HI GH COVPLI ANCE MONOFI LAMENT SURG CAL SUTURES COVPRI SI NG POLY [ ALKYloRN ;]1

TEREPHTHALATE- CO- ( 2- ALKENYL OR ALKYL) SUCCI NATE] 5 BACKGROUND OF THE.

| NVENTI ON The present invention relates to new and useful surgical sutures
and al li surgi cal products, and nore particularly to strong but |inp high
conpliaddé! 10 nmonof i | anent suturep having uni que handling and knot
tying c cteristics. The novel sutures and surgical products of the
present invention conprise a.substantially oriented copolyner nmade from an
al kyl ene t erepht hal ate and 2-al kenyl (or al Kyl )} "succi nate sequences. 15
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20 copol din this ipvention are also described
in U S. Patent No. 3,891,604. Fromthe teaching of these two patents, which

rel at ed N:EAC&&R raT:tdzcaMé/ Mﬁ&‘fd articles, little can be predict eq -

concernlng cat—preopert+tes—or highly oriented fibers made 25
fromthese copolyners. Furthernore, U S. Patent No. 3,542,737, indicates

explicitly ifh prdsiiedntdnd fdd PNt tss ded Grld Qméﬁlﬁtasizg‘f)@aiyrrer 'S,
namnel y
sutures and allxed,surgxcal products, and more
particularly to strong but limp high compliance,
10 monofilament sutyres having unique handling and knot tying
\ characteristics. The novel sutures and surgical products

of the present invention comprise asubstantially oriented

copolymer made from ‘an alkylene : terephthalate and

2-alkenyl (or alkyl) succinate sequﬁgoes.

15 ' -
u.S. Patent No. 3,890,279 discloses molded articles made
from copolymers of this invention'having reasonable levels
of crystallinity and flexibility as well as good tear
strength. Molded articles made of material containing the

20 copolymeric sequence described in this invention are also
described in U.S. Patent No. 3,891,604. From the teaching
of these two patents, which relate to molded, practically
unoriented articles, little can be predicted concerning
the mechanical properties of highly oriented fibers made

25 from these copolymers. Furthermore, U.S. Patent
No. 3,542,737, indicates.explicitly that oriented
multifilament yarns mede_from related copolymers, namely
those containing ethylene terephthalate and 2-alkenyl
succinate (0.5 to 15 mole %) sequences, display almost

30 identical tensile properties when compared with the
unmodified rigid yarn made from the high modulus parent
homopolymer, polyethylene terephthalate.

Theory and experience in the art of fiber chemistry
35 predict that branching - as present in the polymers

tf
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those contai ning ethylene terephthal ate and 2-al kenyl succinate (0.5 to 15 ‘
ol e % sequences, display al nost 30 I dentical .tensile properties when ’
tonpared with the unnodified rigid yarn made from the hi gh nodul us parent
horropol ynet, pol yet hyl ene terephthal ate. Theory and experience in the art -
of fiber ghem stry 35 predict that branching - as present in the
gl ymers . -2- described - nmay prohibit fib%? formation and will exert a
QelgtﬁriousfefLect on the tensile properties of any resulting fibers by the
inability of the ungrj . branch AL | - : .0a ryin
- capacity of the fi bé;erg,cetg'tb%% ang?g%ypkﬁgigggr#gyéﬁ;%%%%ré:rg%cie lblygtxﬁgt _a.
branch to chain al idgkeherions sffpchepnothentensble PIP ash Sfefdd¥e

-fS_ULp” sing Lha]E st rfdar.\sfhfeib@r l%ib'tbetspayt 't_ﬁa: %asﬂpfﬁhofﬁ(l?ﬁd itﬁiﬁrf‘e_uilﬂeﬁalbh:lan'c':h
| bers may be forne rom r t] ne terepht hal at.e) -

with pendant 10 ¥ - d%gc'ﬁ&i ﬁgg T&ﬁpﬁ?ﬁﬁbﬁi%‘%‘%ﬁ r?c‘-‘S%?‘t‘-‘ytr%@"
denote the recs procaid dy rihéulsteribhintenferahcearposadtbietthe hraachalt® are
presently used-as %Hcfgﬂrpahi%ﬁdéh%saurmssfiﬁﬂeétfé:&me:b.e yxedhads single
15 filament strands, i.e. nnn?fllanent sut ures, fg as .

- therefore surprising that strong £ ers, in particular
strong, compliant "ultralimp” fibers may be formed from
polY(tetramethylene_te:ephthalate) copolymefs wi;h pendant

10 hydrocarbon chains. Compliance is used in part to denote
the reciprocal of modulus. ' '

‘

Many natural and sYnthetic materials are presently used as
surgical sutures. These materials may be used as single
- 15 filament strands, i.e., monofilament sutures, or as

multifilament strands in a b:aided, twisted or other _
multifilament construction. Natural materials such as

 silk, cotton, linen, and the like, do not lend themselves
.to the fabrication of monofilament sutures and are

20 accordingly generally used in one of the multifilament

constructions. | A

‘Certain synthetic materials which are extruded in
continuous'iengths can be used in monofilament form.

25  Common synthetic monofilament sutures include |
polypropylene,_polfethYlene and nylon. Such monofilament
sutures are Qtefeﬁfea'by sutgeons:fdr many surgical
applicationS'duefto'ﬁhéir inherent smoothness and .
noncapillarity to body fluids. ' '

i -

30
' Available synﬁhetic:ﬁohofilament sutures all suffer to
greater or lesser aééféesfffom one particular .- _
disadvantagé,.thét.is relative Stiffness,- Besides making -
the mateérial more difficult to handle and use, suture
35  stiffness or lowvcompliance:can advefSély_affect-knot
tying ability and Knot security. It is because of the
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multifilanment strands in a braided, twisted or other nultifilanment
+ cOnstruction. Natural nmaterials such as silk, cotton, linen, and the |ike,
t lend thenselves to the fabrication of monof i | ament sutures and are
»accordingly generally used in one-of the multifilanment constructions.

