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t he pol yner tha @d8kkonopol yner. I n another further enbodiment, the polymer Is
a copol ynmer. Ain & pfered emborisdnt riws deyice iis golded, Incan injegtion er mmlvcbedoram'esslbdlmgimbo
t he process rodching dn & speeific érahediment, the compression molding machine is a transfer molding machine. In yet
another preferred embodiment the mold comprises a casting.
in a further embodiment, the polymer is a homopolymer. In another further embodiment, the polymer Is
a copolymer. An improved anastomosis ring device may be molded according to the process of the
invention.
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SUMMARY AND DESCRIPTION OF THE PROCESS

_ An improved process for manufacturing a molded prosthetic device from a synthetic bioabsorbable
25 polymer has been invented which is characterised in Claim 1. The process comprises placing a solid
amount of the polymer in a molding machine; melting the polymer by subjecting it to a temperature of from

240 to 255" C for about 2 to 5 minutes; transporting the polymer melt to an orifice; injecting the polymer

melt from the orifice into a closed mold cavity at a pressure of from about 8000 to 9000 Ibs per square inch

{562 to 633 kg. per sq. cm.); holding the polymer in the mold cavity for less than one minute at a

30 temperature from above 70 to 90° C; removing a molded prosthetic device from the mold cavity; and
posttreating the molded prosthetic device. The postireating step comprises annealing and then preferably
sterilizing.

The polymer contains a glycolic acid ester linkage. In a more specific embodiment, the polymer is a
homopolymer. In another more specific embodiment, the polymer is a copolymer.

35 - Another embodiment with the posttreating step is wherein the molding mahcine is an injection or blow

W or compression molding machine. In a more specific embodiment, the compression machine is a transfer
molding machine.

Yet another embodlment with the postireating stop is whersin the melting of the solid polymer is at a

temperature of about 250° C. Still another embodiment is wherein the orifice has a temperature of about

40 240° C. Further another embodiment is wherein the injecting of the polymer melt is at a pressure of about
9000 bs per square inch (633 kg/sg. cm). Finally, other embodiments are wherein the maximum thickness
of the polymer in the mold cavity is about 6.35 mm (0.25 inches); wherein the holding of the polymer in the
mold cavity is from about 20 to 30 seconds; and wherein the holding of the polymer is at a temperature of
90° C.

45 With the positreating step comprising sterilizing, one embodiment is wherein the polymer Is' a
homopolymer. Another embodiment is wherein the orifice has a temperature of about 240° C. A further
embodiment is wherein the maximum thickness of the polymer in the mold cavity Is about 6.35 mm (0.25
inch).

In another embodiment, the annealing is at a temperture of at least about 110° C under a vacuum of at

50 least about 1004 mbar (755 mm of ‘Hg). In a more specific embodiment, the annealing Is at about 110° C
under a vacuum of at least about 1006 mbar (757 mm of Hg). for about 2 to 3 hours.

I. Higher Mold Temperature To Reduce Dimen sional Changes Of Molded  Devices Encountered During
65 Annealmg

Standard ASTM 6.35 cm x 1.27 cm x 0.32 cm (2-1/2" X 1/2" X118“) flexural test samples were lnjectlon
molded from PGA on an Arburg molding machine using various mold temperatures from 30.58° C (87 F



20 SUMVARY AND DESCRI PTI ON OF THE PROCESS An- | nproved process for

manuf acturing a nol ded prosthetic device froma synthetic bl oabsorbable 25
pol.yrrer has been invented which is ERSHWABIed in Claim1l. The process
conpr i Ses placing a solid armunt of t he ‘pol ymer in a nol di ng rrachl ne

nelting the
g Iured tIEa rs palrtsC

f fr
for about 2” t89§ H§¥ %‘b% Aot :g‘? 'ﬁ( te erat re est‘%e'%ﬁé
| nj ectin g t r{ﬁrpo 'fr{)m 'ﬂ% IIJI’FI Q m ) ogertle VY as mod$s tink; ge
pressure ofw?r? ga(ﬁéw ft ’p{§°’3)g°r(mp§0% aJ " 9
sq cm ) 3 hQ |n ?3 inear en I na surement n en 8 -ﬁé&et |E|gﬁ\thg%t 0|
at a 30 te err . V|ngam) ded prost etlc

