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Introduction
Photopolymerization of multifunctional monomers allows
for the facile production of highly crosslinked polymer net-
works that are useful in a variety of applications. Polymer
networks with a high crosslinking density have increased
thermal stability, mechanical strength, and resistance to
solvent absorption. In addition, photoinitiated polymeriza-
tion of multifunctional monomers occurs rapidly (e.g., sec-
onds to minutes) with temporal and spatial control of the
reaction. The useful properties of the final polymer net-
works along with the advantages of photofabrication pro-
cesses have led to increased demand and new applications
for these materials. For example, photopolymerizations of
multifunctional monomers are used in numerous industries
to produce a variety of products including dental restorative
materials, coatings for optical fibers, contact lenses, and
flexible printing plates.[1 – 4]

While the applications for photopolymerization pro-
cesses are expanding, understanding the complex reac-
tions of multifunctional monomers and how the reaction
conditions couple to the densely crosslinked network
structure and final material properties is difficult. Specifi-
cally, dramatic changes occur in the species mobility as
the liquid monomer is rapidly converted to a glassy (or
rubbery) solid network. Diffusion limitations lead to reac-
tion behavior typified by autoacceleration and decelera-
tion,[5 – 8] trapping of radicals,[9, 10] limited double bond
conversion,[11, 12] unequal reactivity of functional
groups,[13 – 15] microstructural heterogeneity,[16, 17] and
volume relaxation effects.[18] The insolubility of the
evolving network structure further complicates and limits
experimental techniques to characterize the structural
evolution and reaction behavior. However, understanding
the complex relationships between the reaction condi-
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tions, network structure, and final material properties is
critically important since many applications of photopo-
lymerized materials require a fully functional product
upon fabrication (e.g., dental restorations). To this end,
numerous groups[9, 19 – 22] are developing advanced experi-
mental techniques and models to improve upon our cur-
rent understanding of multifunctional monomer polymer-
izations.

Our research group has been particularly interested in
the development of multifunctional monomers that can
be photocrosslinked to form degradable networks. The
motivation for this work was two-fold. First, using bio-
compatible initiation conditions, photopolymerization
provides a technique whereby polymers can be synthe-
sized in the body under physiological conditions, and
multifunctional monomers that react to form degradable
polymer networks are particularly beneficial for many
medical applications as in situ forming biomaterials (e.g.,
drug delivery, fracture fixation, tissue sealants). Hubbell
and others[23 – 26] pioneered some of the first efforts in
designing photopolymerizable, functionalized macromers
that react to form degradable hydrogel networks for
applications to prevent post-surgical adhesions. Our
group was interested in synthesizing a series of multi-
functional monomers that could be photopolymerized to
form highly crosslinked, high-strength polymers that

would resist water penetration and thereby degrade with a
surface controlled mechanism. Secondly, since the final
networks are degradable, analyzing the degradation pro-
ducts can provide further insight related to the fundamen-
tal characterization of multifunctional monomer polymer-
izations and the influence of reaction conditions on the
evolution of crosslinked network structure. Specifically, a
unique opportunity exists to obtain direct experimental
information related to the distribution of kinetic chain
lengths in highly crosslinked networks and further insight
related to the initiation, propagation, termination, and
chain transfer mechanisms during multifunctional mono-
mer polymerizations.

This manuscript reviews a class of multifunctional
anhydride monomers that can be photopolymerized to
form surface eroding networks. From a biomaterials per-
spective, these networks provide advantages over the
commonly used poly(lactic acid) (PLA) and poly(glycolic
acid) (PGA) based systems. PLA, PGA, and their copoly-
mer degrade via a bulk mechanism which can lead to an
early loss in mechanical properties and a burst of acid
products at the late stages of degradation. Surface eroding
polymers circumvent these problems and can be espe-
cially beneficial for drug delivery and load bearing medi-
cal applications. In addition, systems that can be poly-
merized in situ provide benefits over materials that must
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be fabricated ex vivo. The following sections discuss the
major advantages and challenges in developing and char-
acterizing photocrosslinkable and degradable monomer
systems, particularly with respect to their application as
biomaterials.

