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Abstract

The present invention provides a kit based on two pastes that is designed to produce bone

cement with high initial stability and therefore low post-cure.

Said kit comprises a paste A and a paste B, whereby (a) paste A contains (a1) a
polymerisable monomer with a pH in water in the range of 5 - 9, (a2) a filling agent that is
insoluble in (a1), and (a3) a barbituric acid derivative selected from the group consisting of
1,5-disubstituted barbiturates, 1,3,5-trisubstituted barbiturates, and 1,3,5-tetrasubstituted
barbiturates, and (b) paste B contains (b1) a polymerisable monomer with a pH in water In
the range of 5 - 9, (b2) a filling agent that is insoluble in (b1), (b3) a peroxide that is soluble In
(b1), (b4) a heavy metal compound that is insoluble in (b1) and selected from the consisting
of heavy metal salts and heavy metal complexes, whereby at least one of the pastes A and B

contains a halide salt.
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PASTE-LIKE BONE CEMENT

The present invention relates to a kit for the producing bone cement and use of said kit.

Conventional polymethylmethacrylate bone cements (PMMA bone cements) have been
known for decades and are based on the ground-breaking work of Sir Charnley (Charnley, J.:
Anchorage of the femoral head prosthesis of the shaft of the femur. J. Bone Joint Surg. 42
(1960) 28-30). The basic structure of PMMA bone cements has remained the same ever
since. PMMA bone cements consist of a liquid monomer component and a powder
component. The monomer component generally contains (i) the monomer,
methyimethacrylate, and (ii) an activator (e.g. N,N-dimethyl-p-toluidine) dissolved therein.
The powder component comprises (i) one or more polymers that are made by polymerisation,
preferably suspension polymerisation, based on methylmethacrylate and co-monomers, such
as styrene, methylacrylate or similar monomers, (i) a radio-opaquer, and (iii) an initiator, (for
example) dibenzoylperoxide. Mixing the powder component and the monomer component,
the polymers of the powder component in the methylmethacrylate swell which generates a
dough that can be shaped plastically. Simultaneously, the activator, N,N-dimethyi-p-toluidine,
reacts with dibenzoylperoxide which disintegrates and forms radicals in the process. The
radicals thus formed trigger the radical polymerisation of the methylmethacrylate. Upon
advancing polymerisation of the methylmethacrylate, the viscosity of the cement dough

iIncreases until the cement dough solidifies and thus is cured.

The essential disadvantage of the previous PMMA bone cements for the medical user is that
the user needs to mix the liquid monomer component and the powder component in a mixing
system or in crucibles right before applying the cement. Mixing error can easily occur in the
process and adversely affect the quality of the cement. Moreover, the components must be
mixed rapidly. In this context, it is important to mix all of the cement powder and monomer
component without forming lumps and prevent the introduction of air bubbles during the
mixing process. Unlike manual mixing, the use of vacuum mixing systems prevents the
formation of air bubbles in the cement dough to a large extent. Examples of mixing systems
are disclosed in patent specifications US 4015945, EP 0674888, and JP 2003181270.

However, vacuum mixing systems necessitate an additional vacuum pump and are therefore
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relatively expensive. Moreover, depending on the type of cement concerned, a certain waiting
time is required after mixing the monomer component and the powder component until the
cement dough is tack-free and can be applied. Because of the large variety of errors that can
occur while mixing conventional PMMA bone cements, appropriately trained personnel is
required for this purpose. The corresponding training is associated with considerable
expenses. Moreover, mixing of the liquid monomer component and the powder component is

associated with exposure of the user to monomer vapours and particles released from the

powder-like cement.

Paste-like polymethylmethacrylate bone cements as an alternative to the conventional
powder-liquid polymethylmethacrylate bone cements have been described in unexamined
German applications DE 102007052116 and DE 102007050763. Said bone cements are

provided to the user in the form of pre-mixed pastes that are stable during storage. In the
case of paste-like two-component cements, the initiator and the accelerator each are
dissolved separately in one cement paste. When the two pastes are mixed, the accelerator
reacts with the initiator forming radicals that initiate the radical polymerisation of the monomer
in the paste. This starts the curing of the cement paste. In the case of paste-like one-
component systems, the polymerisation can be triggered through thermally disintegrating
initiators through the action of magnetic or electromagnetic fields on ferromagnetic particles

or superparamagnetic particles that are contained in the paste.

Initiator systems for radical polymerisation of methacrylate monomers and other monomers

that are susceptible to radical polymerisation have been known for a long time.

Accordingly, DE 69621500 discloses a combination of peroxides and metal compounds. A
combination of cumene hydroperoxide, a metal compound, and thiourea is used in this
context. A similar combination of thiourea and a hydroperoxide is proposed in EP 1479364. In
contrast, DE 19501933 discloses mixtures of hydroperoxides and siccatives. An interesting
new system based on hydroperoxides, acylthiourea compounds, and copper salts Is
presented in EP 1754465. The advantage of initiator system of this type is their high thermal
stability. However, hydroperoxides are irritating compounds and thus suitable only to a limited

extent for initiation with PMMA bone cements directly contacting vital bone tissue.
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Used with conventional PMMA bone cements that consisted of a powder component and a
monomer liquid, the initiator system of dibenzoylperoxide and N,N-dimethyl-p-toluidine has
proven its value in general (K.-D. Kithn: Knochenzemente fiur die Endoprothetik: ein aktueller
Vergleich der physikalischen und chemischen Eigenschaften handelsiiblicher PMMA-
Zemente. Springer-Verlag Berlin Heidelberg New York, 2001). In this context,
dibenzolyperoxide is present as a solid in the cement powder and N,N-dimethyl-p-toluidine is

dissolved in the monomer component.

However, our experiments with cement pastes using the dibenzoylperoxide/N,N-dimethyl-p-
toluidine initiator system demonstrated that pastes containing N,N-dimethyl-p-toluidine have a
pronounced tendency to polymerise spontaneously. Moreover, the accelerator, N,N-dimethyi-
p-toluidine, that has proven its value with conventional powder/liquid polymethylmethacrylate

bone cements has been the subject of some criticism due to its toxicological properties.

Aside from these redox systems, initiator systems based on the use of barbiturates have aiso

been described.

DE 1495520 describes a method for polymerisation of vinyl compounds and polyesters. In
said method, barbituric acid derivatives, halide ion donors, and copper compounds are
dissolved in the monomer or mixture of monomers. |n this context, the combination of
barbituric acid derivative, halide ion donor, and copper compound initiates the polymerisation.
It is also feasible to add organic peroxides or hydrogen peroxide. Our own experiments in this
context showed that initiation is also feasible in the absence of atmospheric oxygen or
peroxides, which is contrary to the assumption made in DE 1495520, according to which air
or peroxides are required to trigger the polymerisation by barbiturate in the presence of

copper ions and chloride ions. This means that the barbiturate itself obviously acts as

Initiator.

