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(32) Filed 10 June 1977 in (33) United States of America (US) (44) Complete
Specification published 1 April 1981 (51) INT CL3 A61L 17/00 (52) Index at
acceptance B2E  1733 443T 444S M (54) POLY(ALKYLENE OXALATE) ABSORBABLE
COATING FOR SUTURES (71)    We, ETHICON, INC, a Cor-  States Patent No.
3,636,956, and glycolide  45 poration organised. under the laws of the
State  homopolymers such as those disclosed in of New Jersey, United States
of America, of  United States Patent Nos. 3,297,033 and Somerville,
New.Jersey, United States of. 3,565,869, all of these patents being
incorpor- America, do hereby declare the invention, for  ated herein by
reference. which we pray that a patent may be granted    Monofilament
synthetic absorbable suture  50 to us, and the method by- which it is to be
per-  materials are generally stiffer than their catgut formed, to be
particularly described in and by  or collagen counterparts, and synthetic
absorb- the following statement:-                able sutures, are
therefore usually employed in a multifilament, braided construction in
order 10   BACKGROUND OF THE INVENTION    to provide the suture with the
desired degree  55 of softness and flexibility. Such multifilament Field of
the Invention         sutures exhibit a certain degree 'of undesirable.
This invention relates to an absorbable corn-  roughnes or "grabbiness " in
what has been position useful as a coating and lubricating  termed  their
"tie-down" performance, i.e., finish for surgical sutures. More
particularly,  the ease or difficulty of sliding a knot down  60 15  this
invention relates to a means for improving  the suture into place. the
tie-down properties of synthetic absorb-    Multifilament, nonabsorbable
sutures such able multifilament sutures by coating the  as braided sutures
of polyethylene terephtha- sutures  with  an  absorbable  lubricating
late, for example, can be improved with composition. respect to tie-down
performance by coating  65 the external surface of the suture with' solid
20  Description of Prior Art.                  particles of
polytetrafiluoroethylene and  a Suture materials are generally classified
as  binder resin 'as disclosed in United States either absorbable or
nonabsorbable, with each   Patent No. 3,527,650. This procedure, how- type
of suture material being preferred for  ever, is undesirable as applied to
absorbable  70 certain  applications.  Absorbable  suture  sutures because
polytetrafluoroethylene is non- 25  materials are preferred for internal
wound re-  absorbable and sutures coated therewith would pair in which the
sewn tissues will hold to-  leave a polymer residue in the, sewn tissue
gether after healing without suture reiforce   after the suture had
absorbed. merit and in which a nonabsorbed suture may  Multifilament,
nonabsorbable sutures can  75 promote tissue irritation or other adverse
also be improved with respect totie-down per- 30  bodily reaction over an
extended period of  formance by coating them with a linear poly- time.
Suture materials are considered to 'be  ester having a molecular weight
between about absorbable if they disappear from the sewn   1,000 and about
15,000 and at least two car- tissue within about a year after surgery,  bon
atoms between the ester linkages in the  80 many absorbable suture
materials disappear  polymer chain as disclosed in United States 35  within
shorter periods.                      Patent No. 3,942,532. This patent
discloses The earliest  available absorbable suture  that the
aforementioned polyester may also be materials were catgut and extruded
collage   used to coar absorbable synthetic sutures but nous materials.
More recently, absorbable does -not consider that such coated sutures  85
sutures derived from synthetic polymers have would' not be totally
absorbable. 



40  been developed which are strong, dimension    The aforementioned U.S.
Patent, 3,297,033, ally uniform, and' storage-stable in the dry  discloses
that the synthetic absorbable sutures state. Typical of such polymers are
lactide   described therein may be coated with conven- homopolymers and
copolymers of lactide and  tional suture coating materials such as a sili-
90 glycolide such as those disclosed in United' cone or beeswax in order to
modifying the    2                                              1,587,336
2 handling or absorption rate of the sutures.    invention, the poly
(alkylene oxalate) coating These  coating  materials  are not readily  is
applied to the suture surface as a solution absorbable, however, and  will
accordingi   of the polymer in a volatile solvent such as   65 leave an
undesirable residue in the tissue after  chloroform or a mixture of
chloroform and   5 the snture itself is absorbed. trichlbroethane, followed
by drying to remove It is accordingly an object of the present in-  the
solvent. The coating may b applied to the vention to provide an absorbable,
lubricating  suture by any suitable process such as passing coating for
multifilament sutures -of braided,  the suture through a solution of the
polymer    70 twisted or covered construction. It is a further  composition
or ova a brush or applicator 10   object of this invention to provide an
absorb-  wetted    with the solution, or past one or more able coating to
improve the tie-down prop-  spray nozzles dispensing the solution as drop-
ties of such multifilament sutures. It is a yet  lets. The suture wetted
withe coating solu- further object of this invention .to provide a  tion is
subsequently dried for a tihe and at a  75 wholly absorbable coated
synthetic mulkifila-  temperature sufficit to volatilize the solvent 15
ment suture  having  good  knot  tie-down  and leave a residue of polymer
on the surface properties.                                of -the suture.
