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(57) Abstract: A method for making an expanded, and optionally multi-component and/or colored PTFE monofilament 1s disclosed.
The method mcludes forming a first paste by mixing a PTFE powder with a hydrocarbon solvent; forming an extrusion preform by
pressing the first paste mnto a form; curing the extrusion preform by exposing the extrusion preform to a first temperature for a first
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HIGH-STRENGTH MULTI-COMPONENT SUTURE

Technical Field

[0002] This disclosure relates generally to surgical sutures and, more particularly, to a

multi-component expanded polytetrafluoroethylene (PTFE) surgical suture.

Background

[0003] Surgical sutures are known for binding body tissues together or binding medical
appliances to body tissue. Various materials, including natural materials and synthetic
materials, for example, may compose a surgical suture. Further, surgical sutures may include
various structures, such as a monofilament structure or a multi-filament structure, for
example.

(0004] Canadian Patent Publication 2,087,903 (“the ‘903 publication”), entitled
"Multicolored Surgical Braid," purports to address the problem of non~uniform tensile stress
distribution across a cross section of a surgical suture. The ‘903 publication describes a
braided surgical suture with different types of braids that can be distinguished by different
multicolored patterns. However, the braided structures described in the ‘903 publication may
provide low tensile strength and may present external surface roughness and cross sectional

non-uniformity characteristic of the braid pattern applied. Further, the braided sutures

605025518.1
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described 1n the ‘903 publication may include interstices between the braided fibers, which
can trap and retain moisture prior to use.

[0005] U.S. Patent Publication 2013/0123839 (“the '839 publication™), entitled "Chemaical
Knots for Sutures," purports to address the problem of increasing knot profile with increasing
knot security (1.¢., resistance to loosening and/or slipping of the knot). The '839 publication
describes surface activated surgical sutures capable of forming chemically bonded knots.
Further, the '839 publication states that a first reactive group may be positioned on a first
portion of the suture surface and a second complimentary reactive group may be positioned
on a second portion of the suture surface, such that the first and second portions of the suture
surface may come in contact and during the knot-tying process and form a chemical bond
thercbetween. However, the '839 publication does not describe how to make high tensile
strength sutures, or sutures having a color pattern indicative of a characteristic of the suture.
[0006] U.S. Patent Publication 2011/0277249 (“the '249 publication™), entitled "Method
of Producmg Colored High-Strength Fibers,"” purports to address the problem of successfully
dyeing polyolefins. The 249 publication describes a process for producing colored high-
strength fibers of ultra-high-molecular-weight polyolefins by pretreating at least a portion of
thc high-strength fiber with at Icast onc ctching agent, prior to applying a dyc to the ctched
fiber. However, the multi-step process for forming a fiber, etching the fiber, and then dyeing
the fiber may be complex and expensive.

[0007] Accordingly, there 18 a neced for an improved surgical suturc having high tensilc

strength, low cost, and a multi-colored pattern for identifying a characteristic of the suture.
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Summary

[0008] In one aspect, the disclosure describes a method for making an expanded PTFE
monofilament. The method includes forming a first paste by mixing a PTFE powder with a
hydrocarbon solvent, the first paste including less than about 16% of the hydrocarbon solvent
by weight; curing the first paste by exposing the first paste to a first temperature for a tirst
time duration; forming an extrusion preform by pressing the first paste into a form; forming a
green monofilament by extruding the first paste through a die; expanding the green
monofilament by exposing the green monofilament to a second temperature for a second time
duration, the second time duration occurring after the first time duration; stretching the green
monofilament substantially along a longitudinal axis of the green monofilament, the
stretching the green monofilament occurring after the expanding the green monofilament; and
sintering the green monofilament after the stretching the green monofilament; wherein the

expanding, stretching and sintering is done in a continuous process.

[0009] [n another aspect, the disclosure describes a monofilament. The monofilament

including a plurality of expandcd PTFE materials including a first PTFE material in contact

with a second PTFE material along a first longitudinal interface of the monofilament, the first
PTFE material defining a first outer surface of the monofilament, the second PTFE material
defining a second outer surface of the monofilament, a color of the first PTFE material being
different from a color of the second PTFE material.

In a further aspect, the disclosure describes a plurality of expanded polytetrafluoroethylene

(PTFE) materials including a first PTFE material, a second PTFE matcrial, and a third

PTFE material,

605025518.1
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the first PTFE material being in contact with the [[a]] second PTFE material along a first
longitudinal interface of the monofilament, and the third PTFE material being in contact
with the second PTFE material along a second longitudinal interface of the monotfilament,

the first PTFE material defining a first outer surface of the monofilament,

the second PTFE material defining a second outer surface of the monofilament,

the third PTFE material defining a third outer surface of the monotilament,

a color of the first PTFE material being different from a color of the second PTFE material,

and a color of the third PTFE material being different from the color of the tirst PI1FE

material and the color of the second PTFE material.