US 2003/0195273 proposes a curable composition for dental applications that contains not
only unsaturated monomers, but also water, a redox initiator system, and ammonium saits.

The initiator system that is based on barbiturates and known from DE 1495520 is mentioned

in this context as well.



CA 02742537 2011-06-10

A primer based on a monomer that can be mixed with water, a copper salt, a chloride ion

donor, and thiobarbiturates as well as barbiturates has been disclosed in GB 2256875. There

IS no evidence of the use of copper(ll) hydroxide or basic copper carbonate.

A very interesting system is described in WO 2007/1400440, in which an alkali salt or earth
alkali salt of barbituric acid that is insoluble In non-acidic monomers is used In pastes. Acidic
monomers acting on said barbituric acid salts release the barbiturates through a cation
exchange. The barbiturates thus released react in the presence of halide ion donors with

dissolved copper ions that are present in the pastes and thus initiate the radical

polymerisation.

A somewhat more complex system is described in DE 102007050763. In this system, earth
alkali salts of barbiturates and basic copper salts are contained in one paste. These two salts
are insoluble in the methacrylate monomer. A weak organic acid such as 2-ethylhexanoic
acid is present in a second paste. Moreover, a chloride ion donor is also present in the
pastes. Mixing the two pastes, the weak organic acid simultaneously converts both the
barbiturate into the soluble acid form and copper into a soluble copper salt. The advantage of
this system, in particular in the case of pastes with multi-functional monomers, is that earlier
diffusion and ion exchange processes allow the processing time to be increased which

otherwise Is very short, usually on the order of seconds, where multi-functional monomers

are used.

DE 102007050762 discloses another system for the producing bone cement. The invention
described therein is based on the approach to provide two pastes which each contain a
methacrylate monomer, in which a polymer that is soluble therein is dissolved and a polymer
that is insoluble therein is suspended therein. This allows a dough-like paste to be produced
that shows high internal cohesion due to the polymer being dissolved therein. In order to cure
the methacrylate monomer, one of the pastes contains a radical initiator, such as, for
example, a barbituric acid derivative, and the other paste contains an accelerator, such as,
for example, an organic copper(ll) salt. After the two pastes are mixed, activation of the
initiator starts the polymerisation of the methacrylate monomer which involves the formation

of bone cement with high 4-point flexural strength and high flexural modulus.
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Experiments involving the use of paste-like two-component cements containing filling agents
that are insoluble in the methacrylate monomer, such as, for example, polymer particles,
demonstrated low initial stability and an ensuing pronounced tendency to show post-cure.
This effect is due to monomer that is contained in the insoluble filling agents. During the
curing process, the monomer polymerises mainly outside of the insoluble polymer particles.
Subsequently, the residual monomer, as well as the dissolved initiator or the dissolved
accelerator, diffuse from the polymer particles and the monomer is then subject to post-cure.
Experiments have shown that the post-cure effect is mainly caused by the paste in which the
accelerator is dissolved. For this reason it would be advantageous to provide both pastes of
the two-component bone cement with initiators, if possible. However, this i1s associated with a
technical contradiction in that the accelerator needs to make both initiators form radicals, but

must, on the other hand, not trigger premature polymerisation while the cement pastes are

being stored.

The present invention was therefore based on the object to provide a kit based on two pastes

that Iis designed to produce bone cement with high initial stability and therefore low post-cure.

Said object is met by a kit that comprises a paste A and a paste B, whereby
(a) paste A contains
(a1) a polymerisable monomer with a pH in water in the range of 5 - 9;

(a2) afilling agent that is insoluble in (a1); and
(a3) a barbituric acid derivative selected from the group consisting of 1,5-disubstituted

barbiturates, 1,3,5-trisubstituted barbiturates, and 1,3,5-tetrasubstituted barbiturates,
and

(b) paste B contains
(b1) a polymerisable monomer with a pH in water in the range of 5 — 9;

(b2) afilling agent that is insoluble in (b1);
(b3) a peroxide that is soluble in (b1);
(b4) a heavy metal compound that is insoluble in (b1) and selected from the group

consisting of heavy metal salts and heavy metal complexes,

whereby at least one of the pastes A and B contains a halide salt.
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The invention is based on the idea to use, in one paste, a peroxide-type initiator that is
dissolved in the methacrylate monomer and, in addition, to suspend in said paste a basic
heavy metal sailt that is insoluble in said methacrylate monomer. It has been evident
surprisingly that insoluble heavy metal salts, such as copper(ll) hydroxide, that are
suspended Iin the methacrylate monomer do not disintegrate the peroxide that is dissolved in
the methacrylate monomer. Accordingly, there is no spontaneous polymerisation in said
paste. The invention is further based on the idea to use a second paste that contains a
barbiturate that is soluble in methylmethacrylate. Mixing the two pastes, the soluble
barbiturate reacts with the basic heavy metal salt due to its acidity. It has been found
surprisingly that this allows to initiate the polymerisation reaction in the presence of a soiuble
halide ion donor. The action of the barbiturate on the basic heavy metal salt obviously
transitions the heavy metal ions into a soluble salt form which initiates the polymerisation of
the methacrylate monomer through its action on barbituric acid and the peroxide. In this

context, the use of aromatic amines as accelerators is no longer required.

Consequently, the paste-like components of the kit for producing bone cement each contain
an initiator (barbituric acid derivative and/or peroxide) and, in at least one of these paste-like
components, an accelerator (insoluble heavy metal compound). Surprisingly, there is no
undesired premature polymerisation before the targeted mixing of the two pastes. This
overcomes the technical contradiction being that the accelerator, on the one hand, needs to
make both initiators form radicals, but must, on the other hand, not trigger premature
polymerisation while the cement pastes are being stored. Use of the initiator system
according to the invention and provision of a polymerisation initiator in each of the kit
components allows high initial stability of the bone cement to be attained and pronounced

post-cure of the bone cement to be prevented.

According to the invention, a kit shall be understood to be a system made up of at least two
components. Although reference to two components is made In the following, the kit can just
as well contain more than two components, for example three, four, five or more than five
components, according to need. The individual components preferably are packaged

separate from each other such that the ingredients of the one kit component do not contact

the ingredients of another kit component. Accordingly, it is feasible, for example, to package
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the kit components separate from each other and store them together in a reservoir

container.

According to the invention, the kit comprises at least one paste A and one paste B.

Paste A contains at least one polymerisable monomer (a1) with a pH in water in the range of

5-9.