In place of a coating solution, the poly- SUMMARY OF THE INVENTION.
(aIkylene oxalate)                   e  applied  80 In accordance with the
present invention,  to. the surface of the suture by passing the there is
provided as a coating for sutures, par-  suture over or between solid
blocks of the 20  ticularly synthetic adsorbable multifilament. polymer
which is then transferred to the sur- sutures, an absorbable polymeric
composition  face of: the suture by a rubbing action, pos- comprising
poly(alkylene oxalates) wherein  sibly accohipanied-by localized melting.
In  85 the alkylene moieties are derived from [err] or  addition,  molten
or plasticized coating mixtures of [err] to [err] diols. The polymers are
material may be applied directly onto the sur- 25   applied to the suture
(preferably from a sol-   face of the suture by known techniques. vent
solution) to provide a final coating add-    In coating multifilament
sutures with the on of from  1 to 15 percent -by weight of the
compositions of this ivention, it is not neces-  90 suture.
-                  sary that every filament within the suture be The
alkylene oxalate polymers employed in  individually or completely coated.
In most 30   accordance with the present invention are con-  instances
however the coating composition veniently prepare from  diethyl oxalate and
will penetrate into the suture structure, par- hexanediol'or a mixture of
[err] to [err] alkane-  ticularly when- the coating  composition is.  95
diols, and are characterized by a melting point  applied as a solvent
solution. below [err], an inherent viscosity (as here-    The coating
composition may, if desired 35   after defined) of from 0.1 to 1.2, and
prefer-  also contain components other -than those dis- ably a
crystallinity of at least about 15 per-  cussed above for other useful
purposes includ- cent The coating is particularly useful for im-  ing dyes,
antibiotics, antiseptics, anesetics 100 proving the handling and tie-down
smoothness  and anti-inflammatory agents. of braided sutures prepared from
homopoly     The amount of coating composition applied 40   mers and
copolymers of'lactide and glycolide,  to the fibre ie, the coating add-on
may be and other adsorbable polymers.                 to the fibre, ie, the
coating add-on, may be 



increased  or  decreased  by controlling  the method of application, e.g
the concentration DESCRIPTION OF PREFERRED               of polymer in the
coating solution,  the rate of EMBODIMENT             -      application to
the suture, and the like. In- The poly(alkylene oxalate) compositions of
general, the coating composition applied to a 45   the present invention
may be applied to any braided suture will preferably constitute from suture
material where it is desired to improve  2 to 10 percent by weight of the
coated fibre  110 fibre lubricity, suture tie-down characteristics,  but
coating add-on may range from as little as or the like. The coating is
particularly useful  i percent by weight to as much as 15 percent with
synthetic  absorbable   multifilament  or-higher in some cases. As a
practical matter, 50      sutures such  as poly(pdioxanone), poly-  and for
reasons of economy--and general per- lactide, polyglycolide, copolymers of
lactide  formance, it is generally preferred to apply  115 and glycolide,
and mixtures of such polymers  the minimum  amount of coating consistent
With each other and with other compatible  with good tie-down performance,
and this absorbable compositions as those described,  level of add-on is
readily determined experi- 55   for example, in United States Patent Nos
mentally  for  any particular fibre-coating 3,636,952 and 2,683,136 with
patents are particular fibre-coating system herewith  incorporated herein
by preference.    The. improvement in tie-down properties Suture
compositions based upon lactide and  imparted to synthetic absorbable
sutures may glycolide are -sometimes referred to herein  be determined
semiquantiratively by compar- 60   simply  as homopolymers and copolymers
of  ing the feel of coated and uncoated sutures lactide and  glycolide.
