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Abstract

The invention proposes an antiseptic composition for use as bone cement, in particular an
antiseptic polymethylmethacrylate bone cement, that can be cured and comprises a content
of at least one component that is a compound with an oxidising effect or from which a com-
pound with an oxidising effect can be released. Preferably, hydrogen peroxide is or can be
released. In this context, it is particularly preferred to use an adduct or a salt of hydrogen
peroxide that releases hydrogen peroxide in the presence of water or aqueous conditions.
The antiseptic polymethyimethacrylate bone cement can be used for mechanical fixation of
primary total articular endoprostheses, for mechanical fixation of revision total articular endo-

prostheses, and for producing spacers.
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ANTISEPTIC POLYMETHYLMETHACRYLATE BONE CEMENT

The invention proposes an antiseptic composition for use as bone cement, in particular an
antiseptic polymethylmethacrylate bone cement, that can be cured and comprises a content
of at least one component that is a compound with an oxidising effect or from which a com-
pound with an oxidising effect can be released. Preferably, hydrogen peroxide is or can be
released. In this context, it is particularly preferred to use an adduct or a salt of hydrogen
peroxide that releases hydrogen peroxide in the presence of water or aqueous conditions.
The antiseptic polymethylmethacrylate bone cement can be used for mechanical fixation of
primary total articular endoprostheses, for mechanical fixation of revision total articular endo-

prostheses, and for producing spacers.

A subject matter of the invention is an antiseptic polymethylmethacrylate bone cement. Said
cement is Intended, in particular, for producing spacers (temporary placeholders) in the
scope of the two-stage septic revision of articular total endoprostheses (TEP).

Articular total endoprostheses are used widely to preserve articular function, mainly in the
knee or hip joint. Shoulder TEPs and elbow TEPs are also used, though to a lesser extent.
The TEPs can be anchored in the bony implant bed by means of polymethylmethacrylate

bone cement or by press-fit in the case of cement-free prostheses.

Unfortunately, despite modern hygiene and surgical techniques, the implantation of TEPs is
still associated with a very low number of infections of the bone and soft tissue surrounding
the TEP. Here, early and late infections need to be distinguished. Early infections are often
caused by pathogens that enter the human tissue during the implantation of the TEP. In late
infections, usually some haematogenic dissemination of pathogens is being discussed. Said
infections are a very serious complication for the patient. in extreme cases, TEP-associated

infections can lead to chronic osteitis and even to life-threatening sepsis in very extreme

Cases.

TEP-associated infections are treated mainly by one-stage and two-stage TEP revisions.
What is essential in either case is that the infected tissue is removed radically in the scope of
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a debridement. In one-stage TEP revision, the primary TEP is explanted and a radical de-
bridement is performed right away and then the revision TEP is mechanically fixed in the
debrided bony implant bed right away using an antibiotics-doped polymethylmethacrylate
bone cement. In two-stage TEP revision, a first surgery is used to remove the infected pri-
mary TEP, followed by debridement of the infected tissue and then a temporary placeholder
consisting of polymethylmethacrylate (spacer) containing an antibiotic, or in most cases two
or more antibiotics, is implanted. Said spacer replicates the primary TEP that has been re-
moved and serves for what is called dead-space management. This means that the spacer
prevents the formation of extensive haematomas that may favour recurrence and largely
prevents atrophy of the muscles and tendon system. Moreover, the antibiotic-doped spacer
continuously releases the antibiotics present therein to the surrounding tissue. Any residual
microbial pathogens that may still be present in the surrounding tissue and, mainly, on the
surface of the spacer are thus controlled effectively. Approx. 4-6 weeks after implantation of
the spacer, it is customary to biopsy the joint and to test the biopsy specimen for the pres-
ence of microbial pathogens. Typical clinical inflammation markers, such as CRP, reddening,
swelling, and temperature increase are detected as well on this occasion. Once it has been
determined that the infection is subsiding, a second surgery is performed to remove the
spacer and perform another debridement. Subsequently, the revision TEP is implanted using

no cement or polymethylmethacrylate bone cement.

It is common to add combinations of antibiotics to the cement powder during spacer produc-
tion, whereby the antibiotics are selected to match the causative microbial pathogens of the

infection (L. Frommelt: Lokale Antibiotikatherapie. In: Septische Knochenchirurgie. Eds. R.
Schnettler, H.-U. Steinau, Georg Thieme Verlag Stuttgart New York 2004, 82-90). It is cus-
tomary to use combinations of two to four antibiotics in this context. However, the use of an-
tibiotics has been the subject of controversial debate due to the formation of resistance. It is
advantageous though that many of the relevant antibiotics, for example gentamicin and van-

comycin, can be excreted renally in virtually unmodified form by the human body.

There have been attempts to incorporate antiseptics instead of antibiotics into polymethyl-

methacrylate bone cements.
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Accordingly, WO 8201990 A1 proposed a bone cement that contains up to 5 % by weight
silver salts. An antimicrobial composition containing up to 10 % by weight elemental silver
and, in addition, titanium dioxide or tantalum oxide was disclosed in US 4849223 A.
EP 1313518 A1 described a bone cement containing silver particles of 20 ym in size. Said
silver particles are made up of smaller silver particles of a size in the nanometre range.

The use of elemental silver or silver salts is an issue since the silver ions, which are actually
meant to act microbicidal, are non-selective and interact not only with microbial structures,
but with human tissue structures as well. Accordingly, poorly water-soluble salts can be
formed with cysteine and cysteine-containing proteins. Moreover, silver ions can react with
phosphate ions to form poorly soluble silver orthophosphate. It must be presumed that silver
compounds introduced into the human body can basically not be eliminated, as is evident

from the long-known phenomenon of argyrosis, i.e. irreversible skin changes due to silver.

