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An apparatus for cutting barbs into a suture having a filament supply. The apparatus also has an in-feed collet for holding one end
of a filament threaded therethrough. Further the apparatus has an out-feed collet for holding a second end of a filament threaded
therethrough. Additionally, the apparatus has a holder positioned between said in-feed and out-feed collets for holding a filament
suspended between the in-feed and out-feed collets. The apparatus also has a cutting assembly for cutting barbs In the filament
tensioned between the in-feed and out-feed collets.

2)

|

B

.

'

e
ok [ [ f
RO . e s
. M "c'-'-.n:‘-:{\: .«me . m s
.
.

A7 /7]
o~

» . _
‘ l an a dH http:/opic.ge.ca + Ottawa/Gatineau K1A 0C9 - hmp./cipo.ge.ca o p1C
OPIC - CIPO 191




CA 02854710 2014-06-19

ABSTRACT

An apparatus for cutting barbs into a suture having a filament supply. The apparatus also has an
in-feed collet for holding one end of a filament threaded therethrough. Further the apparatus has
an out-feed collet for holding a second end of a filament threaded therethrough. Additionally,
the apparatus has a holder positioned between said in-feed and out-feed collets for holding a
filament suspended between the in-feed and out-feed collets. The apparatus also has a cutting

assembly for cutting barbs in the filament tensioned between the in-feed and out-feed collets.
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APPARATUS FOR FORMING BARBS ON A SUTURE
BACKGROUND OF THE INVENTION
Field of the Invention

The invention relates to an apparatus for forming barbs on a filament

5  and the component parts of the apparatus.

Description of the Prior Art
In the prior art, it is well known that surgical and tranumatic wounds are

typically closed with a filament introduced into the tissue by a needle attached
to one end. Closure of the wound and holding tissues together supports healing
10  and re-growth. What is typically used for this procedure is known as a suture.

A barbed suture 1s a one-way suture which allows passage of a
needle-drawn suture in one direction through tissue, but not in the opposite
direction. A barbed suture is generally an elongated body having a pointed
leading end and a plurality of axially and circumterentially spaced barbs on the

15 exterior surface of the elongated body.

In closing a wound with a barbed suture, the suture is passed through
tissue at each of the opposed sides of a wound. Suture pairs are formed in
which trailing ends of sutures are positioned generally in alignment at opposite
sides of the wound. On insertion of each suture, the needle is pushed to extend

20  out of the tissue at a point laterally remote from the wound, then the needle is
pulled out to draw the suture to the desired position. The suture may then be
severed from the needle or inserted again. (Note that methods of using barbed
sutures are disclosed in copending U.S. Patent Application No. 09/943,733,
“Method of Forming Barbs on a Suture and Apparatus for Performing Same,”

25  the disclosures of which is incorporated herein by reference.) These methods
are also described in International Patent Application, PCT/US02/27525. One
advantage of using barbed sutures is that there is an ability to put tension in the
tissue with the result of less slippage of the suture in the wound. Another
advantage is that barbed sutures do not require tying as in prior art suturing

30 methods. The number of suture pairs is selected in accordance with the size of
the wound and the strength required to hold the wound closed. Although tissue
anchoring is easier with a very pointed barb and a relatively skinny tip, better

tissue holding results are obtained with a fuller tip barb.
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In some circumstances of tissue repair, a random configuration of barbs
on the exterior of the suture is preferred. With as many barb angles as possible,
superior wound holding may be achieved. However, in other circumstances
where the wound or tissue repair needed is small, a small suture is preferable.

5 A thin suture may require a reduced number of barbs on the exterior of the
suture.

In other circumstances the use of two-way barbed suture is preferable.
A two-way barbed suture is one that has barbs permitting passing of the suture
in one direction over a portion of the suture and barbs permitting passing of the

10  suture in a second direction over another portion of the suture. Such an
arrangement permits the passage of the suture through the tissue until the
second set of barbs abut the tissue. Because the first set of barbs cannot be
’passed backward through the tissue and the second set of barbs cannot pass
through the tissue, a firm closing stitch can be easily accomplished.

15 Additional methods of cutting barbs on a suture filament have been
proposed (see e.g. U.S. Patent No. 5,931,855 to Buncke).

It is seen from the foregoing that there is a need for an apparatus for
cutting barbs in two directions on the exterior of sutures with a minimum of
difficulty and in a précise, reliable and relatively economic fashion so as to

20  allow for the wide spread commercialization of such sutures. Such an apparatus
should also be able to vary the size of the barbs, their location and depth to
allow for variation thereof and virtuality of their application. The apparatus
should be able to cut a plurality of barbs positioned depending on the number of
barbs needed. The configuration of the apparatus should also be variable

25  depending upon, among other thingé, the type barbs being cut and the type of
filament material, both of which relate to the type tissue being repaired. The
apparatus should further be comprised of a series of components each of which
facilitates the cutting of the barbs, these components being variable in
configuration depending upon the desired features of the barbs to be cut.

30
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OBJECTS OF THE INVENTION
It is therefore an object of the present invention to provide an apparatus
for cutting bafbs into a filament. The apparatus includes a filament supply, an
in-feed collet for holding one end of a filament threaded therethrough, and an
5  out-feed collet for holding a second end of a filament threaded therethrough.
The apparatus also includes a holder positioned between the in-feed and out-
feed collets for holding a filament suspended between them and a cutting
assembly for cutting barbs in the filament tensioned between the in-feed and out
feed collets. The apparatus may further include a tensioner for tensioning the
10 filament held between the in-feed and out-feed collets, and a cutter for cutting a
filament to a desired length to form a suture after barbs have been cut into the
filament.
The cutting assembly may be formed of a first directional feed motor for
moving a first cutter, a second directional feed motor for moving a second
15 cutter, and a third directional feed motor for moving a grasping tool. The first
and second cutters cut barbs into a filament and the grasping tool advances the
filament after cutting of the barbs. The directional feed motors may comprise a
series of feed motors that permit the independent motion of the cutters along the
vertical, longitudinal, and perpendicular directions relative to the filament. The
20 directional feed motors may move in varying degrees of motion relative to the
other directional feed motors to enable the barbs to be cut in various lengths,
depths, and shapes.
The present invention also relates to an apparatus for cutting barbs into
sutures having a first directional feed motor for moving a first cutter, a second
25 directional feed motor for moving a second cutter, and a third directional feed
motor for moving a grasping tool, wherein the first and second cutters cut barbs
into a filament and the grasping tool advances the filament afteri cutting of the
barbs. The apparatus may also include a severing blade for severing the filament

after advancement to form a suture.

