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(57) ABSTRACT 

This invention provides biodegradable, biocompatible poly 
meric films having uniform Selected thicknesses between 
about 60 micrometers and about 5 mm useful in the manu 
facture of therapeutic implants for insertion into a patient's 
body and methods of making them. The films may be shaped 
to cover implants made of other materials to improve their 
biocompatibility. The films may be coated with or incorpo 
rate bioactive agents. They may have differing properties, 
e.g., porosity, thickness, and degradation rate, in different 
CS. 
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BODEGRADABLE POLYMERC FILM 

0001. This application is a divisional of U.S. patent 
application Ser. No. 09/305,546 filed May 5, 1999, which is 
a continuation application of PCT Application PCT/US97/ 
22552 designating the United States, filed Dec. 3, 1997 and 
claiming priority to U.S. Provisional Application No. 
60/032,085 filed Dec. 3, 1996. 

FIELD OF THE INVENTION 

0002 This invention is in the field of biodegradable, 
biocompatible polymeric materials, Suitable for implanta 
tion into a patient's body. 

BACKGROUND OF THE INVENTION 

0003. Many substances used for implants, such as osteo 
chondral implants and orbital implants, e.g., made of 
hydroxylapatite, are rough and can cause injury to Surround 
ing tissue or interfere with articulation. Smooth implants, 
however, do not allow for tissue ingrowth and muscle 
attachment as well as would be desired. 

0004 Polymeric films have been used in several types of 
medical applications in connection with implants. Colomb, 
G. and Wagner, D. (1991), “Development of a new in vitro 
model for Studying implantable polyurethane calcification,” 
Biomaterials 12:397-405, discloses the use of non-biode 
gradable polyurethane films 0.2 to 0.7 mm thick to study 
implant calcification. Bawa, R. and Nandu, M. (1990), 
“Physico-chemical considerations in the development of an 
ocular polymeric drug delivery system,” Biomaterials 
11:724-728, discloses the use of non-biodegradable silicone 
based prepolymer films impregnated with gentamicin Sulfate 
for the fabrication of ocular devices. Marchant, R. E. et al. 
(1990), “A hydrophilic plasma polymerized film composite 
with potential application as an interface for biomaterials,” 
J. Biomed. Materials Res. 24:1521-1537, discloses plasma 
deposition of a first layer polymerized from n-hexane and a 
second layer polymerized from N-vinyl-2-pyrrollidone to 
form a 420 nm thick composite film on a non-organic 
Substrate providing a non-cytotoxic covering. Johnson, S.D. 
et al. (1992), “Biocompatibility studies in plasma polymer 
ized interface materials encompassing both hydrophobic and 
hydrophilic Surfaces,” J. Biomed. Materials Res. 26:915 
935, discloses that thin plasma-deposited films (about 1 
micrometer thick) made from N-vinyl-2-pyrrollidone, Y-bu 
tyrolactone, hexamethyldisilaZane and n-hexane on bioma 
terials provide good compatibility (reduced toxicity). 
0005 Biodegradable polymeric films have also been used 
in Some applications. Morain, W. D., et al., “Reconstruction 
of Orbital Wall Fenestrations with Polyglactin 910 Film,” 
Plastic and Reconstructive Surgery, December, 1987, 769 
774, discloses the use of bioabsorbable Polyglactin 910 
(Vicryl(R) film implants for treatment of orbital wall 
wounds. The film was completely degraded within four 
months. The films were not seen to affect bone regrowth 
when compared to controls without the films, but were used 
to prevent herniation of orbital contents. The film was not 
used as a covering for another implant material to promote 
bone or muscle ingrowth. The film did not cause a long 
Standing inflammatory reaction as did a Dacron-reinforced 
silicone film to which it was compared. The Polyglactin 910 
film used was 0.125 mm (125 micrometers) in thickness. 
Polyglactin 910 is a 10:90 PLA:PGA polymer film. 
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0006 Use of a biodegradable polylactic acid (PLA) film 
150 micrometers thick was reported in Levy, F. E., et al., 
“Effect of a Bioresorbable Film on Regeneration of Cranial 
Bone,” Plastic and Reconstructive Surgery, February, 1994, 
307-311. After 24 weeks cranial defects covered with the 
film showed improved healing compared with untreated 
controls. 

