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(57) ABSTRACT 

The present invention overcomes the dif?culties in the 

sterilization and delivery of viscous, multi-component com 
positions that require pre-miXing prior to usage by disclos 
ing a sterile, multi-component, ready-to-use product 
Wherein each component is sterilized independently and 
then assembled into a sterilized delivery kit. In certain 

preferred embodiments of the present invention, a sterile, 
polymerizable system is provided that comprises a plurality 
of sterile polymerizable monomers, said monomers having 
been sterilized by passing them through a ?lter; at least one 
sterile ?ller Which has been exposed to conditions effective 
to render said ?ller sterile, and the sterile monomers and the 
sterile ?ller being blended together to form at least one 
substantially homogeneous blend contained Within a sterile 
delivery vessel. Still other embodiments include a single-use 
kit that comprises a delivery gun, miX tips, and cartridges 
that comprise one or more pastes of the present invention 
that are housed Within one or more pouches to ensure 

sterility of the internal contents. 
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STERILE POLYMERIZABLE SYSTEMS AND KITS 
AND METHODS OF THEIR MANUFACTURE AND 

USE 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to sterile, 
polymeriZable compositions together With systems, kits, and 
methods for the sterile manufacture, packaging, and delivery 
of same. More particularly, the present invention relates to 
sterile, polymeriZable systems and kits that are comprised of 
pre-mixed, viscous, sterile compositions, especially restor 
ative, and methods of making same. 

BACKGROUND OF THE INVENTION 

[0002] SteriliZation is generally de?ned as rendering a 
substance incapable of reproduction. In terms of food, 
medical products or pharmaceuticals, steriliZation relates to 
rending an article free from living microorganisms. The rate 
of destruction of microorganisms is logarithmic and can be 
described by the folloWing expression: 

[0003] Wherein Nt represents the number of organisms 
alive at time ‘t’, NO represents the initial number of organ 
isms, and k equals the kinetic rate constant. 

[0004] Acommon manner of expressing steriliZation is the 
sterility assurance level (“SAL”). Because microbiological 
destruction is logarithmic and expressed in terms of the 
probability of a survivor, the term “sterile device” does not 
actually refer to a device that is totally free of viable 
organisms, but rather to one Whose probability of containing 
a viable organism is so small that it is considered acceptable 
for a given purpose. Hence, the sterility assurance level 
(SAL) de?nes the probability of a viable microorganism 
being present on an article after steriliZation is complete. 
According to the present FDA regulations, topical medical 
devices should have a minimum SAL of 10'3 Whereas 
devices or articles that Will directly contact blood or com 
promised tissues should have a minimum SAL of 10_6. The 
integrity of the steriliZation method is generally monitored 
by culturing a test organism. For example, the remaining 
presence of the highly heat-resistant bacterium, bacillus 
subtilis globigii, can be used as a marker to measure the 
completeness of steriliZation. 

[0005] There are many different methods of steriliZation, 
each of Which presents numerous advantages and disadvan 
tages depending upon the nature of the article or medium to 
be steriliZed. Some of these methods involve the application 
of heat, pressure, and/or moisture. Moist heat steriliZation, 
i.e., boiling, kills all vegetative cells, most viruses, and fungi 
Within 10 minutes. HoWever, moist heat steriliZation is not 
suitable for many applications in biology and medicine 
because it causes coagulation of proteins and breakage of 
hydrogen bonds contained therein. 

[0006] Another method of steriliZation, knoWn as steam 
steriliZation, is the application of steam under pressure 
Within an enclosed chamber knoWn as an autoclave. This 
method subjects the media to temperatures of typically 121° 
C. at pressures of 15 pounds per square inch (“psi”) above 
ambient. Autoclave steriliZation is capable of killing all 
microorganisms and their endospores in about 15 minutes. 
The ef?cacy of autoclave steriliZation is measured by deter 
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mining the presence or absence of bacillus stearothermo 
philus spores. Media or substances stable in heat may be 
steriliZed at higher temperatures for shorter time periods; 
conversely, steriliZation at loWer temperatures require longer 
steriliZation periods. 

[0007] Dry heat steriliZation may involve incineration, 
i.e., exposing media to high temperatures such as 180° C., or 
hot-air steriliZation, i.e., exposing media to controlled time 
and temperature conditions. This method is suitable for 
media such as pharmaceutical products that do not contain 
Water as their primary solvent and cannot be steriliZed by 
other methods. In this instance, dry heat is applied to the 
media at temperatures of about 100° C. to about 250° C. and 
exposure times ranging from about one to four hours. The 
temperature-time relationship is similar to that of steam 
steriliZation. 

[0008] SteriliZation can also occur through the ?ltration or 
the physical retardation of microorganisms from a ?uid 
medium by a ?lter membrane. 

[0009] Still other methods of steriliZation involve the 
application of radiation, either ioniZing or non-ioniZing, to 
steriliZe the media. IoniZing radiation involves the applica 
tion of shorter Wavelength radiation, such as gamma rays, 
beta-rays, x-rays, or high energy electron beams, to ioniZe 
the Water particles contained Within the media to form 
reactive hydroxyl radicals. This method is commonly used 
to steriliZe pharmaceutical products or disposable dental and 
medical supplies such as syringes, gloves, or sutures. Acti 
vated resins such as those used in bone cements, hoWever, 
cannot be gamma steriliZed because it effects the polymer 
iZation process. Non-ioniZing radiation involves the appli 
cation of ultraviolet rays to cause the formation of thymine 
dimers that inhibit the replication of DNA. Although these 
rays are non-penetrating to the media, some media can be 
destroyed in the doses required for effective steriliZation. 

[0010] Another steriliZation method is gas steriliZation, in 
Which the media is exposed to a vapor or gas such as 
ethylene oxide (“EtO”). This method is suitable for media, 
such as foods, pharmaceuticals, and medical equipment, that 
cannot Withstand the temperatures and moisture of steam 
steriliZation or cannot be exposed to radiation. A gaseous 
sterilant, such as ethylene oxide, is applied under controlled 
temperature, time, gas concentration, and relative humidity 
parameters that vary depending upon the nature of the media 
to be steriliZed. Important considerations in the selection of 
a gas sterilant is the ability of the residue remaining on the 
media after exposure to the sterilant to volatiliZe quickly. 
Because gas steriliZation may involve the use of chlorof 
luorocarbons (“CFC”), plasma gas steriliZation, Which is a 
loW temperature gas steriliZation process involving hydro 
gen peroxide or other sterilants in the plasma state, is an 
alternative that is generally safe for the environment. HoW 
ever, plasma technology is currently even more limited than 
EtO steriliZation in terms of What media it can steriliZe. 