30 The present invention further relates to a holder for securing a suture in
preparation for the cutting of barbs. The holder includes a bed, having a
channel arranged in the bed, and a plurality of orifices arranged along the

channel. Each orifice has a first end exposed in the channel and a second end
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connected to a suction. A suction applied to the second end creates a vacuum

for securing a suture placed over the orifices.

Still further, the present invention relates to a collet for holding a suture

in place relative to its longitudinal axis during the cutting of barbs. The collet
5  includes a chuck support and a chuck with a variably adjustable aperture. The

chuck includes a plurality of jaws, whereby movement of the jaws adjusts the
aperture of the chuck. The chuck may have two, three, or more jaws. The
chuck may be configured to impart a variable filament retention force
depending upon the characteristics of the filament be used. This variable

10 filament retention force prevents damage to the filament. In a two jawed
configuration, it may be preferable that a face of the jaw contacting the suture
be concave. The chuck may further be rotatable about a longitudinal axis of a
suture to impart twist to the suture. It may be preferable that the collet rotate in
both a first and second direction. Further, the collet may be formed of materials

15 that do not impart contaminants onto the ﬁlament.

Further still, the present mvention relates to an apparatus for cutting
barbs into sutures having a suture material supply, for feeding suture material to
at least one collet and a tensioner. The tensioner includes at least one fixed
pulley and at least one movable biased pulley, wherein the movable biased

20  pulley imparts a force on the suture material tensioning a section of suture
material held by the at least one collet. The tensioner may be adjustable to
provide a variable but uniform amount of tension to a variety of filament types.

Yet another aspect of the present invention relates to an apparatus for
cutting barbs into sutures having at least one collet and at least one biased

25 tensioner. The biased tensioner allows the collet to move in a first direction as a

suture held in a chuck housed in the collet is twisted. The biased tensioner

moves the collet in a second direction as the suture is untwisted. The movement
of the collet permits the cutting of the suture either before or after twisting and

insures that the suture receives no more than a specified tension.

30 The present invention still further relates to a cutter for use in an
apparatus for cutting barbs into sutures. The cutter includes a first edge which
has a sharply honed edge for cutting a barb into a suture to a specified depth and

in a specified direction. The cutter may also include a second edge which is
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blunted and roughened to impart a roughened texture to a surface of the barb cut
into the suture, e.g. a serrated or corrugated underside. Alternatively, cutting
blades with ends that are arcuate can create an arcuate shape at the base of the
barb so as to reduce the sheering stress focused at the vertex of the barb.

In a further embodiment, the present invention relates to an apparatus for
cutting barbs into a suture having a filament supply, at least one collet for
holding a filament, a cutting bed for resting a filament thereon, and a cutting
assembly for cutting barbs in the filament.

In yet a further embodiment the present invention relates to a method of
forming a barbed suture comprising the steps of first thre'ading a filament from a
filament supply through a filament tensioner and through a first and second
collet. Next the first and second collets are closed, and at least one of them is
rotated in a first direction to twist the filament. Barbs are then cut into the
filament. The filament is then untwiéted and the collets are opened. The
filament is then advanced with the use of a grasping tool, and the collets are
again closed. Then the filament is severed to form a suture.

In yet a further embodiment the present invention relates to a method of
forming a barbed suture comprising the steps of first threading a filament from a
filament supply through a filament tensioner and through a first and second
collet. Next the first and second collets are closed, and barbs are then cut into
the filament. At least one of them is then rotated in a first direction to twist the
filament. The filament is then either released or partially untwisted imparting a
twisted conformation to the suture. The collets are opened and the filament is
then advanced with the use of a grasping tool, and the collets are again closed.

Then the filament is severed to form a suture.

These and other objects and characteristics of the present invention will

become apparent from the further disclosure to be made in the detailed

description given below.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1, depicts a perspective view of a collet with a three jaws.

Fig. 2, depicts a front view of a chuck with two jaws.
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Fig. 3, depicts a profile view of a filament holder.

Fig. 4, depicts a top view of a filament holder.

Fig. S, depicts a perspective view of a filament tensioner.

Fig. 6, depicts a perspective view of a cutting assembly with magnified
view.

Fig. 7, depicts a collet equipped with a biased tensioner.

Fig. 8, depicts a rotational barb cutter mounted on a shatft.

Fig. 9, a perspective view of the cutting assembly and the in-feed and

out-feed collets.

Fig. 10, depicts a perspective view of the apparatus.

Fig. 11, depicts an underside perspective view of the cutter.

Fig. 12, depicts a close-up perspective view of the grasping tool.

Fig, 13, depicts a close-up perspective view of the out-feed collet and
the cutter.

Fig. 14, depicts a close up view of the cutting assembly, and the in-feed

and out-feed collets.

Fig. 15, depicts a close up view of the apparatus.

Fig. 16, depicts a suture vise according to a further embodiment of the
present invention.

Fig. 17, depicts a 4-bar linkage system according to one embodiment of
the present invention;

Fig. 18, depicts a 4-bar linkage barb cutter according to the present
invention.

Fig. 19, depicts a 3-axis robot according to the present invention.

Fig, 20, depicts an exemplary movement series of a 3-axis robot
according to the present invention.

Fig. 21, depicts a close up view of a cutter head according to the present
invention.

Fig. 22, depicts a cutter mechanism according to the present invention.

Figs. 23-25, depict the formation of barbs on a suture using the cutter
mechanism of Fig. 22.

Fig. 26, depicts a cutter head according to the present invention.
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Fig. 27, depicts a cross-section view of the cutter head of Fig. 26.

Fig. 28, depicts a top view of a blade according to the present invention.

