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(57) Abstract: A wound closure device (330) includes a flexible filament (332) having a first end (334), a second end (336), and a
longitudinal axis extending between the first and second ends. A plurality of barbs (338) project outwardly from the tlexible fila-
ment. Each barb has a base connected with the flexible filament, a blunt tip (344) spaced from the base, a leading edge (340) extend -
ing between the base and the blunt tip and facing toward the first end of the flexible filament, and a trailing edge (342) extending
between the base and the tip and facing toward the second end of the flexible filament. The trailing edge of the barb and the longit -
udinal axis of the flexible filament define an angle of at least 68° that opens toward the second end of the flexible filament.
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LOCALLY REVERSIBLE BARBED SUTURES

BACKGROUND OF THE INVENTION
Field of the Inveniion

(00041 The present invention generally relates o the field of surgical sutures, and more

specifically relates o surgical sutures having barbs.

Description of the Relaled Add

[6002]  Surgical sutures are used 10 close wounds and surgical incisions, and fo repair
damaged or severed muscles, vessels, and tissue. Typically, the suture is attached at one end
to 2 nesdle, and the needle is drawn through tissue 1o form one or more loops holding the tissus
fogether. The suture is subsequently tied off using one or more knots s¢ that the tissue will

remain drawn ogether,

[8003]  The approximation of subculaneous and dermal tissue layers are directly related fo
the final cosmetic cuicome of an incision. [deally, the tissue edges are aligned and apposed
under minimal tension, which directly contributes o the degree of scar formation and the

appearance of the closure.

[0004]  Although conventional surgical sutures are very effective and reliable for closing
wounds, additional sulures have been developed for use during ceriain types of medical
procedures. One new type of sulure, barbed sutures, have projecting barbs that allow the
suture 10 be used o close wounds, approximate tissue, lighlen tissue, and attach prosthetic
devices — all without using knots. Barbed sutures achieve proper tensioning and fixation by
applving tension o the sulure. For example, U5, Patent No. 5,931,855 disclioses barbed

sutures that are used for cosmetic procedures such as brow-lifts and face-lifis.

106051 Rarbed sulures lend themselves to closure of subcutaneous and dermal tissue layers
by providing spesd and ease of use, no knotrelated complications, even distribution of tension
glong or across the incision, and adeguate wound holding strengih o keep the tissue edges

aligned throughout the critical wound healing period.

[0006]  Existing barbed suiures allow for the passage of a barbed suture through tissus in a

first direction to minimize drag, while maximizing holding sirength in an opposite, second
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direction. These sxisting barbed sulures are nol designed o be iocally reversible without
causing lissue trauma and plastic deformation and damage 1o the barbs themsslves rendering
them unable to adequately approximale tissue. Additionally, existing barbed sulure designs are
prong o damage because the barbs are cul into a monofilament suture, which essentially forms
a hinge holding the barb to the monofilament. I a barbed suture “hile” is misplaced intra-
operatively, a surgeon’s only recourse is 1o cut the misplaced suture and continue the stitch

paitern with a new barbed suture.

[008G7]  In spile of the above advances, thers remains a need for barbed sutures that are
locally reversible, that allow for passage of the barbed suture through tissue in two directions
without causing trauma 1o the lissue or damaging the barbs, and that provide adequale tissue

holding strength suitable o approximate tissue.

SUMMARY OF THE INVENTION

[6008]  In one embodiment, a “locally reversible” barbed suture includes a flexible filament
having a plurality of barbs projecting from the flexible filament whereby the barbs have a leading
edge, a trailing edge, and a blunt tip, and whereby the trailing edge defines an angle of at least
68° relative to the longitudinal axis of the filament,

[8009]  In one embodiment, a “locally reversible” barbed suture includes a flexible filament
having & plurality of barbs projecting from the flexibie filament, whereby the barbs have a
leading edge, a trailing edge, and a tip each having a radius whereby the radius of the barb tip
forms a blunt surface, and a line perpendicular 10 the flexible Tilament passes tangentially {o the

outer curvature formed by each radius.

(80101  In one embodiment, a barbed suture is capable of being passed through tissue in
one direction with minimal resistance (defined by tissue drag force) and passed through tissue
in an opposite direction with greater resistance {defined by barb holding force) without causing

trauma to the fissue.

(80141  In one embodiment, a locally reversible wound closure device preferably includes a
flexible filament having 2 first end, 2 second end, and a longitudinal axis extending belween the

first and second ends. The wound closure device includes a plurality of barbs projecting
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outwardly from the flexible filament, each barb desirably having a base connecied with the
flexible filament, a blunt lip spaced from the base, a leading edge exdending between the base
and the blunt tip and facing toward the first end of the flexible filament, and a irailing edge
exiending beitween the base and the tip and facing foward the second end of the flexible
filament. In one embodiment, the trailing edge of the barb and the longitudinal axis of the
flexible filament define an angle of at least 68° that opens toward the second end of the flexible
filament. In one embodiment, the trailing edge of the barb and the longitudinal axis of the
flexible filament desirably define an angle of at least 20° that opens toward the second end of
the flexible filament.

6012] In one embodiment, the leading edge of the barh and the longitudinal axis of the
flexible filament preferably define a first obtuse angle facing the first end of the flexible filament,
and the trailing edge of the barb and the longitudinal axis of the flexible filament preferably

define a second obluse angle facing the second end of the flexible filament.

60131 Inone embodiment, the leading edge of the barb defines a concave surface having @
radius of about 0.080 inches, and the blunt tip defines a convex surface having a radius of about
0.004 inches. In one embodiment, the barb preferably has a transilion surface exiending
between the fralling edge of the barb and the flexible filament.  In one embodiment, the

transition surface desirably defines a concave surface having a radius of about 0.003 inches.

[0014] In one embodiment, the flexible filament has a length and the barbs are evenly
spaced slong the length of the flexible filament. In one embodiment, the blunt tips of the evenly
spaced barbs desirably define a tlip-lo-tip pitch of about 0.070-0.080 inches. In other
embodiments, however, the tip-io-tip piich may be greater and still fall within the scope of the

present invention.

80151  In one embodiment, the plurality of barbs includes pairs of barbs that are evenly
spaced along the lengih of the flexible filament. In one embodiment, the barbs in each pair are
aligned with one another. In one embodiment, a pair of aligned barbs extending outwardly from
a flexible filament may lie in the same plane. In one embodiment, a pair of aligned barbs
extending outwardly from a flexible filament may lie in different planes. The aligned barbs in

each pair preferably project away from one another and are disposed on opposite sides of the
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flexible filament. In one embodiment, the distance between the tips of an aligned pair of barbs
is about 18-30 mils or about 0.0180.030 inches. In one embodiment, the distance between the

tins of an aligned pair of barbs is about 21 mils or about 0.021 inches.

[8018]  Inone embodiment, the barbs extending outwardly from opposite sides of the flexible
filament are not aligned with one another and are staggered relative © one angther along the
length of the flexible filament. In one embodiment, the staggered barbs may lie in a single

plane. In one embodiment, the staggered barbs may lie is different planes.