[0011] Once an article is steriliZed, it needs to be packaged 
in a manner that Will not compromise its sterility until use. 
SteriliZation packaging typically takes place at one location 
prior to use of the medium, or article, at another location. 
The main purpose of this packaging is to protect the sterility 
of the internal contents. Terminal steriliZation describes the 
process of placing an article Within its protective container 
and subsequently steriliZing the container and the article 
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contained therein. On the other hand, aseptic processing 
involves placing individually steriliZed components that 
have been steriliZed by various steriliZed methods into a 
steriliZed package that is sealed under sterile conditions. The 
packaging containers used in these processes are steriliZed 
separately and remain in a sterile environment prior to use. 
The packaging machinery that is used to ?ll the packaging 
containers is also steriliZed using steam, sterile gases, or 
hydrogen peroXide. 
[0012] Pharmaceutical products are typically rendered 
sterile by aseptic processing. In aseptic processing, the 
separate ingredients of a medium, such as a pharmaceutical, 
are available in sterile form and compounded Without micro 
bial contamination. Pharmaceuticals that are injectable may 
be comprised of aqueous or oily solutions, suspensions or 
emulsions, and are prepared by conventional manufacturing 
methods, With special care taken to remove all extraneous 
particulate matter. Injections must be steriliZed by any of the 
methods given above or terminally steriliZed. Some aqueous 
injectables are not stable and need to be prepared at the time 
of use by miXing some components prior to use. In this 
instance, the end user is provided a kit and must assemble 
the ingredients in a sterile environment immediately prior to 
injection. 

[0013] An eXample of a multi-component system, that 
must be assembled by the end-user in a sterile environment 
prior to use, are biocompatible, restorative compositions or 
biomaterials that are used in orthopaedic and dental appli 
cations. Typically, these biomaterials are comprised of a 
solid component and a liquid component. The solid com 
ponent may consist of a ?nely divided polymer of acrylic 
and/or methacrylic esters and further additives such as 
polymeriZation initiators, radiographic contrast agents, and 
?llers. A typical eXample of such a poWder may consist of 
small spherical beads (usually about 75 pm in diameter) of 
poly (methyl methacrylate) (PMMA) and a small amount of 
a polymeriZation initiator such as benZoyl peroxide. The 
liquid component may consist of an acrylic and/or meth 
acrylic ester monomer and further additives such as poly 
meriZation accelerators and stabiliZers. Atypical eXample of 
a liquid is a methyl methacrylate (MMA) monomer, a 
polymeriZation activator such as N,N-dimethyl-para-tolu 
dine, and an inhibitor such as hydroquinone. The solid and 
liquid components are combined immediately prior to use to 
form a liquid to semisolid paste. The paste may be formed 
into a desired shape or applied via injection in a Wide-mouth 
syringe or spatula to the implantation site of a prosthesis 
Where it polymeriZes. 

[0014] Presently knoWn products feature deactivated res 
ins Which are activated upon combination With other com 
ponents immediately prior to their delivery or use. These 
resins and other components are individually Wrapped and 
packaged in an overall aseptic package or kit. An eXample 
of such a kit is SIMPLEX® bone cement manufactured by 
HoWmedica of Rutherford, NJ. SIMPLEX® bone cement is 
comprised of an aseptically packaged ampule of a liquid 
methyl methacrylate (“MMA”) that is combined With an 
gamma steriliZed bag of poWder Which comprises pre 
polymeriZed MMA-styrene and barium sulfate (BaSO4). 
The end user opens the outer packaging, the ampule, and the 
bag of poWder and combines the liquid and poWder com 
ponents. The user then ?lls a syringe With the cement in 
order to deliver the cement to the patient. Some of the 
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disadvantages to this product include product variability; 
lack of assurance that the components are used in compli 
ance With the manufacturer’s instructions; concern over the 
integrity of the steriliZed components; and a shortened time 
WindoW betWeen preparation of the cement and delivery to 
the patient. Traditional terminal steriliZation is not possible 
Where unpolymeriZed components must retain activation 
viability to be delivered to the surgical suite. 

[0015] There is a need to provide methods for the steril 
iZation and delivery of viscous, multi-component composi 
tions Without requiring the end-user to pre-miX or assemble 
the components. Accordingly, one object of the present 
invention is to provide a sterile, multi-component, ready to 
use product that does not require eXtensive pre-miXing or 
assembly. 

[0016] Another object of the present invention is to pro 
vide a method for the steriliZation of products comprising 
activated resins or monomers. 

[0017] Yet another object of the present invention is to 
provide a method for the steriliZation of products comprising 
heat degradable ?llers. 

[0018] A further object of the present invention is to 
provide methods for the sterile manufacture and delivery of 
viscous, multi-component compositions. 

[0019] An additional object of the present invention is to 
provide kits comprising the sterile, viscous restorative com 
positions of the present invention and delivery vessels that 
alloW miXing of these compositions prior to use. 

SUMMARY OF THE INVENTION 

[0020] The present invention overcomes the dif?culties in 
the steriliZation and delivery of viscous, multi-component 
compositions that require pre-miXing prior to usage by 
disclosing a sterile, multi-component, ready-to-use product 
Wherein each component is steriliZed independently and 
then assembled into a steriliZed delivery kit. These systems 
are suitable for, but not limited to, medical or dental appli 
cations that utiliZe bone cement and restorative composi 
tions. The end products delivered from these kits are sterile 
upon dispensing. The end user does not need a separate 
sterile area to pre-miX or assemble the restorative compo 
sitions prior to use. The present invention further provides 
methods for the steriliZation of the individual components 
that comprise the paste compositions that Will not adversely 
alter the characteristics of these components. Moreover, the 
present invention discloses unique delivery vessels that 
alloW for the pre-miXing of one or more paste compositions 
prior to and upon delivery of the sterile end product. 

[0021] The present invention provides one or more vis 
cous, sterile paste compositions, referred to herein as pastes, 
that are pre-blended and sterile upon delivery to form one or 
more homogeneous blends. Each sterile, viscous paste is 
comprised of one or more polymeriZable monomers or resin 
components and one or more ?llers. The monomers and 

?llers are initially and individually steriliZed, and then 
blended together to form one or more sterile viscous pastes. 
The paste is packaged Within a sterile delivery vessel that 
contains one or more cartridges to house the paste. In 
multiple paste systems, the pastes are dispensed from their 
respective cartridges and blended together Within the deliv 
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ery vessel to form at least one viscous, homogeneous blend 
immediately prior to or upon dispensing. 

