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ABSTRACT

A surgical suture comprised of a first thermally formed tip portion having a
first length which is adjacent t0 2 body portion having 2 second length. The first
thermally formed tip portion has 2 generally uniform cross-section perpendicular to
5 the first length, while the body portion has a varying cross-section which
cotresponds to 2 distribution of different cross-sectional sizes along the second
length. The generally uniform cross-section of the first thermaily formed tip portion
has an average cross-sectional size that is less than the average of the different

cross-sectional sizes along the second length.
10 An apparatus {(10) for thermally forming a surgical suture tip from a length
of unfinished surgical suture material having a varying cross-section. The thermally
. formed surgical suture tip has a generally uniform cross-section along its length, and
. the varying cross-section corresponds to a distribution of different cross-sectional
sizes along the length of the unfinished surgical suture material. A first heating die
: 15  (404) has a first face (405a) with a first groove (405) therein for receiving a portion

of the length of the unfinished surgical suture material, and a second heating die

(402) has a second face (403a) with a second groove (403) therein. The first and

second grooves extend along a common axis. Atleastone mechanical actuator (4006)

is provided for moving the first face of the first heating die against the gecond face

20  of the second heating die and for contacting the first and secand grooves against an

outer surface of the unfinished surgical suture material. The first and second

grooves define 2 singular heating die opening when the first face of the first heating

die is positioned against the second face of the second heating die. The singular

heating die opening has a constant cross-section perpendicular t0 the common axis.

25 The constant cross-section  is smaller than an average cross-sectional  size

represented by the distribution and conforms in size to the generally uniform Cross-
section.

A method for thermally forming the surgical suture tip from a length of

unfinished surgical suturé material having a varying cross-section is also claimed.
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SURGICAL SUTURE HAVING A THERMALLY FORMED TIP, AND
APPARATUS AND METHOD FOR MAKING SAME

FIELD OF THE INVENTION

The present invention is directed to systems for processing strings
and yarns. More particularly, the present invention is directed to automated

systems for thermally forming and cutting surgical sutures.

BACKGROUND OF THE INVENTION

Various automated systems for forming and cutting surgical suture
tips exist or are known in the art. In one such machine, means for simultaneously
advancing in parallel at least six separate strands of suture matenal, and six
independent tensioners for maintaining respective parallel portions of each of the
six strands at a preset tension are provided. Once a predetermined length of
suture material had been advanced by the advancing means, a horizontal heater bar
(positioned perpendicular to the six suture strands) is actuated by an electronically
controlled solenoid which moves a planar heater bar into contact with one side of
the suture strands for a predetermined dwell time. Once the predetermined dwell
time has elapsed, the solenoid retracts the heater bar to its original position, and
the heat exposed (or heat-stiffened) section of suture material is advanced to a
cutting station. At the cutting station, the heat-stiffened section of suture material

is cut at its midpoint, thereby producing a suture with two stiffened ends. Other

J&JI Docket No. ETH-1128 - 1/7 -
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mechanisms for forming and cutting surgical suture tips are shown in U S. Patent
Nos. 4,832,025, 4,806,737 and 5,226,336 to Coates. The system described in the

Coates patents uses convective or non-contact heating to form suture tips.

Known systems for forming and cutting surgical suture tips suffer
from two primary drawbacks. First, such systems typically produce a suture tip
which lacks a substantially uniform cross-section. Sccond, such systems typicaily
cut the suture tip in an imprecise manner, thereby leaving a cut end which may be
irregular or distorted in shape. From a manufacturing standpoint, suture tips
having non-uniform cross-sections and/or irregular or distorted cut ends are
undesirable because, among other things, such sutures are difficult to insert into

needies,

It is therefore an object of the present invention to provide a
surgical suture having a tip with a substantially uniform cross-section and a

precisely cut end which may be easily inserted into a needle.
It is a further object of the present invention to an automated

system and method for manufacturing surgical sutures having tips with

substantially uniform cross-sections.

J&J Docket No. ETH-1128 2
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It is a stili further object of the present invention to provide an
automated system and method for making surgical sutures with tips having

precisely cut ends.

These and other objects and advantages of the invention will
become more fully apparent from the description and claims which follow or may

be learned by the practice of the invention.

SUMMARY OF THE INVENTION
2L PANY UF THE INVENTION

The present invention is directed to 2 surgical suture comprised of
a first thermally formed tip portion having a first length which is adjacent to a
bady portion having a second length. The first thermally formed tip portion has a
generally uniform cross-section perpendicular to the first length, while the body
portion has a varying cross-section which corresponds to a distribution of different
cross-sectional sizes along the secand length. The generally uniform cross-section
of the first thermally formed tip portion has an average cross-sectional size that is

less than the average of the different cross-sectional sizes along the second length.
In accordance with a further aspect, the present invention is

directed to an apparatus for thermally forming a suraical suture tip from a length

of unfinished surgical suture material having a varying cross-section. The

J&I Docket No. ETH-1128 3
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thermally formed surgical suture tip has a generally uniform cross-section along its
length, and the varying cross-section corresponds to a distribution of different
cross-sectional sizes along the length of the unfinished surgical suture material, A
first heating die has a first face with a first groove therein for receiving a portion
of the length of the unfinished surgical suture material, and a second heating die
has a second face with a second groove therein. The first and second grooves
extend along a common axis. At feast one mechanical actyator is provided for
moving the first face of the first heating die against the second face of the second
heating die and for contacting the first and second grooves against an outer
surface of the unfinished surgical suture material. The first and second grooves
define a singular heating die opening when the first face of the first heating die is
positioned against the second face of the second heating die. The singular heating
die opening has a constant cross-section perpendicular to the common axis. The
constant cross-section is smaller than an average cross-sectional size represented

by the distribution and conforms in size to the generally uniform cross-section,

In accordance with a still further aspect, the present invention is
directed to a method for thermally forming a surgical suture tip from a length of
unfinished surgical suture material having a varying cross-section. The surgical
suture tip has a generally uniform cross-section along its length, and the varying

cross-section corresponds to a distribution of different cross-sectional sizes along

J&J Docket No. ETH-1128 4
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the length of the unfinished surgical suture material. The length of unfinished
surgical suture material is positioned at a location between a first groave in a first
face of a first heating die and a second groove in a second face of a second heating
die, the first and second grooves extending along a common axis paralie] to the
length of the unfinished surgical suture material. After the positioning step, the
surgical suture tip is formed by moving the first face of the first heating die against
the second face of the second heating die and contacting the first and second
grooves against an outer surface of the unfinished surgical suture materia for a
predetermined time period. The first and second grooves define 2 singular heating
die opening having a constant cross-section perpendicular to the common axis
when the first face of the first heating die is against the second face of the second
heating die. The constant cross-section is smaller than an average cross-sectional
size represented by the distribution and conforms in size to the generally uniform

CIOSS-Section.

