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(57) ABSTRACT 

Orthopedic compositions are provided that include a homo 
geneous mixture of a biocompatible polymer and a bioactive 
particulate ceramic wherein the ceramic has an average 
particle size of not more than 500 nm are provided. The 
compositions may be used to form bone cement or various 
Spinal implants, including Spinal Spacers, interbody fusion 
cages, bone plates and bone Screws. Methods for Stabilizing 
a spine, for correcting a bone defect, and for promoting 
fusion of adjacent vertebrae are also provided. 
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BOACTIVENANOCOMPOSITES AND METHODS 
FOR THEIR USE 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to composite materi 
als that may be shaped to form a wide variety of prostheses 
for Orthopedic applications. Specifically, compositions that 
are composites of a biocompatible polymer and a particulate 
ceramic are provided, wherein the particulate ceramic has an 
average particle size of not more than about 500 nm. 
0002 The intervertebral disc functions to stabilize the 
spine and to distribute forces between vertebral bodies. A 
normal disc includes a gelatinous nucleus pulpOSuS, an 
annulus fibrosis and two vertebral end plates. The nucleus 
pulpoSuS is Surrounded and confined by the annulus fibrosis. 
0.003 Intervertebral discs may be displaced or damaged 
due to trauma or disease. Disruption of the annulus fibrosis 
allows the nucleus pulpOSuS to protrude into the Spinal canal, 
a condition commonly referred to as a herniated or ruptured 
disc. The extruded nucleus pulpoSuS may preSS on the Spinal 
nerve, which may result in nerve damage, pain, numbness, 
muscle weakness and paralysis. Intervertebral discS may 
also deteriorate due to the normal aging process. As a disc 
dehydrates and hardens, the disc Space height will be 
reduced, leading to instability of the Spine, decreased mobil 
ity and pain. 
0004 One way to relieve the symptoms of these condi 
tions is by Surgical removal of a portion or all of the 
intervertebral disc. The removal of the damaged or 
unhealthy disc may allow the disc Space to collapse, which 
could lead to instability of the Spine, abnormal joint mechan 
ics, nerve damage, as well as Severe pain. Therefore, after 
removal of the disc, adjacent vertebrae are typically fused to 
preserve the disc Space. 
0005. Several devices exist to fill an intervertebral space 
following removal of all or part of the intervertebral disc in 
order to prevent disc Space collapse and to promote fusion 
of adjacent vertebrae Surrounding the disc Space. Many of 
the implants, including intervertebral disc Spacers, as well as 
cervical plates along with bone ScrewS utilized to hold the 
plates in place, have been made of metal. Due to the StiffneSS 
of the material, Some metal implants, Such as intervertebral 
disc Spacers, may StreSS Shield the bone, thereby increasing 
the time required for fusion. Subsidence, or sinking of the 
device into bone, may also occur when metal implants are 
implanted between vertebrae if fusion is delayed. 
0006. In order to solve the problems associated with 
metal implants, a wide variety of bone grafts and Substitutes 
thereof have been used. Autograft is often preferred because 
it is osteoinductive, although allograft may also be used. 
However, Such Sources of grafts provide Several disadvan 
tages. Autograft is available in only limited Supply. More 
over, the additional Surgery increases the risk of infection 
and blood loSS and may reduce Structural integrity at the 
donor Site. Additionally, Some patients complain that the 
graft harvesting Surgery causes more short-term and long 
term pain than the fusion Surgery. 
0007 Allograft material, which is obtained from donors 
of the same Species, is more readily obtained. However, 
allogeneic bone does not have the Osteoinductive potential 
of autogenous bone and may thus provide only temporary 
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Support. The Slow rate of fusion using allografted bone can 
lead to collapse of the disc Space before fusion is accom 
plished. 
0008. Several attempts have been made to develop a 
material that may be used to form an implant, Such as an 
intervertebral disc implant or other load bearing Structure, 
which avoids the disadvantages of metal implants and bone 
implants. Calcium phosphate-based implants are known, but 
are brittle in many cases and may thus not have Sufficient 
load bearing capacity for a desired application. Synthetic 
polymers are also known, but have Several drawbacks, 
including their Small load bearing capacity and their mini 
mal or non-existent bone bonding capacity. Although com 
positions of Synthetic polymers and hydroxapatite, typically 
sized in the micrometer range, have been made in order to 
combine the advantages of the polymers and the calcium 
phosphate-based ceramics, and have obtained a certain 
degree of Success, a need for improved compositions for 
orthopedic use Still exists. The present invention addresses 
this need. 