[0022] The polymeriZable monomer or resin components 
that comprise the viscous, paste compositions are preferably 
ethylenically unsaturated monomers, and more preferably, 
comprise an acrylate. Examples of such monomers in one 
such composition include, but are not limited to, bisphenol 
A-diglycidyl methacrylate (bis GMA), triethyleneglycol 
dimethacrylate (TEGDMA), diurethane dimethacrylate 
(DUDMA), and bisphenol-A-ethyl methacrylate (bis 
EMA). In preferred embodiments, the monomers Within the 
paste are activated prior to steriliZation. Further additions to 
the paste may include, but are not limited to, polymeriZation 
activators, polymeriZation initiators, radio paci?ers, rein 
forcing components (i.e., ?bers, particles, micro spheres, 
?akes, etc.), bioactive ?llers, neutraliZing resins, diluting 
resins, antibiotic agents, coloring agents, coupling agents, or 
radiographic contrast agents. Examples of such additives 
include, but are not limited to, butylhydroxytoluene (BHT), 
N,N-dimethyl-p-toluidine (DMEPT), tetraethylene glycol 
dimethyaniline (TEGDMA), dihydroxyethyl-p-toluidine 
(DHEPT), UV-9, and benZoyl peroxide (BPO). 
[0023] The monomers and other additives are combined to 
form a paste composition precursor Which is steriliZed prior 
to adding one or more ?llers. The preferred method of 
steriliZation of these monomers and other additives that 
comprise the paste composition precursor is via high pres 
sure ?ltration. The monomers, Which are preferably acti 
vated, are passed through a ?lter such as a 0.22 pm ?lter to 
exclude pathogens. The ?ltration process is conducted under 
pressures Which range betWeen ambient and 200 psi and 
more preferably betWeen 2-40 psi. The housing and plumb 
ing ?xtures used doWnstream in the ?ltration process 
(including the ?lter itself) are also steriliZed prior to use via 
steam steriliZation (i.e., steam steriliZation in place (“SIP”) 
or autoclaving), or similar means, to eliminate or minimiZe 
contamination. 

[0024] In addition to the monomer, the viscous paste or 
pastes further comprise one or more ?llers. These ?llers may 
possess a variety of morphologies such as, but not limited to, 
needles, particulate, ?akes, cylinders, long ?bers, Whiskers, 
or spherical particles. In preferred embodiments, the ?ller is 
comprised of particles With an average particle siZe ranging 

from about less than 1.0 pm up to several millimeters Preferably, the average particle siZe distribution ranges from 

5 to 20 pm. 

[0025] The ?ller may be comprised of an inorganic or 
organic material. In preferred embodiments, the ?ller is 
comprised of an inorganic material. Examples of suitable 
?llers include, but are not limited to, barium glass, barium 
boroaluminosilicate glass, silica, 4555 glass, bioactive glass, 
ceramics, glass-ceramics, bioactive synthetic combeite 
glass-ceramic or combinations thereof. The ?ller or ?llers 
are generally pre-dried prior to blending With other ?llers. In 
preferred embodiments, one or more ?llers are coated With 
silane prior to steriliZation. 

[0026] The ?ller may be steriliZed by dry heat, E beam, 
bright light, gamma or EtO methods. The ?ller is preferably 
steriliZed via dry heat steriliZation, i.e., exposed to dry heat 
at a time and temperature suf?cient to render it sterile. If the 
?ller is coated With silane, the steriliZation method selected 
should maintain the integrity of the silane coating. In certain 
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embodiments Wherein one or more ?llers are coated With 

silane, the ?ller is dry heat steriliZed With minimal heat 
penetration to yield a minimally degraded silane surface 
chemistry. The ?ller is preferably heated to a temperature of 
about 140° C. or less for a period of betWeen about 6 hours 
to about 12 hours, or more preferably, heated to a tempera 
ture of about 121° C. for at least 8 hours. In alternative 
embodiments, the ?ller can be heated to higher tempera 
tures, such as, but not limited to, temperatures of from about 
100° C. to about 250° C. for inversely proportional time 
periods or shorter periods of time at higher temperatures. 

[0027] After the ?ller and the monomer are steriliZed, the 
?ller and monomer are combined to form one or more paste 

compositions. In preferred embodiments, the monomer and 
?ller are combined to form one or more pastes in an aseptic 
process, i.e., using equipment that has been pre-steriliZed 
and combining the components of the paste in a class 100 or 
greater clean room. The equipment used to blend the paste 
or pastes, such as the mixing equipment, spatulas, blades 
etc., are preferably pre-steriliZed using steam or autoclave 
steriliZation. 

[0028] The paste is preferably contained Within a primary 
packaging Which comprises one or more cartridges, caps, 
O-ring pistons, and external pouches. Each of these com 
ponents are steriliZed prior to the aseptic ?lling of the paste 
or pastes. In preferred embodiments, the primary packaging 
components are steriliZed via gamma steriliZation. 

[0029] One or more pastes are aseptically ?lled into indi 
vidual cartridges that further comprise a cap and an O-ring 
piston. The pastes are fed into their respective cartridge 
barrels using an aseptic ?lling process as described herein. 
Air is removed from the cartridge prior to piston insertion. 
The piston is then assembled into the cartridge to form an 
air-tight seal. The ?lled cartridge and piston are then pack 
aged Within at least one external pouch. In preferred embodi 
ments, the ?lled cartridges and piston assemblies are pack 
aged Within a dual pouch arrangement, or an inner and outer 
pouch. The cartridges are then thermally sealed and labeled. 
The previous steps, of ?lling the cartridges, assembling the 
piston into the cartridge, encapsulating the cartridges into 
one or more pouches and then thermo-sealing the cartridges, 
are conducted Within an isolated system referred to herein as 
an isolator. The isolator preferably employs vaporous hydro 
gen peroxide (VHP) to ensure a sterile environment for the 
preceding process steps. 
[0030] Further components, that may comprise the deliv 
ery system and kit, include a delivery gun and one or more 
tips, referred to herein as “mix tips”, that enable mixing and 
dispensing of the paste or pastes. Additional components to 
the systems of the present invention may include a micro 
delivery system. All of these components are sterile or 
steriliZed and packaged prior to use. In preferred embodi 
ments, these components are steriliZed via gamma steriliZa 
tion. After steriliZation is completed, the components are 
placed With an external package to ensure sterility. An 
example of this external package may include an oxygen 
permeable membrane such as a TYVEK®/polyester pouch 
manufactured by Tolas Healthcare Packaging of Feaster 
ville, Pa. Still other external packages may include, but not 
be limited to, foil pouches, opaque pouches for light sensi 
tive materials, or other breathable or permeable pouches. 

[0031] The present invention also discloses methods of 
preparing a sterile, polymeriZable blend. This method com 
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prises the steps of: applying dry heat under time and 
temperature conditions suf?cient to sterilize at least one 
?ller; passing a plurality of polymeriZable monomers (or 
dimers or trimers) through a ?lter; and combining the 
monomers and the ?ller together to form at least one 
homogeneous blend contained Within a ?rst vessel Wherein 
the combined monomers and ?llers are dischargeable from 
a ?nal sterile delivery vessel. 

[0032] The present invention also discloses sterile, bio 
logically compatible restorative compositions that comprise: 
a plurality of polymeriZable monomers, the monomers hav 
ing been steriliZed by passing them through a ?lter; at least 
one ?ller Which has been eXposed to conditions of time and 
temperature effective to render the ?ller sterile; and the 
monomers and the ?ller being blended together to form at 
least one homogeneous composition contained Within a 
sterile delivery vessel Wherein the combined monomers and 
?llers are dischargeable from the sterile delivery vessel. 