during the act of tying' down a single throw  125 In a preferred embodiment
of the present  knot. Suture tie-down roughness is graded    3
1,587,336 from  0 to 10 with 0 being  comparable to an  case of a preferred
three-component mixture uncoated suture and 10 indicating no detect- of
[err], [err] and [err] alkylene able roughness. Roughness values above 4
are  component comprises from 30 to 80 percent        65 considered
accptable, while value of 7 or of the total poly 5 higher are comparable to
conventional  silicon- and [err] components each com coated  silk   and are
considered   fully  40 percent of the total polymer. One preferred   70
Satusatry. ti      ruhes   a     lo           multicomponent  POly(alkylene
70lae)i Suture tie-down roughness may also be  composed of a  mixture of
[err]- [err]-[err]and    quantitatively determined by an instrumental [err]
alkylene oxalate moieties wherein each 10  test   method using an Insron
Tester   component  comprises  from    10 to:40  percent with   a high
speed Sandorn Oscillographic of  the   total.                          75
Recorder as described in U.S Patent No.  The following examples    are
Providedto 3,942,532,incorporated   herein by reference further illustrate
the method and Product, of Suture  tie-down properties are  preferably  t h
e    P r e s e n t   i n v e n t io n .  U n l e s s   O t h e r w i s e
s t a t e d , 15  dertermined on both wet and dry sutures since all parts
and percentages are by weight. In many suture materials have different
tie-down these examples, inherent viscosity [err] was characteristics when
tested wet or dry. Tie determined on a 0.1 perecent solution of poly- down
properties are preferably evaluated dry mer in chloroform or
hexafluoroisopropanol after the sutures have been conditioned for at (HFIP)
at [err] as above described. A Du 20 least 2 days in a vacuum drying oven
at room  Pont 990 DSC apparatus was used to deter- temperature and 100
microns absolute pres- mine the melting temperature [err] of the 85 sure,
and wet after being immersed in water at  polymers in nitrogen using 10mg
samples and [err] for 1 minutue.             a heating rate of 10 or [err]
as specificed   25 The alkylene oxalate polymers employed in  in the
example Crystallinity was determined 25    accodance wth the piesent
invention are con-   bytewto  o    rasand   deidnermaned 



veniently and preferably present invention are con by the method of Hermans
and Weidinges and diethyl oxalate with hexanediol or a mixture  Du Pont 310
curve analyzer. of [err] to [err]f   C4 to    C2    alkanediols   to
oti.p l m r B ade suu   s w re  coaty edr wthte.y which   mety    be low
10   n   a ea   nerent   (alkylene    oxalate)   poly rs  e pA   ed  i 3 0
vi C osity  0 bet ee  o. i  a n .2   as   d e term in ed   at  acco rd an
ce   w ith   th e  pr s n  invn i n b p a s Polme on a 0.1 :peim  souto  (1
g/l) Of ~ilg- the suture over a series Of rollers sub-   95 piiriolymer
inclrfr    CHCl6) or hexa..  mergedno   (pp)  in a solution of the polymier
in asit fluorePOlysoprspare thoseFiP   Particularly  pe   able solvent. The
solvent was removed  byt ferrd   plymes   ae  thse  eltig   wthinthe
evaporation   and   the  coate  uue w udo  rangeit Of 40   t  00   n     h
vn    an   inherent  spoCol for evalu on vsosit  of ' 0   emeatrsif
toeoos.oThescoatdsuue were evaluated for tie-10 Th4ene lowmlaigte.plmperars
of h   oY-   dwn   mthriess seiniquantitatively; and/or   0 (alkylene
oxalate) polymersuseful., in     the  instru mnentally    as hre bfoe ds
ie. T e prese t   inv ntion may    alow    t e    poym er    coat-
coatings    on     the    suture     w ere     subjectively     evalu- Ing
on    the   suture    to    melt  by  friction-indu e aed r ap aan ,lck o
sk nig   uig heatdi~ngtorform    lotwee     to  moderate    viscosity.
