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(57) ABSTRACT

Dental restorative composites having self-healing capabili
ties to repair discontinuities in the composite are provided. 
Dental restorative composites according to the present inven
tion include a microsphere that encapsulates a monomer. 
When a fracture occurs, the microsphere is ruptured and the 
monomer fills the fracture. Depending on the monomer 
present in the microsphere, it is polymerized by a polymer
ization initiator or by an olefin metathesis catalyst present in 
the dental restorative composite. Self-healing dental restor
ative composites provide increased resistance to fracturing, 
and thus remain substantially intact for a longer period of 
time, preserving the remedial integrity of the dental repair or 
reconstruction.
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SELF-HEALING DENTAL COMPOSITES AND 
RELATED METHODS

FIELD OF THE INVENTION

The present invention relates to dental repairs and recon
structions, and more particularly to dental restorative com
posites having self-healing characteristics, or capability to 
autonomically resolve discontinuities occurring in the com
posite. The present invention also relates to methods of form
ing the self-healing composite materials and methods of use 
thereof.

BACKGROUND OF THE INVENTION

At one time, metal-based amalgams, then porcelain or 
other ceramic materials were used in a variety of remedial 
dental procedures. Now, synthetic composites are used as 
practical alternatives to these materials for such procedures. 
A composite is a polymer, otherwise referred to as a resin, 
which has at least one additive. An additive can be anything 
added to the polymer or resin to impart a desired property. The 
composite generally starts out as a paste or liquid and begins 
to harden when it is activated, either by adding a catalyst, 
adding water or another solvent, or photoactivation. Advan
tageously, synthetic composites provide an aesthetically 
more natural appearance versus porcelain or other ceramic 
materials.

Synthetic composites are typically made from complex 
mixtures of multiple components. Synthetic composites must 
be completely dissolvable in a fluid vehicle, yet remain flow- 
able and viscous; undergo minimal thermal expansion during 
polymerization; be biocompatible with surrounding surfaces 
of tooth enamel and colloidal dentin; and, have aesthetic 
similarity to natural dentition in terms of color tone and 
polishable texture. Furthermore, the synthetic composite 
must have sufficient mechanical strength and elasticity to 
withstand ordinary compressive occlusive forces, without 
abnormal wearing and without causing abrasion to dentinal 
surfaces.

The different varieties of synthetic composites may be 
approximately divided into three main groups of products: 
synthetic resin-based dental composites, glass-based dental 
composites, and hybrid dental composites.

A synthetic resin-based dental composite typically com
prises several monomers combined together. A monomer is a 
chemical that can be bound as part of a polymer. The synthetic 
resin-based dental composite includes other materials, such 
as silicate glass or processed ceramic that provides an essen
tial durability to the composite. These materials may also be 
made from an inorganic material, consisting of a single type 
or mixed variety of particulate glass, quartz, or fused silica 
particles. Using differing types of inorganic materials, with 
differing diameter sizes or size mixtures, results in differing 
material characteristics.

Glass-based dental composites are made from a glass par
ticles, such as powdered fluoroaluminosilicate, dissolved in 
an aqueous polyalkenoate acid. An acid/base reaction occurs 
spontaneously, causing precipitation of a metallic polyalk
enoate, which subsequently solidifies gradually. The glass 
particles may be made from silicate, such as silicone dioxide 
or aluminum silicate, but may also include an intermixture of 
barium, borosilicate, alumina, aluminum/calcium, sodium 
fluoride, zirconium, or other inorganic compounds. Some of 
the earlier glass-based composites were formulated to contain 
primarily a mixture of acrylic acid and itaconic acid co

1
monomers. However, more recently such hybrid products are 
modified to include other polymerizable components, such as 
HEMA or BisGMA.

Hybrid composites are the third category of synthetic den
tal composites. Hybrid composites combine glass particles 
with one or more polymers. Hybrid composites may comprise 
water-soluble polymers other than polyalkenoate, such as 
hydroxyethyl methacrylate (HEMA) and other co-polymer- 
izing methacrylate-modified polycarboxylic acids, which are 
catalyzed by photo activation. Other hybrid composites may 
be modified to include polymerizable tertiary amines, cata
lyzed by reaction with peroxides.

Synthetic dental composites are increasingly used more 
often for dental procedures, such as restoration and repair. 
Restoration and repair includes, for example, fillings, crowns, 
bridges, dentures, orthodontic appliances, cements, posts and 
ancillary parts for dental implants to name a few. Most com
mon, synthetic dental composites are used for anterior Class 
III and Class V reconstructions, for smaller size Class I and 
Class II molar reconstructions, for color-matching of cos
metic veneers, and for cementing of crowns and overlays. 
Nonetheless certain disadvantages of these materials have 
been noted. For example, the trace amounts of unconverted 
monomers and/or catalyst that may remain within the com
posite and, if subsequently absorbed systemically in humans, 
may be potentially physiologically harmful.

Another major drawback associated with synthetic com
posites is that they tend to wear more rapidly, especially when 
placed in appositional contact with load-bearing dental sur
faces, a deficiency that often limits the purposeful use of such 
materials primarily to repair of defects within anterior max
illary or readily visible mandibular surfaces.

Perhaps the most significant disadvantage associated with 
synthetic composites is that they have a comparatively lower 
resistance to fracture. Even relatively minor surface discon
tinuities within the composite, whether occurring from inju
rious trauma or occlusive stress, may progressively widen and 
expand, eventually resulting in partial or complete disintegra
tion of the reconstruction or repair. This greater susceptibility 
to fracture is thought to be correlated with the dental recon
struction or repair.

Fracture susceptibility is also correlated with the propor
tional volume of the amount of synthetic composite required, 
or the lesser fraction of intact enamel and dentinal tooth 
material that remains available, prior to reconstruction or 
repair. It is well established from studies of the “cracked tooth 
syndrome” that once a damaging fracture has occurred, tooth 
loss may be almost inevitable, especially for carious teeth that 
have been previously filled. An improved synthetic composite 
having greater resistance to fracture would be significantly 
advantageous.

Synthetic composites having self-healing characteristics 
are known in the art, as illustrated for example in U.S. Pat. 
Nos. 6,518,330 and 6,858,659, describing self-repair of a 
polyester material containing unreacted amounts of cyclo- 
pentadiene (DCPD) monomer stored within a polyester 
matrix resin, as sequestered within polyoxymethyleneurea 
(PMU) microcapsules. From a fracturing mechanical stress 
sufficient to cause rupturing of one or more microcapsule, the 
monomer is reactively released. As the monomer contacts the 
polyester matrix, a polymerization occurs. The in situ poly
merization occurs as a result of a ruthenium-based Grubbs 
catalyst or Schrock catalyst, which may be incorporated into 
the matrix. Alternatively, the catalyst may be stored within a 
fraction of separately prepared microcapsules, or may be 
contained within the same material comprising the microcap
sule outer wall.
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Although these patents disclose a composite having self- 
healing characteristics, there is still a demand for dental 
restorative composites having self-healing characteristics, or 
capability to autonomically resolve discontinuities occurring 
in the composite as well as methods of making such compos
ites. The present invention satisfies this demand.

SUMMARY OF THE INVENTION

A dental restorative composite is a polymer, otherwise 
referred to as resin. Common components of a dental restor
ative composite typically comprise a monomer, glass filler, 
coupling agent, polymerization initiator (or photosensitizer), 
accelerator, polymerization inhibitor, and UV inhibitor.