BRIEF DESCRIPTION OF THE DRAWINGS
In order that the manner in which the above-recited and other
advantages and objects of the invention are obtained and can be appreciated, a
more particular description of the invention briefly described above will be

rendered by reference to a specific embodiment thereof which is illustrated in the

appended drawings. Understanding that these drawings depict only a typical
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embodiment of the invention and are not therefore to be considered limiting of its
scope, the invention and the presently understood est mode thereof will be
described and explained with additional specificity and detail through the use of

the accompanying drawings.

Figure 1 is a schematic diagram showing a machine for thermally
forming and cutting surgical sutures, in accordance with a preferred embodiment

of the present invention.

Figure 2 is an isometric view of a suture tipping station formed
from a pair of opposing heating dies both of which are in their retracted positions,

in accordance with a preferred embodiment of the present invention.

Figure 3 is an isometric view of the suture tipping station of Figure
2, wherein one of the heating dies in the station is in its retracted position and the

other heating die in the station is in its extended position.
Figure 4 is a further isometric view of the suture tipping station of

Figure 2, wherein both of the heating dies in the station are in their extended or

closed positions.

J&J Docket No. ETH-1128 o
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Figures 3 and 6 show isometric views of the opposing heating dies

illustrated in Figures 2-4.

Figure 7 is a cross-sectional view of an exemplary length of
surgical suture material which has not been contacted by the heating dies of the

heating station shown in Figures 2-4.

Figure 8 is a graph illustrating the statistical distribution of the
varying cross-sectional diameters found in the unfinished suture material depicted

in Figure 7.

Figure 9 is a cross-sectional view of an exemplary length of a
surgical suture tip which has been thermally formed by the heating dies of the
heating station shown in Figures 2-4, in accordance with a preferred embodiment

of the present invention.

Figure 10 is a graph illustrating the statistical distribution of the
generally uniform cross-sectionai diameters found in the thermally formed suture
tip depicted in Figure 9 and the statistical relationship between these generally

uniform tip diameters and the varying cross-sectional diameters found in the body

J&J Docket No, ETH-1128 7
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portion of a suture made in accordance with a preferred embodiment of the

present invention.

Figure 11 is an isometric view of a suture cutting station formed
from a pair of opposing cutting dies, wherein one of the cutting dies is in itg
retracted position and the other cutting die is in its extended position, in

accordance with a preferred embodiment of the present invention.

Figure 12 is an isometric view of the suture cutting station of
Figure 11, wherein both of the cutting dies in the station are in their extended or
closed positions, in accordance with a preferred embodiment of the present

inventton,

Figure 13 is an isometric view of the suture cutting station of
Figure 12, illustrating the position of the cutting dies in the station as a cutting
blade moves through a cross-section of thermally formed surgical suture material
positioned in the cutting station, in accordance with a preferred embodiment of the

present invention,

Figure 14 is a cross-sectional view showing the components of the

suture cutting station of Figures 11-13.

J&J Docket No. ETH-1128 3
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Figure 15 is an exploded isometric view of the opposing cutting

dies shown in Figures 12-13.

Figure 16 is an exploded front elevational view of the opposing

cutting dies shown in Figure 15.

Figure 17 is a front elevational view of the opposing cutting dies of
Figures 15-16, in accordance with a preferred embodiment of the present

invention.

Figure 18 is a cross-sectional view of a suture cutting station for
simultaneously cutting a length of thermally formed surgical suture material at two
different locations, in accordance with an alternative preferred embodiment of the

present invention.

Figure 19 is a side view of the suture cutting station shown in

Figure 18.

Figure 20 shows the position of optical sensors used for monitoring

the movement of the heating and cutting dies in the combined heating and cutting

J&J Docket No. ETH-1128 9




station shown in Figures 2-4 and 11-13, in accordance with a preferred

embodiment of the present invention.

Figure 21 is a cross-sectional view of a moving clamp shown in its
5 closed state for grasping and advancing surgical suture material, in accordance

with a preferred embodiment of the present invention.

Figure 22 is a cross-sectional view showing the moving clamp of
Figure 21 in its open state, in accordance with a preferred embodiment of the

10 present invention.

Figure 23 is a cross-sectional view of a stationary clamp shown in
its closed state for grasping surgical suture material, in accordance with a
preferred embodiment of the present invention.
15
Figure 24 is a cross-sectional view showing the stationary clamp of
Figure 23 in its open state, in accordance with a preferred embodiment of the

present invention.

J&J Docket No. ETH-1128 10
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Figure 25 is an isometric view of a system for tensioning a length
of surgical suture material, in accordance with a preferred embodiment of the

present invention.

Figure 26 is an isometric view of an optical detection system for
detecting knots in surgical suture material passing through the system. in

accordance with a preferred embodiment of the present invention.

Figure 27 is a further isometric view showing a knot positioned
between the optical source and the optical detector of the knot detection system of

Figure 26, in accordance with a preferred embodiment of the present invention.

Figure 28 is a cross-sectional view of Figure 27, showing a knot
positioned between the optical source and the optical detector of the knot
detection system of Figure 26, in accordance with a preferred embodiment of the

present invention.

Figure 29 is an isometric view of a suture material holding arm
which is used for producing sutures having lengths that exceed the length of the
machine of Figure 1, in accordance with a preferred embodiment of the present

invention.

J&J Docket No. ETH-1128 11
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Figure 30 is a cross-sectional view showing the suture material

holding arm of Figure 29 in its retracted position.

Figure 31 is a cross-sectional view showing the suture material

holding arm of Figure 29 in its extended position.

DETAILED DESCRIFPTION OF THE INVENTION

Overall System Operation

Referring now to Figure 1, there is shown a schematic diagram
showing a machine 10 for thermaily forming and cutting surgical sutures, in
accordance with a preferred embodiment of the present invention. A continuous
length of unfinished surgical suture material 110 is supplied to machine 10 from a
supply spool 100 having unfinished surgical suture material 110 wound thereon,
Unfinished surgical suture material 110 from supply spool 100 is initially advanced
through a tensioning assembly 200 for creating a tension in the unfinished surgical
suture material, and then through a knot detector system 300 for detecting
whether a knot is present in any unfinished surgical suture material 110 passing
through knot detector system 300. After passing through the knot detector
system 300, the unfinished surgical suture material is advanced to a combined

heating and cutting station 400, where (i) a predetermined length of the unfinished

J&J Docket No. ETH-1128 12




surgical suture matedal 110 is thermatly formed into & length of surgical sutura tip
ma;en'a.[, and (ii) the thermally formed surgical suture tip material is cut, thereby

yielding 2 fnished surgical suture 170 having 2 body portion formed of unfinished
surgical suture material 110 znd a thermﬁly farmed tip portian temminating wieh 2

cut end.