Fig. 29, depicts a side view of the blade of Fig. 28.

Fig. 30, depicts a top view of a blade according to the present invention.

Figs. 31-33 depict a two direction cutting motion using the blade of Fig.
30.

Fig. 34, depicts a planetary cutting mechanism according to the present

invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention relates to an apparatus for forming barbs on a
suture filament. Various components of the apparatus are also described each
of which represents a novel aspect of the present invention.

The apparatus as shown in Fig.10 comprises a filament supply 101. The
filament supply is preferably spool as shown in Fig. 10. The filament supply
101 may optionally be motor operated. A filament 17 from the filament supply
101 is threaded through a tensioner 20, as show in Fig. 5. From the tensioner
20, the filament is threaded to an in-feed collet 1. The filament is then threaded
through an out-feed collet 1a, and tensioned by the tensioner 20. The tensioned
filament is held between the closed in-feed and out-feed collets 1,1a. Between
the in-feed and out-feed collets 1 and 1a, the filament is placed upon a holder or
cutting bed 10, which supports the filament during the cutting process. The
filament is held firmly by chuck, 3, of the in-feed and out-feed collets when
closed as shown in Fig. 1. The cutting assembly 102 is then arranged to cut the
barbs.

The cutting assembly 102 comprises a plurality of directional feed
motors 103 that operate drive screws 108 for moving the cutters 106
longitudinally along the filament. Preferably the directional feed motors 103
are stepper motors which can accurately control the location of the cutting heads
106, shown in Fig. 11. The cutting assembly 102 also comprises a cutting
motor 109 for articulating the cutters 106 and a height adjusting motor 110.

The various motors permit the independent motion of the cutters along the

vertical, longitudinal, and perpendicular directions relative to the filament. The
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motors may further move in varying degrees of motion relative to the other
motors to enable the barbs to be cut in various lengths, depths, and shapes.
In the preferred embodiment the cutters 106 are oscillated to effect a
cutting motion. This may be performed as shown in Fig. 11, through the use of
5 an offset coupling 111 connected to the shaft of the cutting motor 109 and a pin
112 attached to the cutters 106. As the cutting motor 109 turns, the offset
coupling 111 forces a link 113 to impart a force on the cutters 106. This force
propels the cutters in a direction substantially perpendicular to the longitudinal
direction of the filament. To ensure that only linear motion is imparted on the

10  cutter 1006, sliding rams 114 are used. Sliding rams 114, when used in
conjunction with the pin 112, and the offset coupling 111 assist in transferring
any rotational motion imparted on the cutter by the cutter motor 109 to linear
motion and prevent any rotational force to be applied to the cutters 106. In
effect the cutters 106 saw into the filament.

15 The height adjusting motor 110 insures that the cutters 106 are properly
positioned over the filaments for cutting. The height adjusting motor 110 also
lowers the cutters 106 during the cutting of the barbs to create a barb of a
desired depth into the filament. Again, due to the precise nature of the
movements, a stepper motor is used in the preferred embodiment.

20 Tn operation, a first cutter 106 is operated by a first directional feed
motor 103 that moves the first cutter 106 in a first direction along the
longitudinal axis of the filament. A second directional feed motor 103 moves a
second cutter 106 in an opposite direction along the longitudinal axis of the
filament. And a third directional feed motor 103 controls the movement of the

25  grasping tool 107.
During the cutting of barbs, the directional feed motors 103 may move

the cutters 106 linearly along the filament to force the barb away from the
filament which gives the barb better holding power when in use.
After the barbs are cut onto the filament, the filament is advanced, so
30 that the next suture may have barbs cut therein. The advancement method may
comprise a simple motor operated drum and spool (not shown) as the filament
supply, or preferably a grasping tool 107 operated by a directional feed motor
103, and driven by a drive screw 108 as seen in Figs. 12 and 14. The grasping
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tool 107 grasps an end of the filament that protrudes from the out-feed collet 1a.
The grasping tool 107 is then advanced away from the out-feed collet 1a by the
directional feed motor 103. Upon reaching a specified distance the out-feed
collet 1a closes and a severing blade 1035 cuts the filament to produce the suture.

5 The opening and closing of the grasping tool may be performed in a
variety of ways including, but not limited to electromagnetic relays, pneumatic
actuation, and hydraulic actuation.

The sutures, once cut, may be packaged for later application of needles
or hooks or a hook attachment device (not shown) may immediately place

10  hooks on the suture before packagiug. In the latter scenario, a hook is attached .
to the end of the filament that protrudes from the out feed collet 1a while the
barbs are being cut into the filament. After the barbs are cut, the grasping tool
107 draws the filament out to be cut to length and the second hook is applied
after cutting. The grasping tool 107 then releases the completed suture for later

15 packaging.

It is preferable that the cutting of the barbs occurs in two opposite
directions on the filament, as the barbs are intended to allow movement of the
suture in only one direction. Having two opposing sections of barbs, the
surgeon or medical personnel placing the suture can insure that the suture will

20  not come undone once placed. Accordingly, the present invention allows for
cutting of barbs in two opposing longitudinal directions of the filament, without
the need to reverse the filament or the cutting blades.

Typically, the cutting assembly 102 has two cutters 106, one for cutting
barbs facing a first direction and one for cutting barbs facing a second direction.

25 | In instances where a long section of barbs is desired, the cutters 106 may be
moved by the directional feed motors 103 after cutting the first set of barbs to
initiate a second or more sets of barbs to create a seamless transition from
section to section of the barbs. In such instances it may become necessary to
cut two or more sections of barbs in a first direction, advance the filament, and

30 then cut two or more sections of barbs in the second direction.