EP 1648531 A1 disclosed a polymethylmethacrylate bone cement containing cationic anti-
septics, whereby polyhexamethylenebiguanide is particularly preferred as the antiseptic.
However, an issue to be discussed in this context is that said cationic antiseptics cannot be

degraded by human tissue and there is a risk of local accumulation.

The invention is based on the object to develop a bone cement, preferably a polymethyl-
methacrylate bone cement, which, after an implantation, releases a broad range antiseptic

upon the influence of body fluids, whereby the antiseptic is to show not only a strong tempo-

rary microbicidal effect, but also should or must not accumulate in human tissue in order to

prevent adverse toxic effects. Moreover, the antiseptic is to be released in delayed manner, if

possible.

The object of the invention was met according to claims 1 and 2 of the invention, as well as

according to claims 23 and 24. Preferred embodiments are described in detail in the sub-

claims and in the description.

The invention is based on the rationale to introduce at least one hydrogen peroxide com-

pound into a composition for use as bone cement, such as a polymethylmethacrylate bone
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cement, whereby the hydrogen peroxide compound is capable of releasing hydrogen perox-
ide under defined conditions as a compound with an oxidising effect, preferably by delayed
release. In this context, it is particularly preferred to introduce a hydrogen peroxide adduct
and/or salt into the polymethylmethacrylate bone cement. Preferred adducts and salts re-
lease hydrogen peroxide when exposed to the influence of water or aqueous solutions, such
as aqueous conditions inside the body. Hydrogen peroxide is a broad-range antiseptic that
has a strong microbicidal effect due to its oxidising effect. It is particularly advantageous that
hydrogen peroxide cannot accumulate in the human body, since the human body contains
catalases and peroxidases that degrade hydrogen peroxide. The particular advantage of the
composition according to the invention or the bone cement according to the invention is that
it prevents the formation of resistance by the micro-organisms which can happen with antibi-
otics-based therapies. Another advantage of the use according to the invention is that the
antiseptic effect stays very local, since the afore-mentioned catalases and peroxidases can

degrade the hydrogen peroxide formed.

A subject matter of the invention is a composition for use as bone cement, in particular a po-
lymethylmethacrylate bone cement, whereby the composition is curable and comprises a
content of at least one component that is a compound having an oxidising effect or from
which a compound having an oxidising effect can be released, whereby the oxidising com-
pound Is released from the component in the presence of water. Another subject matter of
the invention is the use of at least one compound having an oxidising effect in an antiseptic

bone cement. Preferably, the compound having an oxidising effect is released from the com-
ponent in the form of hydrogen peroxide in the presence of H,O, such as moisture, water or
In aqueous conditions of a body fluid. For this reason, compounds having an oxidising effect
according to the invention include hydrogen peroxide or compounds that contain at least one
peroxy group (—-O-0O-) and react with water while releasing hydrogen peroxide (H,O,, H-O-
O-H).

According to the invention, the composition is an antiseptic polymethylmethacrylate bone

cement.
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A broad-range antiseptic, the hydrogen peroxide that is released in delayed manner can re-
duce surface pathogens on spacers or endoprostheses and is in turn degraded in the body
by catalase (gene name: CAT), an enzyme that converts hydrogen peroxide (H,O,) to form
oxygen (O,) and water (H,O). By this means, the antimicrobial efficacy is limited locally to the
region of the implant, spacer or endoprosthesis and does not accumulate in the body of the
patient.

Another subject matter of the invention is a composition for use as bone cement, in particular
a polymethylmethacrylate bone cement, whereby the composition is curable and releases
hydrogen peroxide or whereby hydrogen peroxide can be released and/or delivered from the
composition. Particularly preferably, the hydrogen peroxide is released from the curable or
cured composition by delayer release. Preferably and in particular, part of the hydrogen per-
oxide is released right away, i.e. within up to 4 or 6 weeks, in order to kill existing pathogens
immediately, preferably followed by the release of lower concentrations, if applicable, over
the subsequent period of time, whereby the concentration may continue to decrease.

Also a subject matter of the invention is a composition for use as bone cement, in particular a
polymethylmethacrylate bone cement, particularly preferably an antiseptic bone cement. In
this context, the composition is curable and contains, preferably as a component, a hydrogen
peroxide compound that is hydrogen peroxide or releases hydrogen peroxide. Preferably, the
hydrogen peroxide compound is selected from hydrogen peroxide, a hydrogen peroxide ad-
duct, a hydrogen peroxide complex, a hydrogen peroxide salt, a co-crystal including hydro-
gen peroxide, a hydrogen peroxide-releasing compound, such as, for example, a compound
releasing hydrogen peroxide due to enzyme action, a solution containing solid hydrogen per-
oxide having a non-stoichiometric composition or a mixture containing at least two of the
afore-mentioned compounds. According to the invention, the hydrogen peroxide can be re-
leased from the hydrogen peroxide compound, preferably after a curing process, such as by
polymerisation of a liquid monomer and at least one organic polymer that is soluble in said

monometr.