As explained more fully below, the unfnished surgical suturs
materiad 110 from supply spool 100 is advinced through machine ‘IO by 2 moving
clamp 500 which is coupled to a lin;za: actuaror 350 for driving the moving clamg
300 between a starting or home position 510 an one side of the combined heating
and cutting station 400 and an end position 312 on the gther side of combined
heating and curtring station 400. Moving clamp 500 has 2 g:%sping (or c{csec_i)
state shown in Fig. 21, and 2 gcn-gra.sping (or agen) state shown in Fig. 22.- In

accordance with instructions received from 2 contraller 800, the maving clamg

300 selectively grups and pulls the unfnished surgical suture matedal 110

through machine 10 in order to facilitate the manufaciure of the finished surgical

sutures 120. In addition to advancing unfinished surgical sumire material through

‘the machine, the moving clamp 500 functions to initially pasition and align the

unfinished surgical suture material [ 10 within combined fieating and cuming

station 400,
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During operation of the machine 18, the moving clamp 500 initiafly
grasps or closes on the unfnished surgical suwure material 110 .at the hame
p@%ﬁm.MnanMmMm&mM%mehhngwmm“
ﬁuq}hemmaraaumoriioddv&themoﬁngchmpSOdﬁomimhomepOﬂdon
510 to the E.;nd pasition SI;. As the linear actuatar 550 drives moving clamp 500
ﬁomimhomepoﬂﬂonS}OtohspoﬂﬁoniliﬂhemoﬁngdmﬂpSOOPuHsa
length of the unfinished surgical suture materizf 110 through the combined heazing_
and curting ;tation 400 and through 2 stationary clamp 600 pogiﬁoned betlweeni
the ¢nd position 512 and the combined heating-and cutting station 400, Like the
moving clamp 500, the stationary clamp 600 has a grasping (or closed) state
which is shown in Fig. 23, and 2 nen-grasping (or opén) state shown in Fig, 24,

As the linear actuator 550 drives the moving clamp 500 from home position 519
to end posiffon 513, the sationary clamp 600 is in its open state. After the
moving clamp reaches its end position 512, the stationary clamp 600 grasps or
closes on the unfinished surgical suture material 110 pasitioned within the
stationary clamp 600, The positicn of stationary clamp 600 along the length of
mzchine 10 may be adjusted in order to facilitate the creation of sutures with

different lengths,

As illustrated in Figure 2, the combined heating and cutting station

400 includes 2 pair of opposing heating dies 402, 404, and a pair of apposing
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cutting dies 450, 452, The opposing heating dies 402, 404 have both an open and
a closed state. Similarly, the opposing cutting dies 450, 452 have an open and a
closed state. When, as described above, the linear actuator 550 drives the moving
clamp 500 from home position 510 to end position 512, both the opposing heating
dies 402, 404 and the opposing cutting dies 450, 452 in the combined heating and
cutting station 400 are in their open positions. After the moving clamp reaches its
end position 512 and the stationary clamp 600 has grasped or closed on the
unfinished surgical suture material 110 positioned within the stationary clamp 600,
the heating dies 402, 404 move from their open state to their closed state in order
to thermally form a predetermined length of surgical suture tip material. The
operation of the heating dies 402, 404 is described in greater detail below in
connection with Figures 2-10. After the heating dies 402, 404 move from their
open to their closed state, the moving clamp 500 releases the unfinished surgical
suture material 110 in its grasp and, while the moving clamp is in its open or non-
grasping state, the linear actuator 550 drives the moving clamp 500 from its end
position 512 to its home position 510 where the moving clamp closes on a next

piece of unfinished surgical suture material 110.

After the opposing heating dies 402, 404 have been in their closed

state for a predetermined period of time, the heating dies 402, 404 move from

their closed to their open state, thereby exposing a predetermined length of

J&J Docket No. ETH-1128 15
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surgical suture tip material positioned between the opposing heating dies 402,
404 Next, while the surgical suture tip material remains positioned between the
open heating dies 402, 404, the opposing cutting dies 450, 452 move from their
open state to their closed state in order to “pinch” or firmly grasp the
predetermined length of surgical suture tip material, preferably at a point adjacent
to the midsection of the length of surgical suture tip material formed by the
heating dies 402, 404, While the cuming dies 450, 452 are in their closed position,
a cutting blade 480 is moved across a cross-section of the surgical suture tip
material at a point adjacent to the cutting dies 450, 452, thereby vielding a

thermally formed surgical suture tip with a cut end.

Thereafter, the cutting dies 450, 452 move from their closed
position to their open position and the stationary clamp 600 releases the surgical
suture material within its grasp. As the stationary clamp opens and releases the
previousty grasped surgical sutixre material, a finished surgical suture 120 having a
thermally formed and cut tip falls by gravity onto an arm affixed to the stationary
clamp 600. Prior to the time that the cutting dies 450, 452 are moved from their
closed to their open position, the moving clamp 500 grasps or closes on the
surgical suture material at home position 510, and the process described above is
then preferabiy repeated in order to manufacture further finished surgical sutures

120 Since the tensioning assembly 200 exerts a tensioning force on the surgical

J&J Docket No, ETH-1128 16
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suture material 110 positioned within machine 10, it is important for the moving
ctamp 500 to grasp or close on the surgical suture material at home pesition 510
prior to the time that the cutting dies 450, 452 are moved from their closed to
their open position, in order to prevent the tensioning assembly 200 from pulling
the traifing end of the surgical suture material cut by blade 480 in a reverse

direction past home position 510 when the cutting dies 450, 452 are opened.

The unfinished surgical suture material 110 used in machine 10 for
manufacturing the finished sutures 120 may consist of any thermoplastic braided
suture material such as, for example, a polyester braided suture material, or a
polyamide or polyolyfin suture material. In a preferred embodiment of the present
invention described more fully below, the unfinished surgical suture material 110
used in machine 10 is a braided suture material formed of a polyethylene
terephthalate, such as that sold by Ethicon, Inc. under the trademark Ethibond®
Excel®. In a preferred embodiment, a Simatic model T1435 controller
manufactured by Siemens is used to implement controller 800. An operator

interface is preferably coupled to the controller 800.

Operation of Heating Dies

As menticned above, after the moving clamp 500 has reached its

end position 512 and the stationary clamp 600 has grasped or closed on the

J&J Docket No. ETH-1128 17
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unfinished surgical suture material 110 positioned within the stationary clamp 600,
the heating dies 402, 404 in the combined heating and cutting station 400 operate
to thermally form a predetermined length of surgical suture tip material from the
unfinished surgical suture material 110 positioned within the station 400, During
the operation of the heating dies 402, 404, the unfinished surgical suture material
110 is suspended in an aligned and fixed positioned within station 400 by the
stationary clamp 600 which is positioned on one side of station 400, and by the
pulley 514 which is positioned on an opposing side of station 400. In addition,
during the operation of the heating dies 402, 404, the unfinished surgical suture
material 110 suspended within station 400 is maintained with a preset tension by

tensioning system 200,

Figures 2-4 show three visws of the combined heating and cutting

station 400. Each of the views illustrates the position of the heating dies 402, 404
at a particular point during a suture tipping cycle. Referring now specifically to
Fig. 2, there is shown an isometric view of station 400, wherein the heating dies
402, 404 are both in their retracted or open positions. Figure 2 shows the position
of heating dies 402, 404 when the moving clamp 500 has reached its end position
512 and the stationary clamp 600 grasps or closes on the unfinished surgical
suture material 110 positioned within the stationary clamp 600. Afier the moving

