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SURGICAL PROSTHESIS HAVING BIODEGRADABLE AND
NONBIODEGRADABLE REGIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application No.
60/601,414 (Att. Docket MB9800PR), filed August 13, 2004 and entitled, SURGICAL
PROSTHESIS HAVING BIODEGRADABLE AND NONBIODEGRADABLE
REGIONS and of U.S. Provisional Application No. 60/623,524(Att. Docket MB9828PR,
filed October 28, 2004 and entitled, SURGICAL PROSTHESIS HAVING
BIODEGRADABLE AND NONBIODEGRADABLE REGIONS, the entire contents of
both which are incorporated herein by reference. This application is a continuation in
part of U.S. Application No 10/631,980 (Att. Docket MA9604P), filed July 31, 2003 and
entitled RESORBABLE THIN MEMBRANES and of U.S. Application No 10/375,451
(Att. Docket MA9608P), filed February 27, 2003 and entitied METHODS OF
GOVERNING BONE GROWTH, the entire contents of both which are incorporated

herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to surgical prostheses for repairing abdominal hernias.

2. Description of Related Art
A hernia is defined as a defect in the strong or fascia layer of the abdominal wall

which allows abdominal organs (e.g., intestine and/or omentum) to protrude. Once out of
their normal position, these organs can become pinched or twisted. The most common
hernia symptoms are abdominal pain, nausea, vomiting, and an abdominal mass or lump
that may come and go. Hernias are commonly caused by previous surgical incisions, but

can also occur without a previous surgery.

Treatment for hernias is surgical repair. There are no special exercises that can
strengthen the tissues or any medications to take. Repair of the hernia is achieved by

closing the defect in the strong or fascia layer of the abdominal wall. A special synthetic

1
SUBSTITUTE SHEET (RULE 26)
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material called a mesh is commonly utilized in repairing the detfect in order to add extra

strength.

A conventional procedure for repairing a hernia involves making an incision over
the site of the hernia, pushing the internal viscera back into the abdominal cavity and
closing the opening by stitching or suturing one side firmly to the other. Another
procedure involves making the incision, placing a piece of knitted mesh material over the
hernial opening, holding or suturing the mesh material firmly in place, and closing the

incision.
SUMMARY OF THE INVENTION

A prosthesis for repairing a hernia in accordance with the present invention
comprises an adhesion-resistant biodegradable region and an opposing tissue-ingrowth
biodegradable region. When the prosthesis is implanted into the patient, the adhesion-
resistant biodegradable region covers a fascial defect of the hernia, and the tissue-
ingrowth biodegradable region is located above the adhesion-resistant biodegradable
region while being exposed substantially only to the host's subcutaneous tissue (e.g., fat)
layer. This orientation allows the tissue-ingrowth biodegradable region to become firmly
incorporated with the host’s body tissue. The adhesion-resistant biodegradable region

faces the internal organs and decreases the incidence of adhesions and/or bowel

obstruction.

In accordance with one aspect of the present invention, the adhesion-resistant
biodegradable region comprises a rate of biodegradation which is substantially greater
than a rate of biodegradation of the tissue-ingrowth biodegradable region. According to
another aspect of the present invention, the adhesion-resistant biodegradable region
comprises a resorbable polymer composition which is different than a resorbable

polymer composition of the tissue-ingrowth biodegradable region.

Also provided is a process for repairing a soft tissue defect of a patient by
surgically implanting any prosthesis of this invention adjacent the soft tissue defect. In
one embodiment of the process the adhesion-resistant biodegradable region and the

tissue-ingrowth biodegradable region are both surgically attached to the fascia, whereas
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in another embodiment the tissue-ingrowth biodegradable region is surgically attached to
the fascia while the adhesion-resistant biodegradable region is attached to the tissue-

ingrowth biodegradable region and optionally to the fascia.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of an embodiment of a biodegradable surgical

prosthesis in accordance with the present invention,;

FIG. 2 is a cross-sectional view of an abdominal wall that has been repaired using

an embodiment of the biodegradable surgical prosthesis of the present invention; and

FIG. 3 is a cross-sectional view of an abdominal wall that has been repaired using

another embodiment of the biodegradable surgical prosthesis of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Any feature or combination of features described herein are included within the
scope of the present invention provided that the features included 1n any such
combination are not mutually inconsistent as will be apparent from the context, this
description, and the knowledge of one skilled in the art. In addition, any feature or
combination of features may be specifically excluded from any embodiment of the
present invention. For purposes of summarizing the present invention, certain aspects,
advantages and novel features of the present invention are described herein. Of course, it
is to be understood that not necessarily all such aspects, advantages or features will be

embodied in any particular embodiment of the present invention.

