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(57) ABSTRACT 

The preferred embodiment of the present invention provides 
novel and unique fused ?brous compounds for addition to 
and manufacture of bone and dental cement systems and 
methods of making the same. The preferred embodiment of 
the fused ?brous compound material made therefrom com 
prises a rigid three-dimensional netWork of ?bers fused 
together at their points of contact Wherein said network is 
greater than 60% by volume void space, has mean pore 
diameters greater than 10 microns, or both. The fused ?brous 
compound is preferably manufactured from ?bers and a 
fusion source and is added to the composition in particle 
form. 
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BONE CEMENT COMPOSITIONS COMPRISING 
FUSED FIBROUS COMPOUNDS 

FIELD OF THE INVENTION 

[0001] This application is a continuation of US. applica 
tion Ser. No. 10/470,702 ?led Apr. 4, 2003, now US. Pat. 
No. 6,752,863, Which is a continuation of US. application 
Ser. No. 09/952,770 ?led on Sep. 14, 2001, now US. Pat. 
No. 6,544,324, Which is a continuation patent application of 
US. patent application Ser. No. 09/174,753, ?led Oct. 19, 
1998, now US. Pat. No. 6,291,547, Which is a continuation 
of US. patent application Ser. No. 08/684,251, ?led on Jul. 
19, 1996, noW abandoned, Which Was a continuation-in-part 
of US. patent application Ser. No. 08/386,305, ?led Feb. 8, 
1995, noW issued as US. Pat. No. 5,621,035. 

[0002] The invention is directed to improved bone cement 
and dental cement systems comprising fused ?brous com 
pounds and methods of making the same. The invention is 
further directed to bone cement and dental cement system 
kits for bone or teeth repair or other treatment of bone and 
teeth. 

BACKGROUND OF THE INVENTION 

[0003] In joint surgery it is common practice today to 
anchor components of replacement joints by using as bone 
cement a tWo-component resin Which polymeriZes during 
the operation at normal temperatures and Which, on account 
of its plastic properties leads to an interlocking of the 
prosthesis component in the bony sheath. Because of its 
physical properties, the bone cement shrinks onto the pros 
thesis resulting in a closed metal-to-cement contact. 

[0004] The bone cements commonly used are polymeth 
ylmethacrylate (PMMA) consisting of poWdery bead poly 
mers Which are super?cially dissolved by liquid monomers 
and embedded during the polymeriZation process. During 
mixing the polymer is immersed in the monomers. The 
PMMA beads are super?cially dissolved and embedded in a 
composite manner. Despite their Widespread use PMMA and 
related bone cements tend to represent the “Weak link” in 
prosthesis ?xation. 

[0005] The long term success of a total joint prosthesis 
depends on the continued function and interaction of each of 
the components of the prosthetic system. In a cemented total 
hip prosthesis, for instance, stress transfer from the pelvis to 
the femur is a function of the materials betWeen the tWo 
bones (e.g. bone-PMMA-metal-Ultra-high Molecular 
Weight Polyethylene-metal-PMMA-bone) and the interfaces 
betWeen the materials. The Weakest of the materials is the 
PMMA, With the loWest fracture toughness and ultimate 
strength. 
[0006] The common mode of failure of total joint pros 
theses is aseptic loosening. X-ray examinations of patients 
With loosened prostheses often reveal a radiolucent line in 
the bulk of the cement, indicating that the cement has 
fractured. Because the geometry of the prosthesis is com 
plex, the state of stress is also highly complex, and the 
reasons for cement failure are not clear. For example, it has 
been postulated that the integrity of the metal stem/PMMA 
interface is the critical link in the performance of the 
prosthesis; hoWever, the cause and effect relationship 
betWeen the metal prosthesis/PMMA interface failure and 
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cement fracture is not Well understood although the fracture 
mechanics of the tWo phenomena are most likely linked. The 
improvement of the fracture characteristics of the bone 
cement, hoWever, is a problem that has received some 
attention in recent years. 

[0007] The composition of the PMMA used for total joint 
surgeries today is substantially the same as that used 20 
years ago; very little has been done to improve the material 
itself. The acceptable success rate of cemented prostheses 
Was achieved using existing cements, hoWever, in a pre 
dominantly elderly patient population and With improved 
surgical handling techniques. The 90% success rate at ten 
years is good, but should be improved. Cement failures do 
occur, and generally lead to revision surgery. Furthermore, 
younger patients noW receiving total joint replacements have 
a greater life expectancy than the design expectations of the 
total joint prosthesis. Improvement of the bone cement, 
exclusively, may not solve every problem associated With 
total joint replacements. But, by making improvements in 
each component of a total joint prosthesis, including the 
cement, the success rate of prostheses Will improve, and 
mechanical failures can be virtually eliminated. 

[0008] Increasing the longevity of PMMA by improving 
the resistance to failure of the polymer has received some, 
albeit surprisingly little, attention in the bioengineering 
literature in the past ten years. One suggested method of 
improvement Was to formulate a neW bone cement, based on 
n-butyl methacrylate, rather than the methyl methacrylate 
monomer. It has been reported that the material shoWed a 
higher ductility, a higher apparent fracture toughness, and a 
greater fatigue life. HoWever, the actual fracture toughness 
determined by separate impact tests shoWed no improve 
ment of the neW cement With respect to PMMA cements. An 
even more detrimental result Was that the neW polymer had 
only half the modulus and half the ultimate tensile strength 
of PMMA. 

[0009] Another method of attempting to improve PMMA 
Was the addition of a reinforcing phase, generally short 
?bers or Whiskers. Early Work Was done by Knoell, et al., 
Ann. Biomed, Eng, 3, 1975, pp. 225-229 With carbon ?bers 
approximately 6 mm in length, 1, 2, 3 and 10% ?ber content 
by Weight (approximately 0.67, 1.33, 1.96 and 5.87% ?ber 
content by volume, With measured increases of 100% in the 
average Young’s modulus for the reinforced PMMA. They 
also reported a decrease in peak curing temperature of the 
reinforced PMMA. They found the reinforced cement vis 
cous and dif?cult to mix, and they altered the ratio of poWder 
polymer to liquid monomer to facilitate mixing of the 
reinforced cement. Pilliar, et al.,]. Biomed. Mater Res., Vol. 
10, 1976, pp. 893-906); Fatigue ofFilamentary Component 
Materials ASTM STP 636, eds. Reifsnider, et al., ASTM 
1977, pp. 206-227; used carbon ?bers (6 mm length, 7 
micrometers diameter) With a 2% volume content. They 
measured a 50% improvement in tension-tension fatigue 
limit, improved impact performance, and a 36% increase in 
ultimate tensile strength. HoWever, it Was implied that the 
reinforced PMMA had poor intrusion characteristics due to 
increased viscosity, and poor ?ber distribution. Wright, et al. 
J Mater Sci. Let., 14 1979, pp. 503-505, did preliminary 
studies using PMMA reinforced With chopped aramid ?bers. 
PMMA reinforced With 5.17% by volume (7% by Weight) 
exhibited a 74% increase in fracture toughness over the plain 
PMMA. They Were not able to produce reinforced PMMA 
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With a ?ber content greater than 5% by volume because of 
mixing and handling dif?culties. Beaumont, J. Mater. Sci, 
12, 1977, pp. 1845-1852 included glass beads in the PMMA 
mass and measured a 103 decrease in crack propagation 
velocity, using 30% volume content of the beads. 