Brief Description of the Drawings

[0010] FIG. 1 shows a perspective view of a filament, according to an aspect of the

disclosure.

[0011] FIG. 2 shows a front view of the filament illustrated in FIG. 1.

[0012] FIG. 3 shows a radial cross section of the filament in FIG. 2 along section 3--3.

605025518.1
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[0013] FIG. 4 shows a radial cross section of a filament, according to an aspect of the
disclosure.

[0014] FIG. 5 shows a radial cross section of a filament, according to an aspect of the
disclosure.

[0015] FIG. 6 shows a radial cross section of a filament, according to an aspect of the
disclosure.

[0016] FIG. 7 shows a radial cross section of a filament, according to an aspect of the
disclosure.

[0017] FIG. 8 shows a radial cross section of a filament, according to an aspect of the
disclosure.

[0018] FIG. 9 shows a front view of a filament, according to an aspect of the disclosure.
[0019] FIG. 10 shows a front view of a filament, according to an aspect of the disclosure.
[0020] FIG. 11 shows a front view of a filament, according to an aspect of the disclosure.
[0021] FIG. 12 shows a tront view of a filament, according to an aspect of the disclosure.
[0022] FIG. 13 shows a front view of a filament, according to an aspect of the disclosure.
[0023] FIG. 14 presents a flowchart for a method of making a filament, according to an
aspcct of the disclosure.

[0024] FIG. 15 presents a flowchart for the step of creating a preform, according to an
aspect of the disclosure.

[0025] FIG. 16 presents a flowchart for the step of ¢xtruding the pretorm into a filament,
according to an aspect of the disclosure.

[0026] FIG. 17 shows a schematic process map for the steps of creating the preform and

extruding the preform into a filament, according to an aspect of the disclosure.
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Detailed Description

[0027] Throughout the drawings, like reference numbers refer to like elements, unless
otherwise specitied.

[0028] FIG. 1 shows a perspective view of a filament 100, according to an aspect of the
disclosure. The filament 100 has a length 102 that extends along a longitudinal axis 104, and
a transverse profile 106 defined by cross section 1n a radial direction 108, where the radial
direction 108 18 perpendicular to the longitudinal axis 104. Although the filament 100 1n
FIG. 1 1s shown with a monofilament structure, 1t will be appreciated that the filament 100
could also have a multi-filament structure. The filament 100 may be a surgical suture, or
other filament structure known to persons having ordinary skill in the art.

[0029] A periphery of the transverse profile 106 of the filament 100 may be a generalized
cylinder defined by an intersection of a plane extending 1n the radial direction 108 with an
outer surface 110 of the filament 100. The generalized cylindrical cross section of the
filament 100 could include a circular cross section, a polygonal cross section, an elliptical
cross section, a lobed cross section, an irregular cross section, or other filament cross section
known to persons having ordinary skill in the art. According to one aspect of the disclosure,
the generalized cylindrical cross section of the filament 100 1s substantially constant along
the entire length 102 of the filament 100. Alternatively, according to another aspect of the
disclosure, the transverse profile 106 of the filament 100 may vary along the longitudinal axis
104 of the filament 100.

[0030] The filament 100 includes a first composition 112 1in contact with a second
composition 114 along a longitudinal interface 116. The first composition 112 may differ

from the second composition 114 by color, molecular weight, polymeric composition,
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bioactivity, or other suture material characteristic known to persons having ordinary skill 1n
the art. According to one aspect of the disclosure, the first composition 112 differs from the
second composition 114 only 1n color. According to another aspect of the disclosure, a color
of first composition 112 is a natural color of a polymer composing at least a portion of the
first composition 112. According to yet another aspect of the disclosure, a color of the first
composition 112 1s different from a natural color of a polymer composing at least a portion of
the first composition 112.

[0031] The color of erther the first composition 112 or the second composition 114 may
be varied by addition of dyes, pigments, powders, or other colorants known to persons having
ordinary skill in the art. A colorant may be either a dye or a pigment based on its solubility.
Some 1mnorganic pigments may be advantageous for coloring PTEFE products because they
provide high temperature resistance, for example, during sintering.

[0032] Referring now to FIGS. 2-4, it will be appreciated that FIG. 2 shows a front view
of the tilament 100 1llustrated 1n FIG. 1; FIG. 3 shows a radial cross section of the filament
100 1n FIG. 2 along section 3--3; and FIG. 4 shows a radial cross section of a filament 100,
according to an aspect of the disclosure.