The afore-mentioned hydrogen peroxide compounds, preferably the afore-mentioned ad-
ducts, salts, complexes and/or co-crystals can, in general, be used independently of each
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other in the composition as polymorphs, hydrates, such as stoichiometric or non-
stoichiometric hydrates, as solvates or in amorphous form. Using hydrogen peroxide salts or
hydrogen peroxide adducts, complexes, or co-crystals, generally all pharmaceutically ac-
ceptable compounds or compounds approved according to the drug laws are suitable to be
present as second molecular compound or as organic or inorganic ionic compound in the
afore-mentioned hydrogen peroxide compounds. The cations of sodium, potassium, magne-

sium, calcium and/or zinc are preferred.

In general, pharmacologically acceptable compounds are used as hydrogen peroxide com-
pounds in the composition, preferably in the bone cement. Pertinent examples include glu-

conate, maleate, etc.

The term, polymethylmethacrylate bone cement, shall be understood to refer to conventional
cements, in which a polymer powder component and a liquid monomer component are mixed
to form a self-curing cement dough through radical polymerisation. This term also includes
pasty polymethylmethacrylate bone cements, in which two separate pre-swelled cement
pastes are mixed to produce a self-curing cement dough. Examples include unexamined
German patent applications DE 102007050762 B3, DE 102010024653 B4, and
DE 102010005956 B4.

The composition according to the invention, which can be used as bone cement, preferably
comprises at least a) hydrogen peroxide, a hydrogen peroxide adduct, a hydrogen peroxide
complex or a hydrogen peroxide salt that releases hydrogen peroxide as compound having
an oxidising effect in the presence of moisture, water, aqueous conditions or an aqueous
solution, and/or b) a hydrogen peroxide compound that releases hydrogen peroxide in en-
zyme-catalysed manner. Therefore, according to an alternative, a hydrogen peroxide com-
pound that releases hydrogen peroxide due to the presence of an enzyme can be used as

hydrogen peroxide-releasing compound just as well.

An antiseptic polymethylmethacrylate bone cement comprising at least one hydrogen perox-
ide adduct or hydrogen peroxide salt that releases hydrogen peroxide in the presence of wa-
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ter, moisture, in aqueous solutions or aqueous conditions, in particular from the cured state,
Is particularly preferred according to the invention.

Furthermore, it is preferred not to use an acidic compound and no peroxy acid, such as per-
acetic acid, as hydrogen peroxide compound. However, generally, a salt of a peroxy acid can
be used, such as an alkali or alkaline earth metal salt or zinc salt of peroxy acids that also act

as buffers.

Components that are particularly preferred according to the invention, such as at least one
hydrogen peroxide compound, comprise at least one urea-hydrogen peroxide adduct (CAS
124-43-6) and/or a sodium percarbonate (CAS 15630-89-4, an adduct of hydrogen peroxide

and sodium carbonate).

According to an also preferred alternative, a hydrogen peroxide salt such as calcium perox-
ide (CAS 1305-79-9), calcium peroxide octahydrate (CAS 78403-22-2) and/or sodium perox-
ide (1313-60-6) or a mixture comprising the afore-mentioned is used as component, prefera-
bly as hydrogen peroxide compound. According to yet another also preferred alternative, a
mixture comprising an urea-hydrogen peroxide adduct and calcium peroxide is used in the
composition as component, in particular as hydrogen peroxide compound. The mixtures
comprising urea-hydrogen peroxide adduct and caicium peroxide are particularly advanta-
geous since the urea-hydrogen peroxide adduct releases hydrogen peroxide relatively rap-
idly in the presence of water. In contrast, calcium peroxide releases hydrogen peroxide more

slowly in the presence of water. Not only hydrogen peroxide, but also calcium hydroxide is
produced during this hydrolysis. Calcium hydroxide is a medium strength base that can be
scavenged by means of buffer substances, in particular the alkali salts of buffer substances,

for example while forming insoluble salts.

Combining hydrogen peroxide compounds having different, but defined hydrogen peroxide
release profiles therefore allows the release rate, the duration of release, and the local con-
centration of hydrogen peroxide on the surface and/or in the tissue surrounding the cured
composition, such as an implant or spacer, to be controlled very well and according to need.
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To adjust the release of hydrogen peroxide as desired, the composition, in particular the
bone cement, can contain 0.001 to 10 % by weight, in particular 0.01 to 5 % by weight, pref-
erably from 0.01 to 2.5 % by weight, more preferably between 0.01 and 1 % by weight of the
hydrogen peroxide compound, relative to the total composition. In this context, the composi-
tion can just as well be produced by mixing two or more pastes or a paste and a powder
component, whereby the hydrogen peroxide compound can be present in one or both pastes
and just as well in the powder composition. It Is preferred in this context that the hydrogen
peroxide compound is present in the composition at a content that corresponds to a content
of approx. 0.01 to 5 % by weight after curing. According to the invention, at least one hydro-
gen peroxide adduct or hydrogen peroxide salt is present in the cured polymethylmethacry-
late bone cement In a range from 0.01 to 5 % by weight, preferably between 0.01 to 1 % by
weight.

An adduct is understood to be a chemical species AB that comprises molecules by direct
combination of two separate molecules A and B in a manner formed by changes in possible
connectivity, but without loss of atoms in molecules A and B. An adduct can have properties
that differ from those of the separate molecules. The stoichiometry of adducts can be 1:1, but
can also be any other conceivable stoichiometry, such as, for example, a bis-adduct (2:1) or
2:3 adduct, etc. An intramolecular adduct can be formed when groups A and B are present in
the same molecular entity. Lewis adducts, m adducts, o adduct or complexes are also
known. A complex is understood to be a molecular unit formed by loose association of two or

more molecular compounds that can be ionic or uncharged. The term, electron donor-
acceptor complexes, inter alia, is also known. A co-crystal is understood to be a crystalline
compound, in which the stoichiometry of the participating molecules is fixed and which are

usually formed through hydrogen bridge bonds or weak interactions, such as, for example,
(1)C-H-O/N-, -(O)C-H-O/N- bonds.