[0010] Very feW investigations involved the use of metal 
?bers to reinforce PMMA. Taitsman and Saha, J. Bone Joint 
Surg., Vol. 59-A, No. 3, Apr. 1977, pp. 419-425, used large 
diameter (0.5 to 1.0 mm) stainless steel and vitallium Wires 
as a reinforcing phase. They embedded 1, 2, or 3 Wires in 
their PMMA specimens. They reported up to an 80% 
increase in tensile strength of the PMMA, With three embed 
ded vitallium Wires, but noted that clinical applications of 
their Wire reinforced cement Were limited. Taitsman and 
Saha’s use of reinforcing Wires is analogous to reinforcing 
bars embedded in structural concrete, and not a homoge 
neous, ?ber composite material. Fishbane and Pond, Clin. 
Orthop, N0. 128, 1977, pp. 194-199, reinforced industrial 
grade PMMA and PMMA bone cement With stainless steel 
Whiskers (0.5-1.0 mm length and 65 micron diameter; 3-6 
mm length and 90 microns diameter). They determined that 
the addition of ?bers up to 6.5% by volume improved the 
compressive strength by nearly 100% for the industrial 
PMMA, but only 25% for the surgical grade PMMA. The 
compressive strength of PMMA is not a critical property for 
the longevity of the cement in vivo. These authors postulate 
that the reason for the decreased performance of the surgical 
PMMA Was: “ . . . due to the limitations imposed by the 

(surgical) methacrylate preparation technique.” 

[0011] Schnur and Lee, J. Biomed. Mater Res., Vol. 17, 
1983, pp. 973-991, used titanium (Ti) sheet, Wire, mesh and 
poWder as a reinforcing phase With the purpose of increasing 
the modulus of PMMA to the modulus of cortical bone. A 
16% volume fraction of 1 mm diameter Wires (a total of 25 
Wires) increased the modulus of the PMMA by 380%, and 
the maximum compressive stress by 75%. The concept is 
again similar to the reinforcing bars embedded in concrete. 

[0012] The more recent Work in reinforcing PMMA bone 
cement as reported in the literature, has involved either 
carbon, graphite, or aramid ?bers. Robinson, et al., J. 
Biomed. Mater Res., Vol. 15, 1981, pp. 203-205, tested both 
regular PMMA and loW viscosity PMMA cement (available 
from Zimmer Co., WarsaW, Ind.) reinforced With 2% volume 
of carbon ?bers (1.5 mm in length, 10 microns diameter). 
Both reinforced cements exhibited an increase in apparent 
fracture toughness (notched bending strength tests) of 
approximately 32% over their plain counterparts. Surface 
fractography revealed no evidence of ?ber fracture, indicat 
ing that the increases in “toughness” Was due principally to 
?ber pull out. In other Work With carbon ?ber reinforced 
PMMA an order of magnitude decrease in crack propagation 
velocity Was attributed to the carbon ?ber reinforcement of 
both the regular and loW viscosity cements. 

[0013] Saha and Pal, J. Biomechanics, Vol. 17, No. 7, 
1984, pp. 467-478, tested PMMA reinforced With carbon 
?bers, 0.67% by volume (1% by Weight; 6 mm length, 8 
microns diameter) and PMMA reinforced With aramid ?bers 
(Dupont Kevlar-29), 1.61 and 3.82% by volume (2 and 4% 
by Weight; 12-13 mm length, unspeci?ed diameter). The 
reinforced PMMA shoWed an increase in the ultimate com 
pressive strength of 20.5% for the carbon ?bers, and 19.5% 
and 28.7% for the 1.61 and 3.82% volume % aramid ?bers, 
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respectively. TWo important consequences of the addition of 
?bers to PMMA Were proposed: The peak temperature of the 
reinforced PMMA Was loWer than the plain PMMA, and the 
addition of ?bers changed the Workability of the cement. 
They recogniZed that uniform dispersion of ?bers Was not 
achieved. Saha and Pal studied a machine mixing technique 
for distributing the ?bers. Their claim that machine mixed 
specimens Were stronger than non-machine mixed speci 
mens is misleading. They used a different shaped ?ber for 
their machine mixed specimens. It is the superior shape of 
the ?ber Which is presumed to account for the increase in 
strength. Machine mixing Was never shoWn to improve the 
properties of reinforced PMMA. 

[0014] Ekstrand,J. Biomed. Mater. Res., Vol. 21, 1987, pp. 
1065-1080, fabricated carbon ?ber reinforced PMMA by 
using clinically irrelevant, industrial fabrication techniques 
With ?ber content as high as 16.38% by volume (40% by 
Weight). 

[0015] Recent Work by Pourdeyhimi, et al., Ann. Biomed. 
Eng, 14, 1986, pp. 277-294, studied the effect of the ?ber 
content of the fracture toughness of hand-mixed, reinforced, 
dental PMMA. They used aramid ?bers from 0.82 to 5.17% 
by volume (1 to 7% by Weight), and graphite from 0.67 to 
5.87% by volume (1 to 10% by Weight). For each type of 
?ber reinforced cement, the fracture toughness increased 
With increased ?ber content. The aramid ?ber specimens 
shoWed a greater increase than the carbon ?ber specimens of 
the same Weight percent, presumably because the energy 
dissipated in the micromechanisms of failure is greater for 
the aramid ?bers than for the carbon ?bers. They Were not 
able to produce a uniform distribution of the ?bers. 

[0016] US. Pat. No. 4,064,566 to Fletcher, et al. discloses 
a graphite ?ber reinforced bone cement of the acrylic type 
stated to have mechanical properties more nearly matched to 
those of bone and thermal curing characteristics resulting in 
a loWer exothermic temperature reaction during curing. The 
bone cement composition is a dispersion of from 2 to 12% 
by Weight of very ?ne high modulus graphite ?bers having 
a diameter beloW 50 microns and betWeen 0.1 and 15 mm in 
average length in a solution of biocompatible polymer 
dissolved in a reactive monomer. Fletcher reports only an 
increase in the modulus of the bone cement, Which may not 
be of primary concern to a reinforced bone cement, and 
indeed can be detrimental to the prosthesis system. There 
Was a decrease in compressive strength, and more nega 
tively, a decrease in ?exural strength for the reported com 
posite. 

[0017] US. Pat. No. 4,239,113 to Gross, et al. discloses an 
acrylic based bone cement ?lled With betWeen 15 and 75% 
by Weight of inorganic material comprised of about 90 to 
99% by Weight of a bio-active glass ceramic poWder and 
about 1 to 10% by Weight of vitreous mineral, e.g., glass, 
?bers having a length beloW about 20 mm. The particle siZe 
of the poWder is from 10 to 200 micrometers. Fiber diam 
eters are not disclosed. Improvements in impact strength, 
and compression strength Were reported. HoWever, a sig 
ni?cant decrease in the bending strength and an increase in 
the modulus of elasticity Were also reported. Further, there 
are no examples given as to the clinical usefulness of this 
cement. Bioactive glass degrades With time, and hence the 
integrity of the reinforced bone cement Will also degrade 
With time. The controlled experimentation shoWs that there 
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is no mechanical improvement due to the ?ber reinforcing 
phase alone. Any improvement is due to the combination of 
bioactive glass and ?ber in concert. Since the bioactive glass 
degrades With time, the properties of the reinforced cement 
proposed by Gross, et al. Will also degrade With time. 