SUMMARY OF THE INVENTION 

0009 Orthopedic compositions that are composites of a 
homogeneous mixture of a biocompatible polymer and a 
bioactive particulate ceramic wherein the ceramic has an 
average particle size of not more than about 500 nm are 
provided. The increased Surface area of the particles and 
their interaction with the various polymers provide the 
compositions with advantageous biological and mechanical 
properties. In preferred forms of the invention, the compo 
Sition is comprised predominantly of a polymer Such that the 
polymer forms a matrix into which the ceramic particles are 
embedded. In further preferred forms of the invention, a 
composition is provided that includes a bioactive particulate 
ceramic embedded in a biocompatible polymer matrix 
wherein the ceramic has an average particle size of not more 
than about 500 nm. 

0010. The compositions may be used to form, for 
example, shaped articles and bone cements for Orthopedic 
applications. For example, the compositions may be used to 
form various spinal implants, including various spinal Spac 
erS and cages, as well as bone plates and bone Screws. 
Methods for Stabilizing a spine that include associating with 
vertebrae of a spine a shaped, load bearing article formed 
from the compositions described herein are also provided. 
Further provided are methods of correcting bone defects 
which include applying to the defect the compositions 
described herein. Moreover, methods of promoting fusion of 
adjacent vertebrae are described that include providing an 
implant formed from the compositions described herein, 
preparing adjacent vertebrae to receive the implant in an 
intervertebral disc Space between adjacent vertebrae and 
positioning the implant in the disc space after the prepara 
tion Step. 
0011. It is an object of the invention to provide compo 
Sitions that are composites of a biocompatible polymer and 
a particulate ceramic wherein the composite has advanta 
geous mechanical and biological properties. 
0012. It is further object of the invention to provide 
methods for Stabilizing a spine, methods for correcting bone 
defects and methods for promoting fusion of adjacent Ver 
tebrae that utilize the compositions described herein. 
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0013 These and other objects and advantages of the 
present invention will be apparent from the descriptions 
herein. 

BRIEF DESCRIPTION OF THE FIGURES 

0.014 FIG. 1 is a perspective view of an intervertebral 
disc implant that may be formed from the compositions of 
the present invention. 
0015 FIG. 2 is a side view of the implant of FIG. 1. 
0016 FIG. 3 is a side perspective view of another 
intervertebral disc implant, Such as an interbody fusion 
device, that may be formed from the compositions described 
herein. 

0017 FIG. 4 is an end view of a cervical plate that may 
be formed from the compositions of the present invention. 
0018 FIG. 5 is a side view of the cervical plate of FIG. 
4. 

0.019 FIG. 6 is an end view of a cervical plate that may 
be formed from the compositions of the present invention. 

0020 
6. 

FIG. 7 is a side view of the cervical plate of FIG. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0021 For the purposes of promoting an understanding of 
the principles of the invention, reference will now be made 
to preferred embodiments and Specific language will be used 
to describe the same. It will nevertheless be understood that 
no limitation of the scope of the invention is thereby 
intended, Such alterations and further modifications of the 
invention, and Such further applications of the principles of 
the invention as illustrated herein, being contemplated as 
would normally occur to one skilled in the art to which the 
invention relates. 

0022. The present invention relates to bioactive nano 
composites and methods for their use in orthopedics. In 
certain forms of the invention, the nanocomposites include 
a homogeneous mixture of a biocompatible polymer and a 
bioactive particulate ceramic wherein the ceramic has an 
average particle size of not more than about 500 nm. In 
further preferred forms of the invention, the ceramic par 
ticles are embedded or otherwise dispersed in a polymer 
matrix. The increased Surface area of the ceramic phase may 
advantageously enhance the interactions between the two 
phases for improved mechanical and biological properties as 
more fully described below. The nanocomposites may 
advantageously be used to form a shaped article useful as a 
bone-bone fixation device, bone-Soft tissue fixation device, 
a tissue replacement or other similar graft or device. For 
example, the nanocomposites may form Shaped articles Such 
as load bearing intervertebral cages, bone Screws, Such as 
interference Screws, bone plates Such as, for example, cer 
Vical plates, and various joint replacements or artificial 
discs. Moreover, the nanocomposites may further form a 
bone cement for advantageous use in arthoplasty, cranio 
plasty, Vertebroplasty and other similar applications. Meth 
ods for Stabilizing a spine and for correcting bone defects 
utilizing the compositions of the present invention are also 
provided. 
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0023. In one aspect of the invention, a composition is 
provided that is a composite including a homogeneous 
mixture of a bioactive particulate ceramic and a biocompat 
ible polymer. The components are Sufficiently mixed 
together Such that they are intermingled to form the com 
position. The average particle size of the bioactive particu 
late ceramic is advantageously not more than about 500 nm, 
such as about 1 nm to about 500 nm. Other preferred sizes 
include an average particle size of not more than about 250 
nm, preferably an average size of not more than about 100 
nm and most preferably an average particle Size of not more 
than about 50 nm. Typical average particles sizes include 
about 1 nm to about 250 nm, about 1 nm to about 100 nm. 
and about 1 nm to about 50 nm. 

