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METHOD FOR EXTENDING SHELF-LIFE OF CONSTRUCTS OF SEMI-
CRYSTALLIZABLE POLYMERS

FIELD
[0001] This invention relates to the fields of polymer chemistry and materials
science.
BACKGROUND
[0002] Polymers are generally characterized by their bulk properties such as

tensile strength, vield stress, modulus, hardness, stiffness, elongation, gas
permeability, etc. It is these properties that manufacturers consult to determine
whether a particular polymer would be suitable for a particular application. Thus, if
a manufacturer requires a material that is hard and impact resistant for use in, say,
motorcycle helmets, (s)he will select a type of polymer that exhibits those bulk
properties whereas if the intended use requires flexibility, toughness and elongation,
as might be case with expandable coronary stents, (s)he will choose a different
type of polymer. The bulk properties of polymers can, however, change with time,
a process known as aging. Aging can render a polymer no longer suitable for its
originally intended purpose and possibly cause a construct comprising that polymer
to fail in use with potentially disastrous consequences.

[0003] What is needed is a method of mitigating the aging process of
polymers so as to extend the useful life, including the shelf-life of constructs
composed thereof. The present invention provides such a method with regard to

physical aging of semi-crystalline polymers.

SUMMARY
[0004] Thus, an aspect of this invention is a method of mitigating physical
aging of semi-crystalline polymers, immiscible blends comprising one or more semi-
crystalline polymer(s) or constructs of such polymer or polymer blends, comprising:
determining a glass transition temperature (Tg) of each polymer;
determining a meltihg temperature (Tn,) of each polymer;
heating the polymer, immiscible blend of polymers or construct of such polymer or
blend of polymers to a temperature between Tgand T, of the polymer or one or

more of the polymers of the immiscible blend of polymers;
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holding the polymer, immiscible blend of polymers or construct of such polymer or
blend of polymers at the temperature until one or more of the polymers
independently is above about 25% crystalline and,

removing the polymer, immiscible blend of polymers or construct of such polymer of

blend of polymers from the source of heat.

[0005] In an aspect of this invention, the temperature is from about Ty +
0.05(Tm — Tg) to about Tg + 0.4(Tm — Ty).

[0006] In an aspect of this invention, the temperature is from about Tg *
0.17(Tm — Tg) to @about Ty + 0.21(Tm, — Ty).

[0007] In an aspect of this invention, the polymer, immiscible blend of

polymers or construct of which polymer or polymer blend is held at the temperature
until the polymer or at least one of the immiscible blend of polymers or at least one
of the polymers comprising the construct is from about 40% to about 60%
crystalline.

[0008] In an aspect of this invention, the polymer, immiscible blend of
polymers or construct of which polymer or polymer blend is held at the temperature
until the polymer or at least one of the immiscible blend of polymers or at least one
of the polymers comprising the construct is from about 45% to about 55%
crystalline.

[0009] In an aspect of this invention, the polymer or a polymer of the blend of

polymers is poly(lactic acid).

[0010] In an aspect of this invention, the poly(lactic acid) is heated at from
about 70° C to about 100°C.

[0011] In an aspect of this invention, the poly(lactic acid) is heated at from
about 75°C to about 95°C.

[0012] In an aspect of this invention, the poly(lactic acid) is held at the
selected temperature from about 5 minutes to about 15 minutes.

[0013] In an aspect of this invention, the poly(lactic acid) is held at the
selected temperature from about 4 to about 7 minutes.

[0014] In an aspect of this invention, the poly(L-lactic acid) is from about 40%
to about 45% crystalline after heating at a selected temperature for a selected time.
[0015] In an aspect of this invention, the construct is a medical device.
[0016] In an aspect of this invention, the medical device is an implantable

medical device.
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[0017] In an aspect of this invention, the implantable medical device is a
stent.
[0018] In an aspect of this invention, the implantable medical device

comprises a layer of poly(lactic acid).

[0019] In an aspect of this invention, the stent comprises a layer of poly(lactic
acid).
[0020] In an aspect of this invention, crystallinity is determined by differential

scanning calorimetry.