[0033] The longitudmal intcrface 116 may cxtend through the entire transversc profilce
106 of the filament 100, such that the longitudinal interface 116 intersects the outer surface
110 of the filament 100 at a first point 118 and a second point 120. In turn, the first
composition 112 may dctinc a portion of the outer surface 110 cxtending from the first point
118 to the second point 120, and the second composition 114 may define another portion of
the outer surface 110 extending from the first point 118 to the second point 120.

[0034] According to an aspect of the disclosure, the longitudinal intertace 116 18 a planar

surface extending through the filament 100, such that the longitudinal interface 116 appears
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as a substantially straight line 1n radial cross section. Alternatively, 1t will be appreciated that
the longitudinal interface 116 may appear as an arc, an irregular line, or any other line known
to persons having ordinary skill in the art.

[0035] According to another aspect of the disclosure, a profile of the longitudinal
interface 116 1n radial cross section remains substantially constant along the longitudinal axis
104 of the filament 100. According to yet another aspect of the disclosure, a profile of the
longitudinal interface 116 in radial cross section varies along the longitudinal axis 104 of the
filament 100.

[0036] As shown 1n FIG. 3, a radial thickness 122 of the first composition 112 may
extend at least half an overall dimension 124 of the filament 100. In one aspect of the
disclosure, the transverse profile 106 of the filament 100 1s a circular cylindrical protile, and
the longitudinal interface 116 lies along a diameter of the circular cylindrical profile of the
filament 100. In other words, the first composition may span a sector of transverse profile
106 equal to about 180 degrees.

[0037] As shown 1n FIG. 4, a radial thickness 122 of the first composition 112 may
extend less than half an overall dimension 124 of the filament 100. According to an aspect of
the disclosurc, the radial thickness 122 of the first composition 112 may cxtend no Icss than
one-quarter of the overall dimension 124 of the filament 100.

[0038] FIG. 5 shows a radial cross section of a filament 100, according to an aspect of the
disclosurc. In FIG. 5, the first composition 112 and the sccond composition 114 contact onc
another along the longitudinal interface 116. The second composition 114 may compose the
balance of the transverse profile 106 of the filament 100. The first composition 112 may

compose a sector 126 of the transverse profile 106 of about 90 degrees. However, 1t will be
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appreciated that sector 126 could occupy any advantageous extent of the transverse profile

106.

[0039] FIG. 6 shows a transverse profile 106 of a filament 100, according to an aspect of
the disclosure. In FIG. 6, the first composition 112 composes a first sector 126 of the
transverse profile 106, and the second composition 114 composes a second sector 128 of the
transverse profile, where the first composition 112 and the second composition meet at a first
longitudinal interface 116. Further according to FIG. 6, a third composition 130 may
compose the balance of the transverse profile 106.

[0040] According to one aspect of the disclosure, the first sector 126 1s about 120
degrees. According to another aspect of the disclosure the second sector 128 1s also about
120 degrees. However, 1t will be appreciated that the first sector 126 and the second sector
128 could occupy any advantageous extent of the transverse profile 106.

[0041] The second composition 114 may contact the third composition 130 along a
second longitudmal intertace 132. Further, the third composition 130 may contact the first
composition 112 along a third longitudinal intertace 134. The first longitudinal interface 116,
the second longitudinal interface 132, and the third longitudinal interface 134 may all
intcrscet along a line through the filament 100 that appcars as the point 136 1n FIG. 6.
Alternatively, the first longitudinal interface 116, the second longitudinal interface 132, and
the third longitudinal interface 134 may not all intersect one another at the point 136.

[0042] The third composition 130 may dittcr from the first composition 112 and the
second composition 114 by color, molecular weight, polymeric composition, bioactivity, or
other suture material characteristic known to persons having ordinary skill 1n the art.
According to one aspect of the disclosure, the third composition 130 differs from the first

composition 112 and the second composition 114 only 1n color.
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[0043] FIG. 7 shows a transverse profile 106 of a filament 100, according to an aspect of
the disclosure. In FIG. 7, the first composition 112 composes a first sector 126 of the
transverse profile 106, and the third composition 130 composes a second sector 138 of the
transverse profile 106. The first composition 112 and the third composition 130 each contact
the second composition 114 along the first longitudmal mtertace 116 and the second
longitudinal interface 140, respectively. Further, the first composition 112 and the third
composition 130 each contact the second composition 114 along a third longitudinal interface
142 and a fourth longitudinal interface 144, respectively. Accordingly, the first composition
112 may be separated from the third composition 130 by portions of the second composition
114.

[0044] The first sector 126 may extend about 90 degrees, and the second sector 138 may
also extend about 90 degrees. Further, the second composition 114 may compose the balance
of the transverse profile 106. However, 1t will be appreciated that the first sector 126 and the
second sector 138 may cach occupy any advantageous extent of the transverse profile 106.
[0045] In FIG. 7, the third composition 130 may differ from the first composition 112 and
the second composition 114 by color, molecular weight, polymeric composition, bioactivity,
or othcr suturc matcrial characteristic known to persons having ordinary skill i the art.
According to one aspect of the disclosure, the third composition 130 differs from the first
composition 112 and the second composition 114 only in color. According to another aspect
of the disclosurc, the first composition 112 and the third composition 130 have the same
color, and the color of the first composition 112 and the third composition 130 is different
from the color of the second composition 114.