0024. In further forms of the invention, at least about 
30%, preferably at least about 50% and further preferably at 
least about 75% of the particulate ceramic has an average 
particle size of not more than about 400 nm, preferably not 
more than about 300 nm, further preferably not more than 
about 200 nm, more preferably not more than about 100 nm 
and most preferably not more than about 50 nm to about 100 

. 

0025 The ceramic phase is a bioactive material in that it 
may elicit a biological response at its Surface which results 
in bond formation with adjacent tissue. The ceramic phase 
can be chosen from a wide variety of ceramics, including 
Synthetic, natural, bioresorbable or non-resorbable ceramics. 
For example, the ceramic phase may include bioactive glass 
and various calcium-containing ceramics, Such as calcium 
phosphate-containing ceramics and including hydroxyapa 
tite, O-tricalcium phosphate, B-tricalcium phosphate, and 
tetracalcium phosphate. The calcium-containing ceramics 
may include other various Salts of calcium, Such as calcium 
Sulfate, calcium carbonate as well as a combination of these 
and/or the above-referenced ceramics. The calcium-contain 
ing ceramics may be sintered or unsintered as known in the 
art. 

0026. A feature of the invention includes use of particu 
late ceramic having a large Surface area. For example, the 
Surface area of the particulate ceramic is at least about 10 
m/g, further preferably at least about 20 m/g, but typically 
at least about 40 m/g. The ceramic maintains its particulate 
nature in the composite. Additionally, the calcium:phosphate 
ratio in the calcium phosphate-containing ceramic may vary, 
but may be about 1.50 to about 2.00, preferably about 1.50 
to about 1.70, and more preferably about 1.60 to about 1.67. 
Moreover, the particulate ceramic may further be porous, 
with a porosity of about 1% to about 80%, further preferably 
about 1% to about 50%. The porosity may be adjusted as 
desired to, for example, control the rate of delivery of 
various pharmacological agents as further described below. 
0027. The particulate ceramics may be isolated or syn 
thesized by methods known in the art, Such as described in 
U.S. Pat. Nos. 6,013,591; 5,858,318 and 5,676,976, or may 
be purchased commercially. For example, the nanocrystal 
line apatite particles may be formed by precipitating apatite 
from a Solvent by adding calcium Salt to a phosphate Source 
with a pH of about 7 to about 14 followed by aging at a 
temperature of about -25 C. and above 100 C., and, if 
necessary, by wet grinding. 

0028. In certain forms of the invention as mentioned 
above, a combination of hydroxyapatite and another cal 
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cium-containing material, Such as another calcium phos 
phate-containing material, act as the particulate ceramic 
component. In Such an embodiment, it is preferred that the 
ratio of hydroxyapatite to other calcium-containing material 
is about 1:2 to about 20:1. 

0029. The biocompatible polymer, such as a reinforcing 
polymer, may similarly be obtained from natural or Synthetic 
Sources, and may also be bioresorbable or non-bioresorb 
able. The biocompatible polymer may be selected such that 
it will act to reinforce the composite in order to, for example, 
increase the load bearing capability of the composite. 
Examples of natural materials the polymer may be com 
posed of include collagen, elastin, Silk, and demineralized 
bone matrix. Examples of non-resorbable Synthetic materi 
als include polyethylene, polymethylmethacrylate, poly 
etheretherketone, and polyurethane. Suitable bioresorbable 
Synthetic polymers include poly(L-lactide), poly(D.L-lac 
tide), poly(L-co-D.L-lactide), polyglycolide, poly(lactide 
co-glycolide), poly(hydroxylbutyrate), poly(hydroxyvaler 
ate), tyrosine-derived polycarbonate, polyanhydride, 
polyorthoester, polyphosphaZene, poly(dioxanone), poly(e- 
caprolactone), and polyglyconate. Other similar polymers 
known to the art may be used and various combinations of 
polymers may be included in the composition to adjust the 
properties of the composition as desired. 
0030 The molecular weight of the polymers may vary 
depending on the desired application, but is preferably not 
more than about 1x10" Daltons. Further preferred molecular 
weights of the polymers include about 50,000 to about 
750,000, about 100,000 to about 500,000 and about 200,000 
to about 400,000 Daltons. 
0031. The polymers may be provided in a variety of 
forms, depending on the desired application. Suitable forms 
include gels, powders, pellets, granules, and liquids. The 
polymers may be polymerized from monomers as known in 
the art or may be purchased commercially. 
0.032 Each component of the composition is present in an 
amount Sufficient to impart or otherwise increase a beneficial 
property on the composition. For example, the polymer may 
be present in an amount Sufficient to decrease the brittleneSS 
of the particulate ceramic or otherwise increase the flexibil 
ity of, or reinforce the ceramic. As a further example, the 
particulate ceramic may be present in an amount Sufficient to 
increase the rigidity of the polymer. Each component may 
ultimately be present in an amount Sufficient to increase the 
load bearing capacity, ductility and/or flexibility of the 
composition. 