n nonofilament form 25 Comden synt hetic nmonofil anent sutures
i nclude pol-ypr opyl ene, polyethylene and nylon Such monofil ament sutures

‘are preferred. by surg ons. for many surglcal gllca tions due to their -
inherent s/AbbeRRBSs skiftnessaptl pypidable ponpfilapast suturss thes

synthetic mlemyf Ishmget maubwias.ﬁahkesbi-E?iaeaOoﬂrHa?eroehebesse(rj degrEes frﬁm
~one particul ar advant.age, .that .is re e esi des maki ng the

materi al . t&%ﬁiaEﬁPF £ nﬁ&ﬁ&F%igﬂﬁ Hégh éﬁFE%t égﬁaiiggfffness or | ow

conpl|ancefdemladiemgeHndabbatprmd@y tying ability and knot security. It

is begause of the - inherent stiffness of avail able nDnofllanent sutures

‘that many suture naterials are braided or havg ot her
' Most monofilament sutures of the pr or art are also

_ characterized by a low degree of compIiance- This makes
knot tying difficult ‘and reduces knot security. In
o addition, the low compliance and limited ductility prevent
10  the suture from giving as a newly sutured wound swells,
_with the result that the suture may place the wound tissue
under greater tension than is desirable, and may even
cause some tearing,_cutting or necrosis of the tissue.

15 The problems associated with the us:‘of low ccmpliance'
sutures in certain applications were recognized in
U.S. Patent No. 3, 454 011, where it was proposed to
fabricate a surgical suture composed of Spandex-poly-
] urethane,' Such Sutnres, however, were too elastic and did
20 not find generalhacceptance in the medical profession. |

Recently issued U. S. Patent No. 4 224,946 describes a
monofilament suture with good flexibility and knot
strength, which suture is composed ‘of block polyether-

25 esters which contain (l) a polymeric block of polyalkene
esters and (2) a polymeric block of aromatic dicarboxylic
~acids or cycloaliphatic acids Wlth short chain . aliphatic
or cycloaliphatic diols.

30 It is an object of the. present invention to provzde a
novel soft, limp, thermoplastic monofilament suture or
ligature" of poly[alkylene - ¢ terephthalate-co-
(2-alkenyl or alkyl) . succinate]. It is a further object
of this invention to prov1de a monofilament suture with a

35  desirable degree pf_ductility to accommodate changing

"~ Cerft)g@ h synthetic materials which are extruded in continuous |engths can be -



nultlfllanent constructions wi.th better handllng, flexibility and _ .
conformity. 5 Mbst nonofil ament sutures of the prior art are. also '“P
gharacterized by a | ow-degree of .conpliance.. This nmakes knot tying-

difficult .and reduces knot security. In addltlon the | ow conpliance and

- I|n1ted ductility prevent 10 t he sutuxe4f40n1"g|V|ng" as.a newy sutured
weund swells, with the result that the suture may place the wound tissue-
under greater tmmd)ncoﬂwiltionslesmtlbis ammemyomantomﬁsmss)rmwmtim

cutting or necr g 23$e tm3E$T31 gﬁgy h the

use of Iom1conp es in certain I ca |ons mere reco n| din
U.S. Patent No. armmmtyimmweamcmst&@m ch#%ﬂ:ﬁecbaﬁletlu'%urgltal

suture conposeds glafpaieieXopbde o SRR tnveltittor o ifov Y Hew)'er © t00 .

elastic and did 20 not |nqggenera acce tance in the di cal

prof essi on. SRedRIPsocRte (pufure thaying a dianeter %s@‘?%&b%‘t
monof i | ament supux etd\ﬂil'ogﬂﬁ)darid %é&éssihganﬂuiqua grid elwirapde ch. suture

bl ok of - pol yal RO 4T EORSTF19S: o TRYRRY. bl RIS b eV e €

di car boxyl i ¢ achade capparemt| fyémt the ansising (desdmipticdmisandicl@insc or
cycloallphatusshﬁﬁﬁhyfg% THﬁtIﬂﬁhﬁﬁkdﬁ”eCt of the present invention to
prOV|de a10 The present invention provides .a drawn and highly '
' oriented thermoplastic surgical filament comprising a
' copolymer consisting.essentially of a multiplicity of
recurring poly: alkylene terephthalate and poly alkylene
_ alkyl or alkenyl succinate units hawing the following _
15 _general formula. -

3 o s m‘.ﬁ—- o oo
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wherein n is 2.to 6;'R'is a linear or branched alkyl or
- alkenyl radical with a chain length of 4 to 30 carbon _
atoms and x and y are integers such that the poly-alkylene
20 terephthalate units comprise 70. to 90 mole percent of
- the copolymer. The invention also provides fibrillar
_surgical alds comprising knitted woven or nonwoven o
oriented fibres of a thermoplastic copolymer having the o
chemical constitution just mentioned. Preferably n is 4.
25 Preferably' R, if it is alkenyl is 2—a1keny1. Preferably
- the chain length of R is between 12 and 22 (e.g. 12 to 18) -
_carbon atoms. Preferably the polyalkylene terephthalate
' onits comprise 80-87 mole % of the copolymer. Thus the
polyalkylene alkyl or alkenyl succinate units compose
‘309 30-10 mole %, and preferably 20-13%, of the polymer. In
the polymer produced, x and y can be predicted from the
quantities of starting materials used. ' Monofilament
sutures of the present invention are



soft, linp, thernoplastic nonofilament suture or ligature of poly[

y t er epht hal ate-co- (2-al kenyl or alkyl) succinatel. It is a
object of this invention to.provide a nonofil anent suture WwWth a 35
e degree of ductility to acconnndate changi ng - 4 - wound- '
conditions.. It .is another object of ghis invention to provrde a
nnnofrlanent suture with-the erxrbfT Ty and knot tying characteristics of
‘a braided suture. It is another obj ect of this inventian:t.o provide a new,

5 nonabsor bkl gc et 12&a ey <ﬂi £ nBideahp e GHydfcdl 0 M and
possessi ng: unlque nd desrra srcal properties.: These ‘and ot her
obj ects w | PFRREREMRShippar ent frontthe ensui ng description_and claims.