[G017]1  In one embodiment, the bases of the barbs are thicker than the lips of the barbs, and
each barb has side walls that taper inwardly between the base and the tip. In one embodiment,

each of the side waills tapers inwardly at an angle of about 3-5°.

[0048] In one embodiment, a siop element is connected with the second end of the flexible
filament. The siop element preferably has a leading edge that exiends substantally
perpendicular o the longitudinal axis of the flexible filament. In one embodiment, a needie may

be connected with the first end of the flexible filament.

08191 In one embodiment, 2 wound closure device desirably includes a fiexible filament
having a first end, a second end, and a longitudinal axis exiending belween the first and second
ends, and g plurality of barbs projecting from the flexible filament.  In one embodiment, each
barb desirably has a base connected with the flexible filament, a lip spaced from the base, the
tip having a blunt surface with a radius, a leading edge extending between the base and the tip
and facing foward the first end of the flexible filament, and a tralling edge extending between the
base and the tip and facing foward the second end of the flexible filament. In one embodiment,
each barb desirably includes a transition surface extending between the trailing edge of the barb
and the flexible filament, whereby a line perpendicular o the longitudinal axis of the flexible
filament passes tangentially through both the transition surface of the barb and the radius of the

blunt surface of the tip.

[6020] In one embodiment, a wound closure device preferably includes a flexibie filament
having a first end, a second end, and 3 longitudinal axis exiending between the first and second
snds. A plurality of barbs preferably project outwardly from the flexible filament, each barb

desirably having a base connected with the flexible filament, a blunt tip spaced from lhe base, a
4



leading edge extending between the base and the blunt tip and facing toward the first end of the
flexible filament, a trailing edge extending between the blunt tip and the base and facing toward
the second end of the flexible filament, and a transition surface extending between the trailing
edge and the flexible filament. In one embodiment, the leading edge preferably defines a
concave surface having a radius of about 0.090 inches, the blunt tip preferably defines a convex
surface having a radius of about 0.004 inches, and the transition surface preferably has a radius
of about 0.004 inches. The trailing edge of the barb and the longitudinal axis of the flexible
filament desirably define an angle of at least 68° that opens toward the second end of the
flexible filament. In one embodiment, the trailing edge angle is 90° or greater to define an

obtuse angle that opens toward the second end of the flexible filament.

[0021] In one embodiment, the barbs are evenly spaced along the length of the flexible
filament and define a longitudinal tip-to-tip pitch of about 0.070-0.080 inches. In one
embodiment, the plurality of barbs desirably includes pairs of barbs that are aligned with one
another and evenly spaced along the length of the flexible filament. The barbs in each pair
desirably project away from one another and are disposed on opposite sides of the flexible
filament. The distance between the tips of aligned barbs on opposite sides of the flexible
filament may be about 19-30 mils or about 0.019-0.030 inches, and more preferably about 21
mils or about 0.021 inches.

[0022] In one embodiment, the slopes of the leading and trailing portions of the barbs are

gradual, which allows for local adjustments in tissue.

[0023] In one embodiment, a shallow undercut allows barbs to act more like buttresses

rather than hinges (as is the case with existing barb designs).

[0024] In one embodiment, the barbs are not intended to flex, but rather serve as points of
resistance along the length of the suture, which allows for local reversibility and/or adjustments

to the placement of the suture

[0025] The design of the barbs is such that it is easily manufactureable via known punching
processes, as described in commonly assigned U.S. Patent Application Publication No.
2009/0312791.

Date Regue/Date Received 2020-05-04



CA 02899852 2015-07-30

WO 2014/123727 PCT/US2014/013380

[0026] These and other preferred embodiments of the present invention will be described in

more detail below.

BRIEF DESCRIPTION OF THE DRAWING

(80271  FIG. 1A shows a perspective view of a first barbed suture.
[00628] FIG. 18 shows a side-elevation view of the first barbed suture shown in FIG. 1A

[6029] FIG. 1C shows a cross-sectional view of the first barbed suture of FIG. 1B taken

along ling 1C-1C thersof.
[8030] FIG. 2A shows a perspective view of a second barbed suture.
[00631] FIG. 28 shows a side-elevation view of the second barbed suture shown in FIG. 2A.

[B6032] FIG. 2C shows a cross-sectional view of the second barbed suture of FIG. 28 {aken
glong line 2C-2C thereof.

[8033] FiG. 3A shows a perspeclive view of a third barbed sulure, in accordance with one

embodiment of the present invention.
[0034] FIG. 38 shows a froni-glevation view of the third barbed suture shown in FiG. 3A.

[8G35] FIG. 3C shows a magnified view of a section of the third barbed suture shown in FiG.
38,

60361 FIG. 3D shows a cross-sectional view of the third barbed suture of FIG. 3B tsken
along line 30-3D thereof.

[6037] FiG. 4A shows a perspective view of a fourth barbed suture, in accordance with one

embodiment of the present invention,
[G038] FIG. 4B shows a side-slevation view of the Tourth barbed suture of FIG. 4A.

[0039] FIG. 4C shows a magnified view of a section of the fourth barbed suture shown in
FIG. 48.

(o>}
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[0040] FIG. 4D shows a cross-sectional view of the fourth barbed suture of FIG. 48 {aken
along line 40-4D thereof.

(00411  FIG. & shows a side-by-side comparison of the four barbed sutures shown in FIGS.
14, 24, 3A and 4A, respectively, passing through a tissue plane.

[6042] FIG. 6 shows a first graph plotling tissue drag for each of the four barbed sutures
shown in FIG. 5.

[0043] FIG. 7 shows a second graph plotting the barb holding load for each of the four

barbed sutures shown in FIG. 5.

180441 FiG. 8 shows a third graph that indicates the rgtic of the barb holding oad to the

tissue drag for each of the four barbed sutures shown in FIG. 5.

180451 FIG. 9 shows a fourth graph that indicates the wound holding force provided by the
first barbed suture shown in FIGS. 1A-1C compared with the fourth barbed suture shown in
FIGS. 4A-40.

[0046] FiG. 10 shows a barbed suture having a first end and an end stop attached o a

second end, in accordance with ong embodiment of the present invention.

[0047]  FIG. 11 shows the barbed suture of FIG. 10 with a needle secured to the first end, in

accordance with one embodiment of the present invention.

[0048]  FIG. 12A shows a side-slevation view of a barbed suture having collapsible barbs, in

accordance with another embodiment of the present invention.

[0049] FIG. 12B shows a cross-sectional view of the barbed suture of FIG. 12A taken along
line 12B-12B thereof.

[G0501 FIG. 13A shows a side-elevation of g barbed suture, in accordance with one

ermbodiment of the present invention,
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[0051] FiG. 13B shows a cross-sectional view of the barbed suture of FIG. 13A taken along
fine 13B8-13B thereof.

100521  FIG. 14A shows a barbed suture, in accordance with yet ancther embodimant of the

present invention.