0033. As an example, the particulate ceramic may be 
present in the composition in an amount of about 1% to 
about 49% by volume of the composition and in other forms 
of the invention about 1% to about 25% by volume of the 
composition, the remainder being made up of the polymer. 
The composition may further include about 10% to about 
40%, and further about 20% to about 30% by volume of the 
ceramic, the remainder made up of the polymer. Thus, the 
polymer may be present in the composition in an amount of 
about 51% to about 99%, about 75% to about 99%, about 
60% to about 90%, and about 70% to about 80%, all on a 
volume basis. In preferred forms of the invention, the 
composition is predominantly composed of a polymer 
matrix, and the particulate ceramic is embedded in the 
matrix. In other forms, the composition is composed pre 
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dominantly of a particulate ceramic into which is embedded, 
or which is otherwise combined with, the desired polymer or 
combination of polymers. 
0034. The compositions may be prepared by mixing the 
polymer and ceramic together and may be processed using 
conventional processing methods for thermoplastics and 
thermoset polymers as known in the art, including injection 
molding, compression molding, extrusion, transfer molding, 
Solution casting or in-situ polymerization. Homogeneous 
mixing of the two phases, So that the two components will 
be Sufficiently intermingled, may be achieved by a variety of 
methods, including polymer mixing methods known to the 
art, including, for example, blending, extrusion, and Solvent 
Suspension. Carrier Solvents may be utilized as a carrier for, 
for example, the polymer, ceramic, or both, or particle 
Surface treatments may be applied to facilitate homogeneous 
mixing. For example, tetrahydrofuran, ethanol or water may 
be utilized, or the surface of the particle may be treated with 
heat, plasma or Surfactants. Post-processing treatments Such 
as pressure/thermal treatments, annealing, forging and 
machining, as done in the manufacture of polymers and 
ceramicS may be performed on the compositions if desired. 
The processing treatments are Selected to insure that particle 
nature of the ceramic is maintained So that, in certain forms 
of the invention, a majority of, and preferably Substantially 
all of, the ceramic particles are preferably individually 
Surrounded by the polymer. 

0035. As one example, in order to achieve homogeneous 
mixing of a polymer and a calcium phosphate-containing 
ceramic, Such as hydroxyapatite, the polymer can first be 
dissolved in a miscible solvent. Hydroxyapatite can then be 
added to the polymer Solvent mixture, wherein the 
hydroxyapatite carrier Solvent is immiscible with the poly 
mer solvent. The hydroxyapatite will settle to the heavier 
polymer rich Solvent phase, creating a Solvent/polymer/ 
hydroxyapatite blend. The hydroxyapatite carrier Solvent 
can be eliminated, leaving the miscible Solvent, polymer and 
hydroxyapatite. The low viscosity of the Solvated system 
aids the uniform dispersion of the hydroxyapatite within the 
polymer. The blend (polymer/hydroxyapatite/solvent) can 
be quenched into a Solution in dry ice and methanol. The 
polymer and the hydroxyapatite will Separate from the 
Solvent and can be recovered. One advantage of the quench 
ing Step is that, especially when a polymer matrix is utilized, 
the finest possible dispersion of hydroxyapatite within the 
polymer matrix is maintained. 
0036) As a further example of achieving homogeneous 
mixing of a polymer and hydroxyapatite, dry blending of the 
polymer and hydroxyapatite can be accomplished after 
recovering the hydroxyapatite from its carrier Solvent 
through vacuum filtration and drying. In this case, plasma 
treatment of the hydroxyapatite Surface may be required to 
prevent aggregates of hydroxyapatite from forming. Such 
methods are well-known, and are Similar to plasma treat 
ment methods developed in the Silicone industry. 
0037. The composition may advantageously deliver 
desired pharmacological agents, especially when one or both 
components of the implant are resorbable. The pharmaco 
logical agent may include a growth factor that may increase 
the rate of fusion, or may have Some other beneficial effect. 
A wide variety of growth factors may advantageously be 
employed in the present invention. For example, the growth 
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factor may include a bone morphogenetic protein, LIM 
mineralization proteins (LMPs), transforming growth fac 
tors, Such as transforming growth factor-fi (TGF-B), insulin 
like growth factors, platelet-derived growth factors, fibro 
blast growth factors, or other Similar growth factor that has 
Some beneficial effect. 

