
EP 0 199 074 B1 Description The present invention relates to a process for
manufacturing an annealed prosthetic device from a synthetic bioabsorbable
polymer in accordance with the preamble of Claim 1. 5     Such a process is
known from EP-A-0 050 215. An improved process for manufacturing an
annealed prosthetic device from a synthetic bloabsorbable polymer has been
invented. The improvement comprises holding the polymer in the mold at a
temperature from above [err] to [err]. The posttreatment comprises
annealing. In a preferred embodiment, the posttreatment comprises annealing
and then sterilization. The polymer contains at least one glycolic acid 10
ester linkage. The device may have an ultimate flexural strain of up to
about 6% and an ultimate flexural strength of about 22060N/[err] (32,000
psi). The device has a dimensional change during the annealing step of less
than 0.48%. In a preferred embodiment, the device is molded in an injection
or blow or compression molding 15  machine. In a specific embodiment, 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. 



20 SUMMARY AND DESCRIPTION OF THE PROCESS An Improved process for
manufacturing a molded prosthetic device from a synthetic bloabsorbable 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 lbs 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  [err]; removing a molded prosthetic
device from the mold cavity; and posttreating the molded prosthetic device.
The posttreating 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 or
compression molding machine. In a more specific embodiment, the compression
machine is a transfer molding machine. Yet another embodiment with the
posttreating step is wherein 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 lbs per square inch (633 kg/sq. 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 [err]. 45     With the posttreating 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 [err] under
a vacuum of at 50 least about 1004 mbar (755 mm of Hg). In a more specific
embodiment, the annealing is at about [err] under a vacuum of at least
about 1006 mbar (757 mm of Hg). for about 2 to 3 hours. 1. Higher Mold
Temperature To Reduce Dimen sional Changes Of Molded Devices Encountered
During 55  Annealing Standard ASTM 6.35 cm x 1.27 cm x 0.32 cm (2-1/2" X
1/2" X 1/8") flexural test samples were injection molded from PGA on an
Arburg molding machine using various mold temperatures from [err] 2    



EP 0199 074 B1 up to [err]. Green strength and flexural (3 point bending)
properties were measured, that is parts immediately removed from the
machine. Flexural (3 point bending) properties as well as mold shrinkage
were measured on "as-molded" parts after room temperature cooling.
Shrinkage during annealing was determined from linear dimensional
measurements taken both before and after annealing. Flexural (3 point 5
bending) properties were also determined on the annealed samples. Specific
details on the test procedures and results may be found in the tables. The
following terms are used in Tables 1 to 6: A. Green Properties: Modulus and
strength properties increased with mold temperature up to approxi- mately
48.9 C (120 F) mold temperature, then stabilized at a lower value for mold
temperatures from 10    60.0 C (140 F) to 90.0 C (194 F). B. Linear Mold
Shrinkage: Shrinkage dropped with increasing mold temperatures to a minimum
at mold temperature of approximately [err] then increased slightly as the
mold temperature was increased to 90.0 C (194 F). C. "As molded" Flexural
Properties: Modulus and strength properties increased by about 10% for mold
15   temperatures above 82.22 C (180 F). Ultimate strain, which is a
measure of ductility, uniformly increased with mold temperature. Thus,
samples using a mold temperature above [err] were tougher, stronger and
stiffer than those molded at [err] which is currently used to mold BAR
devices. 



D. Shrinkage During Annealing: The linear shrinkage which occurred during
annealing for samples using 20    mold temperatures above approximately
71.11 C (160 F) was very low and less than the experimetal error associated
with the measurement. E. Annealed Flexural Properites: The flexural (3
point bending) properties on annealed samples did not change with mold
temperature. 25 Recommendations: A. "Hot" molds (above [err]) 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, reaching a peak value at
a mold temperature of [err] 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
[err]. 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 properties did not change appreciably.
However, the shrinkage during annealing of parts molded with mold
temperatures higher than [err] was very low and within the range of the
experimental error. These results are caused by a complex interaction of
rates of cooling and 45  crystallization at temperatures higher and lower
than the glass temperature which is around [err] for PGA. Additional
differential scanning colorimeter 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 1 are shown in the following Tables 1 to 6. 55 3    EP 0
199 074 B1 c~~~~~~~~~~~~~~~ [ERR]  
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[ERR]    EP 0 199 074 B1 [ERR]    EP 0 199 074 B1 11. Characterization of
Injecton-Molded Polyglycolic Acid Ligating Clips 5 Injection-molded
polyglycolic acid (PGA) ligating clips were characterized for dimensional
stability. The results indicate much improved dimensional stability
utilizing a higher mold temperature. An unacceptable breakage rate upon
closure (approximately 30%) persisted despite the mold modifica- tions to
eliminate interference. In reducing the overall interference, sacrifices
were made in initial clip 10 clamping force to an unacceptable level of
about 22.24N (5 lbs). Recommendations to improve the breakage rate and the
clamping force are to structurally change the clip design and to utilize a
higher mold temperature to minimize dimensional changes during subsequent 



annealing. A higher mold temperature also allows the clips to be annealed
with minimal fixturing. 15 A. Process Description 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 [err] under vacuum,
degated, 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. 



