o i
to nBR Y %igﬂe? tg erﬁ)s u@ &r%r %&n og I ér%g%r{%g ?ﬁﬁr}'xé{lrts% Ig%nd 267.
may . apri cate In cC r.ance. evarlb
T TR M N e
tissie RS iAW & &%ﬁbﬁ&g ala ﬁ%&%‘ﬁji%dether@m&ycr gg:ﬂéig%lgas in

inTts entirety, is fabricated in the manner In
whitthELARRESE thssd il gabtha@Nthehtd maf 65 M Ia REEn Y de'h :
cons#?uc%ion sho%%ﬁiherann?gr sutures %% aﬁgngngaio
desi¥®, 2008/ 020937 PCT/ 11S2007/ 015876 [0068] More
specifically, and with reference to Figure 20, a
suture portion 260 is shown

[0069] Figure 21 sets forth a suture portion 270 having an elongated flexible body 271
upon which a tissue engaging element 272 is supported. Of importance to note in Figure 21 is
the utilization of an attachm;ent 273 between tissue engaging element 272 and body 271 which
provides a direct attachment and which may avoid the neefi for positioning elements. This

attachment may, for example, comprise ultrasonic welding, laser welding, adhesive attachment

or other direct attachment mechanisms,

[0070} Figure 22 sets forth a partially sectioned side view of a suture portion 275. The
importance of suture portion 275 is its utilization of a one piece structure for the flexible body

and tissue engaging elements. Thus, flexible body 276 is molded or headed to provide a plurality
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havi ng an el ongated fl exible body 261 within which a
plurality of positioning elenents 262, 263 and 264
are forned. Positioning el enents 262, 263 and 264 may
|ter i.yely conprise knots tied in flexib
§%55835h39 be nol ded or headed onto the flexkgpgg%%ﬁyQWG
in the manner illustrated in Figure 3. In a sinple
enbodi ment, the tissue engaging el enents may be forned
by sinply "flattening” the flexible body to form
enl argement thereof in one dinension. Body 261
supports a corresponding plurality of tissue engagi ng
el enents 265, 266 an ortance, to note in

d 267. O i nme _ ,
of tigjug §P53E1nG elements, 277, 213 and 279, Syl palding gr baading grogesses are known in
en i nq el, nts 265 66 and, 267. _.Thus, it will be

the af{a%ﬁw&ewsﬁ{éﬁb%@ﬂgewm‘*fiéawﬁﬂwfth@fmt YR i 0 nany

i nstances uni form spacing of tissue engagi ng el enents
i s contenplated and nmaybe utilized, there renmain other
[00Z3pl i cEigireAksetsforting pastial sertiosgidavievy off sutvirsimuiéonel$g hayiingpn
el ements may be varied and may be non uniform as
clongatsd fedble paly@s] withigorhichaplurdity of nositipnize dementss283.0488 aurh284
270. having an elongated flexible body 271 upon which
are formpdsas 3B kel gpyign ef hodu A1 This intseral fernstienseay o provided by
nportance to note in Figure 21 is the utilization of
headiis gt Holding pipesses 9T HakingRs Ampacing pocerigh gl Ky pesitingslementy 282,
ang ﬁpdy 271 which provides a direct, attachnent and
283nf! 2¥¢ avghova, & orrespRading phiralibrof Siske eneaaing glempntvss: 286 and 287
This attachpent may, for exanple, conprise ultrasonic
are RRSINPRPAPPOR 8a4 28kel di ng, adhesi ve attachment or ot her
di rect attachment nechani snms. [0070] Figure 22 sets
forth a partially sectioned side view of a suture
(0038 t | OFiswy 34 sefhforth p sideview it esubire partien gengralit ieferen@id®yingmeral
its utilization of a one piece structure for the
250 whash yiilizesigarnti steand brajdsd orowaever algigatyd dlexibie rody 29Th Bedy 291 may
flexible body 276 is nolded or headed to provide a

be faprifatad pf 4 vapisty whinmgtablranggialsmenty abpitsd paly&GT.61ylon or other

materials. A plurality of positioning elements 292 and 293 are formed in body 291 as tied knots
therein. A corresponding plurality of tissue engaging elements 294 and 295 are also shown upon
body 291. Of importance with respect to the embodiment of the present invention shown in
Figure 24, the braided or woven character of body 291 further enhances the tissue bonding
characteristic of the entire suture structure, The braided or woven characteristic of body 291
ailows tissue growth to adherg to and grow into the spacing between the various braided or
woven straﬁds ofbody 291. In this manner, the tissue adherence is greatly enhanced as the entire
flexible body of the suture assembly provides direct tissue bonding superior to that realized with
the single filament flexible bodies used in sutures. The braided or »;roven character of body 291