[0018] Davidson, in Us. Pat. No. 4,735,625, reports the 
invention of a reinforced bone cement formed using a 
sock-like mesh of a ?ber-like material to reinforce the 
cement in the vicinity of the prosthesis. The volume of 
“reinforced” bone cement is limited; critical areas are not 
reinforced. Draenert, in US. Pat. No. 4,365,357, presents an 
invention similar to Davidson’s, but using a mesh of poly 
meric ?bers. The invention is restricted to use in repairing 
bone defects, and not as a bone cement in the sense 
described for total joint arthroplasty. Draenert, in Us. Pat. 
No. 4,718,910, describes a bone cement mixture Where a 
second phase of ?bers is added. The ?bers, hoWever, are 
made up of the same polymeric material as the bone cement. 
Draenert includes a graph of the performance of the neW 
material versus eXisting cements. The inventor states that the 
?ber is only effective because of the shape of the prepolymer 
poWder. Therefore, the improvement is due to the use of a 
different cement, and not to the addition of the ?bers. 

[0019] Ducheyne et al. in Us. Pat. No. 4,963,151 disclose 
the distribution of short, ?ne, reinforcing ?bers homoge 
neously throughout surgical bone cement by adding the 
?bers in the form of bundles of several hundred ?bers With 
the ?bers bonded to each other With an adhesive binder that 
is soluble in the liquid monomer component of the bone 
cement. 

[0020] It is generally agreed that as the quantity of rein 
forcing ?bers increases so do the mechanical strength prop 
erties. HoWever, as the ?ber content increases it becomes 
increasingly dif?cult and eventually not practical or possible 
to effect homogeneous distribution of the ?bers throughout 
the cement mass and in addition the viscosity of the mass 
increases and its Workability by the surgeon during surgery 
decreases. Any practically useful surgical bone cement must 
be capable of being easily miXed by the surgeon in a clinical 
setting, i.e., during surgery, and must remain suf?ciently 
?oWable and Workable to be applied to the bone surface or 
cavity and/or to the prosthesis or other implant device. 

SUMMARY OF THE INVENTION 

[0021] Accordingly, it is an object of the invention to 
provide a surgical bone dental cement With improved 
mechanical properties, including fracture toughness and 
fatigue strength, thereby improving long term prognosis of 
total joint replacements and other surgical bone repair treat 
ments involving bone cements. 

[0022] It is another object of the invention to provide a 
fused ?brous reinforced surgical bone dental cement 
Wherein miXing of the ?ber reinforcement into the cement 
matrix can be easily performed by the surgeon under clinical 
conditions. 

[0023] Still other objects of the invention are to provide a 
novel fused ?brous reinforcing material Which can be easily 
and homogeneously incorporated into a tWo component 
bone or tooth cement including biocompatible polymer 
beads or poWder and biocompatible reactive liquid mono 
mers; a bone dental cement treatment kit for surgical bone/ 
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tooth repair Which kit includes the fused ?brous material, 
biocompatible polymer and reactive liquid monomer; and a 
method for uniformly and homogeneously incorporating 
fused ?brous material into a tWo component acrylic based 
surgical bone/dental cement. 

[0024] The above and other objects of the invention Which 
Will become more apparent after reading the folloWing 
detailed description and preferred embodiments in conjunc 
tion With the accompanying draWings are accomplished, 
according to a ?rst aspect of the invention, by an acrylic 
based surgical bone cement With fused ?brous compound 
added thereto. 

[0025] The fused ?ber material can be provided as a 
component of a bone or tooth cement treatment kit for 
surgical bone/dental repair or other treatment of a bone/ 
dental disease or bone/dental defect requiring application of 
a surgical bone/dental cement. The kit includes a biocom 
patible polymer, generally in the form of poWder or beads, 
a liquid reactive monomer, and a plurality of fused ?brous 
compound particles Wherein the ?bers in each particle are 
fused to each other at their points of contact With a fusion 
source, said fusion point not soluble in the liquid reactive 
monomer. 

[0026] The present invention, according to one embodi 
ment, is directed to an improved bone cement composition 
comprising bone/dental cement, and a fused ?brous com 
pound. According to another embodiment, the bone/dental 
cement composition may comprise polymethylmethacrylate, 
methylmethacrylate-styrene-copolymer, and a radiopaci?er. 
According to further embodiment, the bone cement compo 
sition comprises barium sulfate. 

[0027] According to some embodiments, the bone/dental 
cement compositions of the present invention may include 
fused ?brous compounds in the form of particles of different 
siZes, e.g., ranging from about 10 microns to about 1000 
microns in diameter. 

[0028] According to further embodiments, the bone/tooth 
cement compositions of the present invention may be com 
prised of fused ?brous compound of up to about 10%, 20%, 
30%, 40%, 50%, 60% and/or 70% of the total Weight of the 
composition. 

[0029] According to another embodiment, the bone 
cement compositions of the present invention may comprise 
fused ?brous compounds having at least about 60% by 
volume void space and/or mean pore diameters of greater 
than about 10 microns. Preferably, the compound of the 
present invention comprises 88% by volume void space. 
Probably, the bone/teeth cement compositions of the present 
invention include fused ?brous compounds Which are silan 
ated. 

[0030] According to a still further embodiment of the 
present invention, the bone/dental cement compositions of 
the present invention may include fused ?brous compounds 
manufactured from alumina ?bers, silica ?bers and a fusion 
source, e.g., boron nitride. Preferably, the bone/dental 
cement compositions of the present invention include fused 
?brous compounds comprising about 21% by Weight alu 
mina and about 74% by Weight of the fused ?brous com 
pound. Preferably, the bone/dental cement compositions of 
the present invention include fused ?brous compounds made 
from alumina ?bers having an average diameter of from 
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about 1 to about 100 microns and silica ?bers having an 
average diameter of from about 1 to about 6 microns. 

[0031] The present invention is also, according to a further 
embodiment, directed to methods for improving bone/dental 
cement compositions comprising adding fused ?brous com 
pounds (e.g., those described above) to bone/dental cement 
compositions. 
[0032] Abone/dental cement treatment kit for bone repair 
or other treatment of a bone/dental defect, said kit compris 
ing: (1) ?nely divided acrylic polymer, (2) polymeriZable 
liquid acrylic monomers for preparation of bone/dental 
cement useful in bone/tooth repair or other bone/tooth 
treatment, and (3) a fused ?brous compound. 

BRIEF DESCRIPTION OF THE FIGURES 

[0033] FIG. 1 is a plot or graph of the density versus the 
porosity of the fused ?brous compound of the present 
invention. 

[0034] FIG. 2 is a bar graph illustrating the ?exural 
strength of various bone cement compositions reinforced 
With the fused ?brous compound of the present invention. 

[0035] FIG. 3 is a bar graph illustrating the ?exural 
modulus of various bone cement compositions reinforced 
With the fused ?brous compound of the present invention. 

[0036] FIG. 4 is a bar graph illustrating the linear shrink 
age of bone cement reinforced With the fused ?brous com 
pound of the present invention. 

[0037] FIG. 5 is a plot illustrating the polymeriZation 
temperature versus the time after polymeriZation initiation 
of various bone cement compositions reinforced With the 
fused ?brous compound of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0038] In this invention, the terms “(meth)acrylate” and 
“poly(meth)acrylate” include the monomers and polymers, 
respectively, of methacrylic acid esters and acrylic acid 
esters, and the polymers also include the co-polymers of the 
compounds named. 

[0039] The preferred bone cement material to Which the 
fused ?brous compound is added includes a solid ?nely 
divided poWdery or granular polymer component and a 
liquid reactive or polymeriZable monomer component Which 
is also a solvent or sWelling agent for the polymer compo 
nent. The polymer and monomer components can be based 
on the acrylic, e.g., (meth)acrylate system, hoWever, other 
polymeric systems can also be used. For convenience, the 
cement system may at times be broadly referred to as an 
acrylic polymer, or as based on PMMA (polymethyl 
methacrylate), the preferred polymer component. While the 
invention is described herein in terms of a preferred embodi 
ment, i.e., bone cement, it is to be understood that the 
invention is also directed to dental/tooth cements. 