It should be noted that the drawings are in simplified form and are not to precise
scale. In reference to the disclosure herein, for purposes of convenience and clarity only,
directional terms, such as, top, bottom, left, right, up, down, over, above, below, beneath,
rear, and front, are used with respect to the accompanying drawings. Such directional
terms should not be construed to limit the scope of the invention in any manner.

Although the disclosure herein refers to certain illustrated embodiments, it is to be
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limitation. The intent of the following detailed description, although discussing
exemplary embodiments, is to be construed to cover all modifications, alternatives, and

equivalents of the embodiments as may fall within the spirit and scope of the invention.

Referring more particularly to the drawings, a biodegradable surgical prosthesis
10 is shown in FIG. 1 comprising a tissue-ingrowth biodegradable region 12 and an
opposing adhesion-resistant biodegradable region 14. The biodegradable surgical
prosthesis 10 is constructed for use in the repair of soft tissue defects, such as soft tissue
defects resulting from incisional and other hernias and soft tissue defects resulting from
extirpative tumor surgery. The biodegradable surgical prosthesis 10 may also be used in
cancer surgeries, such as surgeries involving sarcoma of the extremities where saving a
limb is a goal. Other applications of the biodegradable surgical prosthesis 10 of the
present invention may include laparoscopic or standard hernia repair in the groin area,
umbilical hernia repair, paracolostomy hernia repair, femora hernia repair, lumbar hernia
repair, and the repair of other abdominal wall defects, thoracic wall defects and

diaphragmatic hernias and defects.

Each of the tissue-ingrowth biodegradable region 12 and the adhesion-resistant
biodegradable region 14 can comprise, for example, a biodegradable, and more
preferably bioresorbable, polyhydroxyacid material. According to certain strict
definitions, biodegradable polymers, which may be used with the invention, require
enzymes of microorganisms for hydrolytic or oxidative degradation, whereas
bioresorbable polymers, which are presently preferred, degrade in the physiological
environment with the by-products being eliminated or completely bioabsorbed.
Generally, a polymer that loses its weight over time in the living body can be referred to
as an absorbable, resorbable, bioabsorbable, or even biodegradable polymer. This
terminology applies regardless of its degradation mode, in other words for both
enzymatic and non-enzymatic hydrolysis. Biodegradable polymers, including resorbalbe
polymers, can be classified on the basis of their origin as either naturally occurring or
synthetic. Among synthetic resorbable polymers for implants, polyhydroxyacids occupy
the main position. Non limiting examples of these each of which may individually or in
combination be used to form all or part of the biodegradable prosthesis include poly(L-

lactide), poly(glycolide) and polymers or copolymers based on L-lactide, L/DL-lactide,
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DL-lactide, glycolide, trimethyl carbonate, e-caprolactone, dioxanone, and physical and
chemical combinations thereof. Biodegradable polymer devices are eliminated from the
body by hydrolytic degradation and subsequent metabolism after serving their intended
purpose. In modified embodiments, part or all, in any combination, of the tissue-
ingrowth region 12 can comprise or consist of a non-biodegradable polymer, such as, for
example, one or more of (a) various thermoplastic resins that are polymers of, for
example, propylene, (b) polymethacrylate, (¢) polymethylmethacrylate (PMMA), or (d)

combinations thereof.

According to an aspect of the present invention, the tissue-ingrowth
biodegradable region 12 and the adhesion-resistant biodegradable region 14 may differ in
both (A) surface appearance and (B) surface function. For example, the tissue-ingrowth
biodegradable region 12 can be constructed with at least one of a surface topography
(appearance) and a surface composition (function), either of which may facilitate
strength, longevity and/or a substantial fibroblastic reaction in the host tissue relative to
for example the anti-adhesion biodegradable region 14. On the other hand, the adhesion-

- resistant biodegradable region 14 can be constructed with at least one of a surface
topography and a surface composition, either of which may facilitate, relative to the
tissue-ingrowth biodegradable region 12, an anti-adhesive effect between the

biodegradable surgical implant 10 and host tissues.