tie-do~vh   and   lack. of cracki g    duringha dig 10 liqui    inteface
betwen  th    sutue  stands    s  Toevaluate    the  -tissue    response
of  coated  0 tesuture is tied down according. to standard   sutures,
two2cmsgetoftrieuue suric  pra  ic t Suc    at ltqui   interface  Pro-
were implanted   into   both   lefta drgtgue . ~~  vides   minimum
friction   at  the   actual  contact  mu~~~~~~~~~~~~~jeg   of  female
Lan-Evans   rats.   The  im-~~~~~~~~cnt  uk esoff le  L n~E.ac area between
the, sliding sutures. The linear  plant sites Were recvrd'fe  ,7ad2
1 symmetrical  PolIymer  chainecved-atr37nd2
1 crystaliza~~   'alo   ~   ar   highy  day,  andmuscle   cross  sections
wr  x mej Owing  the liquid  interface  microcopcalyefreissemracton
treodiymmdatelyaad the suturea.sear..              TO det'ermline the
effect. of the :coating on atherand mithesrain   cools. The coated sature
the rate of adsorption of the suture, two seg- 50  thereby  maint in  t e i
eg iy o th c ating   m ents    of    suture     were     im planted     in
the     abdo-  115 Upnc   fr tepe oated siing  m a ndtherea t   isrlc ttle
taend  m al    subcutis     of    young   (100     g)   f m l   as
enyfrtecaigmtril5ocako  lk                           h   segmentS were
placed Parallel to and' ofThe suture, ee   xaat
about 1.5 cm to each side of the midiie   h T      ho ae   tho se
wherein  x lt e)    poy es e- aswe rek eas.e   weekly    or   biweekly
for    14 Playd  i    acc rda   wit    th    preentinve   weks.The- amount
Of  suture   remainin' a  2 tinare   thosved fr he  thor e alkylene moietie
cacltdfrechsmltec    nspection                    0 60   alkandiols. CI
or casmxue of tw 4 to C1,  Period, and the time in weeks when so percent
alkanreso,   In. mithrecse of   two component  and 10 percent of the suture
remained was 60  amixtures,   e .,   mi tu e  of   C     and     C.,   C.
and  determ in~ed     graphica jy. C8,   C4   and   C,0,  C6   a~nd    C.,
C6  and -C~  C6 and C12, and the l ike, each coniponen ispe
XA PE1 ferably Present in  an amount equal to from              PyhEXAMPE
I.12 10 to 90 percent of the total polymer. Pnte          itlled     exdibu
hy le oxalate)(02g   .0 In  the  istilld   dibu y enxaae o20alate) 10    4
1,587,336                       4 mole), 1,6-hexanediol.. (16.2 g 0.137
mole), 16, 2 and 5 hours, respectively, while con- and
tetraisopropylorthotitanate  (0.0lM in  tinuing to collect distillates. The
resulting 50 toluene, 0.3 ml, 0.003 mmole) were added  polymer,  having the
properties described in under dry. and oxygen-free conditions to a    Table
I, was dissolved in a suitable solvent 5   glass reactor equiped for
stirring. The mixture  and usedto. coat a braided absorbable suture was
heated under nitrogen at [err], [err], and  as hereinbefore described..
1700C for 1, 1, and. 17 hours, respectively,    Data on the various coated
sutures prepared  55 



while allowing the formed butanol to distill,  and results of the suture
evaluation are given The. prepolymer was allowed to cool, then re-  in
Table II 10   heated in.wacuo (0.05 mm Hg) to 160C. The reactor was
maintained at [err], [err],             EXAMPLES'3-14. 1800, and,200C for
0.5, 1.5, 1, and 3 hours,    Following the procedures of Examples 1
respectively, while  continuously  removing  and 2, other poly(alkylene
oxalate) copoly-  60 distillates. The polymer was cooled, isolated,  mers
and terpolymers were preparet by react- 5   and stored in. vacuo.
Properties of the resulting  ing diethyl oxalate with mixtures of selected
polymer are given in Table 1.               [err] to [err], alkanediols.
Information on each The polymer was: dissolved in chloroform to  polymer
composition, inherent viscosity, melt- a concentration of 20 g polymer per
100 ml  ing point and crystallinity are given in Table  65 solvent. A  size
B-0 braided absorbable surgi-  I Braided absorbable surgical suture coated
20   cal suture composed of a copolymet derived  with various' amounts of
the polymers were from 90 percent glycolide and 10 percent lac-  prepared
and evaluated as shown in Table II. tide was -coated with the polymer
solution as hereinbefore described to obtain a final poly- mer coating
add-on of 13 percent based on the           EXAMPLE 15. 25   weight of the
dried suture. Additional samples-   32/26/24/18  Poly(tetramethylene - co-
70 of coated sutures; having different levels of    hexamethylene - co -
octamethylene.- co- coating add-on were prepared by varying the
dodecamethylene oxalate) solvent, the polymer concentration in the coat-
Following the procedure of Examples 1 and ing solution, and the coating
application rate.  2, distilled diethyl oxalate (14.6 g, 0.100 30
Descriptions of the prepared sutures and  mole), 1,4-butanediol (2.9 9
0.032. mole), 75 results of the suture evaluation are given in
1,6-hexanediol (3.2  g, 0.027 mole), 1,8- Table II.