Results and Discussion
Multifunctional Monomer Chemistry

Methacrylated monomers of varied hydrophobicity and
functionality have been synthesized from multi-acids
with methacrylic anhydride.[27, 28] The adaptability of this
synthesis allows for a wide range of possible monomer
structures, as shown in Figure 1, and a correspondingly
diverse array of resulting polymer properties. For exam-
ple, the presented dimethacrylated monomers react to
form networks with different degradation rates (a few
days to several months), mechanics (rubbery to glassy),
and polymerization behavior (radical trapping, onset of
autoacceleration, and time to complete reaction). If one
increases the functionality of the monomer by using a
triacid, such as citric acid, significant increases in the
crosslinking density can result accompanied by an
increase in the polymerization rate and final modulus of
the network.

The backbone chemistry of the monomers is easily
modified to incorporate a wide range of substituents,
from hydrophobic aromatic groups to rigid imide units, as
seen with methacrylated 1,6-bis(carboxyphenoxy)hexane
and methacrylated pyromellitylimidoalanine, respec-
tively. The backbone chemistry of the monomer has a sig-
nificant impact on the resulting crosslinked network’s
degradation and mechanical properties. Specifically, the
hydrophobicity of the backbone chemistry controls the
rate of degradation, and networks based on MCPH
degrade two orders of magnitude more slowly than net-
works based on MSA. Interestingly, the molecular weight
of the monomers, which is controlled by the size of the
diacid and the degree of oligomerization, dominates the
final network structure and mechanics, so the degradation
rate and mechanical behavior are readily decoupled. The
incorporation of stiff, imide groups into the backbone of

the anhydride monomers by functionalized amino acids
increases mechanical and thermal stability without signif-
icantly altering the rate and mode of degradation.[29]

While the number of different amino acids (naturally
occurring or otherwise) is immense, the resulting combi-
nation of imide containing monomer structures is equally
diverse, and furthermore, functionalized biosequences
may be added to promote targeted biological responses.

Typical Reaction Behavior of Multifunctional Monomers

Figure 2 contains a characteristic reaction rate profile for
a multifunctional monomer that exhibits many classical
complexities of diffusion controlled polymerizations.[30]

In this figure, the rate of polymerization is plotted as a
function of conversion for two photoinitiated polymeriza-
tions of diethylene glycol dimethacrylate (DEGDMA),
and several features are noteworthy. From the onset of
the reaction, the polymerization rate increases with con-
version, which has generally been referred to as autoacce-
leration. During this portion of the polymerization, the
mobility of the radicals is decreasing dramatically which
leads to a reduced termination rate. The decreased rate of
termination leads to a large build-up in the radical con-
centration, thus increasing the polymerization rate. It
should be noted, as has been shown elsewhere,[31] that at
some point during autoacceleration, the termination
mechanism becomes reaction diffusion controlled.
Instead of termination occurring by segmental diffusion
of radicals, the radicals are mobile primarily by reacting
through unreacted double bonds present in the system.
The polymerization reaction then reaches a maximum
rate and begins to decrease. This region has generally
been referred to as autodeceleration, where vitrification
and crosslinking restrict and eventually stop the propaga-
tion reaction. During this phase of the reaction, the rate of
termination continues to decrease; however, the restric-
tion of propagation dominates the decreasing rate.

Furthermore, a maximum double bond conversion is
reached that is less than 1, and this maximum attainable

Figure 1. General structure of methacrylated anhydride mono-
mers.

Figure 2. Polymerization rate as a function of conversion for
DEGDMA at two different light intensities: 5.0 mW/cm2 (– – –)
and 0.5 mW/cm2 (—).
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conversion increases for systems that are polymerized at a
faster rate. This increased double bond conversion is likely
related to the delay in volume shrinkage rate, which leads
to an increased free volume and increased mobility in
polymerizations which proceed at faster rates (i.e., those
initiated by higher light intensities or higher initiator con-
centrations). Further evidence of this volume relaxation
effect is apparent by observing the asymmetry of the two
curves, which is most easily observed as the polymeriza-
tions reach their maximum rate. The lower rate polymeri-
zation reaches a maximum rate at 20% conversion while
the higher rate polymerization reaches a maximum rate at
25% conversion. In general, the curve at higher rates is
shifted to higher conversions because of the delay in
volume shrinkage. The asymmetry in these curves indi-
cates that the kinetic constants for polymerization are
functions of the double bond conversion, as well as the
rate at which that double bond conversion is reached.