[0040] More generally, the polymer component of the 
composition can be any methyl(meth)acrylate polymer such 
as methyl(meth)acrylate homopolymers and copolymers of 
methyl(meth)acrylate With alpha, beta-ethylenically unsat 
urated compounds such as vinyl acetate, alkyl (e.g., C2-C6) 
(meth)acrylates and multi-functional acrylic monomers such 
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as alkylene dimethacrylate and alkylene diacrylates and 
triacrylates. These polymers generally have a molecular 
Weight betWeen 500,000 and 2,000,000. Methylmethacry 
late homopolymers and copolymers are preferred. 

[0041] The reactive monomer component is preferably 
methyl acrylate or methyl methacrylate although the C2-C4 
alkyl(meth)acrylates, such as ethyl(meth)acrylate, propyl 
(meth)acrylate or (n-, or iso-)butyl(meth)acrylate, can also 
be used. These bone cement materials, Which are themselves 
Well knoWn and commercially available, are usually pro 
vided With 2 parts by Weight of the ?nely divided polymer 
and 1 part by Weight of liquid monomer, although higher or 
loWer ratios can also be used, and are characteriZed as being 
self-polymeriZable substances Which are mixed, together 
With a polymeriZation catalyst, such as dibenZoyl peroxide, 
and polymeriZation accelerator, such as dimethyl-p-tolui 
dine, immediately prior to the operation to form a viscous 
liquid or pasty mass. The pasty mass is introduced into the 
appropriate body cavity and/or to the surgical implant, 
device, and Will harden in situ, at room temperature (via an 
exothermic reaction) Within a feW minutes. 

[0042] More speci?cally, curing of bone cement compo 
sition is typically accomplished by any suitable initiator 
system such as from about 0.1 to about 3% by Weight, 
preferably about 0.6% of a conventional free radical initia 
tor. The initiator can be a peroxy compound or an aZo 

compound. For purposes of biocompatability benZoyl per 
oxide is a very suitable free radical initiator. The curing 
temperature is generally reduced to room temperature, eg 
about 25° to 30° C., by inclusion in the formulation of an 
activator for the peroxide catalyst Which causes more rapid 
decomposition of the peroxide to form free radicals. Suitable 
peroxide catalysts include benZoyl peroxide, 2,4-dichlo 
robenZoyl peroxide and 4-chlorobenZoyl peroxide. Activa 
tors or accelerators for these catalysts include N,N-dialkyl 
anilines or N,N-dialkyl toluidines generally employed in 
amounts ranging from about 0.1 to 1% based on the Weight 
of monomer present. A preferred activator is N,N-di(2 
hydroxyethyl)-p-toluidine. In order to provide longer shelf 
life for the compositions of the invention, the composition 
may be stored in a closed container at cold temperature. 
StabiliZers, such as hydroquimone or chlorophyll may also 
be added to the monomer compound. Bone cements con 
taining both activator and peroxide are provided as tWo-part 
compositions in Which the activator and monomer and 
peroxide and polymer component are packaged in separate 
containers. The proportions by Weight of polymer and liquid 
monomer can range from about 4:1 to 1:2, preferably 3:1 to 
1:15, such as 2:1, 1.5:1, 1:1 or 1:15. 

[0043] Generally, the fused ?brous compound component 
of the present invention has been described above in the 
Summary Of The Invention. HoWever, several fused ?brous 
compound compositions falling Within the description set 
forth above are particularly preferred. Generally, the fused 
?brous compound materials of the present invention are 
manufactured utiliZing alumina ?bers, silica ?bers, and from 
about 1% to about 5% boron, preferably boron nitride. 

[0044] One preferred embodiment of the fused ?brous 
compound material of the present invention is comprised or 
manufactured from of about 1% to about 50% by Weight 
alumina, from about 50% by Weight to about 98% by Weight 
silica, and boron. Another preferred embodiment of the 
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fused ?brous compound material is manufactured utilizing: 
(1) from about 15% to about 30% by Weight alumina ?ber; 
(2) from about 65% to about 85% by Weight silica ?ber; (3) 
from about 1% to about 3% by Weight silicon carbide; and 
(4) from about 1% to about 5% by Weight boron nitride. 

[0045] Another more preferred fused ?brous compound 
material of the present invention is manufactured from: (1) 
about 21% by Weight alumina ?ber; (2) about 74% by 
Weight silica ?ber; (3) about 2% by Weight silicon carbide; 
and (4) about 2.85% by Weight boron nitride. Preferably, the 
material of the present invention is manufactured utilizing 
alumina and silica ?bers in a ratio of 22:78 by Weight. For 
strength, a preferred ratio of alumina to silica is 30:70 by 
Weight. 

[0046] Moreover, a preferred embodiment of the fused 
?brous compound material of the present invention com 
prises: a rigid three-dimensional netWork of inorganic or 
organic ?bers fused together at their points of contact 
Wherein said netWork has mean pore diameters of greater 
than about 10 microns, or has greater than about 60% by 
volume void space, or both. The fused ?brous compound 
may be, in some embodiments, in the form of particles or 
branched ?bers. 

[0047] The fused ?brous compound materials of the 
present invention have many advantageous properties 
needed for bone cement applications. The fused ?brous 
compound material of the present invention has exceptional 
physical, chemical, and mechanical properties Which are 
imparted to varying degrees depending upon the application 
to bone cements manufactured utiliZing the material, these 
properties include, inter alia: (1) loW to high density—4 
lb./ft. to 62 lb./ft.3; (2) loW thermal conductivity—e.g., for 
12 lb./ft.3 density at 500° F. conductivity=0.61 Btu-in./ft.2; 
(3) purity—predominately comprised of 99.7% pure silica 
?bers and 95.2% pure alumina ?bers; (4) long life in cyclic 
applications—e.g., 12 lb./ft.3 density, does not degrade With 
cyclic exposure to 2600° F. and can even Withstand limited 
exposure to 2900° F.; (5) rigidity—maintains shape and 
supports mechanical loads While providing thermal insula 
tion (i.e., has a high compressive strength and tensile 
strength (MN/m2) (6) high ?exural strength—modulus of 
rupture for 4 lb./ft.3 to 62 lb./ft.3 densities ranges from 
100-6200 lb./in.2; (7) inert—does not burn, softens at tem 
peratures above 2700° F. and melts at about 3100° F.; (8) 
dimensional stability—has a loW coef?cient of thermal 
expansion and 0.4% linear shrinkage; (9) thermal shock 
resistance—can be heated to 2600° F. and immediately 
immersed in cold Water Without damage; (10) high diffu 
sivity—12 lb./ft.3 to 62 lb./ft.3 ranges from 97% to 56%; (11) 
porosity—highly porous (over 60% by volume void space, 
preferably betWeen about 60% and about 98% by volume 
void space, most preferably over 80% by volume void 
space) and offers minimal resistance to the passage of gases 
or liquids (mean pore diameters greater than 10 microns, 
generally betWeen 10 and 25 microns, most preferably from 
about 20 to about 22 microns); (12) able to coat or bond to 
other materials (i.e., materials, plastics, metals, inorganics) 
With relative ease to enhance characteristics. In addition, the 
16 lb/ft3 density ?ller material of the present invention has 
(1) a ?exural modulus of strength—2.5><101O Pa, (2) a 
Rockwell Hardness—50, (3) Surface Roughness of 0.6 Ra, 
and (4) linear shrinkage of 0.4% after repeated cycles at 
temperatures above 2700° F. As a result, e.g., the bone 
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cements made With the fused ?brous compound material of 
the present invention have heretofore unknoWn improved 
linear shrinkage, ?exural strength, and ?exural modules. 