0.038. The growth factors, or other pharmacological 
agents, are typically included in the composition in thera 
peutically effective amounts. For example, the growth fac 
tors may be included in the compositions in amounts effec 
tive in promoting fusion. Although these amounts will 
depend on the Specific case, the compositions may typically 
include no more than about five weight percent of the growth 
factors, and preferably no more than about one weight 
percent of the growth factors. 
0039. In a preferred form of the invention, the growth 
factor is a bone morphogenetic protein. Recombinant human 
bone morphogenetic proteins (rhBMPs) are further preferred 
because they are available in large quantities and do not 
transmit infectious diseases. Most preferably, the bone mor 
phogenetic protein is a rhBMP-2, rhBMP-4 or heterodimers 
thereof. However, any bone morphogenetic protein is con 
templated, including bone morphogenetic proteins desig 
nated as BMP-1 through BMP-18. 
0040 BMPs are available from Genetics Institute, Inc., 
Cambridge, Mass. and may also be prepared by one skilled 
in the art as described in U.S. Pat. No. 5,187,076 to Wozney 
et al.; U.S. Pat. No. 5,366,875 to Wozney et al.; U.S. Pat. No. 
4,877,864 to Wang et al.; U.S. Pat. No. 5,108,922 to Wang 
et al.; U.S. Pat. No. 5,116,738 to Wang et al.; U.S. Pat. No. 
5,013,649 to Wang et al.; U.S. Pat. No. 5,106,748 to Wozney 
et al.; and PCT Patent Nos. WO93/00432 to Wozney et al.; 
WO94/26893 to Celeste et al.; and WO94/26892 to Celeste 
et al. All bone morphogenic proteins are contemplated 
whether obtained as above or isolated from bone. Methods 
for isolating bone morphogenetic protein from bone are 
described, for example, in U.S. Pat. No. 4,294,753 to Urist 
and Urist et al., 81 PNAS 371, 1984. 
0041. In other forms of the invention, the pharmacologi 
cal agent may be one that is used for treating various Spinal 
conditions, including infected Spinal cords, cancerous Spinal 
cords and osteoporosis. Such agents include antibiotics, 
analgesics and anti-inflammatory drugs, including Steroids. 
Other such agents are well know to the skilled artisan. These 
agents are also used in therapeutically effective amounts that 
will treat the various conditions and the Symptoms they 
cause. Such amounts may be determined by the skilled 
artisan depending on the Specific case. 
0042. The pharmacological agents are preferably dis 
persed within the composition for in vivo release. The 
porosity of the composition may be adjusted in order to 
achieve the appropriate level of porosity to release the 
pharmacological agents at a desired rate. The pharmacologi 
cal agents may be added to the composition prior to it being 
formed into a shaped article, if desired, by adding the agents 
to the composition, as long as the processing conditions will 
not adversely affect the agent. Alternatively, the composi 
tions may form a shaped or other article as more fully 
described below and these articles may be Soaked in an 
appropriate Solution containing the agent, or by other appro 
priate methods known to the Skilled artisan. 
0043. The compositions of the present invention have a 
wide variety of applications. For example, the compositions 
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may form composites that may be load bearing and may 
form a shaped article, Such as an intervertebral disc implant, 
including a fusion cage. Referring now to FIGS. 1 and 2, 
various intervertebral disc implants are shown. Implant 50 is 
an open chambered C-shaped Spacer having a body 51 with 
a tool engagement end 53 and an opposite insertion end 52. 
Body 51 includes threads 54 and a wall 55 wherein the wall 
defines a chamber 56 between the two ends 52 and 53 and 
including an opening 57 in communication with chamber 
56. In one form of the invention a seen in FIG. 1, first arm 
58 is truncated relative to second arm 59, forming a channel 
60 in communication with mouth 61 and chamber 56. The 
tool engagement end includes an adjustment Score mark or 
groove 61 and a tool engaging or instrument attachment hole 
62. In other forms of the invention, both first arm 58 and 
second arm 59 are the same length. Such implants, as well 
as other implants that may be formed utilizing the advan 
tageous compositions described herein, are shown and 
described further in U.S. Pat. No. 6,033,438 to Bianchi et al. 