For example pharmaceutically acceptable adducts of sodium acetate, sodium citrate, suc-
cinimide, asparagine, hexamethylene tetramine and further adducts of hydrogen peroxide
and pharmaceutically acceptable molecules or salts can be used as hydrogen peroxide ad-

ducts.
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Numerous proposals have been made in attempts to improve the stability on storage of hy-
drogen peroxide adducts; DE 681205 C proposed to impregnate the hydrogen peroxide-urea
adduct with water-repelling agents, e.g. with fats or waxes. DE 687217 C described the addi-

tion of surface-active substances. According to U 3629331 A, it is recommended to add
ethylenediamine tetraacetic acid (EDTA) and sodium dihydrogenphosphate to the urea per-
oxide. Moreover, 3 to 9 % by weight colloidal silica can be added to improve the flow proper-
ties. DE 1169901 B describes a method for producing hydrogen peroxide-containing pastes,
In which hydrogen peroxide or urea perhydrate are dissolved in polyethylene oxides.

Moreover, it is preferred that the composition comprises at least one buffer substance, pref-
erably a buffer substance from the group of primary alkali phosphates, secondary alkali
phosphates, primary alkali citrates, secondary alkali citrates and/or a salt of carboxylic acids,
In particular having 1 to 20 C atoms, preferably a salt of a fruit acid, a salt of an alpha-
hydroxy acid and/or a salt of a fatty acid, in particular having 1 to 20 C atoms. Particularly
preferred salts of the afore-mentioned acids are the alkali, alkaline earth and/or zinc salts of
citric acid, malic acid, tartaric acid and/or lactic acid. Particularly preferred salts comprise the
cations of sodium, potassium, magnesium and/or zinc of the afore-mentioned phosphates or

carboxylates.

Accordingly, a salt, in particular a water-soluble salt, of a fruit acid, for example from the
group of citric acid, malic acid, salicylic acid, tartaric acid, and lactic acid can be present in
the antiseptic polymethylmethacrylate bone cement. Using this buffer substance in appropri-
ate amounts allows the calcium hydroxide produced during hydrolysis of calcium peroxide to
be neutralised. It is equally suitable to use alkali, alkaline earth, zinc salts of a-

hydroxycarboxylic acids or fatty acids having 1 to 8 C atoms as buffer substances.

In this context, the buffer substance for controlling the pH and/or for controlling the release of
hydrogen peroxide can be present together with the hydrogen peroxide compound i) as an
adduct including a buffer substance, ii) in a co-crystal together with the buffer substance, iii)
In a formulation together with at least one buffer substance, in particular as granulate, com-

pactate, extrudate, in a matrix, a coated formulation, an enveloped pellet, or iv) in a mixture
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including at least one buffer substance, each optional in the presence of a further buffer sub-
stance and/or further customary pharmaceutical excipients and/or release-delaying coating

agents.

According to another embodiment, the hydrogen peroxide compound can be embedded in or
enveloped by an acrylate that can be swelled by H,O and is, in particular, pore-forming and
eroding in order to control the delayed release kinetics even more strongly. EUDRAGIT®

powder masses, for example, are typical delayed release acrylates.

It is particularly advantageous if the calcium peroxide and the buffer substance were granu-
lated jointly and said granulates are added to the polymethylmethacrylate bone cement. The
special advantage is that each grain of granulate contains a buffer substance that stabilises
the pH during hydrolysis of the calcium peroxide. This all but prevents local alkaline reac-
tions. The buffer substance content of the composition can be between 0.001 to 10 % by
weight, preferably from 0.001 to 5 % by weight, particularly preferably from 0.001 to 2.5 % by
weight, even more preferably between 0.001 to 1 % by weight, each relative to the total
composition. In a formulation containing it jointly with the hydrogen peroxide compound, said
concentration can be lower than when the hydrogen peroxide compound and buffer sub-

stance are simply mixed with the polymer and monomer.

The compositions according to the invention are bone cements comprising at least one or-
ganic polymer or mixtures of organic polymers, which are soluble, in particular, in the mono-
mers, whereby the polymers are polyacrylates. The organic polymer is selected, in particular,
from poly(alkyl-2-acrylic acid alkylester), poly(aryl-2-acrylic acid alkylester), poly(arylalkyl-2-
acrylic acid alkylester), each independently having 1 to 18 C atoms in the alkyl group, in par-
ticular having 1 to 4 C atoms, each independently having 6 to 13 C atoms in the aryl group,
in particular having 6, 10, 12 or 13 C atoms, each independently having 6 to 14 C atoms in
the arylalkyl group, in particular having 8 to 12 C atoms, and each independently having 1 to

10 C atoms in the alkylester group, in particular having 1 to 4 C atoms, or a mixture compris-

iIng at least two of said polymers.
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It is particularly preferred for the organic polymer, in particular a polymer that is soluble in the
monomer, to be selected from the group of poly(methacrylic acid methylester),
poly(methacrylic acid ethylester), poly(methylmethacrylic acid propylester), poly(methacrylic
acid Isopropylester), poly(methylmethacrylate-co-methylacrylate), poly(styrene-co-
methylmethacrylate), copolymers of said compounds, and a mixture comprising at least two

of said polymers, whereby polymethylmethacrylate (PMMA) is used particularly preferably.