[0048] Generally, the process for the manufacture of loW 
density, like 16 lb. per ft.3, fused ?brous compound material 
(discussed in terms of a preferred alumina/silica embodi 
ment) is comprised of the folloWing steps: 

[0049] (1) preparation of a slurry mixture comprised 
of pre-measured amounts of puri?ed ?bers/materials 
and deioniZed Water; 

[0050] (2) removal of shot from slurry mixture; 

[0051] (3) removal of Water after thorough mixing to 
form a soft billet; 

[0052] (4) addition of a ceramic binder after the 
formation of the billet; 

[0053] (5) placement of the billet in a drying micro 
Wave oven for moisture removal; and 

[0054] (6) sintering the dry billet in a large furnace at 
about 1600° F. or above. 

[0055] High purity silica ?bers are ?rst Washed and dis 
persed in hydrochloric acid and/or deioniZed Water or other 
solvents. The ratio of Washing solution to ?ber is betWeen 30 
to 150 parts liquid (pH 3 to 4) to 1 part ?ber. Washing for 
2 to 4 hours generally removes the surface chemical con 
tamination and non-?brous material (shot) Which contrib 
utes to silica ?ber devitri?cation. After Washing, the ?bers 
are rinsed 3 times at approximately the same liquid to ?ber 
ratio for 10 to 15 minutes With deioniZed Water. The pH is 
then about 6. Excess Water is drained off leaving a ratio of 
5 to 10 parts Water to 1 part ?ber. During this Wash and all 
folloWing procedures, great care must be taken to avoid 
contaminating the silica ?bers. The use of polyethylene or 
stainless steel utensils and deioniZed Water aids in avoiding 
such contamination. The Washing procedure has little effect 
on the bulk chemical composition of the ?ber. Its major 
function is the conditioning and dispersing of the silica 
?bers. 

[0056] The alumina ?bers are prepared by dispersing them 
in deioniZed Water. They can be dispersed by mixing 10 to 
40 parts Water With 1 part ?ber in a V-blender for 21/2 to 5 
minutes. The time required is a function of the ?ber length 
and diameter. In general, the larger the ?ber, the more time 
required. 
[0057] Generally, in order to manufacture ultra-loW den 
sity fused ?brous ceramic ?ller material, for example, den 
sities beloW 12 lb./ft.3, the process includes the additional 
steps of: 

[0058] (1) the addition of expendable carbon ?bers in 
the casting process and/or other temporary support 
material; and 

[0059] (2) ?ring the billet at about 1300° F. to remove 
the carbon ?bers or other support material prior to 
the ?nal ?ring at approximately 1600° F. or above. 

[0060] When the dispersed silica ?bers and dispersed 
alumina ?bers are combined, the pH is probably acidic and 
should be adjusted to neutral With ammonium hydroxide. 
The slurry should contain about 12 to about 25 parts Water 
to about 1 part ?ber. The slurry is mixed to a uniform 
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consistency in a V-blender in 5 to 20 minutes. The boron 
nitride can be added at this point (2.85% by Weight of the 
?bers) and mixed to a uniform consistency in a V-blender for 
an additional 5 to 15 minutes creating a Master Slurry. The 
preferred mixing procedure uses 15 parts Water to 1 part 
?ber and the slurry is produced in about 20 minutes of 
mixing. At loWer density formulations, expendable carbon 
?bers are used to give “green” strength to the billet prior to 
the ?nal sintering. The percent of carbon ?ber used varies 
greatly depending on the diameter, length and source of the 
?ber and the ultimate density of the material being produced. 
The percent of carbon ?ber per dry Weight of material should 
range betWeen 1 and 10%. The source of the carbon ?ber can 
take many forms including nylon, cellulose, and puri?ed 
graphite based carbon in ?brous form. Carbon ?bers added 
in the casting process are eliminated by ?ring the billets at 
1350° F. prior to the ?nal ?ring at 2450° F. 

[0061] The Master Slurry is poured into a mold for press 
ing into the desired shape. The Water is WithdraWn rapidly 
and the resulting felt is compressed at 10 to 20 psi. Rapid 
removal of the Water is required to prevent the ?bers from 
separating. If graded properties are desired in the resultant 
material, the slurry can be alloWed to settle and the ?bers to 
partially separate before the removal of the Water. 

[0062] The ?nal density of the ?nished restorative material 
is determined in part by the amount of compression placed 
on the felt, varying the Wet molded dimension in relation to 
the ?ber content. The formulation of the present invention 
has been prepared in densities ranging from about 0.05 to 
0.48 g/cc. It can, hoWever, be prepared in loWer and higher 
densities, e.g., ranging from 64 kg/mm3 to 1000 kg/mm3. 
[0063] After molding, the restorative material is dried and 
?red by the folloWing preferred procedure. The material is 
?rst dried in an oven for 18 hours; the temperature, initially 
38° C., is raised at a rate of 11° C. per hour to 104° C., held 
there for 4 hours, raised again at a rate of 1° C. per hour to 
150° C., and held there for 4 hours. The material is taken 
directly from the drying oven, placed in the ?ring furnace, 
and ?red. A temperature rise rate of 220° C. per hour or less 
is required in order to avoid cracking and Warping in the case 
of a 15 cm><15 cm><7.5 cm block of material. For larger 
blocks, sloWer heating rates may be required. The maximum 
?ring temperature may vary from 1200° C. to 1600° C. 
depending upon the ?ber ratio used, amount of boron nitride, 
and the ?nal density of the material that is desired. 

[0064] The temperature rise rate is chosen to permit rela 
tively uniform temperatures to be achieved throughout the 
material during the process. A faster temperature rise rate 
causes non-uniform temperatures to be achieved throughout 
the material during the process. Afaster temperature rise rate 
causes nonuniform strength and density and may cause 
cracking. Longer or higher temperature ?ring results in 
higher shrinkage and related greater resistance to subsequent 
shrinkage, as Well as a shorter lifetime to devitri?cation 
under cyclic exposures to high temperatures. The maximum 
?ring temperature is dependent upon the ?ber ratio used and 
the density of the composite desired. The ?ring time and 
maximum temperature are selected to alloW suf?cient 
shrinkage to achieve stabiliZation and ?ber fusion While not 
alloWing any devitri?cation. 

[0065] After ?ring, the material may be machined to 
obtain any desired ?nal dimensions. Only about 0.5 cm of 
the material must be machined off. 
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[0066] The procedure used to prepare the fused ?brous 
compound material of the present invention, may be varied 
through a rather broad range With satisfactory results. In one 
variation, the silica ?bers may be borated and pre?red prior 
to use. This process is used to improve the morphological 
stability and physical properties of the resultant material. 

[0067] The folloWing examples of fused ?brous com 
pounds are provided to illustrate the invention by describing 
various embodiments, including its best mode as presently 
conceived. All proportions used are expressed on a percent 
by Weight basis unless otherWise noted. 

EXAMPLE 1 

[0068] An embodiment of the fused ?brous matrix 
ceramic material of the present invention having a density of 
0.32 g/cc, and opaci?ed With silicon carbide Was produced, 
With 825 grams of silica ?bers, 175 grams alumina ?ber 
(average diameter—11 microns, length—0.32 cm), 35 
grams 1200 grit silicon carbide, 2.85 grams of boron nitride, 
10 milliliters hydrochloric acid, 5 milliliters ammonium 
hydroxide and deioniZed Water. The silica ?bers Were 
Washed as in Example 2. 