These complexities in the reaction behavior of multi-
functional monomers have many significant implications
on the final structure of the resulting network. For exam-
ple, trapped radicals will exist in the highly crosslinked
network. Pendant double bonds will have a different reac-
tivity than monomeric double bonds due to the proximity
of the pendant group to the locally propagating radical. In
general, this proximity leads to enhanced reactivity of the
pendant double bond at low conversion and the formation
of highly crosslinked and cycled microgel regions. Later
in the polymerization at much higher conversion, pendant
groups can become shielded and the relative reactivity of
monomeric to pendant double bonds increases. This chan-
ging reactivity has important structural implications and
also impacts the amount of unreacted monomer that exists
when the maximum double bond conversion is reached.

Reaction Behavior of Multifunctional Monomers that Form
Degradable Networks

Differential scanning photocalorimetry and infrared spec-
troscopy were used to characterize the polymerization
behavior, curing time, and maximum double bond con-
version of dimethacrylated anhydride monomers.[32] Typi-
cal results are presented for MSA polymerized under
simulated physiological conditions (i.e., in air at 378C).
The results are presented in Figure 3 and illustrate how
the rate of initiation, as controlled by the light intensity
and initiator concentration, can be used to alter the con-
version, polymerization rate, and total polymerization
time. In general, the rate curves exhibit characteristics
typical of non-degrading multifunctional monomer poly-
merizations that were discussed above. An early onset of
autoacceleration, leading to a dramatic increase in the
polymerization rate, is followed by a marked autodece-
leration. The majority of the double bonds are consumed
within the first minute or two (depending on the initiating
conditions), after which the polymerization rate becomes

vanishingly small. The autoacceleration peak becomes
more pronounced as higher initiation rates are used.
While the effects of the initiator concentration and light
intensity on the polymerization rate follow expected
trends, the results are complicated by volume relaxation.
In addition, the rate of polymerization, Rp, does not scale
with the rate of initiation, Ri, to the one-half power as pre-
dicted by classical chain polymerization kinetics with
bimolecular termination. Instead, a much lower depend-
ence is experimentally observed, which others have seen
during the polymerization of multifunctional methacryl-
ate.[30]

FT-IR results further characterize the polymerization
behavior and quantify the maximum attainable double
bond conversion. These results illustrate the ability to con-
trol the polymerization time through simple changes in the
initiation rate. For example, MSA is polymerized in 30 s
when exposed to 150 mW/cm2 of UV light and 1.0 wt.-%
initiator, whereas A200 s are required when the initiator
concentration is decreased an order of magnitude to
0.1 wt.-%. The time of polymerization is important for
numerous biological and medical applications, as well as
the relative rate of polymerization as compared to the heat
transfer rate. Additionally, the maximum functional group
conversion is an important parameter and is a strong func-
tion of the initiation conditions, decreasing from 96%
(1 wt.-% DMPA, Io = 150 mW/cm2) to 94% (1 wt.-%
DMPA, Io = 5 mW/cm2) to 86% (0.1 wt.-% DMPA, Io =
150 mW/cm2) to 62% (0.1 wt.-% DMPA, Io = 5 mW/cm2).
The severe restrictions on the mobility of the reacting spe-
cies in these highly crosslinked anhydride networks lead
to the trapping of radicals, pools of unreacted monomers,
unreacted pendant functional groups, and a maximum
attainable double bond conversion.

If equal reactivity of the double bonds is assumed, then
the conversion of monomer, Xm, is given by

Figure 3. Effect of light intensity and initiator concentration
on the rate of polymerization and double bond conversion
(inset) of MSA: (a) 0.1 wt.-% DMPA, 5 mW/cm2, (b) 1.0 wt.-%
DMPA, 5 mW/cm2, (c) 0.1 wt.-% DMPA, 150 mW/cm2, (d)
1.0 wt.-% DMPA, 150 mW/cm2.

Xm = 1 – (1 – P)2 (1)
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where P is the total double bond conversion. Thus, for
the range of initiation rates reported here, 0.2–14.4% of
unreacted monomer (i.e., monomer with neither double
bonds reacted) will be present at the highest and lowest
double bond conversions, respectively. Unreacted mono-
mer can plasticize the final networks, rendering them
more pliable and decreasing mechanical properties. In
addition, unreacted monomer may diffuse from the net-
work or be released upon degradation, which will have
important implications when assessing the biocompatibil-
ity of these highly crosslinked polyanhydride networks.