A monomer are molecules, when combined together form 
macromolecules. A glass filler is added to achieve desired 
physical properties of the composite, for example reduction 
of shrinkage of the composite during polymerization. A cou
pling agent allows the glass filler to chemically bond with 
monomers and a polymerization initiator allows the mono
mer to become a polymer. Monomers are typically polymer
ized after application to the tooth or other dental appliance. A 
polymerization initiator includes a catalyst or photosensi
tizer, which is the process of activating a substance by means 
of radiant eneigy, especially light. An accelerator increases 
the rate of polymerization, or rate at which a monomer con
verts to a polymer. The inhibitors provide increased storage 
and shelf-life by preventing premature polymerization.

A primary object of the present invention is to provide a 
synthetic dental restorative composite that has self-healing 
characteristics, or capability to autonomically resolve discon
tinuities, including fractures, discontinuities, fissures, or 
other minor imperfections that might otherwise expand and 
propagate, and eventually degrade the mechanical and struc
tural integrity of the dental composite.

An object of the present invention is to provide a dental 
restorative composite made of materials that if absorbed sys- 
temically in humans would not be physiologically harmful.

Another object of the present invention is to provide a 
dental restorative composite that wears slowly compared to 
existing dental composites and has a greater resistance to 
fracture.

Another object of the present invention is to provide a 
dental restorative composite with one or more microspheres 
encapsulating a monomer.

According to another embodiment of the present invention, 
a catalyst is added to the dental restorative composite to 
polymerize the encapsulated monomer. When a fracture rup
tures the microsphere, which contains a monomer, the cata
lyst polymerizes the encapsulated monomer.

Yet another embodiment of the present invention includes 
at least two microspheres: one microsphere that encapsulates 
a polymer along with a crosslinking agent and a second 
microsphere that encapsulates a catalyst. This embodiment 
relies on a crosslinking reaction and is biocompatible such 
that the reaction between the polymer, crosslinking agent and 
catalyst can take place at body temperature. The polymers 
according to this embodiment include a cure site, for example 
polyesters, unsaturatedpolyesters, alkyds, phenolic polymers 
(including resoles and novolacs), amino plastics, epoxy res
ins, polyurethanes, polysulfides and polysiloxanes, such as 
hydroxyfunctional polysiloxanes, that include hydroxyfunc- 
tional-polydichlorodimethylsiloxane, hydroxyfunctional -
polydichloromethylphenylsiloxane, hydroxy functional-
polydichlorodiphenylsiloxane and hydroxy functional-
polydimethylsiloxane. The crosslinking agent, for example, 
silane crosslinking agents, provides the ability to autonomi-
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cally heal a discontinuity in the composite when activated by 
the catalyst. Types of silane crosslinking agents include 
methylytrimethoxysilane, methyltriethoxysilane, tet- 
ramethoxysilane, tetraethoxysilane, tetrapropoxysilane, 
methyltris(methylethylketoxime)silane, methyltris(methyl- 
isobutylketoximejsilane, dimethyldi(ethylmethylketoxime) 
silane, trimethyl(ethylmethylketoxime)silane, vinyltris(eth- 
ylmethylketoximejsilane, methylvinyl
(dimethylethylketoxime)silane, methylvinyldi
(etlylmethylketoxime), methylvinyldi
(cyclohexanoneoxime), vinyltris(methylisobutylketoxime) 
silane, phenyltris(methylethylketoxime)silane,
methyltriacetoxysilane, tetraacetoxysilane Compounds to 
catalyze the crosslinking reaction include tin salts such as 
oiganotin catalysts, which include stannous octooate, dialkyl 
dicarboxylate or dibutyl tin dilaurate, platinum compounds 
such as chloroplatinic acid, and hydride-functional siloxanes.

Another object of the present invention is to provide a 
dental restorative composite that requires no external stimuli 
to resolve fractures. Upon fracture of the composite, a micro
sphere ruptures releasing a monomer that is polymerized to 
bond the fracture closed.

According to one embodiment of the present invention, a 
microsphere that encapsulates a monomer provides the abil
ity to autonomically heal a discontinuity in the composite. 
The encapsulated monomer is one of the typical monomers 
normally used in dental restoratives as discussed herein. An 
applied dental restorative may undergo a fracture during its 
lifetime. The fracture ruptures the microsphere, which con
tains a monomer. The monomer fills the fracture and is poly
merized by the polymerization initiator already present in the 
dental restorative.

In this embodiment, the encapsulated monomer is not lim
ited to monomers typically used in the formulation of dental 
restorative materials. For example, this embodiment can use 
an encapsulated monomer that is known to undergo olefin 
metathesis along with a catalyst that is an olefin metathesis 
catalyst.

An additional object of the present invention is to provide 
a method for the formulation of a self-healing dental restor
ative composite that may be used for accomplishing dental 
repair or reconstruction of a damaged dental restorative com
posite.

As further additional objects of the invention, the dental 
restorative composites using monomers with a self-healing 
capability could be equally applicable and appropriate, for 
example, monomers used in other types of reparative, recon
structive, protective, or palliative procedures, such as minor 
fillings, crowns, bridges, implants, prosthetics, dentures, bite 
plates, mouthpieces, orthodontic brackets and parts or sub
components ancillary thereto, or in fact virtually any type of 
synthetic material as may be placed by a dentist or fabricated 
in a dental laboratory.

Among the advantages of the dental restorative composite 
of the present invention are those that result from the 
improved material characteristics that confer greater resis
tance to fracturing, increased flexural strength and wear resis
tance, and better durability and toughness, as compared to 
materials made from conventional dental resins. It is consid
ered that similar material advantages might be realized for a 
wide spectrum of various types of dental restorative compos
ites, having particularized purposes and composite formula
tions that are otherwise separately distinct.

Microspheres, or encapsulated particles, according to the 
present invention require sufficient resilience to withstand the 
reconstructive dental procedure, and must remain imperme
able within the fully polymerized composite, while at the
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same time remaining susceptible to rupture of the micro
sphere and release of its contents.

Methods for constructing microspheres may by physical or 
chemical. Physical methods of manufacturing microspheres 
include pan coating, air-suspension coating, centrifugal 
extrusion, vibrational nozzle and spray-drying. Chemical 
methods of manufacturing microspheres are known as poly
merization. Polymerization is the bonding of monomers to 
form a microsphere. Polymerization of chemicals generally 
includes interfacial polymerization, in-situ polymerization 
and matrix polymerization. In interfacial polymerization, at 
least two monomers are dissolved separately in immiscible 
liquids. Upon interface between the liquids, rapid reaction 
occurs creating a thin shell or wall of the micro sphere. In-situ 
polymerization is the direct polymerization of a single mono
mer carried out on the particle surface. Matrix polymeriza
tion, a core material is imbedded during formation of the 
microsphere.

Encapsulated particles might also be prepared by using 
sol-gel techniques, by aqueous or organic solution precipita
tion synthesis methods, olefin metathesis polymerization 
including cross metathesis, ring closing metathesis, enzyme 
metathesis, ring opening metathesis, ring opening metathesis 
polymerization, acyclic metathesis, alkyne metathesis, 
alkane metathesis, alkene metathesis and acetylenic metathe
sis, or complex coacervation, interfacial polymerization, or 
by other methods known in the art.

