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(57) Abrégée/Abstract:
The present invention provides an improved process for manufacturing a polypropylene monofilament suture comprising aging a

polypropylene filament that has been drawn In two separate drawing steps Iin the range of from about 4X to about 8.5X for less
than two days then annealing the polypropylene filament to provide a polypropylene suture.
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IMPROVED PROCESS FOR MANUFACTURING A POLYPROPYLENE
MONOFILAMENT SUTURE

Abstract of the Disclosure

The present invention provides an improved process for
manufacturing a polypropylene monofilament suture

comprising aging a polypropylene filament that has been

annealing the polypropylene filament to provide a
polypropylene suture.
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Improved Process for Manufacturing a Polypropylene
Monofilament Suture

Field of the Invention

This invention relates to a Process for making
Polypropylene surgical filaments.

Background of the Invention

than twenty years. oOne of the first commercially

Successful polypropylene suture to gain wide acceptance
was described in U.S. Patent 3,630,205 to Gregory J.

Listner. Listner disclosed a4 process for manufacturing
polypropylene suture that comprised the steps of drawing

described in U.S. Patent Nos. 3,359,983, 4,520,822,

Recently issued U.S. Patent 5,217,485 describes a
Process for making polypropylene suture consisting of
extruding, stretching (orienting), permitting the
monofilament to equilibrate (age) for a period of at
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for the specific storage time) is similar to the process
single step draw process described in U.S Patent
3,630,205. The improvement supposedly obtained by this
process was a reduced 0-5% and 0-10% strain energies,
however, the data present in the patent do not support
this conclusion. The strain energy exhibited by a fiber
is indicative of the processing conditions used to
manufacturing the fiber. Strain energy can be affected
by several fiber processing steps such as the draw ratio
used in orienting the fiber and any subsequent
relaxation and/or annealing steps. Therefore, unless
fibers with identical process histories are compared, it
will be difficult to attribute decreases in strain
energies to any specific factor. The 5,217,485 patent
did not compare sutures with the same processing
conditions, therefore, did not establish that

equilibrating a suture after drawing the suture has any
affect on suture properties.

The present invention provides an improved process for
manufacturing polypropylene sutures which does not require

a holding period of at least 2 days.

Summary of the invention

According to the present invention there 1s provided a
process for manufacturing a polypropylene monofilament
suture comprising ageing a polypropylene filament (that has
been drawn in two separate drawing steps in the range of
from about 4X to about 8.5X) for 2 to 40 hours then
annealing the polypropylene filament to provide a

polypropylene suture.
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iptior he Inventiorn

The FIGURE 1s a side elevation, partially schematic of
an apparatus suitable for carrying out the process of

the present invention.

nve .01

NDetailed Desc '0;'-1 of the

It has been discovered that for a polypropylene suture that
is oriented by two drawing steps there is no need to hold
the suture about two days before annealing the suture. To
facilitate the rapid processing of polypropylene sutures,
the sutures may be annealed from 2 to 40 hours and
preferably in the range of from 2 to 36 hours.
Additionally, it appears to be advantageous to anneal
sutures that are drawn in two steps from 2 to 40 hours,
because as shown in Example 3 there is a trend for longer
holding periods between drawing and annealing to result in
higher Young’s Modulii. There also appears to be no
improvement in strain energies attributable to increasing

the period a fiber is held between drawing and annealing.

As used herein the term polypropylene shall include
isotactic and syndiotactic polypropylene and blends
thereof, as well as, blends composed predominantly of
isotactic or syndiotactic polypropylene blended with
heterotactic polypropylene and polyethylene (such as is
described in U.S. Patent 4,557,264 issued December 10,

1985 assigned to Ethicon, Inc.
and copolymers composed predominantly of
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propylene and other alpha-olefins such as ethylene

(which is described in U.S. Patent 4,520,822 1issued June
4, 1985 assigned to Ethicon,

The preferred polypropylene material for
making sutures is isotactic polypropylene without any
other polymers blended or monomers copolymerized
therein. The preferred method for preparing the
flexible polypropylene sutures of the present invention
utilizes as the raw material pellets of isotactic
polypropylene homopolymer having a weight average
molecular weight of from about 260,00 to about 420,000.

Polypropylene of the desired grade is commercially
available in both powder and pellet form.

