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This invention relates to processes for produc- -

ing:suture material’ and similar products.

Up: to the present, catgut prepared by twist-
ing: -together strips .cut from animal intestines
has. been the most commonly used suture ma-
terial, However, while catgut sutures have the
advantage of ‘high tenacity, a ‘good grade having
& tenacity: of' about: 4 .to; 4.5 .gms:/denier, they
have the major shortcoming -that, although the
intestines from which they are prepared are pro-
{ein in character, the precise constitution of the
intestines. differs from one -animal to :another,
and. the sutures prepared from the intestines of
different animals: also exhibit: variations which

-are: most: marked - in the time: required: for ‘the

sutures. to. be: absorbed by the human: organism.

 Some:catgut sutures.are absorbed by the human

organism in a matter of hours, which is toco-rapid

Jin many cases, whereas other-catgut.sutures are

‘absorbed: only-after an.unduly-prolonged time, or
not-at-all. Of course, serioug:results follow if the

suture- disintegrates: and: .is. absorbed before a

wound: is-healed, or-if the:suture:is:not-complete-

‘1y- absorbed ‘when: a wound; is: entirely: healed.

This-variation in the time in-which:catgut sutures
are-absorbed-by the human organism has been so
troublesome that. attempts have. been made to
circumvent the. difficulties by marketing the ma-
terial according to-grades, but even this precau-
tion-has:not wholly:eliminated the problem.

‘Sinee. catgut. sutures. are usually  made: by
manusily twisting three or four flatitwisted:strips
of catgut together, there may even be variations
in the.rate-of absorption by the human organism,
as well as variations in strength, as between dif-
ferent: portlons of‘the same suture.

A needfexists for threads suitable for-use.as
suture. material which at least approximate or
equal:-catgut in tensile strength, and which are
absorbed by the-human:organism:in an-optimum
period of time which. is- uniform: for all: sutures
comprising. the material.

Previously, it. has -heen. proposed. to prepare
sutures or like praoducts from.fibers. which.occur
naturally in the sinews or. tendons of large ani-

‘mals, such as beef tendons, butf prior to our.in-

vestigations threads comprising such fibers and
having sufficiently high tenacity to warrant sub-

-stitution thereof for catgutiin-stitching up wounds

havenot been-available.

In: preparing sutures- from the fibers occurring
in-such.animal parts, the-earlier practice was to
-grind the starting material, such as beef tendons,
in e colloid: mill: It was: found that .threads
formed from the ground:material:were lacking:in
strength; and.useless;.
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Since then, the art has emrphasized the.neces-

sity-for maintaining the fibers in the elementary

form in which they cccur naturally in beef ten-
dons: or like animsgl parts, and precautions have
been taken not only to preserve the fibrous: char-
acter-of the-fibers, but also to-maintain the fibers
as long as possible, the supposition being that
only: by taking .such. precautions could strong
threads be obtained..

The fibers: which qecur- naturally in the: comr-

mercially practicable sinews or tendons of the

larger animals; such as beef tendons, are- very

thin and undesirably long; having g length of

several inches, in most cases; Even in those cases
where the tendons-or sinews have been subdivided
prior-to separating the:fibers therefrom, care has
been taken:to maintain the-fibers as long as pos=
sible, and the fibers have -had.a length of af:least
about:one centimeter.

Threads or- filaments obtained from: suspen-
gions: of these long fibers, in. accordance with
prior practice; have not shown exceptional
strength, althoush: they are superior in that re-
spect to- threads: formed: from: ground material.
Threads or filaments-comprising fibers having a
length: of one centimeter have a strength:of only
about: 3 gms:/denier; which: does: not compare

favorably with: the tenacity of a. good grade: of

catgut. Further; the. suspensions of the long: or

.comparatively long- fibers are- extremely viscous

and can only be extruded, at a slow rate-of speed,
through 2. Jong, coemparatively wide tube such
that. relatively coarse filaments of large denier
of the order of: 35 denier per filament are ob-
tained: Such suspensions .cannot be extruded
through: a short narrow tube to form finer fila-
ments- because: the suspension- does. not flow
smoothly through: the: short tubes even at high

-pressures..