A polymer that is soluble in the monomer for radical polymerisation shall be understood to be
a polymer of which at least 10 g/l, preferably at least 25 g/l, more preferably at least 50 g/,
and even more preferably at least 100 g/l dissolve in said monomer for radical polymerisa-
tion. The polymer that is soluble in the polymerisable monomer can be a homopolymer or a
copolymer. Said soluble polymer preferably is a polymer with a mean (by weight) molar mass
(Mw) of at least 150,000 g/mol, in particular at least 200,000 g/mol and up to more than or
equal to 5,000,000 g/mol. The soluble polymer can, for example, be a polymer or copolymer
of a methacrylic acid ester. According to a particularly preferred embodiment, the at least one
soluble polymer is selected from the group consisting of polymethacrylic acid methylester,
polymethacrylic acid ethylester (PMAE), polymethacrylic acid propylester (PMAP), polyme-
thacrylic acid isopropylester, poly(methylmethacrylate-co-methylacrylate), poly(styrene-co-

methylmethacrylate), and a mixture of at least two of said polymers.

The amount of the polymer that is soluble in said monomer for radical polymerisation that is
present in the composition according to the invention usually is In a range of 1 to 85 % by
weight, relative to the total weight of the composition according to the invention. Accordingly,
the polymer content of the following pastes A and/or B, and of powder component D and/or
powder component C can, independent of each other, be 1 to 85 % by weight relative to the

respective total composition of paste, powder component or monomer component.

At least one poly(methacrylic acid methylester) and methacrylic acid methylester (MMA) are
used as particularly preferred organic polymer and as monomer, respectively, whereby mix-

tures thereof including further monomers or a copolymer of PMMA can be used just as well.
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Polymers, in particular polyacrylates, having a molecular weight (MW) of preferably more
than or equal to 200,000 g/mol are used as polymers that are soluble in the monomers for
producing powder components, whereby molecular weights of more than or equal to 500,000
g/mol are preferred. Polymers having a molecular weight of less than or equal to 500,000
g/mol can also be used in pastes. In this context, the suitable molecular weight is deter-
mined, on the one hand, by whether a paste or a powder component is being produced and
by the further components present in the paste, and by the polymer having to be soluble in
the monomer that is used.

The monomers for radical polymerisation used in the composition, inter alia in the monomer
component or as monomer component, are preferably selected from at least one alkyl-2-
acrylic acid alkylester, aryl-2-acrylic acid alkylester, arylalkyl-2-acrylic acid alkylester, each
independently having 1 to 20 C atoms, preferably having 18 C atoms in the linear, branched
or cyclic alkyl group, in particular having 1 to 4 C atoms, each independently having 6 to 13
C atoms in the aryl group, each independently having 6 to 14 C atoms in the arylalkyl group,
in particular having 8 to 12 C atoms, and each independently having 1 to 20 C atoms in the
alkylester group, preferably having1 to 10 C atoms in the alkylester group, whereby the al-
kylester group can comprise a linear, branched or cyclic alkyl group, in particular having 1 to
4 C atoms, or be a mixture comprising at least two of said monomers, whereby methacrylic
acid methylester, a methacrylic acid ester or an alkylacrylic acid methylester are preferred.
Methacrylic acid methylester, such as a methacrylate monomer, in particular a methacrylate
monomer that is liquid at a temperature of 25°C and a pressure of 1,013 hPa, is particularly
preferred. Preferably, the monomer for radical polymerisation is not a bisphenol A-derived

methacrylic acid ester.

Preferably, the methacrylate monomer is a methacrylic acid ester. Preferably, the methacrylic
acid ester is a mono-functional methacrylic acid ester. Preferably, said substance is hydro-
phobic. The use of hydrophobic monofunctional methacrylic acid esters allows later in-

creases in bone cement volume due to the uptake of water and thus damage to the bone to
be prevented. According to a preferred embodiment, the monofunctionali 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,
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hydroxyl groups, amide groups, sulfonic acid groups, sulfate groups, phosphate groups or
phosphonate groups.

The monomer for radical polymerisation used according to the invention preferably has a
molar mass of less than 1,000 g/mol. This also comprises monomers for radical polymerisa-
tion that are components of a mixture of monomers, whereby at least one of the monomers
for radical polymerisation of the mixture of monomers has a defined structure with a molar

mass of less than 1,000 g/mol.

The monomer for radical polymerisation is preferably characterised in that an aqueous solu-
tion, preferably one to which the monomer for radical polymerisation was added 1 : 1, has a
pH in the range of 5 to 9, preferably in the range of 5.5 to 8.5, even more preferably in the
range of 6 to 8, and particularly preferably in the range of 6.5 to 7.5.

According to a particularly preferred embodiment, the methacrylate monomer is methacrylic
acid methylester, methacrylic acid ethylester or a mixture of said two monomers.

Preferably, the paste according to the invention contains an amount of the monomer for radi-
cal polymerisation in a range of 15 to 85 % by weight, more preferably 20 to 70 % by weight,
even more preferably 25 to 60 % by weight, and particularly preferably 25 to 50 % by weight,
each relative to the total weight of the paste according to the invention.

Also a subject matter of the invention are compositions comprising a particulate inorganic
additive, in particular one having a BET surface of at least 40 m?/g, whereby the additive
preferably comprises covalently bound hydroxyl groups. Particulate inorganic additives that
are suitable according to the invention comprise HO-Si groups that are covalently bound to
the particles (silanol groups). Said hydroxyl groups that are arranged on the surface of the
particles allow hydrogen bonds between the filling agent particles to form, which can be re-

leased reversibly through the action of mechanical or thermal energy.
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The particulate inorganic additive is selected from the group of pyrogenic silicon oxide, pyro-
genic mixed metal-silicon oxides, bentonite, montmorilionite, and a mixture containing at

least two of said additives.