Preferably, the polymerisable monomer (a1) is liquid at a temperature of 25°C and a pressure
of 1013 hPa.

The polymerisable monomer (a1) preferably is a methacrylic acid ester. Preferably, the
methacrylic acid ester (a1) is a monofunctional methacrylic acid ester. Said monofunctional
methacrylic acid ester preferably is hydrophobic. The use of hydrophobic monofunctional
methacrylic acid esters (a1) allows later enlargement of the volume of the bone cement due
to the uptake of water and thus damage to the bone to be prevented. According to a
preferred embodiment, the monofunctional methacrylic acid ester is hydrophobic If it contains
no further polar groups aside from the ester group. The monofunctional hydrophobic
methacrylic acid ester preferably comprises no carboxyl groups, hydroxyl groups, amide

groups, sulfonic acid groups, sulfate groups, phosphate groups or phosphonate groups.

The esters preferably are alkyl esters. According to the invention, cycloalkyl esters are also

included in alkyl esters. According to a preferred embodiment, the alky! esters are esters of
methacrylic acid and alcohols comprising 1 - 20 carbon atoms, more preferably 1 - 10 carbon
atoms, even more preferably 1 - 6 carbon atoms, and particularly preferably 1 - 4 carbon
atoms. The alcohols can be substituted or non-substituted and preferably are non-

substituted. Moreover, the alcohols can be saturated or unsaturated and preferably are

saturated.

According to a particularly preferred embodiment, the polymerisable monomer (a1) Is

methacrylic acid methylester and methacrylic acid ethylester.
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According to a further particularly preferred embodiment, the polymerisable monomer (a1) is

not a bisphenol A-derived methacrylic acid ester.

The polymerisable monomer (a1) used according to the invention preferably has a molar
mass of less than 1,000 g/mol. This also comprises polymerisable monomers that are
components of a mixture of monomers, whereby at least one of the polymerisable monomers

of the mixture of monomers has a defined structure with a molar mass of less than 1,000

g/mol.

The polymerisable monomer (a1) is characterised in that an aqueous solution of the
polymerisable monomer (a1) has a pH in the range of 5 - 9, preferably in the range of 5.5 -
8.5, even more preferably in the range of 6 - 8, and particularly preferably in the range of 6.5 -
7.5.

Paste A preferably contains 15 - 85 % by weight, more preferably 20 - 70 % by weight, even
more preferably 25 - 60 % by weight, and particularly preferably 25 - 50 % by weight of at
least one polymerisable monomer (a1), relative to the total weight of the components
contained in paste A. Accordingly, paste A can contain one or more polymerisable monomers

(a1) that differ in structure.

Moreover, paste A contains at least one filling agent (a2) that is insoluble in (a1).

The filling agent (a2) is a solid substance at room temperature that is capable of increasing
the viscosity of the mixture made up of the other components contained in paste A. The filling

agent (a2) should be biocompatible.

According to a preferred embodiment, the filling agent (a2) is selected from polymers,

Inorganic salts, inorganic oxides, metals, and metal alloys.

The filling agent (a2) preferably is particulate. According to a particularly preferred
embodiment, the filling agent (a2) has an average particle size in the range of 10 nm — 100

pm and particularly preferably in the range of 100 nm — 10 ym. The average particle size
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shall be understood herein to mean a size range that applies to at least 90 percent of the

particles.

In the scope of the invention, the term, polymers, shall include both homopolymers and

copolymers.

The polymer used as filling agent preferably is a polymer with a mean (by weight) molar mass
of at least 150,000 g/mol. The specification of the molar mass refers to the molar mass
determined by viscosimetry. The polymer can, for example, be a polymer or copolymer of a
methacrylic acid ester. According to a particularly preferred embodiment, the at least one
polymer is selected from the group consisting of polymethacrylic acid methylester (PMMA),
polymethacrylic acid ethylester (PMAE), polymethacrylic acid propylester (PMAP),
polymethacrylic acid isopropylester, poly(methylmethacrylate-co-methylacrylate), and
poly(styrene-co-methylimethacrylate). However, the polymer can just as well be selected from
the group consisting of polyethylene, polypropylene or polybutadiene. Moreover, the paste

can be cross-linked or non-cross-linked.

The inorganic salt that can be used as filling agent (a2) can be a salt that is soluble or
insoluble in the polymerisable monomer. Preferably, the inorganic salt is a sait of an element
selected from the second main group of the periodic system of elements. According to a
oreferred embodiment, the inorganic salt is a calcium, strontium or barium salt. According to
a particularly preferred embodiment, the inorganic salt is calcium sulfate, barium sulfate or

calcium carbonate.

The inorganic oxide that can be used as filling agent (a2) can preferably be a metal oxide.
According to a preferred embodiment, the inorganic oxide Is a transition metal oxide.
According to a particularly preferred embodiment, the inorganic oxide is titanium dioxide or

zirconium dioxide.

The metal that can be used as filling agent (a2) can, for example, be a transition metal.

According to a preferred embodiment, the metal is tantalum or tungsten.
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The metal alloy that can be used as filling agent (a2) is an alloy of at least two metals.
Preferably, the alloy contains at least one transition metal. According to a particularly

preferred embodiment, the alloy comprises at least tantalum or tungsten. The alioy can also

be an alloy of tantalum and tungsten.

The filling agent (a2) is insoluble in the polymerisable monomer (a1) with a pH in the range of
5 - 9. According to the invention, the filling agent (a2) is insoluble in the polymerisable
monomer with a pH in the range of 5 - 9 (a1), if the solubility of the filling agent (a2) in the
polymerisable monomer (a1) at a temperature of 25°C is less than 50 g/l, preferably Is less

than 25 g/l, more preferably is less than 10 g/l, and even more preferably is less than 5 g/i.

The fraction of the at least one filling agent (a2) preferably is less than 85 % by weight, more
preferably is less than 80 % by weight, and even more preferably is less than 75 % by weight
relative to the total weight of the components contained in paste A. Paste A preferably
contains 15 - 85 % by weight, more preferably 15 - 80 % by weight, and even more preferably

20 - 75 % by weight of the at least one filling agent (a2), relative to the total weight of the

components contained in paste A.

Moreover, paste A contains at least one barbituric acid derivative (a3). Said barbituric acid
derivative (a3) is selected from the group consisting of 1,5-disubstituted barbiturates, 1,3,5-

trisubstituted barbiturates, and 1,3, 5-tetrasubstituted barbiturates.

According to a preferred embodiment, the barbituric acid derivative (a3) is soluble in the

polymerisable monomer (a1). The barbituric acid derivative (a3) is soluble In the
polymerisable monomer (a1) if at least 1 g/l, preferably at least 3 g/l, even more preferably at

least 5 g/l, and particularly preferably at least 10 g/l of the barbituric acid derivative (a3)

dissolve(s) in the polymerisable monomer (a1) at a temperature of 25°C.