0044) Referring now to FIG. 3, an interbody fusion 
device 100, or cage, is shown. The device is a conical body 
101 that defines a series of interrupted external threads 102 
and a complete thread 103 at the leading end of the implant. 
Conical body 101, and particularly body wall 104, includes 
parallel truncated side walls 105. The device preferably has 
a hollow interior 106, as well as vascularization openings 
107 and 108 defined through each of the truncated side walls 
105. Diametrically opposed notches 109 may be provided 
which are configured to engage an implant driver tool. 
Openings 107 and 108 are sized to provide optimum passage 
for vascularization. Such a device, and various forms of the 
device, is shown and described in U.S. Pat. Nos. 5,669,909 
and 5,782.919. A wide variety of other spinal implants may 
be formed from the compositions described herein, includ 
ing those described in U.S. Pat. No. 5,015,247 to Michelson. 

0045 Referring now to FIGS. 4–7, various bone plates 
are shown. The implant shown in FIGS. 4 and 5 is an 
anterior plating system or fixation assembly 150. System 
150 includes an elongated plate 151 and a number of bone 
screws 152. Elongated plate 151 is provided with a plurality 
of screw holes 153 that may be present in a variety of 
arrangements, Such as the four-hole pattern 154 as Seen in 
FIG. 4. Bottom surface 155 of plate 151 is preferably 
configured to contact and engage the vertebral bodies at each 
of the instrumented levels of the spine. Bone screws 152 are 
held to plate 151 by way of a plurality of locking assemblies 
156. Such plates are described, for example, in U.S. Pat. No. 
6,152,927 to Farris et al. 

0046 Referring now to FIGS. 6 and 7, yet another 
example of a bone plate is seen. The implant is a cervical 
plate 200 that includes an elongated fixation plate 201. Plate 
201 includes a plurality of screw bores 202 defined in the 
plate as well as screw bore recesses 207. A screw fixation 
means 203, Such as threaded fixation bore 204, serves to 
prevent the screws from working loose over time. Plate 201 
further defines a slot 205 formed within bridge portion 206 
of the plate, wherein slot 205, or the axis Salong the length 
of the slot, is oriented at an acute angle T to the longitudinal 
axis L of plate 201. Such plates are described, for example, 
in U.S. Pat. No. 5,364,399 to Lowery et al. A wide variety 
of other bone plates and Screws known in the art may be 
formed from the compositions described herein. 
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0047 The compositions described herein provide a num 
ber of other advantages not discussed up to this point. For 
example, when a polymer is combined with a particulate 
ceramic, Such as hydroxyapatite in combination with other 
forms of calcium phosphate, the ceramic may advanta 
geously promote bone apposition. Moreover, although Such 
cages may be strong due to the biphasic reinforcement 
Structure, the cages may gradually lose their strength upon 
in Vivo degradation and eventual resorption. As a further 
advantage of Such cages formed of hydroxyapatite and/or 
other forms of calcium phosphate in combination with a 
resorbable polymer, the nano-particles of the ceramic may 
buffer the acidic degradation products of the resorbable 
polymer. Additionally, Such cages can be located in vivo 
radiographically due to the presence of hydroxyapatite and/ 
or other calcium phosphates. Moreover, the ceramic may 
advantageously act as a Support Structure to enhance bone 
ingrowth in the compositions described herein and, in other 
forms of the invention, may act to reinforce the polymer it 
is combined with. For example, the nanometer-sized 
ceramic particles may be more beneficial in promoting bone 
ingrowth than larger particles, including those greater than 
about 1 micron. 

0.048. In yet other forms of the invention, the composi 
tions may be processed to form a bone cement. The bone 
cement is flowable or otherwise moldable at a temperature 
below the body temperature of a mammal, such as about 30 
C., and especially at ambient or room temperature (about 
17 C. to about 25° C), and is preferably hardened in-situat 
about body temperature (37° C) or ambient temperature as 
described herein. In Such forms of the invention, it is 
preferred that the polymer utilized is in a liquid, gel or paste 
form, although other forms may be Suitable, as long as the 
bone cement is in a pliable or otherwise moldable form for 
application. 

0049. In yet other aspects of the invention, methods of 
Stabilizing a spine are provided. In one form, a method 
includes associating with vertebrae of the Spine a shaped, 
load bearing article formed from the compositions described 
herein. For example, a bone plate may be associated with, or 
otherwise attached to, adjacent vertebrae, by methods 
known to the skilled artisan. Such stabilization may prove 
useful, for example, in various Spinal fusion procedures. 

0050. In other aspects of the invention, methods of pro 
moting fusion of adjacent vertebrae are provided. In one 
form, a method includes providing an implant, preferably a 
load bearing implant as described herein, formed from the 
compositions described herein and preparing adjacent Ver 
tebrae to receive the implant in an intervertebral disc Space 
between adjacent vertebrae. Such preparation methods are 
well known to the Skilled artisan, and may include removing 
all or a portion of the intervertebral disc, including all or a 
portion of the nucleus pulpoSuS. The implant may then be 
positioned in the intervertebral disc Space between the 
adjacent vertebrae after the preparation Step. 