devi ce from t H‘ﬁe gqgmggrguséar}d-rggggqttg@atl ng the nol ded prosthetic device.
The posttreaty '@ﬂeeﬁt%eﬁlgﬁmoblﬁl?esana'lﬁﬁﬁﬁ ﬂ?ﬂ)eﬁ‘igéjm&rbé%gd RiEi6IE AdMhperatikSiig lol approg-
The pol yner Qﬁ’d?elﬁhg‘@' 180 FFQUH Gonfborafiire? Hof GtabiizBK AL IowdrVale FoP FRldIgRiaturds from
enbodi mrerd , tde® DYaNMo s00°3 (fwaMppol yner. I n another nore specific

enbodi ment,  te &inp&| MOREShribidigel Sﬁlﬁ]’iﬁﬁje}ﬂ?ﬁbbed With increasiAy @bl e&imperatdeee itoe mininwint & nole
posttreating teiieatirs oi\pprcRimatety 4.8 06 ¢i200F) rimdn Onaneasddsslighily | a8 tigsc tnbid nerarerabbke0 wasO 1
conpr essi on rmdrabssrtio OBETC MWL Fl.n a nore specific enbodi ment, the conpression
machi ne i s a G.ransbesd"mExedaRyopeatied Modulus\eot stanoth Inepertigstiakiasasity alyit 0% ties mold
post t r eats ng teheepatires wives G242 tthé18AEN Uiinatefstreihewhich isda ped of jductifify, gpiformiy

t enper at ur e dhcreasrsiwith BB tampesiturg. Thugnepminies usingRgTRIdiepperature aprye 8247 CHEBOOR)YPIece
has_a t enper devsher. W"@béﬂsﬁts“ﬁm tham thowe, mqidedl @hd778 of HOM &7 W@ﬁ%’éd‘i"f?é‘i‘ift uspdsto\fplc B4R,

the 1 njecti ngdedﬁest he polyner nelt is at a pressure of about
D. Shrinkage During Annealmg The linear shrinkage which occurred duting annealing for samples using

20 mold temperatures above approximately 71.11 °C (180" F) was very low and less than the expenmetal
error associated with the measurement.
E. Annealed Flexural Properites: The flexural (3 point bending) propertles on annealed samples did not
change with mold temperature. :

25
Recommendations:

A. "Hot" molds (above 82.22° C (180°F)) should be employed when molding PGA where dimensional
stability during annealing is desired. '

30 B. Temperature control is crucial to part yield. An adequate controller is therefore required which can .
achieve this level of control. '

Results And Discussion

35 The green properties of ultimate strength and ﬂexural modulus increased with mold temperature.
W, reaching a peak value at a mold temperature of 46. 67" C (116" F) after which they dropped somewhat. -
Ultimate strain increased uniformly with increasing mold temperature. The linear shrinkage reached a
minimum value at a mold temperature of approximately 46.67° C (116° F). Since the Tg of PGA Is around
40.0° C (104" F) these observations are somewhat related to glass transition behaviour.

40 The flexural and ultimate properties of "as-molded” parts did not show any change until the mold
temperature was increased above approximately 82.78"C (181°F). When the higher mold temperature
samples were annealed, these propertiss did not change apprecuably However. the shrinkage during
annealing of parts molded with mold temperatures higher than 70 0" C (158" F) was very low and within the
range of the expstimental error. These results are caused by a complex interaction of rates of coolmg and

45 crystallization at temperatures higher and lower than the glass temperature which is around 40.0° C (104" F)
for PGA. Additional differentiai scanmng colorimater work may give more insight into the mechanism of
these changes.