Photopolymerizing Thick Constructs

Many biological and medical applications for in situ
forming degradable biomaterials require facile fabrication
of complex-shaped, thick objects (e.g., filling a bone or
cartilage defect). However, while photoinitiated polymer-
izations of multifunctional monomers are widely
employed in applications for the production of thin films,
photopolymerizing thick polymer samples can be quite
challenging. By design, photoinitiator molecules strongly
absorb the initiating light, thereby leading to dramatic
light attenuation in thick monomer layers. Light attenua-
tion leads to a gradient in the initiation rate; slower poly-
merization rates in regions farther from the light source; a
temperature gradient generated by a slower heat transfer
rate in comparison to the rate of heat generated from the
exothermic polymerization; and in extreme cases, no
polymerization beyond a certain critical depth where the
effective light intensity approaches zero.

One approach to address problems associated with the
depth of polymerization is to use photobleaching initia-
tors.[33] These systems allow deeper penetration of the
polymerizing light as the absorbance of the initiator
decreases with exposure time (i.e., a self-eliminating
light-gradient is present). One such initiator system that
photobleaches is camphorquinone (CQ) with an amine
reducing agent (e.g., ethyl-4-N,N-dimethylaminobenzo-
ate, 4EDMAB). The photobleaching effect of CQ is
shown in Figure 4, along with the conversion profile as a
function of time and depth for the polymerization of a
thin film; a thicker sample polymerized under the same
conditions; and a 1 mm thick sample polymerized with
DMPA and UV light. At 1 mm depth in the DMPA
initiated sample, the maximum conversion achieved is
about 10% due to light attenuation in the sample. At
4 mm depth in the CQ initiated sample, however, a con-
version is reached that is similar to that achieved at the
surface (90%). Thus the photobleaching initiator system
circumvents problems associated with light attenuation
allowing photopolymerization of thicker samples.

Temporal Control of the Polymerization

Photopolymerization of multifunctional monomers has
additional advantages besides fast reaction rates at ambi-

ent temperatures, and these include spatial and temporal
control of the photoinitiation process. Specifically, the
polymerization can be turned on and off by simply shut-
tering the initiating light source.[34] Figure 5 illustrates the
facile control of the polymerization rate by comparing the
polymerization of MSA by continuous exposure to the
polymerization of MSA that is intermittently exposed to
the light source. Specifically, the system was polymerized
for 30 s, left in the dark for 20 s, and then re-exposed
until complete polymerization. Note that the rate of poly-
merization rapidly drops to zero when the light source is
shuttered and initiation is ceased. Such temporal control
is not readily achieved in thermally and redox initiated
polymerization, and is a particularly useful aspect of
photoinitiated polymerizations. The inability to control
and stop polymerization can be particularly deleterious
for in situ forming biomaterials. For example, many cur-
rent problems with methyl methacrylate based bone

Figure 4. Double bond conversion as a function of time for the
polymerization of MSA: as a thin film using 2.0 wt.-% CQ,
1.0 wt.-% 4EDMAB, 200 mW/cm2 of 470–490 nm light (0), at
a depth of 4 mm using 2.0 wt.-% CQ, 1.0 wt.-% 4EDMAB,
200 mW/cm2 of 470–490 nm light (f), and at a depth of 1 mm
using 1.0 wt.-% DMPA and 5 mW/cm2 of 365 nm light (h).

Figure 5. Polymerization rate and modulus as a function of
time during the polymerization of MSA polymerized with a con-
stant rate of initiation (–) and a temporally varying rate of initia-
tion (– – –). Modulus is shown for the sample polymerized
with uniform initiation.
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cements relate to lack of control of the initiation and
polymerization process, which leads to thermal run-away
and tissue necrosis.

In addition to temporal control of the polymerization
rate, the polymerizing system is undergoing dramatic
changes in mechanical properties during this time frame
(from a liquid to a loosely crosslinked rubbery gel to a
highly crosslinked glassy network), as observed in the
normalized tensile modulus data. Hence, the polymeriza-
tion can be stopped to coincide with desirable material
properties. For example, a partially polymerized, rubbery
gel can be contoured or wrapped around an object and
then subsequently exposed to the initiating light to form
the final rigid product. Several applications that take
advantage of this temporal control of the polymerization
can be envisioned, one example being a contourable frac-
ture fixation plate.