octanediol (3.6 g, 0.024 mole), 1,12-dode- canediol (3.8 g, 0.019.mole),
and stannous EXAMPLE 2.                   oxalate' (4.1 mg, 0.020 mmole)
were added 79/21 Poly(decamethylene - co'  tetra-    under dry and
oxygen-free conditions  .a  80 35  methylene oxalate)       -    glass
reactor equipped with a ,magnetic stirrer. 35       Following thel
Procedure of Example 1,  The mixture was heated under nitrogen at distilled
dibutyl oxalate (26.3 g,0.130 mole),  [err] and [err] for 2 and 1 hours,
respec- distilled 1,10-decanediol (34.8 g, 0.200 mole),  tively, while
allowing the formed alcohol to 1j4-butanetiol (4.9 g, 0.054 mole), and
tetra-  distill The prepolymer was cooled to room  85
isopropylorthotitanate  (0.O1M  in  toluene,  temperature, then reheated in
ipacuo (0.1 mm 0.5 ml, 0.005 mmole) were added underydr   Hg) to [err] and
maintained at there condi- and oxygen-free conditions to a glass reactor
tions for 3 hours while continuing to remove equipped for stirring. The
mixture was heated distillates. The polymerization was completed under
nitrogen at [err] and 165C for 1.5  by heating at 1900C for 2 hours to
obtain a 90 and 1 hour; respectively while allowing the  polymer having the
properties shown inTable. formed butanol to distill. The pressure was  1.
Suturetie-down smoothness is improved reduced (0.1 mm) and the prepolymer
heated  by coating a braided suture with the .poly- and maintained at
[err], [err] and 200C for  (alkylene oxalate) polymer.    5
1,587,336             .         {err}     [err]
[err]    [err]              [err] [err]    [err]   [err]
[err] [err] [err]          [err]         .               [err] [err]
[err] [err] [err] [err]  [err]
[err][err][err][err][err][err][err]            [err]    [err] [err]
[err]   [err][err]  0   [err[  [err][err]  [err] 



[err]                           [err][err] err]                 [err]-
[err][err] [err]0   [err] [err] [err][err]   [err]   [err] [err]
[err][err] [err][err][err][err][err]  [err][err][err]
[err] [err]           [err]
[err]  [err] [err] [err] [err] [err] [err] [err]
[err] [err]
[err] [err] [err] [err] [err] [err] [err] [err]    1,587,336
6 [err] [err] [err] [err] [err] [err] [err] [err] [err] [err] [err]    7
1,587,336 [err] [err] [err] [err] [err] [err] [err] [err] [err] [err] [err]
[err] [err] [err] 



[err] [err] [err] [err] [err] [err]    1,587,336    EXAMPLE 16.
In the above examples the coating solution  65 Biological Testing
was applied to the final suture structure in Acute systemic toxicity of
po1y(alkylene   order to provide a substantially continuous oxalate) was
determined utilizing poly(hexa-  coating on the outer surface of the braid.
It is 5   methylene oxalate) prepared in accordance  to be understood,
however, that the coating with the procedure of Example 1 ([err] in
solution may be applied, if desired, to the  70 CHC1,=0.64). A  10 percent
suspension of  indivdual filaments before they are formed the polymer was
prepared in a 2 percent pec-  into strands or to the individual strands
before tin solution. Male Swiss-Webster mice-- were  they are formed into
the final suture structure. 10  injected interperitoneally with 5000' mg of
Also, while all the above examples were con- solution per kg of body weight
Control ducted with size 2-0 braided suture pre-  75 animals received 50 ml
of pectin per kg body   pared from a 90/10 glycolide/lactide copoly-
weight. The animals were examined daily for  mer, this was employed for the
sake of con- 28 days. The [err] of the poly(alkylene oxa-  venience only,
and the invention is not limited 15   late) was greater-than 5000mg/kg.