A. Surface Topography (Appearance):

The tissue-ingrowth biodegradable region 12 can be formed to have an open,
non-smooth and/or featured surface comprising, for example, alveoli and/or pores
distributed regularly or irregularly. In further embodiments, the tissue-ingrowth
biodegradable region 12 can be formed to have, additionally or alternatively, an uneven
(e.g., cracked, broken, roughened or flaked) surface which, as with the above-described
surfaces, may cause tissue turbulence (e.g., potential tissue inflammation and/or scarring)

between host tissues and the tissue-ingrowth biodegradable region 12.

Over time, with respect to the tissue-ingrowth biodegradable region 12, the
patient's fibrous and collagenous tissue may substantially completely overgrow the

tissue-ingrowth biodegradable region 12, growing over and affixing the tissue-ingrowth
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biodegradable region 12 to the tissue. In one implementation, the tissue-ingrowth
biodegradable region 12 comprises a plurality of alveoli or apertures visible to the naked

eye, through or over which the host tissue can grow and achieve substantial fixation.

As an example, pores may be formed into the tissue-ingrowth biodegradable
region by punching or otherwise machining, or by using laser energy. Non-smooth
surfaces may be formed, for example, by abrading the tissue-ingrowth biodegradable
region 12 with a relatively course surface (e.g., having a 40 or, preferably, higher grit
sandpaper-like surface) or, alternatively, non-smooth surfaces may be generated by
bringing the tissue-ingrowth biodegradable region 12 up to its softening or melting
temperature and imprinting it with a template (to use the same example, a sandpaper-like
surface). The imprinting may occur, for example, during an initial formation process or

at a subsequent time.

On the other hand, the adhesion-resistant biodegradable region 14 can be formed
to have a closed, continuous, smooth and/or non-porous surface. In an illustrative
embodiment, at least a portion of the adhesion-resistant biodegradable region 14 is
smooth comprising no protuberances, alveoli or vessel-permeable pores, so as to
attenuate occurrences of adhesions between the tissue-ingrowth biodegradable region 12

and host tissues.

In a molding embodiment, one side of the press may be formed to generate any of
the tissue-ingrowth biodegradable region surfaces discussed above and the other side of
the press may be formed to generate an adhesion-resistant biodegradable region surface
as discussed above. Additional features (e.g., roughening or forming apertures) may
subsequently be added to further define the surface of, for example, the tissue-ingrowth
biodegradable region. In an extrusion embodiment, one side of the output orifice may be
formed (e.g. ribbed) to generate a tissue-ingrowth biodegradable region (wherein
subsequent processing can further define the surface such as by adding transverse
ribs/features and/or alveoli) and the other side of the orifice may be formed to generate
an adhesion-resistant biodegradation region surface. In one embqodiment, the adhesion-
resistant biodegradable region is extruded to have a smooth surface and in another
embodiment the adhesion-resistant biodegradable region is further processed (e.g.,

smoothed) after being extruded.
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B. Surface Composition (Function):

As presently embodied, the tissue-ingrowth biodegradable region 12 comprises a
first material, and the adhesion-resistant biodegradable region 14 comprises a second
material which is different from the first material. In modified embodiments, the tissue-
ingrowth biodegradable region 12 and the adhesion-resistant biodegradable region 14
may comprise the same or substantially the same materials. In other embodiments, the
tissue-ingrowth biodegradable region 12 and the adhesion-resistant biodegradable region
14 may comprise different materials resulting from, for example, an additive having been
introduced to at least one of the tissue-ingrowth biodegradable region 12 and the

adhesion-resistant biodegradable region 14.

The adhesion-resistant biodegradable region 14 can be formed to have any of the

structures or dimensions disclosed in U.S. Patent No. 6,673,362, entitled
BIODEGRADABLE BARRIER MICRO-MEMBRANES FOR ATTENUATION OF

SCAR TISSUE DURING HEALING, the entire contents of which are incorporated
herein by reference, and/or may be formed with or in combination with any of the
materials described herein, preferably to facilitate tissue separation with attenuated (e.g.,

eliminated) adhesion.

According to an implementation of the present invention, the adhesion-resistant
biodegradable region 14 1s constructed to minimize an occurrence of adhesions of host
tissues (e.g., internal body viscera) to the biodegradable surgical prosthesis 10. In being
formed to be absorbable, the adhesion-resistant biodegradable region 14 should be
sufficiently non-inflammatory while being absorbed so as not to cause adhesions itself.
For example, it is believed that resorption into the body too quickly of the adhesion-
resistant biodegradable region 14 may yield undesirable drops in local pH levels, thus
possibly introducing/elevating, for example, local inflammation, discomfort and/or
foreign antibody responses. As distinguished from the function(s) of the tissue-ingrowth
biodegradable region 12, an object of the adhesion-resistant biodegradable region 14 can