[60583] FIG. 14B shows a cross-sectional view of the barbed suture of FIG. 14A taken along
ling 148-148 thereof.

[0054] FIG. 15 shows a barbed suture having a core filament and barbed staggoered along

the length of the filament, in accordance with one embodiment of the present invention.

[6085] FiG. 16 shows a barbed suture having a core filament and barbs projecting
outwardly from oppasite sides of the core filament that lie in different planes, in accordance with

one embodiment of the present invention.

DETAILED DESCRIPTION
[0086] Refering to FIGS. 1A-1C, a first barbed suture 130, designated SB1, includes a

flexible filament 132 having a first end 134 (i.e, leading end), a second end 136 {i.e., trailing

end}, and a iongiludinal axis Ay that exiends from the first end 134 to the second end 136, The
barbed suture 130 includes a plurality of barbs 138 that project cutwardly from the flexible
filament 132 {i.e., away from the longitudinal axis A;) and extend toward the second end 136 of
the flexible filament 132, Each barb 138 has a lsading edge 140 that faces toward the first end
134 of the filament, a trailing edge 142 that faces toward the second end 136 of the filament,
and a barb tip 144 that is located between the leading and trailing edges of the barb. Each barb
138 also has g transition surface 146 that is located between the trailling edge 142 of the barb
138 and the outer surface of the flexdble filament 132 for providing a transition zone between the

trailing edge 142 of the barb 138 and the flexible filament.

[0857] The plurality of barbs 138 are paired so that a first barb 138A exiends from a first

side of the flament 132 and a second barb 1384, iz aligned with the first barb 1384, axtends

from an oppasite, second side of the filament 132, Multiple pairs of barbs 138A, 1384A°, 1388,

1388, 138C, 138C, elc. are evenly spaced along the length or longitudinal axis A, of the

flexible flament 132 so that adjacent barbs 138 on the same side of the filament have a lip-to-tip
8
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distance Dy of about 0.070-0 080 inches. The trailing edge 142 of the barb 138 exdends away
from the longitudinal axis A, of the filament 132 at an angle ¢,, designated the trailing edge
angle, of about 10°. The leading edge 140 of the barb 138 includes a concave surface defining
a radius Ry of about 0.200 inches. The transilion surface 146 between the wrailing edge 142 of
the barb 138 and the filament 132 defines a concave surface forming an undercut having a
radius R, of about 0.003 inches. The barb tip 144 has a blunt convexly curved surface having a

radius R; of about 0.004 inches.

[G058] The distal-most surface of the blunt tip 144 is closer 1o the second end 1386 of the
filament 132 than is the transition surface 146 As a resull, a line Py (FIG. 1B) that is
perpendicular to the longitudinal axis A4 of the fisxible filamsant 132 and that passes fangentially
through the convexdy curved surface of the blunt tip 144 is spaced distally from the transition
surface 146, Stated another way, the perpendicular ling Py does not pass through both the
distal-most surface of the blunt tip 144 and the transition surface 148, Staled yet another way,
the undercut of the transition surface 146 is closer o the first end 134 of the filament 132 and

the distal-most surface of the blunt Hip 144 is dloser o the second end 138 of the filament 132

100591 FIG. 1C shows the flexible filament 132 of the first barbed sulure 130 sxiending
along the longitudinal axis Ay, The paired barbs 138A, 138A" exiend away Trom one another on
opposie sides of the flexible filament 132, The first barb 138A has first and second lateral side
walls 148A, 1488 that {aper inwardly toward one ancther between the core of the flexible
filament 132 and the blunt tip 144 of the first barb 138A. The inwardly tapering first lateral side
wall 148A defines an angle o of about 2°. The inwardly tapering sscond lateral side wall 148A
also defines an angle of about 2°. Each lateral side wall of the second barb 138A aiso tapers

inwardly at an angle of about 2°.

[0060] Refering lo FIGS. 2A-2C, s second barbed sulure 230, designated SB2, includes a
flexible filament 232 with a first end 234, a second end 236, and & longitudinal axis A, that
exiends from the first end 234 {0 the second end 236, The barbed suture 230 ncludes a
plurality of barbs 238 that project cutwardly from the Hexible filament 232 {ie., away from the
fongiudingl axis A;) and exiend toward the second end 236 of the flexible filament 232, Each
barb 238 has a leading edge 240 that faces foward the first end of the filament, a trailing edge

242 that faces loward the second end of the filament, and a barb tip 244 thatl is located between

[$0)
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the leading and frailing edges of the barb. Each barb 238 also has a transition surface 246 that
is located between the trailing edge 242 of the barb 238 and the outer surface of the flexible
filament 232 for providing a transition zone between the trailing edge of the barb and the flexible

filament.

[0061] The plurality of barbs 238 are paired so that a first barb 238A exiends from a first
side of the filament 232 and a second barb 2384A°, which is aligned with the first barb 238A,
extends from an opposite, second side of the filament 232, Each of the paired barbs 128A,
138A7, 1388, 1388, 138C, 138C, eic. are eveniy spaced along the length or longitudinal axis A,
of the flexible filament 232 so that adjacent barbs on the same side of the filament have a lip-o-
tip distance D: of about 0.070-0.080 inches. The trailling edge 242 of the barb 238 extends
away from the longitudinal apds A, of the filament 232 at an angle ¢, designated a trailing edge
angle, of aboul 49°. The leading edge 240 of the barh 238 includes a concave surface defining
a radius R, of about 0.0090 inches. The transilion surface 246 between the trailing edge 242 of
the barb 238 and the filament 232 defines a concave surface forming an undercut having a
radius Rs of about 0.003 inches. The barb tip 244 has a blunt, convexly curved surface having

a radius Ry of about 8.004 inches.

[0862] The distal-most suiface of the blunt tip 244 is closer 10 the second end 238 of the
filament 232 than is the transition surface 246, As a resull, g line P that is perpendicular 1o the
fongtiudinal axis A, of the flexible filament 232 and that passes {angentially through the convexly
curved surface of the Giunt tp 244 is spaced distally from the transition surface 246 (ie., is
closar 10 the second end 236 of the filament 132). Staled another way, the perpendicular ling
F. does not pass through both the distal-most surface of the blunt tip 244 and the transition
surface 240,

[G063] FIG. 2C shows the flexible filament 232 of the second barbed suture 230 axtending
along the longitudinal ads A, The paired barbs 2384, 2384 extend away from one another on
opposite sides of the flexible filament 232, The first barb 238A has first and second lateral side
walls 2484, 2488 that laper inwardly loward one another belween the core of the flexible
filament 232 and the biunt tip 244 of the first barb. The inwardly tapering first lateral side wall

248A defines an angle g4 of about 2°. The inwardly tapering second lateral wall 2488 also

10
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defines an angle of about 2°. Each of the iateral side walis of the second barb 2384 also taper

inwardly at an angle of about 2°.