[0069] The alumina ?bers Were placed in a 7,570 ml 
capacity stainless steel double shell blender With 5,000 
grams deioniZed Water and mixed using an intensi?er bar for 
21/2 minutes to disperse the ?ber. 

[0070] The Washed silica ?bers, dispersed alumina ?bers, 
boron nitride, and silicon carbide Were placed in a 28.31 liter 
stainless steel double shell V-blender. DeioniZed Water Was 
added to bring the total Weight to 15,000 grams. The 
ammonium hydroxide (5 ml) Was added to adjust the slurry 
to basic before mixing. The slurry Was mixed, degassed, 
transferred to a mold and pressed into a billet as in Example 
2. 

EXAMPLE 2 

[0071] The materials used Were the folloWing: 150 grams 
aluminasilicate ?bers (AS-32, manufactured by 3-M Com 
pany containing 80% A1203 and 20% SiOZ), 1000 grams of 
silica ?bers (MicroquartZ 108), 35 grams of 1200 grit silicon 
carbide, 30 grams of boron nitride, 10 ml of hydrochloric 
acid, 5 ml of ammonium hydroxide, and deioniZed Water. 

[0072] The silica ?bers Were placed in a polyethylene 
container in 32 liters of deioniZed Water. Hydrochloric acid 
(10 ml) Was added to bring the pH to 3. Pure nitrogen Was 
bubbled through the mixture to agitate the ?ber and assist 
Washing. Agitation Was continued for tWo hours. The acidic 
Water Was then drained off, fresh deioniZed Water added and 
the mixture again agitated With pure nitrogen for 15 minutes. 
The rinsing process Was repeated 2 more times Which 
brought the pH to about 6.0. 

[0073] The aluminasilicate ?bers Were placed in a 7,570 
ml capacity stainless steel double shell blender With 5,000 
grams of deioniZed Water and mixed using the intensi?er bar 
for 21/2 minutes to disperse the ?ber. 

[0074] The Washed silica ?bers, dispersed aluminasilicate 
?bers, boron nitride, and silicon carbide Were placed in a 
28.31 liter stainless steel double shell V-blender. DeioniZed 
Water Was added to bring the total Weight to 18,000 grams. 
Ammonium hydroxide (5 ml) Was added to adjust the slurry 
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to basic before mixing. The slurry Was then mixed With the 
intensi?er bar running for 20 minutes, removed from the 
V-blender and degassed, transferred into a mold, and pressed 
into a 21.6 cm><21.6 cm><10 cm billet. The top and bottom of 
the mold Were perforated and covered With a 16 mesh 
aluminum screen to alloW the excess Water to How out. 

[0075] The billet Was dried in an oven for 18 hours 
beginning at 38° C., increased at 11° C. per hour to 104° C., 
held for four hours at 104° C., increased at 11° C. per hour 
to 150° C. and held four hours at 150° C. After drying, the 
billet Was transferred to the ?ring furnace. The furnace 
temperature Was increased at a rate of 220° C. per hour to the 
?ring temperature, 1315 ° C., Where it Was held for 1% hours. 
After ?ring, the temperature Was decreased at a rate of 220° 
C. per hour to 980° C. Where the furnace Was turned off, then 
alloWed to cool to room temperature. 

[0076] The usefulness of boron oxide in the tWo-?ber 
composites of this invention is demonstrated by the folloW 
ing preparations. 

EXAMPLE 3 

[0077] In one run, an experimental mixture Was made 
containing 25% aluminasilicate ?bers (“FIBERFRAX H,” 
manufactured by the Carborundum Company, containing 
62% A1203 and 38% SiO2) and 75% pure silica ?bers 
(“MICROQUARTZ 108”). The mixture Was ground With 
mortar and pestle and then ?red at 1400° C. for 5 hours. The 
resulting product underWent 48% devitri?cation. When the 
aluminasilicate ?bers Were pre?red With boron oxide (85% 
and 15% respectively) at 1100° C. for 90 minutes and then 
mixed With the silica ?bers and ?red as above, the product 
exhibited no devitri?cation. 

EXAMPLE 4 

[0078] An acceptable 17 cm><17 cm><7.5 cm billet of 
material having a density of 0.11 g/cc Was produced using 
600 grams of silica ?bers, 90 grams of aluminaborosilicate 
?bers (average diameter—11 microns, 0.64 cm long), 10 ml 
of hydrochloric acid, 5 ml of ammonium hydroxide, and 
deioniZed Water. 

[0079] The silica ?bers Were Washed in accordance With 
the procedure of Example 2. The aluminaborosilicate ?bers 
Were dispersed in a 7,570 ml V-blender With 3000 grams of 
deioniZed Water for 5 minutes. The Washed silica ?bers, 
dispersed aluminaborosilicate ?bers, and ammonium 
hydroxide Were mixed, With enough deioniZed Water to 
bring the total Weight to 9,000 grams, in a 28.31 liter 
V-blender for 10 minutes With the intensi?er bar running. 
The slurry Was removed from the V-blender, degassed, 
molded and the resulting billet ?red as in Example 2. The 
billet Was then transferred to the ?ring furnace. The furnace 
temperature Was increased at a rate of 220° C. per hour to the 
?ring temperature, 1260° C., Where it Was held for 5 hours. 
After ?ring, the temperature Was decreased at a rate of 220° 
C. per hour to 980° C., at Which point the furnace Was turned 
off and alloWed to cool at room temperature. The billet Was 
machined to 17 cm><17 cm><7.5 cm in accordance With usual 
machining practices. 

EXAMPLE 5 

[0080] An acceptable 17 cm><17 cm><7.5 cm billet of 
material With yet greater stability toWard devitri?cation than 
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the material produced in example 1, having a density of 0.32 
g/cc, and opaci?ed With silicon carbide Was produced using 
825 grams of silica ?bers, 175 grams aluminaborosilicate 
?bers (average diameter—11 microns, 0.64 cm long), 35 
grams of 1200 grit silicon carbide, 10 ml of hydrochloric 
acid, 5 ml of ammonium hydroxide, 56.8 grams of boron 
oxide, and deioniZed Water. 

[0081] The silica ?bers Were Washed in accordance With 
the procedure of Example 2. The boron oxide Was dissolved 
in 4,000 grams of deioniZed Water (concentration—1.42% 
boron oxide). The aluminaborosilicate ?bers Were placed in 
a stainless steel basket and dipped into the boron oxide 
solution (the aluminaborosilicate ?bers absorbed 7 times 
their oWn Weight of the boron oxide solution). The ?bers 
With absorbed boron oxide Were then dried at 104° C. for 4 
hours and calcined at 1100° C. for 1 hour. The “borated” 
?bers Were then placed in a 7,570 ml capacity stainless steel 
V-blender With 5,000 grams of deioniZed Water and mixed 
using the intensi?er bar for 21/2 minutes to disperse the ?ber. 
The Washed silica ?bers, dispersed “borated” aluminaboro 
silicate ?bers, silicon carbide, and ammonium hydroxide 
Were mixed With enough deioniZed Water to bring the total 
Weight to 15,000 grams, in a one cubic foot V-blender for 20 
minutes With the intensi?er bar running. The slurry Was 
removed from the V-blender, degassed, molded, dried, ?red, 
and machined, as in Example 1. 