The cutter 106 may be formed of a plurality of cutting blades 1135 as
shown in Fig. 11. While in the preferred embodiment they resemble those

described with respect to Fig. 6 other cutting blades may also be used.
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The cutters 106 and their operational motors 109 and 110 ride on
bearing tracks 118 which limit the friction that must be overcome by the

directional feed motor 103 to move the cutter 106. In a preferred embodiment,
the cutter is mounted on two bearing tracks 118 connected by a plate 116. A
5 follower 117 is mounted on the plate 116, the drive screw 108 is threaded

through the follower 117. The follower 117 has internal threads matching those
of the drive screw 108. The directional feed motor 103 in turn drives the drive
screw 108, which in turn acts upon the follower 117 and the attached plate 116
to position the cutter 106. The directional feeds 103 are preferably stepper

10  motors although other motors may be used. The stepper motor allows for finite
control of the directional feed necessary to achieve the desired finish to the
suture. By use of the stepper motor the exact position of the cutters 106 relative
to the filament 17 can be accurately and repeatably ascertained. The cutters 106
can be manipulated by the barb cutting apparatus to enable a wide variety of I

15  shapes of barbs to be cut into the filament 17.

In Figs 3 and 4, a holder 10 for securing a filament in accordance with
another aspect of the invention is shown. The holder 10, secures the suture
from lateral movement while barbs are cut into the filament. The holder
provides a uniform profile for the cutting step and spreads the retention force

20 along the length of the filament 17. The spreading of the retention force avoids
acute stresses that can damage the filament 17 during the cutting process. The
holder is preferably comprised of a bed 11, and the bed is preferably made of
steel or other machinable metal. Alternatively, the bed could be made of
plastic, glass, ceramic or any other material suitable for the purpose. The bed

25  surface is preferably machined flat and operates as a working surface for the
cutting assembly 102. The bed has a channel 12 machined into the exposed
surface of the bed. The diameter of channel 12 is preferably the same as or
slightly greater than the diameter of the suture material to be cut. The depth of

channel 12 is preferably shallower that the diameter of the filament into which
30 barbs are to be cut. Along the bottom of the channel 12 are a series of orifices

14. Each orifice is preferably connected in common to a bore 15. The bore 15
is connected to a vacuum or suction means 13 for drawing a vacuum on the bore

15 and the orifices 14. The vacuum means 13 for drawing a vacuum on the

10
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bore 15 and the orifices may simply be a tube or pipe connected to a vacuum

source as shown in Fig. 3. Such a tube may require a fastener 16 for connection
of the vacuum means to the holder.

In operation, filament 17 is drawn through channel 12 of bed 11 of the
holder 10 substantially covering the orifices 14. Suction is then applied to the
vacuum means 13. The vacuum produced by the suction translates to the
orifices 14, which in turn holds the filament 17 rigidly in place. Once the
filament is held rigidly in place a cutting operation can be commenced to cut
barbs into the filament 17.

A collet 1, in accordance with another aspect of the invention is shown
in Fig. 1. The collet 1 holds a filament that has been threaded therethrough.
The collet 1 secures the filament firmly without damaging the filament even
during twisting. The collet 1 is comprised of a support 2 and a chuck 3. Chuck
3 has a plurality of articulating jaws 4, which may be opened and closed to
facilitate the passing of a filament through the collet 1. The jaws 4 close to hold
a filament. The jaws 4 are preferably finely machined so that they can close
tightly around the filament without damaging it. The chuck 3 may house two
jaws positioned, for example, 180° apart as shown in Fig. 2, or three jaws
positioned approximately 120° apart as shown in Fig.1, or more.

In the three jaw configuration as shown in Fig. 1 it is preferable that
each jaw have a substantially flat gripping surface 5 which enables all three
jaws 4 to simultaneously grip the filament 17. In the two-jaw configuration it is
preferable that each jaw 4a have a concave gripping surface 5a. The concave
gripping surface is sufficiently shallow to allow the jaws 4a to firmly hold the
filament. The positioning and configuration insures that the jaws 4a apply even
pressure to the filament and have good holding power without damaging the
filament 17. Additionally, the jaws may be formed of a material that prevents
contamination of the filament 17.

The jaws 4 and 4a are preferably pneumatically operated for closing the
jaws and spring biased to open the jaws, in a normally open jaw configuration.
Alternatively, a normally closed jaw configuration could be utilized where the
pneumatic pressure opens the jaws and the spring force closes them.

Additionally, one skilled in the art would appreciate that the jaws could be

11
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opened and closed by alternative means. For example the jaws could be opened

and closed by electromechanical, hydraulic, or simple mechanical threading

means as in a drill bit chuck.
The chuck 3 of the collet 1 is preferably rotatable. Rotation of the chuck

3 facilitates the imparting of twist to a filament held by the jaws 4 or 4a. By
imparting twist, the cutting assembly 102 is able to cut in a single pass barbs on
the filament that are offset from oﬁe another when the filament is untwisted.
Offset barbs may also be achieved by cutting of the untwisted filament , and
then rotating the collet to rotate the filament into a twist. Filaments are known
to retain a twist conformation after twisting — a characteristic which may be
enhanced by an annealing step. Annealing entails the application of heat to the
suture strand and may be useful in the long term preservation of a specific
suture conformation. Annealing may be of particular interest where it is desired
to generate and maintain a helical array of barbs by deforming, e.g. by twisting
a suture, either before or after cutting a series of barbs in an unconstrained
suture filament. Annealing may further be necessary to ensure stable product
geometry during long term storage and/or high temperature exposure.

If the suture is to be annealed after deformation, annealing should be
performed as soon as possible after the suture has been placed in the desired
conformation. Generally, the annealing temperature should be above the glass
transition temperature but below the melting temperature of the polymer to
achieve optimum results. Annealing may also be used as a pre-processing step
for the suture material that adds a conformation that is useful later in the
manufacture of a barbed suture.

Alternatively, or in conjunction with annealing, the application of a non-

linear packaging method may further improve long term retention of suture
geometries such as a twist. Several packaging methods are available that
employ a non-linear product arrangement such as a raceway. By packaging a
suture in a non-linear fashion, the ability of the suture’s geometry to return to its

natural state is resisted. This may be of particular interest where the method of
obtaining a helical array of barbs leaves significant internal stresses within the
product that may have a tendency to relax over time or when subjected to

moderate or extreme storage conditions.For further discussion of the practice of

12
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twisting the filament before and after cutting barbs see U.S. Patent Application

09/943,733, the disclosure of which is incorporated herein by reference. The

rotation of the collet is preferably actuated by an electrical motor. However

pneumatic, or hydraulic means could also be employed without departing from
5  the scope of the present invention.