0007 Gangadharam, P. R. J. et al. (1994), “Experimental 
chemotherapy of tuberculosis using Single dose treatment 
with isoniazid in biodegradable polymers,” J. Antimicrobial 
Chemotherapy 33:265-271 discloses the use of a PLA:PGA 
film containing isoniazid to provide Sustained release of the 
drug for up to four weekS. Details of the preparation of the 
polymeric film are provided in Gangadharam, P. R. J., et al. 
(1991), “Sustained release of isoniazid in vivo from a single 
implant of a biodegradable polymer, Tubercle 72:115-122. 
The film was a 90% lactic/10% glycolic acid polymer 
having an average polymer molecular weight of 35,000 
Daltons. Films containing the drug were prepared by dis 
Solving the polymer in methyl chloride and passing the 
solution through an 0.8 mm Millipore filter. The drug was 
added to the Solution and the Solution was cast onto a clean 
glass Surface as a thin film 0.6 mm in thickness, then air 
dried, followed by vacuum drying at 45 C. 
0008 Melalin, R. J. et al. (1990), “A Biomechanical 
Study of Tendon Adhesion Reduction Using a Biodegrad 
able Barrier in a Rabbit Model,” J. Appl. Biomat. 1:13-39, 
disclosed the use of a knitted cellulose material to reduce 
adhesion formation. 

0009 Monsour, M. J. et al. (1987), “An Assessment of a 
Collagen/Vicryl Composite Membrane to Repair Defects of 
the Urinary Bladder in Rabbits,” Urological Res. 15:235 
238, and Mohammed, R. et al. (1987), “The Use of a 
Biodegradable Collagen/Vicryl Composite Membrane to 
Repair Partial Nephrectomy in Rabbits', Urological Res. 
15:239-242, discloses a collagen-coated Vicryl mesh to 
facilitate surgical healing. Andriano, K. P. et al. (1995), 
“Preliminary Effects of In vitro Lipid Exposure on Absorb 
able Poly(ortho ester) Films,” J. Appl. Biomat. 6: 129-135, 
discloses poly(ortho ester) film degradation in vitro in 
cholesterol emulsions. Hanson, S.J. et al. (1988), “Mechani 
cal Evaluation of Resorbable Copolymers for End Use as 
Vascular Grafts,” Trans. Am. Soc. Artif. Intern. Organs 
34:789-793, discloses the use of PLA/e-caprolactone mate 
rials as vascular graft materials. 
0010 None of the foregoing references disclose such 
films molded or shaped to Surround implants made of other 
materials to improve the biocompatibility of Such implants. 

0.011 Schliephake, H. et al. (1994), “Enhancement of 
Bone Ingrowth into a Porous Hydroxylapatite-Matrix Using 
a Resorbable Polylactic Membrane,” J. Oral and Maxillo 
facial Surg. 52:57-63, discloses the use of a polylactic 
membrane (L/DL-Lactic Acid 70/30) to cover hydroxylapa 
tite blocks placed in mandible and ilium defects. The mem 
brane was nearly completely degraded after five months and 
the blocks covered with membrane showed more bony 
penetration of the HA matrix compared to blocks not cov 
ered by the membrane. The membrane had been replaced by 
a thin, fibrous Scar. The degradation time was reported as 
being slow enough to prevent connective tissue cells from 
penetrating into the block pores So as to allow ingrowth of 
bone tissue from underlying host bone. The membrane was 
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adapted to the block by a prefabricated, heated metal tem 
plate which, the reference teaches, may be impossible in a 
Situation where an individual contour is needed due to the 
rigidity of the polylactic material. 