DETAILED DESCRIPTION
Brief description of the figures
[0021] Figure 1A s a generic representative DSC thermogram showing the
three normal thermal transitions usually seen in thermograms of un-aged semi-
crystalline polymers.
[0022] Figure 1B is a generic representative DSC thermogram showing the
peak indicating aging of a semicrystalline polymer.
[0023] Figure 2 is a DSC thermogram of a sample of PLA that has been
stored at room temperature for approximately three months.
[0024] Figure 3 is a DCS thermogram of the above sample after storage at

room temperature for 14 days.

[0025] Figure 4 is a DSC thermogram of the same sample of Figs. 2 and 3
except that the sample was not aged at all before the run.

[0026] Figure 5 is a DSC thermogram of a sample of PLA tubing, 46%
crystallinity, 3.4 draw ratio after one month a room temperature.

[0027] Figure 6 is a DCS thermogram of a 25% crystalline PLA stent after
two weeks at room temperature.

[0028] Figure 7 is a DSC thermogram of the stent of Fig. 6 after it had been
heated to 60 °C for approximately one hour.

[0029] Figure 8 is a DSC thermogram of a 50% crystalline PLA sample after
storage at room temperature for approximately one month.

Definitions

[0030] As used herein, a "construct" refers to any useful article of

manufacture made of a semi-crystalline polymer or immiscible blend of polymers of
which at least one is semi-crystalline or any useful article of manufacture made of
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any material that is coated with a semi-crystalline polymer or immiscible blend of
polymer blend of which at least one is semi-crystalline.

[0031] As used herein, "semi-crystalline" refers to a polymer that, at
temperatures below its melting point, is capable of containing, and under most
conditions does contain, both amorphous and crystalline domains. Amorphous
domains are those in which polymer chains are situated in an essentially random
orientation. Crystalline domains are those in which polymer chains adopt an
ordered orientation with segments of separate chains or of the same chain
becoming essentially parallel to one another to form structures known as lamellae.
Lamellae begin from a point of nucleation, which normally is a speck of impurity in
the liquid polymer and then grow outward from the nucleation point to form larger,
essentially spherical crystalline structures know as crystallites. Unless otherwise
expressly described otherwise, any reference to a polymer in the context of the
method herein refers to a semi-crystalline polymer.

[0032] As used herein, an "immiscible blend" refers to a mixture of polymers
in which the polymers form separate phases. If the blend constitutes more than
one semi-crystalline polymer, the method herein may still be applied, most
beneficially if a temperature can be found that is within the above parameters of
this method for each, or as many as possible, of the semi-crystalline polymers in
the blend. Furthermore, if a blend of polymers is being treated, it is presently
preferred that at least one of the semi-crystalline polymer(s) to which the method
herein is applied comprises the continuous phase of the blend.

[0033] As used herein, "mitigating” means to eliminate, reduce the effects of,
eliminate the recurrence of or increase the time to recurrence of physical aging due
to densification in the amorphous regions of a semi-crystalline polymer.

[0034] As used herein, "shelf-life" refers to the length of time a construct can
be stored at room temperature before sufficient physical aging of the polymers of
which it is comprised takes place to render the construct unfit for use for its
intended purpose.

Discussion

[0035] Polymers age by physical, chemical and/or electrical processes.
Chemical aging results from exposure of a polymer to such external factors as air
(oxygen), moisture, solvents, radiation, heat and light. Electrical aging results from
voltage-induced stress that occurs at voltages usually in excess of about 3 kilovolts.
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Physical aging, which is the primary focus of this invention, results from residual
and applied stresses. As used herein, a "residual stress" includes, without
limitation, stress in a bulk polymer that is in a non-equilibrium thermodynamic state.
[0036] Physical aging of semi-crystalline polymers that have glass transition
temperatures (Tg) above their normal storage temperature, which, for the purposes
of this invention is room temperature, i.e., from about 15 °C to about 35 °C, occurs
primarily through the phenomenon known as densification.