SUMVARY OF THE | NVENTI ON 10 The present i nventi.on. prOV|des a dr awn

ool Ot no KRG EE AOSLIRR 2811 © Aig £, recurr.zﬁ“;"*@‘t Bl ene

.
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t er eph¥hal a'i'%flahkﬁ petyemtdyl ene aﬂzto;d of 2houh SMI% %@%’avr ng the

fol lowing lgnogesekshgérr Ml & [ qdgn. .- "about 30,000 to 60,000 psi
| % elongation = - from> - about 25% to 60% .
o Sutures . possessing the above oharacteristics'may'he
10 - prepared by melt extrusxon, forming a oontinuous _
fxlamentary strand, and drawing the extruded filament to_
obtain the desired suture properties.
'Monofilament sutures having physical properties in accor-
15 dance with the present invention are particularly useful
in many surgical procedures where the suture is used to
close a wound which may be subject to later swelling or .
change in position. The combination of low Young's modu-~
lus and high elongation provides the suture with an appre=-
. 20 ciable degree of ductility and high complxance under low
| applied force. As a result, ‘the suture is able to "give"
to accommodate swelling in the wound area. In addition '
the ductility ‘and high tensile strength of the suture
allow the suture to stretch during knot tie~down so that
25 the knot snugs down" for 1mproved tying ability and knot
security with a more predictable and consistent knot
. geometry regardless of variations in suture tying
technique or tension.

30 DESCRIPTIO&'OF'THB PREFERRED EMBODIMENTS |

Polymers for-use . “in the present invention are obtainable
by the polyCondensation of dimethyl terephthalate, an
alkyl (or 2-a1kenyl) succinic anhydride and'a

35 polymethylene ‘diol:



. . _
wherein nis 2to 6, Ris a linear or branched al kyl or alkenyl radica :
with“a chain length of 4 to 30 carbon atonms and x and y are-integers s drb_/ :
that_tgg poly al kyl ene 20 terephthalate units conprise 70. to 90 nole )
percent -of.’t he copolynmer. -The invention also provides fibrillar surgical -
gkds conprising knitted woven or nonwoven Qlgented fibres of a

fer nopl asti c copol ynmer having the chem cal constitution just nentioned.
‘Preferably nis 4. 25 Preferably R. if it is alkqpyl, is 2-al kenyl.

Preferably the chain length of .Ris between 12 and{2?2 (etgh?éétto 18) . . -

carbon atons. Pr Y L.ene repint hYl ate conpris .

80-87 nol e % Of ﬁ%ﬁ@g@ﬁ‘?@%u‘?“ﬂ%’%ﬁ% kyhgne al k%ﬁpﬁg?}génw Polymer
> 20- 13%

succinate units conpose 30 30-10 nole % and Brefarably of the
polymer. In the polymer produced, x and y can be Predicted fromthe
quantities of_starting materials used. Monofilanent sutures, of th resent
invention aree  CTRR FaWMizRd W%é%l*&%ﬁ&qg&%i ﬁgﬁﬁ'gﬁbgP'ph&?gcal,
properties: Young substiituted -sucdinie ahbhydtides 240, beOppepabed bjerthel e

strength - fromg { 20 ;00 L (o] renohRagin -
from 'about 30, 00’6‘%2%‘6’%8’. %sf.t Sha%%i% g’“‘%h@ ank' &4 I"‘Ee“"_"“ _
' E (preféerably a terminal olefin): : _ : :
: | 0 L.
&= ] v 4 -
g R-CHz‘ZH=CH2+. { 0 —————— BCH=CH~-CH2 ’l/\ (i
N R /
b | o
o S . o
- The yeaction may be run in the absence or, preférably, in
- 15 Ehe presence of stabilizers such as7hindered.phenols,'_

(e.g., Irganox 1098) or éeéondary aromatic'amines, (e.qg.,
; 'Naugard 445). Acetates, oxides and alkoxides of numerous
i polyvalent metals may be employed as the catalyst such as,
' for example, zinc acetate, or magnesium acetate in
20 combination with antimony oxide, or zinc acetate together
. with antimony acetate. However, the éteferred.catalyst
for the polymerization is a mixture of 0.1% (based on
tdtal'charge weight) tetrabutyl orthotitanate and 0.005%
magnesium acetate. If a dyed product is desired, a '
25 compatibie dye such as, for instance, D&C Green No. 6;_can
be added to the polymer or monomer mixture in
concentrations of up to 0.5% based on expected polymer yield.

.n.!n"

The words "Irganox“yandj“Naugard" appearing in the
i present description are registered Trade Marks.' _
30 The polymerization is run in two stages. In the first
stage, run under nitrogen at temperatures'ranging from 160
to 250°C, polycondensation via transesterification and
esterification occurs, resulting in lower molecular weight
polyners andg oligomers. These are converted to higher |
- ' 35 molecular weight materials in the subsequent step run at
) 240° - 255°C, at pressures of less than 1 mm of mercury.
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S gation -. from about 25%to 6096Sutures possessi ng the ‘above .
haldbt eristics may be 10 prepared by nelt extrusion, formng. a -

fuous filanmentary strand, and drawi ng the extruded filanent to obtain
he~desired suture properties. Monofilanent sutures having physical -
properties in accor- 15 dance wi tfyJhe present invention are

particul arl'y useful-in many surgical procedures where the suture is used- to'&J

cl'ose a wound which nmay be subject to later swelling or change in position.
The conbi nem!heorredulmg@ummdwxﬂmwmuembelvwmsma ovi des- t he
suture mnt of n npllance
under Iow - f%()excaeﬁu%%soq'&ﬁﬁro%%l (lg’%ts?u utr@ee ?s%a[)q&rl['qo give" .to
accommodat e,cwaihglitw tofe ahawkd fnam 209 rf-oaé@l%t-l o mePrasentativesnd hi gh:

tensile strgdduxdir tmﬂ w&&dmaﬂ& ot %e oF thiet gl yilgdd bk not

tie- do t 25 knot "snu r,Qqued tyi ab|I|t and
knot cur A{ﬂr%' t"fﬁftrﬁﬁre“ﬁ &RV& ﬁalv@q%\’ﬁd °£|7§F‘§'Pengpﬁ2'rq1‘t9{' y g
regardl ess B wﬁarhtm |pnisrmerss.utdagenq&m qnemupqlsé.tdlorl mi@ﬁ ﬂi@m