EXAMPLE 6 

[0082] An acceptable 17 cm><17 cm><7.5 cm billet of 
material With graded properties, having a density of 0.32 
g/cc, and opaci?ed With silicon carbide, Was produced using 
825 grams of silica ?bers, 175 grams of aluminaborosilicate 
?bers (average diameter—11 microns, 0.64 cm long), 35 
grams of 1200 grit silicon carbide, 10 ml of hydrochloric 
acid, 5 ml of ammonium hydroxide, and deioniZed Water. 

[0083] The silica ?bers Were Washed in accordance With 
the procedure of Example 2. The aluminaborosilicate ?bers 
Were dispersed in a 7,570 ml V-blender With 5000 grams of 
deioniZed Water for 5 minutes. The Washed silica ?bers, 
dispersed aluminaborosilicate ?bers, silicon carbide and 
ammonium hydroxide Were mixed With enough deioniZed 
Water to bring the total Weight to 25,000 grams, in a 28.31 
liter V-blender for 15 minutes With the intensi?er bar run 
ning. The slurry Was removed from the V-blender, degassed, 
molded, dried, ?red and machined in accordance With the 
procedure of Example 1. 

[0084] The resulting billet of material is relatively richer 
in silica at the top and aluminaborosilicate at the bottom. 

EXAMPLE 7 

[0085] A 17.5 cm><17.5 cm><9 cm material With a tempera 
ture capability greater than that of the material of Example 
1, having a density of 0.24 g/cc, and opaci?ed With silicon 
carbide, Was produced using 750 grams of aluminaborosili 
cate ?bers (diameter—1 to 3 microns), 250 grams of silica 
?bers, 35 grams of silicon carbide, 5 ml of ammonium 
hydroxide, and deioniZed Water. The silica ?bers Were 
dispersed in a 7,570 ml V-blender With 5,000 grams of 
deioniZed Water for 5 minutes. 

[0086] The dispersed silica ?bers, aluminaborosilicate 
?bers, silicon carbide, and ammonium hydroxide Were 
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mixed With enough deionized Water to bring the total Weight 
to 18,000 grams, in a 28.31 liter V-blender for 7 minutes 
With the intensi?er bar running. The slurry Was removed 
from the V-blender, degassed, molded, and dried as in 
Example 2. In the furnace, the temperature Was increased at 
a rate of 220° C. per hour to the ?ring temperature of 1370° 
C. Where it Was held for 11/2 hours. After ?ring, the tem 
perature Was decreased at a rate of 220° C. per hour to 980° 
C., at Which point the furnace Was turned off and alloWed to 
cool to room temperature. The billet Was machined to 17.5 
cm><17.5 cm><9 cm in accordance With the usual machining 
practices. 

[0087] The preferred alumina ?bers are 95.2% pure and 
are available from ICI Americas, Inc. and marketed as 
SAFFRILTM. The preferred diameter for the alumina ?bers 
ranges from 1 to about 15 microns. The preferred silica 
?bers are 99.7% pure and are available from Schuller (Johns 
Manville Corp.), Denver, Colo. and marketed as MICRO 
QUARTZ 108TM ?bers or as Q-FIBERTM. These ?bers have 
an average diameter of 1.7 microns. HoWever, silica ?bers 
having diameters ranging from 1 to 6 microns are useful in 
the present invention. 

[0088] Also, mixtures of the above-described ?bers can be 
used With other ?bers knoWn in the art, e.g., Zirconium 
?bers. In addition, metal ?bers and carbon ?bers can be 
utiliZed by themselves or in combination With other ?bers. 
As stated, the product of the method of the present invention 
to make the ?ller/reinforcer of the present invention may 
comprise as much or greater than 99% silica. 

[0089] While boron nitride is considered to be the pre 
ferred boron source, it is believed that SiBX, B4C, B203, and 
B and other boron sources can also be used. It is preferred 
that boron be present in an amount from about 0.4% to about 
3% by Weight. Boron nitride is believed to be preferred 
because it is believed, due to its stability, that it permits a 
more uniform fusion to ?ber junction and yields superior 
bonding and uniform porosity. 

[0090] In addition, aluminaborosilicate ?bers may be used 
and are available from 3M Company marketed under the 
tradename AB-312 TM Which contains 62% (plus/minus 
2.0%) A1203, 14% (plus/minus 2.0%) B203 and 24% (plus/ 
minus 2.0%) SiO2. These ?bers are available and useful in 
the present invention in diameters ranging from 3 to 12 
microns. 

[0091] The preferred composition comprised of: 21% by 
Weight alumina ?ber; 74% by Weight silica ?ber; 2% by 
Weight (600 grit) silicon carbide; and 2.85% by Weight 
boron nitride is also available commercially in densities to 
3 to 64 lbs./ft.3 (plus/minus % lb.) from Lockheed Missiles 
and Space Company, Inc., Sunnyvale Calif. (“Lockheed”) 
under the trade name “HTP” (High Temperature Perfor 
mance). For example, Lockheed commercially sells “HTP 
12-22” (12 lb./ft.3 density silica/alumina ?ber ratio of 
78/22), “HTP-12-35” (12 lb./ft.3 density in a silica/alumina 
?ber ratio of 65/35) and “HTP-12-45” (12 lb./ft.3 density in 
silica/alumina ?ber ratio of 55/45. 

[0092] Materials Evolution & Development USA, Inc. 
manufactures the above types of Ultra-loW density fused 
?brous ceramics under the trade name P.R.I.M.M.TM (Poly 
meric Rigid Inorganic Matrix Material). Materials Evolution 
& Development USA, Inc. manufacturers P.R.I.M.M.TM in 
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densities varying from 4 lb./ft.3 to 64 lb./ft.3. P.R.I.M.M.TM 
material is ground by mortar and pestle, or other grinding 
mechanism, then sieved into different particulate siZes. An 
optimum sieved particulate siZe for P.R.I.M.M.TM material 
(16 lb/ft3 density) is approximately 180 microns in diameter. 
HoWever, optimum particle siZes are believed to be depen 
dent upon the particular application and P.R.I.M.M.TM mate 
rial density, and can range from about 10 microns to about 
1000 microns. The preferred particle siZe of the fused 
?brous compound component of the PRIMMTM product of 
the present invention ranges from about 180 microns to 
about 250 microns. In addition, in some applications it may 
be preferable to utiliZe particles of a smaller siZe in combi 
nation With the above particle siZe range. 

[0093] The present invention includes the use of radio 
paci?ers including, but not limited to, barium sulfate, TPB, 
bismuth, aluminum compounds, metal oxides, and organo 
metallic compounds. 

[0094] The present invention may be utiliZed With a vari 
ety of bone cement systems including, but not limited to, 
self-activating, light curable, heat curable, self-curing and 
microWave curing systems. 

[0095] The density of the PRIMMTM product, i.e., the 
fused ?brous compound material of the present invention 
ranges from about 6 lb/ft3 to about 50 lb/ft3, preferably from 
about 6 lb/ft3 to about 25 lb/ft3, and most preferably from 
about 6 lb/ft3 to about 16 lb/ft3. 

[0096] The porosity of the PRIMMTM product, i.e., the 
fused ?brous compound material of the present invention 
ranges from about 60% by volume void space and up, 
preferably the product porosity ranges from about 70% by 
volume void space and up, and most preferably, the porosity 
of the fused ?brous compound of the present invention 
ranges from about 80% by volume void space. For example, 
16 lb/ft3 PRIMMTM product of the present invention manu 
factured utiliZing the examples of the present invention 
comprises approximately 88% by volume void space. Set 
forth in FIG. 1, the relationship betWeen density and poros 
ity is charted. 