There is no limitation with regard to the type of substituents on the barbituric acid. The
substituents can, for example, be aliphatic or aromatic substituents. In this context, alkyl,
cycloalkyl, allyl or aryl substituents can be preferred. The substituents can also include hetero

atoms. {In particular, the substituents can be thiol substituents. Accordingly, 1,5-disubstituted

thiobarbiturates or 1,3,5-trisubstituted thiobarbiturates can be preferred.

10
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According to a preferred embodiment, the substituents each have a length of 1 - 10 carbon
atoms, more preferably a length of 1 - 8 carbon atoms, and particularly preferably a length in

the range of 2 - 7 carbon atoms.

Barbiturates having one substituent each at position 1 and position 5, one substituent each at
positions 1, 3, and 5 or one substituent each at positions 1 and 3 and two substituents at

position 5 are preferred according to the invention.

According to another preferred embodiment, the barbituric acid derivative is a 1,5-
disubstituted barbiturate or a 1,3,5-trisubstituted barbiturate. 1,3,5-tetrasubstituted

barbiturates can also be used, although they are capable of crossing the blood-brain barrier

and thus possess pharmacological activity.

According to a particularly preferred embodiment, the barbituric acid derivative is selected
from the group consisting of 1-cyclohexyl-5-ethyl-barbituric acid, 1-phenyl-5-ethyl-barbituric
acid, and 1,3,5-trimethyl-barbituric acid.

The fraction of paste A accounted for by the at least one barbituric acid derivative (a3)
preferably is in the range from 0.1 - 10 % by weight, more preferably in the range from 0.5 - 8
% by weight, and even more preferably in the range of 1 - 5 % by weight, relative to the total

weight of the components contained in paste A.

Paste A preferably is essentially free of heavy metal compounds. The term, heavy metal

compounds, in this context shall mean metals with a density of at least 3.5, preferably of at
least 5, at a temperature of 20°C. The fraction of paste A accounted for by heavy metal
compounds preferably is less than 50 ppm, more preferably is less than 25 ppm, even more

preferably is less than 10 ppm, and particularly preferably is less than 5 ppm.

Paste B contains at least one polymerisable monomer (b1) with a pH in water in the range of
5-09.

11
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Preferably, the polymerisable monomer (b1) is liquid at a temperature of 25°C and a pressure
of 1013 hPa.

The polymerisable monomer (b1) preferably is a methacrylic acid ester. Preferably, the
methacrylic acid ester (b1) is a monofunctional methacrylic acid ester. Said monofunctional
methacrylic acid ester preferably is hydrophobic. The use of hydrophobic monofunctional
methacrylic acid esters (b1) allows later enlargement of the volume of the bone cement due
to the uptake of water and thus damage to the bone to be prevented. According to a
preferred embodiment, the monofunctional methacrylic acid ester is hydrophobic if it contains
no further polar groups aside from the ester group. The monofunctional hydrophobic
methacrylic acid ester preferably comprises no carboxyl groups, hydroxyl groups, amide

groups, sulfonic acid groups, sulfate groups, phosphate groups or phosphonate groups.

The esters preferably are alkyl esters. According to the invention, cycloalkyl esters are also
included in alkyl esters. According to a preferred embodiment, the alkyl esters are esters of
methacrylic acid and alcohols comprising 1 - 20 carbon atoms, more preferably 1 - 10 carbon
atoms, even more preferably 1 - 6 carbon atoms, and particularly preferably 1 - 4 carbon
atoms. The alcohols can be substituted or non-substituted and preferably are non-

substituted. Moreover, the alcohols can be saturated or unsaturated and preferably are

saturated.

According to a particularly preferred embodiment, the polymerisable monomer (a1) is

methacrylic acid methylester and methacrylic acid ethylester.

According to a further particularly preferred embodiment, the polymerisable monomer (a1) is

not a bisphenol A-derived methacrylic acid ester.

The polymerisable monomer (b1) used according to the invention preferably has a molar
mass of less than 1,000 g/mol. This also comprises polymerisable monomers that are
components of a mixture of monomers, whereby at least one of the polymerisable monomers

of the mixture of monomers has a defined structure with a molar mass of less than 1,000

g/mol.

12
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The polymerisable monomer (b1) is characterised in that an aqueous solution of the
polymerisable monomer (b1) has a pH in the range of 5 - 9, preferably in the range of 5.5 -

8.5, even more preferably in the range of 6 - 8, and particularly preferably in the range of 6.5 -
7.5.

Paste B preferably contains 15 - 85 % by weight, more preferably 20 - 70 % by weight, even
more preferably 25 - 60 % by weight, and particularly preferably 25 - 50 % by weight of at
least one polymerisable monomer (b1), relative to the total weight of the components

contained in paste B. Accordingly, paste B can contain one or more polymerisable monomers
(b1) that differ in structure.

Moreover, paste B contains at least one filling agent (b2) that is insoluble in (b1).

The filling agent (b2) is a solid substance at room temperature that is capable of increasing
the viscosity of the mixture made up of the other components contained in paste B. The filling

agent (b2) should be biocompatible.

According to a preferred embodiment, the filling agent (b2) is selected from polymers,

iInorganic salts, inorganic oxides, metals, and metal alloys.

The filling agent (b2) preferably is particulate. According to a particularly preferred
embodiment, the filling agent (b2) has an average particle size in the range of 10 nm — 100
um and particularly preferably in the range of 100 nm — 10 um. The average particle size
shall be understood herein to mean a size range that applies to at least 90 percent of the

particles.

In the scope of the invention, the term, polymers, shall include both homopolymers and

copolymers.

The polymer used as filling agent preferably is a polymer with a mean (by weight) molar mass
of at least 150,000 g/mol. The polymer can, for example, be a polymer or copolymer of a
methacrylic acid ester. According to a particularly preferred embodiment, the at least one

polymer is selected from the group consisting of polymethacrylic acid methylester (PMMA),

13
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polymethacrylic acid ethylester (PMAE), polymethacrylic acid propylester (PMAP),
polymethacrylic acid isopropylester, poly(methylmethacrylate-co-methylacrylate), and
poly(styrene-co-methylmethacrylate). However, the polymer can just as well be selected from
the group consisting of polyethylene, polypropylene or polybutadiene. Moreover, the paste

can be cross-linked or non-cross-linked.

