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METHOD AND APPARATUS FOR FORMING BARBED SUTURES

FIELD OF THE INVENTION
This invention relates to a method and apparatus for forming barbed sutures.

BACKGROUND OF THE INVENTION

A barbed suture is a suture having barbs along its length. Barbed sutures have been used to
close wounds and, more recently, to effect tissue lifts in medical aesthe_tlcs procedures that
are rapidly gaining in popularity world-wide.

There.is thus a need for a method and apparatus for forming barbed sutures in a cost and
time effective way that produces robust sutures having uniformly formed barbs'themon, in
order to meet the demand for barbed sutures: in the medical aesihetics industry as well as for
other medical uses.

SUMMARY OF INVENTION

According to. a first exemplary aspect, there is provided an apparatus for forming barbed
sutures,-th'e apparatus comprising: a:suture frame configured for presenting a plurality of
lengths of suture of which barbs are to be formed; a bending mechanism configured to bend
the-plurality of !engths of suture to present a bent part of each length of suture for cutting; a
cutting assembly confi gured to cut into a convex surface of the bent part of each length of
suture to form a barb on the bent part of each length of suture; an indexing block- conﬂgured '
to support the suture. frame and the cutting assembly, the mdexlng block comprrslng an
indexing mechanism conflgured to lock the suture frame and the cuttmg assambly in a

_'cuttlng position and to effect relative stepwise movement between the suture frame and the

cutting assembly to allow a plurality of barbs to be formed at intervals apart on each length
of suture.

The bending mechanism may comprise a press rod configured to downwardly displace the
plurality of lengths of suture in the suture frame; and a ridge provided below the pluralrty of
Iengths of suture in the suture frame and conflgured to contact and support the plurahty of
lengths of suture such that each iength of suture is bent about the ridge when the- plurallty of
Iengths of suture have been displaced by the press rod. '

The press rod may be provided on the cutting assembly below a cutting blade prowded on
the cuttmg assembly, and the ridge may be prowded on the |ndex|ng block.
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‘The ridge may be provided on a suture support of the indexing block, the suture support

further having a suture holding surface cdnfigured for holding-a held part of each Ie'néth. of
suture thereagainst by the press rod. '

The suture support may be configured such that a portion of each length of suture between
the bent part and the held part does not contact any surface during dlsplacement of the
plurality of lengths -of suture by the press rod.

“The cutting assembly may. be configured to cut into the convex surface of the bent part of

each length of suture is in a direction paralle! to a surface of each length of suture.

The suture frame may comprise opposing side bars' and opppsing'en_d bars that are
connected to define a ‘space the_rewithin, and wherein dowe! pins are provided on each of
the opposing. end b‘are such that the plurality of lengths of suture can be provided in the -
space by winding a single length of suture in a zig-zag manner from one end bar to the other..
end bar about-successive dowel pins.- '

The indeXing'mechanism may comprise a forwarﬁ-lock cam provided on the indexing block,
the forward-lock cam configured to move the suture frame one step forward with each
rotation of the forward-lock cam, and a toothed section provrded on the suture frame and a
tooth catch provided on the indexing biock, wherein the toothed section and tooth catch are
configured- such that the tooth catch engages a_tepth of the toothed sections to’pre\'lent
movement of the suture frarh'e_ ina bapkvuiard direction when the-suture frame is in the' cutting

_ position.

The indexing mechanism may furthercomprise a raise-lower cam provided on a same shaft
as the forward-lock cam, the raise-lower cam configured to raise the cutting assembly during
fonrvard movement of the. suture frame the raise-lower:cam further configured to lower the’
cutting assemply to the cutting position and the forward-lock cam further configured to lock
the cutting assembly in the cutting position when the raise-lower cam and the forward-lock:
cam are rotated in a reverse direction.

The suture frame, the tndexin'g block and theiridexing mechanism may be configured fo
aflow the suture frame to be _assemt_)l,ed, with the indexing- block in a flipped. configuration

without removing. the plurality of lengths of suture from the suture frame, so as to present a
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'second side of each of the plurality of lengths of suture to be cut into, thereby allowing barbs

to be formed on two diametrically opposite sides of each of the plurality of lengths of suture.

The suture frame may be configured such that a plurality of barbs formed on-the second side
of each length of suture when the suture frame is assembled with the indexing block in the
ﬂipped,' configuration is"staggered from a plurality of barbs already formed on a first side of
each length of suture.” |

According to a second exemplary aspect, there is provided a method of forming barbed
sutures, the method comprising the steps of: a) bending a plurality of Ieng(hs of sutures to
present a bent part of each iength of suture for. cutting; b).cutting with a CUﬁing assembiy into
a convex surface of the bent part of each length of suture to form a barb on the bent part of

- each’ length of suture’ c) effecting a relative stepwise movement between the plurality of
. lengths of suture and the cutting assembly in a direction parallel to the plurality of lengths of

suture; -and repeating steps a) to ¢) to form a plurality of barbs that are intervals apart on
each length of suture.