provides better attachment or tissue bonding initially. But perhaps of more importance is the
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of tissue engaging elenments 277, 278 and 279. Such
nmol di ng or headi ng processes are known in the art and
maybe utilized in sone enbodi nents of the present
Lnvention, [00711 Figure 23 sets forth a parti
& C%W%%g?fde view of a suture. portion 280 h%@?}ﬁ‘az“%“l%
el ongated flexible body 281 within which a plurality
of positioning elenents 282, 283 and 284 are forned
as an integral portion of body 281. This integra
formati on may be provided by heading or nolding
processes or staking aor inpacting processes. Wth
positing elements 282, 283 and 284 as_shown, a
eveptysl seovlointn theysnasegidtbinthe bypided o siomenestandsividcharevidsp tissue
285, 286 and 287 are positioned upon body 281. 100721
engpgeqigptcalong theeptire dgngthiof thedleyible\ppdypogtiongf BgsiES- porti on
generally referenced by numeral 290 which utilizes a
mul ti strand brai ded or woven el ongated fl exi bl e body
[002%)1. BWiyt l39Uccmshyownhiea ficviol sutiat mesbmbly whickoproedss ap implantable
i npl antabl e materials such as brai ded pol yester, nylon
diregtionat ¢ammingwdevise vaich maybgsitheralirectipnal for pjestiectiopsliim fdrication. The
el ements 292 and 293 are formed in body 291 as tied
sutiks essembly shommimey ba faboicatesysivg dijeetjommolded orteplddfeaded sapefacturing
engagi ng el enents 294 and 295 are al so shown upon
teclipipps @ 1s suidpblé fopusetimwoundiolastrey tissysapproximatigne tissnbagbarent
of the present invention shown in Figure 24, the
SUSPRTBIPY @@Ff)qs Eixglipnchissin areasing elewyentynseishown Whichprayide either circular
enhances the tissue bonding characteristic of the
crogriestioa o eltiptical caasswention. dhe msenbinyantienisubire eyl may be inserted
characteristic of body 291 allows tissue growth to

into, i, Ayranibg Ay, pither g eT Vi thgut thigse phAD IRHEPARRST - s Arepenb invention suture
. variqQus braided or wven sirands of body 291., In.this
is dERIRmEE fo WerK dh qopiaehion Yy é?egﬁelglgiwcaﬁs@aﬁt Fvg%ﬂhﬂkf‘?c‘%‘ff“'é%e suture
t ntire  flexjib]e bq of the suturge assenbly, . |
asspy PR M M oS P AR RS L B £t B rintan isue
realized with the single filanment flexible bodies
*PRISME*%R sut ures. The brai ded or woven character of
body 291 provides better attachnment or tissue bonding
initially. But perhaps of nore inportance is the 22
[0074) While particular embodiments of the invention have been shown and described, it
will be obvious to those skilled in the art that changes and modifications may be made without
departing from the invention in its broader aspects, Therefore, the aim in the appended claims is

to cover all such changes and modifications as fall within the true spirit and scope of the

invention.
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WO 2008/ 020937 PCT/ US2007/ 015876 eventual growth into
the spaces within the brai ded or woven strands which
provi des tissue engagenent along the entire |length of
the flexible body portion of the suture. [0073] What
has been shown is a novel suture assenbly which
provides an inplantable directional canmm ng device
whi ch naybe either directional or bi-directional in
THAffamxeﬁtﬂscaiLAﬂMEDlsuture assenbly shown may be
fabricated using injection nolded or col d-headed
manuf acturing techniques and is suitable for use in
mound closure, tissue approxi mation, tissue support
pensi on a or. fixation. .Tissue en el ene
o PG TN Bt Hbc-SieHGeo ehie ararto aHesy’ BBt bissue
or elliptical cross-section. The present invention
fixatigns sk uiws @psmplyegmpfsingiserted into the human body
either with or without the use of an introducer. The
present invention suture is designed to work in
conjunction with the healing process post surgical.
The inventive suture assenbly shown hol ds wounds
cl osed without the need for suture knot tying to

mai nt ai ngih b 3HU GninfRRpRA! TBLibRNeloh QR ﬁ&lﬁ%ﬁﬁhb Suture thread having a

particul ar” enbodi nents of the’ I nvent ave been

|b .
S B SR et BB SR S g Rongggia sure
be,made without departing fromthe invention in its
bribgadr pects. Therefore, the aimin the appended
claims is to cover all such changes and nodifications
as fall within the true spirit and scope of the
invention. 23 THAT VHHCH IS CLAIMED I S: 1. A suture
assenbl yplucalitysktidsne-engagity deraents & yanclaesighsetd suture assembly on
surgery, and soft tissue fixation, said suture
as&Edthieon BuES, s tissue-engaging elements comprising a hollow frustoconical
shape, each tissue-engaging elements defining an enlarged hollow interior having a
tapered lumen including a forward bore at a narrow end of the tapered lumen and