Preferably the barb cutting apparatus comprises two collets an in-feed
collet 1, and an out-feed collet 1a. Either one or both of these collets may be
rotatable. However it is preferable that at least the out feed collet 1s rotatable.
Further, it is preferable that the out-feed collet 1a be rotatable in both a first

10  direction 7 and second direction 8. This facilitates both the imparting of twist
on a filament and the removing of twist from the filament. However, there may
exist applications, and filament fibers for which imparting and maintaining twist
is preferable for storage or other applications. In such applications the filament
can be twisted and untwisted as desired, either before or after cutting, without

15  departing from the scope of the present invention.

The present invention further relates to a tensioner 20 for tensioning a
filament 17. The tensioner 20 comprises pulleys 21 and 22. The pulleys consist
of stationary pulleys 21a and 21b and movable pulley 22. The tensioner 20
ensures that the filament 17 is constantly under a relatively uniform tension

20  throughout any of the advancement, twisting and barb cutting steps regardless
of their sequence.

The filament is preferably run over a first stationary pulley 21a, under a
movable pulley 22, and then over a second stationary pulley 21b. In a preferred
embodiment, a springs 23 act as limiting devices stopping the movement of the

25 moveable pulley 22 in a first direction 25. The movable pulley is weighted, this
weight tensions the filament as it is drawn through the collets by the gripping
tool 107. The movement of the filament by the gripping tool 107 causes the
movable pulley 22 to move in a second direction 26. Accordingly, the length of
travel of the movable pulley 22 is approximately equal to maximum length of a

30 suture. Upon stopping movement in the second direction 26, the filament
supply 101 slowly rotates to allow the filament to be pulled away from the
filament supply 101 and in the direction of the stationary pulley 21a. This
allows the movable pulley 22 to move in the first direction 25 until contacting
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the springs 22. The filament supply 101 is most preferable operated by a
stepper motor which can gradually advance the filament until the movable
pulley 22 contacts the springs 23. Sensors may be added to stop the motor
when the movable pulley reaches a predetermined position.

In use, the tensioner 20 ensures that filament 17 which spans from an in-
feed collet to an out-feed collet is properly tensioned. Tensioning is necessary
to ensure that the filament 17 can be properly twisted either before or after
having barbs cut therein. Tensioning of the filament 26 further assists in
preventing the filament from moving during the cutting process and insures
proper alignment of the filament 17. The initiation of the supply of the filament
by the rotation of the filament supply 101 is not begun until after the in feed

collet 1 has closed on the filament. This insures that there is always tension on

the filament.

The present invention still further relates to a collet 40 having a collet
tensioner 44. It is understood that when a filament is twisted, the length of that
filament will be decreased. Accordingly, when the filament is firmly grasped at
two ends the force required to twist the filament is transferred imnto a
longitudinal tension force acting on the filament. If the force were of sufficient
magnitude, the filament could break. To avoid this, at least one of the collets 40
of the cutting apparatus may be equipped with a collet tensioner 44. The collet
tensioner 44 may be comprised of a simple spring as shown in Fig. 7. In the
collet 40 shown in Fig 7, the support 41 of the collet 40 is rotatable about a pin
46. The pin passes through the support 41 and the collet base 45. The collet
tensioner 44 acts against the base 45 in the longitudinal direction of a filament

threaded through the chuck 43 housed in the collet 40. The tension imparted on
the filament by collet tensioner 44 may be adjusted by screw cap 5 which

‘increases or decreases an initial spring tension imparted on the collet 40. This

adjustment enables the apparatus to be useful for a wide variety of filament

materials.

In operation, when the filament is twisted, the force of the shortening
causes the collet 40 to be pulled in the longitudinal direction of the filament.

The collet tensioner 44 allows for the collet 40 to move 1n that direction when

sufficient force is imparted on the collet 40 to overcome the resisting spring
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force of the collet tensioner 44. The pin 46 provides an axis about which the
collet 40 can rotate. This movement insures that the force imparted on the
filament never exceeds the spring force of the collet tensioner 44. Accordingly,
the spring force of the collet tensioner 44 can be regulated to insure that the

\

5 filament is never tensioned to the point of breaking.

As shown in Fig. 6, another aspect of the present invention relates to a
cutting blade 30 for cutting barbs into a filament. Fig. 6 shows a cutting blade
having a sharply honed edge 31. This is the primary cutting edge of the cutting
assembly and is used for the initial cutting of a barb in a filament. Following

10  the first edge is a second edge 32. The second edge 1s preferably blunted,
textured or rounded, as shown in the magnified view of the cutting assembly 30,
Fig. 6. The textured and blunted features of cutting blade 30 act to roughen the
interior surfaces of the barb section of the filament. This is preferable because
it has been observed that a roughened texture on the interior surface of a barb

15  imparts greater holding ability. This gripping ability insures that the suture is
less likely to slip when threaded through tissues by a surgeon or other medical
personnel. Alternatively, cutting blades with ends that are arcuate can create an
arcuate shape at the base of the barb so as to reduce the sheering stress focused
at the vertex of the barb.

20 In operation, the cutting blade is typically drawn across and into the
filament to be cut. As such, the sharply honed first edge 31 cuts the barb .in the
filament to the desired depth and at the desired angle to the filament. The
second edge 32 is subsequently drawn along the previously cut barb and
roughens the interior surfaces of the barb.

25 In yet another aspect of the present invention the cutting blade is held by
a robotic arm and performs the cutting of the filament in an articulated, motor
controlled action. The robotic arm holds a plurality of cutting blades and
locates the cutting blades over the filament. In one aspect of the robotic arm
embodimment, the cutting blades oscillate in a cutting motion while being

30 lowered onto the filament by the robotic arm. Further, the robotic arm may
angle the cutting blades to form the barbs on the filament.