[0037] Densification occurs when a semi-crystalline polymer is cooled at a
non-equilibrium rate from a temperature above its T4 to a témperature below its Tg.
Such is in fact normally what will occur in most industrial settings in that equilibrium
cooling is very slow and would be considered economically impractical. The non-
equilibrium cooling rate results in the randomly oriented polymer chains of the
amorphous domains being trapped at non-optimal separation distances in the
glassy state that forms when the temperature goes below T,4. The chains then
attempt to achieve optimal separation by coordinated localized chain motion. As
the average distance between chains decreases, a decrease in polymer free
volume occurs, that is, that space within the bulk polymer not physically inhabited
by portions of polymer chains is reduced. The loss of free volume results in an
increase in polymer density per unit volume, thus the term "densification." As the
polymer densifies, non-covalent chain-chain molecular interactions increase.
Although the interactions do not result in chain ordering, that is, the formation of
lamellae and crystallites, which would constitute crystallization, the effect on the
bulk properties of the polymer is similar to that obtained when crystallization occurs:
the modulus of the polymer increases and concomitantly the polymer becomes
more brittle. Thus, densification of a polymer initially selected for toughness and
elasticity could result in failure of a construct made of or coated with the polymer
when the polymer ages or densifies and becomes brittle. Densification can occur
relatively rapidly in reference to the desired shelf-life of constructs comprising semi-
crystalline polymers such that control of densification can result in significantly
extending the shelf-life of such constructs.

[0038] Densification of a polymer can be observed and qualitatively tracked
by differential scanning calorimetry (DSC). Briefly, DSC measures the thermal
transitions that a polymer goes through on heating. For a semi-crystalline polymer,
there are normally three such thermal transitions, the glass transition, Tg, the latent
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heat of crystallization, T., and melting, Tr,. A typical DSC thermogram, as the
resulting plot called, is shown in Fig. 1A with Ty, Tc and Ty, labeled. One of the
fundamental uses of DSC is to determine the percent crystallinity in a semi-
crystalline polymer. In brief, this is accomplished by first calculating the area under
the T,, peak. Melting is an endothermic process, that is, heat must be added to the
system to melt the crystalline regions of the polymer. The area is then divided by
the rate of heating to give the number of joules per gram of sample that was
needed to melt all crystalline domains in the sample when the sample reached its
melting point. Multiplying joules per gram by the size of the sample in grams gives
the total amount of heat that was required to melt those crystalline regions, Hi. The
exercise is repeated for the T, peak to give He, the amount of heat given off by the
system as crystallization was taking place, the latent heat of crystallization being
exothermic. (H:- Hc) gives the amount of heat, Hn, that was required to melt the
crystalline domains that existed before the polymer was heated above T4. The
specific heat of melting, Hsm, Of the polymer may generally be looked up in the
literature since many are known in the art but, if not, it may be empirically obtained
by repeating the above experiment using exactly one gram of polymer. Dividing Hp,
by Hsm provides the number of grams of the sample that were crystalline before the
polymer was heated above Tg. (Hn/Hsm) X 100 gives the percent crystallinity of the
polymer when it was below T,

[0039] Fig. 1B shows a generic thermogram as it would appear for an aged
semicrystalline polymer. In the region of Ty, as opposed to a smooth exothermic
transition to higher heat capacity, a distinct peak, indicated by T, for T-sub-
densification, is observed. It is this peak that is presently thought to represent
aging of the polymer. As will be seen in the examples that follow, this is supported
by the fact that the peak disappears when the polymer sample is subjected to a
second DSC run after the completion of the first, that is after the polymer has been
melted, become completely amorphous and, as a result, lost any characteristics
that would be attributable to its temporal history. That is, the disappearance of the
T4 peak suggests that this peak is the result of the polymers temporal history and
therefore is reasonably attributable to aging.