Moreover, it is also feasible to use pyrogenic silicon dioxide made hydrophobic. The hydro-
phobic silicon dioxide can be produced according to the prior art through treating pyrogenic
silicon dioxide with dialkyldichlorosilanes (e.g. dimethyldichlorosilane).

Pyrogenic silicon dioxide with a BET surface of at least 40 m%/g, particularly preferably of
200 m?/g, and most preferably of 300 m%g, is particularly preferred as particulate inorganic
filling agent. Said pyrogenic silicon dioxide is commercially available by the brand name of
Aerosil® having specific BET surfaces of 50 m?/g, 90 m%g, 200 m?g, and 380 m%g.

Pyrogenic silicon oxide having a BET surface of at least 200 m?/g is particularly preferred. It
IS also preferred to use as particulate inorganic additive a pyrogenic silicon oxide having a
BET surface of at least 300 m“/g. The particulate inorganic additives that are suitable accord-
Ing to the invention preferably comprise primary particles of approx. 7 nm having a specific
surface of 270 to 330 m“/g.

The BET measurement is an analytical procedure for characterisation of the surface of solids
by means of gas adsorption. Said determination method is described in DIN ISO 9277:2003-

05 (Determination of the specific surface of solids by gas adsorption according to the BET

method.

A composition according to the invention comprises, aside from the soluble organic polymer,
in particular polymethylmethacrylate (PMMA), and the monomer for radical polymerisation, in
particular methacrylic acid methylester, a particulate inorganic additive, preferably at a con-
centration from 0.01 to 0.5 % by weight, in particular from 0.01 to 0.25 % by weight, prefera-

bly from 0.02 — 0.14 % by weight relative to the total composition. According to the invention,
the cement dough produced by mixing the powder component and the liquid monomer com-
ponent comprises the particulate inorganic additive at a concentration from 0.01 - 0.14 % by
weight. In addition to the components mentioned above, a composition according to the In-
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vention comprises a radiopaquer, a polymerisation initiator and/or a polymerisation accelera-
tor and, optionally, additional filling agents other than the additive that simply possess a

thickening effect.

Moreover, the composition can contain customary inorganic or organic filling agents, such as

silicon dioxide having a BET surface of significantly less than 35 m“/g.

According to an embodiment of the invention, a kit, preferably for producing a composition
and/or bone cement according to the invention comprising a paste A and a paste B is dis-
closed, whereby

(a) paste A contains

(a1) atleast one monomer for radical polymerisation, in particular at 15 to 85 % by weight,
preferably at 20 to 70 % by weight, more preferably at 25 to 60 % by weight, even more pref-
erably at 25 to 50 % by weight;

(a2) at least one organic polymer that is soluble in (a1), in particular at 5 to 50 % by
weight, preferably at 10 to 40 % by weight, even more preferably at 20 to 30 % by weight;
and

(a3) at least one polymerisation initiator, in particular at 0.1 to 10 % by weight, preferably
at 0.01 to 8 % by weightt even more preferably at 0.01 to 5 % by weight,

and, optionally, further ingredients, such as radiopaquer and/or filling agent that is insoluble

In (@1), each relative to the total weight of paste A; and

(b) paste B contains

(b1) at least one monomer for radical polymerisation, in particular at 15 to 85 % by weight,
preferably at 20 to 70 % by weight, more preferably at 25 to 60 % by weight, even more pref-
erably at 25 to 50 % by weight;

(b2) at least one organic polymer that is soluble in (b1), in particular at 5 to 50 % by
weight, preferably at 10 to 40 % by weight, even more preferably at 20 to 30 % by weight;
and

(b3) at least one polymerisation accelerator, in particular at 0.0005 to 0.5 % by weight,
and, optionally, further ingredients, such as radiopaquer and/or filling agent that is insoluble
In (b1), each relative to the total weight of paste B, and whereby at least one of pastes A and

B comprises as component (a4) or (b4) or both pastes A and B comprise as components
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(@a4) and (b4) at least one content of a hydrogen peroxide compound, preferably from 0.001
to 10 % by weight, more preferably from 0.001 to 5 % by weight, particularly preferably from
0.001 to 2.5 % by weight, even more preferably between 0.001 and 1 % by weight, relative to -
the total composition of a paste.

In this context, each of the pastes can contain the particulate inorganic additive at a concen-
tration of 0.001 to 2 % by weight, in particular 0.001 to 1 % by weight, such that 0.01 to 0.5 %
by weight of the additive, in particular from 0.01 to 0.25 % by weight, preferably 0.02 - 0.14 %
by weight, relative to the total composition can be present in the composition that can be ob-
tained through mixing pastes A and B at a ratio of approximately 1 to 1 (plus/minus 0.5 in
either value).

The same applies in like manner to the following powder component C and paste D.

The monomers and polymers defined above are used as monomers and polymers in pastes
A and B.