clamp 500 has reached its end position 512 and the stationary clamp 600 has

J&J Docket No. ETH-1128 13
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grasped or closed on the unfinished surgical suture material 110 positioned within
the stationary clamp 600, a master cylinder 406 (controlled by controller 800)
drives the heating die 404 from its retracted to its extended position. Figure 3
shows the position of the heating dies 402, 404 after the master cylinder 406 has
moved heating die 404 to its extended position. As the heating die 404 is moved
to its extended position, a cross-sectional portion of the suture material 110
suspended within station 400 is received into a groove or channel 405 (shown in
Fig. 6) within heating die 404. A pair of V-shaped guides 404a, 404b are affixed
to the ends of the heating die 404 in order to facilitate the guidance of the
unfinished suture material 110 into groove 405 during this step. In a preferred
embodiment of the present invention, the master cylinder 406 causes the groove
405 in the heating die 404 to slightly overshoot (or pass) the centerline of the
unfinished suture material 110 suspended within the station 400, in order to ensure
that at least a cross-sectional portion of the unfinished suture material 110 is in

fact received into the groove 405.

After the master cylinder 406 has moved heating die 404 to its
extended position, a slave cylinder 408 (controlled by controller 800) drives
heating die 402 from its retracted to its extended position. Figure 4 shows the
position of the heating dies 402, 404 after the slave cylinder 408 has moved

heating die 402 to its extended position. As the heating die 402 is moved to its

J&J Docket No. ETH-1128 19
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extended position, the cross-sectional portion of the suture material 110 which
was not previously received into groove 405 is received into a groove or channel
403 (shown in Fig. 5) within heating die 402. After the slave cylinder 408 has
driven heating die 402 to its extended position, the face 405a of heating die 404
stands adjacent to and abuts the face 403a of heating die 402 In a preferred
embodiment of the present invention, the force used by slave cylinder 408 to drive
heating die 402 10 its extended position is less than the force used by master
cylinder 406 to drive heating die 404 to its extended position. The use of a
reduced force by the slave cylinder 406 insures that the position of the heating die
404 will not be disturbed when the heating die 402 is brought into contact with the
heating die 404 as shown in Figure 4. After faces 403a and 405a have been
brought together and the heating dies 402, 404 have “closed on” the unfinished
surgical suture material 110 as shown in Figure 4, the heating dies 402, 404
remain in their closed or extended positions for a predetermined dwell time.
Thereafter, the cylinders 406 and 408 open the heating dies 402, 404 by bringing
them back to their initial retracted positions, thereby exposing a predetermined
length of thermally formed surgical suture tip material suspended between

oppesing open heating dies 402, 404.

In the preferred embodiment of the present invention, the cross-

sections of grooves 403 and 405 each represent a half circle or semi-circle such

J&J Docket No. ETH-1128 20
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that, when faces 403a and 405a are brought into contact with each other as shawn
in Figure 4, grooves 403 and 405 together form a singular cylindrical opening with
a circular cross section (hereinafter “the heating die cross-section”) running
perpendicular to the axis of the cylindrical opening. The axis of the cylindrical
opening formed by grooves 403 and 405 is aligned in parallel with the length of
the surgical suture materiai 110 along the “x” axis (shown in Figures 2-4). In the
preferred embodiment of the present invention, the diameter of the heating die
cross-section is always less than the average cross-sectional size of the unfinished
surgical suture material 110 provided from supply spool 100. By making the
diameter of the heating die cross-section less than the average cross-sectional size
of the unfinished surgical suture material 110, the present invention insures that
grooves 403 and 405 both contact and apply pressure to the suture material 110
during the suture tipping process. The tension maintained in the unfinished
surgical suture material 110 by tensioning assembly 200 functions to prevent the
heating die cross-section from overly pinching or constricting the suture material

during the suture tipping process.
Referring now to Figure 7, there is shown a cross-sectional view of
an exemplary length of unfinished surgical suture material 110 which has not been

contacted by the heating dies 402, 404 of station 400. Unfinished suture material

110 (as shown in Fig. 7) is used to form the untipped body portions of sutures

J&J Docket No. ETH-1128 21
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made in accordance with the present invention. Unfinished suture material | 10 is
formed of a plurality of yarns 112, each of which is formed from several strands or
filaments 114. Since unfinished suture materiai 110 is braided, its cross-section is
not uniformly circular. On the contrary, the diameter of the cross-section of the
unfinished suture material 110 varies depending on the position of the diameter
measured. Thus, the three exemplary diameter measurements 117, 118, 119 of the
suture material 110 shown in Figure 7, all of which pass through the centroid 116
of the cross-section, each have a different length. Figure 8 shows a graph
illustrating the statistical distribution of the varying cross-sectional diameters
found in the unfinished suture material depicted in Figure 7, and, in particuiar, the
varying cross-sectional diameters found in unfinished size 0 Ethibond® Excel®
surgical suture material. As shown in Figure 8, for a given length of unfinished
surgical suture material 110, there is an average cross-sectional diameter (D,.,), a
first standard deviation cross-sectional diameter (D1} representing a cross-
sectional diameter length that is one standard deviation below D,.,, and a second
standard deviation cross-sectional diameter (Du2) representing a cross-sectional

diameter length that is two standard deviations below Die.
In a first preferred embodiment of the present invention, the

diameter of the heating die cross-section formed by grooves 403 and 405 is a

constant that is less than the D, value for the unfinished suture material 110;ina
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second preferred embodiment of the present invention, the diameter of the heating
die cross-section formed by grooves 403 and 405 is a constant that is about equal
to the D, value for the unfinished suture material 110; and in a still further
preferred embodiment of the present invention, the diameter of the heating die
cross-section formed by grooves 403 and 405 is a constant that is about equal to

the Dy, value for the unfinished suture material 1 10.