[0046] FIG. 8 shows a transverse profile 106 of a filament 100, according to an aspect of

the disclosure. In FIG. 8, the transverse profile 106 of the filament 100 may include the first
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composition 112, the second composition 114, the third composition 130, and a fourth
composition 146. The fourth composition 146 may difter from the first composition 112, the
second composition 114, and the third composition 130 by color, molecular weight,
polymeric composition, bioactivity, or other suture material characteristic known to persons
having ordinary skill in the art. According to one aspect of the disclosure, the fourth
composition 146 differs from the first composition 112, the second composition 114, and the
third composition 130 only 1n color.

[0047] The first composition 112, the second composition 114, and the fourth
composition 146 may extend over a first sector 126, a second sector 128, and a third sector
152, respectively. Further, the third composition 130 may compose the balance of the
transverse profile 106. The first sector 126, the second sector 128, and the third sector 152
may each extend over about 90 degrees. However, 1t will be appreciated that the first sector
126, the second sector 128, and the third sector 152 may each occupy any advantageous
extent of the transverse profile 106.

[0048] The second composition 114 may contact the third composition 130 at a second
longitudinal interface 140, and the third composition 130 may contact the fourth composition
146 at a third longitudinal intcrfacc 148. Further, the fourth composition 146 may contact the
first composition 112 at a fourth longitudinal intertace 150.

[0049] Although FIGS. 1-8 show only two to four distinct compositions 1n the filament
100, 1t will bc appreciated that the filament 100 may includce any numbcer of distinct
compositions greater than one.

[0050] FIG. 9 shows a front view of a filament 100, according to an aspect of the
disclosure. In FIG. 9, a longitudinal intertace 116 between the first composition 112 and the

second composition 114 is rotated about the longitudinal axis along the length 102 of the
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filament 100, thereby forming a helical interface 154 between the first composition 112 and
the second composition 114. The helical interface 154 may have a pitch 156, indicative of an
axial length of the filament 100 per revolution of the helical interface 154. A helical structure
of the first composition 112 may have a longitudinal width 158 along the longitudinal axis
104.

[0051] FIG. 10 shows a front view of a filament 100, according to an aspect of the
disclosure. In FIG. 10, similar to FIG. 9, a first composition 112 and a second composition
114 form a helical intertace 154. However, in FIG. 10 the helical interface 154 has a first
pitch 156 over a first axial length of the filament 100 and has a second pitch 160 over a
second axial length of the filament 100. The pitch of the helical interface 154 may be varied
along the longitudinal axis 104 of the filament 100 continuously or 1n discreet steps.
Likewise, a filament 100 may include a portion with a flat planar longitudinal interface 116
over a first axial length (see FIG. 1, for example), with no twist about the longitudinal axis
104, and have another portion with a helical intertace 154 over a second axial length.

[0052] Although FIGS. 9 and 10 show only a first composition 112 and a second
composition 114, 1t will be appreciated that a filament having a transverse profile 106 with
any numbcr of distinct compositions grcater than onc may be twisted about the longitudinal
ax1s 104 of the filament 100 to form any number of distinct helical structures greater than
one. Indeed, 1t will be appreciated that many variations and permutations of the above-
described structurcs arc contecmplated to be within the scopce of the present disclosure.

[0053] FIG. 11 shows a front view of a filament 100, according to an aspect of the
disclosure. The filament 100 includes helical interfaces between the first composition 112,

the second composition 114, and the third composition 130, which may result from helical
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twisting of the transverse profile 106 shown m FIG. 6 about the longitudinal axis 104, for
example.

[0054] FIG. 12 shows a front view of a filament 100, according to an aspect of the
disclosure. The filament 100 includes helical intertaces between the first composition 112,
the second composition 114, and the third composition 130, which may result from helical
twisting of the transverse profile 106 shown in FIG. 7 about the longitudinal axis 104, for
example. As discussed previously, the color of the first composition 112 may be the same as
or ditferent from the color of the third composition 130.

[0055] FIG. 13 shows a front view of a filament 100, according to an aspect of the
disclosure. The filament 100 includes helical interfaces between the first composition 112,
the second composition 114, the third composition 130, and the fourth composition 146,
which may result from helical twisting of the transverse profile 106 shown 1 FIG. & about
the longitudinal axis 104, for example.