0012 U.S. Pat. No. 5,584.880, issued Dec. 17, 1996 to 
Martinez for “Orbital Implant” discloses an orbital implant 
comprising hydroxylapatite granules which may be covered 
by a layer of synthetic material which is preferably a 
Synthetic fabric made of a polymeric material. 
0013 None of the foregoing references disclose biode 
gradable films designed to fit individual contours of implants 
and to degrade within a short enough period, e.g., less than 
about four months, to promote rapid muscle and connective 
tissue attachment to the implant material. 
0.014. It is therefore an object of this invention to provide 
biodegradable films which can be used to coat contoured 
implants, Such as rounded hydroxylapatite implants used for 
orbital reconstruction, or to coat polymeric or other implants 
to provide improved, Smooth articulating Surfaces, to 
improve biocompatibility of the implants and to promote 
muscle and connective tissue attachment. It is also an object 
of this invention to provide biodegradable polymeric films 
designed to have different degradation rates at different 
locations in the film. 

SUMMARY OF THE INVENTION 

0.015 This invention provides a biodegradable, biocom 
patible polymeric film having a uniform Selected thickness 
between about 60 micrometers and about 5 mm. Films of 
between about 600 micrometers and 1 mm and between 
about 1 mm and about 5 mm thick, as well as films between 
about 60 micrometers and about 1000 micrometers; and 
between about 60 and about 300 micrometers are useful in 
the manufacture of therapeutic implants for insertion into a 
patient's body. Films between about 60 and about 120 
micrometers and between about 75 and about 125 microme 
ters are also useful in this invention. 

0016. The term “biodegradable” means capable of break 
ing down over time inside a patient's body. A number of 
Suitable biodegradable polymers for use in making the 
materials of this invention are known to the art, including 
polyanhydrides and aliphatic polyesters, preferably polylac 
tic acid (PLA), polyglycolic acid (PGA) and mixtures and 
copolymers thereof, more preferably 50:50 copolymers of 
PLA:PGA and most preferably 75:25 copolymers of 
PLA:PGA. Single enantiomers of PLA may also be used, 
preferably L-PLA, either alone or in combination with PGA. 
Polycarbonates, polyfumarates and caprolactones may also 
be used to make the implants of this invention. The film 
degradation period should be short enough to allow muscle 
and connective tissue attachment to the underlying implant, 
e.g., leSS than about four months, preferably between about 
one and about ten weeks and, in Some cases, between about 
one and about three weeks, or no more than about four 
weeks. 

0017. The term “biocompatible” as used herein with 
respect to a polymeric film means that the degradation of the 
film does not elicit an adverse biologic response, that its 
Surfaces are Smooth rather than rough or abrasive, and that 
it is “substantially free” of most residual solvents, such as 
acetone, meaning that insufficient Solvent is present in the 
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film to interfere with cell implantation on or in the implant. 
Preferably, the film has less than 100 ppm residual solvent. 
In Some cases, where biocompatible Solvents Such as N-me 
thyl-pyrrolidone (NMP) are used, making the implant Sub 
Stantially Solvent-free is not essential. 
0018. The polymeric films of this invention are thin 
compared to their length and breadth, preferably between 
about 60 micrometers and 5 mm thick. Large, continuous 
films may be made by the methods of this invention. 
Typically, sizes of about 11"x15" can be made. The poly 
meric films are uniform in thickness, i.e. not varying in 
thickness by more than about 30 micrometers. The desired 
thickness of the film may be Selected in advance and 
controlled in the manufacturing process. These large films 
can be cut or punched to wafer size, e.g., as described in PCT 
Publication WO 97/13533 published Apr. 17, 1997, incor 
porated herein by reference to the extent not inconsistent 
herewith. 

0019. The films are not necessarily flat; they may be 
shaped or contoured to conform to complex implant con 
tours. Contoured films may be spherical, curved and/or have 
depressions and bulges and may be designed to fit irregu 
larly-shaped implants including tubular (lumenal) implants. 
0020 Bioactive agents such as enhancers of cell attach 
ment, growth factors, enzymes, degradation agents, pH 
adjusting agents, therapeutic agents, Such as antibiotics, 
analgesics, chemotherapeutic agents, and the like may be 
used in conjunction with the polymeric films of this inven 
tion. For example, the polymeric films of this invention may 
be coated by means known to the art with a biologically 
active agent. Alternatively, Such bioactive agents may be 
incorporated into the thin film by means known to the art. 
Such agents, which facilitate attachment of cells to the 
polymeric material are termed “cell attachment enhancers' 
herein. In addition agents promoting production of various 
necessary factors within bone, cartilage, muscle or other 
tissue may be provided, and are included within the term 
“growth factors' herein. Other suitable bioactive agents and 
methods for their incorporation into biodegradable poly 
meric materials are known to the art and disclosed, e.g. in 
allowed U.S. Pat. No. 6,013,853 or U.S. Pat. No. 5,876,452. 