Referring to the FIGURE, there is shown an apparatus
that is suitable for carrying out the present invention.
An extruder 10 (which may be horizontally or vertically
extruder) 1is terminated at one end with an extrusion die
12. A longitudinal extruder screw is mounted for
rotation within the barrel 16 and is driven by a
variable speed motor 18 through a gear 20.

Polypropylene pellets are introduced into the extruder
through hopper 22 which communicates with the barrel 16.
In normal operation of the extruder 10, the feeding zone

24 of the extruder is maintained at a temperature in the

. range of from about 140°C to about 200°C, the transition

zone 26 1s maintained at a temperature in the range of
from about 170°C to about 220°C, and the pump block 30,
block 28 and die 12 are maintained at a temperature in
the range of from about 170°C to about 225°C. A pump 33

driven by a motor 32, pumps the molten polypropylene
through spinneret orifices in the die 12 to form a

plurality of filaments 31 (for simplicity only one _
filament 1s shown in the FIGURE). The filament 31 is
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extruded into quench bath 34. The quench bath 34 is
filled with a liquid heat exchange medium. The surface
of the liquid in the quench bath 34 is preferably not
more than a few centimeter below the die 12 in order to
achieve rapid cooling of the extruded filament 31, (i.e.
from in the range of from about 0.1 cm to about 20 cm).
The quench bath 34 is maintained at a temperature below
50°C and preferably the quench bath 34 is maintained at
about 20°C. The filament 31 enters the quench bath 34
and travels around idler roll 36 in the quench bath 34
and then up out of the quench bath 34 to another idle
roller 35 then to the first godet 37 in the first
drawing zone 2. In the first drawing zone 2 the
filament 31 is drawn in the range of from about 4.0 to
7.5X 1ts original length. The filament 31 may be drawn
incrementally or in several discrete steps 1n the first
drawing zone 2. The drawing will preferably be
performed in a first heated zone 41 (such as a heated
cabinet, oven, or by using heated godets) and a drawing
Pin may be used to stabilize the drawing point. The
temperature of the first heated zone will preferably be
in the range of from about 30°C to about 170°C. Most
preferably the first godet will be maintained at a
temperature in the range of from about 40°C to 140°C and
the second godet will be maintained at a temperature
from about 60°C to about 82°C. The filament 31 will
remaln in the first heated zone 41 generally only a

short time preferably in the range of from about 0.1
seconds to about S5 seconds.

In the preferred embodiment of the invention shown in
the attached Figure, the filament 31 is drawn by a first
godet 37 and a second godet 42. The first godet 37
includes a main roll 38 and an air bearing 40. The
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an ailr bearing 44. The second godet 42 is rotated at a
peripheral speed that is in the range of from about 4.0
to about 7.5X of the speed of the first godet 37.

In the preferred embodiment of the invention shown in

the attached Figure, the filament 31 passes through a
second heated zone 46 to a third godet 50. The second

heated zone 46 is preferably an oven 48 that is

maintained at a temperature of in the range of from

about 180°C to about 280°C, preferably in the range of
from about 195°C to about 260°C. The filament 31 is

drawn in the range of from about 1%¥ to about 2.5X, while
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traveling from the second godet 42 to the third godet 50
in the second heated zone 46. The third godet 50
includes a main roll 51 and an air bearing 52, that are
rotating at a peripheral speed of about 1X to about 2.5X
of the peripheral speed of the second godet 42.

Preferably the draw ratio will be in the range of from
about 1.06X to about 1.9X.

The total draw ratio may range from 4X to about 8.5X.

Preferably, the draw ratio will be in the range of from
about 7X to 8.2X and most preferably from 7.75X to 8X.

The residence time of filament 31 within any of the
heated zones can be optimized to improve fiber
properties. The overall residence time that filament 31
ls present in the first and second heateg zones will
preferably be in the range of from about 0.2 seconds to
about 5 seconds. The residence time can be increased

with longer ovens or by having multiple wraps of the
fiber on the godets.