[0864] Referring to FIGS. 3A-3D, in one embodiment of the present invention, a third
barbed suture 330, designated SB3, includes a flexible filament 332 with having a first end 334,
a second end 336, and a bngitudinal axis A; that extends from the first end 334 {0 the second
end 336. The barbed suture 330 includes a plurality of barbs 338 that project outwardly from
the flexible filament 332 (i.e., away from the longitudinal axis Az} and exdend toward the sscond
end 336 of the flexible filament 332, In one embodiment, the pluralily of projections may exiend
cutwardly from the flexible filament by approximalely 6-25 mils or 0.006-0.025 inches. Each
barb 338 has a leading edge 340 that faces toward the first end 334 of the filament, g trailing
edge 342 that faces toward the second end of the filament, and a barb tip 344 that is located
between the leading and tralling edges of the barb. Each barb 338 also has a transition surface
34¢ that is located belween the trailing edge 342 of the barb 338 and the outer surface of the
flexible filament 332 for providing a transition zone betwesen the traifing edge of the barb and the

flexible filament.

180651  The plurality of barbs 338 are paived so that a first barb 338A extends from a first
side of the filament 332 and a second barb 3388, which is aligned with the first barb 338A,
extends from an opposite, second side of the filament 332. Each of the paired barbs 138A,
138A°, 138B, 1388, 138C, 138C, eic. are evenly spaced along the length or longitudinal axis A
of the flexible filament 332 o that adjacent barbs on the same side of the filament have a tip-io-
tip distance Dy of about 0.070-0.080 inches, and more preferably about 0.075 inches. The
trailing edge 342 of the barb 338 exiends away from the longitudinal axis A; of the filament 332
at an angle ds, designated the tralling edge angle, of about 68°. The leading edge 340 of the
barb 338 includes a concave surface defining a radius Ry of about 0.090 inches. The transition
surface 346 between the tralling edge 342 of the barb 338 and the filament 332 defines a
concave surface having a radius Ry of about 8.003 inches. The barb tip 344 has a blunt

convexly curved surface having a radius Ry of about 0.004 inches.

[0066]  In one embodiment, the distal-most surface of the blunt tip 344 and the transition

surface 346 are in substantial alignment with one ancther. As a result, g line P3 that is

perpendicular to the longitudinal axis A; of the flexible filament 332 and that passes {angentially
11
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through the convexly curved surface of the blunt tip 344 also passes tangentially through the
transition surface 346. Stated another way, the perpendicular line Py passes tangentially
through both the distal-most surface of the blunt tip 344 and the transition surface 346, and the
fransition surface 346 does not have the “undercul” found in the transition surface region of the
barbs of the first and second barbed sulures 130 (SB1) and 230 (SB2).

[0067] FIG. 3D shows the flexible filament 332 of the third barbed suture 320 extending
along the longitudinal apis As. The paired barbs 338A, 33847 extend away from one another on
opposite sides of the flexible filament 332, The first barb 338A has first and second lateral side
walls 3484, 3488 that laper inwardly loward one another belween the core of the flexible
filament 332 and the blunt tip 344 of the first barb. The inwardly taperng first ateral side wall
348A defines an angle g of about 4°. The inwardly tapering second iateral side wall 3484 also
defines an angle of about 4°. Each of the ialeral side walls of the second barb 3384 also taper

inwardly at an angle of about 4°

[60868] Referring to FIGS. 4A-4D, in one embodiment of the present invention, a fourth
barbed suture 430, designated SB4, preferably includes a flexible filament 432 having a first end
434, a second end 436, and a longitudinal axis Ay that exiends from the first end 434 {0 the
second end 436 of the filament. The barbed suture 430 includes a pluralily of barbs 438 that
project oulwardly from the flexible filament 432 (1.e., away from the longiludinal axis Ay} and
extend toward the second end 438 of the flexible filament 432. Each barb 438 has a leading
edge 440 that faces toward the first end 434 of the filament, a tralling edge 442 that faces
toward the second end of the filament, and a barb tip 444 that is located between the leading
and tratling edges of the barb. Each barh 438 also has a ransition surface 446 that is located
between the irailing edge 442 of the barb 438 and the outer surface of the flexible filament 432
far providing a transition zons between the trailing edge of the barb and the flexdble filament.

100891  In one embodiment, the plurality of barbs 438 are paired so that a first barb 438A
exiends from a first side of the filament 432 and a second barb 438A°, which is aligned with the
first barb 4384, extends from an opposite, second side of the filament 432, In one embodimeni,
gach of the paired barbs lLe., 438A, 438A°, 438B, 438B’, 438C, 438C" 438D, 4380y, etc., are
evenly spaced along the length or longiudinal axis Ay of the flexible filament 432 so that

adjacent barbs on the same side of the filament have a tip-to-tip distance Dy of about 0.070-
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0.080 inches, and more preferably about 0.075 inches. The trailing edge 442 of the barb 438
extends away from the longitudinal axis A4 of the filament 432 at an angle a7, designated the
trailing edge angle, of about 90°. The leading edge 440 of the barb 438 includes a concave
surface defining a radius Rio of about 0.090 inches. The transition surface 446 between the
trailing edge 442 of the barb 438 and the filament 432 defines a concave surface having a
radius Rq41 of about 0.003 inches. The barb tip 444 has a blunt, convexly curved surface having

a radius Rz of about 0.004 inches.

[0070] In one embodiment, the distal-most surface of the blunt tip 444 and the transition
surface 446 are in substantial alignment with one another. As a result, a line P4 that is
perpendicular to the longitudinal axis A4 of the flexible filament 432 and that passes tangentially
through the convexly curved surface of the blunt tip 444 also passes tangentially through the
transition surface 446. Stated another way, the perpendicular line P4 passes through both the
distal-most surface of the blunt tip 444 and the transition surface 446, and the transition surface
446 does not have the “undercut” found in the transition surface zone of the barbs of the first
and second barbed sutures SB1 and SB2.

[0071] FIG. 4D shows the flexible filament 432 of the fourth barbed suture 430 extending
along the longitudinal axis A4s. The paired barbs 438A, 438A’° extend away from one another on
opposite sides of the flexible filament 432. The first barb 438A has first and second lateral side
walls 448A, 448B that taper inwardly toward one another between the core of the flexible
filament 432 and the blunt tip 444 of the first barb. The inwardly tapering first lateral side wall
448A defines an angle as of about 4°. The inwardly tapering second lateral side wall 448B also
defines an angle of about 4°. Each of the lateral side walls of the second barb 438A’ also taper

inwardly at an angle of about 4°.

[0072] In one embodiment, the barbed sutures may be formed by various techniques
including press-forming, profile punching, laser cutting or the like as disclosed in commonly
assigned U.S. Patent Nos. 7,850,894, 8,216,497, and 8,226,684, and U.S. Patent Application
Publication No. 2008/0312688.
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[0073] As disclosed in U.S. Patent Nos. 7,850,894 and 8,201,497, a method for forming a
barbed suture for surgical applications includes providing first and second female dies each
having respective first and second top surfaces with first and second recesses formed therein.
The first and second recesses are sized and shaped so that when aligned with one another,
they together form a mold cavity having a predetermined shape. The predetermined shape
includes a filament part extending along a length thereof, and a plurality of tissue holding barbs
extending outwardly from the filament part. The method preferably includes providing a
biocompatible, moldable material, such as polymeric material, placing the moldable material
between the top surfaces of the first and second dies, and pressing the top surfaces of the first
and second dies together until the top surfaces of the first and second dies are substantially in
contact with one another and the recesses of the first and second dies substantially aligned to
form the mold cavity, whereby the moldable material deforms and fills the cavity therebetween

to form a barbed suture having the predetermined shape.