0021 A particularly useful growth factor for use in 
connection with implants designed to encourage cartilage 
growth, Such as Osteochondral implants, is P15, a 15 amino 
acid, MW 1393.6, polypeptide produced by Peptide Inno 
vations, Inc., Southfield, Mich. 

0022. The amount of bioactive agent to be incorporated 
into or coated on the polymeric films of this invention is an 
amount effective to Show a measurable effect in improving 
the performance of the film-covered implant, as may be 
known to the art or determined by testing the film-covered 
implant with and without the bioactive agent and measuring 
at least one characteristic to be improved. 

0023 The films of this invention are used to at least 
partially wrap or cover therapeutic implants for placement in 
the body of a patient. The “patient” can be any living 
organism, including a warm-blooded mammal, and prefer 
ably, a human. Covering an implant with a film of this 
invention provides a Smooth Surface to avoid abrasion and 
damage to neighboring tissue, provides a Smooth articulat 
ing Surface, and provides sites for cell ingrowth and attach 
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ment. In addition, for highly porous implants, covering with 
the polymeric films of this invention provides a continuous 
Surface. 

0024. In a preferred embodiment, thin films of this inven 
tion are used to cover ocular implants, Such as those made 
of hydroxylapatite. The hydroxylapatite is rough, and the 
Smooth Surface of the polymer film covering makes the 
implant more biocompatible in that it is more easily and 
comfortably implanted and causes leSS irritation. AS the film 
degrades over a Selected period of time, preferably about one 
to ten weeks, muscle grows into and attaches to the Surface 
of the implant to allow tracking of the artificial eye. 

0.025 The polymeric films of this invention can also be 
used to coat metallic implants, Such as titanium jaw 
implants, to facilitate integration of the implant. Portions of 
the film may be completely degraded over different time 
periods, as required by the ingrowth of different tissue. 
Portions of the underlying implant may be left bare, or the 
film may have holes produced in it So that muscle and/or 
connective tissue can be attached to the underlying implant 
by Suturing or other means known to the art. 
0026. The polymeric films of this invention may be used 
to provide a thin coating, preferably a PLG coating about 75 
to 125 micrometers in thickness on the articulating portion 
of a single or multiphase osteochondral or chondral implant, 
for example as described in U.S. Pat. No. 5,607,474, incor 
porated herein by reference to the extent not inconsistent 
herewith. The purpose of this coating is to provide a Smooth 
articulating Surface on the open celled, cut Surface of a wafer 
Such as a polymeric wafer used as an implant. To attach the 
film, it is merely “glued on by wetting the implant with 
acetone or other Suitable Solvent and then firmly pressing the 
film onto it. This coating can be altered as described herein 
to have various degradation rates and thicknesses and may 
have a bioactive agent incorporated. 

0027. The polymeric films of this invention may be made 
porous or Semi-permeable by known foaming techniqueS or 
incorporation of porogenic materials. Such as leachable Salts 
or laser etching. For example, films which allow passage of 
nutrients but not cells, having pore sizes between about 0.1 
micrometers and about 4 micrometers, can be made by laser 
etching. 

0028 Aplasticizer may be incorporated in the biodegrad 
able film to make it Softer and more pliable for applications 
where direct contact with a contoured Surface is desired. The 
thin film is plasticized in solutions of N-methyl-pyrrolidone 
(NMP) or other biocompatible solvent which can be mixed 
with a co-solvent such as water, ethanol, PEG-400, glycerol, 
or other co-solvents known to the art. The co-solvent is 
required to prevent complete dissolution of the polymer. The 
film is immersed in the Solution until as Soft as desired, i.e., 
Soft enough to readily conform to the shape of an implant. 