The method may further comprise, prior to step a), .mounting the p]uréiity of lengths of
sutures on a suture frame, the suture frame comprising opposing side bars and opposing
end bars that are connected to define a space therev's_rlthih, wherein the mounting comprises
winding a single length of suture in a zig-zag manner from one of the end bars fo theﬁ'other of
the end bars about successive dowel pins provided on the opposing end bars such that the
plurality of lengths of suture are provided in the spacé._ '

The method may further comprise flipping the plurality of lengths of suture over to present a
diametrically opposite side of the plurality of lerigths of suture to be cut into; and

repeating steps a)toc). -

The method may further comprise g) cutting each of th'e,' pluraﬁity of_lengths ‘of suture éway
from the suture frame. ' '

Step g) may.comprise cuttin_g across the piufality of lengths of suture along one of the end
bars. :

The cUtting_.'in' step'b) may be in a direction parallel fo a surface of each length of suture.
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“According to a third exemplary aspect, there is provided a barbéd s_uture formed using the -

apparatus of the first aspect and the method of the second aspect, wherein a first plurality of
barbs_fd‘rmed at intervals along a first half of the barbed suture between a midpoint and a
first end of the barbed suture faces towards the first end of the barbed suture, and wherein a
second plurality of barbs formed at intervals along a second half .of the barbed suture
between the midpoint and a second end of the barbed suture faces towards the second end -
of the barbed suture.

A plurality of barbs formed along one side of the barbed suture may be staggered from a
plurality of barbs formed along a diametrically opposite side of the barbed suture.

BRIEF DESCRIPTION OF FIGURES

In ‘order thiat the invention may:be fully understood and readily put into practical effect there
shall now be described by way'of-non'-lilnitative example only exemplary ‘embodiments of the
present invention, the description being with reference to the accompanying' illustrative
drawings.

Fig. 1is a pe_rspectlve exploded assembly view of an exemplary apparatus of the present
in\)ehtlon. '

Fig. 2 is a perspective view of the exemplary' apparatus before initiating a first cut.

Fig. 3 is a perspective exploded assembly view of the suture frame of the exemplary
apparatus havmg lengths of suture mounted thereon.

Fig. 4isa perspectlve wew of the suture frame of Fig. 13 after clampmg of the Iengths of
suture to the suture frame.

- Fig. 5 is a side view of the suture frame of Fig. 4,

Fig. 6 is a close-up view of a downward facing toothed section on the suture frame of Fig. 5.
Fig. 7 is a close-up view of a tooth catch on a support rail of an indexing block of the
exemplary apparatus. ' '
Fig.8isa perspectlve view of the indexing block of. the exemplary ‘apparatus.’

Fig.9isa perspecttve exploded assembly view of the lm:lexmg block of Fig. 8.

Fig. 10 is a perspective view of the exemplary apparatus when moving the suture frame one
step along the indexing block. -

Fig. 11 is a perspective view of a cutting assembly of the ekemplary apparatus.

Fig. 12 is-an elevation view of the cutting assembly of Fig. 11.’

Fig'. 13 Is a sectional vievl! taken el'ong A-A aAs shown'in Fig. 12..

Fig. 14 is an elevation view of an adjustrjhent insert of the cutting ass.embly of Fig. 11.

Fig. 15 ls a perspective view of the cptting assembly being lowérecl toa Lcutting position.
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Fig. 16 is a side schematic view of the cutting assembly-in the cutting: position

Fig. 17 is a close-up of a cuttlng ed'e of the cutting assembly in the cuttlng posmon
Flg 18 is a close-up of the cutting edge forming a barb on a length of suture.
Frg 19 is a close-up of the cultrng edge forming a barb on an opposite side of a length of

suture .

'Fig. 20 is a perspective view of the apparatus after one cuttir\g cycle. .

Fig. 21 is a perspective view of cutting the lengths of suture in the suture frame of Fig. 4.

Fig. 22-is a schematic illustration of a barbed suture formed using the- apparatus of the
present mventron

Fig. 23 is a flow chart of an exemplary method of the present invention.

DETAILED DESCRIPTION
Exemplary embodlments of the method 20 and apparatus 10 will be described - with
reference to Figs. 1 to 23 below. .