The inorganic salt that can be used as filling agent (b2) can be a salt that is soluble or
insoluble in the polymerisable monomer. Preferably, the inorganic salt is a salt of an element
selected from the second main group of the periodic system of elements. According to a
preferred embodiment, the inorganic salt is a calcium, strontium or barium salt. According to

a particularly preferred embodiment, the inorganic salt is calcium sulfate, barium sulfate or

calcium carbonate.

The inorganic oxide that can be used as filling agent (b2) can preferably be a metal oxide.
According to a preferred embodiment, the inorganic oxide is a transition metal oxide.

According to a particularly preferred embodiment, the inorganic oxide is titanium dioxide or

zirconium dioxide.

The metal that can be used as filling agent (b2) can, for example, be a transition metal.

According to a preferred embodiment, the metal is tantalum or tungsten.

The metal alloy that can be used as filling agent (b2) is an alloy of at least two metals.
Preferably, the alloy contains at least one transition metal. According to a particularly
preferred embodiment, the alloy comprises at least tantalum or tungsten. The alloy can also

be an alloy of tantalum and tungsten.

The filling agent (b2) is insoluble in the polymerisable monomer (b1) with a pH in the range of
S5 - 9 (b1). According to the invention, the filling agent (b2) is insoluble in the polymerisable
monomer with a pH in the range of 5 - 9 (b1), if the solubility of the filling agent (b2) in the
polymerisable monomer (b1) at a temperature of 25°C is less than 50 g/, preferably is less
than 25 g/l, more preferably is less than 10 g/l, and even more preferably is less than 5 all.
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The fraction of paste B accounted for by the at least one filling agent (b2) preferably is less
than 85 % by weight, more preferably is less than 80 % by weight, and even more preferably

s less than 75 % by weight relative to the total weight of the components contained in paste

B. Paste B preferably contains 15 - 85 % by weight, more preferably 15 - 80 % by weight, and
even more preferably 20 - 75 % by weight of the at least one filling agent (b2), relative to the \

total weight of the components contained in paste B.

Moreover, paste B contains at least one peroxide (b3) that is soluble in the polymerisable

monomer (b1).

According to the invention, a peroxide (b3) is understood to mean compounds that contain at

least one peroxo group (-0O-0-).
The peroxide (b3) preferably comprises no free acid groups.

The peroxide (b3) can be an inorganic peroxide, such as, for example, a toxicologically

acceptable hydroperoxide, or an organic peroxide.

According to the invention, the peroxide (b3) is soluble in the polymerisable monomer (b1) if
at least 1 g/l, preferably at least 3 g/, even more preferably at least 5 g/l, and particularly
preferably at least 10 g/l of the peroxide (b3) dissolve(s) in the polymerisable monomer (b1)

at a temperature of 25°C.

According to a particularly preferred embodiment, the peroxide (b3) is selected from the

group consisting of dibenzoyl peroxide and dilauroyl peroxide.

Paste B preferably contains 0.01 - 12 % by weight, preferably 0.03 - 10 % by weight, more
preferably 0.05 - 8 % by weight, and even more preferably 0.1 - 5 % by weight of at least one

peroxide (b3), relative to the total weight of the components contained in paste B.

Moreover, paste B comprises at least one heavy metal compound (b4) that is insoluble in

(b1) and I1s selected from the group consisting of heavy metal salts and heavy metal

complexes.
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According to the invention, heavy metal compounds shall be understood to mean metals with

a density of at least 3.5, preferably of at least 5, at a temperature of 20°C.

According to a preferred embodiment, the heavy metal compound (b4) that Is insoluble in
(b1) is a basic heavy metal compound. Basic heavy metal compound shall be understood to
mean a heavy metal compound which, when dissolved or suspended in water, has a pH of at

least 6.5, preferably at least 7, and even more preferably at least 7.5.

According to a particularly preferred embodiment, the heavy metal compounds are

compounds of metals that can change their oxidation state.

Copper (1), iron (1), iron (lll), manganese (llI), manganese (lll), cobalt (I}, and cobalt (lil}

compounds are preferred according to the invention.

The heavy metal compounds according to the invention are capable of converting, in the
presence of the barbituric acid derivatives (a3), into a form that is soluble in the polymerisable

monomer (a1) and/or (a2).

According to the invention, the heavy metal compounds are heavy metal salts or heavy metal

complexes.

The heavy metal salts preferably are halides, hydroxides, carbonates or carbonic acid salts of

heavy metals. Copper (lI), iron (ll), iron (lll), manganese (ll), manganese (lil), cobalt (lI), and
cobalt (lll) salts are preferred heavy metals salts.

According to one embodiment, the heavy metal salt is selected from the group consisting of

copper hydroxide, cobalt(ll) hydroxide, and basic copper carbonate.

According to a particularly preferred embodiment, the heavy metal compound (b4) that is
iInsoluble In (b1) I1s a halide salt. According to said embodiment, the need for a halide salt to
be present in at least one of the pastes A and B is met by the halide salt that is the insoluble

heavy metal compound. Therefore, according to the invention, a halide salt can be both the
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heavy metal compound that is insoluble in (b1) and the halide salt of paste B that is the halide
ion donor. Therefore, the halide salt contained in paste B and the heavy metal compound

(b4) that 1s insoluble in (b1) can be the same compound.

The halide salt can preferably be selected from the group consisting of heavy metal chlorides
and bromides. According to a particularly preferred embodiment, the halide salt is a

compound selected from the group consisting of copper(ll) chloride, manganese(li) chloride,
iron(ll) chiloride, iron(lil) chloride, cobalt(ll) chloride, and cobalt(ill) chloride.

The fraction of paste B accounted for by the heavy metal compound (b4) preferably is in the
range from 0.0005 - 0.5 % by weight, more preferably in the range from 0.001 - 0.05 % by

weight, and particularly preferably in the range of 0.001 - 0.01 % by weight, relative to the
total weight of paste B.

Moreover, at least one halide ion donor is present in either of the pastes A and B.

According to one embodiment, the halide ion donor is a halide salt. The halide salt can, for

example, be an inorganic halide salt or an organic halide salt. In these cases, the halide salt
preferably is a chlorine or bromine salit.

According to a particularly preferred embodiment, the halide salt is a quaternary ammonium
salt of a halide. The quaternary ammonium salt can preferably be a quaternary alkyl, aryl,

aryldialkyl, diarylalkyl or cycloalkyl dialkylammonium salt. Trioctylmethylammoniumchloride,
for example, is a preferred halide salt.

According to another particularly preferred embodiment, the halide salt can just as well be a

hydrohalide, preferably a hydrochloride or hydrobromide. In this context, the halide sait can
preferably be a hydrohalide of a tertiary ammonium compound.