Referring now to Figure 9, there is shown a cross-section 122 of an
exemplary length of a surgical suture tip that has been thermaily formed by the
heating dies 402, 404 of station 400 as described above in connection with Figures
2-4. The exemplary cross-section 122 shown in Figure 9 was thermally formed
{or finished) using a heating die cross-section having a constant diameter that was
about equal to the Dy, value for the unfinished suture material 110 initially
suppiied to station 400. As a result of the fact that the diameter of the heating die
cross-section was less than the D, value for the unfinished suture material 1 10,
the unfinished suture material 110 was contacted by the heating dies 402, 404
during the thermal heat tipping process. The contacting of the heating dies 402,
404 with the unfinished suture material 110 during the thermal heat tipping
process, together with the fact that the suture material 110 is under tension during
this process, causes the suture material 110 which is contacted by the heating dies
402, 404 to be compressed, thereby resulting in the “rounding” of filaments (such

as filaments 124) positioned about the perimeter of cross-section 122, As a result
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of this “rounding” of the filaments about its perimeter, the cross-section 122 is
generally uniform in diameter. In contrast to the varying diameters of the crogs-
section of the unfinished sutyre material 1 10 shown in Figure 7, the diameters of
the cross-section 122 are generally cﬁnstant irrespective of the position of the
diameter measured. Thus, the three exemplary diameter measurements 126, 127,
128 of the cross-section 122 shown in Figure 9, all of which pass through the
centroid 129 of the cross-section, each have about the same length. Tables I II,
and [II illustrate the cross-sectional diameters of size 0, 2/0 and 3/0 sutures having
body portions formed from unfinished Ethibond® Excel® suture material and tip
portions which have been formed by dies 402,404 (having a constant cross-
sectional diameter abouyt equal to the D.y; value of the unfinished suture material),
in accordance with the present invention, As these tables show, the present
invention results in sutures having tip portions (110a) with 2 cross-section that is
both smaller in diameter and more uniform (i.e., smaller diameter standard
deviation) than the unfinished suture bady portions (1 10b) adjacent to such tip

portions,
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TABLE I

Size Measurements of Tip and Body Diameters of Size 0 Sutures

SET | SET 2
BODY/TIP END TIP END BODY TIP END BODY
DIAMETER MILS MILS MILS MILS
SAMPLE # 1 17.44 18.97 17.92 20,85
2 17.64 20,40 17.82 19.41
3 17.29 18.45 18.10 20.08
4 17.52 18.96 17.70 19.56
5 17.59 19.38 17.63 19.43
6 17.82 19.47 17.82 20,70
7 17.90 19.74 17.43 18.57
8 17.57 2047 18.20 1931
9 1743 20.44 17.70 19.83
: 10 17 61 20.07 17.90 19.27
AVERAGE 17.58 19.63 17.82 19.70
STANDARD DEV, 0.18 0.7 022 0.69
TABLE I1
f e Size Measurements of Tip and Body Diameters of Size 2/0 Sutures
SET 1 SET 2
. o BODY/TIP END TIF END BODY TIF END BODY
LI DIAMETER MILS MILS MILS MILS
e SAMPLE# | 14.78 16.66 1539 17.70
2 14.98 1774 14.55 15.93
. 3 15.03 16.84 14.87 15.87
4 15.04 17.44 14.92 16.91
5 15.14 16.54. 1474 17.15
6 15.19 16.71 14.61 16.07
7 14.97 17.05 15.24 2001
8 14.86 15.41 14.75 17.53
9 15.04 17.17 14.61 16.39
10 14.89 18.57 i4.85 17.12
AVERAGE 14.99 17.01 14.85 1707
STANDARD DEV. 0.12 0.83 0.27 1.22
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TABLE M

Size Measurements of Tip and Body Diameters of Size 3/0 Sutures

SET 1 SET2
BODY/TIP END TIP END BODY TIP END EODY
DIAMETER MILS MILS MILS MILS
SAMPLE # 1 11.87 1527 11.73 13.31
2 11.84 13.82 12.00 12.98
3 11.66 14.05 11.80 13.47
4 11.89 1540 11.64 13.37
5 11.63 1593 11.65 13.08
6 11.55 15.01 1168 13.53
7 11.56 14.60 1137 12.82
8 1.7 14.98 1145 13.79
¢ 11.66 13.85 11.66 13.39
10 11.66 13.8%9 11565 13.10
AVERAGE i1L71 14.68 1166 13.28
STANDARD DEV. 0.12 075 0.17 0.29
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Figure 10 shows a graph illustrating the statistical distribution of
the generaily uniform cross-sectional diameters found in the thermally formed
suture tip depicted in Figure 9 and exempiified by Table [ above. As shown in
Figure 10, the suture tip produced by the heating dies of the present invention has
a generally uniform cross-sectional diameter which centers about the heating die
cross-section (in this case Dyy;), and which is iess than the D,y value
corresponding to the unfinished suture material 110 supplied to station 400 and

forming the untipped body portion of the resulting suture.

Since the heating die cross-section used in the present invention
varies depending upon the D,y value of the unfinished suture material 110 being
supplied to machine 10, the heating dies 402, 404 are secured to heater manifolds
410, 412, respectively, by removable screws 414, which allow an operator to
change the heating dies 402, 404 being used in station 400 depending on the size
of the suture material 110 being used. A thermocouple 415 for heating the
removable heating dies 402, 404 is positioned in each of the manifolds 410, 412
and coupled to controller 800. Thus, for larger diameter suture material 110, the
operator will use heating dies 402, 404 which form a greater heating die cross-
section than dies used for thermally forming tips on smaller diameter suture
material. Set forth in Table IV below are the preferred heating die cross-section
diameters used for thermally forming tips on different sizes of an unfinished

braided suture material formed of a polyethylene terephthalate, such as that sold
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by Ethicon, Inc. under the trademark Ethibond® Excel® Also set forth in Table

IV below are the preferred temperatures that heating dies 402, 404 should be

maintained at during the heat tipping process, the preferred tensions at which the

sutures should be maintained during the heat tipping process, and the preferred

5 dwell times during which the heating dies 402, 404 shouid remain closed on the

unfinished suture material 110 during the heat tipping process.

TABLE IV

SIZE OF
UNFINISHED
SUTURE
MATERIAL

2/0

3/0

4/0

5/0

Heating Die
Cross-Section
Diameter (in
mils)

17.70

15.00

11.40

9.00

6.85

Heating Die
Temperature
(in °c)

246-250

246-250

246-250

246-250

246-250

Heating Die
Dwell Time
{in seconds)

2.6-3.0

26-3.0

2.6-3.0

2428

20-24

Tension
(in grams)

100-120

100-120

100-120

40-60

40-60
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In the preferred embodiment of the present invention, heating dies 402, 404
are made of steel, and are coated with a non-stick substance such as Teflon®
(polytetrafluoroethylene polymer) or Nedox®, manufactured by General
Magnaplate, in order to facilitate the release of the suture material from the grooves
403, 405 when the heating dies 402, 404 are opened. Although in the preferred
embodiment described above, the heating die cross-section formed by groaves 403,
405 was circular in shape, it will be understood by those skilled in the art that
heating die cross-section defining other geometric shapes may also e used in

conjunction with the present invention.

Operation of Cutting Dies

After the cylinders 406 and 408 open the heating dies 402, 404 by bringing
them back to their initial retracted positions, thereby exposing a predetermined
length of thermally formed surgical suture tip material suspended between opposing
open heating dies 402, 404, the cutting dies 450, 452 in the combined heating and
cutting station 400 operate to cut the thermally formed length of surgical suture tip
material, When the present invention is used to create finished suture material for
“double-armed” sutures (i.e., sutures having needles at both ends of each suture),
the thermally formed length of surgical suture tip material is preferably cut at its
midpoint; otherwise the thermally formed length of surgical suture tip material is

preferably cut near one of its ends. During
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the initial operation of the cutting dies 450, 452, the surgical suture material
suspended in station 400 remains in the same position that it occupied during the
thermal tipping process described above. Thus, the surgical suture material remains
positioned and aligned along axis “x”. In addition, during the initial operation of the
cutting dies 430, 452, the surgical suture material suspended within station 400 is
maintained at the same present tension that was used during the thermal tipping
process described above.