As _shown .in Figs.' 1 and 2, the apparatus 10 compriseé:al removable suture frame 100
configured for mounting therein the sutures 90 on which barbs are to be formed. The
apparatus 10 also comprises an indexing block 200 configured for supporting and indexing
the suture frame 100 for formation of barbs at fixed intervals along the length of the sutures
90, and -for supporting the sutures 90 during barb formation on the sutures 90. The
apparatus 10 further comprises a removable cutting assembly 300 configured to _engagé the
indexing biock 200 and to effect cuts on the sutures 90 to form the barbs 991, 992,

The suture frame 100 as shown in Fig. 3 preferably comprises two: o’p‘pbsinQ side bars 121,
122 and two opposing end bars 123, 124 that are connected to form'a generally rectangular
frame 100 defining a spéce therewithin. The end bars 123, 124 serve to form a leading :ed_ge
102 .and a trailing edge 102 of the suture frame 100 reSpectiver.' In the preferred

' erhbodiment, a row of dowel pins 125, 126 are provided on and-project perpendicularly_ from
“the plane of the frame 100 from each of the end bars 123, 124 respectivély. The dowel pins

125, 126 are configured for mounting the sutures 90 betweeri and parallel to the two side
bars 121, 122, such that by winding a single length of suture in a zig-zag manner from ohe
end bar 123 to the other end bar 124 about successive dowel pins 125, 126, a plurality of
lengths of suture 91 is presented in the 'space within the suture frame 100. In the preferred
embodiment, two adjacent Iengths of suture 91 In a hairpin Ioop around one dowel pin 125 or

126 will form one barbed suture 90, the formation of which will be explained in greater detail
below. '
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A clamping beam. 127, 128 is preferably provided for each of_thé.end bars 123, 124

respectively for securing the,mounted.»fsutur'es 90 to the suture frame 100. Each clamping
beam 127, 128 is configured to be releasably. securable to its corresponding end bar 123,
124, by known means such as screws. Each clamping beam 127,128 is prefe,rably‘proVided
with ‘a- plurality of holes 131; 132 that fit over the fow of dowel pins 125, 126 respectively.
When the clamping beams 127, 128 have-been secured to the end bars 123,124, end loops -
93, 94 of suture arouhd the dowel pins 125, 126 respectively become clamped between the-
clamping beams 127, 128 and the end bars 123, 124, thereby securing the sutures 90 to the
suture frame 100, as shown in Fig. 4.

- Each side bar 121,. 122 is prowded with at least one- toothed sectlon along its length. In the -

preferred embodiment, each side bar 121, 122 has at least two toothed sections 133, 134
along'its length the two toothed sections 133, 134 belng on opposite sides 135, 136 of the
suture frame 100 respectwely, as can be seen in Flg ‘5, A close-up view of a. portion of the -
toothed section 133 on one of the side bars 121 can be seen in Fig. 6, in which, in the
exemplary ‘embodiment, the teeth on the toothed section 133 have a bitch P'of 4mm, a
height of 1.86mm. Each tooth 139 has a vertical surface 137 and a sloped surface 138

_having a slope angle of 365.82° measured from the vertical.- The toothed sections 33, 34

preferably have identieal tooth pitch and tooth proﬁl‘es:

Each tooth 139 on the toothed sections 133, 134 of the side bars 121, 122 is configured to
engage an upwardly prolectmg tooth catch 241 (Fig.. 7) provided on an upward facing
surface 243, 244 of a support rail 245, 246 of the indexing block 200 respectuvely, as shown
in Fig. 8. The apparatus 10 thus-comprises two tooth catches 241 confi igured to engage the

toothed sections 133, 134 of each side bar 121, 122. Each tooth catch 241 is preferably.

provided at a generally: central location of each support rail 245, 246. The support rails 245,
246 are mounted parallel to each other oni a flat base plate 259 of the indexing biock 200,
and are'configured to support and- ind_any engage theiiside_‘be_rs -121,..122 of the suture -
frame 100 respectively. ' ‘"

Each tooth catch 241 has a sloped surface 248 preferably having a same slope angle as the
sloped surface 138 of each tooth 139 on the toothed sections 133, 134 of the suture frame

- 100. The sloped surface 138 of each todth 139 on a downward facing toothed section 133 or

134 of the suiure frame 100 (when the'suture frame 100 ie placed on the indexing block 200)

is configured - to slidably engage the sloped surface 248 of the tooth catch 241, thereby "
allowmg the. suture frame 100 to move in a fowvard directlon parallel to the plurahty of -
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lengths of suture along the indexing block 200, as indicated by the arrow A in Fig. 2. Each

tooth catch 241 also comprises a vertical surface 247 configured to engage the vertical

-surface 138 of a tooth 139. "Engagement ‘of the vertical surfaces 137, 247 prevents

movement of the suture frame 100 in a backward direction along the indexing block 200. The
toothed sections 133, 134 on the.suture frame 100 -and the footh catches.241 on the
indexing -block 200 are-thus configured to allow movement of the suture frame 100 in only . -
one direction A along the indexing block 200, and to allow. the suture frame 100 to be .
indexed or moved along the indexing block 200 in a stepwise manner, wherein displacement
of the suture frame 100 in each step corresponds to the pitch of the teeth on the toothed -
sections 133, 134. Indexing of the suture frame 100 is-configured to begin from the first teeth
140 of the tocthed sections 133, 134 that are located adjacent the leading end bar 123.

By provndlng toothed sections 133, 134 on opposite S|des 135 136 of the suture frame 100,
either side of the suture frame 100 can thus engage the indexmg block 200. In thns way,
opposite sides of each suture length 91 can be presented to face upwards: by flipping the
suture frame 100 over without removing. .the plurality of lengths of suture 91 from the suture
frame 100.