[0056] FIG. 14 presents a flowchart for a method of making a filament 200, according to
an aspect of the disclosure. A preform 1s created 1n step 202; the preform 1s extruded to form
a filament 100 1n step 204; the filament 100 1s expanded 1n step 206; the filament 1s stretched
in step 208; and the filament 1s sintcred 1n step 210.

[0057] FIG. 15 presents a flowchart for the step of creating a preform 202, according to

an aspect of the disclosure. In step 220, raw materials are mixed into a paste. The raw

matcrials may includc a PTFE rcsin, a lubricant, a colorant, a bioactive agent, or other suturc

material additive known to persons having ordinary skill in the art.
[0058] The PTFE resin may have a high molecular weight, for example, a molecular
weight greater than 2,000,000, and 1n some embodiments greater than 7,000,000. Non-

[imiting examples of PTFE resins that may be used according to aspects of the disclosure
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include Daikin™ F131, Daikin™ F104U, Daikin™ F107, Daikin' " F201, Daikin'" F205, or
other similar PTFE resins known to persons having ordinary skill in the art. Further, the
PTFE resins may be supplied in a powder form for forming the paste in step 220. Some
metrics that may be relevant to selecting a particular PTFE resin include material quality at
extrustion and strength after drawing.

(0059] Examples of the lubricant that could be used in forming the paste in step 220
include 1sopar-E, isopar-H, isopar-M, kerosene, naphtha, petroleum ether, or other similar
hydrocarbon liquid known to persons having ordinary skill in the art. The lubricant mixed
with the PTFE resin may facilitate extrusion during the step 204. It will be appreciated that a
plurality of paste batches may be formed according to step 220, where each batch includes a
different colorant additive.

10060] According to an aspect of the disclosure, the paste formed in step 220 includes
PTFE resin powder mixed with about 12 to 20% lubricant by weight. According to another
aspect of the disclosure, the paste formed in step 220 includes PTFE resin powder mixed with
about 15% lubricant by weight. According to yet another aspect of the disclosure, the paste
formed in step 220 includes Daikin'™ F-131 PTFE resin powder mixed with about 15%

isopar by weight. However, it will be appreciated that other paste compositions may be used.

[0061) The paste raw materials may be mixed in a mixer for about ten to twenty minutes,
or until the paste raw materials are thoroughly mixed. A temperature of the paste raw
materials may be advantageously controlled between about 50 degrees Fahrenheit and about
60 degrees Fahrenheit during the mixing process to prevent damage to the resin powder.
[0062]  Next, in step 222 the paste is cured. The paste is cured at a temperature and time
duration to ensure the lubricant fully migrates into the paste powder. According to an aspect
of the disclosure, the paste is cured for not less than twenty-four hours. According to another

605025618.1
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aspect of the disclosure, the past 1s cured at a temperature ranging from about 68 degrees
Fahrenheit to about 78 degrees Fahrenheit.

[0063] In step 224, a preform mold 1s assembled. The preform mold may include an
outer tube with dividers disposed within the tube. The tube and dividers may be fabricated
from stainless steel or other similar material known to be compatible with the paste mixture
formed 1in step 220.

[0064] In step 226, paste 18 delivered into the preform mold. The dividers within the
mold tube may define discrete volumes within the mold that are configured to accept

different compositions of paste. For example a divider having a wedge shape may be used to

separate the first composition 112 from the second composition 114 to compose a preform
transverse profile such as that shown 1n F1G. 5, such that the divider lies at the longitudinal
interface 116 between the two compositions 112, 114. Similarly an X-shaped divider may be
used to separate the first composition 112, the second composition 114, the third composition
130, and the fourth composition 146 to compose a preform transverse profile such as that
shown 1n FIG. 8. Alternatively, the preform mold may not include any dividers when the
preform 18 composed of only one paste composition. It will be appreciated that a wide
varicty of divider configurations may bc uscd to composc preform structurcs including any
number of paste compositions arranged 1n a variety of spatial configurations.

[0065] After delivering the cured paste to the preform mold, the dividers may be removed
from thc prctorm m stcp 228. Then 1n step 230, the paste within the mold may be
compressed in a preform machine. According to an aspect of the disclosure, the preform 1s
compressed during step 230 at a pressure ranging from about 150 psig to about 190 psig.
[0066] FIG. 16 presents a flowchart for the step of extruding the preform 1nto a filament

204, according to an aspect of the disclosure. In step 240, the preform 1s loaded into an
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extruder. Next, in step 242, the preform 1s extruded through a sizing di¢c by applying a
pressure to the preform. Pressure may be applied to the preform via a hydraulic ram, or any
other means for applying pressure to a paste known to persons having ordinary skill in the art.
According to an aspect of the disclosure, the pressure applied to the preform during step 242
ranges from about 200 psig to about 400 psig. The extrudate from step 242 may form a green
PTFE filament having a transverse profile 106 that 1s approximately a scaled version of a
transverse profile of the preform.