Regarding other microencapsulation technologies, the 
prior art is considered to contain at least several methodolo
gies that may be applicable. Complex coacervation processes 
occurring in aqueous solution involve chemical reactions 
between dissolved cationic and anionic polymers such as 
gelatin and gum arabic, whereby the polymers aggregate into 
a concentrated phase, which can be centrifuged or otherwise 
separated away from the aqueous supernatant. A water-im
miscible core material added slowly to the aggregate then 
becomes coated by the coacervate aggregate, such that thin 
films of polymer may then surround dispersed droplets of the 
added core material, with the polymer material then solidify
ing to form the encapsulating outer shell. However, micro
spheres formed by this method may not sufficiently durable to 
remain stable within an aqueous environment.

Microencapsulation can also be achieved by the multilay
ering of polyelectrolytes, as described for example in U.S. 
Pat. No. 6,602,932 and U.S. Pub. No. 2005/0037050, may 
produce nano-sized capsules. However, these may be prima
rily adaptable for purposes of drug delivery and controlled 
release, with such capsules having exceedingly thin (50 nm) 
outer shells that do not provide sufficiently rigid outer shell 
structure.

More effective adaptable microencapsulation may be 
obtained from interfacial polymerization, a process wherein 
monomers are dissolved with the core material, and the com
bined solution is then mixed with an aqueous phase solute, to 
form an emulsion or polymer material. A catalytic material 
added to the polymer material to initiate polymerization that 
occurs primarily at the surface of the polymer material. As 
polymerization proceeds, the polymer material hardens to 
form an outer encapsulating shell surrounding the core mate
rial contents. As described previously, microencapsulation 
involving in-situ polymerization are distinct from interfacial 
polymerization processes to the extent that the polymer mate
rial that forms the encapsulating shell and the core material to 
be contained are not pre-mixed before combining, so that the 
polymer material may undergo polymerization to form a shell 
while the core material remains unreactive. Methods for 
forming microsphere shells by in-situ condensation of form
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aldehyde and an amine are described in U.S. Pat. Nos. 4,001, 
140; 4,087,376; 4,089,802; and 4,100,103 which describe 
processes for producing microspheres having diameter sizes 
of approximately 5 to 15 microns. Similar processes 
described in U.S. Pat. Nos. 4,353,809 and 4,409,156 may 
produce microspheres of approximately the same size diam
eter. Microspheres made from such methods may be adapt
able for use in dental procedures, as shown in the prior art 
described in U.S. Pat. No. 6,932,602.

It will of course be understood that the aspects and objec
tives of the invention are various, and need not be all present 
in any given embodiment of the invention. The features, 
advantages and accomplishments of the invention will be 
further appreciated and understood upon consideration of the 
following detailed description of embodiments of the inven
tion.

DETAILED DESCRIPTION

Common components of a dental restorative composite 
typically comprise a monomer, glass filler, coupling agent, 
polymerization initiator, accelerator, polymerization inhibi
tor, and UV inhibitor.

According to one embodiment of the present invention, 
adding a microsphere that encapsulates a monomer to the 
dental restorative composite provides the ability to autonomi- 
cally heal the composite in the event of a fracture. Upon 
rupture of the microsphere, the encapsulated monomer forms 
a polymer when in contact with a polymerization initiator.

The present invention includes a dental restorative com
posite containing monomers that form polymers, such as a 
homopolymer or copolymer. A homopolymer is a polymer 
which is formed from only one type of monomer. This is in 
contrast to a copolymer where the polymer contains at least 
two monomers.

The encapsulated monomer is one of the typical monomers 
normally used in dental restorative composites, for example, 
modified dimethacrylates such as 2,2-bis[4-(2-hydroxy-3- 
methacryloyloxypropoxy)phenyl]propane (Bis-GMA), 
dimethacryloxyethyl 2,2,4-trimethylhexamethylene diure
thane (UDMA), and l,6-bis-[2-methacryloxy-ethoxycarbo- 
nylamino]-2,2,4-trimethylhexane (UEDMA). Other types of 
synthetic resins appropriately useful for dental repairs and 
restorations include triethyleneglycol dimethacrylate 
(TEGDMA), polyethylene glycol dimethacrylate 
(PEGDMA), glyceroldimethacrylate (GDM), methacryloy- 
loxyethyl maleate (MEMA), diethyleneglycol dimethacry
late (DEGDMA), hexanediol dimethacrylate (HDMA), hex- 
anediol diacrylate (HDDA), trimethylolpropanetriacrylate 
(TMPTA), trimethylolpropanetrimethacrylate (TMPTMA), 
ethoxylated trimethylolpropanetriacrylate (EOTMPTA) and 
ethoxylated bisphenol A dimethacrylate (EBPADMA). 
Another type of encapsulated monomer could include a silo- 
rane such as bis-3,4-epoxycyclohexylethylphenylm- 
ethylsilane and 3,4-epoxycyclohexylethylcyclo- 
polymethylsiloxane.

Other monomers used in dental restorative composites 
include isopropyl methacrylate; n-hexyl acrylate; stearyl 
acrylate; diallyl phthalate; divinyl succinate; divinyl adipate; 
divinyl phthalate; allyl acrylate; glycerol triacrylate; ethyl
eneglycol diacrylate; 1,3-propanediol di(meth)acrylate; 
decanediol dimethacrylate; 1,12-dodecanediol di(meth)acry- 
late; trimethylolpropane mono- or di-(meth)acrylate; trim- 
ethylolpropane triacrylate; butanediol di(meth)acrylate; 1,2, 
4-butanetriol trimethacrylate; 1,4-cyclohexanediol 
diacrylate; pentaerythritol tetra(meth)acrylate; sorbitol 
mono-, di-, tri-, tetra-, orpenta-(meth)acrylate; sorbitol hexa-
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(meth)acrylate; tetrahydrofurfuiryl(meth)acrylate; bis[ 1 -(2- 
acryloxy)] -p-ethoxyphenyldimethylmethane; bis[ 1 -(3-acry- 
loxy-2-hydroxy)] -p-propoxyphenyidimethylmethane; 2,2,4- 
trimethylhexamethylene diisocyanate; tris-hydroxyethyl- 
isocyanurate trimethacrylate, glycerol phosphate 
monomethacrylates; glycerol phosphate dimethacrylates; 
hydroxyethyl methacrylate phosphates; 2-hydroxypropyl 
(meth)acrylate; citric acid di- or tri-methacrylates; fluo- 
ropolymer-functional(meth)acrylates; poly(meth)acrylated 
polymaleic acid; poly(meth)acrylated polycarboxyl-poly- 
phosphonic acid; poly(meth)acrylatedpolychlorophosphoric 
acid; poly(meth)acrylated polysulfonic acid; poly(meth) 
acrylatedpolyboric acid; polymerizable bisphosphonic acids, 
and siloxane-functional(meth)acrylate polysiloxanes, 
defined as products resulting from hydrolytic polycondensa
tion of one or more of the following silanes: bis[2-(2-(meth- 
acryloyl oxyethoxycarbony^ethyl)]^--1 triethoxysily-lpro- 
pyl amine, bis[2-(2(l)-(methacryloyloxypropoxycarbonyl) 
ethyl)]-3-triet-hoxysilylpropyl amine, 1,3(2)-
dimethacryloyloxypropyl-[3-(3-triethoxysilyl-propyl) 
aminocarbonyl]propionate, 1,3(2)-
dimethacryloyloxypropyl-[4-(3-triethoxysilyl propyl)
aminocarbonyl]butyrate, 1,3(2)-dimethacryloyloxypropyl-[- 
4-(3-triethoxysilylpropyl)-N-_l ethylaminocarbonyl] 
butyrate, 3-[l,3(2)-dimethacryloyl oxypropyl)-2(3)- 
oxycarbonylamido] -l propyltriethoxysilane, glycerol
phosphate monomethacrylates, glycerol phosphate 
dimethacrylates, hydroxyethyl methacrylate phosphates, cit
ric acid di- or tri-methacrylates, poly(meth)acrylated oligo- 
maleic acid, poly(meth)acrylated polymaleic acid, poly 
(meth)acrylated poly (meth)acrylie acid, poly(meth)acrylated 
polycarboxyl-polyphosphonic acid, poly(meth)acrylated 
polychlorophosphoric acid, poly(meth)acrylated polysul
fonic acid, poly(meth)acrylated polyboric acid and polymer
izable bisphosphonic acids.