as to suture size or composition, but may be Tissue response of sutures
coated in accord-  practiced, for example, with sutures from size  80 ance
with the present invention was, deter-  9-0  to size 2 and larger, and with
other mined utilizing a 90/10 poly(glycolide-co-   suture materials. The
foregoing examples are L(- )lactide) suture coated with the poly-  intended
to be merely illustrative, and many 20   (alkylene oxalates) of Examples 1;
3,4 and 5.  modifications and variations thereof will be Samples of coated
sutures and uncoated con-  apparent to those skilled in the art. '   85
trols were implanted in the gluteal muscles of    WHAT WE CLAIM IS- female
Long-Evans rats. Satures coated with    1. A synthetic, multifilament
suture having the polymers of Examples 4 and 5 elicited  improved tie-down
properties, said suture be- 25   minimal tissue reaction similar to that
result-  ing coated with from  1 to 15 percent by ing with the uncoated
controls. Sutures coated   weight 'of a composition comprising a poly-  96
with the polymers of Examples:1 and 3 evi-  (alkylene oxalate) wherein the
alkylene group denced a slightly higher initial tissue reaction  is [err]
or a mixture of [err]- to [err]-alkylene than the uncoated controls, but
after 7 days  moieties, said poly(alkylene oxalate) having a 30   tissue
reaction was minimal and equivalent to   melting point below [err] and an
inherent the controls.                               viscosity of from 0.1
to 1.2 as determined at  95 The rates of absorption and in vivo tensile
25C on a 0.1 percent solution of polymer in strength retention of sutures
coated in accord-  CHCl. or hexafluoroisopropanol. ance with the present
invention were deter-    2. A suture of Claim I, wherein the multi- 35
mined utilizing a 90/10 poly(glycolide-co-  filament suture is of a braided
construction. L(-)lactide) suture coated with the poly-    3. A suture of
Claim 1, wherein said voly- 100 (alkylene oxalates) of Examples 3, 4 and 5.
(alkylene  Oxalate)  is  poly(heximethylene Samples of coated sutures and
uncoated con-  oxalate). trols were implanted subcutaneously in female
4. A suture of Claim 1, wherein the poly- 40   Long-Evans rats for a period
of 5 to 30 days.  (alkylene oxalate) comprises [err] [err]-, and No
significant differences in suture absorption  [err]-alkylene oxaliate
moieties.   -   105 rate or tensile strength retention were observed    5.
A suture of Claim 4, wherein the [err]- 



between the coated sutures and the uncoated  alkylene oxalate comprises
from 30to 80 per- controls.                                  cent of the
total poly(alkylene oxalate), and 45     While the foregoing description
and ex-  the [err]- and [err]-alkylene oxalates each com- amples have been
directed to coating absorb-  prise fromn 10 to 40 percent of the total
poly- 110 able multifilament, braided sutures, it will be  (alkylene
oxalate) readily appreciated that the coating may like-    6. A suture of
Claim 1 wherein the poly- wise be used with good results on absorbable
(alkylene oxalate) comprises [err], [err],[err] 50  monofilament sutures as
well as on nonabsorb-  and [err] alkylene oxalate moieties. able
monofilament and multifilament sutures.    7. A suture of Claim 6 wherein
the C-, 115 Nonabsorbable sutures such as cotton,-iinen,  [err], [err], and
[err]-alkylene oxalates each com- silk, nylon, polyethylene   terephthalate
and  prise trom 10 to 40 percent of the total poly- polyolefins are
normally coated with non-  (alkylene oxalate). 55   absorbable
compositions.  Polyolefins  are    S. A suture -of Claim 1 wherein the
poly-  usually of monofilament construction while  (alkylene oxalate)
comprises [err]C4- and [err]- 120 cotton, linen, silk and polyester are
usually of alkylene oxalate moieties. braided, twisted or covered
multifilament con-    9. A suture of Claim 8 wherein the C4- and struction.
While there is usually' no require-  [err]-alkylene oxalates each comprise
from 10 60   ment that the coating on such sutures be  to 90 percent of the
total poly(alkylene -absorbable, the composition of the present in-
oxalate).                           125 vention may, nevertheless, be used
as a lubri   10. A suture of Claim 1 wherein the poly- cating finish for
nonabsorbable sutures if  (alkylene oxalate) comprises C4- and C- desired.
alkylene oxalate moieties.    {err] 1,587,336
8 EXAMPLE 16.                      In the above examples, the coating
solution  65 Biological Testing              was applied to the final
suture structure in Acute systemic toxicity of poly(alkylene   order to
provide a substantially continuous oxalate) was determined utilizing
poly(hexa-   coating on the outer surface of the braid. It is 5   methylene
oxalate) prepared in accordance  to be understood, however, that the
coating with the procedure of Example 1 (I inh in  solution may be applied,
if desired, to the  70 CHCI = 0.64). A  10 percent suspension of  indivdual
filaments before they are formed the polymer was prepared in a 2 percent
pec-  into strands or to the individual strands before tin solution. Male
Swiss-Webster mice were  they are formed into the final suture structure.