enlarging outwardly toward a broader end of the tapered lumen;

wherein each tissue-engaging element is received upon said suture thread
through the forward bore of said tissue-engaging element and between each knot on
said suture thread for providing a serial arrangement on said suture thread and fitted
for one of: restricted movement and direct attachment, and wherein each knot is larger

than said forward bore for securing said tissue-engaging elements on said suture thread.
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a singular, uninterrupted, flexible, elongate

pol yneric suture thread having a first and second
ends, and a plurality of knots forned in and spaced
along said suture thread; and a plurality of

ti ssue-engagi ng el enents for anchoring said suture
assenbly on subcutaneous tissues, said

ti ssue-engagi ng el enents conprising a holl ow

f rywlﬁcs@ﬂir@%semgﬁeﬁ%lmﬁapﬁrﬂlbﬁ ﬁg{gl ng el enents
defining an enl arged hollom1|nter|or aving a tapered
lumen including a forward bore at a narrow end of the
tapered | unen and enlarging outmardly toward a

br oader end red rein eac
1 oeue g el B ane oo R ey B0 Behegof adolped to the first

t hread through the forward bore of said

t | e saidgapiragireadsaetht and bet ween each knot on said
suture thread for providing a serial arrangenment on
said suture thread and fitted for one of restricted
nmovenent and direct attachnment, and wherein each knot

i's | ar gef elofightenl mwdlam@wo@htb@ém ArQY 2 SRBIBELDNEdSBINEd to said
ti ssue-engagi ng el enents on said suture thread. 24 2.

The s dHeorassiermly nfac! @im 1 further conprising: a
curved end having a sharp pointed end and a connector
end joined to the first end of said suture thread;

and an el ongated body having a pointed end and a
connector end joined to said second end of said

suture thread. 3. The suture assenbly of claim1l
wherein said tissue-engagi ng el enents define
geherhglsuipre pssemblrofctadaisl whereingwnisl tissue-gpgagmgralgreents define
assenbly of claiml| wherein said tissue-engagi ng

geneslllgrmwaatlar defs-seetions.

4. The suture assembly of claim 1 wherein said tissue-engaging elements define

generally elliptical cross-sections.

5. The suture assembly of claim 1, wherein said suture thread measures at least about

12 centimeters between each end, said plurality of knots includes about two to forty knots, and

the distance between each knot 15 about one centimeter.

6. The suture assembly of claim 1, wherein an outer surface of said tissue-engaging

elements comprises a plurality of facets.
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generally elliptical cross-sections. 5. The suture
assenbly of claim1l, wherein said suture thread
neasures at | east about 12 centineters between each
end, said plurality of knots includes about two to
forty knots, and the distance between each knot is
about one centineter. 6. The suture assenbly of claim
1, wherein an outer surface of said tissue-engagi ng

el MR s§ufO4tBEh 519 D dlaRh Ul dhbleth ffid §iaeRttBread B férmdd¥®om a
suture assenbly of claiml1l, wherein said suture thread

[ i al f
matolB| SRR o IE hoss EBACRI of BEIEEE Hy lob WA SpS1eAS Bolyolefn,
o] yol ef i sorbable materials, PDF and gortex. 8.

abso‘%ﬁ@yeﬂﬁ%?}?agﬁgggm%f’r%f" claim?7, wherein the suture
thread is braided. 9. The suture assenbly of claim1,
wherein the suture thread is braided. 10. The suture
assenbly of claiml1, wherein a spacing of the
t i $slihe-sengagisemblyl odrelanns/, wierestaihd sswireithecadns bautieds
non-uni form 11. The suture assenbly of claim1,

further conprising a sleeve supported on the suture
thread, thereby form ng a bond with said subcutaneous

ti ¢ e suthfe asiRbISYrdl8mas $BBREY e kuftiheal ls bibrbei n

the sleeve Is constructed of gortex. 13. The suture
assenbly of claim1l, wherein the tissue-engagi ng
menbers are oriented in a bidirectional manner al ong

h r hr : . . . . .
t FO.SI‘T!L% lJslut%ret asseenralgly 0%%1&111’1 1, wherein a spacing of the tissue-engaging elements

on said suture thread is non-uniform.

11. The suture assembly of claim 1, further comprising a sleeve supported on the

suture thread, thereby forming a bond with said subcutaneous tissue.
12. The suture assembly of claim 11, wherein the sleeve is constructed of gortex.

13. The suture assembly of claim 1, wherein the tissue-engaging members are oriented

in a bidirectional manner along the suture thread.
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