Another aspect of the present invention relates to a cutter 80 that is

comprised of a series of cutting disks 81 connected to a shaft 82, as shown in
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Fig. 8. The cutting disks have an angled tab extending from them. The tab is
the cutting surface of the disk. The tab is angled at least 90 degrees from the
disk. This angling allows for the barb to be displaced vertically from the
filament which increases its gripping power when used. A plurality of disks are
attached to a single shaft separated by spacers (not shown). On a single shaft
disks with tabs facing in opposite directions can be attached to enable the
cutting of barbs in both directions in a single operation. Alternatively, two
cutters could be used, one for cutting the barbs in each direction. The tabs of
the cutting disks are offset relative to one another such that the cutter can be
positioned over a filament in which barbs are to be cut without initially
contacting the filament. It is preferable that the cutter 80 makes one rotation to
cut all of the barbs for a single suture, however, it may be necessary in certain
applications to make more rotations particularly where a large section of suture
is to be given barbs of a particular orientation. Finally, the tabs 83 may be
given a variety of cutting shapes and attributes, these include but are not limited
to cup shaped blades, tear dropped shaped blades, and roughed blades, as shown
in Fig. 6.

Another embodiment of the present invention is the cutting mechanism
200 shown in Fig 16, which comprises a vise bed 202 having no moving parts.
In Fig. 16 the suture 204 is held in semicircular groove, not shown, formed on
one side of the vise bed 202 to prevent the suture 204 from moving laterally
during the cutting operation. The suture 204 is tensioned by moving the vise
bed 202 vertically while the suture is held in place and prevented from slipping
by the first and second collets 206a and 206b. The vise bed 202 may
substantially conform to the shape of the arc created by the tensioning of the

suture 204.
In a further embodiment of the present invention, the vise bed 202 and
cutting heads 208 are mounted to a moveable plate 210. This reduces the

number of individual tolerances and thereby the tolerance stack up between the
vise bed 202 and blades 212.

The movable plate 210 is movable in at least two directions, for example
vertical and horizontal. Movement in the vertical direction tensions the suture

204 while movement in the horizontal directions allows for cutting to occur
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across the span of the suture 204, between the first and second collets 206a and
b. Movement of the cutting head 208 relative to plate 210 in a direction
perpendicular to the horizontal direction moves the blades 212 across the suture
204 and allows the blades to form the barbs.

5 In one example, to avoid damaging the suture 204, the vise bed 202 may
begin at the outfeed side near the second collet 206b and move towards the
infeed side near the first collet 206a. In the example shown in Fig. 16 two
cutting heads 208 are used, each with a single fixed blade 212, that is moved in
the direction perpendicular to the longitudinal axis of the suture 204 to cut the

10  barbs.

The blades 212 can undertake a variety of motions in forming the barbs
on the suture 204. One example of the blade motion is substantially square. In
the square or rectangular motion the blade 212 traverses perpendicular to the
longitudinal axis of the suture 204 to cut a barb. The blade 212 1s then moved

15 in the horizontal direction along the longitudinal axis of the suture to a
predetermined and customizable point. The blade 212 then 1s drawn back
across the suture but at a height that prevents the blade 212 from engaging the
suture 204 and the formation of a barb. One skilled in the art will recognize that
a variety of methods could be employed to ensure the blade 212 cuts while

20  moving in one direction but does not cut when moving in a substantially
opposite direction. For example a cam or ramp system could be employed to
ensure that the height of the blade 212 is altered when changing directions in its
movement perpendicular to the longitudinal axis of the suture 204. Other
examples include motor controlled indexing screws that alter the height of the

25 movable plate 210 depending upon the direction of travel of the blades. In
addition, the blade may also be designed to accommodate two-direction cutting.
In such an example when performing the second motion perpendicular to the
longitudinal direction of the suture 204, the blade 212 is not raised above the
suture. An example of a blade that can be used for two-direction cutting is

30 shown in Fig. 30, which will be discussed in detail below.

The above-described cutting mechanism 200 has several advantages

including a decrease in the tolerance stack up for the various parts as they are

mounted on a single movable plate 210. Further, the use of tension to hold the
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suture 204 in place may prevent damage to sutures made of certain suture
materials that may occur when barbs are cut using a vise, as discussed above,
that uses combressive forces to secure the suture. And as there 1s a reduction of
moving parts the accuracy of the cutting mechanism 200 is improved.

Another advantageous embodiment of the present invention 1s shown in
Figs. 17 and 18 and includes a blade 312 mounted on a 4 bar mechanism 310.
The 4-bar mechanism is connected to a series of gears that provide a rotating
motion of the cutter head 308 to form barbs on the suture 304. The motion of a
lead screw 314 causes a follower gear 316 to propel the four-bar cutting system
300 along the longitudinal axis of the suture. The cutting head’s 4-bar linkage
310 is connected to the lead screw 314 and the follower gear 316 by a spline
gear system 318. The spline gear system imparts rotational force to the 4-bar
linkage 310 that allows multiple cuts to be made in succession while the cutting
head 308 is moved down the length of the suture 304.

The cutting head 308 is moved in a substantially circular motion
describing an arc 306 by the spline gear system 318 and connected 4-bar
linkage. One direction of movement of the blade 312 is substantially
perpendicular to the longitudinal axis of the suture 304 for cutting barbs in
succession, while the rotational movement of the blade 312 is at a desired angle
to the suture 304. The blade 312 is angled approximately at the same angle at
which the barb is to be formed as shown in Fig. 18. Because the motion of
blade is permanently linked with motion of the four bar linkage and the lead
screw the cutting head the four-bar cutting system 300 has the ability to cut
barbs at high speeds.

In Figs. 19, 20, and 21 yet another embodiment of the present invention
is shown. In Fig. 19, a 3-axis robot 400 using a cartesian coordinate
arrangement directly controls the motion of the cutting head 402 in a “fixed”
fashion (i.e., with minimal vibratory motion).