DESCR! PTI O\, T Hia PREFRR the ggq %@E?éi@ﬂé@fa% {e4Hd RadtiAGE et

I nvention are o talnable yco ensat i,0n 0 dlnethyl terephthalate
an ‘al kyl (cﬁe@B%Hﬂ&Hﬁﬁﬁ tiS%F £oz38bo U0l ynet byl ene di a
: 9%x103 poise. A’ summary of polymer properties is gzven

10 ~ in Table I. i
The polymers are read;ly extruded in a ram type extruder,
as for example an Instron capillary rheometer at 10° -
50°C above the resin Tm, depending on the polymer'

15 molecular weight; The resulting eﬁtrudates -can be drawn

' and the total draw. ratio may vary from 3% to 7X.
The word "Instron" is a registered_Trade Mark.
The unique oriented fibers exhibit an uriexpected
combination of properties.-'Por example, strands of about

20 7 - 10 mil diameter displayed knot strengths of 35 - 45 x
103 psi, straipht tensiles -in the 50 - 80 x 103
psi-ena a Young's modulus of usually less than 150 x
103 psi. Percent elongations rénged-from-zs to 55.

25 In summary, the polymers5describea lend themselves to -
ready extrusion and drawing to strong and supple fibers
.which are useful as high compliance 'ultralimp sutures. A
list of propertxes_of Eibers drawn in a two stage process
using either two oonsecutive heated glycerine baths or a
300 hot shoe Eollowed by a subsequent glycerine bath, is shown
' in Table II.
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[err] .5 .. The required diols are comerci aI ly avail ab! e. The substit ut

SUCCInIC anhydri.des can be prepared by the "ene" reaction of nmaleic _
~arhydri de and an olefin (preferably a termnal olef in): [err] The reaction
may be run’in the absence or, preferably, in 15  the presence of
st:abi | i zgr's such as hindered phenols, (e.g:.,, |rganox-1098) or secondary
xromat'ic” -am nes,. (e.g., Naugard 445). Acet at’€s, oxides and al koxi des of
nuner ous ponvyaIent metal s may be enployed as the catalyt such as, for

exanpl e, zinc acetgLg, ePhe %'%ﬁa o Bth 1enecsﬁ?a§agaep%é£ble.

anti nony oxide, or Z|nc acetate toge wi-th antinony ace
" the preferred catapddt1ess Apdnqrs )Flhﬂﬂ 53 odn theiy. S#f-'ﬁt‘ﬁ#b BFLYr 19 (based

on total charge weigblint£ticbidr thrieOkickX@atia anda!H08drsRUNRSEIES .
acetate. If a dyed product is desired, a 25 conpati bl.e dye.such as, for

i nstance, D&C Green No. 6, can be added to the polynmer or nononmer m xture

i n. concent rat Bons e ggzlcPngﬂgnxﬂaﬁiognPungeduc pol ymer vyield. The words

"lrganox" and "Naugard" appearing in the present. description are registered

Tr rk
ade Marks. The desired amounts-of dimethyl terephthalate, a 2-alkenyl

succinic anhydfide (or an alkylsuccinic anhydride), a 1.3
to 2.0 moiar excess of a'pblymethylene diol and a given
' 3 10 stabilizer were placed under nitrogen into a dry réactor
fitted with an efficient mechanical stirrer, a gas inlet
tube and a takeoff head for distillation. The system was
heated under nitrogen to 160°C and stirring was begun. To
the homogeneous stirred reaction mixture the required
15 = amount of catalyst was added. The mixture was then
' stirred and heated under nitrogen for given time periods
at 190°C (2 - 4 hours) and 220°C (1 - 3 hours). The
temperature was subsequently raised to 250 - 255°C and
over a period of 0.4 - 0.7 hours, the pressure was reduced
20 in the system to about 1 mm/Hg (preferably 0.05 mm to
' 0.1 mm). Stlrrlng and heating under the above condltzons
was continued to complete the polymerlzatlon.- The
~endpoint was determined by either (a) estlmatlng'visually_
- the attainment of maximum melt viscosity, (b) measuring
% - 25 inherent viscosity or melt indices of .samples removed from
the reaction vessel at intermediate time periods, or (c) ;
using a calibrated torquemetef (attached to the stirrer of
the reactor). ' '

30 At the end of the polymerization cycle the molten polymer
' was extruded and.pelletized (or slow cooled in the glass
reaétor, isolaﬁed and ground in a mill). The pdlymer was
dried at 80 - 110°C for 8 - 16 hours under reduced
Pressure prior to extrusion. One alternate method of
35 . polymerlzatxon is set forth in U.S. Patent No.
- 3,890, 279. ' '
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3 onlyrrerlzatlonls run in two stages. In the first stage, run €
Uy ogen at tenperatures ranging from160 to [err], polycondensation _
via tr esterification and esterification occurs, resultlng in |ower o
nol ecul ar wei ght polynmers and ol i goners. These are converted to hlgher 35

v

nDYE€uIar wei ght materials in the sub;pquent step run.at 240 - [err], s

: pressures of less than 1 nm of nercur -7- The resulting polyners g Ly

exhibit inherent viscosities (neasured in hexafl uoroisopropyl. al cohol) of

0.8 to 1.4, geNetall etdvsidn axddeduram 20% to 50% |, A‘representatlve
"ol ecul ar meTgﬁT‘GﬁTETﬁTﬁET‘Gﬁ‘UT‘UﬁE'bf t he polyners by 5 | i ght

scattering gave a val ue of 78x103 daltons. The Tmof the pol yners,
dependi ng onExbnpssonlusunguthEiInsﬁraﬂuﬂﬂpimwary[ahepmetﬂEIprodgcaélt|es at’