[0067] In step 246, an end of the extrudate, downstream of the sizing die, may be coupled
to a spool, where the spool 1s driven to rotate a predetermined speed to roll the green PTFE
filament onto the spool. Between the extruder and the spool, the extrudate may pass through
a heater, as shown 1n step 244. The heating step 244 may diffuse a portion of the lubricant
from the extrudate. According to one aspect of the disclosure, a temperature within the
heater during step 244 1s not greater than about 500 degrees Fahrenheit. According to
another aspect of the disclosure, a temperature within the heater during step 244 18 about 400
degrees Fahrenheit. According to still yet another aspect of the disclosure, the extrudate does
not undergo significant sintering during the heating step 244. It will be appreciated that a
rcsidence time of the extrudate through the heater during step 244 may be varicd bascd on a
length of the heater and a speed of the extrudate traveling through the heater.

[0068] During the winding step 246, the end of the extrudate coupled to the spool may be
rotatcd substantially about a longitudinal axis of the cxtrudate cxtending from the spool,
thereby imparting a helical twist to the extrudate as shown 1n any one of FIGS. 9-13, for
example. According to an aspect of the disclosure, the extrudate may be rolled onto the spool
while simultaneously rotating the spool substantially about the longitudinal axis of the

extrudate extending from the spool.
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[0069] FIG. 17 shows a schematic of a process map for the steps of creating the preform
202 and extruding the preform into a filament 204. Raw materials from a raw material
supply 260 are delivered to a mixer 262. Paste from the mixer 262 is delivered to the
preform mold 264. The preform 1s transferred from the preform mold 264 mto the extruder
266. Then, the extrudate or green PTFE monofilament leaving the extruder 266 1s heated 1n
the heater 268 and wound onto a spool 272 on the winder 270.

[0070] Referring now to FIG. 14, the green filament or extrudate may be drawn from the
spool and expanded according to step 206. The expansion of the green filament in step 206
may be achieved by drawing the green filament over a heated plate such that the density of
the green filament decreases from a first density of about 1.4 to about 1.8 g/cc to a second
density of about 0.5 to about 1.4 g/cc. According to an aspect of the disclosure, the heated
plate temperature ranges from about 545 degrees Fahrenheit to about 555 degrees Fahrenheit.
According to another aspect of the disclosure, the heated plate temperature 1s about 550
degrees Fahrenheit. According to another aspect of the disclosure, during expansion, the
oreen filament may be exposed to an environment having a temperature range of about 520
degrees Fahrenheit to about 800 degrees Fahrenheit. In some aspects, the temperature of the
cnvironment may be about 780 dcgrecs Fahrenhceit. According to an aspect of the disclosure,
the expanding, stretching and sintering steps can be done 1n a continuous process, or 1n other
words, the filament may be first subjected to the first temperature, then without delay,
subjccted to the sccond tecmpceraturc. Thus the cxpanding, strctching and sintering steps arc
done 1n a continuous process without stopping or breaks in the process.

[0071] According to an aspect of the disclosure, a residence time of the green filament 1n

contact with the heated plate ranges from about 0.1 to about 0.5 seconds. According to
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another aspect of the disclosure, the heated plate has a length 1n the direction of travel of the
oreen filament of about 3 inches.

[0072] Different from expansion of untwisted green filaments, 1t will be appreciated that
orcen filaments that embody a helical twist may simultancously and advantageously
experience expansion i multiple directions during the expansion step 2060.

[0073] In step 208 the green filament 1s stretched to reduce a transverse dimension of the
orcen filament while maintaining a transverse profile of the filament. According to an aspect
of the disclosure, a density of the green monofilament 1s increased to about 0.8 to about 1.5
g/cc during the stretching step 208. Alternatively, a transverse dimension of the green
monofilament may be reduced during the stretching step 208 while maintaining a
substantially constant density.

[0074] According to another aspect of the disclosure, the green monotilament
experiences a stretch ratio ranging from about 5 to about 50 during the stretching step 208. It
will be appreciated that the stretching step 208 could include a plurality of stretching steps
performed 1n series on the same green monofilament.

[0075] Roundness of the green filament may be maintained through the stretching step
208 by using multiplc passcs from onc godct to another godcet within onc draw stand to hold
the green monofilament in place without using nip rolls. Further, ortenting the green filament
in a vertical direction, with gravity, may also promote preservation of the green filament
shapc through the strctching step 208.

[0076] According to some aspects of the disclosure, the expansion step 206 and the
stretching step 208 can occur simultancously or nearly simultancously. According to other
aspects of this disclosure the expansion step 206 and the stretching step 208 need not be done

simultaneously or nearly simultaneously and may be done 1n any order.