[0074] In one embodiment, the barbed sutures may be formed as disclosed in commonly
assigned U.S. Patent No. 8,226,684. As disclosed in the ‘684 patent, a method of making
barbed sutures includes providing a male die having a first clamping part and a second
clamping part, and a female die having a first clamping part and a second clamping part. In one
embodiment, during one stage of the process, the first and second clamping parts of the
respective male and female dies are opened and an elongated shaft of biocompatible, moldable
material is positioned between the first and second clamping parts. With the elongated shaft of
moldable material positioned between the open clamping parts of the male die and the female
die, the opposing clamping parts are closed to engage the outer surface of the elongated shaft
of moldable material. In one embodiment, the male and female dies are heated to transfer heat
to the elongated shaft of moldable material so that the elongated shaft is heated to a desired

temperature for enabling the shaft to be molded by the male and female die.

[0075] In one embodiment, after the male and female die heat the elongated shaft of
moldable material to a preferred molding temperature, the closed male die is moved relative to
the closed female die to shape a portion of the elongated shaft into a protrusion or barb. In one
embodiment, as the male die moves toward the female die, the overall length of the shaft is

shortened. In one preferred embodiment, the die tooling moves relative to the shaft to
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compensate for the shortening of the shaft. In one embodiment, after the barb is formed, the
barb is cooled while remaining in contact with the closed male and female dies. In one
embodiment, the barb cools after being removed from engagement with the male and female
dies. In one embodiment, the male and female dies are opened to expose the barb to ambient
air, preferably for cooling. The above-described steps are repeated to form a plurality of barbs

along the length of the elongated shaft.

[0076] In one embodiment, a filament winding assembly winds a plurality of filaments
around a barbed suture, such as a barbed insert, to form a braided barbed suture, as disclosed

in commonly assigned U.S. Patent No. 8,210,085.

[0077] In one embodiment, the barbs may be formed by cutting into the flexible filament or
core using a mechanical cutting element, such as a blade, by cutting into the flexible filament or

core using a laser, or by etching into the core using chemicals or energy.

[0078] In one embodiment, the barbed sutures disclosed herein may be made of
conventional, biocompatible, absorbable materials, non-absorbable materials, and combinations
of absorbable and non-absorbable materials. Preferred non-absorbable materials suitable for
both the barbed sutures include polypropylene, a polymer blend of polyvinylidene fluoride and
polyvinylidene fluoride-co-hexafluoropropylene, polyethylene, polyvinylidene fluoride (PVDF),
polyesters, polyethylene terephthalate, glycol-modified polyethylene terephthalate,
polytetrafluoroethylene, fluoropolymers, nylons etc. and the like, or copolymers of combinations
thereof. Preferred absorbable polymeric materials suitable for the barbed sutures include
polydioxanone, polyglactin, polyglycolic acid, copolymers of glycolide and lactide,
polyoxaesters, and poliglecaprone. In certain preferred embodiments, these may include
combinations of both absorbable and non-absorbable materials. In addition, metals or ceramics
may be suitable for certain applications, such as instances where specific strength or corrosion
resistance is necessary. In one preferred embodiment, the barbed sutures preferably includes a
polymer blend of polyvinylidene fluoride and polyvinylidene fluoride-co-hexafluoropropylene
material. In one embodiment, the barbed sutures may have surface modifications that include

coatings, plasma treatments, therapeutics, and the like.
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[0079]  In one embodiment, the barbed sutures of the present invention are made using a
non-absorbable polymeric material, and a non-absorbable mulli-filament polyvester suture,
commonly sold under the trademark ETHIBOND EXCEL polyester sulure by Ethicon, Inc. In
one embodiment, a surgical needie may be altached {0 at least one end of a barbed sufure. In
one embodiment, surgical needles may be atfached 1o both ends of the barbed suture. In one
embodiment, a stopper may be secured to an end of the flexible filament. In one embodiment, a

pledgst, such as a Teflion® pledget, may be positionad in the middle of a barbed suture.

[8080] Refering to FiG. 5, the four different barbed sutures 130 (8B1), 230 (8B2), 330
(SB3), and 430 (SB4) described herein were passaed through a fixed tissue plane o evaluale
tissue drag and barb holding strength for each of the four barbed sutures. As noted above, the
respecitive trailing edges 142, 242, 342, 442 of the barbs of the four barbed sutures 130, 230,
330, 430 have different trailing edge angles, which impacits both tissue drag and barb holding
strength. The barbs 138 on the first barbed suture 130 have a trailing edge angle ¢, of about
10°. The barbs 238 on the second barbed suture 230 have a railing edge angle ¢ of about
48°. The barbs 338 on the third barbed suture 330 have a trailing edge angle s of about 68°
The barbs 438 on the fourth barbed suture 430 have a trailing barb angle g7 of about 80°
Referring 1o FIG. 5, tissue drag relative {0 the fixed tissue plane is measured for each of the four
barbed sutures 130, 230, 330, and 430 as the respective barbed sutures are advanced through
the tissue in the direction designated DIR1. The barb holding strength relative i the fixed
tissue plane is measured for each of the barbed sutures 130, 230, 330, and 430 as the
respective barbed sulures are advanced through the lissue in the direction designated DIRZ,

which ig opposite direction DIR1.

[0081] Example 1. Referring fo FIGS. 5 and 6, in one embodiment, the four barbed sutures
13C (8B1), 230 (8B2), 330 (SB3), and 430 (SB4) were passed in the same direction {(8.g.,
direction DIR1 in FIG. 5) through porcine subcutanecus tissue held in a fixture under a constant
ioad applied by an Instron mechanical tester. More specifically, a drag force test was conducted
fo evaluate the drag force of the four barbed sutures as they are passed through tissue. During
testing, the four barbed sutures 136 (8B1), 230 (8B2), 330 (8B3), and 430 (5B4) were not
pulled through the tissue by the Instron mechanical tester al the same time. Each of the four
barbed sutures 130 (8B1), 230 (8B2), 330 (383), and 430 (5B4} is tested individually so that
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only one of the four barbed sulures is pulled through the tissue by the Instron mechanical lester
during any single tesl. During the test, the first end of each filament was infroduced through a
cusiom slotted fixture having a plane of tissue clamped init. Afler the first end of each filament
is passed through the lissus, the needle was removed, and the first end of each filament was
secured in the upper grip of an instron mechanical tester (5500 series or equivalent with 20ib
load cell). The needle attached o the barbed sutures was of the same type and dimension for
each of the four barbed sutures designs. The Instron mechanical tester pulled each of the Tour
barbed sutures through the tissue at 1 inch/min and the maximum drag force was recorded.
The maximum load reguired to pass each of the four barbed sutures through the tissue is
plotted in the graph shown in FIG. 6. The tissue drag for the first barbed suture 130 (SB1) was
about G.075Ibf The tissue drag for the second barbed suture 230 (SB2) was about 0.125ib{
The tissue drag for the third barbed suiure 330 (SB3) was about 0.15010f. The tissus drag for
the fourth barbed suture 430 {8B4) was about 0.075ibf.