[0033] Further embodiments disclosed are methods for 
preparing a sterile, biologically compatible restorative com 
position. This method comprises the steps of: applying dry 
heat under time and temperature conditions sufficient to 
steriliZe at least one ?ller; passing a plurality of polymer 
iZable monomers through a ?lter, preferably siZed to eXclude 
pathogens; and combining the monomers and ?ller together 
to form at least one homogeneous composition contained 
Within a sterile delivery vessel. Yet further embodiments of 
the present invention include steriliZation methods for the 
activated monomer and the silane-coated ?ller that comprise 
the paste. 

[0034] Additional embodiments of the present invention 
may include shaped bodies made of a sterile polymeriZable 
blend, Wherein the blend comprises a plurality of polymer 
iZable monomers, the monomers having been steriliZed by 
passing them through a ?lter preferably siZed to eXclude 
pathogens; at least one ?ller Which has been eXposed to 
conditions of time and temperature effective to render the 
?ller sterile; and the monomers and the ?ller being blended 
together to form at least one homogeneous blend contained 
Within a sterile delivery vessel. 

[0035] Lastly, embodiments of the present invention 
include methods of restoring tissue in an animal Wherein the 
method comprises the steps of: applying dry heat under time 
and temperature conditions sufficient to steriliZe at least one 
?ller; passing a plurality of polymeriZable monomers 
through a ?lter siZed so as to exclude pathogens; combining 
the monomers and the ?ller together to form at least one 
homogeneous composition contained Within a sterile deliv 
ery vessel; and applying the composition to an animal 
Whereby the tissue may be restored. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] The foregoing, as Well as the folloWing description 
of certain preferred embodiments, is better understood When 
read in conjunction With the appended draWings. For the 
purpose of illustrating the invention, there is shoWn in the 
draWings an embodiment that is presently preferred, it being 
understood, hoWever, that the invention is not limited to the 
speci?c methods and apparatuses disclosed. 

[0037] FIG. 1 provides a How diagram for the steps that 
comprise the assembly of the sterile, polymeriZable paste 
composition. 
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[0038] The present invention overcomes the dif?culties in 
the steriliZation and delivery of viscous multi-component 
compositions that require pre-miXing prior to usage by 
disclosing a sterile, multi-component, ready-to-use product 
Wherein each component is steriliZed independently and 
then assembled into a steriliZed delivery system. These 
systems are suitable for, but not limited to, medical or dental 
applications such as viscous, restorative bone cement com 
positions. The end-products delivered from these kits are 
considered sterile upon dispensing. The end-user does not 
need a separate sterile area to pre-miX or assemble the 
restorative compositions prior to use. The present invention 
further provides methods for steriliZation of the individual 
components that Will not signi?cantly alter the characteris 
tics of these components. Lastly, the present invention 
discloses a unique delivery system that alloWs for the 
pre-miXing of these components prior to, and upon delivery 
of, the sterile end-product. 

[0039] The present invention provides one or more vis 
cous, sterile compositions, or pastes, that are pre-blended 
and sterile upon delivery to form one or more homogeneous 
blends. Each sterile, viscous paste is comprised of one or 
more polymeriZable monomers and one or more ?llers. 

Further additions to these paste compositions may include, 
but are not limited to, polymeriZation activators, polymer 
iZation initiators, radio paci?ers, reinforcing components 
(i.e., ?bers, particles, micro spheres, ?akes, etc.), bioactive 
?llers, neutraliZing resins, diluting resins, antibiotic agents, 
or polymeriZation catalysts. The monomers and the ?llers 
are initially and individually steriliZed, and then blended 
together to form one or more viscous pastes. The paste or 
pastes are packaged Within cartridges and loaded into a 
sterile delivery vessel. In multiple paste systems, the pastes 
are dispensed from their respective cartridges and blended 
together Within the delivery vessel to form at least one 
viscous, homogeneous blend immediately prior to or upon 
dispensing. 

[0040] FIG. 1 provides a How diagram of a presently 
preferred embodiment of the assembly method for the 
sterile, polymeriZable paste composition. Steps 10, 20, and 
30 denote the steriliZation of the manufacturing equipment, 
cleaning equipment, and primary packaging, respectively. 
These steps occur prior to the blending and packaging of the 
pastes of the present invention. In step 10, the manufacturing 
equipment, such as the miXing vessel, blades, and other 
equipment used to blend and contain the paste, is steriliZed 
prior to use, preferably through steam or EtO steriliZation. 
Similarly, in step 20, the cleaning supplies and equipment 
and processing equipment such as the steriliZation ?lters, 
housing and plumbing ?xtures, and miXing blades, are 
preferably steriliZed via steam steriliZation in an autoclave. 
Lastly, in step 30, the primary packaging for the paste 
composition, such as the cartridges, caps, O-ring pistons, 
and pouches, is preferably steriliZed via gamma, EtO, elec 
tron beam (“E-beam”) or other steriliZation methods. The 
selection of the steriliZation processes for steps 10, 20, and 
30 Will vary depending upon the nature of the item to be 
steriliZed. Regardless of the steriliZation process, a sterility 
level of at least about 10_6, and more preferably at least 
about 104, is required prior to the use of the equipment in 
the manufacturing process or prior to contact of the com 
position precursors or paste prior to packaging. 
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[0041] As mentioned previously, the sterile compositions 
of the present invention are comprised of one or more 
polymeriZable monomers and one or more ?llers. These 
compositions are referred to herein as pastes to denote that 
the compositions are viscous liquids. The viscosity of these 
pastes range from about 40,000 centipoise to about 400,000 
centipoise, as measured, for example, by an Brooks?eld 
viscometer. 

[0042] Relatively loW viscosity, syringable pastes are best 
suited for the ?lling of bony defects, fracture repair, and 
implant ?xation and revision. Syringable pastes How to ?ll 
voids, and crevices, and adhere tightly to the surface of the 
bone, tissue, or implant. FloWability can be important for 
tight adherence and removal of micromotion When implant 
securing is being achieved. The lack of implant motion can 
reduce in?ammation and determine the success of the 
implant system over time. Higher viscosity pastes are desir 
able for larger, load bearing bone defects and easily acces 
sible fracture sites. A “putty” can be manipulated, sculpted 
and cured in place With immediate high strength capability. 
Oncological bony defects are Well-suited for highly loaded, 
highly bioactive composites. The use of hand mixed pastes 
can also facilitate the addition of medicaments, antibiotics, 
or bone groWth factors. 

[0043] The polymeriZable monomer or monomers (or 
dimers or trimers) that comprise the viscous, paste compo 
sitions are preferably ethylenically unsaturated monomers, 
and more preferably comprise an acrylate functional group. 
The term “monomers”, as used herein, can also represent 
dimers, trimers, resins, resin components, or any other 
polymeriZable component. Examples of the monomers 
include, but are not limited to, bisphenol-A-diglycidyl meth 
acrylate (bis GMA), triethyleneglycol dimethacrylate 
(TEGDMA), or bisphenol-A-ethyl methacrylate (bis-EMA). 
In preferred embodiments, the monomers Within the paste 
composition are activated prior to steriliZation. The mono 
mers may be activated, for example, by the addition of 
benZoyl peroxide (BPO) or other free radical formers and 
tertiary amines, or other reducing agents, such as but not 
limited to DHEPT, DMAPE, DMEPT, ascorbic acid, that 
may provide an electron WithdraWing group that initiates 
free radical polymeriZation. 