However, these changes indicate that higher mold temperatures will yield devices with a negligible
degree of shrinkage during annealing. Therefore, higher mold temperatures are recommended to reduce
so shrinkage and possibly warpage of devices during annealing.
The results of part | are shown in the following Tables 1 to 6.
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D. Shrinkage During Annealing: The linear shrinkage which occurred during
anneal ing for sanples using 20 nol d tenperatures above approxi mately
71.<11 C (160 F) was very |low and | esERN3IP @MBlexperinetal error associ ated
with tHe neasurenent. E. Anneal ed Flexural Properites: The flexural (3

poi nt bending) properties on anneal ed sanpl es. did not change with nold
tenperature. 25 Recommendations: A. "Hot" nol ds (above [err]) should be
enpl oyed when nol di ng PGA where di rren3| al,stability during annealing is
desired. 30 B. Tenperature control rggl al t$ part yield. An adequate
controllergis therefore required whi ch n%hl evegthis level of control.
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t hese properties di d' not change appreciably.

t he shrinkage during annealing of parts nolded with nold
t erper at ures higher than [err] was B 1998B&BInd wi t hin the range of the

expeniqent al

These results are caused by a conplex interaction of

sanpl es were anneal ed,
error.
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anneal i ng. A higher nold tenperature also allows the clips to be anneal ed
with mihiml fixturing. 15 A Process Description Approxi mately 300 sanpl es
of a ligating clip were injection nolEREIFGTHMERGA using the conditions
listed¥in Table 7. Wile sinking was not apparent, flash problens

persi sted. The flash problem can be 20 m nim zed by using a hydraulic’

nmol di ng ‘machine with the proper control .on the injection profile. The

sanpl es were zyl ene washed and overni ght vacuumdried at room tenperature.

They were t ed dfirea: s i R . [err] under vacuum
deg)altt ed, erf@h- %“S’qmr—mm& B. Di nensi onal Change
Char act eri zati pfcfehiniideli BotdhREIR! duid GpaA) NGatifty Aib&vire badleRzed for iR RidhalCidols. HRS
measur ed ancrefA€ dicat ﬂuéﬁﬁ.%pfé%a%f‘ehé{qnhti@aaﬁi utiflg aﬁa%%ﬁﬁiagé.#b%ra € taa{ena
agai n after anngahdctabidBroakage rekbCupth BB IR (AIpAKiIMERHRIRF pdrdlstddVRERRD the nRRGhSUIERT
the above pri6s e sinitkeinfbhioratte) M rédUding SheSoveRll Titoribiohdd, baAnicBd AB8Tmd®B ikl initial cliip
t enper at urce diampingrarte tlae uthcteptable @bt Hb@EeM @us). ng anneal i ng, an overal |
consi st ent shr Redomgendationa ppinpravertts etegkdde €834 8heCeRn{pihg A6tde2arb ROSMICHirEIRTn4rgS the
ori gi nal 0. 937 Sesigm 4n0 .13 61ize a digher Inehigteiperaute abmiaimie dintknsiorabchakyes atrag alisediient
process. Thiaanealing A highexynoltideromereturegsosatiovisthenclifs 1026 4nredled WathGditimal figttigng.

shri nkage on cold nol ded sanples. An approximately 90% i nprovenent in

shrinkage™ s obtained by utilizing the higher nold 35 tenperature.
A. Process Descripfion :

N~ Approximately 300 samples of a ligating clip were injection molded from PGA using the conditions
listed in Table 7. While sinking was not apparent, flash problems persisted. The flash problem can be
20 minimized by using a hydraulic molding machine with the proper control on the injection profile.
The samples were zylene washed and overnight vacuum dried at room temperature. They were then
annealed free-standing for 3 hours at 110" C under vacuum, degaled, deflashed and packaged for
sterilization.

25
B. Dimensional Change Characterization

Prior to annealing, the overall length of twenty clips was measured and each clip was uniquely
identified. The lengths were taken again after annealing.

30 The dimensional changes in overall length for the above procedure are shown in Tables 8 to 10 with the
“higher mold temperature to limit the dimensional changes during annealing, an overall consistent shrinkage
of approximately 0.003048 cm (0.0012 inch) from the original 0.9373 cm (0.369 inch) length was observed
during the annealing process. This result may be contrasted to a 0.0254 cm (0.010 inch) shrinkage on cold
molded samples. An approximately 90% improvement in shrinkage is obtained by utilizing the higher mold

35 temperature. '

W, Radiation sterilization of 2.5 Mrads created no detectable dimensional changes while ETO sterilization
resulted in an average overall shrinkage of 0.001778 cm (0.0007 inch), but not with consistency. Within the
standard deviation of the data, the shrinkage during ETO sterilization was insignificant.