sui tabl e extaaswe:ﬁ&ara@rﬁlwm | b4 n%m@lsw% bﬁr 'i:]at@o‘? Tw&laéaOB
© poi se. A sunnarg &h fwopertles ab
pol yner § arefiBaBE| e ?uﬁéﬂ Q%%zﬂﬁQﬂﬁ&SréfFP@GeK51é§ ?69 E?aﬁﬁ?e an
| nstron capi sheayesheontierpalynidys -wedra rp]acadedvé.nt hier egtrusiondependi ng on
ghe po'yner Shamber, "BLECH Ho RISV 130V nkkeRUaBY! EHEBLER S200PE:
mil dle after a dwell time of 9 to 13 mznutes. The ram
. - speed was 2 cm/mlnute. While extrus;on temperatures
10 depend both on the polymer Tm and on the melt viscosity of
the material. at a given temperature, extrusxon at
temperatures of 10 - 50°C above the Tm was usually
- satisfactory. - The extrudate was taken up at a speed of
about 18 feet per. mxnute. -

15 .

General-Drawing Procedure

The extrudate (diameter range,-19 - 22 mils) was passed
‘through rollers at an input speed of four feet per minute
20 and then over a hot shoe or into a heated draw bath of
glycerine. The temperatures of the hot shoe or draw bath
varied from about 50°C to 95°C. The draw ratio in this
first stage of stretching varied from 3x to 6x. The drawn
fibers were then placed over another set of rollets into
25 a glycerine bath {second stage) kept at temperatures
- ranging from about 60°C to . 100°C. Draw ratios of up to 2%
were applied_but'usually-only a slight amount of fiber
-extension (l1.25x) was found desirable at this stage. _
Finally, the fiber was-pessed through a water wash, dried.
30 ~ and taken up on a spool. '

.Examgle I

The followxng materials. were reacted under dry nltrogen at.
35 160°C. for several mlnutes.



_éhd the total draw ratio may vary from3X to 7X The word "Instron” is a(ii//)
registered. Trade Mark. The -unique oriented fibers exhibit an unexpected :

cormbi nati on of *properties. For exanple, strands of about 20 7 - 10 ml
di~anet er di'spl ayed knot strengths of 35 - 45 x [err] psi, straight tensiles
in,the.507-380 x 103 * psi and a. Yo.ung's nodul us of usually |ess than 150
X103 psi.: Percent el ongations ranged fronT 8=t 0 55. 25 I'n-summary, the
- pol yners descri bed | end thenselves to * ready extrusion and drawing to -

_ . which Ane - ' ' ltralinp”
:L{ Spgséng\ ﬂjglto' gf'_f ;)ngzr%gghdﬁaﬁfggsgug?gémﬂg#gg{é&?%éds’taé%sz woces's Lfls)i ng
‘either two consecutive Héaled-gRyeerPaenpht siceinic Fnhydniste 9005061 Moved |
by a sybsequenthg:yceringabagPéi}sfgbe?neagzgaF%iagjg *%N:Thf.ghbgg§0?rfhei}
[adian on or etV ene ool B el i 28006 70 RSB hTA LI B balle
General Pol ynetization Procedure The desired arounts of ~di methyl
terephthal ate, a 2wadfenye veaetibh AIRYEFd (EIGOLF Y AJOHatUGH! Wg's begun
anhydride), a 1.3 492 QelL8k P68 DM cSnPP il e §194 e 2era00e319 Ve
' ' orthotitanate and 0.005% magnesium'écetate (percentages
o based on total charge weight) dissolved in a mixture of
10 methanol and butanol was adaed. The reaction mixture was

‘then heated under'nitrogen at 190°C for 3 hours and at

1 220°C for another 2 hours. As the methanol distillation

ceased, the reaction temperature was increased to about .

SOw

Nt

~ 250°C, and the pressure in the reactor was reduced to _
‘15 ‘about 0.1 mm. The mixture was heated at this pressure and

at about 250°C for up to 11 hours. The hot viscous mass
'Qas-blanketed with an atmbSphere'of nitrogen and allowed

to cool to room temperature. The polymer“waé isolatea,
ground and dried (under reduced pressure for 8 hours at

20 80°C). Properties of the polymer and others -prepared
| ‘under similar reaction conditions are shown in Table I.

- Example II

LN

# ' 25 Ten grams of the copolymer described in Example I were
~ packed at about 130°C into the ext:USion chamber of an
" Instron Rheometer and, after 10 minutes of dwell time, the
sémple was extruded at a ram speed of 2 cm/minute, a shear
rate of 212.6 sec~l and a temperature of 205°C. The
30 resulting melt viscosity was fdund to be 3438 poise. The
takeup speed of the extrudate was 18 ft/minute and the
extrudate was quenched in ice water. The diameter of
" extrudate was 21.0 - 22.0 mils.

35 . The extrudate was drawn at Sx'throﬁgh'a'glycerine bath
‘held .at a temperature of 82°C and at 1.25x through a

Rt/ ]

L AT



10

*an

di S

was begun.

\stabilizer were placed under nitrogen into a dry reactor fitted W th
fiicient nechanical stirrer, a gas inlet tube and a takeoff head for
| ati on. The system was heated under nitrogen to [err] and stirring

To the honogeneous stirred reacti.on m xture the required -15

anpunt of catal yst was added. The mjpgture was then stirred and heated

under

nitrogen for given tine periods at [err] (2.- 4 hours) and [err] (1 -.
.3 hours).