It is contemplated that any formulation for a dental restor
ative composite may include multiple monomers, including 
any combination of the foregoing.

An applied dental restorative composite may undergo a 
fracture during its lifetime. The fracture ruptures the micro
sphere, which contains a monomer. The monomer fills the 
fracture and is polymerized by the polymerization initiator 
already present in the dental restorative. Types of polymer
ization initiators include, for example, catalyst or photosen
sitizer.

According to another embodiment of the present invention, 
adding a catalyst to the dental restorative composite that can 
polymerize the encapsulated monomer also provides the abil
ity to autonomically heal. When a fracture ruptures the micro
sphere, which contains a monomer, the catalyst polymerizes 
the encapsulated monomer.

In this embodiment, the encapsulated monomer is not lim
ited to monomers typically used in the formulation of dental 
restorative materials. For example, this embodiment can use 
an encapsulated monomer that is known to undergo olefin 
metathesis along with a catalyst, for example a metathesis 
catalyst, such as an olefin metathesis catalyst, a Grubbs’ 
catalyst. A catalyst is anything that when contacted or mixed 
with the monomer will form a polymer.

Monomers known to undergo olefin metathesis include, 
but are not limited to, cyclopentadienes, norbomenes, nor- 
bomadienes, 7-oxonorbomenes, azanorbornenes, 
cyclobutenes, cyclooctenes, cyclooctadienes, cyclooctatet- 
raenes, acyclic dienes, acetylenes and all derivatives thereof. 
For example, it is contemplated that any monomer of the class 
of acyclic dienes, such as 1,9-decadiene, is preferably utilized 
for embodiments in accordance with the present invention. In
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addition, it is also contemplated that monomers and dérivâtes 
such as o(trimethylsilyl)phenylacetylene can be utilized.

Those of ordinary skill in the art will appreciate that the 
various dérivâtes of the monomers discussed herein can be 
utilized with embodiments in accordance with the present 
invention. Indeed, it is contemplated that monomers for use in 
accordance with the present invention could preferably be 
substituted in a number of ways. For example, cyclobutene 
can have a halogen or an alkyl substitute. As such, those of 
ordinary skill in the art would understand that 3-methylcy- 
clobutene or 3-chlorocyclobutene could also be utilized in 
addition to cyclobutene itself.

Yet another embodiment of the present invention includes 
at least two microspheres: one microsphere that encapsulates 
a polymer along with a crosslinking agent and a second 
microsphere that encapsulates a catalyst. This embodiment 
relies on a crosslinking reaction and is biocompatible such 
that the reaction between the polymer, crosslinking agent and 
catalyst can take place at body temperature. The polymers 
according to this embodiment include a cure site, for example 
polyesters, unsaturatedpolyesters, alkyds, phenolic polymers 
(including resoles and novolacs), amino plastics, epoxy res
ins, polyurethanes, polysulfides and polysiloxanes, such as 
hydroxyfunctional polysiloxanes, that include hydroxyfunc- 
tional-polydichlorodimethylsiloxane, hydroxyfunctional - 
polydichloromethylphenylsiloxane, hydroxy functional- 
polydichlorodiphenylsiloxane and hydroxy functional- 
polydimethylsiloxane. The crosslinking agent, for example, 
silane crosslinking agents, provides the ability to autonomi
cally heal a discontinuity in the composite when activated by 
the catalyst. Types of silane crosslinking agents include 
methylytrimethoxysilane, methyltriethoxysilane, tet- 
ramethoxysilane, tetraethoxysilane, tetrapropoxysilane, 
methyltris(methylethylketoxime)silane, methyltris(methyl- 
isobutylketoxime)silane, dimethyldi(ethylmethylketoxime) 
silane, trimethyl(ethylmethylketoxime)silane, vinyltris(eth- 
ylmethylketoxime)silane, methylvinyl
(dimethylethylketoxime)silane, methylvinyidi
(etlylmethylketoxime), methylvinyidi
(cyclohexanoneoxime), vinyltris(methylisobutylketoxime) 
silane, phenyltris(methylethylketoxime)silane,
methyltriacetoxysilane, tetraacetoxysilane Compounds to 
catalyze the crosslinking reaction include tin salts such as 
oiganotin catalysts, which include stannous octooate, dialkyl 
dicarboxylate or dibutyl tin dilaurate, platinum compounds 
such as chloroplatinic acid, and hydride-functional siloxanes.

Those of ordinary skill in the art will appreciate that the 
various dérivâtes of polymers, crosslinking agents, and cata
lysts can be utilized with embodiments in accordance with the 
present invention.

In addition, as those of ordinary skill in the art would 
appreciate, in addition to the homopolymers utilizing the 
above listed monomers, it is contemplated that embodiments 
in accordance with the present invention utilize copolymers 
of the monomers of the classes listed above. For example, it is 
contemplated that a cyclopentadiene-cyclobutene copolymer 
may be more advantageous for a particular application for use 
with embodiments of the present invention.

Following are examples of dental restorative composites 
with self-healing characteristics:

Example 1

A composition for a dental resin composite with self-heal
ing capabilities is described as follows. A resin mixture ( 16 wt 
% total) was first made by combining bisphenol-A-glycidyi- 
dimethacrylate (Bis-GMA) resin with triethylene glycol
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dimethacrylate (TEGDMA) resin in a 7/3 ratio. A photosen
sitizer (camphoroquinone) was added at 0.7 wt % of the total 
composition. An accelerator (ethyl-4-dimethylaminoben- 
zoate) was added at 3 wt % of the total composition. An 
inhibitor (4-methoxyphenol) was added at 0.05 wt % of the 
total composition. The resin, photosensitizer, accelerator and 
inhibitor were combined in a flask and mixed at 50° C. Upon 
homogenization, the above resin blend was mixed with the 
following fillers (84 wt % total): silanated strontium glass 71 
wt %, fumed silica 10 wt %, dicyclopentadiene filled micro
spheres 2.5 wt % and Grubb’s Catalyst 0.5 wt %.

Example 2

A composition for a dental resin composite with self-heal
ing capabilities is described as follows. A resin mixture (16 wt 
% total) was first made by combining Bis-GMA resin with 
TEGDMA resin in a 7/3 ratio. A photosensitizer (camphoro
quinone) was added at 0.7 wt % of the total composition. An 
accelerator (ethyl-4-dimethylaminobenzoate) was added at 3 
wt % of the total composition. An inhibitor (4-methoxyphe- 
nol) was added at 0.05 wt % of the total composition. The 
resin, photosensitizer, accelerator and inhibitor were com
bined in a flask and mixed at 50° C. Upon homogenization, 
the above resin blend was mixed with the following fillers (84 
wt % total): silanated strontium glass 61 wt %, fumed silica 7 
wt %, dicyclopentadiene filled microspheres 14 wt % and 
Grubb’s Catalyst 2 wt %.