0029. The polymeric films of this invention can be 
formed and used as flat sheets, or can be formed into 
three-dimensional conformations or “shells' molded to fit 
the contours of a specific implant. For example, to cover 
ocular implants which are spherical in form, polymeric films 
of this invention can be formed in two hemispheres. The 
implant can be encapsulated in two halves and the coating 
fused to form a continuous coating. The films may also be 
molded or pressed, using heat for Softening, into more 
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complicated contours. The film is also provided as a plas 
ticized sheet for use at the time of implantation. A biocom 
patible solvent as described above makes the film capable of 
being easily Stretched to form around a contoured Surface of 
the implant. The film adheres to itself and can be stretched 
up to about 200% without tearing. Prior to implantation of 
the sterile implant, it can be “wrapped' with the plasticized 
film. 

0030 The films of this invention can be designed so that 
they degrade at different rates in different Zones (areas) of 
the film and/or release or incorporate different bioactive 
agents in different Zones. Porosities, thickneSS and other 
properties may also be varied in different Zones. This may be 
desirable So that Surface areas of an implant at attachment 
Zones for muscle or other tissue can be made more rapidly 
degradable and/or porous, while Surface areas not required 
for immediate tissue ingrowth can be made more slowly 
degradable and/or thicker to provide controlled release of an 
incorporated bioactive agent. Additionally, implant Surfaces 
near the exterior of the body can be made less rapidly 
degradable and/or porous to provide better protection 
against bacterial attack, while inner Surfaces can be made 
more rapidly degradable and/or porous to encourage tissue 
ingrowth. 

BRIEF DESCRIPTION OF THE FIGURE 

0031 FIG. 1 graphs pH changes, indicating degradation 
and molecular weight changes, for various polymer blends 
immersed in phosphate buffered saline (PBS). 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0032 Polymeric films of this invention are useful for 
providing biocompatible coverings for Surgical implants. 
For covering hip implants or rods, films of up to about 5 mm 
in thickness are Suitable. For covering hydroxylapatite ocu 
lar implants films of about 60 to about 1000 micrometers are 
preferred. Films between about 60 and about 300 microme 
ters are also useful. Films between about 75 and about 125 
micrometers in thickneSS are useful for covering articulating 
Surfaces of implants Such as Osteochondral or chondral 
implants. Thicker films of this invention are useful for 
coverings for extremely rough implant Surfaces, to provide 
extended degradation times, or to accommodate a high 
degree of porosity for facilitation of tissue ingrowth. 
0033) To make the polymeric films of this invention, a 
Suitable polymeric material is Selected, depending on the 
degradation time desired for the film. Selection of Such 
polymeric materials is known to the art. For example PLA 
is used when a lengthy degradation time is desired, e.g. up 
to about two years. For the purposes of this invention, 
Shorter degradation times are desired. A low molecular 
weight, e.g., around 20,000 daltons, 50:50 or 55:45 
PLA:PGA copolymer is used when an approximately two 
week degradation time is desired. In a preferred embodi 
ment, a 75:25 PLA:PGA copolymer is used, giving a film 
degradation time of about 8-15 weeks. To ensure a Selected 
degradation time, the molecular weights and compositions 
may be varied as known to the art. 
0034. The degradation of PLA and PGA has been exten 
sively studied, both in vivo and in vitro. A number of factors 
affect the degradation rate of PLA:PGA copolymers, such as 
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molecular weight, copolymer ratio, polymer crystallinity, 
thermal history, shape and porosity, and wettability. Addi 
tionally, other factorS Such anatomical Site of implant, Vas 
cularity, tissue interaction and patient response affect the 
degradation rate in Vivo. Depending on the above listed 
factors, degradation rates for PLA and PGA polymers have 
been reported as low as 7 days for 50:50 PLG to several 
years for PLA. The overall degradation kinetics have been 
fairly well established for the entire family of homopoly 
merS and copolymers. Table 1, below, Summarizes the 
findings of the degradation rates of the copolymers. Since 
this table is a compilation of many Studies, the broad 
degradation range is reflective of the different experimental 
variables and parameters utilized. 

TABLE 1. 