(80821 Example 2. Referring to FIGS. 5 and 7, the Instron mechanical tester was then
stopped, the fissue and the fidure were flipped over, whereupon the Insitron mechanical tester
pulled each of the four barbed sulures 130 (SB1), 230 (8B2), 330 (SB3}, and 430 (SB4) back
through the tissue in the opposite direction DIRZ2. As noled above, the four barbed sulures 130
(SB1), 230 (8B2), 330 (&B3), and 430 (5B4) were not pulied by the Instron mechanical tester at
the same time. Each of the four barbed sulures 130 (3B1), 230 (SB2}, 330 (8B3), and 430
{SB4) was tested individusily so that only one of the four barbed sutures was pulled by the
Instron mechanical tester during any single test. The purpose of the barb holding fest was o
evaluate the barb holding force of the four barbed sulures, as they engage in lissue. Afler the
drag force test is completed, the siotted fixiure is opened (with the device still in the tissug), the
tissue is flipped over, re-secured in the fixture, and the non-nesdie end of the device is secured
in the upper grip of the Instron mechanical tester (5500 series or equivalent with 20ib lbad celi}.
The Instron mechanical tester pulled the barbed sutures back through the tissue at 1 inch/min
and the maxdimum barb holding force was recorded. The maximum force for each of the barbed
sutures was recorded as the barb holding load (FIG. 7). The barb holding load for the first
barbed suture 130 (8B1) was about 1.50Ibf. The barb holding load for the second barbad sulure
230 {882} was about .90, Thse barb holding load for the third barbed suture 330 (B3} was
about 0.38ibf. The barb holding load for the fourth barbed sulure 430 (SB4) was about 0.2210f,
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[0083] The data shown in FIGS. 6 and 7 is meaningful for ssveral reasons. First, as shown
in FIG. 8, as the barbed sutures are pulled in the first direction DIR1 (FIG. &), there are
negligible differences in tissue drag values for the four barbed suture designs 5B1, 8B2, 8BS,
and 8B4, A trend emerges in the graph shown in FIG. 7, however, showing that the barb
holding strength can be modified 1o be relatively high or low, by modifying the railing edge
angies of the barbed sulures. For example, the first barbed suture 130 (SB1) having a more
acute trailing edge angle is less reversible and may be belter suited for high wound tension
areas or {0 plicate tissue, whereas the fourth barbsed suture (8B4) having a greater trailing edge
angle is more reversible and may have more value in superficial tissue layers where the
reversibility feature would enable a surgeon 1o adjust the tension of the incision line fo produce

a more favorable cosmetic result.

[0084] Example 3. FIG. 8 shows the ratio of the barb holding value 1o the tissue drag value
for each of the four barbed sutures 130 (881}, 230 (8B2), 330 (SB3), and 430 (8B4). As shown
in FiG. 8, the force required to pull the first barbed suture 130 through the fissus in the second
direction BIRZ is 20 times greater than the force required to pull the first barbed suture through
the Hissus in the first direction DIR1. in contrast, for the third barbed suture 330 (8B3) and the
fourth barbed suture 430 (SB4), the force required 1o reverse the suture {ie., pull in direction
DIR2} is about 1-2X the force required to pull the barbed sutures through lissue in the first
direction DIR1 (FIG. 5). Although the present invention is not fimited by any particular theory of
operation, it has been observed that the third and fourth barbed sulures are more reversible

because there is a lower ralio between the barb holding load and the lissue drag force.

[6085] Example 4. Referring to FIG. 9, a third fest was conducted whereby two planes of
porcine tissue were sutured together at the subcutaneous tissue layer using a conlinuous stitch
pattern. The sutured tissue was then leaded into an Instron mechanical tester and a load was
applied perpendicular 1o the suture line. The maximum force from this lest was recorded as the
wound holding force as shown in the graph of FIG. 9. This lest was completed for the first
barbed suture 130 (SB1} and the fourth barbed suture 430 (SB4) to delerming the wound
holding ability of the two extrems designs of the four barbed sulure designs described hersin.
As shown in the graph in FiG. 9, the wound holding force of the two "extreme” designs (5B1 vs.
SB4} is different but comparable. The wound holding Torce Tor the first barbed suturs 130 (8B 1)
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was about 16.751bf. The wound holding force for the fourth barbed suture 430 (8B4} was about
1225101

[08868] In one embodiment, the wound holding test was designed to measure the holding
strength of the barbed sutures in animal or human tissue using varied closure configurations in
a bench top model. This method simulates the wound holding force required for a surgical
incision to fail. Tissue types include, bul are not limited o, deep abdominagl tissue, deep
superficial fascia, other soft tissue, subculaneous tissue, or skin.  Tissue was prepared by
isolating the layer of interest and dissecting the specimen into two halves 1o represent a surgical
incision.  Tissue thicknesses were measured and recorded, and testing groups are made up of
tissues with similar thicknesses. A template was then applied 1o the two tissue halves, whereby
an incision {typically 6-10cm in length) was marked for the tissue bites 0 be spaced 1 cm apart.
The sulure was then applied in the tissue and spaced according o the template. The sulure
may be applied using a variely of surgical fechnigues. The sulured tissue was placed in a
cusiom fixture, which simulated the fension exerted in living tissue. The fixiure and sutured
fissue were then Ioaded into an Instron mechanical tester (5500 series or equivalent with 100ib
load cell). The equipment control parameters were as follows: crosshead speed = 5 infmin,
sampling raie = 60 pie/sec, gauge length = 2 5cm (sel within the custom fixture). The tesis
were run until a three inch extension was achieved, or until failure occurred by tissue gapping
{&mm), tissue failure, suture failure, or sulure pull-out within a specimen.  Maxdmum load,
extension at maximum load, and failure mode were recorded. The lissue holding sirength was
recorded as the maximum tensile force exeried upon a specimen {0 cause one of the above-

described failure modes.

(00871 The dats presented in the graphs of FIGS. 6-9 shows that the load recorded when
passing the respective barbed sutures 130, 230, 330, 430 through tissue in the first direction
DIR1T {(FIG. 5) was comparable across the four designs. However, when the barbed sutures
were passed through the tissue in the opposile, second dirsclion DIRZ, a trend emerged in the
barb holding force data, whereby the barb design diclated varying degrees of barb holding
resistance or lack of resistance depending on the particular design of the barbed suture. The
third and fourth barbed sutures 330G (8B3) and 430 {(8B4) provided relatively low barb holding
resistance, which supporis the concepl of adjustability or reversibility. The data also showed
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that, in the aggregate, the barbs of the first barbed suture 130 (SB1) and the fourth barbed

suture 430 (SB4) generated wound holding forces in the range of 16 to 12 Ibs, respectively.