Degradation Behavior of Highly Crosslinked Anhydride
Networks

The cumulative degradation behavior of several different
crosslinked polyanhydrides is shown in Figure 6.[35] The
degradation rate of these disks (D = 16 mm, t = 1.8 mm)
was followed at 378C in PBS buffer at pH 7.4, and the
mass loss data follow linear profiles, which are character-
istic of a surface erosion mechanism. The hydrophobic
backbone of the multifunctional monomer along with the
high crosslinking density of the final polymer network
prevents water transport throughout the bulk of the mate-
rial, so only the anhydride linkages at or near the surface
of the polymer hydrolyze. In addition to confining degra-
dation of the anhydride linkages to the polymer surface,
the rate of degradation is controlled mainly by the hydro-
phobicity of the network, which is readily altered through
changes in the monomer chemistry and/or the incorpora-
tion of inert species (e.g., linear polymers) of varying
hydrophobicity. For example, the degradation behavior of
two homopolymer networks synthesized from MSA and
MCPH is shown in Figure 6. The poly(MSA) networks
degrade at a rate of 3.4610 – 2 mm/h, and this disk was
completely degraded in 50 h. In contrast, the more hydro-
phobic poly(MCPH) networks degrade approximately
two orders of magnitude slower than the poly(MSA) net-
works at a rate of 1.9610 – 4 mm/h. If one assumes that
surface erosion is maintained throughout degradation of
the entire disk, then this sample would take nearly 12
months to completely erode. As anticipated, copolymeri-
zation of the two monomers allows one to vary the degra-
dation rate and span time scales from 2 d to 1 year. For
example, a 25:75 poly(MSA:MCPH) disk erodes at a
rate of 3.8610 – 4 mm/h. An alternative strategy to alter
the degradation kinetics is to create semi-interpenetrating
polymer networks (semi-IPNs). Semi-IPNs can provide
many advantages including: reducing the concentration
of reactive groups, thereby minimizing the polymeriza-

tion exotherm and volume shrinkage, and altering many
macroscopic properties of the network, especially the
mechanical properties. Figure 6 shows the degradation
behavior of a semi-IPN synthesized by photopolymeriz-
ing the MSA monomer in the presence of a linear copoly-
mer of CPH and CPH. The final disk was comprised of
50 wt.-% MSA and 50 wt.-% poly(CPP:CPH), and com-
pared to the poly(MSA) homopolymer, this disk eroded
40 times more slowly.

Fabricating Multi-Laminated Devices

Photopolymerization of multifunctional monomers pro-
vides a facile way to produce multi-laminated network
structures where each layer can contribute a unique prop-
erty or feature to the overall device.[36] For example, each
layer can contain a polymer with different mechanics,
swelling capacities, degradation rates, and doped with
different compounds at varying concentrations. Here, we
illustrate how methacrylated anhydride monomers can be
used to create a multi-laminated device with programma-
ble drug release behavior. Specifically, a four-layer
matrix device was prepared where each alternating layer
was loaded with a model drug compound (rhodamine B
base, RBB). The device was synthesized in a four-step
process, whereby each layer (with or without RBB) was
photopolymerized sequentially one on top of the next. As
shown in Figure 7, the drug release rate profile exhibits a
pulsatile release pattern; where the zero release rate seg-
ments represent the lack of any drug release during the
erosion of the first and third drug-free layers, and the con-
stant-rate drug release corresponds to the surface erosion
of the second and fourth drug-loaded layers. The corre-
sponding cumulative drug release exhibits stepwise
changes; the linear increase in the segments represents a
constant-rate drug release, and the flat segments represent
the absence of any drug release. Since the release rate is
directly proportional to the drug loading, one can pro-
gram any desired release rate by immobilizing suitable

Figure 6. Cumulative percent mass loss as a function of degra-
dation time for poly(MSA) (g), semi-IPN composed of 50 wt.-%
crosslinked MSA and 50 wt.-% linear poly(CPP:CPH) (0),
25:75 poly(MSA:MCPH) (h), and poly(MCPH) (f).
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drug concentrations in each constituent layer, or the drug
release can be switched from one type to another by load-
ing different types of drugs in each layer.

The spatial control of photopolymerization along with
the ability to build-up complex structures through a layer-
by-layer photolamination technique also allows the rapid
production of complex 3-dimensional objects. Figure 8
compares a human knee X-ray[37] to a prototype distal end
of a human femur created from a data set from the Visible
Human Project using a dynamic mask generating stereo-
lithography technique.[38]

Kinetic Chain Lengths in Highly Crosslinked Networks:
Analysis of Degradation Products