According to a further embodiment, a kit, preferably for producing a composition and/or bone
cement according to the invention, comprising a powder component C and a monomer com-
ponent D is disclosed, whereby the

(C) powder component C contains

(c1) at least one powder-shaped polyacrylate, in particular at 1 to 95 % by weight, preferably
up to 85 % by weight;

(c2) at least one powder-shaped radiopaquer, in particular at 3 to 60 % by weight, preferably
3 to 30 % by weight; and

(c3) at least one polymerisation initiator, in particular at 0.1 to 10 % by weight, preferably
at 0.01 to 8 % by weight, even more preferably at 0.01 to 5 % by weight, and, optionally, fur-
ther ingredients, such as radiopaquer and/or filling agent that is insoluble in (a1), each rela-
tive to the total weight of powder component C;

and the

(d) monomer component D contains
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(d1) at least one monomer for radical polymerisation, in particular at 90 to 99.9995 % by
weight;

(d2) optionally, at least one organic polymer that is soluble in (d1);

(b3) at least one polymerisation accelerator, in particular at 0.0005 to 0.5 % by weight,
and, optionally, further ingredients, such as radiopaquer and/or filling agent that is insoluble
In (d1), each relative to the total weight of monomer component D, and whereby at least
powder component C or monomer component D comprises as component (c4) or (c4) or
powder component C and monomer component D comprise as components (c4) and (d4) at
least one content of a hydrogen peroxide compound, preferably from 0.001 to 10 % by
weight, more preferably from 0.001 to 5 % by weight, particularly preferably from 0.001 to 2.5
% by weight, even more preferably between 0.001 and 1 % by weight, relative to one total

composition of C or D.

In this context, it is preferable to use as hydrogen peroxide compound the afore-mentioned
compounds, in particular hydrogen peroxide, hydrogen peroxide adducts, hydrogen peroxide
complexes, hydrogen peroxide salts, hydrogen peroxide co-crystals, hydrogen peroxide-
releasing compounds or mixtures containing at least two of the afore-mentioned compounds
In one of the pastes A and/or B or, alternatively, in powder component C and/or monomer

component D at the specified amounts, each relative to 100 % by weight of the total compo-

sition.

Another subject matter of the invention is a kit containing a content of a buffer substance or
of a mixture of buffer substances is present as component (a4) or (b5) in at least one of the
pastes A or B or as component (a4) and (b5) in both pastes A and B. Also a subject matter of
the invention is a kit containing a content of a buffer substance or of a mixture of buffer sub-
stances as component (c5) or (d5) in powder component C or monomer component D or as
component (c5) and (d5) in both powder component C and monomer component D. The con-
tent of buffer substance can be between 0.001 to 10 % by weight of the respective total
composition of the pastes or of the monomer and powder components, preferably from 0.001

to 5 % by weight, particularly preferably from 0.001 to 2.5 % by weight, even more preferably
between 0.001 to 1 % by weight.
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An organic polymer in the form of a powder according to the preceding definition is used as
powder-shaped polyacrylate, whereby powder-shaped PMMA is preferred. In general, an
additive content can be present both in the powder component and in the paste.

In the case of a composition according to the invention that was obtained by combining two
pastes A and B or powder component C and monomer component D of a two-component
system, said composition preferably contains at least one polymerisation initiator (that was

present in the one paste/component of the two-component system) and at least one polym-
erisation accelerator (that was present in the other paste/component of the two-component

system).

The monomers and polymers defined above are used as monomers and polymers in powder

component C and monomer component D.

Usually, paste A and/or B and powder component C and/or monomer component D contain a

radiopaquer, each independent of each other.

The above-mentioned pastes A and B can be mixed with each other at any arbitrary ratio,
whereby the use of pastes A and B at a ratio of essentially 1:1 for mixing has proven to be
preferred, whereby the ratio can vary by plus/minus 50 % independent of each other.

The compositions, pastes and/or powder components according to the invention can contain
at least one polymerisation initiator (which preferably is soluble in the monomer for radical
polymerisation), at least one polymerisation accelerator (which preferably is soluble in the
monomer for radical polymerisation), at least one co-polymerisation accelerator, if applicable,

or at least one co-polymerisation initiator, if applicable.

In the case of a one-component system being the composition according to the invention, the
polymerisation initiator preferably is an activatable polymerisation initiator, e.g. a photoinitia-
tor that is dissolved or suspended in the composition, which is present as a paste, or a
photoinitiator system that is dissolved or suspended in the paste. [t is feasible just as well to
provide an initiator or initiators where itthey are temporarily in contact with the paste, for ex-
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ample in a container part, a dosing facility or a transport cannula. Moreover, in a one-
component system, the composition or paste according to the invention can also contain an
electrically conductive radiopaquer aside from the activatable polymerisation initiator. Parti-
cles made of cobalt, iron, NdFeB, SmCo, cobalt-chromium steel, zirconium, hafnium, tita-
nium, titanium-aluminium-silicon alloys, and titanium-niobium alloys having a particle size of
0.5-500 um are particularly well-suited in this context. It is feasible to induce eddy currents in
said electrically conductive radiopaquer through alternating magnetic fields of a frequency in
the range of 500 Hz to 50 kHz which cause the radiopaquer to heat up. Due to heat trans-
mission, the initiator is heated as well and induced to thermally disintegrate.

Also a subject matter of the invention is a curable bone cement that can be obtained by mix-
ing pastes A and B or powder component C and monomer component D, as well as a cured
bone cement that can be obtained by polymerising a composition according to the invention
or can be obtained by mixing and polymerising pastes A and B or powder component C and
monomer component D, whereby the bone cement comprises a content of hydrogen perox-
ide compound of more than or equal to 0.01 % to 5 % by weight, preferably from 0.01to 1 %
by weight, relative to the total composition. Preferably, the hydrogen peroxide compound is
released by delayed release from the curable or cured composition only in the presence of
water, moist or aqueous conditions, particularly preferably only after curing.