0051. In further aspects of the invention, methods for 
correcting a bone defect are provided. In one form, a method 
includes applying to the defect a composition as described 
herein, preferably in the form of a moldable, yet hardenable, 
composition, Such as a bone cement as described herein. The 
composition is applied by techniques known to the art and 
in an amount Sufficient to correct the defect. 
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0052 Reference will now be made to specific examples 
illustrating the compositions and methods above. It is to be 
understood that the examples are provided to illustrate 
preferred embodiments and that no limitation to the Scope of 
the invention is intended thereby. 

EXAMPLE 1. 

Fusion Cages Formed from 
Polyetheretherketone/Hydroxyapatite Compositions 

0.053 A polyetheretherketone (PEEK)/hydroxyapatite 
(HA) composition may be utilized to form an intervertebral 
body fusion cage. A fusion cage may be fabricated by 
injection molding or by machining extruded bar Stock of 
PEEK/HA nanocomposites. The bar stock may be produced 
using an extrusion proceSS during which proportional quan 
tities of PEEK resin pellets and HA nanoparticles are 
Simultaneously fed into an extruder. A composition of 2 
grams of PEEK per gram of HA may be used. As the PEEK 
polymer melts at approximately 340 C., HA nanoparticles 
are mixed and dispersed within the polymer prior to exiting 
the extruder. Extruded PEEK-HA nanocomposites can also 
be pelletized or chopped up into Small pellets for the 
injection molding process. 

EXAMPLE 2 

Bone Cement Composition 
0054) A nanocomposite bone cement of polymethyl 
methacrylate (PMMA) and HA may be prepared by mixing 
a PMMA polymer powder and a methylmethacrylate mono 
mer liquid by mixing methods known to the skilled artisan. 
The HA nanoparticles can be dispersed within the polymer 
powder, the monomer liquid or both in proportional quan 
tities, Such as 1 gram of HA per 5 grams of resulting bone 
cement. After mixing, the bone cement becomes a flowable 
homogeneous paste. The bone cement Viscosity increases 
with time before setting up into a hard solid material. The 
PMMA-HA nanocomposite bone cement can be applied at 
any time during its uncured Stage depending upon its final 
application, which may include Vertebroplasty, arthroplasty, 
cranioplasty, or Similar procedures. 
0055. The presence of HA may help reduce the heat 
release during exothermic polymerization that could 
adversely affect the host bone. Moreover, HA also works as 
a media contrast for Visualization of cement flow under 
fluoroscopy in Vertebroplasty. 

EXAMPLE 3 

Fusion Cages Formed from 
Poly(L-lactide-co-D.L-lactide)/Hydroxyapatite 

Compositions 

0056 Fusion cages may be fabricated via injection mold 
ing or machining extruded bar Stock of nanocomposites of 
poly(L-lactide-co-D.L-lactide) (PLDLA) (volume ratio of 
L-lactide to D.L-lactide of 70:30) and HA. The bar stock 
may be produced using an extrusion proceSS during which 
proportional quantities of PLDLA resin granules and HA 
nanoparticles are Simultaneously fed into an extruder. A 2:1 
weight ratio of PLDLA:HA may be used. Prior to the 
extrusion process, PLDLA granules coated with a propor 
tional quantity of HA nanoparticles can be obtained via 
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blending a suspension of PLDLA and HA in ethanol and 
Subsequent drying. AS the PLDLA polymer melts approxi 
mately above 150° C., HA nanoparticles are mixed and 
dispersed within the polymer prior to exiting the extruder. 
Extruded PLDLA-HA nanocomposites can also be pellet 
ized or chopped up into Small pellets for the injection 
molding process. 

0057 While the invention has been illustrated and 
described in detail in the drawings and foregoing descrip 
tion, the same is to be considered as illustrative and not 
restrictive in character, it being understood that only the 
preferred embodiment has been shown and described and 
that all changes and modifications that come within the Spirit 
of the invention are desired to be protected. In addition, all 
references cited herein are indicative of the level of skill in 
the art and are hereby incorporated by reference in their 
entirety. 
What is claimed is: 

1. An orthopedic composition, comprising a homoge 
neous mixture of a biocompatible polymer and a bioactive 
particulate ceramic, Said ceramic having an average particle 
size of not more than about 500 nm. 

2. The composition of claim 1, wherein at least about 30% 
of Said particulate ceramic has an average particle size of not 
more than about 100 nm. 