be to attenuate tissue turbulence and any accompanying inflammation (e.g., swelling).
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In modified embodiments, the adhesion-resistant biodegradable region 14 and the
tissue-ingrowth biodegradable region 12 of the biodegradable surgical prosthesis 10 may
be formed of the same material or relatively less divergent materials, functionally
speaking, and the adhesion-resistant biodegradable region 14 may be used in conjunction
with an anti-inflammatory gel agent applied, for example, onto the adhesion-resistant
biodegradable region 14 at a time of implantation of the biodegradable surgical
prosthesis 10. According to other broad embodiments, the adhesion-resistant
biodegradable region 14 and the tissue-ingrowth biodegradable region 12 may be formed
of any materials or combinations of materials disclosed herein (including embodiments
wherein the two regions share the same layer of material) or their substantial equivalents,
and the adhesion-resistant biodegradable region 14 may be used in conjunction with an
anti-inflammatory gel agent applied, for example, onto the adhesion-resistant
biodegradable region 14 at a time of implantation of the biodegradable surgical

prosthesis 10.

The tissue-ingrowth biodegradable region 12 can be formed of similar and/or
different materials to those set forth above, to facilitate strength, longevity and/or direct
post-surgical cell colonization via, for example, invoking a substantial fibroblastic
reaction in the host tissue. In an illustrated embodiment, the tissue-ingrowth
biodegradable region 12 is constructed to be substantially incorporated into the host
tissue and/or to substantially increases the structural integrity of the biodegradable
surgical prosthesis 10. Following implantation of the biodegradable surgical prosthesis
10, body tissues (e.g., subcutaneous tissue and/or the exterior fascia) commence to
incorporate themselves into the tissue-ingrowth biodegradable region 12. While not
wishing to be limited, it is believed that the body, upon sensing the presence of the
tissue-ingrowth biodegradable region 12 of the present invention, is disposed to send out
fibrous tissue which grows in, around and/or through and at least partially entwines itself
with the tissue-ingrowth biodegradable region 12. In this manner, the biodegradable

surgical prosthesis 10 can become securely attached to the host body tissue.

Regarding different materials, according to an aspect of the present invention, the
tissue-ingrowth biodegradable region 12 can comprises a biodegradable (e.g., resorbalbe)
polymer composition having one or more different characteristics than that or those of a

biodegradable (e.g., resorbalbe) polymer composition of the adhesion-resistant
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biodegradable region 14. The different characteristics may include (1a) time or rate of
biodegradation affected by additives, (1b) time or rate of biodegradation aftected by
polymer structures/compositions, (2) polymer composition affecting strength or

structural integrity, and (3) ability to facilitate fibroblastic reaction.
1. Time or Rate of Biodegradation

The time or rate of biodegradation for the adhesion-resistant biodegradable
region 14 may be substantially greater than the rate of biodegradation of the tissue-
ingrowth biodegradable region 12. This rate differential may be effectuated through, for

example, use of (a) additives and/or (b) polymer structures/compositions.
a. Additives Affecting Biodegradation Time or Rate

In accordance with one implementation, the characteristic is a time or rate of
biodegradation influenced by the incorporation of an additive to at least one of the tissue-
ingrowth biodegradable region 12 and the adhesion-resistant biodegradable region 14. In
accordance with one implementation of the present invention, a rate of biodegradation of
the adhesion-resistant biodegradable region 14 is substantially greater than a rate of
biodegradation of the tissue-ingrowth biodegradable region 12. To adjust the
Biodegradation rate, an accelerator or retardant can be provided in one or more of the
tissue-ingrowth biodegradable region 12 and the adhesion-resistant biodegradable region
14,

The additive may comprise, in typical embodiments, one or more of (i) retardants
for retarding a rate of biodegradation of a polymer when added to the polymer and (11)
accelerators for accelerating a rate of biodegradation of a polymer when added to the
polymer. In accordance with an implementation of the present invention, retardants can
be added to (e.g., incorporated into) the tissue-ingrowth biodegradable region 12 and/or
accelerators can be added to (e.g., incorporated into) the adhesion-resistant

biodegradable region 14.