Figures 11-13 show three further views of the combined heating and cutting
station 400, Each of the views illustrates the position of the cutting dies 450, 452
and the cutting blade 480 at a particular point during a suture cutting cycle. During
the thermal tipping cycle described above, both of the cutting dies 430,452
remained in their open or retracted positions. Following the opening of heating dies
402, 404 at the end of the thermal tipping cycle, a mechanical activator such as a
master cylinder 460 (controlled by controller 800) drives the cutting die 450 from
its retracted to its extended position. Figure 11 shows the position of the cutting dies
450, 452 after the master cylinder 460 has moved cutting die 450 to its extended
position. As the cutting die 450 is moved to its extended position, a cross-section of
the thermally tipped suture material 110a suspended within station 400 is received
mto a greove or channel 451 (shown in Figures 15-16) within cutting die 450. A
pair of V-shaped guides (not shown) may be affixed to the ends of the
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cutting die 450 in order to facilitate the guidance of the thermally tipped suture
material 110a into groove 451 during this step. In a preferred embodiment of the
present invention, the master cylinder 460 causes the groove 451 in the cutting die
450 to slightly overshoot the location of the thermally tipped suture material 110a
suspended within the station 400, in order to ensure that the entirety of a cross-
sectional portion of the thermally tipped suture material 110z is in fact received into
the groove 451 {as shown in Figure 17).

After the master cylinder 460 has moved the cutting die 450 to its extended
position, a mechanical activator such as a slave cylinder 462 (also controlled by
controller 800) drives the cutting die 452 from its retracted to its extended position.
Figure 12 shows the position of the cutting dies 450, 452 after the slave cylinder
462 has moved cutting die 452 to its extended position. After the slave cylinder 462
has driven cutting die 452 to tis extended position, the face 451a of cutting die 450
stands adjacent to and abuts the face 453a of cutting die 452. The cutting die 452
includes a square-shaped notch {or boss) 453 which is received into groove 451
when faces 451a and 4532 are brought together. In a preferred embodiment of the
present invention, the force used by slave cylinder 462 to drive cutting die 452 to its
extended position is less than the force used by master cylinder 460 to drive cutiing
die 450 to its extended position. The use of a reduced force by the slave cylinder

462 insures that the position of the cutting die 450 will not be disturbed
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when the cutting die 452 is brought into contact with the cutting die 450 as shown
in Figure 12. After faces 451a and 453a have been brought together and the
cutting dies 450, 452 have “closed on” the thermally tipped suture material 110a
as shown in Figure 17, blade 480 is moved by slave cylinder 462 across the
thermally tipped suture material 110a in a direction perpendicular to the axis “x”,
thereby shearing the thermally tipped suture material 110a material 110a at a point
adjacent to the cutting dies 450, 452 and creating a finished suture 120 having a
body portion formed of unfinished surgical suture material 110 and a thermally
formed tip portion terminating with a cut end. Figure 13 illustrates the positions
of the cutting dies 450, 452 as the cutting blade 480 slices through the thermally
tipped suture material 110a, and Figure 14 shows the proximity of the cutting
blade 480 to the cutting dies 450, 452 which is maintained during the cutting
process. Following the slicing of the thermally tipped suture material 110a,
cylinders 460 and 462 open the cutting dies 450, 452 by bringing them back to
their initial retracted positions. As mentioned above, prior to the opening of the
curting dies 450, 452 at the end of the cutting cycle, the moving clamp 500 grasps
or closes on the surgical suture material 110 at home position 510, in order to
prevent the tensioning assembly 200 from puiling the trailing end 110b of the
surgical suture material cut by blade 480 in a reverse direction past home position

510 when the cutting dies 450, 452 are opened.
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In the preferred embodiment of the present invention, the cross-
sections of groove 451 and notch 453 are such that, when faces 45 la and 453a are
brought into contact with each other as shown in Figure 17, groove 451 and notch
453 together form a singular cutting die opening aligned along the “x” axis with a
cross-section (hereinafter “the cutting die cross-section”) running perpendicular to
the “x” axis. Thus, the axis of the cutting die opening formed by groove 450 and
notch 452 is aligned in parallel with the length of the thermally tipped surgical
suture material 110a along the “x” axis. In the preferred embodiment of the
present invention, the diameter “d” (shown in Figure 17) of the cutting die cross-
section is always less than the diameter of the heating die erass-section used for
thermally forming the tipped suture material 110a. By making the diameter of the
cutting die cross-section less than the dizmeter of the heating die cross-section,
the present invention insures that groove 451 and notch 453 not only contact, but
also firmly hold or pinch the thermally tipped suture material 110a positioned
berween the cutting dies 450, 452 during the suture cutting process. By firmly
holding or pinching the thermally tipped suture material {10a at a point directly
adjacent to the location where blade 480 slices through the suture material 110z,
the cutting mechanism of the present invention yields a suture with an extremely

precise cut end which, among other things, facilitates the later insertion of the cut

end into a needle.
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Alternative Preferred Cutting Die Mechanism

The cutting die system described above in conjunction with Figures 11-17 is
advantageous for creating single-armed sutures which have a needle attached at
5 only one end. However, for some surgical procedures, double-armed sutures which
have a needle attached at each end are required. In order to manufacture suture
material that can be used for making double-armed sutures, it is important for both
ends of the suture material to be formed from precise cuts, so that each end of the
suture can be inserted in to a needle. An alternative cutting die system 900 shown in

10 Figures 18-19 may be used in place of the cutting die system shown in Figures 11-

Pty L7 for fabricating finished sutures 120 having precise cuts at both ends, )

.: :. System 900 functions substantially the same as the cutting system described
. in the section immediately above, except that, in system 900, the master cylinder
::::.: 460 simultaneously drives a pair of cutting dies 902, 904 between their retracted

15 and extended positions, the slave cylinder 462 simultaneously drives a pair of
cuiting dies 906, 908 (respectively the first and second cutting dies) between their
retracted and extended positions, and the slave cylinder simultaneously moves two

. cutting blades 910, 912 (respectively the first and the secend cutting blades) across