While the application of these degradable and photocross-
linkable multifunctional anhydride monomers is quite
diverse and exciting, the materials can be further utilized
from a fundamental perspective to provide insight into
the polymerization behavior of multifunctional mono-
mers. In particular, since these dimethacrylated mono-
mers react to form highly crosslinked networks with
hydrolyzable anhydride crosslinks, the degradation pro-
ducts can be analyzed to provide valuable information
regarding the distribution of kinetic chain lengths in
highly crosslinked networks. For multifunctional mono-
mer systems, this information was previously unavailable
because of the insolubility of the evolving network struc-
ture, but knowledge of the kinetic chain lengths provides
a great deal of insight related to initiation, propagation,
and termination mechanisms (especially as a function of
conversion). In addition, this information has practical
importance as many medical applications of degradable
materials require that the molecular weight of the degra-
dation products remain below a critical threshold of
40 000 Da below which the body can easily process.[39]

Figure 9 shows a typical MALDI-TOF spectrum (inset)
of the poly(methacrylic acid) degradation products from
a highly crosslinked network synthesized from MSA.[40]

The monomeric repeat unit is clearly resolved, and the
spectrum visibly extends from chains with 5 to 24 repeat
units. In addition, the distribution of kinetic chain lengths
was examined as a function of conversion. Specifically,
one system was reacted to 40% conversion, and a second
system was reacted to 80% conversion. The two networks
were degraded and their degradation products analyzed.
The number fraction of n-mers, Nn, was plotted as a func-
tion of the number of monomeric repeat units in the
kinetic chain, n. Due to the noise in the spectra at high
molecular weights, the tails of the degradation products
were fit exponentially to extrapolate the number fraction
of high molecular weight chains. The solid lines represent

Figure 7. Drug release rate (–0–) and cumulative drug release
(–f–) in PBS buffer at 258C as a function of degradation time
for a four-layer laminated structure of poly(MSA) containing
alternating layers loaded with rhodamine B base.

Figure 8. Top: A polymer prototype of the distal end of a
human femur recreated using data from the Visible Human Pro-
ject and a dynamic mask generating stereolithography technique
involving photopolymerization.[38] Bottom: X-ray adapted from
Michael L. Richardson, MD.[37]
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the fitted data. In these experiments, the collected data
are a cumulative distribution of all the kinetic chains
formed to that point in the polymerization.

Several features are important to note in the distribu-
tions of the kinetic chain lengths with conversion. The
MSA network that was polymerized to high conversion
had a distribution that was shifted to significantly lower
molecular weights compared to the system that was poly-
merized to low conversion. Specifically, the number-
average kinetic chain lengths (nn) were 17 and 37 for the
networks reacted to 80% and 40% conversion, respec-
tively. These results are indicative of the diffusion limita-
tions on the propagating species at higher conversion,
which contributes to trapping of radicals and to shorter
kinetic chain lengths for those chains initiated later in the
polymerization. In addition, the polydispersity, Q, was
1.28 in the low conversion network and 1.50 in the high
conversion network. The broadening of the kinetic chain
length distribution supports the hypothesis of diffusion
limitations that chains initiated at low conversions will
have higher molecular weights compared to chains
initiated at higher conversion. Using multifunctional
monomers of varying functionality, size, and stiffness,
systematic studies of the kinetic chain length distributions
coupled with detailed kinetic data should provide a great
deal of insight into the complex reactions of multifunc-
tional monomers.

Potential Applications

We are particularly interested in exploring the use of mul-
tifunctional anhydride monomers for numerous orthope-
dic biomaterial applications. For example, when com-
bined with a photoinitiated polymerization mechanism,
these materials can be reacted in situ to form high
strength and surface eroding polymers. One might envi-
sion future applications where a complex bone defect is
filled with a multifunctional anhydride monomer mixed
with a hydroxyapatite (i.e., the mineral phase of bone) fil-

ler and photopolymerized to form a composite structure,
in a manner similar to filling caries with tooth-colored
dental restorations. In contrast to dental restorations,
however, the final high strength network would erode
away in a controlled fashion to match the rate of bone
healing. In addition, temporal control of the polymeriza-
tion would allow fabrication of contourable fracture fixa-
tion plates. Since the networks degrade, antibiotics to pre-
vent infections or bone morphogenic proteins to acceler-
ate bone regrowth can be added to the matrix and released
at a rate controlled by degradation. Surface eroding net-
works can provide many advantages for numerous drug
delivery applications,[41 – 44] as the release time and rate
are directly related to the polymer erosion and device
geometry. Furthermore, advanced stereolithographic
techniques can be used to photopolymerize complex,
three-dimensional architectures with these multifunc-
tional monomers that may provide benefits for applica-
tions related to tissue engineering.
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