~period of Osécond.glycerine tﬂsarprtfeemerde pgoreduc ede2@esultingheibagt emto

é

X

¢

The tenperature was subsequently raised to 250 - [err] and over a

bout 1 nm t d
he bove chra PREREA AEh Ve Jf¥er B ch, Lehel enieratBH) 189, epbiao trcer
endpoi nt watheegbyee nbag G| takan (P arsta wPORdg VEBEaﬂF?WthenaiQQ|nnent of
”ax'”U”‘”E|Eo¥'§8€§'tHe fi%si“ﬁﬁﬂ”ééﬂbd@5dra#xﬁ@esegbevh§§0§B§YgOénGE|t

i ndices of sanp fromthe reaction ves terpgediate tine
Iper: ods, ort'(‘ﬁ)tﬂg?*;g‘gm Yzaﬁa}%’r%t"{aﬂf tsorztﬁi‘elrret'ré\r‘{‘s("iﬁt QEﬁédg?B EEBIEU rrlar of

t he reactorpbt8bned By tﬁﬁseanﬂ(ﬁtnduaqxﬂrps&nmzahdodreycéspehementsen
pol yner: mas t Hggg jzed (or slow cooled in the glass reactor,
re éun i n a%ﬁ#%)

I sol at ed an gro

‘The pol ymer was dried at 80 - 110C for 8 -

16 hours under reduced pressure prior to extrusion. One. alternate nethod of
polynngagpléommxs set- forth in U S _Patent hb

10

35

- 1s

35

20

25

30

Fibers preparedffrom polymer No. 3 (iabie I) were strung
.under a-tension'of'so'g. on an annealing rack adjustable

for length. The ad:ustable bar was' 1owered ca, 10% to
~allow the fibers to relax freely. After 16 hours the

adjustable bar was raised to a. hexgﬁt which was sufficient

' - to straighten the fibers w1thouta1mpert;ng any tension (0%

relaxation). The fibers were then heated for one hour of

heating at 110°C, cooled and cut,offuthe anﬁealing-rack.
 Fibers annealed in this manner, .allowed to shrink freely :
at 60°C for 2.5 hours were found to shrink 1.8% as opposed
to 17.8% for identical unannealed strands.

Example IV

Polymer compositions containing 70 weight percent of
tetremethylene;terephthalate and 30 weight'percent_of
tetramethylene 2-alkenyl succinate (or alkyl succinate)
sequences were formed, extruded end.drawu to yield fibers
having the properties shown in Table II. |

_Poly[tetramethylene_terephthalate co(2-alkenyl or.alkyl)
succinate] may be spun as multifilament yarn'and'woven or
knitted to form sponges or gauze, Or used in conjunctlon
with other: compressive structures as prosthetlc devices
within the body of a human or animal where it is deslrable
that the structure have hlgh tensxle strength and -
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3, 890, 279. General Extrus ion Procedure Extrusion using the Instron (EE;;)
Capi | lary Rnheoneter produced.an extrudat e whi ch upon drawing (3x to 7x _
Fatlox~y|elded 5 ‘fibers in the 7 - 10 m| dianmeter range (size 3/0.to =

4/ 0 sutures) The polyners were packed in the extrusion chanber, heated to
‘abgut “[err], and extruded through-a 40 m| die after a dwell time of 9 to
Tﬁfnlnutes - The ram speed was 2 'cm m nutge VWil e extrusion tenperatures

10 = depend both on the pol ymer Tm and on t he melt viscosity of the
.material at a given tenperature, extrusion at tenperatures of 10 - [err]
above the Tm was usual ly satisfactory. . The extrudate was.taken up at a
speed of abeut 18 feet per nrnute: 15 General Drawi-ng Precedure- The
extrudate (di arddsirablwdevels o’ﬂ dﬁtdpi)iam padyet dacedlddtycl | gsefal ah
I hput speed of o] e o]
a heated draw bJM i"&?téggihér?e %t é‘?%gbl?ggaop ¥§hcgﬁ§t Egﬁgg orQBEraN -
bath varied fr % Rix tQ?SﬂﬂSeStﬂmgldﬂamaﬁsbl6eFHet§P§1FFF§t sendenof

stretching variggsh {ding,3'sHed i forT g iAW and supporting damaged
5 kidney, liver and other abdominal Q:gans, protecting
© - damaged surface areas such as abrasions, particularly -
major abrasions, or areas vhere the skin and underlying
‘tissues are damaged or surgically'removedm

1.

| ' In more detail,'thé'medical uses of poly(tetramethylene
10 terephthalate co(2-alkenyl or alkyl) succinate] include,
" but are not necessarily limited to:

l . FR e T Tr T, a,e et e e

}+ Fibrillar products, knitted, woven, or nonwoven .
including velours
a. burn dressings
5 . b. hernia patches-
- c. absorbent paper or swabs
d. _medicsted dressings

€. ”facial substitutes _ _ | S

R T o -.l"\'f“ - e n © e o s "
B B e "w’ . - RN - .
. . " . : L S
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+ et s e s e - v - e -

S were then p'I'aced ‘over anot her set of rol I ers |nto 25 a glycerine .

jatios of up to 2x were appli ed but wsually only a slight. “amount of

¥ extension (1.25x).was found desirable at this stage. Finally, the
“ fiber was passed through a water wash; dried 30 - and taken up on a spool .
- Exanple L The follow ng material s weneJteacted under - dry nitrogen at 35 -

[err] for several ninutes: ~-10- 49.6 g.dinmethyl terephthal ate (0.2557 l\/)_

~ 24.0 g. 2-docosenyl succinic anhydride (0.0590 M 41.2 g. 1,4-butanediol
(0.4578 M 0.8 . 4galuze pifele ic distedty,) [Selay lodisponygd fox A emien t he
~reaction mxture "leH %pﬁgrtation was begun, the catalyst (1.0 m) .
consisting of 0.1%tetra orthotitanate and 0.005% nagnesi um acet at e

- (percent ages bded Q#Pi%t%n‘hﬂaﬁﬁge wei ght) dissolved in-a mxture.of 10 _
met hanol and bt andensl ks, ade reacti on mxture was t'’hen heated under
nrtrog;n at [err] for 3 hours and at L :