Example 3

A composition for a dental resin composite with self-heal
ing capabilities is described as follows. A resin mixture (16 wt 
% total) was first made by combining urethane dimethacry
late (UDMA) resin, Bis-GMA resin with TEGDMA resin in 
a 3/3/1 ratio. A photosensitizer (camphoroquinone) was 
added at 0.7 wt % of the total composition. An accelerator 
(ethyl-4-dimethylaminobenzoate) was added at 3 wt % of the 
total composition. An inhibitor (4-methoxyphenol) was 
added at 0.05 wt % of the total composition. The resin, pho
tosensitizer, accelerator and inhibitor were combined in a 
flask and mixed at 50° C. Upon homogenization, the above 
resin blend was mixed with the following fillers (84 wt % 
total): silanated strontium glass 71 wt %, fumed silica 10 wt 
%, dicyclopentadiene filled microspheres 2.5 wt % and 
Grubb’s Catalyst 0.5 wt %.

Example 4

A composition for a dental resin composite with self-heal
ing capabilities is described as follows. A resin mixture (16 wt 
% total) was first made by combining urethane dimethacry
late (UDMA) resin, Bis-GMA resin with TEGDMA resin in 
a 3/3/1 ratio. A photosensitizer (camphoroquinone) was 
added at 0.7 wt % of the total composition. An accelerator 
(ethyl-4-dimethylaminobenzoate) was added at 3 wt % of the 
total composition. An inhibitor (4-methoxyphenol) was 
added at 0.05 wt % of the total composition. The resin, pho
tosensitizer, accelerator and inhibitor were combined in a 
flask and mixed at 50° C. Upon homogenization, the above 
resin blend was mixed with the following fillers (84 wt % 
total): silanated strontium glass 61 wt %, fumed silica 7 wt %, 
dicyclopentadiene filled microspheres 14 wt % and Grubb’s 
Catalyst 2 wt %.

Example 5

A composition for a dental resin composite with self-heal
ing capabilities is described as follows. A resin mixture (16 wt
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% total) was first made by combining UDMA resin with 
TEGDMA resin in a 4/1 ratio. A photo sensitizer (camphoro
quinone) was added at 0.7 wt % of the total composition. An 
accelerator (ethyl-4-dimethylaminobenzoate) was added at 3 
wt % of the total composition. An inhibitor (4-methoxyphe- 
nol) was added at 0.05 wt % of the total composition. The 
resin, photosensitizer, accelerator and inhibitor were com
bined in a flask and mixed at 50° C. Upon homogenization, 
the above resin blend was mixed with the following fillers (84 
wt % total): silanated strontium glass 71 wt %, turned silica 
10 wt %, dicyclopentadiene filled microspheres 2.5 wt % and 
Grubb’s Catalyst 0.5 wt %.

Example 6

A composition for a dental resin composite with self-heal
ing capabilities is described as follows. A resin mixture (16 wt 
% total) was first made by combining UDMA resin with 
TEGDMA resin in a 4/1 ratio. A photo sensitizer (camphoro
quinone) was added at 0.7 wt % of the total composition. An 
accelerator (ethyl-4-dimethylaminobenzoate) was added at 3 
wt % of the total composition. An inhibitor (4-methoxyphe- 
nol) was added at 0.05 wt % of the total composition. The 
resin, photosensitizer, accelerator and inhibitor were com
bined in a flask and mixed at 50° C. Upon homogenization, 
the above resin blend was mixed with the following fillers (84 
wt % total): silanated strontium glass 61 wt %, fumed silica 7 
wt %, dicyclopentadiene filled microspheres 14 wt % and 
Grubb’s Catalyst 2 wt %.

Example 7

A composition for a dental resin composite with self-heal
ing capabilities is described as follows. A resin mixture (16 wt 
% total) was first made by combining a cycloaliphatic epoxy 
resin such as 3,4-epoxycyclohexylmethyl-3,4-epoxycyclo- 
hexanecarboxylate with a polyol such as poly(tetrahydrofu- 
ran) such that ratio of epoxy groups to polyol groups was 6:1. 
A photosensitizer (camphoroquinone) was added at 0.75 wt 
% of the total composition. An initiator (4-octyloxy-phenyl- 
phenyl iodonium hexafluoroantimonate) was added at 1.5 wt 
% of the total composition. An inhibitor (4-methoxyphenol) 
was added at 0.05 wt % of the total composition. The resin, 
photosensitizer, initiator and inhibitor were combined in a 
flask and mixed at 50° C. Upon homogenization, the above 
resin blend was mixed with the following fillers (84 wt % 
total): silanated strontium glass 71 wt %, firmed silica 10 wt 
%, dicyclopentadiene filled microspheres 2.5 wt % and 
Grubb’s Catalyst 0.5 wt %.

Example 8

A composition for a dental resin composite with self-heal
ing capabilities is described as follows. A resin mixture (16 wt 
% total) was first made by combining a cycloaliphatic epoxy 
resin such as 3,4-epoxycyclohexylmethyl-3,4-epoxycyclo- 
hexanecarboxylate with a polyol such as poly(tetrahydrofu- 
ran) such that ratio of epoxy groups to polyol groups was 6:1. 
A photosensitizer (camphoroquinone) was added at 0.75 wt 
% of the total composition. An initiator (4-octyloxy-phenyl- 
phenyl iodonium hexafluoroantimonate) was added at 1.5 wt 
% of the total composition. An inhibitor (4-methoxyphenol) 
was added at 0.05 wt % of the total composition. The resin, 
photosensitizer, initiator and inhibitor were combined in a 
flask and mixed at 50° C. Upon homogenization, the above 
resin blend was mixed with the following fillers (84 wt %
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total): silanated strontium glass 61 wt %, fumed silica 7 wt %, 
dicyclopentadiene filled microspheres 14 wt % and Grubb’s 
Catalyst 2 wt %.

Example 9

A composition for a glass ionomer cement with self-heal
ing capabilities is described as follows. An aqueous solution 
that is 47.5% 2:1 polyacrylic acid/itaconic acid copolymer 
(Mw=l 0,000) and 5% D(+)-tartaric acid is prepared. The 
powder phase of a typical cement has self-healing fillers 
added to it. The powder phase consists of 97% calcium fluo- 
rosilicate glass (Si02-29%, Al20 3-16.6%, CaF2-34.3%, 
Na3AlF6-5%, AlF3-5.3%, AlP04-9.8%), 2.5% dicyclopenta
diene filled microspheres and 0.5% Grubb’s Catalyst.

Example 10

A composition for a glass ionomer cement with self-heal
ing capabilities is described as follows. An aqueous solution 
that is 47.5% 2:1 polyacrylic acid/itaconic acid copolymer 
(Mw=l 0,000) and 5% D(+)-tartaric acid is prepared. The 
powder phase of a typical cement has self-healing fillers 
added to it. The powder phase consists of 85% calcium fluo- 
rosilicate glass (Si02-29%, Al20 3-16.6%, CaF2-34.3%, 
Na3AlF6-5%, AlF3-5.3%, AIP04-9.8%), 14% dicyclopenta
diene filled microspheres and 1% Grubb’s Catalyst.