The robot 400 includes arm 404 for moving the cutting head 402 in the
x-direction, arm 406 for moving the cutting head 402 in the y-direction, and arm
408 for moving the cutting head in the z direction. Blades 410 are maintained
in the cutting head 402 with spacers 412 that maintain a consistent distance

between the top of the vise 414 and the ends of the blades 410.
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In one example shown in Fig. 20 blades 410 cut barbs in a single pass
over suture 416. First the blades 410 are lowered to a point at which they can
contact the suture 416, as shown in movement 420. Then the cutting head 402

is moved slightly in the x-direction while the cutting head 402 is brought across
the suture 416 moving substantially in the y-direction, as shown in movement
422 of Fig. 20. The cutting head is then brought back over the suture in
movement 424 in preparation for the next cut as shown in Fig. 20. Once all cuts

have been made for barbs in one direction, the rotational activator 418 spins the
cutting head 402 180° in movement 426 to produce barbs in the opposing

direction as shown in movements 428.

By utilizing a spring 420 between the z-axis arm 408 and the cutting
head 402, tolerances for the z-axis arm can be decreased because blade
positioning is maintained by the spacers 412 on the bottom of the cutting head
402 that contact the top of the vise 414. Alternately, the spring and cutting head
spacers could be removed to allow the z~axis arm alone to control depth of cut.

A further embodiment of the present invention is a corkscrew rotating
cutting mechanism as shown in Fig. 22. The cutting mechanism 500 is formed
of a single piece and can be rotated in a cutting direction 506. The cutting
edges 502 are formed in a spiral around a central rod or shaft 504. The cutting
mechanism 500 may be designed so that in use it has only a short period of time
that it is in contact with a suture. For example, while being constantly rotated
the cutting mechanism 500 may be raised and lowered on to a suture material to
form barbs during just a small portion of its rotation. When the cutting
mechanism 500 is lifted, the suture material may be advanced to allow the
cutting mechanism to cut barbs in a new location on the suture material or a

new sufure. The cutting mechanism 500 may also be synchronized with a

suture that is continuously moving to produce a continuous feed of barbed

suture material.

Figs. 23-25 show a progression of three cuts being performed on a single
suture that is being rotated to form a series of off-set barbs 512. By controlling
the speed of the cutting mechanism 500 and raising and lowering the suture 510
onto the blades 502, the blades 502 cut a series of barbs 512. If the suture
material 510 is rotated as shown in the progression from Fig. 23 to Fig. 235, the
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barbs are formed around the longitudinal axis of the suture 510. The movement

of the suture can be optimized to increase or decrease space between the barbs
both circumferentially and longitudinally. Other elements that can lead to
optimization of the barb profile include the rotation speed of the cutting

5 mechanism 500, the speed of longitudinal movement of the suture, and the
speed of suture rotation. The timing of all of these can be varied to produce a
desired barb profile and to avoid impinging previously cut barbs. This method
produces barbs 512 which spiral about the central axis of the suture 510 without
the need to twist the suture material as discussed above.

10 A further embodiment of the present invention is a drop-in blade cutter
head assembly 600 as shown in Figs. 26 and 27. The cuter head assembly 600
includes a cover 602. The cover 602 may include a compressible material 604
that applies a compression force to the back of the blades 608 which are inserted
into a series of blade slots 606 and formed in the base 610. The compressive

15  material 604 may run the entire length of the cover 602.

In one embodiment the blade slots 606 are cut at an angle @ to an
exterior surface 612 of the base 610. As shown in Figs. 28 and 29, the blades
608 may include a machined angled flat 614. The angle of the angled flat 614
has an angle o formed at a desired angle to the longitudinal axis of the blade
20 608 and which corresponds to the angle @ at which the slots 606 are formed in
the base 610. The angled flat 614 works in concert with the slots 606 and the
compressibleqmaterial in the cover 602 to ensure that the blades 608 are

maintained at a desired angle to the base 610.

In practice, blades 608 are inserted into each or substantially all of the
25  slots 606. The cover is secured over the blades to hold the blades 608 in place.

The cutter head may then be used in conjunction with a variety of barb cutting

machines as described herein, including the 3-axis robot, and the apparatus

shown 1n Fig. 10.
The drop in blades 608 may be sectioned from blade stock as shown in
30  Figs. 28-30. Blades 608 can be sectioned from blade stock so that the blade

bevel is up or down. Blade bevel up means that the facet 616, which forms the
cutting surface of the blade 608 faces away from the suture while cutting.

Blade bevel down means that the facet 616 faces the suture when cutting.
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Alternatively, the blades may be sectioned from circular blade stock as
shown in Fig. 30. The resulting blade has a small radius to the cutting edge
618. One advantage of the blade 608 with radius cutting edge 618 1s that it
allows the cutting cycle to be initiated from either side of the suture.

The radius cutting edge 618 also allows for both a forward and a
backward cutting pass as shown in Figs. 31-33. In Fig. 31, the blade is
positioned to the side of the suture 620, and has a motion in direction 630. Fig.
32 shows the barb being formed during a forward cut while the blade 608 is
moving in the forward direction 630. Fig. 33 shows a second barb 622 being
formed on the suture 620 during a backward cut or while the blade 608 is

moving in the backward direction 632.

Another aspect of the present invention is a fluid jet cutting system that
uses high-pressure liquid to form one or more barbs in the suture material.
Using water jet cutting technology, a fine spray of high-pressure fluid can be
used in combination with, for example the 3-axis robot discussed above, to
controllably cut barbs into suture material in a fashion similar to the use of the
blades 608. The cross section shape of the fluid jet and its movement are used
to control the formation and shape of the barbs. For materials that are likely to
absorb water alternative fluids are considered within the scope of the present
invention. Further, timing of the cuts can be used to optimize the depth of the
barb and prevent cutting through the material.

Yet another embodiment of the present invention is a planetary
cylindrical cutter system as shown in Fig. 34. The planetary cutter 700
comprises two or more cylinders 708 with a cutting blade/edge 706 spirally
oriented about the cylinder 708. The cylinders rotate about their own axes 710
as well as the axis of the suture 712. One advantage of the planetary cutter
system 700 is that it allows for the cutting of a helical array of barbs without

twisting the suture 702 before cutting.
Opposing forces of cylindrical cutters 708 stabilize the suture 702

without the need for an additional vise apparatus. Three or more cylindrical
cutters 708 may be used without departing from the scope of the present
invention. In addition, opposing barb segments may be formed by engaging

another planetary cutter 700 having appropriate cylindrical cutters 708 having
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spiral cutting edges 706 that rotate in an opposing direction to the original

cylinders.
This method of barb formation allows access to the entire circumierence

of the suture. Breaks in spiral blade 706 prevent barbs from being shaved off
the surface of the suture 702 after formation. Those skilled in the art will
appreciate that the planetary cutter 700 may also comprise a ring gear (not
shown) to apply rotational force to the cutters 708. Further, the ring gear may
be driven in such a manner that the planetary cutter 700 traverses the
longitudinal axis of the suture to form barbs of a desired length of suture
without movement of the suture. Alternatively, the planetary cutter 700 may be
stationary with the suture 702 being drawn through the rotating cutters 708.