Retardants of the present invention can include hydrophobic compounds (i.e.,

repelling, tending not to combine with, or incapable of dissolving in water), to decrease
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the rate of biodegradation. Agents which may serve as retardants in accordance with the
present invention include non-water soluble polymers, e.g. high molecular weight
methylcellulose and ethylcellulose, etc., and low water soluble organic compounds.
Exemplary hydrophobic agents of an implementation of the invention may comprise
compounds which have less than about 100pg/ml solubility in water at ambient
temperature. According to a broad aspect of the invention, a retardant may include any
matter which is hydrophobic, wherein one implementation includes particles, for
example powders or granules, which are at least partially made up of hydrophobic

polymers.

Accelerators of the present invention can include hydrophilic compounds (i.e.,
having an affinity for, readily absorbing, or dissolving in water), to increase the rate of
biodegradation. The accelerators of the present invention may be physiologically inert,
water soluble polymers, e.g. low molecular weight methyl cellulose or hydroxypropyl
methyl cellulose; sugars, e.g. monosaccharides such as fructose and glucose,
disaccharides such as lactose, sucrose, or polysaccharides such as cellulose, amylose,
dextran, etc. Exemplary hydrophilic compounds of the invention may comprise
components which have at least about 100pg/ml solubility in water at ambient
temperature. According to a broad aspect of one implementation of the present
invention, an accelerator may include any matter which is hydrophilic, wherein an
implementation includes particles, for example powders or granules, which comprise

hydrophilic polymers.

In an exemplary embodiment, the tissue-ingrowth biodegradable region 12 and
the adhesion-resistant biodegradable region 14 both comprise resorbable compositions,
and a resorption retarding agent (retardant) is provided in the tissue-ingrowth
biodegradable region 12 so that the tissue-ingrowth biodegradable region 12 biodegrades
at a relatively slow rate. In a modified embodiment, the retardant may also be provided
in the adhesion-resistant biodegradable region 14 at, for example, the same or a lower

concentration.
According to one implementation, the tissue-ingrowth biodegradable region 12

biodegrades at a relatively slow rate to provide ample time for host tissues to form over

and into the space occupied by the tissue-ingrowth biodegradable region 12. For

10
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example, in accordance with one aspect the biodegradable surgical prosthesis 10 is
biodegraded (e.g., resorbed) into a mammalian body within a period of about 24 months
or longer from an initial implantation of the implant into the mammalian body. In one
embodiment, the biodegradable surgical prosthesis 10 loses its mechanical strength
within 18 months and, preferably, within 24 months and, more preferably, with a period

of or greater than 36 or 48 months from the time of implantation.

b. Polymer Structures/Compositions Atfecting Biodegradation Times or

Rates

In accordance with another implementation, the characteristic is a polymer
composition of at least one of the tissue-ingrowth biodegradable region 12 and the
adhesion-resistant biodegradable region 14. A rate of biodegradation of the tissue-
ingrowth biodegradable region 12 can be relatively low and/or can be less than a rate of
biodegradation of the adhesion-resistant biodegradable region 14. To obtain such a
biodegradation rate, the tissue-ingrowth biodegradable region 12 can be formed, for
example, with synthesized polymers that have hydrolytically stable linkages in the
backbone relative to those of faster biodegrading polymers and/or to those of the
adhesion-resistant biodegradable region 14. Common chemical functional groups
suitable for formation of the tissue-ingrowth biodegradable region 12, in addition to
those already described herein, can include esters, anhydrides, orthoesters, and amides.
Depending on the chemical structure of the polymer backbone, degradation can occur by
either surface or bulk erosion. Surface erosion can occur when the rate of erosion
exceeds the rate of water penetration into the bulk of the polymer of either the tissue-
ingrowth biodegradable region 12 or the adhesion-resistant biodegradable region 14.
This type of degradation can be obtained, for example, in oly(anhydrides) and poly(ortho
esters). The hydrolysis of bulk degrading bioresorbable polymers as described herein
may typically proceed by loss of molecular weight at first, followed by loss of mass in a
second stage. Generally, hydrolysis (including enzyme-mediated hydrolysis) is a
preferred degradation mechanism for heterochain polymers in vivo. As an example, the
degradation of poly(e-caprolactone) and related polyesters such as poly(lactide) and its
copolymers first involves non-enzymatic hydrolysis of ester linkages, autocatalyzed by

the generation of carboxylic acid end groups, followed by the loss of mass.