CA 0292269%4 2016-02-2b

WO 2015/031591 2 PCT/US2014/053118

[0077] In step 210, the green filament 1s sintered. According to one aspect of the
disclosure, the sintering step 210 includes stretching the green filament while exposing the
oreen filament to an environmental temperature greater than about 700 degrees Fahrenheit. It
will be appreciated that various combinations of sintering temperatures and residence times at
the sintering temperature may be employed to eftect the desired level of filament sintering.
For example, the same degree of sintering may be achieved by lower temperature with longer
residence times, or higher temperatures with shorter residence times.

[0078] According to an aspect of the disclosure, the final sintered filament has a tensile
strength not less than about 100,000 psi1. According to another aspect of the disclosure, the
final sintered filament has a density between about 0.8 and about 1.5 g/cc.

[0079] The present disclosure 1s applicable to filaments 1n general and to a filament for
use as a surgical suture. Aspects of the disclosure provide a high-strength, expanded PTFE
monofilament suture to users, which may include medical equipment developers or end users.
The monofilament sutures may provide enhanced visual recognition propertics by
incorporating one or more pigment additives into the monofilament sutures. The pigment
additives may be distributed throughout the suture material, or may be advantageously
1solatcd to localized arcas of the suturc matcrial to ctfcct color patterns, including uniquce
spiral patterns, for example. Further, radiopaque additives may be incorporated into
monofilament sutures so that the sutures may be seen 1n X-ray images or other fluoroscopy
1Imagcs.

[0080] Tensile strength and visual recognition are important properties of a suture.

Although conventional approaches for making expanded PTFE sutures may provide
sufficient handling and abrasion resistance, Applicants identified that the conventional

approaches may provide low tensile strength and may pose difficulty distinguishing the
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natural white color of PTFE against light or white backgrounds. In turn, Applicants
1dentified improvements to suture tensile strength 1n combination with pigment additives that
could improve the marketability of sutures so produced.

[0081] The colors and/or patterns incorporated in to the suture can be used to 1dentify a
suture characteristic, such as a cross sectional dimension of the suture such as a diameter or
the presence or absence of other additives such as bioactive additives. Further, the colors
incorporated mto the suture may help users distinguish the suture against a white or light
colored background, where a plain white PTFE suture would be difficult to see. Moreover, 1t
will be appreciated that enhanced visibility of the suture material may benefit knot tying
procedures.

[0082] It will be appreciated that the high-strength and/or colored expanded PTFE
filament could be used alone as a monofilament suture, or alternatively, combined in a
plurality of fibers as a braided suture. For example, the strength and lubricity of the
expanded PTFE filament could be combined with ultra-high molecular weight polyethylene

(UHMWPE) fibers to create a braid that has high strength, high lubricity, and improved

abrasion resistance. Further, if the expanded PTFE filament has radiopacity, then a braided
suturc incorporating the cxpandcd PTFE clement may be visible during X-ray or fluoroscopc
Imaging.

[0083] Combinations of the expanded PTFE filament with other polymer filaments, such

as, polycster, polypropylenc or other non-absorbable suturc matcrials known to pcrsons

having ordinary skill in the art may be advantageous. Alternatively, expanded PTFE

filaments could be combined with absorbable (1.¢., absorbable by an organism) or slow-
absorbing materials to make a composite braided suture that exhibited high strength, but

could be at least partly absorbed by an organism, leaving just the expanded PTFE filament
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when it is desirable to minimize long-term implantation or to minimize the long-term profile

of the device and/or repair.

[0084] It will be appreciated that the foregoing description provides examples of the
disclosed apparatus and method. However, it is contemplated that other implementations of
the disclosure may differ in detatl from the foregoing examples. The scope of the claims
should not be limited by the preferred embodiments set forth in the examples, but should be
given the broadest interpretation consistent with the description as a whole.

]0083] Recitation of ranges of values herein are merely intended to serve as a shorthand
method of referring individually to each separate value falling within the range, unless
otherwise indicated herein, and cach separate value 1s incorporated into the specification as it
1t were individually recited herein. All methods described herein can be performed in any

suttable order unless otherwise indicated herein or otherwise clearly contradicted by context.
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CLAIMS:

We claim:

I. A method for making an expanded polytetrafluoroethylene (PTFE)
monofilament, the method comprising:

forming a first paste by mixing a PTFE powder with a hydrocarbon solvent, the first
paste including less than about 16% of the hydrocarbon solvent by weight;

curing the first paste by exposing the first paste to a first temperature for a first time
duration;

forming an extrusion preform by pressing the first paste into a form;

forming a green monotilament by extruding the first paste through a die;

expanding the green monofilament by exposing the green monofilament to a second
temperature for a second time duration, the second time duration occurring after the first time
duration;

stretching the green monofilament substantially along a longitudinal axis of the green
monofilament, the stretching the green monofilament occurring after the expanding the green

monofilament; and

sintering the green monofilament after the stretching the green monofilament.

wherein the expanding, stretching and sintering is done in a continuous process.