[0044] The pastes of the present invention may further 
comprise, but are not limited to, polymeriZation inhibitors, 
polymeriZation activators, polymeriZation initiators, radio 
paci?ers, reinforcing components (i.e., ?bers, particles, 
micro spheres, ?akes, etc.), bioactive ?llers, neutraliZing 
resins, diluting resins, antibiotic agents, coloring agents, 
plasticiZers, coupling agents, free radical generators, radio 
graphic contrast agents, and antibiotics. 

[0045] Polymerization inhibitors may be added to the 
composition to minimiZe polymeriZation during storage. 
Examples of polymeriZation inhibitors include hydro 
quinone, and various functional equivalents such as butyl 
hydroxytoluene (BHT), UV-9, methyl ether hydroquinone 
(MEHQ), 4-benZyloxy phenol and 3,5-diisopropyl phenol. 

[0046] Polymerization activators are typically amines and 
are used to promote free radical generation from organic 
peroxide initiators in addition polymeriZations. The free 
radicals are generated at temperatures around room tem 
perature or beloW by chemical reduction of the peroxide. 
Examples of such activators are ,N,N-dimethyl-p-toluidine 
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(DMEPT), dihydroxyethyl-p-toluidine (DHEPT), and func 
tional equivalents such as N,N-deimethyl-meta-toluidine, 
N,N-dimethyl-ortho-toluidine, and N-ethyl-N-hydroxy 
ethyl-meta-toluidine. 
[0047] Color agents may be added to the composition to 
impart color and may include dyes, paint pigments, or 
reduced metal particles. 

[0048] PlasticiZers may be added to the composition to 
facilitate processing and increase the ?exibility of the ?nal 
product. Examples of plasticiZers include TEGDMA, 
HEMA and phthalates such as diethyl phthalate, benZylbutyl 
phthalate, dibutyl phthalate, and dibenZyl phthalate. 

[0049] Coupling agents are used to link the ?ller Within 
the composition to the polymer matrix. Typical coupling 
agents include silanes such as y-methyacryloxypropyltri 
methoxysilane or other cationic coupling agents. 

[0050] Free radical generators are substances Within the 
composition that decompose to form free radicals that begin 
the process of polymeriZation in addition reactions. 
Examples of free radical generators include benZoyl perox 
ide, tert-butyl peroxide, and diethyl peroxide. 

[0051] Radiographic or diagnostic contrast agents may be 
added to the composition to enable the composition to be 
discerned upon X-ray or other diagnostic means. Examples 
of such agents include barium boroaluminosilicate glasses 
and glass-ceramics, barium sulfate (BaSO4), Zirconium 
dioxide (ZrOZ), chromium oxide (CrO), Ta, Gd or other 
heavy metal particulate, or bismuthic compounds such as 
BiZO3 and Bi(OH)3. 
[0052] In preferred embodiments, the polymeriZable sys 
tems are comprised of tWo pastes designated as pastes A and 
B. In certain preferred embodiments, paste Ais comprised of 
at least one or more ?llers and at least one or more resins. 

Exemplary resin components contained Within paste A may 
include from about 0 to about 25% by Weight bisphenol-A 
glycidyl dimethacrylate (BisGMA), from about 0 to about 
18% by Weight triethylene glycol dimethacrylate 
(TEGDMA), from about 0 to about 25% by Weight diure 
thane dimethacrylate (DUDMA), from about 0 to about 2% 
by Weight DHEPT, and from about 0 to about 0.009% by 
Weight butylhydroxytoluene (BHT). In certain preferred 
embodiments, paste B is also comprised of at least one or 
more ?llers and at least one or more resins. Exemplary resin 
components contained Within paste B may include from 
about 0 to about 15% by Weight bisphenol-A glycidyl 
dimethacrylate (BisGMA), from about 4 to about 15% by 
Weight triethylene glycol dimethacrylate (TEGDMA), from 
about 0 to about 25% by Weight diurethane dimethacrylate 
(DUDMA), from about 0-0.07% by Weight butylhydroxy 
toluene (BHT), and from about 0 to about 0.70% by Weight 
of BPO. 

[0053] Various combinations of the aminezBPOzBHT 
additives Within the paste Will yield speci?c Working and set 
times. Within the composition variables given above, the 
2.25:1:012 ratio gives the preferred long Work time of 5 
minutes and the sloW set time of 8 to 10 minutes. The more 
preferred 3 minutes Working time and 5 to 7 minutes set time 
is obtained With a 2.5:1:0.1 aminezBPOzBHT ratio. Each set 
character Will depend on the mass of material used, energy 
imparted upon mixing, and the temperature of the body 
(normally 37° C.) at the implant site. 
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[0054] The monomers and other additives are blended 
together to form one or more paste composition precursors. 
The duration of the blending operation Will vary depending 
upon the constituents that comprise the paste composition 
precursors. In preferred embodiments, the blending of the 
monomers and other additives Within the paste composition 
precursors activates the polymeriZation of the composition. 

[0055] Referring again to FIG. 1, step 40 relates to the 
steriliZation of the paste composition precursor. The pre 
ferred method of steriliZation of the paste composition 
precursor is via high pressure ?ltration. In a preferred 
method, the ?lter is siZed so as to eXclude pathogens. The 
monomers, Which are preferably activated during the blend 
ing operation, are passed through a ?lter, such as the 0.22 pm 
?lter manufactured by Millipore, Corporation of Bedford, 
Mass. The ?ltration process is conducted under pressures 
Which range betWeen ambient and 200 psi and more pref 
erably betWeen from about 2 to about 40 psi. The housing 
and plumbing ?xtures used doWnstream in the ?ltration 
process (including the ?lter itself) are also steriliZed prior to 
use via steam steriliZation (i.e., steam steriliZation in place 
(“SIP”) or autoclaving), or similar means, to eliminate or 
minimiZe contamination. The SAL of these paste composi 
tion precursors after steriliZation is preferably about 10_°, 
more preferably about 103. The precursors are processed 
and stored Within a sterile environment, such as a class 100 
or greater clean room, to maintain this SAL prior to forming 
one or more sterile paste compositions. 

[0056] As mentioned previously, the viscous paste or 
pastes further comprise one or more ?llers. Fillers, Which 
may be inorganic or organic compounds, but preferably are 
inorganic compounds, are added to the paste to enhance, 
inter alia, the mechanical or the rheological properties of the 
paste composition. Examples of suitable ?llers include, but 
are not limited to, barium glass, barium-boroaluminosilicate 
glass, silica, 45S5 glass, bioactive glass, ceramics, glass 
ceramics, bioactive synthetic combeite glass-ceramic or 
combinations thereof. These ?llers may possess a variety of 
morphologies such as, but not limited to, needles, particu 
late, ?akes, cylinders, long ?bers, Whiskers, or spherical 
particles. In preferred embodiments, the ?ller is comprised 
of particles With an average particle siZe ranging from less 
than about 1.0 pm up to a range of from 2 to 3 millimeters 

Preferably, the average particle siZe distribution 
ranges from 5 to 20 pm. 