[0040] Fig. 2 is a DSC thermogram of a sample of semi-crystalline poly(lactic
acid) (PLA) which had been stored at room temperature for three months. The

thermogram reveals five rather than three thermal transitions. Tg, Tc and Tm, as
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described with regard to Fig.1, are labeled. T, the exact origin of which has not
been firmly established, is presently thought to be due to rearrangement of
imperfections in crystalline domains to more regular ordered structures created
during initial crystallization at T,. More interesting is the peak, T4, seen in the
vicinity of T because it is this peak which is presently thought to be due to
densification of the polymer in the sample. To examine whether such is the case, a
second DSC was run on the sample immediately after the first. Once the sample
reached Ty, during the first DSC run, all thermal history of the sample was
eliminated. That is, the sample was returned to its liquid amorphous state in which
no crystallinity nor any densification exists. If in fact Tq were related to densification
or physical aging, then it ought not be evident in the rerun thermogram of the
polymer. That is exactly what is observed. In the thermogram on the freshly
cooled sample was obtained, T, T, Tez and T were all still apparent in the plot but
T4 has disappeared.

[0041] Additional DSCs exploring Tq and the effects of various physical
characteristics of the polymer thereon, namely draw ratio, radial expansion and
initial degree of crystallinity on T4 can be seen in Figs. 3 - 8.

[0042] In Figure 3, a DSC of the same sample used to create the
thermogram of Fig. 2 is shown, except that the PLA had been aged for 14 days
rather than three months. As can be seen, T4 is evident but the peak is smaller
than that in Fig. 2. This suggests that the sample of Fig. 2 had undergone more
densification and thus more aging than the sample of Fig. 3, which is exactly the
case, further solidifying the assignment of Tq4 to physical aging of the sample.
[0043] Fig. 4is a DSC.of the same sample used to obtain the thermograms
of Figs. 2 and 3, except that it was run immediately after cooling the PLA from the
melt, that is, with no aging at all. As can be seen, there is no Tq4 peak, further
confirming that this peak is indeed indicative of densification and physical aging.
[0044] Fig. 5 shows a thermogram of a PLA sample that had been subject to
a high draw ratio (3.4) and thereby exhibited a high degree of crystallinity (46%).
After one month at room temperature, the initial thermogram and the immediate
rerun thermogram show T4 and Tr, but neither exhibits any Tq. The absence of T,
in the initial thermogram may be attributed to the fact that the high draw ratio

induced maximum crystallinity in the sample so that no further crystallization
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occurred between Ty and Tr,. The appearance of T, in the rerun thermogram
suggests crystalline defects were introduced during the second run through T..
[0045] Fig. 6 shows a thermogram run on a sample of a two-week old stent
fabricated from PLA which had undergone a low draw ratio, 1.0, and had a
relatively low degree of crystallization, 25%. As can be seen, the upper plot reveals
aTg aTy aTs aTeand a Ty, while the second rerun plot shows each of these
except for Tg. Thus, the DSC shows that the sample had undergone considerable
physical aging in just two weeks.

[0046] Fig. 7 show a thermogram of a sample of the same stent used to
generate the plot in Fig. 6. Here, the sample had been heated to approximately 60
°C for about one hour prior to running the DSC. Ty is completely absent from the
plot. Thus, it appears that physical aging due to densification can be reversed by
heating the polymer to a temperature between T4 (about 58 °C for PLA) and Ty,; i.e.,
it is not necessary to completely melt the polymer.