" Each tooth éatch 241 is. preferably configured to be able to be depressed into the upward

facing surface 243, 244 when the sloped surface 138 of a tooth 139 on the side bars 121,
122 slides against the sloped surface 248 of the tooth catch 241 during forward movement.of
the suture frame 100. Depression of the tooth_catch 241 allows the suture frame 100 to be
maintained at a same h_oriz,ontél level as it moves along the indéxing block 200 with minimal
upward movement as each toeth 90 passes over a tooth catch 241, providing a smooth .
operation with mmlmal generatlon of |mpact forces. When a tooth 139 has passed over a.
tooth catch 241 that has been depressed the tooth catch 241 is configured-to automattcally

- extend from the upward facing surface 243, 244 of the support rail 245, 246 again so that the

vertical surfaces 137, 138.of the tooth 139 and the tooth catch 241 engage each other fo
prevent backward mover_nent of th_e suture frame 100 along the mdexmg bl_oc;k .20_0_.
Accordingly, each tooth catch 241 is preferably spring-loaded to allow repeated cycles of
depression and extension as the suture frame 100 is moved along the indexing block 200. In
one embodiment, each tooth catch 241 is provided as an insert 253 pleced_in a cutout 254

~ provided on each of th'e 'support rails- 245, 246 for ease of manufacture and assembly An”

exploded assembly view of the indexing block 200 is shown in Fig. 9 for a better
understandlng and depiction of its component parls
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Movement of the suture frame 100 along the indexing block 200 is achieved by providing on
the indexing block 200 a crank 249 connected to a shaft on which foiward-lock cams 251 are
provided. The crank 249 is provided on the outside of one 245 of the support rails 245, 246.
The crank 249 and shaft are preferably located at a-generally central location of the support -
rails 245, 246, with the shaft extending from one support rail 245 to the other 246, and. are
configured to be rotated about an axis Q perpendicular to the direction of forward-movement
of the suture frame 100. The forward-lock cams 251 are positioned oni the shaft in cut-outs
252 provided in the ’suppo'rt rails 245, 246 so that the outer surface 261‘ of the forward-lock
cams 251 contact the downward facing surfaces 135 or 136 of the suture frame 100 when
the suture frame 100 is placed on the indexing block 200. The forward-lock cams 251 have a
cam profile such that tuming the crarrk 249 anticlockwise to the end of its stroke, as shown
by arrow B in Fig. 10, moves the suture frame 100 by one toothed step in the forward
direction A. Each forward-lock cam 251 also has an inner surface 262 configured in the form
of a hook to secure the cutting assembly 300 in position during cutting, as will be described
further below. The forward-lock cams 251, toothed sections 133, 134 and tooth catches 241
thus together form -an indexing' mechanism of the apparatus 10 that can effect relativ'e'.
stepwise movement between the suture frame 100 and the cufting assembly 300.

As can be seen in Figs. 3 and 4, an outside toothed section 110 is preferably provided on
outside surfaces 111 and 112 of the side bars 121, 122 of the suture frame 100 respectively.
The outside toothed section 110 preferably has the same tooth pitch and profile as the
toothed sections 134, 135 on the side bars 121, 122. The outside toothed section 110 is
configured to engage a depressrble protrusion 210 provided-on the inner vertical surfaces
211, 212 of the support rails 246, 246 of the |nde)<|ng block 200 respectively, as can be seen
in Fig. 9. The depressrble protrusion 210 and toothed section 110 are confrgured engage
each other such that the suture frame 100 is prevented from moving up away ‘from the
indexing block 200 while still allowing the suture frame 20 to move in the forward direction A
relatlve to the indexing block 200. When the crank 249 is turned the sloped surfaces of the
teeth on the outside toothed section 110 slrde against the depreSS|ble protrusrons 210 to.
depress them into the support rails 245, 246, thereby still allowing the suture frame 200 to
move in the forward direction along the indexing block 200. In'a preferred embodiment, the
depressible protrusion 210 is in the form of a spring-ioaded ball bearing. - '

Using the apparatus .10, a plurality of barbs that are intervals apart are formed on each

length of suture: 91 by movrng the suture frame 100 stepwise along the indexing block 200
and making controlled cuts into an upward facmg surface 903 of each Iength of suture 21 in
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‘the suture frame 100. To make the cuts, the. cutting blade 361 of the cutting assembly. 300 is

configured to be placed over the lengths of suture 91 in the suture frame 100 and to cut into
the upward facing surface 903 of each length of suture 91. As shown in Figs. 11 to 14, the
cutting assembly 300 comprises a top block 363 and two side blocks 365, 366 extending

. downwardly from opposite sides of the top block 363.