In comb:.nation with other: components - e

.5 Lot

g ﬁ_Fxbrillar products

. a. _arterial graft or substitutes

b. bandages for skin surfaces _

7 e. burn dressings (in combination wlth polymeric
: : . : _ S :
15 -+ £ilms) S



lerr] for another 2 hours. As the nethanol di stiu tion ceased, the
reacti on tenperature was increased to about [err]/“@and the pressure in the
Jeactor was reduced to 15 about 0.1 nm The m xture was heated at this
‘pressure and at about [err] for up to 11 hours.” The hot viscous mass was
hl.anket ed™wi t-h an atnosphere of nitrogen and allowed to cool to room
Lenperature. The pol ymer was isolated, ground and dried (under reduced -
pressure for 8 hours_at} 20 [err]). Properties of the pol yner and
others-prepared undetg 3 nmilar reaction conditions are shown in Table I.
Example Il 25 TeawWtpNg ofgythe cogpl yner d@scribed@in Exang@de | ‘we®
packed at abgut 130C&%to the extrusion chanber of an Instron Rheoneter

and, after 1& minute¥ of dwell time, the sanple was extruded at a ram speed
of 2 cmnminufe, a shear, rate of -212.6 [err] and a tenperature
30 r@;ult&ng melt 4l c§ei Sy was f@nd to 3438 pai se. Tﬁe t akeui@
speed oi;the%mtrudg@ g 1@ ft/mnye and the extrudate wasdguenchegin

i ce water. Tgferfzdi amPEed| o2 e®rudate&as 21. @- 22.0 Bils. 352 The 2 .
ext r udatge vvas;ﬁravm at 5x through a glycerine bath held at a tenperature of

. 2 o
[err] affi at>1525x through a
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" second glycerine bath heated to [err]. The resulting fiber was washed in a
wat er bath (roomtenperature) to rem)ve‘;'he gl ycerine and taken up on a

spool .. The draw tension for both the-first and second drawi ng’'stage was 2
230 g and 5 the total draw ratio was 6.25x. Tensile data for fiber

tained by this and other extrusion and draw experinents are shown in, - Q
Jable 11. Exanple Il 10 Fibers prfepared frompolyner No. 3 (Table |I) were :

strung under a; nsion of 50 g. on an. annealing rack adjustable for |ength.
The adj ust-abl g9 lEgr g/as | owered ca. 1Q¥to allowthe fikaers to reglax freely.
After 16 howesatifje 15 ao%ustabl e fdr was rai§ed_ to &'hei ght %hich was
sufficient todtnaighten the fibers without inparting any tension (0%
rel axation). The fibers were then heated for one hour qf heati at 110C,
cool ed and cut. ofif & he anneal i ng racke Fi bers aoneal ed ®n thi s ayanner,
al | eed to sArgay Reely 26 at [er?] for 2.8hours were fourd to shrink
1.8% as opposedl Gogl7.8% fap identicdl unannealded strasds.” Exall e |V 25
Pol wsrer . conpB<EE]oms cont aimi ng 70 wefght percent of té&franet hyfene . .
‘terdphthal ate and 30 wei ght percent of tetranethyl ene 2-al kenyl succinate
(or al kyl succijt%) sequences vere fug)r med, extr uded ang drawn ta yield

; ~ " . ! . v
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Hhving“the properties shown .in Table Il. 30 Poly[tetranethyl ene
terephthal ate co(2-al kenyl or alkyl) succinate] gmmy be spun as ,
rultifilament yarn and woven or knitted to for ponges or gauze, or -used
i'n conjunction with other conpressive structures as prosthetic devices 35
Wishi n thé“body of a human or animal where it is desirable that the
g+Fuct ure have high tensile strength and - 12- - desirable | evel s of

gonpl i ance and/or ductifity. -Useful enbodiments include tubes, including
branched tubes, for EFgary,_veLn or intestinal repair, nerve splicing,
tendon splicing, sh §§ fag tyi'rngeap and sapporting damaged 5 ki dney,
i ver and ot her abdog®al organs, <Tﬁrot ectig damaged surface areas such as
abrasions, particulaMylmjor abrasions, or areas where the skin and.
underlying. tissues are damaged or_surgically renoved.. In nore detail, the
medi cal uses of polylde réﬁethylqu 10 ° t@rephthal ate co(2-al kenyl or
al kyl) suc& natel |°Qn(§ gde,“x,but aretnot necessarily limted to: Fibrillar
. . . - . . )
products, R;n tt_ed,_g\%/gﬂ, Pr nonwsg en i ncladi ng vel ours
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bandages for skin surfaces

f.

10 -Fi brillar

absor bent paper- or
13-
£i1ms)

substitutes

henbstasi s g. gauze bandages
conponents -

liver
wi th ot her:

her ni a patches c.
faci al
vt utes b.

b.

nmedi cat ed dressings e.
I n conbi nati

felt or sponge for
graft or subs

and 5

sheet ,

d.
packs,.
arteri al
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fabric,
h. dental -
Jproducts a.

|}

burn dressings (in conbination with polyneric 15

[err]

a. burn dressings 15
G
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[érrk ' [errj

essent aIIy of 5

. err] CLAIMS 1.. A drawn and highly oriented T
t her nopl astic surgi cal filament conprising a copolyner consisting = @

and paly al kyl ene

f oF | owi*rilg gener al

a multiplicity of recurrlng poly- akaLfiELijiéﬂﬂﬂlEﬂfﬂ'
‘al kyl or al kenyl succigate units having. the

brehched al kyl or ];Iolr«ranrjl;?:_'rc[aglr(r:lil \AC\Ae'[ ﬁl 2 (r:]h:'il ng-l E—Jgg?h ﬂ"m,mmnﬁmﬂ"

~ CLAIMS

"fl 1d-l.' i L e
R P -'-_f;.--'-.‘"f.(..!). R

“1. 'A'drawn and niéhly cfiented thermoplasfic-surgical _
~filament compfising a copolymer consisting essentially of °

a multiplicity of recurring poly alkylene

terephthalate and poly" alkylene -+ alkyl or alkenyl._

succinate units having the following general formnla-
_ . I

; -E-c C-D(Cdz),,ﬂ}- '-_ETc‘i_*,"fc“?c‘“(‘:‘.’.Z’ S B

\‘.-- LT T "'J'.:"' VT SO, Tt : : ';..'--

”

;i_wherein n.is 2 to 6, R is a linear or branched alkyl or "'f_?
" .alkenyl radical with a chain length of "~ - . 4 to 30 .