According to yet another preferred embodiment, the halide salt can be a halide with a metal
cation or a metal oxide cation. Conceivable metal cations are, for example, lithium (Li"), zinc
(Zn**), and zirconium (Zr**) cations. Zirconium oxide cation, ZrO*", for example, can be a

preferred metal oxide cation. Preferably, the halide salt with a metal cation or metal oxide
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cation Is a halide salt selected from the group consisting of lithium chloride (LiCl), zinc
dichlonde (ZnCl,), and zirconium oxide dichloride (ZrOCl,).

Moreover, according to another preferred embodiment, the solubility of the halide ion donor in
the polymerisable monomer (a1) and/or (b1) that is present in the paste, in which the halide
lon donor is present also, is at least 10 g/l, more preferably at least 25 g/l, even more

preferably at least 50 g/l, and even more preferably at least 100 g/I.

According to a particularly preferred embodiment, it is feasible that the halide salt is
contained in paste B and is identical to the heavy metal compound (b4) that is insoluble in
(b1). Therefore, the halide salt contained in paste B and the heavy metal compound (b4) that
IS insoluble in (b1) can be the same compound. According to said embodiment, it can be
preferred that the halide salt is selected from the group consisting of heavy metal chiorides
and bromides. According to a particularly preferred embodiment, the halide salt is a
compound selected from the group consisting of copper(ll) chloride, manganese(ll) chloride,

iron(ll) chloride, iron(lll) chloride, cobalt(ll) chloride, and cobalt(lll) chloride.

The fraction of the respective paste accounted for by the halide ion donor preferably is 0.005
- 10 % by weight, more preferably is 0.001 - 8 % by weight, even more preferably is 0.01 -5
% by weight, and particularly preferably is 0.3 - 3 % by weight relative to the total weight of

the paste containing the halide ion donor.

If the at least one compound acting as halide ion donor and the at least one heavy metal
compound (b4) that is insoluble in (b1) are the same halide salt or the same halide salts, it

can be preferred that the fraction of paste B accounted for by said halide salt or halide salts is
in the range of 0.005 - 10 % by weight, more preferably in the range of 0.001 - 8 % by weight,
even more preferably in the range of 0.01 - 5 % by weight, and particularly preferably in the
range of 0.001 - 0.01 % by weight, relative to the weight of paste B.

Moreover, the pastes of the kit according to the invention can comprise additional

components.
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For example, at least one of the pastes can contain at least one adhesion promoter. Said
adhesion promoter favours the adhesion of the bone cement to the prosthesis.

Methacrylamide, for example, has proven to be a suitable adhesion promoter.

Moreover, at least one of the pastes can comprise at least one cross-linker. Said cross-linker
preferably is a bifunctional or trifunctional compound. According to the invention, the purpose
of the cross-linker is to cross-link the monomer that polymerises during the curing of the bone
cement. According to a preferred embodiment, the cross-linker comprises at least two
(meth)acrylate groups. it is particularly preferred for the cross-linker to be selected from the
group consisting of ethyleneglycol dimethacrylate, butyleneglycol dimethacrylate (e.g.
butane-1,4-diol-dimethacrylate), and hexamethylene dimethacrylate (e.g. hexane-1,6-diol-

dimethacrylate).

Moreover, at least one of the pastes can also comprise at least one radiopaquer. The
radiopaquer Is preferably selected from the group consisting of metal oxides (such as, for
example, zirconium oxide), barium sulfate, toxicologically acceptable heavy metal particles
(such as, for example, tantalum), ferrite, and magnetite (possibly supramagnetic magnetitite).
Sald radiopaquers preferably have a mean particle diameter in the range from 10 nm - 500
um. In addition, it can be expedient to use radiopaque compounds that are soluble in the
polymerisable monomer. Examples of such are 3,5-bis(acetamido)-2,4,6-triiodobenzoic acid
esters. It is feasible just as well to integrate gadolinium compounds such as gadolinium
chelate with esters of 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid (DOTA), as

contrast agent In magnetic resonance imaging in at least one of the pastes.

According to a preferred embodiment, at least one of the pastes, but preferably both pastes,
contain(s) at least one polymer that is soluble in the polymerisable monomer contained in
said paste(s). According to the invention, said polymer is soluble in the polymerisable
monomer that is contained in the paste that contains the soluble polymer as well, if at least
10 g/l, preferably at least 25 g/I, more preferably at least 50 g/, and particularly preferably at
least 100 g/l of the polymer dissolve in said polymerisable monomer. The polymer that is
soluble in the polymerisable monomer can be a homopolymer or a copolymer. Said polymer
preferably is a polymer with a mean (by weight) molar mass of at least 150,000 g/mol. The

polymer can, for example, be a polymer or copolymer of a methacrylic acid ester. According
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to a particularly preferred embodiment, the at least one polymer is selected from the group
consisting of polymethacrylic acid methylester (PMMA), polymethacrylic acid ethylester
(PMAE), polymethacrylic acid propylester (PMAP), polymethacrylic acid isopropylester,
poly(methylmethacrylate-co-methylacrylate), and poly(styrene-co-methylmethacrylate). The
fraction of the paste containing the polymer that is accounted for by the polymer that is
soluble in the polymerisable monomer preferably is in the range from 5 - 50 % by weight,
more preferably in the range from 10 - 40 % by weight, and particularly preferably in the
range from 20 - 30 % by weight.

Moreover, at least one of the pastes can comprise at least one stabiliser. The stabiliser
should be suitable to prevent spontaneous polymerisation of the monomers contained in the
pastes. Moreover, the stabiliser should not undergo interfering interactions with the other
components contained in the pastes. Stabilisers of said type are known according to the prior
art. According to a preferred embodiment, the stabiliser is 2,6-di-tert-butyl-4-methylphenol
and/or 2,6-di-tert-butyl-phenol.

Moreover, at least one of the pastes can contain at least one pharmaceutical substance.
According to a particularly preferred embodiment, paste A contains said pharmaceutical
substance. However, the pharmaceutical substance can just as well be contained also or just
In paste B provided it shows sufficient stability with respect to the components contained in
paste B. The at least one pharmaceutical substance can be contained in paste A and/or

paste B in dissolved or suspended form.

The pharmaceutical substance can preferably be selected from the group consisting of

antibiotics, antiphlogistic agents, steroids, hormones, growth factors, bisphosphonates,
cytostatic agents, and gene vectors. According to a particularly preferred embodiment, the at

least one pharmaceutical substance is an antibiotic.