Degradation rates of polymers 

PLA/PGA Degradation Time 

1OO/O 24 weeks-over 4 years 
85/15 12-34 weeks 
75/25 4-20 weeks 
70/30 25-30 weeks 
50/50 1-8 weeks 
Of1OO 8-20 weeks 

0035. The molecular weight of the polymer selected is 
preferably between about 70 and 120 kD; however, higher 
molecular weights, up to about 600 kD, can be used up to the 
point where viscosity of the Solution prevents even spread 
ing over a Surface leading to films of non-uniform thickness. 
Lower molecular weights may also be used, down to about 
5 kD, to the point where the resultant film becomes too 
brittle to be used. 

0036) H-series PLG, a PLG polymer modified to provide 
acidic carboxy terminals on the polymer chains which 
makes the polymer more hydrophilic and therefore more 
easily degraded in an aqueous environment, may be blended 
with various PLG polymers to provide a film degrading at 
any desired rate. 
0037. The film may be used for Surgical attachment of 
muscles, as for ocular implants, where the Surgeon may 
Suture through the film for muscle attachment. 
0.038 Films of this invention may be porous or nonpo 
rous, preferably nonporous. 

0.039 The films may be used to cover non-biodegradable 
implants of Virtually any type, e.g., those made of hydroxy 
lapatite, titanium, Silicon, ceramics, PVC and other poly 
mers, or biodegradable implants such as PLA:PGA implants 
as described, e.g., in U.S. Ser. No. 08/540,788, incorporated 
herein by reference. The implants may be, for example, 
ocular or other organ implants, or those Suited for Ortho 
paedic uses of all kinds including femoral, hip, joint, or other 
implants as known to the art. 
0040 Polymeric films of this invention may be made by 
dissolving the Selected polymeric material in a Solvent 
known to the art, e.g. acetone, chloroform or methylene 
chloride, using about 20 ml Solvent per gram of polymer. 
The Solution is then degassed, preferably under gentle 
Vacuum to remove dissolved air and poured onto a Surface, 
preferably a flat non-stick surface such as BYTAC(R) (Trade 
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mark of Norton Performance Plastics, Akron, Ohio) non 
Stick coated adhesive-backed aluminum foil, glass or 
TEFLONGR). The solution is then dried, preferably air-dried, 
until it is no longer tacky and the liquid appears to be gone. 
The known density of the polymer may be used to back 
calculate the Volume of Solution needed to produce a film of 
the desired thickness. 

0041) To make the film biocompatible, residual solvent 
which interferes with cell implantation must be removed. 
Preferably this is done by incubating the dried polymer at 
about 55-65 C. to drive off residual solvent. A vacuum oven 
may then be used at about 55-70° C. to remove the final 
Solvent, So that the finished polymeric film has a residual 
solvent concentration of less than about 100 ppm. The film 
is then peeled away from the non-Stick Surface, and is 
Substantially uniform in thickness, Smooth, tough, and 
durable. 

0042 Films of this invention may also be made by heat 
pressing and melt forming/drawing methods known to the 
art. For example, thicker films can be pressed to form thinner 
films, and can be drawn out after heating and pulled over 
forms of the desired shapes, or pulled against a mold by 
Vacuum pressure. 

0043. As discussed above, films may be produced 
wherein different Zones of the film have different properties, 
e.g., different degradation rates, thicknesses, bioactive 
agents and the like which could affect tissue ingrowth and 
cell attachment, drug-release kinetics and the like. To make 
films having different characteristics in different Zones, 
Separate films, each having the desired properties for a single 
Zone, can be made and cut to shape. The shapes can then be 
heat-welded together, preferably by overlapping the Sections 
at least about 2 mm and applying gentle pressure at a 
temperature of about 60° C. 

EXAMPLE 1. 

Preparation of Film 

0044) Thin polymeric films of this invention were pre 
pared according to the following protocol. 
004.5 Thin polymeric films can be prepared by casting 
from a Solvent onto a non-Stock Surface. For example, in 
order to prepare a 28 by 38 centimeter film (11"x15") of 100 
tim thickness, we perform the following calculation: 

28 cmx38 cmx0.01 cmx1.30 g/cm=9.34 grams poly 
le 

9.36 gramsx20 ml acetone/gram=187 ml acetone. 