Our photosmicragraphs and eleciron~micro-

graphs- reveal that the long: fibers: which. consti-

‘tute: the structural basis-of the priorrart suspen-
sions are not aligned in well oriented: bundles
along the: filament axis: but are enmeshed: with
one;another and-lie-in tangled masses. The-pres-
ence -of such- tangled masses- in. the: suspensions

aceounts: for; the-comparatively low strength -of

threads.formed therefrom, and for the-difficulties
encountered. in: spinning the- suspensions.
We-haxe-now: found: that, while. it is important
to the production: of high: tenacity threads fo
maintain the fibrous. strueture- of the ‘animal
fibers -oceurring -in. heef: tendons, for instance,. in
preparing. suspensions: thereof. suifable for-spin-
ning; the presumption of:the: art that the fibers
must: be: preserved. in: the long condition is erro--



2,570,448

3
neous and that, in fact, strength in the final
threads is materially decreased by too great
length of the constituent fibril structures.

We have discovered, and this discovery is the
basis of our present invention, that by cutting
the fibers into segments having a selectively con-
trolled length measurable in millimeters, while
maintaining their fibrous character, preliminary
to the preparation of suspensions thereof suit-
able for spinning into threads or filaments, a
remarkable increase in the tensile strengths of
the final threads is achieved. Thus we have
found that when the fibers cccurring naturally
in beef tendons or the like are cut to a length
measurable in millimeters, the threads obtained
from suspensions of the fibers in suitable swell-
ing agents have tensile strengths of the order of
4 to 4.8 gms./denier.

Like catgut, the new sufures are protein in
nature and absorbable by the human organism.
However, the new sutures are superior to catgut
‘because all of the new sutures are absorbed by
the human organism in about the same period
of time. Since the spinning gels from which the
sutures are obtained comprise a blend of a con-
siderable quantity of protein material, and are
always essentially the same, the threads cbtained
by spinning the gels into appropriate media, are
also always essentially the same, and a multi-
plicity of sutures may be obtained all of which
‘have the same properties. Results obtained in
one case can be readily duplicated as desired,
‘and the sutures can be used with confidence.
The new sutures are superior to sutures previ-
ously obtained from suspensions of the elemen-
tary fibers occurring in beef tendons, or fibers
having a length measurable in centimeters, due
to the increased tenacity by which they are char-
acterized. The suspensions comprising the cut
fibers do not tend to plug the spinning jets as
do the suspensions comprising the longer fibers,
and emerge from the jets more smoothly, so that
the filaments obtained are uniform and even
along their length and do not show weakened
portions such as are noticeable in the case of
filaments obtained from the prior art suspensions.
The cut fibers having the selectively controlled
“length, align themselves in well oriented bundles
along the filament axis which makes for uni-
form high strength in the final products. Fur-
ther, we have found that, since the cut fibers
do not lie in-tangled masses in the suspensions,
as do the longer fibers, it is possible, if desirable,
to extrude the suspensions of the cut fibers
through a short, narrow tube, which makes for
higher spinning speeds and permits the produc-
tion of relatively fine filaments. We have ob-
tained filaments as fine as filaments of '10 denier
per filament in this manner which, due to the
combination of high strength and comparative
fineness, are useful for a number of special
purposes.

The length of the cut fibers may vary, but in
general we prefer to cut the elementary fibers
into segments having a controlled length of from
about 0.1 to 5.0 mm., and most desirably, a con-
trolled length of from about 0.5 to 1.0 mm.

The fiber suspensions may be prepared in any
suitable manner. For instance, the starting ma-
terial, which may be a commercially practicable
animal sinew or tendon, for example a beef ten-
don, may be subiected to a mechanical teasing
operation to separate the fibers therefrom, the
conditions of separation being such that the
fiber structure is not impaired and the teased
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4
out fibers may then be cut to obfain segments
having the controlled length indicated, after
which the cut fibers may be suspended in a suit-
able swelling liquid, such as malonic acid, for
example, to obtain a suspension of the swollen
fibers in desired concentration. 'The suspension
may then be extruded to form filaments or
threads which, after washing at controlled pH
are dried, preferably under a stretching tension.

Alternatively, the starting material, such as
beef tendon, may be hardened by treatment with
Dry Ice and then sliced or shaved in such a man-
ner that the fibers present therein are cut to the
desired short lengths, the fiber form being pre-
served. . The sliced or shaved tendon may then
be subjected to the action of a swelling medium
from which a suspension of the precipitated
highly swollen short fibers may be separated.
The fiber suspension may then be extruded into
an appropriate coagulating and/or dehydrating
medium and the resultant threads comprising an
integral mass of the cuti fibers may be washed
and finished for use as previously described. .