[0057] Optionally, the ?ller or ?llers may be pre-dried and 
screened prior to steriliZation as needed. In preferred 
embodiments, one or more ?llers are coated With silane 
Which acts as a coupling agent prior to steriliZation. 

[0058] In a presently preferred embodiment, paste com 
position A comprises a silane-coated, glass-ceramic ?ller 
that is combined in a blending step With a silane-coated 
silica to form ?ller A. An eXample of a silane-coated, 
glass-ceramic ?ller is one manufactured by Mo-Sci, Corp. of 
Rolla, Mo. and comprised of from 52 to 56% by Weight by 
Weight SiO2, from 16 to 25% by Weight of CaO, from 12 to 
16% by Weight of A1203, from 0 to 2% by Weight of NaZO, 
from 0 to 5% by Weight of MgO, from 0.05 to 0.4% by 
Weight of Fe2O3, from 0 to 0.08% by Weight of TiO2, and 
<1% F. The glass ?ller may, optionally, be pre-dried and 
screened prior to dry-heat steriliZation or, alternatively, 
gamma-steriliZed. Paste composition B comprises a silane 
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coated barium glass, such as, for eXample, the barium 
boroaluminosilicate glass manufactured by Sci-Pharm, Inc. 
of Pomona, Calif. and comprised of 52% by Weight SiO2, 
30% by Weight of BaO, 8.5% by Weight of A1203, 7.5% by 
Weight of B203 With trace amounts of NaZO, CaO, Cr2O3, 
Fe2O3, and P205. The silane-coated barium glass is further 
combined With a silane-coated, synthetic Combeite glass 
ceramic and a silane-coated silica in a blending step to form 
?ller B. 

[0059] In preferred embodiments, the ?ller level of pastes 
A and B can vary from 65 to 85% by Weight total ?ller 
content With the preferred bioactive glass-ceramic, such as 
the Combeite glass-ceramic(“CGC”) ?ller and composition 
disclosed in US. Pat. No. 5,681,872, and assigned to Ortho 
vita, Inc., the assignee of the present invention Which is 
incorporated herein in its entirety by reference. The content 
of the preferred bioactive glass-ceramic preferably ranges 
from about 10 to about 99% by Weight of that ?ller. It is 
preferred that the particle siZe distribution of the ?llers be 
broad, bimodal, or preferably trimodal, also of Which being 
less than about ~300 micrometers, even more preferably less 
than 50 pm, With less than about 5% by Weight being sub 0.1 
microns in siZe. 

[0060] Referring again to FIG. 1, step 50 discloses one 
embodiment of the steriliZation of the ?llers prior to com 
bining With the paste composition precursors. Methods for 
steriliZing the ?llers may include dry heat, gamma, E beam, 
bright light or EtO. If the ?ller is coated With silane, the 
steriliZation method selected should maintain the integrity of 
the silane coating. 

[0061] In step 50, the ?ller or ?llers are preferably steril 
iZed via dry heat steriliZation or eXposed to dry heat at a time 
and temperature sufficient to render the ?ller sterile. The 
?ller is typically heated to a temperature of about 140° C. or 
less for a period of betWeen about 6 to about 12 hours, or 
more preferably, heated to a temperature of about 121° C. or 
less for at least 8 hours. In alternative embodiments, the ?ller 
can be heated to higher temperatures, such as, but not limited 
to, temperatures of from about 100° C. to about 250° C. for 
inversely proportional time periods or shorter periods of 
time at higher temperatures. Process variables that effect the 
length of time and temperature that the ?ller is steriliZed at 
are the volume of ?ller, the loading of the ?ller Within the 
oven or kiln, the ramp rate of the oven or kiln, the dWell 
time, and atmosphere in the dry heat operation. In embodi 
ments Wherein one or more ?llers are coated With silane, the 
?ller is distributed in a thin layer on a ?uidiZed bed, such as 
a rotary kiln, to alloW suf?cient heat penetration of the ?ller 
Without degrading the silane coating. The SAL of the ?ller 
after steriliZation is about 10_°, or more preferably about 
103. The ?ller is maintained Within a sterile environment, 
such as a class 100 or greater clean room, to ensure its SAL 
prior to combining With the paste composition precursor. 

[0062] After the ?ller and monomer are steriliZed, the ?ller 
and the monomer are combined to form one or more paste 

compositions. In preferred embodiments such as the process 
disclosed in step 60 of FIG. 1, the paste composition 
precursor comprising the monomer and ?ller are combined 
to form one or more pastes in an aseptic process, i.e., using 
equipment that has been pre-steriliZed and combining the 
components of the paste compositions in a class 100 or 
greater clean room. Depending upon the components of the 
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paste composition, a vacuum that ranges from 0 to 29.5 in 
Hg may be pulled to prevent auto polymerization during 
compounding and/or to minimiZe macro-siZed air bubbles. 
For example, in certain presently preferred embodiments, 
the Apaste composition that Will ?ll the A-side cartridge has 
an applied vacuum of 20 in Hg pulled Whereas the B paste 
composition that Will ?ll the B-side cartridge has an applied 
vacuum of 5 in Hg. The equipment used to blend the 
monomer, ?ller, or other constituents to form the paste 
compositions, such as the mixing equipment, spatulas, 
blades etc., are preferably pre-steriliZed using steam (refer 
ring to step 10) or autoclave steriliZation (referring to step 
20). 
[0063] The paste is preferably contained Within a primary 
packaging that comprises one or more cartridges, caps, 
O-ring pistons, and external pouches. Each of the primary 
packaging components are steriliZed prior to the aseptic 
?lling of the paste or pastes (see step 30 of FIG. 1). In 
preferred embodiments, the primary packaging components 
are steriliZed via gamma steriliZation or other steriliZation 
techniques such as EtO, or E-beam steriliZation (see step 30 
of FIG. 1). 

[0064] Referring to step 70 of FIG. 1, one or more pastes 
are aseptically ?lled into cartridges that further comprise a 
cap and an O-ring piston. In preferred embodiments, paste 
compositions A and B are loaded into the a monolithic, 
double-chambered cartridge such as the double-chambered 
cartridge that is manufactured by Mixpac Systems AG of 
RothreuZ, SWitZerland. Preferably, the double-chambered 
cartridge has tWo chambers that keep the pastes separated 
from each other. Further embodiments of the present inven 
tion may include, but are not limited to, multiple-cham 
bered, i.e., triple- or quadruple-chambered cartridges for 
three or four paste compositions. The cartridge preferably 
has a dispensing noZZle and cap to seal the contents prior to 
use. 