[0047] Since a polymer need not be melted to reverse densification, physical
aging in constructs made of or coated with a semi-crystalline polymer should be
reversible without damaging the constructs or coating, thus providing a means of
extending the useful life, including the shelf-life, of such constructs. The question
becomes, is there a way to control the rate of re-densification such that it would not
be necessary to subject a construct to repeated heating and cooling which could
exacerbate chemical aging and speed the demise of the construct? The answer
lies in the fact that the rate of densification is related to the degree of crystallization.
[0048] As pointed out previously, densification results from localized
segmental movement of polymer chains in amorphous region of a polymer at
temperatures below T4 as the chains attempt to achieve thermodynamic equilibrium
with regard to chain separation distance. This is a slow process since in the glassy
state below T4 very little thermal energy is available to effect chain motion. If the
polymer chains are further involved in inter- or inner-chain crystalline structures,
that is, lamellae and spherulites, that are dispersible only upon melting, the lengths
of chain in the amorphous domains that are still capable of movement are reduced
and the ability of the chains to densify is correspondingly lessened. That such is
the case can be seen in Fig. 8 where a thermogram of a sample of a 50%
crystalline PLA sample that was stored for approximately one month is shown. As
can be seen, the first and second DSC runs appear substantially identical in the Ty
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region; i.e., there is no evidence of any densification as indicated by the absence of
a T4 Thus, it would be expected that increasing the degree of crystallinity of a
polymer should reduce or even eliminate physical aging. However, crystallization
itself is an undesirable characteristic of polymers that are used to fabricate
constructs that rely on toughness, durability, flexibility and elongation of the polymer
for their utility because crystallinity confers increased modulus and brittleness on a
polymer. Thus, it would be desirable to use polymers that are more crystalline in
order to mitigate densification, i.e., physical aging, but that avoid the changes in
bulk properties that accompany increased crystallinity. The answer to this
conundrum lies in the thermodynamics of crystallization.

[0049] As the temperature of a semi-crystalline polymer is raised from Tg the
rate of crystallization increases logarithmically until the temperature reaches T, at
which point the crystal domains melt and the polymer chains resume a amorphous,
completely random orientation. During the temperature run, several processes
occur. Polymer crystallization begins with nucleation, the formation of small
crystalline domains around specks of impurities in the sea of amorphous liquid
polymer. Nucleation occurs most efficiently at temperatures near Tg. Crystal
growth, the formation of lamellae and crystallites, on the other hand, occurs most
rapidly at temperatures near Tn. Thus, at various temperatures between Tgand Tn
it should be possible to control the relationship between degree of nucleation and
associated crystal growth with the greatest amount of nucleation coupled with the
least amount of crystal growth occurring at temperatures above but near Tg. The
formation of large number of small crystalline domains should have the effect of
drastically restricting polymer chain motion in the remaining amorphous domains of
a polymer while not substantially affecting the desirable bulk properties of the
polymer. Furthermore, the restricted motion of the polymer chains should reduce,
even eliminate, densification and, thus, physical aging of the polymer.

[0050] It has been found that heating a semi-crystalline polymer to a
temperature that is above Ty by about 5% to about 40%, preferably from about 17%
to about 21% of the difference between Ty and Tr, for a relatively brief period of
time, typically from about 1 minute to about 20 minutes, preferably about 3 minutes
to about 10 minutes, followed by cooling the polymer to room temperature which
may include forced cooling or simply removing the polymer from the source of heat
and allowing it to cool naturally under ambient conditions to room temperature, will
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yield a polymer that has a relatively high degree of crystallinity, preferably from
about 40% to about 60%, more preferably at present from about 45% to about 55%
wherein the crystallinity is due primarily to a large number of small crystalline
regions rather than fewer but larger crystallite-containing regions. The resultis a
polymer in which the propensity to densify is drastically curtailed if not virtually
eliminated but that still retains the bulk properties required of it for its particular
application.

[0051] The above temperature can be calculated using the equation T=Tg +
X(Tm —Ty) where X is about 0.05 to about 0.4 and more preferably, from about 0.17
to about 0.21. For example, without limitation, for PLA having a T4 of approximately
60 °C and a T, of approximately 180 °C, the temperature T to which it would be
heated is from 60 + 0.05(180 — 60) to 60 + 0.4(180 — 60) or from 66°C to about 108
°C, preferably from 60 + 0.17(180 — 60) to 60 + 0.21(180 — 60) or from
approximately 80 °C to approximately 85 °C.

[0052] The above process can be applied to a semi-crystalline polymer or
immiscible blend in which at least one polymer is semi-crystalline prior to the
polymer or blend being used in a construct. Thus, for example without limitation,
extruded PLA can be treated using the method herein, cooled and laser-cut into
balloon expandable stents.