‘When the cutting assembly 300 is assembled with the indexing block 200 and the suture

frame 100, the side blocks 365, 366 of the cutting assémbly are configured to extend
through the.suture frame 100 on either side of the sutures 80 mounted in the suture frame

-100. Bottom surfaces 367, 368 of the side blocks 365, 366 are configured to rest on raise-

fower cams 255, 256 respectively. The raise-lower cams.255,256 are preferably provided on
either side of a support block 257 of the indexing block 200, on the same shaft as the
forward-lock cams 251. The support block 257 is secured and positioned centrally on the
base plate 259 between the support ralls 245, 246. The raise-lower cams 255, 256 have
cam profiles that are configured to raisé the ‘cutting assembly 300 resting: on the raise-lower
cams 255, 256, as indicated by arrows Y, when the crank 249 is turned anticlockwise, .as
indicated by the arrow B in Fig. 10. Raising the cutting assembly 300 is so as to prevent the
cutting assembly 300 from impeding movement of the suture frame 100 in the forward
direction A when the crank 249 is turned anticlockwise, as already described above.

In the exemplary embodlment vertically- oriented guide pins 258 as can be seen in Figs. 8
and 9 may be prowde on the base plate 259 to pass through appropriately located holes in
both the support block 257 and the cutting assembly 300 to securely position the support:
block 257 and the cutting assembly 300 reldtive to the indexing block 200 when the
apparatus 10 is assembled for cutting barbs on:the sutures 90. '

In the exemplary embodiment of the cutting assembly 300 as shown in Figs. 11 to 14, the

~ cutting blade 361-is provided in the space defined between the side block 365 366 and

under the top block 363, such that its at least one cutting edge 364 is perpendlcular to the
side blocks 365, 366. A suitable mé_ch'ariism, fpr example-a rack and pinion mechanism, is
‘providedjin the defined spacé to connect the blade 361 with a lever 367 that is pivotably
connected to the top block 363 about a pivot point 370. The lever 367 is configured to be
rotatable about an axis R perpendicular to the side blocKs 365, 366. The lever 367 and blade
361 are connected by the mechanism such that when the cutting assembly-300-is placed

-over the suture frame 100 onto. the support block 257, turning the 'Vleve'r'367 displaces the

cutting blade 361-linearly as indicated by arrows X, preferably horizontally. In the preferred
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embodiment, the blade 361 is connected to a rack 368 that engages a pinion 369 provided
about the pivot point 370, as can be seen in Fig. 13, so that when the apparatus 10 is
assembled for forming the barbed sutures, turning the lever 367 clockwise moves the blade
361 in the forward direction A.

Displacement and alignment of the blade 361 with respect to turning of the lever 367 is
configured to be adjustable. This may be achieved by providing an adjustment insert 3'10Ain
the cutting assembly 300, as shown in Fig. 14. The adjustment insert .310. preferably’
comprises a slotted connector 312 connecting the rack 368 with the blade 361, the slotted
connector 312 being configured to engage an adjustment screw 314 that adjustably secures
the slotted connector 312 to the rack 368. A horizontal siot 316 is provided in the connéctor
312 to engage the adjustment screw 314. The connector 312 is rigidly fixed to the blade 361
while being adjustably securable to the rack 368 via the slot 316 and the screw 314. By
appropriately moving the slot 316 relative to the screw 314, the blade 361.is accordingly
moved relative to the rack 368, thereby a_Ilowing the blade’s-displa&emgpt and alignment to
be adjusted, ' . |

The cutting assembly 300 is further provided with a press rod 320 provided lower and’
preferably paralle! to the cutting edge 364 of the blade 361. The press rod 320 is preferably;
centrally mounted between the side blocks 365, 366 of the cutting assembly. The press rod

320 is configured to displace the lengths of suture 91 during cutting, as will be described in

greater detail below.

To secure and-stabilise the cutting assembly 300 diiring cutting, the cutting assembly is
preferably. provided with lock pins 362 that extend perpendicularly from the side bléx:ks__ 365,
365. The lock pins 362 are configured to be- hooked onto by the inner Surfacejs 262 of
forward-lock cams 251 in the ihdexing block 200, as _shown in Fig. 9, when the crank 149 is

‘turned clockwise in the direction C shown in Fig. 15 arid the'cutting assembly 300 is lowered

(asindicated by arrows G) into a cuttmg posntion due to the cam prof les of raise-lower cams
255, 256 acting against the lower surfaces 367, 368 of the cutting assembly 300. By hookmg'
the forward-lock cams 251 over the lock pins 362, the cutting assembly 300 is stabilised and
prevented from rising during cutting.” ‘

The cutting assembly .300 is further preferably configured. to be Iaterally ‘symmetrical,
wherein the cutting blade 361 has two cuthng edges 364 as shown in Fig. 13, and the lever.
367 is configured to be rotatable in both- directions about the_plvot 370, as.shown in Fig. 11.

10 ; _. ,
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In this way, the cutting assembly 300 can be assembled in either direction. with respect to the
indexing block 200 and the suture frame 100, while continuing to be able to be operated in
the same wayin either direction, thereby simplifying assembly and operation. of the

apparatus 10 for the user.