2. The method of claim 1, wherein the forming the first paste includes
maintaining a mixture of the PTFE powder and the hydrocarbon solvent at a substantially

constant temperature.

605025518.1
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3. The method of claim 2, wherein the substantially constant temperature 1s

between about 50 degrees Fahrenheit and about 60 degrees Fahrenheit.

4, The method of claim 1, wherein the first temperature is between about 68

degrees Fahrenheit to about 78 degrees Fahrenheit.

5. The method of claim 4, wherein the first time duration is greater than about 24

hours.

6. The method of claim 1, wherein the extrusion preform is substantially free

from mechanical forces acting on a free surface of the extrusion preform during the first time

duration.

7. The method of claim 1, wherein the forming the extrusion preform includes

Imparting a pressure on the first paste between about 150 psi to about 190 psi.

8. The method of claim 1, wherein the forming the extrusion preform includes

forming a second paste,
disposing a divider in the form,
disposing the second paste in the form such that the second paste is in contact with a

first side of the divider, the first side of the divider being opposite a second side of the divider

that is in contact with the first paste.

605025518.1
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9. The method of claim 8, wherein a color of the first paste is different from a

color of the second paste.

10.  The method of claim 1, wherein the second temperature ranges from about

520 degrees Fahrenheit to about 800 degrees Fahrenheit.

11.  The method of claim 1, wherein expanding the green monofilament includes

exposing the green monofilament to an environment at the second temperature.

12. The method of claim 1, wherein the second time duration is between about 0.1

and about 0.5 seconds.

13.  The method of claim 1, wherein expanding and stretching the green

monofilament 1s done simultaneously.

14.  The method of claim 1, wherein the sintering the green monofilament includes

exposing the green monofilament to a temperature greater than about 700°F for a third time

duration.

15. The method of claim 1, wherein the forming the green monofilament includes

imparting a pressure on the first paste between about 200 psi and about 400 psi.

605025518.1

CA 2922694 2017-07-14



24

16.  The method of claim 8, wherein the forming the green monofilament includes

rotating an end of the green monofilament about a longitudinal axis of the green

monofilament.

17. A monofilament, comprising:

a plurality of expanded polytetrafluoroethylene (PTFE) materials including a first
PTFE material, a second PTFE material, and a third PTFE material

the first PTFE material being in contact with the second PTFE material along a first

longitudinal interface of the monofilament, and the third PTFE material being in contact with

the second PTFE material along a second longitudinal interface of the monotilament,

the first PTFE material defining a first outer surface of the monotilament,

the second PTFE material defining a second outer surface of the monofilament,

the third PTFE material defining a third outer surface of the monofilament,

a color of the first PTFE material being different from a color of the second PTFE
material, and a color of the third PTFE material being difterent from the color of the first

PTFE material and the color of the second PTFE material.

18. The monofilament of claim 17, wherein the monofilament has a tensile
strength not less than about 100,000 psi and a density between about 0.8 g/cc and about 1.5

g/cc.

605025518.1
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19. The monofilament of claim 17, wherein the third PTFE material 1s in contact

with the first PTFE material along a third longitudinal interface of the monofilament.

20. The monofilament of claim 17, wherein the monofilament has a tensile
strength not less than about 100,000 psi and a density between about 0.8 g/cc and about 1.5

g/cc.

21.  The monofilament of claim 17, further comprising a fourth PTFE material in
contact with the third PTFE material along a third longitudinal interface of the monofilament,
the fourth PTFE material defining a fourth outer surface of the monofilament,

a color of the fourth PTFE material being different from the color of the first PTFE

material, the color of the second PTFE material, and the color of the third PTFE material.

22. The monofilament of claim 21, wherein the fourth PTFE material is in contact

with the first PTFE material along a fourth longitudinal interface of the monofilament.

23.  The monofilament of claim 17, wherein the first PTFE material is in contact

with the second PI'FE material along a second longitudinal intertace of the monotilament.

24.  The monofilament of claim 17, wherein the first longitudinal interface of the

monofilament extends from the first outer surface of the monofilament to a radial depth equal

to or greater than one-fourth of a cross sectional dimension of the monofilament.

605025518.1
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25.  The monofilament of claim 24, wherein the first longitudinal interface of the
monofilament extends from the first outer surface of the monofilament to about a longitudinal

ax1s of the monofilament.

26.  The monofilament of claim 25, wherein the first longitudinal interface of the
monofilament extends from the first outer surface of the monofilament to a radial depth of

about one-half the cross sectional dimension of the monofilament.

27.  The monofilament of claim 26, wherein the first longitudinal interface of the

monofilament extends across an entire cross section of the monofilament in a radial direction.
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