[0053] In addition to treating a semi-crystalline polymer or polymer blend
prior to fabrication of a construct, the method herein may be applied to fully formed
constructs. The only caveat is that the construct cannot contain any substance,
such as a drug, that might be detrimentally affected at the requisite temperatures of
this method. In this manner physical aging of existing constructs can be reversed,
with the resulting construct being expected to have a much longer useful lifespan,
including a substantially extended shelf-life, due to the resistance to re-aging
imparted by the method herein.

[0054] While the method of this invention can be applied to any semi-
crystalline polymer or to any construct of such polymer or blend of polymers, it is
presently a preferred embodiment of this invention that it be applied to polymers
that are used for the fabrication of implantable medical devices or are coated onto
such implantable medical devices. Implantable medical devices tend to be
expensive and their required performance characteristics stringent. Physical aging
can render such devices unusable in a relatively short period of time resulting in a
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potentially huge expense. Thus, it is anticipated that the method herein will find
particular application both as a treatment for polymers used to make or coat such
devices and as a treatment for devices already in existence and that have been
stored for a period of time waiting to be used.

[0055] An implantable medical device refers to any type of appliance that is
totally or partly introduced, surgically or medically, into a patient's body or by
medical intervention into a natural orifice, and which is intended to remain there
after the procedure. The duration of implantation may be essentially permanent,
i.e., intended to remain in place for the remaining lifespan of the patient; until the
device biodegrades; or until it is physically removed. Examples of implantable
medical devices include, without limitation, implantable cardiac pacemakers and
defibrillators; leads and electrodes for the preceding; implantable organ stimulators
such as nerve, bladder, sphincter and diaphragm stimulators, cochlear implants;
prostheses, self-expandable stents, balloon-expandable stents, stent-grafts, grafts,
artificial heart valves and cerebrospinal fluid shunts. in particular, the method
herein should be useful in the fabrication and maintenance of stents for the purpose
of extending their shelf-lives.

[0056] The primary use of a stent is to maintain the patency of a vessel in a
patient's body when the vessel is narrowed or closed due to diseases or disorders
including, without limitation, tumors (in, for example, bile ducts, the esophagus, the
trachea/bronchi, etc.), benign pancreatic disease, coronary artery disease, carotid
artery disease and peripheral arterial disease such as atherosclerosis, re-stenosis
and vulnerable plague Vulnerable plaque (VP) is a type of fatty build-up in an
artery thought to be caused by inflammation. The VP is covered by a thin fibrous
cap that can rupture leading to blood clot formation and the stent acts as a shield
against such rupture. A stent may, however, also be used for localized delivery of a
bioactive agent to a selected treatment site in a patient's body.

[0057] The stent may be self-expandable or balloon expandable. Any type of
stent currently known to, or as such may become known to, those skilled in the art
may be fabricated of or coated with a semi-crystalline polymer or blend of polymers
that has been subjected to the method herein. In the alternative, a stent already so
fabricated or coated may be subjected to the method herein to eliminate any

densification that has taken place and inhibit or eliminate its recurrence.
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[0058] For implantable medical devices, in particular at present for stents,
that have been or are to be coated with a semi-crystalline polymer or immiscible
blend of polymers of which as least one is semi-crystalline, the device may be
made of virtually any material that is amenable to such coating. Examples, without
limitation of which materials include biocompatible metals or alloys such as, but not
limited to, cobalt chromium alloy (ELGILOY), 316L stainless steel, high nitrogen
stainless steel, e.g., BIODUR 108, nickel-titanium alloy (NITINOL), tantalum,
platinum, platinum-iridium alloy, gold and combinations thereof.

[0059] Alternatively, the implantable medical device or stent may be made of
one or more biocompatible, relatively non-biodegradable polymers including, but
not limited to, polyacrylates, polymethacryates, polyureas, polyurethanes,
polyolefins, polyvinylhalides, polyvinylidenehalides, polyvinylethers,
polyvinylaromatics, polyvinylesters, polyacrylonitriles, alkyd resins, polysiloxanes
and epoxy resins. Any of these polymers that is semi-crystalline can, of course, be
subjected to and expected to benefit from the method herein with regard to their
physical aging by densification. It is presently preferred that the method of this
invention be applied to stents made of bioabsorbable semi-crystalline polymer or
polymers so as to extend their shelf-lives.