[0088] The barbed sutures disclosed in the present application may be used for a wide
variety of medical applications such as hernia repair, anastomoses, wound closure, closing
incisions, organ support (e.g., pexy procedures e.g., with pelvic organ support or tongue support
for the treatment of obstructive sleep apnea), trauma repair (where rapid tissue repair is
needed), cosmetic procedures, and other surgical procedures requiring a distribution of forces
along the surface of tissue to minimize direct suture pressure on tissue. In one embodiment,
the barbed sutures may be used for heart valve fixation procedures. In one embodiment, a
surgical method includes attaching a needle to a first end of a barbed suture, providing a stop
tab at the second end of the barbed suture, passing the first end of the barbed suture through
both sides of the beginning end of an incision, utilizing the stop tab at the second end of the
barbed suture for providing fixation of the second end of the barbed suture, and then suturing in
a continuous pattern (e.g., a helical pattern) to the opposite end of the incision. In one
embodiment, in order to adjust the location of the barbed suture, the direction that the barbed
suture is pulled through tissue may be reversed for properly approximating tissue without

causing tissue trauma and/or plastic deformation and damage to the barbs.

[0089] Referring to FIGS. 10 and 11, in one embodiment, a barbed suture 430 has a needle
450 secured to the first end 434 of the filament 432, and a stop tab or fixation tab 452 secured
to the second end 436 of the filament 432, as disclosed in commonly assigned U.S. Patent
Application Ser. Nos. 13/248,542, filed September 29, 2011, and 13/621,625, filed September
17, 2012. The fixation tab 452 desirably has a leading edge 454 having a leading edge
thickness (not shown) and a leading edge width W. The fixation tab 452 also desirably has a
length L. Although the fourth barbed suture 430 is shown in FIGS. 10 and 11, in other
embodiments, any of the other barbed sutures disclosed herein may be attached to the needle
450 and/or the fixation tab 452.

[0090] In one embodiment, the fixation tab 452 located at the second end 436 of the
filament 432 provides an anchoring element to begin the continuous suture pattern. The size
and shape of the fixation tab 452 provide several benefits. The fixation tab 452 is designed to

be comprised of a volume of suture material that is less than that of a conventional five-throw
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knot tower that would typically be used for a monofilament suture knot in the superficial tissue
layers. Minimizing the bulk, or mass, of suture material is particularly important in the superficial
tissue layers for several reasons. A smaller mass of suture material may reduce the likelihood
of palpitation, which is when the patient can feel the implanted bulk of suture material when
running one’s fingers over the skin’s surface. A smaller mass of suture material may also
reduce the likelihood of suture “spitting,” which may happen if the human body has an adverse
reaction to the suture material and essentially extrudes the bulk of suture material up through
the skin’s surface. The fixation tab 452 has a rounded back end 456 that is preferable for use in
the superficial tissue layers because a rounded surface of the rounded back end 456 may be
less likely to pierce through the skin’s surface and “spit” than the tails of a conventional suture
knot. Additionally, the fixation tab 452 provides more surface area than a conventional five-
throw knot tower, which may accelerate the degradation process of absorbable suture materials
comprising a fixation tab in vivo. Having a fixation tab 452 with less mass than a conventional
five-throw knot tower, relatively high surface area, and a rounded back end 456 is believed to
result in improved clinical outcomes in cases when used appropriately and depending on the

surgical procedure and the individual characteristics of the patient.

[0091] Referring to FIGS. 12A-12B, in one embodiment of the present invention, a fifth
barbed suture 530 preferably has a configuration and dimensions similar to those described
above for the fourth barbed suture 430 (FIGS. 4A-4D). In one embodiment, the fifth barbed
suture preferably includes a flexible filament 532 having a first end, a second end, and a
longitudinal axis As that extends from the first end to the second end 436. The barbed suture
530 includes a plurality of collapsible barbs 538 that project outwardly from the flexible filament
532 (i.e., away from the longitudinal axis As) and extend toward the second end of the flexible
filament 532. The barbed suture preferably includes openings 560 formed in the barbs 538, as
disclosed in commonly assigned U.S. Patent Application Publication No. 20090312791. The
openings 560 desirably minimize the rigidity and stiffness of the barbs 538, thereby enabling the
barbs to collapse inwardly as the barbed suture is pulled in either the first direction DIR1 or the
second direction DIR2. In one embodiment, the openings 560 may extend inwardly beyond the

outer surface of the filament 532 (i.e., into the core of the filament).

[0092] Referring to FIG. 12B, the paired barbs 538A, 538A’ extend away from one another

on opposite sides of the flexible filament 532. The first barb 538A has first and second lateral
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side wall 548A, 548B that taper inwardly toward one another between the core of the flexible
filament 532 and the blunt tip 544 of the first barb at an angle of about 4°. The inwardly tapering
second lateral side wall 548A also defines an angle of about 4°. Each of the lateral side walls of

the second barb 538A’ also taper inwardly at an angle of about 4°.

[0093] Referring to FIGS. 13A and 13B, in one embodiment, a barbed suture 630 has a
barb 638 with a double hump. The leading edge 640 of the first barb 638A defines an angle
with the longitudinal axis Ae of at least 68° and the trailing edge 646 of the first barb also defines
an angle with the longitudinal axis of at least 68°. The second barb 638A’" mirrors the shape and
dimensions of the first barb 638A. Referring to FIG. 13B, the side walls of the first barb 638A
taper inwardly toward the blunt tip 644 at an angle of about 4°. Each of the side walls of the

second barb 638A’ also taper inwardly at about 4°.

[0094] Referring to FIGS. 14A and 14B, in one embodiment, a barbed suture 730 has a pair
of barbs 738A, 738A’ that define a diamond shape. The leading edge 740 of the first barb 738A
defines an angle with the longitudinal axis A7 of at least 68° and the trailing edge 746 of the first
barb 738A defines an angle with the longitudinal axis A7 of at least 68°. Referring to FIG. 14B,
each of the side walls of the first barb 738A taper inwardly toward the blunt tip 744 at an angle
of about 4°. The second barb 738A’ mirrors the shape and dimensions of the first barb 738A so

that the aligned barbs 738A, 738A’ form a diamond shaped element.

[0095] Referring to FIG. 15, in one embodiment, a barbed suture 830 includes a flexible
filament 832 having a plurality of barbs 838 projecting outwardly from the flexible filament. In
one embodiment, the barbs 838A-838E are staggered relative to one another along the length
of the flexible filament 832.