The in -vitro results of part Il are shown in the Tables 11 and 12.
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Radi ation sterilization of 2.5 Mads created no detectable dinmensional
change$ while ETO sterilization resulted in an average overall shrinkage of
0.001778 cm (0. 0007 inch), but not FPON199H4BIt ency. Wthin the standard
devi ation of the data, “the shrinkage during ETO sterilization was
insignificant. The in -vitro results of 2 E 11 are shown in the Tables 11
and 12. 40 45 50 55 10 EP 0199074 7. Process Conditions

Utilized For Injectlon Nbldeg Char act er | zatlon MATERI AL; PGA MACHI NE :
Dynacast Mark NK-Bregess) Cen ptpqnant1 ized For InJectiog¢Mg,dedType
Pneumatig I njection - Character1zat10n

MATERIAL: PGA L
MACHINE : Dynacast Mark MK-2 Serial #168-81
10 Plunger Type'Pneumatic Injection -
Molding Machine

TEMPERATURES: Heating Chamber: 470°F
15 Hot Runner Block: 4759F
Mold: 2250F/2250F: Front/Back

TIMES: Initial Injection: 2 sec.
2 _ Qverall Injection: 5 sec.
Overall Cycle: 40 sec.
Injection Pressure: 50 psi'(max)
25 Injection Speed: 2 sec. (slow)
30
35
U
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I nj ection:
40

Cycl e:

dAnitial
Overal |

[err] 15

Heat i ng Chanber :

[err]:

Front/ Back TI MES:

Bl ock: [err] Mold:

Mol di ng Machi ne TEMPERATURES:
20

Hot Ruhner

Over alBP 0 #§2@MiBh: 5 sec.
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15 . . - EP 0199 074 Bl EP 0 199 074 Bx Clains 1. A process for
manuf act uri ng an anneal ed prosthetic device froma synthetic bl oabsorbabl e
pal ymer containing a glycolic acid &ptoergglazalBige conprising placing a solid
amoudt. of the polymer «in a nolding 5 = “machine; nelting sai-d polymer by
subjecting it to a,tenperature of from[err] to [err]; transporting the
polymer melt to .an orifice; injecting saifd melt fromsaid orifice into a
closed nold cavity; holding said pglymer @ nlsai d3wlid cavity for |ess than
one minute; renoving the nol ded pg8&pthetir devicg flomsaid cavity; and
anneal i ng sai d device, characteri zegl by hel di ng said polyner in said nold
cavity at’ a tenperature from above®lerr] R oS errP fhereby a di nensional
change of said device during the 10 annealing step is less than 0.48 %
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2. A process according to daim1, wherein the nDIdihg machine is an
15 3. A process
according to Clainjl, wherein the FDQ HHH7HBlckness of the polymer in the

i nj ectton or

i nj ecti on nol ding machine cavity is about 6.35 nm (0.25 inches).
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etant inferieure a 0,48% 2. Proc~dd selon |la revendication 1, dans |equel
| a maehi ne & noul er est une machine a noul er par injection ou par soufflage
ou par conpression. 40 3. Procede kR 8199 874Blendication 1. dans .| equel

| ' dpai sseur maxi mal e du pol ynere dans ‘la cavite de | a machine & noul er par
injection est d environ 6,35 nm (0,25 in). 4. Proc~dd selon |la

revendi cation 1, conprenant un recuit suivi d une sterilisatlon de la

prot hbse, le recuit 45 etant effectue a une tenperature d' ay noi ns
environ 110° C et sous un vide d' au noins environ 1004 nbar (755 #&m«5lg). 5.
Procedd 5selon | a revegglicatiore4, da I oquel le regitZest efﬂéglﬁﬁ A une
tenperature d' au noi nsaenvi ron'a100 Ceet sous un vided @u noi nsi.s)mg ron
1006 mbar (757 mm Hg) ﬁ ndant 5,& 3 heures 50 en®rdA. Anspech® 55 1.
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3. A process according to Claim 1, wherein the maximum thickness of the polymer in the injection
molding machine cavity is about 6.35 mm (0.25 inches). :

4. A process according to Claim 1, comprising annealing and then sterilizing said prosthetic device, the
annealing being at a temperature of at least about 110° C under a vacuum of at least about 1004 mbar
{755 mm Hg). :

5. A process according to Claim 4, wherein the annealing is at about 110" C under a vacuum of at least
about 1006 mbar (757 mm Hg) for about 2 to 3 hours.