3. The composition of claim 1, wherein Said ceramic has 
an average particle size of about 100 nm. 

4. The composition of claim 1, wherein Said ceramic has 
an average particle size of about 1 nm to about 500 nm 

5. The composition of claim 4, wherein said ceramic has 
an average particle size of about 1 nm to about 100 nm 

6. The composition of claim 5, wherein Said ceramic has 
an average particle size of about 1 nm to about 50 nm. 

7. The composition of claim 1, wherein Said composition 
comprises about 1% to about 49% by volume of said 
ceramic and about 51% to about 99% by weight of said 
polymer. 

8. The composition of claim 1, wherein Said composition 
is comprised predominantly of Said polymer. 

9. The composition of claim 1, wherein said polymer is 
Selected from a resorbable polymer and a non-resorbable 
polymer. 

10. The composition of claim 1, wherein said polymer 
comprises polyetheretherketone, polyethylene, polymethyl 
methacrylate, poly(L-lactide), poly(D.L-lactide), poly(L-co 
D.L-lactide), polyglycolide, poly(lactide-co-glycolide), 
poly(hydroxylbutyrate), poly(hydroxyvalerate), tyrosine-de 
rived polycarbonate and combinations thereof. 

11. The composition of claim 1, wherein Said particulate 
ceramic is Selected from bioactive glass and a calcium 
containing ceramic. 

12. The composition of claim 11, wherein Said calcium 
containing ceramic is a calcium phosphate-containing 
ceramic. 

13. The composition of claim 12, wherein said calcium 
phosphate-containing ceramic is comprised of hydroxyapa 
tite. 

14. The composition of claim 1, wherein Said homoge 
neous mixture is obtained by processing the ceramic, the 
polymer or a combination thereof, with carrier Solvents. 

15. A shaped, article formed from the composition of 
claim 1. 
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16. The article of claim 15, wherein said shaped article is 
a load bearing member. 

17. The article of claim 16, wherein said member is an 
intervertebral disc implant. 

18. The article of claim 16, wherein said article is shaped 
to form a structure Selected from the group consisting of 
bone plates, bone Screws and a load bearing intervertebral 
disc implant. 

19. A bone cement formed from the composition of claim 
1. 

20. An orthopedic composition, comprising a bioactive 
particulate ceramic embedded in a biocompatible polymer 
matrix, Said ceramic having an average particle Size of not 
more than about 500 nm. 

21. The composition of claim 20, wherein said polymer is 
Selected from the group consisting of a resorbable polymer, 
a non-resorbable polymer and a combination thereof. 

22. The composition of claim 20, wherein Said particulate 
ceramic is Selected from the group consisting of bioactive 
glass and a calcium-containing ceramic. 

23. The composition of claim 22, wherein Said calcium 
containing ceramic is comprised of hydroxyapatite. 

24. The composition of claim 22, wherein Said calcium 
containing ceramic is comprised of a mixture of hydroxya 
patite and B-tricalcium phosphate. 

25. A method for Stabilizing a spine, comprising associ 
ating with Vertebrae of Said Spine a shaped, load bearing 
article formed from a composition comprising a homoge 
neous mixture of a biocompatible polymer and a bioactive 
particulate ceramic, Said ceramic having an average particle 
size of not more than about 500 nm. 

26. The method of claim 25, wherein said composition 
comprises about 1% to about 49% by volume of said 
ceramic and about 51% to about 99% by volume of said 
polymer. 

27. The method of claim 25, wherein said composition is 
comprised predominantly of Said polymer. 

28. The method of claim 25, wherein said polymer 
comprises polyetheretherketone, polyethylene, polymethyl 
methacrylate, poly(L-lactide), poly(D.L-lactide), poly(L-co 
D.L-lactide), polyglycolide, poly(lactide-co-glycolide), 
poly(hydroxylbutyrate), poly(hydroxyvalerate), tyrosine-de 
rived polycarbonate and combinations thereof. 

29. A method of correcting a bone defect, comprising 
applying to Said defect a composition comprising a homo 
geneous mixture of a biocompatible reinforcing polymer and 
a bioactive particulate ceramic, Said ceramic having an 
average particle size of not more than about 500 nm. 

30. The method of claim 29, wherein said composition 
comprises about 1% to about 49% by volume of said 
ceramic and about 51% to about 99% by volume of said 
polymer. 

31. The method of claim 29, wherein said composition is 
comprised predominantly of Said polymer. 

32. The method of claim 29, wherein said polymer 
comprises polyetheretherketone, polyethylene, polymethyl 
methacrylate, poly(L-lactide), poly(D.L-lactide), poly(L-co 
D.L-lactide), polyglycolide, poly(lactide-co-glycolide), 
poly(hydroxylbutyrate), poly(hydroxyvalerate), tyrosine-de 
rived polycarbonate and combinations thereof. 
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