[0096] Referring to FIG. 16, in one embodiment, a barbed suture 930 includes a flexible
filament 932 having a plurality of barbs 938 projecting outwardly from the flexible filament. In
one embodiment, at least some of the barbs 938A-938C do not lie in a single plane, but project
outwardly from the flexible filament 932 in different planes P1, P2, P3. In one embodiment, the
barbs may be aligned with one another along the length of the flexible filament, but not lie in a
single plane and the barbs preferably project outwardly from the flexible filament in different

planes.
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[0097] In one embodiment, the wound closure device may be made of polymeric, metallic
and/or ceramic materials that are absorbable or non-absorbable. In yet another embodiment,
the wound closure device may be made of a polymer material selected from absorbable and
non-absorbable homopolymers, random copolymers, block copolymers or blends made from
polydioxanone, polyglactin, polyglycolic acid, copolymers of glycolide, lactide, and/or
caprolactone, polyoxaesters, poliglecaprone, polypropylene, polyethylene, polyvinylidene
fluoride  (PVDF), hexafluoropropylene, copolymers of vinylidene fluoride and
hexafluoropropylene, polyesters, polyethylene terephthalate, polybutylene terephthalate, glycol-
modified polyethylene terephthalate, polytetrafluoroethylene, fluoropolymers, thermoplastic
elastomers, ionomers, copolymers of ethylene and methacrylic acid, polyamides,
polytetramethylene oxide, polystyrene, polybutadiene, and polybutylene, including combinations

and/or copolymers of absorbable and non-absorbable materials.

[0098] In one embodiment, the barbed suture is made using a non-absorbable polymeric
material, and a non-absorbable multi-flament polyester suture, commonly sold under the
trademark ETHIBOND EXCEL polyester suture by Ethicon, Inc.

[0099]  While the foregoing is directed to embodiments of the present invention, other and
further embodiments of the invention may be devised without departing from the basic scope

thereof, which is only limited by the scope of the claims that follow.
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What is claimed is:

1. A wound closure device comprising:

a flexible filament having a first end, a second end, and a longitudinal axis
extending between said first and second ends;

a plurality of barbs projecting outwardly from said flexible filament, each said barb
having a base connected with said flexible filament, a blunt tip having a convexly curved
surface spaced from said base, a leading edge extending between said base and said
blunt tip and facing toward said first end of said flexible filament, and a trailing edge
extending between said base and said blunt tip and facing toward said second end of
said flexible filament, wherein said trailing edge of said barb and the longitudinal axis of
said flexible filament define an angle of at least 68°;
each said barb comprising a transition surface defining a concave surface extending from
said trailing edge of said barb to an outer surface of said flexible filament, wherein a line
perpendicular to the longitudinal axis of said flexible filament contacts the concave
surface of said transition surface and contacts the convexly curved surface of said blunt

tip tangentially.

2. The wound closure device as claimed in claim 1, wherein said leading edge of said

barb defines a concave surface having a radius of about 0.090 inches.

3. The wound closure device as claimed in claim 1, wherein the convexly curved

surface of said blunt tip defines a radius of about 0.004 inches.

4. The wound closure device as claimed in claim 1, wherein the concave surface of

said transition surface of said barb has a radius of about 0.003 inches.

5. The wound closure device as claimed in claim 1, wherein said flexible filament has

a length and said barbs are evenly spaced along the length of said flexible filament.
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6. The wound closure device as claimed in claim 5, wherein said blunt tips of said

evenly spaced barbs define a tip-to-tip pitch of about 0.070-0.080 inches.

7. The wound closure device as claimed in claim 1, wherein said barbs comprise
pairs of barbs evenly spaced along the length of said flexible filament, and wherein said

barbs in each said pair are aligned with one another.

8. The wound closure device as claimed in claim 7, wherein said aligned barbs in
each said pair project away from one another and are disposed on opposite sides of said

flexible filament.

9. The wound closure device as claimed in claim 8, wherein said aligned barbs in

each said pair lie in a common plane.

10.  The wound closure device as claimed in claim 1, wherein said bases of said barbs
are thicker than said blunt tips of said barbs, and wherein each said barb tapers inwardly

between said base and said tip at an angle of about 3-5°.

11.  The wound closure device as claimed in claim 1, comprising a needle connected

with said first end of said flexible filament.

12. The wound closure device as claimed in claim 1, wherein on each said barb, the
concave surface of said transition surface and the convexly curved surface of said blunt
tip are aligned with one another along the longitudinal axis of said flexible filament.

13. A wound closure device comprising:

a flexible filament having a first end, a second end, and a longitudinal axis

extending between said first and second ends;
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a plurality of barbs projecting from said flexible filament, each said barb having a
base connected with said flexible filament, a tip spaced from said base, said tip having a
blunt surface, a leading edge extending between said base and said tip and facing toward
said first end of said flexible filament, and a trailing edge extending between said base
and said tip and facing toward said second end of said flexible filament;

each said barb comprising a transition surface defining a concave surface
extending from said trailing edge of said barb to an outer surface of said flexible filament,
wherein a line perpendicular to the longitudinal axis of said flexible filament contacts the
concave surface of said transition surface and contacts said blunt surface of said tip
tangentially, and wherein said trailing edge of said barb and the longitudinal axis of said

flexible filament define an angle of at least 68°.

14.  The wound closure device as claimed in claim 13, wherein said leading edge of
said barb defines a concave surface having a radius of about 0.090 inches, and said blunt

surface defines a convex surface having a radius of about 0.004 inches.

15. The wound closure device as claimed in claim 13, wherein the concave surface of

said transition surface defines a radius of about 0.003 inches.

16. The wound closure device as claimed in claim 13, wherein the radius of said
blunt surface of said tip and the concave surface of said transition surface are aligned

with one another along the longitudinal axis of said flexible filament.

17. A wound closure device comprising:

a flexible filament having a first end, a second end, and a longitudinal axis
extending between said first and second ends;

a plurality of barbs projecting outwardly from said flexible filament, each said barb
having a base connected with said flexible filament, a blunt tip spaced from said base, a

leading edge extending between said base and said blunt tip and facing toward said first
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end of said flexible filament, a trailing edge extending between said base and said tip and
facing toward said second end of said flexible filament, and a transition surface extending
between said trailing edge and said flexible filament, wherein said leading edge defines
a concave surface having a radius of about 0.090 inches, said blunt tip defines a convex
surface having a radius of about 0.004 inches and said transition surface defines a
concave surface having a radius of about 0.004 inches, and wherein said trailing edge of
said barb and the longitudinal axis of said flexible flament define an angle of at least 68°;
the convex surface of said blunt tip and the concave surface of said transition surface
being aligned with one another along the longitudinal axis of said flexible filament so that
a line passing perpendicularly through the longitudinal axis of said flexible filament
contacts the convex surface of said blunt tip tangentially and contacts the concave

surface of said transition surface.

18. The wound closure device as claimed in claim 17, wherein said barbs are evenly
spaced along the length of said flexible filament and define a longitudinal tip-to-tip pitch
of about 0.070-0.080 inches, and wherein said plurality of barbs includes pairs of barbs
that are aligned with one another and evenly spaced along the length of said flexible
filament, said barbs in each said pair projecting away from one another and being

disposed on opposite sides of said flexible filament.

19. A use of the wound closure device as claimed in any one of claims 1-18 for closing

a wound in tissue.
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