Instead of swelling and separating the fibers
in a single operation by treating the sliced or
shaved tendon with a large quantity of swelling
agent, the subdivided tendons may first be treat-
ed with a smaller quantity of swelling agent,
with accompanying teasing out of the short
fibers, .and the additional amount of swelling
agent required to effect the desired swelling of
the fibers may then be added either during- or
after the separation of the fibers.

Any. suitable swelling agent known to the- art
may be employed, such as dilute solutions of
organic or inorganic acids or acid-reacting com-~
pounds, the concentration of the swelling agent
in the bath being dependent on the nature of
the particular swelling agent chosen and whether

-it is desired to prepare a relatively thin fiber sus-

pension or a more highly viscous suspension. In
general, the suspensions comprising the cut fibers
in accordance with our invention are thinner
and more readily extrudable than suspensions
comprising the elementary or longer fibers where-
in the fibers are tangled together.

The suspensions of the eut fibers may be ex-
truded info any suitable coagulating and/or de-
hydrating medium but lquids of low viscosity are

‘preferred. - Acetone has been found a most satis-

factory medium for effecting precipitation and
dehydration of the protein material, both of
which are necessary for obtaining satisfactory
fibers.

The threads obtained by extruding the sus-
pensions of the cut fibers may be treated with
suitable conditioning agents if desired. For ex-
ample, they may be impregnated with iodine and
similar germicidal or like agents to enhance
their usefulness -as -sutures; aiso-they may be
tanned as by treatment with croming materials,
or they may be hardened by treating them with
indurating substances, such as formaldehyde.

For some purposes the threads or filaments
obtained by spinning the suspensions of animal
fibers which have been reduced in length may be

- cut to staple fiber length and admixed with

70

other fibers such as wool, flax, cotton, silk, re-
generated cellulose or other artificial fibers to
produce mixed structures. Yarns or the like com-
pbrising the mixed fibers may be formed into
structures of various types in accordance with
usual fabricating procedures.

Instead of sutures, products useful for other
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purposes may be obtained; such as strings for
musical instruments or rackets, bands, films, ete.

We claim:

1. A method for manufacturing products com-
prising fibers which occur naturally in beef ten-
dons which comprises cutting the fibers to a se-
lectively controlled length in the range from
0.1 to 5.0 mm., suspending the cut fibers in a
swelling liguid, and forming the suspension into
products of a predetermined shape.

2. A method for manufacturing produets com-~
prising fibers which occur naturally in beef ten-
dons which comprises cutting the fibers to a
selectively controlled length in the range from
0.5 to 1.0 mm., suspending the cut fibers in a
swelling liquid, and forming the suspension into
products of a predetermined shape.

3. A method of manufacturing products com-
prising fibers which occur naturally in collag-
enous animal materials, said fibers having, in
their natural state, a length of at least 1 centi-
meter, which comprises cutting the fibers to a
selectively controlled length in the range from
0.1 to 5.0 mm., suspending the cut fibers in a
swelling liquid, and forming the suspension into
products of a predetermined shape.

4. A method of manufacturing products com-
prising fibers which occur naturally in collage-
nous animal materials, said fibers having, in their
natural state, a length of at least 1 centimeter,
which comprises cutting the fibers to a selectively
controlled length in the range from 0.5 to 1.0
mm., suspending the cut fibers in a swelling lig-
uid, and forming the suspension into products of
a predetermined shape.

5. A method of manufacturing continuous
filaments and threads of indefinite length con-
sisting substantially entirely of fibers which oc-
cur naturally in collagenous animal materials,
said fibers having, in their natural state, a length
of at least 1 centimeter, which comprises cut-
ting the fibers to a selectively controlled length in
the range frem 0.1 to 5.0 mm., suspending the cut
fibers in a swelling liquid, and extruding the sus-
pension into a setting medium.

6. A method of manufacturing continuous fila-
ments and threads of indefinite length consisting
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substantially entirely of fibers which occur na-
turally in beef tendons which comprises cutting
the fibers to a selectively controlled length in
the range from 0.1 to 5.0 mm., suspending the
cut fibers in a swelling liguid, and extruding the
suspension into a setting medium.

7. A method of manufacturing continuous
filaments and threads of indefinite length con-
sisting substantially entirely of fibers which oc~
cur naturally in collagenous animal materials,
said fibers having, in their natural state, a length
of at least 1 centimeter, which comprises cutting
the fibers to a selectively controlled length in
the range from 0.5 to 1.0 mm., suspending the cut
fibers in a swelling liquid, and extruding the sus-
pension into a setting medium.

JAMES W. HALL.
JOHN P. HOLLIHAN, Jr.
FREDERICK F. MOREHEAD.
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