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 11 are shown in the Tables 11
and 12. 40 45 50 55 10    EP 0199074 B1 Table 7. Process Conditions
Utilized For Injection-Molded Characterization MATERIAL: PGA MACHINE :
Dynacast Mark MK-2 Serial #168-81 10                     Plunger Type
Pneumatic Injection - 



Molding Machine TEMPERATURES:  Heating Chamber: [err] 15
Hot Runner Block: [err] Mold: [err]: Front/Back TIMES:  Initial Injection:
2 sec. 20                     Overall Injection: 5 sec. Overall Cycle: 40
sec. Injection Pressure: 50 psi (max) 25      Injection Speed: 2 sec.
(slow) 30 35 40 45 50 56    EP 0 199 074 B1 
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15 . .    EP 0199 074 B1    EP 0 199 074 B1 Claims 1. A process for
manufacturing an annealed prosthetic device from a synthetic bloabsorbable
polymer containing a glycolic acid ester linkage comprising placing a solid
amount of the polymer in a molding 5      machine; melting said polymer by
subjecting it to a temperature of from [err] to [err]; transporting the
polymer melt to an orifice; injecting said melt from said orifice into a
closed mold cavity; holding said polymer in said mold cavity for less than
one minute; removing the molded prosthetic device from said cavity; and
annealing said device, characterized by holding said polymer in said mold
cavity at a temperature from above [err] to [err], whereby a dimensional
change of said device during the 10     annealing step is less than 0.48 %.



2. A process according to Claim 1, wherein the molding machine is an
injection or blow or compression molding machine. 15  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 [err] under a vacuum of at least about 1004 mbar 20     (755 mm Hg).
5. A process according to Claim 4, wherein the annealing is at about [err]
under a vacuum of at least about 1006 mbar (757 mm Hg) for about 2 to 3
hours. 25 Revendlcatlons 1. Procede de fabrication d'une prothese moulde
recuite, & partir d'un polymbre synthetique bioresorbable contenant une
liaison ester d'acide glycolique, consistant a mettre une certaine quantite
du polymbre 30     solide dans une machine a mouler, a faire fondre ledit
polymere a une temperature de 240 & 255' C, A acheminer le polymbre fondu
vers un orifice, & injecter ledit polymere fondu. A travers ledit orifice,
dans une cavite de moule fermde, a maintenir ledit polymere dans ladite
cavite de moule pendant moins d'une minute, A retirer de la cavit6 du moule
la prothbse moulee, et a recuire ladite prothese, procede caracteris6 en ce
que lVon maintlent ledit polymere dans ladite cavit6 de moule & une 35
temperature de plus de 70 C a 90 C, la modification dimensionnelle de
ladite prothese, lors du recuit, 



etant inferieure a 0,48%. 2. Proc~dd selon la revendication 1, dans lequel
la machine & mouler est une machine a mouler par injection ou par soufflage
ou par compression. 40 3. Procede selon la revendication 1. dans lequel
l'dpaisseur maximale du polymere dans la cavite de la machine & mouler par
injection est d'environ 6,35 mm (0,25 in). 4. Proc~dd selon la
revendication 1, comprenant un recuit suivi d'une sterilisatlon de la
prothbse, le recuit 45     etant effectue a une temperature d'au moins
environ 110' C et sous un vide d'au moins environ 1004 mbar (755 mm Hg). 5.
Procedd  selon la revendication 4, dans loquel le recuit est effectu6 A une
temperature d'au moins environ 1100 C et sous un vide d'au moins environ
1006 mbar (757 mm Hg) pendant 2 & 3 heures 50     environ. AnsprUche 55  1.
Verfahren zur Herstellung einer warmebehandelten prothetischen Vorrichtung
aus einem synthetischen, bioabsorblerbaren Polymeren, das eine
GlycolsdureesterverknUpfung enthalt, umfassend die Plazierung elner
Feststoffmenge des Polymeren in eine Formmaschine; Schrnelzen des
Polymeren, indem man es einer Temperatur von 240 C bis 255 C aussetzt;
Transportleren der Polymerschmeize zu einer 17  



Mindung; Einspritzen der Schmelze aus der MUndung in eine geschlossene
Formhohle; Halten des Polymeren in der Formhdhle fOr weniger'als elne
Minute; Entfernung der geformten prothetischen Vorrichtung aus der Hohle;
und Warmebehandlung der Vorrichtung, dadurch gekennzelchnet, daB das Halten
des Polymeren in der Formhdhle bel elner Temperatur von Ober 70 C bis 90 C
erfolgt, wobel 5      eine Dimensionsanderung der Vorrichtung wahrend der
Warmebehandlungsstufe geringer ist als 0,48 2  Verfahren gem3Ri Anspruch 1,
wobel die Formmaschine eine Spritz- oder Blas- oder Kompressions-
Formmaschine Ist. 10 3. Verfahren gemaB Anspruch 1, wobel die maximale
Dicke des Polymeren in der Spritzformmaschinen- Ho1hle etwa 6,35 mm (0,25
Inch) betragt. 4. Verfahren gem9B Anspruch 2, umfassend die Warmebenandlung
und anschlieflende Sterilisierung der 15     prothetischen Vorrichtung,
wobei die Wdrmebehandlung bei elner Temperatur von mindestens etwa 1tO C
unter einem Vakuum von mindestens etwa 1004 mbar (755 mm Hg) erfolgt. 5.
Verfahren gemaB Anspruch 4, wobel die W~rmebehandlung be! etwa 110 C unter
erinem Vakuum von mindestens etwa 1006 mbar (757 mm Hg) wahrend etwa 2 bis
3 Stunden erfolgt. 20 25 
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