[0097] The fused ?brous compound of the present inven 
tion (PRIMMTM product) preferably has average or mean 
pore diameters of greater than 10 microns, more preferably 
over 20 microns. 

[0098] It is also believed that the addition of a silanation 
agent is bene?cial. The preferred procedure of silanation of 
?bers is as folloWs: (1) mix 2 ml silane (Union Carbide 
A-174) With 2 ml n-propylamine With 196 ml of cyclohex 
ane for 15 minutes; (2) treat ?bers for 2 hours in the above 
prepared solution and stir at room temperature; (3) rinse 
once With cyclohexane; (4) dry in air at room temperature 
for 1 hour; and (5) dry at 60° C. for 1 hour. Preferably, the 
?bers are silanated greater than 90% of the surface area of 
the ?bers. 

[0099] In addition, it has been found that it may be 
preferable When adding the fused ?brous compound of the 
present invention to bone cement systems, to do so under 
vacuum pressure. 
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[0100] Flexural Testing Of Bone Cement With Fused 
Fibrous Compounds 

[0101] Four sample groups Were tested: Control 0% by 
Weight, 10% by Weight, 15% by Weight, 20% by Weight 
fused ?brous compound. Each group comprised 15 samples 
With sample dimensions of 2 mm><5 mm><20 mm. The 
samples Were cured in dental stone processing ?asks made 
of resin impregnated gypsum rock. Impressions Were made 
in the ?asks to the sample dimensions. The ?asks Were then 
coated With a thin layer of alcote to facilitate separation of 
the bone cement samples after cure. The PMMA Was mixed 
With the fused ?brous compound and then monomer liquid 
added. The samples Were hand-mixed for approx. 2 minutes 
and placed in a mold. The ?asks Were pressuriZed under 
3000 lb. for about 5 minutes then clamped in place for 5 
more minutes. The samples Were cured under 2 bar pressure 
at 45° C. for 15 minutes and then cooled for 30 minutes in 
lukeWarm Water. The samples Were pried out of the ?asks 
and placed in bags With Water and stored for 2 Weeks. The 
samples Were each sanded With 320 grit sand paper to the 
?nal dimensions prior to mechanical testing. The ?exural 3 
point bend tests Were made on Instrom® machine. The 
results are summariZed beloW in FIGS. 2 and 3. Shrinkage 
Testing On Bone Cement With Fused Fibrous Compounds 
Added Test Groups: 1 gram PMMA Control 0% fused 
?brous compound (PRIMMTM); 1 gram PMMA+20%, 30%, 
and 40% by Weight PRIMM® silanated fused ?brous com 
pound in particle form, approximately 180-250 microns. 
Each group contained 1 gram cement poWder, 1 gram liquid 
monomer and 0, 0.2 grams, 0.3 grams, 0.4 grams of 16 lb./ft. 
density fused ?brous compound. The percent by Weight of 
fused ?brous compound is based on cement poWder com 
ponent Weight and not ?nal bone cement Weight. The 
PMMA and PRIM Were placed on a glass plate and the 
liquid monomer Was added. The samples Were mixed for 
approximately 2.5 minutes then approximately 0.2 grams 
placed in a ACTA linometer. Shrinkage Was recorded for 
20-30 minutes per sample. The results are summariZed in 
FIG. 4, Wherein the amount of PRIMMTM brand fused 
?brous compound is based on total Weight of composition. 

[0102] The practice of the present invention also reduces 
the polymeriZation reaction temperature of PMMA, While as 
recogniZed by those skilled in the art, is bene?cial and is 
shoWn in FIG. 5. A study Was conducted to determine the 
effect of PRIMMTM augmentation on poly(methyl methacry 
late) bone cement. The cement Was Simplex P (HoW 
medica), mixed according to instructions Which dictated a 
ratio of 2 grams of poWder to 2 ml of liquid. The PRIMMTM 
material Was comprised of silanated 180-250 micron par 
ticles at 16 lb/ft3 density. Ten samples Were tested by 
recording the core temperatures With a type K thermocou 
pler probe. The samples Were made by ?rst mixing the 
cement poWder With the PRIMMTM and then mixing in the 
liquid monomer. The mixing Was performed on a glass plate 
With a plastic spatula for 3-4 minutes until the cement could 
be molded With gloved hands. The cement Was then pressed 
into a 5 ml glass ?ask to form a cylindrical sample With a 18 
mm diameter and 18-20 mm height. The probe Was then 
inserted all the Way through the sample. Both the glass ?ask 
and probe tip Were coated With a lithium grease to encourage 
extraction from the cement. Temperature recording began at 
5 minutes after initial mixing and continued until 15 or 20 
minutes. 
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[0103] While the invention has been illustrated and 
described in detail in the foregoing description, the same is 
to be considered as illustrative and not restrictive of char 
acter, it being understood that only the preferred embodi 
ment has been shoWn and described and that all changes and 
modi?cations that come Within the spirit of the invention are 
desired to be protected. 

What is claimed is: 
1. A bone or dental cement composition comprising: 

a bone or dental cement; and 

Polymeric Rigid Inorganic Material Matrix. 
2. The composition of claim 1, Wherein the bone or dental 

cement further comprises polymethacrylate. 
3. The composition of claim 1, Wherein the bone or dental 

cement further comprises 

methylmethacrylate-styrene. 
4. The composition of claim 1, Wherein the bone or dental 

cement further comprises a radiopaci?er. 
5. The composition of claim 1, Wherein the composition 

comprises at least 10% by Weight Polymeric Rigid Inorganic 
Material Matrix. 

6. The composition of claim 1, Wherein the composition 
comprises at least 20% by Weight Polymeric Rigid Inorganic 
Material Matrix. 

7. The composition of claim 1, Wherein the Polymeric 
Rigid Inorganic Material Matrix is added in the form of 
particles. 

8. The composition of claim 1, Wherein the Polymeric 
Rigid Inorganic Material Matrix has a density of betWeen 
approximately 4 and 64 lb/ft3. 

9. A method for improving a bone or dental cement 
composition comprising adding Polymeric Rigid Inorganic 
Matrix Material to a bone or dental cement composition. 

10. The method of claim 9, Wherein the Polymeric Rigid 
Inorganic Matrix Material is added in the form of particles. 

11. The method of claim 9, Wherein the Polymeric Rigid 
Inorganic Matrix Material has a density of betWeen approxi 
mately 4 and 64 lb/ft3. 

12. The method of claim 9, further comprising adding at 
least 10% by Weight Polymeric Rigid Inorganic Material 
Matrix. 

13. The method of claim 9, further comprising adding at 
least 20% by Weight Polymeric Rigid Inorganic Material 
Matrix. 

14. Abone or dental cement treatment kit for bone or tooth 
repair or other treatment of a bone or tooth defect, the kit 
comprising: 

a ?nely divided acrylic polymer; 

polymeriZable liquid acrylate monomers for preparation 
of bone or dental cement useful in bone or tooth repair 
or other bone or tooth treatment; and 

Polymeric Rigid Inorganic Matrix Material. 
15. The kit of claim 14, Wherein the polymer comprises 

polymethylmethacrylate. 
16. The kit of claim 14, Wherein the acrylic monomers 

comprise methylmethacrylate-styrene-copolymer. 
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17. The kit of claim 14, further comprising aradiopaci?er. 19. The kit of claim 14, wherein the Polymeric Rigid 
18 The kit of Claim 14 wherein the Polymeric Rigid Inorganic Matrix Material has adensity of betWeen approxi 

. , 3 

Inorganic Matrix Material is provided in the form of par- mately 4 and 64 lb/ft ' 
tiCleS. * * * * * 