11
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In accordance with an aspect of the present invention, lengthening of the in vivo
elimination time of bioresorbable polymers can be determined by one or more of the
nature of the polymer chemical linkage, the solubility of the degradation products, the
size (e.g., thickness), shape and density of the region or prosthesis, the drug or additive
content, the molecular weight of the polymer, the extent of cross-linking of the polymer,
and the implantation site. As an example, the size and form of the region or prosthesis
can be used to control at least one of biodegradation time and rate. For instance, a
smaller surface to mass ratio can be implemented to retard the rate of biodegradation of
the tissue-ingrowth biodegradable region 12. A relatively thick construction of the
tissue-ingrowth biodegradable region 12 is believed to decelerate the absorption time or
rate thereof, compared to times or rates of absorption of thinner prostheses of the same

material.

The tissue-ingrowth biodegradable region 12 of the present invention can have a
uniform thickness greater than about 500 microns, or greater than about 1000 microns,
and even greater than about 1500 or 3000 microns. A tissue-ingrowth biodegradable
region 12 of a biodegradable surgical prosthesis 10 can be shaped at the time of surgery
by bringing the material to its glass transition temperature, using heating iron, hot air,
heated sponge or hot water bath methods. In certain embodiments, poly lactides which
become somewhat rigid or brittle at greater thicknesses can be softened by formation
with another polymer or copolymer, such as poly-e-caprolactone. In modified
embodiments, the poly lactides (or other materials forming part, most or substantially all
of the tissue-ingrowth region 12) may alternatively or additionally be combined with one
or more non-biodegradable polymers, such as, for example, one or more of (a) various
thermoplastic resins that are polymers of, for example, propylene, (b) polymethacrylate,
(¢) polymethylmethacrylate (PMMA), or (d) combinations thereof. More generally, in
examples wherein tissue-ingrowth biodegradable regions 12 are formed by polymers
(e.g., homo and/or copolymers) derived from one or more cyclic esters, such as lactide
(i.e., L, D, DL, or combinations thereof), e-caprolactone, and glycolide, compositions
can comprise about 1 to 99% g-caprolactone, or 20 to 40% e-caprolactone, with the
remainder of the polymer comprising a lactide such as poly(L.-lactide). In modified
embodiments wherein tissue-ingrowth regions 12 are formed by polymers (e.g., homo
and/or copolymers) derived from one or more cyclic esters and/or other materials, part or

all of the tissue-ingrowth regions 12 can comprise or consist of one or more non-
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biodegradable polymers, such as, for example, one or more of (a) various thermoplastic
resins that are polymers of, for example, propylene, (b) polymethacrylate, (¢)
polymethylmethacrylate (PMMA), or (d) combinations thereof.

In further embodiments, other softening polymers (e.g., having low glass
transition temperatures) such as other lactones may be used with or as a substitute for &-
caprolactone. In still further embodiments, one or more non-biodegradable polymers,
such as, for example, one or more of (a) various thermoplastic resins that are polymers
of, for example, propylene, (b) polymethacrylate, (¢) polymethylmethacrylate (PMMA),
or (d) combinations thereof, may be used with or as a substitute for e-caprolactone and/or

other softening polymers or lactones.

A preferred form of polymer for the tissue-ingrowth biodegradable region 12 1s
semicrystalline poly(L-lactide), which can have a degradation time in the order of 3 to 5
years, as compared to poly(DL-lactide) which degrades in 12 to 16 months.
Polyhydroxyacids degrade to monomeric acids and subsequently to carbon dioxide and
water. These are removed from the body via respiratory routes and the kidneys (the
Krebs cycle). Included among the polyesters of interest are polymers of D-lactic acid, L-
lactic acid, racemic lactic acid, glycolic acid, polycaprolactone, and
copolymers/combinations thereof. In modified embodiments, part or all, in any
combination, of the polymer (€.g., polyester) or polymers can comprise or consist of a
non-biodegradable polymer, such as, for example, one or more of (a) various
thermoplastic resins that are polymers of, for example, propylene, (b) polymethacrylate,
(c) polymethylmethacrylate (PMMA), or (d) combinations thereof.. By employing the
[-lactate or D-lactate, for example, a slowly biodegrading polymer can be achieved for
the tissue-ingrowth biodegradable region 12, while for the adhesion-resistant

biodegradable region 14 degradation may be substantially enhanced with a racemate.

Copolymers of lactic and glycolic acid (poly(lactide-co-glycolides)) can be of
particular interest, wherein the rate of biodegradation can be controlled by the ratio of
glycolic to lactic acid. The degradation of lactic acid and/or glycolic acid polymers in
biological medium occurs exclusively by a chemical mechanism of nonspecific
hydrolysis. The products of this hydrolysis are metabolized and then eliminated by the

human body. Chemical hydrolysis of the polymer is complete, whereby the more
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