To support the lengths of suture 91 during cutting by the cutting blade 361, the support block -
257 is provide with a suture, support'220 nrbvided below the plurality of lengths of suture 91
in the suiUre frame 100 and configured to contact a downward facing surface 904 of each
length of suture 91 in the suture frame 100 at points 901, 902 during cutting, as can be seen
in Figs. 16 to 19. The suture support 220 comprises a raised ridge 221 and a suture hoiding
surface 222. In the exemplary embodiment shown in Figs. 16 to. 19, the suture support 220
comprises a ridge 221 that extends over the suture holding eurface 222 which slopes
downwardly aft of the ridge 221. The ridge 221 is configured to be__pe_rpendiculer to all the
lengths of suture 91 mounted ih the suture frame 100 when the suiture frame 100 has been

. assembied with the indexing block 200. -

During cutting of the lengths of suture 91, the-cutting assembly 300 is lowered to the cutting
position until the press rod 320 contacts, downwardly displaces and holds the lengths of
suture 91 in the suture frame 100 against the suture holding surface 222, at a held part 902

on each -of the lengths of suture 91, as can be seen in Figs. 17 and 19. Displacing the

Iengtns' of suture 91 aft of the ridge 221 results in each of the lengths of suture 91 bending
about the ridge 221 (2321) at a bent part 901 that is supported by the ridge 221. By
providing the cutting ridge 221 and the press rod 320, the apparatus 10 is'thus configured to
bend each length of suture 91 to present a bent part 901 of ‘éach iength* of suture 91 for -
cutting By appropnately confugunng the degree of slope of the suture holdlng surface 222 of
the suture support 220, in the cutting position, each of suture 91 may be bent at an angle

' ranging between 30° to 80°. Ina preferred embodiment, the suture support 220'is configured
to effecta 70° bend of length of suture 91 in the cutting position. .

The blade 361 is then displaced iin'e'ai"ly-in"'ihe' forward direction by tuming the lever 367
clockwise (as described above) to the end of its stroke such that the edge 364 of the blade
361 cuts info the upward facing or convex surface of the bent part 901 of each length- of

__suture 91 (2322). The direction of cut is preferably in a dlrectlon parallel to the external

surface of each length of suture 91, as can be seen in clése up in Fig. 18. The length of cut

-into the-bent part 901 is’ controliable by adjustmg the amount of linear displacement of the
_ blade 361 and the depth of cut is controllable by adjusting the vertlcal location of the blade
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361 when the cutting assembly 300 is in the cutting position.

A cycle of forming barbed sutures 90 using the apparatus 10 will now be described.

A length of suture is wound around the dowel pins 125, 126 of the suture frame 100 in a zig-
zag manner and-secured to the suture frame 100 by clamping the end bars 123, 124 with the

clamping beams 127,' 128 respettively, as shown in Fig. 3. This presents a plurality of

lengths of suture 91 that can be ‘cut on both sides simply by flipping the suture frame 100
over, as can be seen in Fig. 4. '

The suture frame 100 is then assembled with the indexing block 200 such that the first teeth
140-of the toothed sections 133 on one side 135 of the suture frame 100 are engaged by the
tooth catches 241 of the indexing biock 200. This presehts a first side 903 of each length of

“suture 91 for cutting by the cutting blade 361. The cutting assembly 300 is then positioned
oover the suture frame 100 to rest on the raise-lower.cams 255, 256, as shown in Fig. 2. '

The crank ,149' is then turned clockwise to the end of its stroke as shown in Fig. 15 to lower

‘the ‘cutting assembly 300 and displace the lengths of suture 91toa du'tting 'pbsition as
-shown in Fig. 16 and 17, presenting a bent part 902 of each Iengfh.of suture 91 to be cut by
the blade 361 (2321).

The lever 367 is then turned anticlockwise to the end. of its stroke to displace the blade
lingarly into the bent part 902 of each length of suture 91 by a predetermined displacement .
to cut mto each length of suture 91 to form a barb on each length of suture 91 (2322). as
shown in Fig. 18. The lever 367 is then turned clockwise to retract the blade 361 from the cut.

The crank.149 is then turned anticlockwise to the end of its stroke as Sh0wn in Fig 10 to
raise the cutting assembly 300 and index the suture frame 100 one tooth pltch PT forward

) (2323) in order to present another part on each of the lengths of suture 91 for cutting and

forming a.barb thereon. The tooth pitch Py of the teeth on the toothed sections 133, 134 of
the suture frame 100 may range between 0.5 to 5mm. In a preferred embodiment, the tooth

pitch Py is configured to be 1.5mm. "~

-

By repeatedly turning the crank 149.anticlockwise (ralse cuttmg assembly 300 and index
suture frame 100) and then clockw1se (Iower cutting assémbly into cuttmg posmon) followed

by turmng the lever 367. cIockwnse (move blade fowvard to cut suture) and then antlclockwuse
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(retract blade), successive barbs 99_1 become formed along the length- of each length of
suture 91 on one side 903 of each length of suture 91 in the suture frame 100.