0046) In a TEFLONGR) non-stick polymer beaker fitted 
with a Stirbar, the polymer and acetone are combined, 
covered and allowed to mix for 20 minutes to completely 
dissolve the polymer. The beaker is then placed in a vacuum 
desiccator and a vacuum is applied until the Solution begins 
to bubble vigorously. The vacuum is controlled manually to 
prevent excessive eruption of the fluid. This de-gassing Step 
is carried out for about 3-5 minutes, until the bubbles 
become large and the bubbling action leSS Vigorous. 
0047 The solution is then gently poured out onto a 
prepared Surface. The pouring action should be accom 
plished in a single, Smooth, continuous Step So as to avoid 
introduction of bubbles and surface irregularities. The Sur 
face is very level, Smooth, and non-Stick. For example, an 
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aluminum plate with a Square well 28x38 cm machined into 
the center can be lined with a commercial non-Stick material 
known as Bytac (Norton Performance Plastics, Akron, Ohio) 
which has an adhesive side which is applied over the 
Surface, to expose a non-Stick fluoropolymer Side. This mold 
is made level by using a carpenter's level or a bubble level. 
Alternatively, the mold can be “floated” in a bath of water 
to get a level Surface. A level mold is critical to achieving a 
uniform film thickness. 

0.048. Once the fluid is poured into the prepared mold 
Surface, it is allowed to air-dry undisturbed until it is no 
longer tacky (4-12 hours). It can then be placed in an 
incubator or oven at 55-70° C. for up to seven days to drive 
off the residual acetone. Preferably the oven or incubator can 
be Swept with nitrogen or dry air to exclude moisture. After 
at least one day in the incubator, the film can be transferred 
to a vacuum oven at 65° C. to complete the elimination of 
solvent. This typically takes about 2 to 3 days at less than 1 
tOrr. 

0049. The film is then ready to be further processed. 

EXAMPLE 2 

Preparation of Heat Molded Film 
0050. A molded film was prepared according to the 
following protocol. 
0051 Films can be prepared by hot-molding procedures, 
for example by using a heated press. A 0.5 mm thick film of 
diameter of 2.25" can be prepared in the following manner. 
0.052 The amount of material can be calculated as fol 
lows: 

2.25 in (2.54 cm/in)/4x0.05 cmx1.30 g/cm3=0.53 g 
polymer. 

0053) The polymer is placed in the well of a 2.25" ID 
Stainless Steel piston and cylinder type mold (Carver) and 
the upper piston placed on top. The assembly is then placed 
between the heating platens of a 12-ton press (Carver) and 
a load of 6000 pounds applied (for an internal pressure of 
about 1500 psi). The platens are then heated to a temperature 
of about 200 F., while the pressure is maintained should it 
drop due to polymer fusion. The external Surface of the mold 
is allowed to come to about 175 F., at which point heating 
is turned off and optionally cooling applied. While the 
preSSure is maintained, the mold is allowed to cool to leSS 
than 100 F. before it is removed from the press. The film 
can then be removed from the mold and further processed if 
desired. The mold is shaped to produce a film contoured to 
fit a desired therapeutic implant and is pressed over the 
implant in Sections, with the edges welded together if 
desired to completely cover the implant. 

EXAMPLE 3 

Degradation Profiles 

0054 Various blends of PLG polymers with H series 
PLG polymer result in a wide range of degradation profiles. 
Thin films were fabricated using polymers with various 
degradation rates to emulate a range of in Vivo degradation 
rates. The following polymers were tested by blending with 
Boehringer Ingelheim H-series 50/50 H-D.L-PLG, I.V.=0.49 
polymer: 
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50/50 D.L-PLG, intrinsic viscosity (I.V.)=0.60 
50/50 DL-PLG, I.V=0.73 
55/45 DL-PLG, I.V=0.85 