[0065] Referring to FIG. 1, step 80, or the steps, of ?lling 
the cartridges, assembling the piston into the cartridge, 
encapsulating the cartridges into one or more pouches and 
then thermo-sealing the cartridges, is conducted Within an 
isolated system or isolator (see step 70). The isolator pref 
erably employs vaporous hydrogen peroxide (VHP) to 
obtain a sterile environment or SAL of from about 10-6 to 
about 10's. HoWever, other methods of rendering the area 
sterile may be used Without departing from the spirit of the 
invention. Air is removed from the cartridge prior to the 
?lling process and platen insertion. Aplaten is then inserted 
into each individual chamber of the cartridge. The paste is 
aseptically ?lled into the cartridge using ?lling equipment 
Which is selected to minimiZe the risk of contamination of 
the sterile material. Preferably, non-product contact ?lling 
equipment such as the Trideck ?ller manufactured by 
Trideck, Inc. of Brook?eld, Conn. is used. Depending upon 
the composition of the paste or pastes, the ?lling may further 
be conducted under hot or cold temperatures (hot ?lled or 
cold ?lled) or conducted under vacuum. After the cartridge 
or chambers of the cartridge are ?lled, the O-ring piston 
assembly is assembled into the cartridge to form an air-tight 
seal. The ?lled cartridge and piston may then be packaged 
Within an external pouch. In preferred embodiments, the 
?lled cartridges and piston assemblies are packaged Within 
a dual pouch arrangement, or an inner and outer pouch. 
Examples of the external packaging for the ?lled cartridges 

Jan. 13, 2005 

my comprise a TYVEK®/polyester pouch manufactured by 
Tolas Healthcare Packaging of Feasterville, Pa. and/or poly 
vinyl pouch. Still other external packages may include, but 
not be limited to, foil pouches, opaque pouches for light 
sensitive materials, or other permeable pouches. The car 
tridges are then thermally sealed. In certain preferred 
embodiments, the cartridge is inserted into an internal poly 
vinyl pouch Which is then placed Within a TYVEK®/ 
polyester pouch. Both internal and external packages are 
thermally sealed simultaneously. 
[0066] Referring to FIG. 1, step 90 occurs When the 
packaged cartridge is labeled and placed in stock in an 
environment that maintains the integrity and sterility of the 
paste or pastes contained therein. The ?lled cartridges are 
then inspected for sterility and other parameters such as, but 
not limited to, pouch seal integrity dye test, pouch test 
integrity pull test, composite set time, polymeriZation sta 
bility, prior to release. In preferred embodiments, the steril 
ity may be tested on each production lot of pastes or other 
components of the system in accordance With the procedures 
provided in the folloWing test references: Test Procedure PSI 
SOP LP074 (Bacterial Endotoxin Inhibition/Enhancement 
Test), Test Procedure PSI SOP LP012 (Bacterial Endotoxin 
Limit Test) found in the FDA Guidelines on Validation of the 
Limulus Amebocyte Lystate Test as an End-Product Endot 
oxin T est for Human and Animal Parenteral Drugs, Biologi 
cal Products, and Medical Devices (FDA, December 1987) 
and Bacterial Endotoxins Test, Chap. 85 of the United States 
Pharmacopeia 24. Further tests may include the Biological 
Indicator Sterility Test provided in US. Pharmacopeial 
Guidelines for Biological Indicators and ANSI/AAMI 
ST-34: 1991. The sterility levels of the system components 
such as the paste or pastes, inner pouch, cartridges, and 
?llers are preferably tested on a lot-by-lot basis to subscribe 
to or exceed the FDA sterility guidelines. 

[0067] The ?lled cartridges may be packaged along With 
accessories for the presently preferred embodiment of the 
present invention. These accessories are individually steril 
iZed and packaged into a single-use kit. This kit may 
comprise a delivery gun and one or more tips, or “mix tips” 
of various siZes and con?gurations. In preferred embodi 
ments, a single-use delivery gun, such as the gun manufac 
tured by Mixpac Systems AG of RothreuZ, SWitZerland, may 
be used that accommodates a dual-chambered cartridge that 
contains tWo different paste compositions. Still further 
accessories to the kit of the present invention includes the 
straight and tapered mix tip of the present invention. In 
preferred embodiments, these mix tips are also manufac 
tured by Mixpac Systems AG of RothreuZ, SWitZerland, and 
are siZed to ?t the noZZle end of the cartridge. The mix tip 
has mixing elements contained therein that alloW the paste 
compositions in the separate chambers to mix and delivery 
a substantially homogeneous blend. Other components to 
the systems of the present invention may include a micro 
delivery system. All of the components are pre-steriliZed and 
packaged prior to use. In preferred embodiments, the com 
ponents are steriliZed via gamma steriliZation. After the 
components are steriliZed, the components are placed into an 
external package to ensure sterility. An example of this 
external package may include a TYVEK®/polyester pouch 
manufactured by Tolas Healthcare Packaging of Feaster 
ville, Pa. The present invention may further include addi 
tional kits that comprise re?lls of the paste compositions, 
preferably in cartridge form, and mix tips. 
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[0068] In certain preferred embodiments, the end-user 
opens the external and internal pouches that house the 
dual-chambered cartridge and loads the cartridge into the 
delivery gun Within a sterile environment, such as a surgical 
operating room. The plunger of the gun uniformly engages 
the platens Within each chamber to dispense the pastes. The 
individual caps covering the outlets on each chamber of the 
cartridge are removed and the mix tip is installed. The mix 
tip is preferably shaped to alloW the pastes to How through 
their respective outlets on each chamber and ultimately to 
How through one central ori?ce into a mixing element. The 
mix tip further has an mixing element that is shaped like an 
auger to combine the pastes into a homogeneous blend prior 
to dispensing. For best results, the ?rst inch of the blend is 
discarded to ensure uniform mixing of both pastes. Depend 
ing upon the composition of the pastes, the blended, restor 
ative composition should be used approximately 5-8 min 
utes after dispensing. 

[0069] By Way of example, three sterile polymeriZable 
systems Were made from three different production lots in 
accordance With the methods of the present invention. These 
systems Were comprised of tWo pastes designated A and B, 
both of Which Were comprised of at least one sterile ?ller and 
at least one sterile polymeriZable monomer. The pastes Were 
?lled into separate chambers of a dual chambered cartridge 
as disclosed herein and packaged Within an internal and 
external pouch that Was sealed simultaneously. Each system 
Was subjected to the folloWing tests: bacterial endotoxin 
inhibition/enhancement tests and bacterial endotoxin limit 
tests. These tests Were performed in accordance With fol 
loWing FDA Guideline—Valia'ation of Limulus Amebocyte 
Lysate as an End-Product Endotoxin Test for Human and 
Parenteral Drugs, Biological Products, and Medical 
Devices (“LAL”). These tests shoWed that the paste com 
positions Were compliant With or exceeded FDA Guidelines. 
Further testing and analysis Was performed for the folloW 
ing: endotoxin tests on the paste compositions; product 
sterility testing on the paste compositions; product sterility 
testing on sWabs of the outside of the inner pouch to insure 
that the inner pouch is sterile; and product sterility testing on 
sWabs of the outside of the cartridges; biological indicator 
sterility test certi?cate for the ?ller comprised Within the 
paste compositions. All of these tests shoWed that the 
systems met or exceeded FDA and/or ASTM guidelines. 