. two separate cross-sections of the thermally tipped suture material 110a. Thus,

esvesd 20 cutting dies 902, 904 are each substantially identical to cutting die 450, and cutting

eeent dies 906, 908 are cach substantially identical to cutting die 452. During operation of
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system 900, the master cylinder 460 first simultanecusly drives the cutting dies
902, 904 {from their retracted to their extended positions. As the cutting dies 902,
904 are moved to their extended positions, a separate cross-section of the
thermally tipped suture material 110a suspended within station 400 is received into
a groove 451 within each of the cutting dies‘902, 904. Next, the slave cylinder
462 simultaneously drives the cutting dies 906, 908 from their retracted to their
extended positions. After the slave cylinder 462 has driven the cutting dies 906,
908 to their extended positions, the faces 4512 of the cutting dies 902, 904 stand
adjacent to and abut the faces 453a of cutting dies 902, 904. After both sets of
faces 451a and 453a have been brought together and the cutting dies 902, 904,
906 and 908 have “closed on” their respective cross-sections of thermally tipped
suture material 110a, blades 910, 912 are simultaneously moved by slave cylinder
462 across two cross-sections of the thermally tipped suture material 110aina
direction perpendicular to the axis “x”, thereby shearing the thermally tipped
suture material 110a at two points adjacent to the cutting dies 906, 908 and
creating two precisely cut suture ends. Following the slicing of the suture material
110a, cylinders 460 and 462 open the cutting dies 902, 904, 906 and 908 by

bringing them back to their initial retracted positions.
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QOptical Sensor Control Svstem

The state/position (i.e., open or closed) of the moving clamp 300,
the stationary clamp 600, the heating dies 402, 404, and the cutting dies 450, 452,
as well as the movement and position of the master cylinders 406, 460, the siave
cylinders 408, 462, the linear actuator 550, the cutting blade 480, and the
tensicning assembly 200, are monitored and controlled by a controller 800. Figure
20 shows the positions of several optical sensors which are coupled to controller
800, and which monitor and verify the positions of the heating dies 402, 404 and
cutting dies 450, 452 during the operation of the combined heating and cutting
station 400. More specifically, optical sensors 801 and 802 are provided for
monitoring/verifying whether heating die 404 is in its extended or retracted
position; optical sensors 803 and 804 are provided for moenitoring/verifying
whether heating die 402 is in its extended or retracted position; optical sensor 805
15 provided for monitoring/verifying whether cutting die 450 is in its extended or
retracted position; and optical sensor 806 is provided for monitoring/verifying
whether cutting die 452 is in its extended or retracted position, In the preferred
embodiment of the present invention, controiler 800 will not allow the master
cylinder 406 to drive the heating die 404 to its extended position unless the
sensors 805, 806 indicate that the cutting dies 450, 452 are in their retracted
positions; controller 800 will not allow the slave cylinder 408 to drive the heating

die 402 to its extended position unless the sensors 805, 806 indicate that the
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cutting dies 450, 452 are in their retracted positions and the sensors 80 1, 802
indicate that the heating die 404 is in its extended position: controller 800 will not
allow the cylinder 460 to drive the cuning die 450 to its extended position unless
the sensors 801, 802, 803 and 804 indicate that the heating dies 402, 404 are in
their retracted positions; and controller 800 will not allow the cylinder 462 to
drive the cutting die 452 to its extended position unless the sensors 801, 802, 803,
804 and 805 indicate that the heating dies 402, 404 are in their retracted positions

and that the cutting die 450 is in its extended position.

Figures 21 and 22 show the position of an optical sensor 807 which
is coupled to controller 800, and which monitors and verifies the state (either open
or closed) of moving clamp 500. Figures 23 and 24 show the position of an
optical sensor 808 which is coupled to controller 800, and which monitors and

verifies the state (either open or closed) of stationary clamp 600.

Suture Tensioning System

Referring now to Figure 25, there is shown an isometric view of
the system 200 for tensioning a length of surgical suture material 110, in
accordance with a preferred embodiment of the present invention. System 200
includes a tensioning spool 202 having a width, a weight and a circular perimeter

204 perpendicular to the width of the spool. The tensioning spool 202 has a
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groove 206 in its perimeter 204 for recerving the surgical suture material 110.
Tensioning system 200 also inctudes a track 208 formed from a pair of slots 208a,
208b extending in parallel along the length of the track 208. Track 208 and slots
20842, 208 are preferably positioned along a purely vertical axis, although. in
alternate embodiments (not shown), track 208 and slots 208a, 208b may be
aligned along an axis that includes both horizontal and vertical components. The
slots 2082, 208b function to receive and guide the tensioning spool 202 along the
length of track 208 during operation of system 200. The length of the track 208 is

preferably aligned perpendicularly to the width of the tensioning spool 202.

During operation of the system 200, the tensioning spool 202 is
suspended vertically within slots 208a, 208b by the surgical suture material 110,
While the tensioning spool 202 is suspended vertically within slots 208a, 208b by
the surgical suture material 110, the weight of the tensioning spool 202 exerts a
corresponding tensioning force on the suture material 110 equal to one half the
weight of spool 202. In order to vary the tension exerted on the suture material
110 during operation of system 200, additional weights 210 may be added or

removed from a spool arm extending from the center of spool 202.

When the moving clamp 500 described above is in its grasping

state and moves from its home position 510 to its end position 512, suture
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material 110 suspended in the track 208 is drawn forwardly through station 400
and stationary clamp 600 of machine 10, As the suture material is drawn
forwardly through the machine by the moving clamp 500, the tensioning spool 202
is pulled upwardly within track 208. However, regardless of the vertical position
of the spool 202 within the track 208, the tension exerted on the suture material
110 by system 200 will be the constant and equal to one half the weight of spoal
202. An optical sensor 212, coupied to controller 800, is provided for
determining whether the puiling action of the moving clamp 500 has caused the
spool 202 to be drawn upwardly within the track 208 past the height of the sensor
212, When optical sensor 212 detects that the tensioning spool 202 has been
pulled upwardly past the location of the sensor 212, controller 800 causes a mator
(not shown) coupled to the supply spool 100 to unwind unfinished surgical suture
material 110 from the supply spool 100. As further unfinished surgical suture
material 110 is unwound from the supply spool 100, the tensioning spool 202
moves downwardly within the track 208. In the preferred embodiment, controller
800 continues to unwind unfinished surgical suture material 110 from the supply
spool 100 until the tensioning spool 202 falls below the level of optical sensor

212,

An optical sensor 214 is provided at the bottom of track 208 for

determining whether there has been a break in the surgical suture material 110 or a
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loss of tension in the suture material within machine 10. Since, during normai
operation, the tensioning spool 202 should not fall below the level of optical
sensor 212, a break in suture material 110 or a loss of suture tension within
machine 10 will be signaled by sensor 214 if the sensor determines that the

5 tensioning spool 202 has fallen to the level of the sensor 214.

e Although tensioning system 200 has been described in connection
. with the tensioning of surgica! suture material, it will be understood by those
skilled in the art that tensioning system 200 may be used for tensioning any type of