Example 11

A composition for a denture base material with self-heal
ing capabilities is described as follows. A liquid component 
was prepared consisting of 92.5 wt % methyl methacrylate, 2 
wt % dibutyl phthalate, 3 wt % ethyl-4-dimethylaminoben- 
zoate, 0.05 wt % hydroquinone, 2 wt % ethylene glycol 
dimethacrylate. The typical powder phase of a denture base 
material was modified with fillers capable of self-healing. 
The powder phase consists of 96 wt % polymethylmethacry
late), 1.5 wt % benzoyl peroxide, 2 wt % dicyclopentadiene 
filled microspheres and 0.5 wt % Grubb’s catalyst.

Example 12

A composition for a denture base material with self-heal
ing capabilities is described as follows. A liquid component 
was prepared consisting of 92.5 wt % methyl methacrylate, 2 
wt % dibutyl phthalate, 3 wt % ethyl-4-dimethylaminoben- 
zoate, 0.05 wt % hydroquinone, 2 wt % ethylene glycol 
dimethacrylate. The typical powder phase of a denture base 
material was modified with fillers capable of self-healing. 
The powder phase consists of 82 wt % polymethylmethacry
late), 1.5 wt % benzoyl peroxide, 15 wt % dicyclopentadiene 
filled microspheres and 1.5 wt % Grubb’s catalyst.

Example 13

A composition for a denture reline with self-healing capa
bilities is described as follows. A liquid-powder type reline 
formulation includes a powder component of polyethyl- 
methacrylate and a liquid component of Di-n-butyl phthalate, 
ethyl acetate and ethyl alcohol. The two components are 
mixed together until all of the powder particles are totally 
moistened. 2 wt % dicyclopentadiene filled microspheres and
0.5 wt % Grubb’s catalyst are added to the mixture and 
blended in.

Example 14

A composition for a denture reline with self-healing capa
bilities is described as follows. A liquid-powder type reline
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formulation includes a powder component of polyethyl- 
methacrylate and a liquid component of Di-n-butyl phthalate, 
ethyl acetate and ethyl alcohol. The two components are 
mixed together until all of the powder particles are totally 
moistened. 15 wt % dicyclopentadiene filled microspheres 
and 1.5 wt % Grubb’s catalyst are added to the mixture and 
blended in.

Example 15

A composition for a dental appliance (retainer) with self- 
healing capabilities is described as follows. A thermoplastic 
fiber-reinforced composite material was prepared using poly
ethylene terephthalate glycol as the matrix material and glass 
filaments as the fiber component. 2 wt % dicyclopentadiene 
filled microspheres and 0.5 wt % Grubb’s catalyst are added 
to the mixture and blended in. Using the resultant composite 
mixture, retainers were formed on a plaster cast of a dental 
arch.

Example 16

A composition for a dental appliance (retainer) with self- 
healing capabilities is described as follows. A thermoplastic 
fiber-reinforced composite material was prepared using poly
ethylene terephthalate glycol as the matrix material and glass 
filaments as the fiber component. 15 wt % dicyclopentadiene 
filled microspheres and 1.5 wt % Grubb’s catalyst are added 
to the mixture and blended in. Using the resultant composite 
mixture, retainers were formed on a plaster cast of a dental 
arch.

Example 17

A composition for a dental bridge with self-healing capa
bilities is described as follows. The fiber reinforced compos
ite structural component of the dental bridge is comprised of 
66 wt % ethoxylated bisphenol A dimethacrylate, 28.7 wt % 
the polycarbonate dimethacrylate condensation product of 
triethylene glycol bischloroformate and 2-hydroxy ethyl- 
methacrylate, 0.75 wt % camphoroquinone, 1.5 wt % 4-oc- 
tyloxy-phenyl-phenyl iodonium hexafluoroantimonate, 0.05 
wt % 4-methoxyphenol, 2.5 wt % dicyclopentadiene filled 
microspheres and Grubb’s Catalyst 0.5 wt %.

Example 18

A composition for a dental bridge with self-healing capa
bilities is described as follows. The fiber reinforced compos
ite structural component of the dental bridge is comprised of 
56 wt % ethoxylated bisphenol A dimethacrylate, 25.2 wt % 
the polycarbonate dimethacrylate condensation product of 
triethylene glycol bischloroformate and 2-hydroxy ethyl- 
methacrylate, 0.75 wt % camphoroquinone, 1.5 wt % 4-oc- 
tyloxy-phenyl-phenyl iodonium hexafluoroantimonate, 0.05 
wt % 4-methoxyphenol, 15 wt % dicyclopentadiene filled 
microspheres and Grubb’s Catalyst 1.5 wt %.

Example 19

A composition for a dental inlay with self-healing capa
bilities is described as follows. Dental inlays are molded from 
the resultant precursor blend mixture of 37 wt % methyl 
methacrylate, 0.25 wt % benzoyl peroxide, 8 wt % 2,2-bis(4- 
methacryloxyphenyl)propane, 34.25 wt % poly(methyl 
methacrylate-co-ethylene dimethacrylate), 17 wt % poly(m
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ethyl methacrylate), 0.5 wt % pigment, 2.5 wt % dicyclopen- 
tadiene filled microspheres and Grubb’s Catalyst 0.5 wt %.

Example 20

A composition for a dental inlay with self-healing capa
bilities is described as follows. Dental inlays are molded from 
the resultant precursor blend mixture of 35 wt % methyl 
methacrylate, 0.25 wt % benzoyl peroxide, 7.5 wt % 2,2-bis 
(4-methacryloxyphenyl)propane, 30.25 wt % poly(methyl 
methacrylate-co-ethylene dimethacrylate), 10 wt % poly(m- 
ethyl methacrylate), 0.5 wt % pigment, 15 wt % dicyclopen- 
tadiene filled microspheres and Grubb’s Catalyst 1.5 wt %.

Example 21

A composition for a dental veneer with self-healing capa
bilities is described as follows. A blend used to prepare dental 
veneers comprises 3 wt % methyl methacrylate, 0.5 wt % 
benzoyl peroxide, 47 wt % UDMA, 49.5 wt % poly(methyl 
methacrylate-co-ethylene dimethacrylate). To this blend 
solid fillers containing 96 wt % silane treated silica, 1 wt % 
acrylic acid, 2.5 wt % dicyclopentadiene filled microspheres 
and Grubb ’ s Catalyst 0.5 wt %. The mixture is then stored and 
mixed with pigment to make a uniform paste.

Example 22

A composition for a dental veneer with self-healing capa
bilities is described as follows. A blend used to prepare dental 
veneers comprises 3 wt % methyl methacrylate, 0.5 wt % 
benzoyl peroxide, 47 wt % UDMA, 49.5 wt % poly(methyl 
methacrylate-co-ethylene dimethacrylate). To this blend 
solid fillers containing 82.5 wt % silane treated silica, 1 wt % 
acrylic acid, 15 wt % dicyclopentadiene filled microspheres 
and Grubb’s Catalyst 1.5 wt%. The mixture is then stored and 
mixed with pigment to make a uniform paste.