[0060] As noted above, a stent may be used for the localized deliver of
bioactive agent(s). As used herein, a bioactive agent refers any substance that is
of medical or veterinary therapeutic, prophylactic or diagnostic utility. Therapeutic
use refers to a bioactive agent that, when administered to a patient, will cure, or at
least relieve to some extent one or more symptoms of, a disease or disorder.
Prophylactic use refers to a bioactive agent that, when administered to a patient
either prevents the occurrence of a disease or disorder or, if administered
subsequent to a therapeutic agent, prevents or retards the recurrence of the
disease or disorder. For the purposes of this invention, any such agent may be
included in the construct that is subjected to the method of mitigating the effects of
physical aging so long as the conditions of the method will not adversely affect the
agent.

[0061] This invention has been described in relation to certain examples of
its application, in particular to its applicability to constructs comprising semi-
crystalline PLA. The examples are not intended nor should they be construed as

limiting this invention in any manner whatsoever. Those skilled in the art will
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recognize, based on the disclosures herein, other polymer and other constructs to
which the invention herein may be applied. All such polymers and constructs are

within the scope of this invention.
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WHAT IS CLAIMED:

1. A method of extending the shelf-life of constructs comprising a semi-
crystalline polymers or an immiscible blend of two or more polymers of which at
least one is a semi-crystalline polymer, by reducing embrittlement in the polymers
by slowing the rate, and/or reducing the amount, of physical aging of the polymers

comprising:

determining a glass transition temperature (Tg) of each polymer;

determining a melting temperature (Ty,) of each polymer;

heating the polymer, immiscible blend of polymers or construct of such polymer or
blend of polymers to a temperature between T4 and Ty, of the polymer or one or

more of the polymers of the immiscible blend of polymers;

holding the polymer, immiscible blend of polymers or construct of such polymer or
blend of polymers at the temperature until one or more of the polymers
independently is above about 25% crystalline and,

removing the polymer, immiscible blend of polymers or construct of such polymer of

blend of polymers from the source of heat.

2. The method of claim 1, wherein the temperature is from about T, +
0.05(Tm — Tg) to about Ty + 0.4(Tm — Tg)-

3. The method of claim 2, wherein the temperature is from about Ty +

4, The method of claim 1, wherein the polymer, immiscible blend of
polymers or construct of which polymer or polymer blend is held at the temperature
until the polymer or at least one of the immiscible blend of polymers or at least one
of the polymers comprising the construct is from about 40% to about 60%

crystalline.
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5. The method of claim 1, wherein the polymer, immiscible blend of
polymers or construct of which polymer or polymer blend is held at the temperature
until the polymer or at least one of the immiscible blend of polymers or at least one
of the polymers comprising the construct is from about 45% to about 55%
crystalline.

6. The method of claim 1, wherein the polymer or a polymer of the blend

of polymers is poly(lactic acid).

7. The method of claim 6, wherein the poly(lactic acid) is heated at from
about 70° C to about 100°C.

8. The method of claim 7, wherein the poly(lactic acid) is heated at from
about 75°C to about 95°C.
9. The method of claim 8, wherein the poly(lactic acid) is held at the

selected temperature from about 5 minutes to about 15 minutes.

10.  The method of claim 9, wherein the poly(lactic acid) is held at the

selected temperature from about 4 to about 7 minutes.

11. The method of either claim 9 or claim 10, wherein the poly(L-lactic
acid) is from about 40% to about 45% crystalline after heating at a selected
temperature for a selected time.

12.  The method of claim 1, wherein the construct is a medical device.

13.  The method of claim 12, wherein the medical device is an implantable

medical device.

14. The method of claim 13, wherein the implantable medical device is a

stent.
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15. The method of claim 13, wherein the implantable medical device
comprises a layer of poly(lactic acid).

16.  The method of claim 14, wherein the stent comprises a layer of
poly(lactic acid).

17. The method of claim 1, wherein crystallinity is determined by
differential scanning calorimetry.
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