These and other variations of the planetary cutter 700 are considered within the

scope of the invention.

While the invention has been described in connection with what is

considered to be the most practical and preferred embodiment, it should be

" understood that this invention is not limited to the disclosed embodiments, but

on the contrary, is intended to cover various modifications and equivalent

arrangements included within the spirit and scope of the appended claims.
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Claims

We claim:

1. An apparatus for cutting barbs into sutures comprising:
a first directional feed motor for moving a first cutter;
a second directional feed motor for moving a second cutter; and
a third directional feed motor for moving a grasping tool,

wherein the first and second cutters cut barbs into a filament and the grasping tool advances

the filament after cutting of the barbs.

2. The apparatus of claim 1 further comprising a severing blade, wherein the severing blade

severs the filament after advancement to form a suture.

3. A holder for securing a suture 1n preparation for the cutting of barbs therein comprising:
a bed,
a channel arranged 1n the bed; and
a plurality of orifices arranged along the channel, each orifice comprising a first end
exposed in the channel and a second end connected to a suction means, wherein a suction
applied to the second end creates a vacuum for securing a suture placed so as to cover at

least one of the plurality of orifices.

4, A collet for holding a suture in place relative to its longitudinal axis during the cutting of
barbs therein, comprising:
a chuck support;

a chuck having a variably adjustable aperture housed in said support;

said chuck comprising a plurality of jaws, whereby movement of said jaws adjusts

the aperture of said chuck to hold a suture threaded there through.

J. The collet as recited 1n claim 2, wherein said chuck comprises three jaws.

6. The collet as recited in claim 2, wherein each of said jaws has a substantially flat holding
surface.

7. The collet as recited 1n claim 2, wherein the chuck houses two jaws.

8. The collet as recited in claim 5, wherein each jaw has a concave holding surface.
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9. The collet as recited in claim 2, wherein said chuck can be rotated about the longitudinal axis

of a suture to impart twist to the suture.

10. An apparatus for cutting barbs 1nto sutures comprising:

at least one collet for holding a suture, wherein said at least one collet rotates 1in a

first direction to impart twist on a suture.

11. The apparatus as recited in claim 8, wherein said collet rotates in a second direction to

untwist the suture.

12. The apparatus as recited in claim 8, further comprising:
a first collet rotatable 1n a first direction for imparting twist on a suture; and

a second collet rotatable 1n a second direction for reversing the twist imparted to the

suture.

13. An apparatus for cutting barbs mnto sutures comprising:
at least one collet; and
at least one biased tensioner, the biased tensioner allowing the at least one collet to
move 1n a first direction as a suture held in a chuck housed in the collet 1s twisted, the biased
tensioner moving the collet in a second direction as the suture 1s untwisted; wherein the

movement of the collet insures that the suture receives no more than a specified
tension.

14, A cutter for use 1n an apparatus for cutting barbs into sutures comprising:
a first edge, the first sharply honed edge for cutting a barb into a suture to a specified
depth and 1n a specified direction; and
a second edge, the second edge blunted and roughened to impart a roughened texture

to a surface of the barb cut into the suture.

15. A method of forming a barbed suture comprising the steps of:

threading a filament from a filament supply through a filament tensioner and
through a first and second collet;
closing the first and second collets;

rotating at least one of the collets in a first direction to twist the filament;
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cutting barbs in at least a first direction into the twisted filament;
untwisting the filament and opening the collets;

advancing the filament using a filament grasping tool;

closing the collets; and

severing the filament having barbs cut in to form a suture.

16. A method of forming a barbed suture comprising the steps of:
threading a filament from a filament supply through a filament tensioner and
through a first and second collet;
closing the first and second collets;
cutting barbs 1n at least a first direction into the filament;
rotating at least one of the collets in a first direction to twist the filament;
opening the collets;
advancing the filament using a filament grasping tool;
closing the collets; and

severing the filament having barbs cut in to form a suture.
17. The method of claim 16, further comprising a step of annealing the suture.

18. An apparatus for forming a barb on a suture comprising:
at least one blade;
a tensioning vise for supporting the suture; and
a movable plate upon which the at least one blade and the tensioning vise are
mounted, wherein the movable plate causes the vise to tension the suture, and develops a

cutting motion for the at least one blade.

19. An apparatus for forming a barb on a suture comprising:

at least one blade;

a linkage system for causing the at least one blade to describe a substantially circular
path during a cutting motion; and

a drive gear system for imparting rotational force to the linkage system.

20. A three axis robot for forming a barb on a suture comprising:
a x-direction arm;

a y-direction arm;
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a z-direction arm; and

a cutting head, wherein the cutting head 1s moved in X, y and z directions to form

barbs on a suture.

A cutter comprising:

a plurality of cutting surfaces;

a central shaft, said plurality of cutting surfaces being formed in a spiral about the
central shaft, wherein during rotation of the shaft the plurality of cutting surfaces engage a

suture to form at least one barb thereon.

A cutter head comprising:
a base;

a cover; and

at least one blade slot formed in the base wherein a blade
inserted into the blade slot 1s held in place by said cover, and wherein said blade slot is

formed at an angle to at least one surface of the base.

A barb cutting system comprising:

a plurality of cylindrical cutters arranged in a planetary arrangement, and

a plurality of cutting surfaces formed on the cylindrical cutters, wherein the
cylindrical cutters rotate about their own axes while simultaneously rotating about an axis of

a suture to form barbs thereon.
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