Example 23

A composition for a dental resin composite with self-heal
ing capabilities is described as follows. A resin mixture (16 wt 
% total) was first made by combining bisphenol-A-gly- 
cidyldimethacrylate (Bis-GMA) resin with triethylene glycol 
dimethacrylate (TEGDMA) resin in a 7/3 ratio. A photosen
sitizer (camphoroquinone) was added at 0.7 wt % of the total 
composition. An accelerator (ethyl-4-dimethylaminoben- 
zoate) was added at 3 wt % of the total composition. An 
inhibitor (4-methoxyphenol) was added at 0.05 wt % of the 
total composition. The resin, photosensitizer, accelerator and 
inhibitor were combined in a flask and mixed at 50° C. Upon 
homogenization, the above resin blend was mixed with the 
following fillers (84 wt % total): silanated strontium glass 71 
wt%, firmed silica 10 wt%, Bis-GMA filled microspheres 3.0 
wt %.

Example 24

A composition for a dental resin composite with self-heal
ing capabilities is described as follows. A resin mixture (40 wt 
% total) was first made by combining bisphenol-A-gly- 
cidyldimethacrylate (Bis-GMA) resin with triethylene glycol 
dimethacrylate (TEGDMA) resin in a 7/3 ratio. A photosen
sitizer (camphoroquinone) was added at 0.7 wt % of the total 
composition. An accelerator (ethyl-4-dimethylaminoben- 
zoate) was added at 3 wt % of the total composition. An 
inhibitor (4-methoxyphenol) was added at 0.05 wt % of the

total composition. The resin, photo sensitizer, accelerator and 
inhibitor were combined in a flask and mixed at 50° C. Upon 
homogenization, the above resin blend was mixed with the 
following fillers (60 wt % total): silanated strontium glass 45 

5 wt %, fumed silica 5 wt %, 5 wt % hydroxyfunctional poly- 
dimethylsiloxane and vinyltrismethoxyethoxysilane (95:5 
ratio) filled microspheres and 5 wt % stannous octooate filled 
microspheres.

The invention has been described with reference to certain 
to described embodiments. Examples of certain embodiments 

are listed below. Obviously, modifications and alterations will 
occur to others upon reading and understanding the preceding 
detailed description. It is intended that the invention be con
strued as including all such modifications and alterations 

15 insofar as they come within the scope of the appended claims 
or the equivalents thereof.

What is claimed is:
1. A dental composition, comprising: 
a first monomer, wherein said first monomer includes one 

20 or more monomers selected from the group consisting
of: 2,2-bis[4-(2-hydroxy-3-methacryloyloxypropoxy) 
phenyl]propane (Bis-GMA), dimethacryloxyethyl 2,2, 
4-trimethylhexamethylene diurethane (UDMA), 1,6- 
bis-[2-methacryloxy-ethoxycarbonylamino]-2,2,4- 

25 trimethylhexane (UEDMA), triethyleneglycol 
dimethacrylate (TEGDMA), polyethylene glycol 
dimethacrylate (PEGDMA), glyceroldimethacrylate 
(GDM), methacryloyloxyethyl maleate (MEMA), 
diethyleneglycol dimethacrylate (DEGDMA), hex- 

30 anediol dimethacrylate (HDMA), hexanediol diacrylate
(E1DDA), trimethylolpropanetriacrylate (TMPTA), tri- 
methylolpropanetrimethacrylate (TMPTMA), ethoxy- 
lated trimethylolpropanetriacrylate (EOTMPTA), 
ethoxylated bisphenol A dimethacrylate (EBPADMA), 

35 isopropyl methacrylate; n-hexyl acrylate; stearyl acry
late; diallyl phthalate; divinyl succinate; divinyl adipate; 
divinyl phthalate; allyl acrylate; glycerol triacrylate; 
ethyleneglycol diacrylate; 1,3-propanediol di(meth) 
acrylate; decanediol dimethacrylate; 1,12-dodecanediol 

40 di(meth)acrylate; trimethylolpropane mono-(meth)
acrylate; trimetfhylolpropane di-(meth)acrylate, trim
ethylolpropane triacrylate; butanediol di(meth)acrylate; 
1,2,4-butanetriol trimethacrylate; 1,4-cyclohexanediol 
diacrylate; pentaerythritol tetra(meth)acrylate; sorbitol 

45 mono-, di-(meth)acrylate; sorbitol tri-(meth)acrylate;
sorbitol tetra-(meth)acrylate; sorbitol penta-(meth)acry- 
late; sorbitol hexa-(meth)acrylate; tetrahydrofurfuryl 
(meth)acrylate; bis[l-(2-acryloxy)]-p-ethoxyphe- 
nyldimethylmethane; bis[ 1 -(3-acryloxy-2-hydroxy)] -p- 

50 propoxyphenyldimethylmethane; 2,2,4-trimethylhex-
amethylene diisocyanate; tris-
hydroxyethylisocyanurate trimethacrylate, glycerol 
phosphate monomethacrylates; glycerol phosphate 
dimethacrylates; hydroxyethyl methacrylate phos- 

55 phates; 2-hydroxypropyl(meth)acrylate; citric acid di
methacrylates; citric acid tri-methacrylates; fluoropoly- 
mer-functional (meth)acrylates; poly(meth)acrylated 
polymaleic acid; poly(meth)acrylated polycarboxyl- 
polyphosphonic acid; poly(meth)acrylated polychloro- 

60 phosphoric acid; poly(meth)acrylated polysulfonic
acid; poly(meth)acrylated polyboric acid; polymeriz
able bisphosphonic acids, and siloxane-functional 
(meth)acrylate polysiloxanes, 

where the siloxane-functional (meth)acrylate polysilox- 
65 anes are defined as products resulting from hydrolytic

polycondensation of one or more of the following 
silanes: bis[2-(2-(methacryloyl oxyethoxycarbonyp-
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ethyl)]-3-triethoxysily-lpropyl amine, bis[2-(2(l)- 
(methacryloyloxypropoxycarbonyl(ethyl)] -3-triet-hox- 
ysilylpropyl amine, l,3(2)-dimethacryloyloxypropyl- 
[3-(3-triethoxysilyl-propyl)aminocarbonyl]propionate, 
l,3(2)dimethacryloyloxypropyl-[4-(3-trie-thoxysilyl 
propyl)aminocarbonyl]butyrate, 1,3(2)dimethacryloy- 
loxypropyl-[-4-(3-triethoxysilylpropyl)-N-iethylami- 
nocarbonyljbutyrate, 3-[l ,3(2)dimethacryloyloxypro- 
pyl)-2(3)-oxycarbonylamido]-propyltriethoxysilane, 
glycerol phosphate monomethacrylates, glycerol phos
phate dimethacrylates, hydroxyethyl methacrylate 
phosphates, citric acid di-methacrylates, citric acid tri
methacrylates, poly(meth)acrylated oligomaleic acid, 
poly(meth)acrylated polymaleic acid, poly(meth)acry- 
lated poly(meth)acrylic acid, poly(meth)acrylatedpoly- 
carboxyl-polyphosphonic acid, poly(meth)acrylated 
polychlorophosphoric acid, poly(meth)acrylated 
polysulfonic acid, poly(meth)acrylated polyboric acid 
and polymerizable bisphosphonic acids;

a polymerization initiator; and
a microsphere encapsulating a second monomer, wherein 

said second monomer is released from said microsphere 
and polymerized by said polymerization initiator; 
wherein said first monomer is present outside said 
microsphere and, optionally, inside said microsphere.