0055. The polymer blends were prepared by dissolving 
the Specific varying amounts of each polymer as indicated in 
FIG. 1 in acetone to achieve intimate mixing, then drying 
under ambient conditions and curing in a vacuum oven. 
Solvent levels were tested to meet minimum specifications 
prior to release for further processing. Cured polymer blends 
were then ground to a fine powder in a MicroMill. Powdered 
blends were pressed using a Carver heated press by placing 
the polymer between two sheets of aluminum foil, spreading 
it evenly over the Surface, and transferring to the press. The 
platens were heated to 250 F. and a force of 20,000 lbf 
applied for 30-45 seconds to press the film. 
0056 Films with a thickness of 60-120 um were punched 
to prepare Small film diskS. Degradation tests of the films 
were conducted by placing each disc in a glass vial with PBS 
and storing in a 37 C. incubator. The pH of the solution was 
measured every 3.5 days for the 4-week experiment dura 
tion. The PBS solution was changed weekly and visual 
observations made. 

0057 FIG. 1 shows the pH changes for the various 
polymer blends during the 28-day experimental procedure. 
All polymers contain H series 50/50 PLG polymer. The 
proportion of the Second polymer is indicated on the X-axis. 
For example, the first bars in each set contain 100% H series 
50/50 PLG. The Second bars in each set contain 80% H 
Series PLG and 20% of the Second polymer. The change in 
the buffer pH is a good indicator of the changes in the 
molecular weight of the polymer. At two weeks degradation, 
not much change in buffer pH is observed. At 18 days, lower 
pH values are observed with increasing content of H-Series 
PLG. At 28 days, a dramatic drop in the pH is seen for the 
pure H-series PLG, with the effect being less dramatic as the 
content of the Second polymer is increased. 
0058. This experiment shows that low molecular weight 
50/50 H-series polymer increases the degradation rate of 
blends of PLGs in proportion to its content, with the pure 
50/50 H-series having the most rapid degradation time. The 
graph verifies that by blending PLGs of various I.V. or 
degradation rates, polymer compositions with a range of 
degradation behaviors result. 
0059. The invention may be embodied in other specific 
forms without departing from the Spirit or essential charac 
teristics thereof. The present embodiments are therefore to 
be considered illustrative and not restrictive, the Scope of the 
invention being indicated by the appended claims rather than 
by the foregoing description, and all changes which come 
within the meaning and range of equivalency of the claims 
are therefore intended to be embraced therein. 

1. A biodegradable, biocompatible polymeric film made 
of a polymer having a molecular weight of between about 5 
kD and about 600 kD, having a uniform thickness between 
about 60 micrometers and about 1 mm, and being capable of 
completely degrading in Vivo in a human body in no more 
than about four months, Said polymeric film further com 
prising a bioactive agent. 

2. The biodegradable polymeric film of claim 1 wherein 
Said bioactive agent is a cell-attachment enhancer coated 
thereon. 
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3. The biodegradable polymeric film of claim 1 wherein 
Said bioactive agent is a growth factor. 

4. Atherapeutic device comprising an implant which is at 
least partially covered with a biodegradable, biocompatible 
polymeric film which has a uniform Selected thickneSS 
between about 60 micrometers and about 5 mm., and a 
contoured Surface, and Said film is capable of completely 
degrading in Vivo in no more than four months. 

5. A method of making a biocompatible, biodegradable 
polymeric film having a Selected thickness between about 60 
micrometers and about 5 mm and having a Selected degra 
dation time in Vivo comprising: 

a) Selecting a polymeric material having degradation 
characteristics providing Said Selected degradation 
time; 

b) Solubilizing said polymeric material in a Suitable 
Solvent; 

c) removing dissolved gases from said Solution; 
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d) pouring a Sufficient amount of Said Solution onto a 
Substantially non-stick surface to form a film of the 
Selected thickness, 

e) drying said Solution of step d) to form a film; 
f) removing Substantially all residual Solvent from Said 

film, whereby a biocompatible, biodegradable poly 
meric film having Said Selected thickness and degrada 
tion time is produced. 

6. The method of claim 5 also comprising forming holes 
in the film of step (f) whereby said film is permeable to 
liquid-borne nutrients but not to cells. 

7. The method of claim 5 comprising softening the film of 
step (f) with a biocompatible solvent in combination with a 
co-Solvent. 

8. The method of claim 5 also comprising coating Said 
film with a bioactive agent. 
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