When the suture frame 100 has been indexed to the last teeth on the toothed sections 133
0 that no further forward movement of the suture frame 100 is possible by tummg the crank
149, the apparatus 10 has reached the end of one cutting cycle, as shown in Flg 20
Compared to the apparatus at the start of the cutting cycle as shown in Fig. 2, it can be seen
that the suture frame 100 has peen moved significantly forward. The cutting assembly. 300
and the suture frame 100 are then removied from the indexing block 200.

The sdture'frame 100 is then flipped over and again assembled with the indexing block 200
but this time such that the first teeth 140 of the toothed sections 134 on the other side 136 of
the suture frame 100 are engaged by the tooth catches 241 of the indexing block 200. In this
way; a diametrically opposite second surface 904 of each length of suture 91 is presented
for cutting by the cutting ass.embly:300, withqut'removing each length of suture 91 from the
suturé-frame 1 00. The cutting assembly 300 is then positioned again over the flipped suture
frame 100 to rest on the raise-lower cams 255, 256.

The assembled apparatus 10 is once again operated as described above to create a plurality
of barbs 992 on the second side 804 of the lengths of suture 91, as can be seen in Fig. 19,

‘until the end of the second cutting cycle is reached. Thus, fbr_min the barbed suitures 90

uses two cutting cycles of the apparatus 10 with. one fiip of the suture frame 100 between the
two cutting cycles. ’

The barbs 991, 992 formed on the two diametrically opposite sides 903, 904 (respectiv‘ély) of

- each length of suture 91 are oriented in the same direction. Fig. 19 also shows how the ridge -

221 and lowered ‘sutore support surface 222 together prevent the portion of suture 91.

between the bent part 901 and the held part 902 from contacting any surface dunng cutting

by the cutting assembly 60 thereby preventing the already cut barbs 991 ‘on the first or. .
downward facing side 903 of each length of suture 91 from being pressed back into the
length of suture 91 and being unable to provide a barb function,

As can be seen in Fig. 5, the toothed sections 133, 134 are configured such that the barbs
991 and 992 are formed in a staggered manner on the two sides 903, 904 of the lengths of

-suture 91 respectlvely, as canh also be seen in Figs. 19 and 22 so that there is minimized

weakemng of the length of suture 91 at the pounts of cut where the barbs 991 992 are
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_formed Staggering the barbs 991, 992 also. prevents a'barb 991 on the first srde 903 of the
_length of suture 91 from being compressed by the rrdge 221 When cuttmg a barb 992 on the

second side 904 of the suture. The barbs 991, 992 are preferably evenly staggered on the
two sides 803, 904 of each length of suture 91 such that the barb pitch P between
successive barbs 991, 992 is half the tooth pitch Pr of the toothed sections 133, 134. In a
preferred embodiment, Pg may be 0.75mm.

When the suture frame 100 has been indexed to the last teeth on the toothed sections 134

" so that no further forward movement of the suture frame 100 is possible by turning the crank

149, the cutting assembly 300 and the suture frame 100 are again removed from the
indexing block 200.

The lengths of suture 91 _presented in the suture frame 100 are then fully cut across along
one of the end-bars 124, as ‘showr:r in Fig. 21. Unolam'ping‘ the clamping beams 127, 128
resiJIts"in.a plurelity of sutures 90, each suture 80 as shown in A.Fig. 22 formed from two
adjacent lengths of suture 91 in the suture frame 100, wherein a midway part 805 of each
suture 90 was hairpin-wound around each of the dowel ptns_ 125 on the other end bar 123.
where the lengths of sutures 91 were not cut. Each barbed suture 90 formed from the above
described apparatus 10 is symmetrical about a central transverse axis T of the suture 90.
The plurality of staggered barbs 991, 992 on the suture 90 face towards each end 910, 920
of the suture 90 from the midway part 905 of the suture 90, as shown in Fig. 22.

Whilst there has been described in the foregoing description- exemplary embodiments of the
present invention, it will be understood by those skilled in-the technology concerned that
many varratrons in details of design, constructlon and/or operation may be made without
departrng from the present invention. For example, while the bending mechanism described
above comprrses the press rod downwardly drsplacrng the lengths of suture in the suture

‘frame against the rrdge in alternative embodrments other ‘bending mechanisms may be

used, for example by lowering the suture frame so. that the lengths of suture are bent
agarnst an upstandrng edge. While the rndexrng and the cutting are described above to be
actuated by turning the crank and' the lever, actuation of these may additronally or
alternatively be ‘carried out using automation. While indexing has been ttescribed to be
performed on the suture frame, in alternative embodiments, the indexing mechanism méy be’
confi gured to perform indexing on the cutting assembly and suture support while keeprng the

- suture frame stationary in the horizontal direction.
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CLAIMS

1.