2. The dental composition of claim 1, wherein said second 
monomer includes one or more monomers selected from the 
group consisting of:

bis-3,4-epoxycyclohexylethylphenylmethylsilane, 3,4-ep- 
oxycyclohexylethylcyclopolymethylsiloxane, 2,2-bis 
[4-(2-hydroxy-3-methacryloyloxypropoxy)phenyl]pro- 
pane (Bis-GMA), dimethacryloxyethyl 2,2,4- 
trimethylhexamethylene diurethane (UDMA), 1,6-bis- 
[2-methacryloxy-ethoxycarbonylamino]-2,2,4- 
trimethylhexane (UEDMA), triethyleneglycol 
dimethacrylate (TEGDMA), polyethylene glycol 
dimethacrylate (PEGDMA), glyceroldimethacrylate 
(GDM), methacryloyloxyethyl maleate (MEMA), 
diethyleneglycol dimethacrylate (DEGDMA), hex- 
anediol dimethacrylate (HDMA), hexanediol diacrylate 
(E1DDA), trimethyloipropanetriacrylate (TM PTA), tri- 
methylolpropanetrimethacrylate (TMPTMA), ethoxy- 
lated trimethyloipropanetriacrylate (EOTMPTA) and 
ethoxylated bisphenol A dimethacrylate (EBPADMA).

3. The dental composition of claim 1, wherein said micro
sphere accounts for about 2.5-14 wt % of a dental restorative 
composite.

4 . A dental composition, comprising:
a first monomer, wherein said first monomer includes one 

or more monomers selected from the group consisting 
of: 2,2-bis[4-(2-hydroxy-3-methacryloyloxypropoxy) 
phenyl]propane (Bis-GMA), dimethacryloxyethyl 2,2, 
4-trimethylhexamethylene diurethane (UDMA), 1,6- 
bis-[2-methacryloxy-ethoxycarbonylamino]-2,2,4- 
trimethylhexane (UEDMA), triethyleneglycol 
dimethacrylate (TEGDMA), polyethylene glycol 
dimethacrylate (PEGDMA), glyceroldimethacrylate 
(GDM), methacryloyloxyethyl maleate (MEMA), 
diethyleneglycol dimethacrylate (DEGDMA), hex
anediol dimethacrylate (E1DMA), hexanediol diacrylate 
(E1DDA), trimethyloipropanetriacrylate (TMPTA), tri- 
methylolpropanetrimethacrylate (TMPTMA), ethoxy
lated trimethyloipropanetriacrylate (EOTMPTA), 
ethoxylated bisphenol A dimethacrylate (EBPADMA), 
isopropyl methacrylate; n-hexyl acrylate; stearyl acry
late; diallyl phthalate; divinyl succinate; divinyl adipate; 
divinyl phthalate; allyl acrylate; glycerol triacrylate;
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ethyleneglycol diacrylate; 1,3-propanediol di(meth) 
acrylate; decanediol dimethacrylate; 1,12-dodecanediol 
di(meth)acrylate; trimethylolpropane mono-(meth) 
acrylate; di-(meth)acrylate, trimethylolpropane triacry
late; butanediol di(meth)acrylate; 1,2,4-butanetriol tri
methacrylate; 1,4-cyclohexanediol diacrylate; 
pentaerythritol tetra(meth)acrylate; sorbitol mono- 
penta-(meth)acrylate, di-penta-(meth)acrylate, tri- 
penta-(meth)acrylate, tetra-penta-(meth)acrylate, 
penta-(meth)acrylate; sorbitol hexa-(meth)acrylate; tet- 
rahydrofurfuryl (meth)acrylate; bis[l-(2-acryloxy)]-p- 
ethoxypheny ldimethylmethane ; bi s [ 1 -(3 -aery loxy-2 - 
hydroxy)]-ppropoxyphenyldimethylmethane; 2,2,4- 
trimethylhexamethylene diisocyanate; tris- 
hydroxyethylisocyanurate trimethacrylate, glycerol 
phosphate monomethacrylates; glycerol phosphate 
dimethacrylates; hydroxyethyl methacrylate phos
phates; 2-hydroxypropyl(meth)acrylate; citric acid di
methacrylates; citric acid tri-methacrylates; fluoropoly- 
mer-functional (meth)acrylates; poly(meth)acrylated 
polymaleic acid; poly(meth)acrylated polycarboxyl- 
polyphosphonic acid; poly(meth)acrylated polychloro
phosphoric acid; poly(meth)acrylated polysulfonic 
acid; poly(meth)acrylated polyboric acid; polymeriz
able bisphosphonic acids, and siloxane-functional 
(meth)acrylate polysiloxanes, 

where the siloxane-functional (meth)acrylate polysilox
anes are defined as products resulting from hydrolytic 
polycondensation of one or more of the following 
silanes: bis[2-(2-(methacryloyl oxyethoxycarbonyl
(ethyl)]-3-'itri ethoxy sily-lpropyl amine, bis[2-(2(l)- 
(methacryloyloxypropoxycarbonyl)ethyl)] -3 -triet-hox- 
ysilylpropyl amine, l,3(2)dimethacryloyloxypropyl-[3- 
(3-triethoxysilyl-propyl)aminocarbonyl]propionate, 
l,3(2)dimethacryloyloxypropyl-[4-(3-trie-thoxysilyl 
propyl)aminocarbonyl]butyrate, 1,3(2)-dimethacryloy- 
loxypropyl-[-4-(3-triethoxysilylpropyl)-N-'iethylami- 
nocarbonyl]butyrate, 3-[l ,3(2)dimethacryloyloxypro- 
pyl)-2(3)-oxycarbonylamidol]'propyltriethoxysilane, 
glycerol phosphate monomethacrylates, glycerol phos
phate dimethacrylates, hydroxyethyl methacrylate 
phosphates, citric acid di-methacrylates, tri-methacry- 
lates, poly(meth)acrylated oligomaleic acid, poly(meth) 
acrylated polymaleic acid, poly(meth)acrylated poly 
(meth)acrylic acid, poly(meth)acrylated polycarboxyl- 
polyphosphonic acid, poly(meth)acrylated 
polychlorophosphoric acid, poly(meth)acrylated 
polysulfonic acid, poly(meth)acrylated polyboric acid 
and polymerizable bisphosphonic acids; 

a polymerization initiator; 
a catalyst; and
a first microsphere encapsulating a second monomer, 

wherein said second monomer is released from said first 
microsphere and polymerized by said catalyst 

wherein said first monomer is present outside said micro
sphere and, optionally, inside said microsphere.

5 . The dental composition of claim 4 , wherein said second 
monomer includes one or more monomers selected from the 
group consisting of:

cyclopentadienes; norbornenes; norbornadienes; 7-ox- 
onorbomenes; azanorbomenes; cyclobutenes; 
cyclooctenes; cyclooctodienes; cyclooctatetraenes; acy
clic dienes; and acetylenes.

6 . The dental composition of claim 4, wherein said catalyst 
is encapsulated in a second microsphere.

7 . The dental composition of claim 4, wherein said catalyst 
is a olefin metathesis catalyst.
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8. The dental composition of claim 7, wherein said olefin 
metathesis catalyst is a Grubb’s catalyst.

9. The dental composition of claim 4, wherein said first
microsphere accounts for about 2.5-14 wt % of the dental 
composition. 5

10. The dental composition of claim 4, wherein said cata
lyst accounts for about 0.5-2 wt % of the dental composition.