10  injected interperitoneally with 5000 mg of  Also, while all the above
examples were con- solution per kg of body weight. Control  ducted with
size 2-0 braided suture pre-  75 animals received 50 ml of pectin per kg
body   pared from a 90/10 glycolide/lactide copoly- weight. The animals
were examined daily for   mer, this was employed for the sake of con- 28
days. The LD, of the poly(alkylene oxa-   venience only, and the invention
is not limited 15  late) was greater than 5000 mg/kg.            as to
suture size or composition, but may be Tissue response of sutures coated in
accord-   practiced, for example, with sutures from size  80 ance with the
present invention was deter-   9-0 to size 2 and larger, and with other
mined utilizing a 90/10 poly(glycolide-co-   suture materials. The
foregoing examples are L(- )Iactide) suture coated with the poly-  intended
to be merely illustrative, and many 20   (alkylene oxalates) of Examples 1,
3, 4 and 5.  modifications and variations thereof will be Samples of coated
sutures and uncoated con-   apparent to those skilled in the art.     85
trols were implanted in the gluteal muscles of    WHAT WE CLAIM IS:- female
Long-Evans rats. Satures coated with   1. A synthetic, multifilament suture
having the polymers of Examples 4 and 5 elicited  improved tie-down
properties, said suture be- 25   minimal tissue reaction similar to that
result-  ing coated with from  1 to 15 percent by 



ing with the uncoated controls. Sutures coated   weight of a composition
comprising a poly-  90 with the polymers of Examples 1 and 3 evi-
(alkylene oxalate) wherein the alkylene group denced a slightly higher
initial tissue reaction  is [err] or a mixture of [err]- to [err]-alkylene
than the uncoated controls, but after 7 days  moieties, said poly(alkylene
oxalate) having a 30   tissue reaction was minimal and equivalent to
melting point below [err] and an inherent the controls.
viscosity of from 0.1 to 1.2 as determined at  95 The rates of absorption
and in vivo tensile  [err]n a 0.1 percent solution of polymer in strength
retention of sutures coated in accord-  [err] or hexafluoroisopropanol.
ance with the present invention were deter-    2. A suture of Claim 1,
wherein the multi- 35   mined utilizing a 90/10 poly(glycolide-co-
filament suture is of a braided construction. L(-)lactide) suture coated
with the poly-    3. A suture of Claim 1, wherein said poly- 100 (alkylene
oxalates) of Examples 3, 4 and 5.  (alkylene  oxalate)  is
poly(hexamethylene Samples of coated sutures and uncoated con-  oxalate).
trols were implanted subcutaneously in female    4. A suture of Claim 1,
wherein the poly- 40   Long-Evans rats for a period of 5 to 30 days.
(alkylene oxalate) comprises [err],[err] and No significant differences in
suture absorption  [err] alkylene oxalate moieties.         105 rate or
tensile strength retention were observed    5. A suture of Claim 4, wherein
the C6- between the coated sutures and the uncoated  alkylene oxalate
comprises from 30 to 80 per- controls.
cent of the total poly(alkylene oxalate), and 45     While the foregoing
description and ex-  the [err]- and [err]-alkylene oxalates each com-
amples have been directed to coating absorb-  prise from 10 to 40 percent
of the total poly- 110 able multifilament, braided sutures, it will be
(alkylene oxalate). readily appreciated that the coating may like-    6. A
suture of Claim 1 wherein the poly- wise be used with good results on
absorbable  (alkylene oxalate) comprises [err] ,[err],[err] 50
monofilament sutures as well as on nonabsorb-  and [err]-alkylene oxalate
moieties. able monofilament and multifilament sutures.  7. A suture of
Claim 6 wherein the [err], 115 Nonabsorbable sutures such as cotton, linen,
[err],[err],and [err]-alkylene oxalates each com- silk, nylon, polyethylene
terephthalate and  prise from 10 to 40 percent of the total poly-
polyolefins are normally coated with non-  (alkylene oxalate). 55
absorbable  compositions.  Polyolefins  are    8. A suture of Claim 1
wherein the poly- usually of monofilament construction while  (alkylene
oxalate) comprises [err]- and [err]- 120 cotton, linen, silk and polyester
are usually of alkylene oxalate moieties. braided, twisted or covered
multifilament con-    9. A suture of Claim 8 wherein the [err]- and
struction. While there is usually no require-  [err]-alkylene oxalates each
comprise from 10 60   ment that the coating on such sutures be  to 90
percent of the total poly(alkylene absorbable, the composition of the
present in-  oxalate).                              125 vention may,
nevertheless, be used as a lubri-   10. A suture of Claim 1 wherein the
poly- cating finish for nonabsorbable sutures if  (alkylene oxalate)
comprises [err]- and [err]- desired.
alkylene oxalate moieties.    * C   L   M   S* 11. A suture of Claim 10
wherein  1,587,336                                     9 1 I. A suture of
Claim 10 wherein the C- . inherent viscosity of from 0.1 to 1.2 as deter-
and [err]-alkylene oxalates each comprise from   mined at [err] on a 0.1
percent solution of 10 to 90 percent of the total poly(alkylene  polymer in
CHCl or hexafluoroisopropanoL oxalate).