Revendications

1. Procédé de fabrication d'une prothése moulée recuite, & partir d'un polymére synthétique biorésorbable

~ contenant une liaison ester d'acide glycolique, consistant & mettre une certaine quantité du polymére
solide dans une machine & mouler, & faire fondre ledit polymére & une température de 240 & 255" C, &
acheminer le polymére fondu vers un orifice, & injecter ledit polymére fondu, & travers ledit orifice,
dans une cavité de moule fermée, & maintenir ledit polymére dans ladite cavité de moule pendant
moins d'une minute, & retirer de la cavité du moule la prothdse moulés, et & récuire ladite prothése,
procédé caractsrisé en ce que I'on maintient ledit polymére dans ladite cavité de moule & une
température de plus de 70" C & 80" C, la modification dimensionnelle de ladite prothése, lors du recuit,
étant inférieure & 0,48%. :

2. Procédé selon la revendication 1, dans lequel la machine & mouler est une machine & mouler par
injection ou par soufflage ou par compression.

3. Procédé selon la revendication 1, dans lequel I'épaisseur maximale du polymére dans la cavité de la
machine & mouler par injection est d'environ 6,35 mm (0,25 in). :

4. Procédé selon la revendication 1, comprenant un recuit suivi d'une stérilisation de la prothese, le recuit
étant effectué & une température d'au moins environ 110 C et sous un vide d'au moins environ 1004
mbar (755 mm Hg). '

5. Procédé selon la revendication 4, dans lequel le recuit est effectué a une température d'au moins
environ 110 C et sous un vide d'au moins enviran. 1008 mbar (757 mm Hg) pendant 2 & 3 heures
environ. ' _ .

" Anspriiche
1. Verfahren zur Herstellung einer wrmebshandelten prothetischen Vorrichtung aus einem synthetischen,
bicabsorbierbaren Polymeren, das sine Glycolsdureesterverknlipfung enthilt, umfassend die Plazierung

einer Feststoffmenge des Polymeren in eine Formmaschine; Schmelzen des Polymeren, indem man es
siner Temperatur von 240 C bis 255° C aussetzt; Transportieren der Polymerschmelze zu einer

17
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W
Miindung; Einspritzen der Schmelze aus der Mindung in eine geschlossene Formhdhie; Halten des .
Polymeren in der Formh&hle flir weniger als eine Minute; Entfernung der geformten prothetischen .
Vorrichtung aus der Hhle; und Wirmebehandlung der Vorrichtung, dadurch gekennzeichnet, daf das
Halten des Polymeren in der Formhdhie bel siner Temperatur von {ber 70 C bis 80 C erfolgt, wobsi
§ eine Dimensionséinderung der Vorrichtung wihrend der Wérmebehandlungsstufe geringer ist als 0,48
Y. ’ '
2, Verfahren gem3B Anspruch 1, wobei die Formmaschine eine Spritz- oder Blas- oder Kompressions-
Formmaschine ist. :
10
3. Verfahren gemiB Anspruch 1, wobsi die maximale Dicke des Polymeren in der Spritzformmaschinen-
Hohie etwa 6,35 mm (0,25 inch) betrégt.
4. Verfahron gem&B Anspruch 2, umfassend die Wérmebenandlung und anschlieBende Sterllisierung der
15 prothetischen Vorrichtung, wobei die Wirmebshandlung bei elner Temperatur von mindestens etwa
110" C unter einem Vakuum von mindestens etwa 1004 mbar (755 mm Hg) erfolgt.
—/ 5. Verfahren gem#f Anspruch 4, wobei die Warmebehandiung bei etwa 110° C unter sinem Vakuum von
mindestens etwa 1006 mbar (757 mm Hg) wihrend etwa 2 bis 3 Stunden erfoigt.
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