15 -

_carbon_afoms and x and y are integers such thai the
'_poly‘§1ky1ene'gf terephthalate units comprise 70 to 90

'i_"mole percent of’ ‘the copolymer.

.20

._-.25.

30

L 3

2. A filament of Claim 1 hav1ng a’ surgical needle .

attached to at least one end and nseful as a surgical
suture. ' o

.3, fAzfilamenf~cf CLaim 2_in_a,sterile conditicn.'

"',4 A filament of c1aim 1 wherein R is dodecyl or 7
,.z-dodecenyl. ' : - . .

'5 A filament of Claim l wherein R is tetradecyl or .,

"2—tetradecenyl.j_” SR

”6{- A filament of Claim 1 wherein R is z-hexadecenyl or

hexadecyl. -

7. A filament of Claim 1 wherein R is octadecyl or

2-ochadeceny1.



tons and X and—y—are—i ntegers such that the 15 poly al kyl ene. .

carb ¢

"t ef epht{hal e 70 to 90 nol e percent of' the' copolyner. 2. ¢
A i%u_ lﬂmﬂmm ﬂmlbé a surgical needle attached to at |east one end
“sand Ysef ul asasurgwc suture. .3 Afilanent of Caim2 in.a *

st enNd condltlon 4. A filanment ,of Clalml wherein R is dodecyl or 25 = .

2- dodecenyl . N 19' ' - - 5.'. Afilanment of dai mv
-1 wherein Ris tetradecyl or . 2- tetradecenyl .. .30 6. Afilanment of '

Caiml whérein Ris 2- hexadecenyr -hexadecyl. 7. A filament of aiml

wherei n R i A ocfilamenyt of lemaliewhemln R Ras 2 éhaimebengthC aim 1
wher ei n J%has a)cﬁ'ﬂol 31 Qr?in a.ton}g to 18 carbon atons. 9. A filanent
m the poly '

~of dai wher ei n _ |'ene-"units conpri se . 80 to 87 nole
per cent of the co- polymer. 10. A filament -of . Caim1l characterized by the

fol | ow ng, propeilament of Claim 1 wherein the | poly alkylene. -
units comprise . 80 to 87 mole percent of the co-.

polymer_.
10. A filament of Clam 1 charactenzed by the follow:.ng
properties: = . . B : :
Tensile-strength - i‘rb'i'ti""f_j;- 45,000 to 90,.00‘0- ps-i
Knot strength. . from . 30,000 to 60,000 psi
Young's modulus - - frém* . 40,000 to 240,000 psi
' z elongatidn L. from about 25% to 60%

1'1'. A woven o;' knﬂ;ted surg:.cal fabric compr:.sed of
fllaments of any of 'elaims Y to 10.: ' '

.;_
- m .

12. A fabr:.c of CIaJ.m 11/111 a seamless tubular con-
- struction. '

' 13»". ‘A method of c]'.'o'sing a wound'by'apprexi'mating and
' secur:.ng the -wound t1ssue ‘with a surgzcal filament of '
Clam 1 or 10. ' :



TE‘SlIe strength- from 45 000 to 90,000 psi  Knot strength - . from. _
30,000 to 60,000 psi Young' s mpdulus - from 40,000 to 240,000 psi % ZY

eHonga%L ' *- from about 25%to 60% 11. A woven-ep4mm44ﬂyiéﬁﬁfﬂ4*ﬂ—

fabric/conprised.of filaments of any of = clainms 1 to 10
1 in a seanl ess tubular con- struction. . l mm .E IPE“ g a

Cyai m
wound by approxi mating and securing the- wo U2 +|ssue W

filament of Claim 1 or 10. -20-"14. A fibrillar surglcal ald
conpri si ng' kni tted woven or ponwoven oriented fibers of a t hernopl astic
copol ymer consi sting essentlally of a multiplicity of recurring

pol y: al kyl ene - terephthal ate ‘and 'poly al kyl ene al kyl or al keny-

gucg nate Ium ts having,t hﬁﬁ(‘ji(ﬂdl;ckm:a&g ﬂ@:@gﬁ:&h Eeaguba r[i.ﬁiﬁf]; “pheeees wavaﬁt er
o %40 50 car dl DR g Shleafly e3baze pet 8 hErndbtiefef  ErloL PRdk
, . consisting essentially of a multiplxcxty of recurring
- Poly“alkylene . -.. terephthalate and poly alkylene '
alkyl or alkenyl succinate units having the followzng
 ,. ' " - general formula- ' - :

- l! 3 |
L) \_7 C-O(Cdz'i,,ﬂh ~f-C-CH~CHzC-0(€H2),03y

(1) R |
» ' where n is 2 to 6, R is a linear or branched alkyl or
' alkenyl radical with a chain length of ..°° . 4 to 30
. carbon atoms and X and y are integers such that the
;poly alkylene :g= terephthalate units comprise . g 70
to 90 mole percent of the copolymer. -

- -



- .. Pols al kyl ene terephthaLate units conprise 70 to 90.nol e' péercent of
- the cqp‘lyner filament as claimed in claiml produced, from

jndi cated in Exanple | and Table I, by an Y
”'Qmﬂéure sub- stantially as indicated in Exanple Il
I 1% I6 LA knitted surgical fabric conprised of filanents

of claim. 17 A fibrillar surgi€a®tatd as: claiimed in claim 14 conprising \-/

fibers produced froma pol yner substantially as indicated in Exanple I. and.

. Table I, by an. extrusion and draw ng procedure substantially as indicated.
in Exam;ﬁe | 1A afrid-ﬂﬂbﬁﬂfe ag . cla:.med in claim 1 pradueed from a

polymer substantlally as 1ndicated in Example I and
Table I, by an extrusion. and ‘drawing procedure sub-_
stantially as 1nd1cated 1n Example 11 and Table II.
16. - A woven or knxtted surg;cal fabric compr;sed of
f1laments of claim - 15‘

17 A flbrlllar surgical azd as: clazmed in clalm 14-
'comprxslng fibers produced,_from a polymer substantially
as indicated in Example I and Table I, by an extrusion
and drawing procedure substantially'as 1ndicated in

Example II and Table II. o T
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