After the filament 31 has been drawn in accordance with
the procedures described above it may be wound on a tube
spool 70. It is then annealed in an oven and allowed to
shrink from about 16 to about 35 percent of the original
length (i.e., the final length will be from about 65 to
84 percent of the pre-shrink length). The annealing is
carried out at a temperature within the range of from
about 135° to about 152°C, for a period of time
sufficient to permit the filament to shrink to the
degree indicated above and heat set at that shrinkage.
Normally, this will take from about 5 to about 40
minutes. Preferably the suture will be wound on racks
as described in U.S. Patent 3,630,205 Listner assigned
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to Ethicon, Inc.

Additionally, the ovens and racks should be configured
to provide uniform heating to all the filaments.

After the drawing and annealing, the filaments of the
invention are fabricated into surgical sutures in
accordance with customary procedures. They can be
produced in the usual sizes, for example, from size 2
down to size 11/0. They can be attached to needles by
the usual procedures, and can then be sterilized (as by

using ethylene oxide) and package in sterile packs ready
for use.

The polypropylene that is employed to produce the
sterile suture of the invention can contain the usual

stabilizers against heat, ultraviolet and oxidative
degradation. Such stabilizers include hindered phenols,

tertiary amines, and the like. The polypropylene can
also contain dyes, colorants, and lubricants.

The following non-limiting examples are further provided
to illustrate the practice of the present invention.
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EXAMPLE 1

Dyed isotactic polypropylene having a melt flow of 3-5

as.determined by ASTM D1238 was used to produce surgica

sutures under the conditions set forth in Table 1 belo

TABLE 1

127

RPM is revolutions per minute.

FPM is feet per minute.

‘The oven was approximately six (6) feet long.
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Example 2

The fiber prepared in Example 1 were annealed at
different times after the fibers had been extruded and
drawn. The 0-5% and 0-10% strain energies of these
annealed fibers were measured using Instroﬁguodel 4200
Universal Testing Instrument. The straln energy was
determined by calculating the area under the stress-
strain curve at 5% and 10% extension. The Instron test
program was modified to perform this as a recalculation
of data from pull test. The strain energy data is
reported in Tables 2 and 3 below.

Table 2
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The strain energy data reported in Tables 2 and 3

indicate that there is no correlation between reduced

strain energy and the time a fiber is equilibrated
between drawing and annealing.
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Example 3

The fibers prepared in Example 1 were annealed at
different times after the fibers had been extruded and
drawn. The Young’s Modulii of these annealed fibers

were calculated in psi from the initial stress-strain

‘data generated during tensile strength tests. The

tensile strength test were performed on an Instron®Mode1
4200 Universal Testing Instrument with a gauge length of
12.7 cm, a chart speed of 30.5 cm/min and a crosshead
speed of 30.5 cm/min. Young’s Modulus is the ratio of
applied stress to strain in the elastic region of the
suture and measures the elastic component of a suture’s

resistance to stress. This value relates to the
flexibility of a suture.
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Table 4

DD
320 316
293 305
334 324

e
317 II!:"
318 325
331 327
327 343

289
0
274
281
290
317
337
334

Young’s Modulus

207
239

15
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Claims:

1. A process for manufacturing a polypropylene

monofilament suture comprising

(a) ageing a polypropylene filament 2 to 40
hours that has been drawn in two separate
drawing steps in the range of from about

4X to about 8.5X then;

(b) annealing the polypropylene filament to

provide a polypropylene suture.

2. The process of claim 1 wherein the polypropylene
filament that has been drawn in two separate drawlng
steps is drawn in the first step in the range of

from about 4X to about 7.5X.

3. The process of claim 1 wherein the polypropylene
filament that has been drawn in two separate drawing
steps is drawn in the second step in the range of

from about 1.0X to about 2.5X.

4 . The process of claim 1 wherein the polypropylene
filament has been drawn in the range of from about

7X to about 8.2X.

5. The process of claim 1 wherein the polypropylene
filament is aged in the range of from about 2 to

about 36 hours.

6. The process of claim 1 or 5 wherein the
polypropylene filament that has been drawn in two
separate drawing steps 1s drawn in the first drawing

step 1in the range of from about 4X to about 7.5X,
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and is drawn in the second step in the range of from

about 1.06X to about 1.9X.

The process of claim 6 wherein the polypropylene
suture 1s allowed to shrink in the range of from
about 16 to about 35 percent based on the original

length of the suture.

The process of claim 7 wherein the polypropylene
suture has been drawn in the range of from 7.75X to

8X.
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