10 string or yarn,

Knot Detection System

Referring now to Figs. 26 and 27, there are shown two isometric

views of an optical detection system 300 for detecting knots in surgical suture
15 material 110 passing through system 300, in accordance with a preferred
embodiment of the present invention. Knot detector system 300 includes an
optical light source 302 for directing a plane of light 304 at an optical light
detector 306 when surgical suture material 110 is positioned between the optical
light source 302 and the optical light detector 306 (shown in Fig. 28). The optical
20 light source 302 is preferably formed of a plurality of optical fibers 3022 having

their terminating ends aligned along the optical plane 304, Controller 800 is
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coupled to an output of the optical light detector 306 for processing the signals
output by detector 306 and determining whether a knot exists in the suture
material 110 positioned between the light source 302 and light detector 306.
Meore particularly, by comparing a magnitude of a shadow 308 cast on the optical
light detector 306 by the suture material 110 against a predetermined threshold,
controller 800 determines whether or not a knot exists in the suture material 110
positioned between the light source 302 and light detector 306. Ina preferred
embodiment, the predetermined threshold used in this comparison corresponds to
a magnitude of a shadow 308a cast on the optical light detector 306 by an
unknoted cross-section of suture material 110. In a still further preferred
embodiment, controller 800 will determine that a knot exists in the suture material
110 passing through system 300 only if the magnitude of the shadow cast on light
detector 306 by suture material 110 exceeds by at least 30% the magnitude of a
shadaw 308a cast on the optical light detector 306 by an unknoted cross-section

of suture material 110.

Although knot detection system 300 has been described in
connection with the detection of knots in surgical suture material, it will be
understood by those skilled in the art that knot detection system 300 may be used

for detecting knots in any type of string or yarn.
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Extended Length Suture Mode

Although, in the process described above, machine 10 was used to
manufacture a finished surgical suture 120 having a length that was less than
length of the linear actuator 550, machine 10 may also be used in an extended
length suture mode, described below, in order to make finished surgical sutures
which are longer than linear actuator 550. As shown in Figure 1, and also in
Figures 29-31, a suture material holding arm 700 affixed to machine 10 is
provided for holding suture material during the manufacture of extended length
surgical sutures. Suture material holding arm 700 inciudes an end portion 704
formed of a cylindrical central portion bounded by sides 702, 703. An actuator
703, coupled to controller 800, drives the end portion 704 between its retracted
position (shown in Figures 29-30) and its extended position (shown in Figure 31).
When machine 10 functions in its extended iength suture mode, actuator 705
maintains end portion 704 in its extended position; otherwise, actuator 705

maintains end portion 704 in its retracted position.

During operation of the machine 10 in the extended length suture
mode, the moving clamp 500 initially grasps or closes on the unfinished surgical
suture material 110 at the home position 510. Next, while the moving clamp 500
remains in its grasping or closed state, the linear actuator 550 drives the moving

clamp 500 from its home position 510 to the end position 512. As the linear

Y
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actuater 530 drives moving clamp 500 from its home position 510 1o its position
512, the moving clamp 500 pulls a length of the unfinished surgical suture material
110 through the combined heating and cutting station 400 and through the
stationary clamp 600. After the moving clamp reaches its end position 3 12, the
stationary clamp 600 grasps or closes on the unfinished surgical suture material
110 positioned within the stationary clamp 600. The moving clamp 500 then
releases the unfinished surgical suture material 110 in its grasp, allowing the suture
material 110 previously grasped by the moving clamp 500 to fail onto and be held
by the end portion 704. Next, while the moving clamp is in its open or non-
grasping state, the linear actuator 550 drives the moving clamp 500 from its end
position 512 to its home position 510, where the moving clamp 500 again grasps
or closes on the unfinished surgical suture material 110 at the home position 510.
After the moving clamp 500 grasps the unfinished surgical suture material 110 at
the home position 510 for the second time, the stationary clamp 600 opens.
Thereafter, while the moving clamp 500 remains in its grasping or closed state and
the stationary clamp 600 remains in its open state, the linear actuator 550 again
drives the moving clamp 500 from its home position 310 to the end position 512.
After the moving clamp 500 reaches its end position 512 for the second time, the
stationary clamp 600 again grasps or closes on the unfinished surgical surure

material 110 positioned within the stationary clamp 600.
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After the unfinished surgical suture material 110 has been “pulled
twice” by the moving clamp 500 as described in the Paragraph above, the heating
dies 402, 404 and the cutting dies 450, 452 in the combined heating and cutting
station 400 function as described above to thermally form and cut a length of
surgical suture tip material positioned within the station. After the cutting dies
450, 452 move from their closed position to their open position following the
cutting of the suture tip, the stationary clamp 600 releases the surgical suture
material within its grasp. As the stationary clamp opens and releases the
previously grasped surgical suture material, a finished surgical suture 120 having a
thermally formed and cut tip falls by gravity onto an arm affixed to the stationary
clamp 600. Since the moving clamp 500 pulled the suture material 110 two times
consecutively before the combined heating and cutting station 400 thermally
formed and cut the suture tip, the resulting finished surgical suture 120 produced
by the extended length suture mode may have a length which is greater than the

length of the linear actuator 550.

Furthermore, it is to be understood that although the present
invention has been described with reference to a preferred embodiment, various
madifications, known to those skilled in the art, may be made to the structures and
process steps presented herein without departing from the invention as recited in

the several claims appended hereto.
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THE CLAIMS DEFINING THE INVENTION ARE A S FOLLOWS:

l. A surgical sutyre comprised of a first thermally formed tip portion
having a first length which is adjacent 10 2 body nortion having a second length,
said first thermally formed tip partion having a generally uniform cross-section
perpendicuiar to said first length, said bady portion having a variable cross-section
perpendicular to said second length, said variable cross-section representing a
distribution of different cross-sectional sizes along said second length; and

wherein said generaily uniform cross-section of said first thermally formed
tip portion has an average cross-sectional size that is less than an average cross-
sectional size of said distribution of different cross-sectional sizes along said

second length.

2. The surgical suture of claim 1, wherein said generally uniform cross-
section of said first thermally formed tip portion has an cross-sectional average
size that is at least one standard deviation below said average cross-sectional size

of said distribution.

3. The surgical suture of claim 2, wherein said generaliy uniform cross-
section of said first thermally formed tip portion has an average cross-sectional
size that is at least two standard deviations below said average cross-sectional size

of said distribution.
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4. The surgical suture of claim 3, wherein each of said different cross-
sectional sizes of said distribution Tepresents a width of said body portion at a

position along said second length.

3. The surgical suture of claim 4, wherein said generally uniform cross-
section is circular, and wherein each of said different cross-sectional sizes of said
distribution represents a diameter of said body portion at a position along said

second length.

6. The surgical suture of ¢laim 1, wherein said first thermally formed tip

portion has a first cut end.

7. The surgical suture of clajm 6, further comprising a first needle affixed

to said first cut end of said first thermally formed tip portion.

8. The surgical suture of claim 7, further comprising a second thermally
formed tip portion having said generally uniform cross-section throughout its
length, said second thermally formed tip portion being adjacent to said body
portion and at an end of said body portion opposite said first thermally formed tip

portion,
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S. The surgical suture of ¢claim 8, wherein said second thermatly formed

tip portion has a second cut end.

10. The surgical suture of claim 9, further comprising a second needle

affixed to said second cut end of said second thermally forned tip partion,
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