The at least one antibiotic is preferably selected from the groups of aminoglycoside
antibiotics, glycopeptide antibiotics, lincosamide antibiotics, gyrase inhibitors, carbapenemes,

cyclic lipopeptides, glycylcyclines, oxazolidones, and polypeptide antibiotics.
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According to a particularly preferred embodiment, the at least one antibiotic is a member
selected from the group consisting of gentamicin, tobramycin, amikacin, vancomycin,
teicoplanin, dalbavancin, lincosamine, clindamycin, moxifloxacin, levofloxacin, ofloxacin,
ciprofloxacin, doripenem, meropenem, tigecycline, linezolide, eperezolide, ramoplanin,

metronidazole, tinidazole, omidazole, and colistin, as well as salts and esters thereof.

Accordingly, the at least one antibiotic can be selected from the group consisting of
gentamicin sulfate, gentamicin hydrochloride, amikacin sulfate, amikacin hydrochloride,

tobramycin sulfate, tobramycin hydrochloride, clindamycin hydrochloride, lincosamine

hydrochloride, and moxifloxacin.

The at least one antiphlogistic agent is preferably selected from the group consisting of non-
steroidal antiphlogistic agents and glucocorticoids. According to a particularly preferred
embodiment, the at least one antiphlogistic agent is selected from the group consisting of
acetylsalicylic acid, ibuprofen, diclofenac, ketoprofen, dexamethasone, prednisone,

hydrocortisone, hydrocortisone acetate, and fluticasone.

The at least one hormone is preferably selected from the group consisting of serotonin,

somatotropin, testosterone, and estrogen.

The at least one growth factor is preferably selected from the group consisting of fibroblast
growth factor (FGF), transforming growth factor (TGF), platelet-derived growth factor (PDGF),
epidermal growth factor (EGF), vascular endothelial growth factor (VEGF), insulin-like growth
factors (IGF), hepatocyte growth factor (HGF), bone morphogenetic protein (BMP),

interleukin-1B, interleukin 8, and nerve growth factor.
The at least one cytostatic agent is preferably selected from the group consisting of alkylating

agents, platinum analogues, intercalating agents, mitosis inhibitors, taxanes, topoisomerase

Inhibitors, and antimetabolites.

The at least one bisphosphonate is preferably selected from the group consisting of

zoledronate and aledronate.
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Moreover, at least one of the pastes can comprise at least one colourant. It is particularly
preferred for the colourant to be a food colourant. According to a particularly preferred
embodiment, the colourant is selected from the group consisting of E101, E104, E132, E141
(chlorophyllin), E142, riboflavin, and lissamine green. According to the invention, the term,

colourants, shall also include colour varnishes, such as, for example, colour varnish green,

the aluminium salt of a mixture of E104 and E132.

According to a particularly preferred embodiment, paste A contains at least 20 % by weight
polymerisable monomer (a1), at least 20 % by weight insoluble filling agent (a2), at least 0.1
% by weight barbituric acid derivative (a3), and at least 0.05 % by weight halide ion donor,
and paste B contains at least 20 % by weight polymerisable monomer (b1), at least 20 % by
weight insoluble filling agent (b2), at least 0.01 % by weight soluble peroxide (b3), at least
0.01 % by weight heavy metal compound (b4), and at least 0,05 % by weight halide ion

donor.

According to another particularly preferred embodiment, paste A contains 15 - 85 % by
weight polymerisable monomer (a1), 15 - 85 % by weight insoluble filling agent (a2), 0.1 - 10
% by weight barbituric acid derivative (a3), and 0.05 - 10 % by weight halide ion donor, and
paste B contains 15 - 85 % by weight polymerisable monomer (b1), 15 - 85 % by weight
insoluble filling agent (b2), 0.01 - 12 % by weight soluble peroxide (b3), 0.001 - 0.05 % by
weight heavy metal compound (b4), and 0.05 - 10 % by weight halide ion donor.

According to the invention, the purpose of the kit containing at least pastes A and B is the

production of bone cement.

For this purpose, the at least two pastes A and B are mixed with each other, upon which

another paste, paste C, is obtained.

The mixing ratio preferably is 0.5 — 1.5 parts by weight of paste A and 0.5 - 1.5 parts by
weight of paste B. According to a particularly preferred embodiment, the fraction of paste A is

30 — 70 % by weight and the fraction of paste B is 30 — 70 % by weight, relative to the total
weight of pastes A and B.
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The mixing process can involve common mixing devices, for example a static mixer or a

dynamic mixer.

The mixing process can proceed in a vacuum. However, the use of the initiator system
according to the invention also allows for mixing of pastes A and B in the absence of a

vacuum without adverse effect on the properties of the bone cement.

Paste C that is ultimately obtained after mixing the pastes of the kit is tack-free according to

the ISO 5833 standard and can be processed without delay.

The bone cement generated from paste C by curing attains high strength approximately six to

eight minutes after mixing the pastes contained in the Kit.

According to a preferred embodiment, the kit according to the invention can be used for
mechanical fixation of articular endoprostheses, for covering skull defects, for filling bone
cavities, for femuroplasty, for vertebroplasty, for kyphoplasty, for the manufacture of spacers,

and for the production of carrier materials for local antibiotics therapy.

In this context, the term, "spacer”, shall be understood to mean implants that can be used

temporarily in the scope of the two-step exchange of prostheses in septic revision surgeries.

Carrier materials for local antibiotics therapy can be provided as spheres or sphere-like
bodies or as bean-shaped bodies. Besides, it is also feasible to produce rod-shaped or disc-
shaped carrier materials that contain bone cement made from the kit according to the

invention. Moreover, the carrier materials can also be threaded onto absorbable or non-

absorbable suture material in a bead-like manner.

The uses according to the invention of bone cement described above are known from the

literature and have been described therein on numerous occasions.

According to the invention, the kit is used for the above-described uses in that, preferably, the
pastes contained in the kit are mixed with each other to produce a paste that is then used in

the above-described uses just like pastes known from the prior art.
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The invention shall be illustrated through the examples described in the following, though

without limiting the scope of the invention.

Examples:

Various kits for producing bone cement were provided in the examples and used to produce

bone cement, and the properties of the bone cement thus obtained were compared.
Example 1 relates to a kit according to the invention containing the two pastes, A and B.

Example 2 relates to a kit according to the invention containing the two pastes, A and B, and,

in addition, gentamicin sulfate as an antibiotic.

Reference example 1 relates to a kit that is known from DE 10 2007 050 762 B3 and contains
the two pastes, A and B.

Reference example 2 relates to a commercially available kit, Palacos® R, containing a liquid
component that contains the monomer to be polymerised, and a solid component that

contains a polymer as filling agent.