25. The method of Claim 24 wherein the 5    12. A suture of Claim 1 wherein
the poly-  poly(alkylene oxalate) is poly(hexamethylene  55 (alkylene
oxalate) comprises [err]- and C,-  oxalate). alkylene oxalate moieties.
26. The method of Claim 24 wherein the 13. A suture of Claim 12 wherein the
[err]-  poly(alkylene  oxalate)  comprises alkylene 



and C,-alkylene oxalates each comprise from   oxalate moieties selected
from the group con- 10  10 to 90 percent of the total poly(alkylene
sisting of [err]- and [err]-, [err]- and [err]-, C, and  60 oxalate).
C1o-, C- and [err]-, and [err]- and [err],alkylene 14. A suture of Claim 1
wherein the poly-  oxalates. (alkylene oxalate) comprises C,- and C10-
27. The method of Claim 26 wherein each alkylene oxalate moieties.
alkylene oxalate is present in an amount equal 15    15. A suture of Claim
14 wherein the [err]  to from 10 to 90 percent of the total poly-  65 and
[err] alkylene oxalates each comprise from   (alkylene oxalate). 10 to 90
percent of the total poly(alkylene    28. The method of Claim 24 wherein
the oxalate).                                poly(alkylene oxalate)
comprises C,-, [err]- and 16. A suture of Claim 1 wherein the poly-
[err]-alkylene oxalate moieties. 20  (alkylene oxalate) comprises [err]-
and -[err]-   29. -The method of Claim 28 wherein the  70 alkylene oxalate
moieties. '             [err]-alkylene oxalate comprises from 30 to 80 17.
A suture of Claim 16 wherein the [err]-  percent of the total poly(alkylene
oxalate) and and [err]-alkylene oxalates each comprise from  the C,- and
[err]-alkylene oxalates each com- 10 to 90 percent of the total
poly(alkylene  prise from 10 to 40 percent of the total poly- 25  oxalate).
(alkylene oxalate).                      75 18. A suture of Claim 1 coated
with from  30. The method of Claim 24 wherein the 5 to 10 percent of the
said composition.  poly(alkylene oxalate) comprises C.-, [err], 19. A
suture of Claim 2 wherein the syn-  Cs-, and C12 alkylene oxalate moieties.
thetic absorbable suture is comprised of homo-    31. The method of Claim
30 wherein the 30  polymers or copolymers of lactide and  [err]-, [err]-,
[err] -, and {eer}-alkylene oxalates each. 80 glycolide. .
comprise from 10 to 40 percent of the total 20. A suture of Claim  19
wherein said  poly(alkylene oxalate). suture is comprised of a copolymer
derived    32. The method of Claim 24 wherein said from 10 weight percent
lactide and 90 weight suture is composed of an absorbable synthetic 35
percent glyconde.                         polymer selected from the group
consisting of  85 21. A suture of Claim 20 wherein the multi-  homopolymers
and copolymers of lactide and filament suture is a braided suture.
glycolide. 22. A suture of Claim 1 wherein the syn-   33 The method of
Claim 24 wherein said thetic absorbable suture is comprised of poly-
suture is composed of poly(p-dioxanone). 40  (p-dioxanone).
34. Multifilament sutures coated substan-  90 23. A suture of Claim 22
wherein the multi- tially as described in the foregoing Examples. filament
suture is of a braided construction.  35. A method according to Claim 24,
sub- 24. A method for improving the tie-down  stantially  as described  in
the  foregoing characteristics of a multifilament suture which  Examples.
45  comprises coating said suture with from 1 to 15 percent by weight of a
composition com-          For the Applicants, prising a poly(alkylene
oxalate) wherein the    CARPMAELS & RANSFORD alkylene group is C, or a
mixture of C, to C,     Chartered Patent Agents, alkylene moieties, said
poly(alkylene oxalate)     43 Bloomsbury Square, 50  having a melting point
below 1000C and an           London WC1A 2RA. Printed for Her Majesty's
Stationey Office by the Courier Press, Lewmpngton Spa, 1981. Published by
the Patent Offics, 25 Southampton Buildings Ln, WC2A lAY, from which copies
may be obtained.     