[0070] The present invention also discloses methods of 
preparing sterile, polymeriZable blends. This method com 
prises the steps of: applying dry heat under time and 
temperature conditions suf?cient to steriliZe at least one 
?ller; passing a plurality of polymeriZable monomers 
through a ?lter; and combining the monomers and the ?ller 
together to form at least one homogeneous blend contained 
Within a sterile delivery vessel Wherein the combined mono 
mers and ?llers are dischargeable from the sterile delivery 
vessel. 

[0071] The present invention also discloses sterile, bio 
logically compatible restorative compositions that comprise: 
a plurality of polymeriZable monomers, the monomers hav 
ing been steriliZed by passing them through a ?lter; at least 
one ?ller Which has been exposed to conditions of time and 
temperature effective to render the ?ller sterile; and the 
monomers and the ?ller being blended together to form at 
least one homogeneous composition contained Within a 
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sterile delivery vessel Wherein the combined monomers and 
?llers are dischargeable from the sterile delivery vessel. 

[0072] Further embodiments disclosed are methods for 
preparing a sterile, biologically compatible restorative com 
position. This method comprises the steps of: applying dry 
heat under time and temperature conditions suf?cient to 
steriliZe at least one ?ller; passing a plurality of polymer 
iZable monomers through a ?lter; and combining the mono 
mers and ?ller together to form at least one homogeneous 
composition contained Within a sterile delivery vessel. Yet 
further embodiments of the present invention include ster 
iliZation methods for the activated monomer and the silane 
coated ?ller that comprise the paste. 

[0073] Additional embodiments of the present invention 
may include shaped bodies made of a sterile polymeriZable 
blend, Wherein the blend comprises a plurality of polymer 
iZable monomers, the monomers having been steriliZed by 
passing them through a ?lter; at least one ?ller Which has 
been exposed to conditions of time and temperature effective 
to render the ?ller sterile; and the monomers and the ?ller 
being blended together to form at least one homogeneous 
blend contained Within a sterile delivery vessel. 

[0074] Lastly, embodiments of the present invention 
include methods of restoring tissue in an animal Wherein the 
method comprises the steps of: applying dry heat under time 
and temperature conditions sufficient to steriliZe at least one 
?ller; passing a plurality of polymeriZable monomers 
through a ?lter; combining the monomers and the ?ller 
together to form at least one homogeneous composition 
contained Within a sterile delivery vessel; and applying the 
composition to an animal Whereby the tissue may be 
restored. 

[0075] Thus, there had been described presently preferred 
embodiments of a sterile, polymeriZable kit and/or system 
and methods for the manufacture and use thereof that are 
comprised of one or more sterile compositions and a deliv 
ery system or kit. Although the present invention has been 
described With reference to restorative biomaterials, it 
should be understood that aspects of the present invention, 
such as the sterile compositions themselves, the steriliZation 
methods of the constituents that comprise the compositions, 
and their methods of use for a restorative bone composition, 
are not limited to the particular embodiments disclosed. 
While the present invention has been particularly shoWn and 
described With reference to the presently preferred embodi 
ments thereof, it is understood that the invention is not 
limited to the embodiments speci?cally disclosed herein. 
Numerous changes and modi?cations may be made to the 
preferred embodiment of the invention, and such changes 
and modi?cations may be made Without departing from the 
spirit of the invention. It is therefore intended that the 
appended claims cover all such equivalent variations as they 
fall Within the true spirit and scope of the invention. 

1-24. (Cancelled) 
25. A sterile, polymeriZable system comprising: 

a plurality of sterile polymeriZable monomers, said mono 
mers having been steriliZed by passing them through a 
?lter; 

at least one ?ller With a coupling agent having been 
steriliZed under conditions suf?cient to maintain the 
integrity of said coupling agent; 
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said sterile monomers and said sterile ?ller being blended 
together to form at least one substantially homogeneous 
blend contained Within a sterile delivery vessel. 

26. The system of claim 25 Wherein at least tWo sterile 
substantially homogeneous blends are formed, each in a 
respective chamber of said delivery vessel, said chambers 
and vessel being formed such that the blends can be essen 
tially simultaneously mixed together and delivered from said 
vessel. 

27. The system of claim 25 Wherein said coupling agent 
is silane. 

28. The system of claim 25 Wherein said conditions are 
gamma irradiation, ethylene oxide, dry heat, bright light or 
E-beam steriliZation. 

29. The system of claim 28 Wherein the ?ller is steriliZed 
by dry heat at a temperature of about 121° C. for at least 8 
hours. 

30. The system of claim 28 Wherein the ?ller is steriliZed 
by dry heat at a temperature of about 140° C. for at least 6 
hours. 

31. The system of claim 25 Wherein an activator is added 
to the monomers prior to ?ltration. 

32. The system of claim 25 Wherein the delivery vessel 
comprises sterile one or more sterile cartridges, one or more 

sterile pistons, and one or more sterile caps. 
33. The system of claim 25 Wherein the delivery vessel is 

steriliZed by gamma radiation. 
34. The system of claim 25 Wherein the delivery vessel is 

sterilized by auto clave. 
35. The system of claim 25 Wherein the delivery vessel is 

steriliZed in an autoclave at about 121° C. for at least 30 
minutes. 

36. A sterile, biologically compatible restorative compo 
sition, comprising: 

a plurality of polymeriZable monomers, said monomers 
having been steriliZed by passing them through a ?lter; 
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at least one ?ller coated With silane, Which has been 
exposed to conditions of time and temperature effective 
to render said ?ller sterile; 

said monomers and ?ller being blended together to form 
at least one homogeneous composition contained 
Within a sterile delivery vessel Wherein the combined 
monomers and ?llers are dischargeable from the sterile 
delivery vessel. 

37. The composition of claim 36 Wherein at least tWo 
sterile substantially homogeneous blends are formed, each 
in a respective chamber of said delivery vessel, said cham 
bers and vessel being formed such that the blends can be 
essentially simultaneously mixed together and delivered 
from said vessel. 

38. The composition of claim 36 Wherein said conditions 
are gamma irradiation, ethylene oxide, dry heat, bright light 
or E-beam steriliZation. 

39. The composition of claim 38 Wherein the ?ller is 
steriliZed by dry heat at a temperature of about 121° C. for 
at least 8 hours. 

40. The composition of claim 38 Wherein the ?ller is 
steriliZed by dry heat at a temperature of about 140° C. for 
at least 6 hours. 

41. The composition of claim 36 Wherein an activator is 
added to the monomers prior to ?ltration. 

42. The composition of claim 36 Wherein the delivery 
vessel comprises sterile one or more sterile cartridges, one 
or more sterile pistons, and one or more sterile caps. 

43. The composition of claim 36 Wherein the delivery 
vessel is steriliZed by gamma radiation. 

44. The composition of claim 36 Wherein the delivery 
vessel is steriliZed by auto clave. 

45. The composition of claim 36 Wherein the delivery 
vessel is steriliZed in an autoclave at about 121° C. for at 
least 30 minutes. 