An apparatus for forming barbed sutures, the apparatus comprising:

a suture frame configured for presenting a plurality of lengths of suture on which
barbs are to be formed,;

a bending mechanism configured to bend the plurality of lengths of suture to present
a bent part of each length of suture for cutting,

a cutting assembly configured to cut into a convex surface of the bent part of each
length of suture to form a barb on the bent part of each length of suture; and

an indexing block configured to support the suture frame and the cutting assembly,
the indexing block comprising an indexing mechanism configured to lock the suture
frame and the cutting assembly in a cutting position and to effect relative stepwise
movement between the suture frame and the cutting assembly to allow a plurality of
barbs to be formed at intervals apart on each length of suture;

wherein the suture frame, the indexing block and the indexing mechanism are
configured to allow the suture frame to be assembled with the indexing block in a flipped
configuration without removing the plurality of lengths of suture from the suture frame, so
as to present a second side of each of the plurality of lengths of suture to be cut into,
thereby allowing barbs to be formed on two diametrically opposite sides of each of the

plurality of lengths of suture.

The apparatus of claim 1, wherein the bending mechanism comprises

a press rod configured to downwardly displace the plurality of lengths of suture in the
suture frame; and

a ridge provided below the plurality of lengths of suture in the suture frame and
configured to contact and support the plurality of lengths of suture such that each length
of suture is bent about the ridge when the plurality of lengths of suture have been

displaced by the press rod.

The apparatus of claim 2, wherein the press rod is provided on the cutting assembly
below a cutting blade provided on the cutting assembly, and the ridge is provided on the

indexing block.

The apparatus of claim 3, wherein the ridge is provided on a suture support of the
indexing block, the suture support further having a suture holding surface configured for
holding a held part of each length of suture thereagainst by the press rod.
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The apparatus of claim 4, wherein the suture support is configured such that a portion of
each length of suture between the bent part and the held part does not contact any
surface during displacement of the plurality of lengths of suture by the press rod.

The apparatus of any preceding claim, wherein the cutting assembly is configured to cut
into the convex surface of the bent part of each length of suture in a direction parallel to

a surface of each length of suture.

The apparatus of any preceding claim, wherein the suture frame comprises opposing
side bars and opposing end bars that are connected to define a space therewithin, and
wherein dowel pins are provided on each of the opposing end bars such that the plurality
of lengths of suture can be provided in the space by winding a single length of suture in a

zig-zag manner from one end bar to the other end bar about successive dowel pins.

The apparatus of any preceding claim, wherein the indexing mechanism comprises

a forward-lock cam provided on the indexing block, the forward-lock cam configured
to move the suture frame one step forward with each rotation of the forward-lock cam,
and

a toothed section provided on the suture frame and a tooth catch provided on the
indexing block, wherein the toothed section and tooth catch are configured such that the
tooth catch engages a tooth of the toothed sections to prevent movement of the suture

frame in a backward direction when the suture frame is in the cutting position.

The apparatus of claim 8, wherein the indexing mechanism further comprises a raise-
lower cam provided on a same shaft as the forward-lock cam, the raise-lower cam is
configured to raise the cutting assembly during forward movement of the suture frame
and to lower the cutting assembly to the cutting position when the raise-lower cam is
rotated in a reverse direction, and the forward-lock cam is further configured to lock the
cutting assembly in the cutting position when the forward-lock cam is rotated in a reverse

direction.

The apparatus of claim 1, wherein the suture frame is configured such that a plurality of
barbs formed on the second side of each length of suture when the suture frame is

assembled with the indexing block in the flipped configuration is staggered from a
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plurality of barbs already formed on a first side of each length of suture.

A method of forming barbed sutures, the method comprising the steps of:

a) bending a plurality of lengths of sutures to present a bent part of each length of
suture for cutting;

b) cutting with a cutting assembly into a convex surface of the bent part of each length
of suture to form a barb on the bent part of each length of suture;

c) effecting a relative stepwise movement between the plurality of lengths of suture and
the cutting assembly in a direction parallel to the plurality of lengths of suture;

d) repeating steps a) to ¢) to form a plurality of barbs that are intervals apart on each
length of suture;

e) flipping the plurality of lengths of suture over to present a diametrically opposite side
of the plurality of lengths of suture to be cut into; and |

f) repeating steps a) to c).

The method of claim 11, further comprising, prior to step a), mounting the plurality of
lengths of sutures on a suture frame, the suture frame comprising opposing side bars
and opposing end bars that are connected to define a space therewithin, wherein the
mounting comprises winding a single length of suture in a zig-zag manner from one of
the end bars to the other of the end bars about successive dowel pins provided on the

opposing end bars such that the plurality of lengths of suture are provided in the space.

The method of claim 11 when dependent on claim 12, further comprising
g) cutting each of the plurality of lengths of suture away from the suture frame.

The method of claim 13, wherein step g) comprises cutting across the plurality of lengths

of suture along one of the end bars.

The method of any of claims 11 to 14, wherein the cutting in step b) is in a direction

parallel to a surface of each length of suture.