Reference example 3 relates to a commercially available kit, Palacos® R+G, containing a

liquid component that contains the monomer to be polymerised, and a solid cdmponent that
contains a polymer as filling agent. Palacos® R+G differs from Palacos® R in that it also

contains, in addition, the antibiotic, gentamicin sulfate.
a) Providing the kits:

To provide the kits of examples 1 and 2 and reference example 1, the respective pastes A
and B were produced by thorough mixing of the respective components (as specified in Table
1). The kits of reference examples 2 (Palacos® R; batch 7034) and 3 (Palacos® R+G; batch

7047) were procured from commercial sources.
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Table 1: Composition of the pastes contained in the kits of examples 1 and 2 and

reference example 1.

b) Production of bone cement using the kits

In examples 1 and 2 and reference example 1, pastes A and B of the respective kit were
mixed with each other thoroughly at a mixing ratio of 1:1. The mixtures thus obtained were

then introduced into rectangular moulds with a height of 3.3 mm and left therein until curing

was complete.
The solid components and liquid components of the respective Kits in reference examples 2

and 3 were mixed vigorously using a vacuum mixing device. The mixtures thus obtained were

then introduced into rectangular moulds with a height of 3.3 mm and left therein until curing

was complete.

C) Properties of the bone cement thus obtained

For the 4-point flexural strength test and flexural modulus test, strips with a length of 75 mm

and a width of 10 mm were sawed from the cement plates obtained after curing was

completed.

The 4-point flexural strength test and flexural modulus test were carried out using a Zwick

Universal testing apparatus after storing the test bodies exposed to air for 24 hours at 23°C.

Cylindrical test bodies with a height of 12 mm and a diameter of 6 mm were produced for the
test of compressive strength. This measurement also was carried out using a Zwick Universal

testing apparatus after storing the test bodies for 24 hours at 23°C.

The results of these tests are shown in Table 2.
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Flexural modulus
[MPa]

2730 £ 17

2350 + 66

1809 + 81

2925 + 50

2945 + 52

Cement 4-point flexural strength

70.5+1.7
57.5+ 2.8
47.0+1.5
68.6 +£0.7
69.0+ 1.3

Example 1
Example 2
Reference example 1

Reference example 2

Reference example 3

Table 2: Results of the 4-point flexural strength and flexural modulus tests on the bone

cements after 24 h of storage exposed to air.

In addition, some test bodies were stored in water at 37 °C for 48 hours right after their
production. Subsequently, the 4-point flexural strength and the flexural modulus were

determined as described above. The results of these tests are shown in Table 3.

Flexural modulus [MPa}
3035 £ 74
2726 % 58
2577 + 94
2882 + 46
2774 + 39

4-point flexural strength
796 5.2
69.4 £ 3.4
68.6 + 1.8
740+ 1.3
66.5+ 14

Cement

Example 1

Example 2
Reference example 1
Reference example 2

Reference example 3

Table 3: Results of the 4-point flexural strength and flexural modulus tests on the bone

cements after 48 h of storage in water.

As is evident from Table 2, the bone cements of examples 1 and 2, which were produced
using the kit according to the invention, show clearly higher 4-point flexural strength and a
clearly higher flexural modulus after 24 h of storage as compared to the bone cement that is
known according to the prior art and is also based on the use of two pastes (reference
example 1). This demonstrates the much increased initial stability of the paste system

according to the invention. In particular, the bone cements of examples 1 and 2, which were
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produced using the kit according to the invention, show 4-point flexural strength and flexural

modulus values after 24 h of storage that are comparable to those of conventional kits

comprising a solid component and a liquid component, but without the prevailing

disadvantages that are associated with the latter systems (e.g. expensive vacuum mixing

systems, poisonous monomer vapours).

Table 3 shows that the stability of the bone cement obtained increases dramatically in
disadvantageous fashion during storage in water, which ultimately is to simulate the
transplantation environment, in the systems known according to the prior art according to

reference example 1, unlike with the systems according to the invention and the known

systems comprising a solid component and a liquid component.

Table 4 shows the relationship of the 4-point flexural strength and flexural modulus values
after 24 h of storage exposed to air and the 4-point flexural strength and flexural modulus

values after 48 h of storage in water (initial 4-point flexural strength and initial flexural

modulus).

Cement Initial 4-point flexural Initial flexural modulus
strength [MPa] [IMPa}

88.6 % 90.0 %

82.9 % 86.2 %

68.5 % 66.4 %

Example 1
Example 2

Reference example 1

Table 4: initial 4-point flexural strength and initial flexural modulus of the bone cements

obtained in examples 1 and 2 and reference example 1.

Table 4 shows for the bone cement produced with the kit according to the invention that the
4-point flexural strength and the flexural modulus are established significantly earlier, in

advantageous fashion, than in the bone cement known according to the prior art.
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CLAIMS:

1. A kit comprising a paste A, a paste B and instructions that paste A and paste B
are for use in the preparation of a bone cement, whereby
(a) paste A contains
(@1) a polymerisable monomer with a pH in water in the range of
o -9,
(@2) afilling agent that is insoluble in (a1); and
(@3) a barbituric acid derivative selected from the group consisting of
1,5-disubstituted barbiturates, 1,3,5-trisubstituted barbiturates,
and 1,3,5-tetrasubstituted barbiturates, and

(b) paste B contains

(b1) a polymerisable monomer with a pH in water in the range of
5-9;

(b2) afilling agent that is insoluble in (b1);

(b3) a peroxide that is soluble in (b1);

(b4) a heavy metal compound that is insoluble in (b1) and selected
from the group consisting of heavy metal salts and heavy metal
complexes,

whereby at least one of the pastes A and B contains a halide salt.

2. The kit of claim 1, characterised in that the polymerisable monomer in paste A

Is a methacrylate monomer.

3. The kit of claim 1 or 2, characterised in that paste A further contains a polymer

that I1s soluble in (a1).

4. The kit of any one of claims 1 - 3, characterised in that the insoluble filling

agent (a2) is a particulate polymer.
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The kit of any one of claims 1 - 4, characterised in that the polymerisable

monomer In paste B is a methacrylate monomer.

The kit of any one of claims 1 - 5, characterised in that paste B further contains

a polymer that is soluble in (b1).

The kit of any one of claims 1 - 6, characterised in that the insoluble filling

agent (b2) is a particulate polymer.

The kit of any one of claims 1 - 7, characterised in that the heavy metal

compound (b4) that is insoluble in (b1) is a basic heavy metal compound.

The kit of any one of claims 1 - 8, characterised In that the halide salt is
contained in paste B and is identical to the heavy metal compound (b4) that is

Insoluble in (b1).

Use of a kit according to any of claims 1 - 8 for producing a paste for
mechanical fixation of articular endoprostheses, for covering skull defects, for
filling bone cavities, for femuroplasty, for vertebroplasty, for kyphoplasty, for the
manufacture of spacers, or for the production of carrier materials for local

antibiotics therapy.
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