Another subject matter of the invention is a cured bone cement, whereby a) the hydrogen
peroxide compound as defined above preferably is a hydrogen peroxide adduct, a hydrogen
peroxide complex, a hydrogen peroxide co-crystal or a hydrogen peroxide salt that releases
hydrogen peroxide as compound having an oxidising effect in the presence of moisture, wa-
ter, aqueous conditions or an aqueous solution, and/or b) is a hydrogen peroxide compound
that releases hydrogen peroxide catalysed by enzymes, whereby the hydrogen peroxide is

released by delayed release in a) and b).

Another subject matter of the invention is a form body that can be obtained through polym-
erisation of a composition according to the invention or by mixing pastes A and B or powder
component C and monomer component D, and carrying out a polymerisation. It is also pre-
ferred in this context that the hydrogen peroxide compound in the cured form body releases
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hydrogen peroxide only upon contact to water, moisture or aqueous conditions, such as body
fluid. Particularly preferably, the cured form body comprises 0.01 to 5 % by weight of the hy-
drogen peroxide compound, relative to the total cured form body, such as preferably the at
least one hydrogen peroxide adduct or hydrogen peroxide salt in the cured polymethyl-
methacrylate bone cement.

Another subject matter of the invention is the use of a composition according to the invention
or of a kit according to the invention for producing an implant, an antiseptic implant, a revi-
sion implant, for mechanical fixation of primary total articular endoprostheses, for mechanical
fixation of revision total articular endoprostheses, for augmentation of osteoporotic bone tis-
sue and, particularly preferably, for vertebroplasty, kyphoplasty, and augmentation of drill
holes in osteoporotic bone tissue, for filling bone cavities, for femuroplasty, for the manufac-
ture of spacers, for mechanical fixation of articular endoprostheses, for covering skull defects
or for the production of carrier materials for local antibiotics therapy or as carrier material for

local release of pharmaceutically active substances.

Conceivable as polymerisation initiator are, in particular, peroxides and barbituric acid deriva-
tives, whereby preferably at least 1 g/l, more preferably at least 3 g/l, even more preferably at
least 5 g/l, and particularly preferably at least 10 g/l of the peroxides and barbituric acid de-
rivatives can dissolve(s) in the polymerisable monomer at a temperature of 25°C. The po-
lymerisation initiators disintegrate through radical reactions, usually while forming hydrogen
radicals and cleaving off oxygen. The initiator does not form hydrogen peroxide in the pres-
ence of water. Cumene hydroperoxide can become rearranged in the presence of water to

form ketone and phenol. Radicals such as H-O-Oe, R-O-Oe, R = organic residue, are not

considered to be hydrogen peroxide.

According to the invention, a peroxide is understood to mean compounds that contain at
least one peroxo group (-O-0-). The peroxide preferably comprises no free acid groups. The

peroxide can be an inorganic peroxide or an organic peroxide, such as, for example, a toxi-
cologically acceptable hydroperoxide. However, the hydroperoxide is not a hydrogen perox-
ide. According to a particularly preferred embodiment, the peroxide is selected from the

group consisting of cumene-hydroperoxide, 1,1,3,3-tetramethylbutyl-hydroperoxide, t-butyl-



10

15

20

25

30

1 .
CA 02830573 2013-10-21

21

hydroperoxide, t-amyl-hydroperoxide, di-isopropylbenzen-mono-hydroperoxide, and a mix-

ture of at least two of these substances.

The barbituric acid derivative preferably is a barbituric acid derivative selected from the group
consisting of 1-mono-substituted barbiturates, 5-mono-substituted barbiturates, 1,5-di-
substituted barbiturates, and 1,3,5-tri-substituted barbiturates. According to a particular re-
finement of the paste according to the invention, the barbituric acid derivative is selected
from the group consisting of 1,5-di-substituted barbiturates and 1,3,5-tri-substituted barbitu-

rates.

There is no limitation with regard to the type of substituents on the barbituric acid. The sub-
stituents 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 het-
ero atoms. In particular, the substituents can be thiol substituents. Accordingly, 1,5-
disubstituted thiobarbiturates or 1,3,5-trisubstituted thiobarbiturates can be preferred. Ac-
cording to a preferred embodiment, the substituents each have a length of 1 to 10 carbon
atoms, more preferably a length of 1 to 8 carbon atoms, and particularly preferably a length
In the range of 2 to 7 carbon atoms. According to the invention, barbiturates bearing one
substituent each at position 1 and position 5 or a substituent at positions 1, 3, and 5 are pre-
ferred. According to another preferred embodiment, the barbituric acid derivative is a 1,5-
disubstituted barbiturate or a 1,3,5-trisubstituted barbiturate. According to a particularly pre-
ferred 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.

Heavy metal compounds selected from the group consisting of heavy metal salts and heavy
metal complexes are preferred as polymerisation accelerator. Heavy metal compounds that
are preferred according to the invention are selected from the group consisting of copper(l!)
hydroxide, copper(ll) methacrylate, copper(ll) acetylacetonate, copper(ll)-2-ethyi-hexanoate,
cobalt(ll) hydroxide, cobalt(ll)-2-ethyl-hexanoate, basic copper(il) carbonate, iron(li)-2-ethyi-
hexanoate, iron(lll)-2-ethyl-hexanoate, and a mixture of at least two of these substances.
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According to another refinement of the composition or paste according to the invention, the
polymerisation accelerator is selected from the group consisting of N,N-dimethyl-p-toluidine,
N,N-bis-hydroxyethyl-p-toluidine, = N,N-dimethyl-aniline, trioctylmethylammoniumchloride,
tetrabutylammoniumchloride, lithium chloride, saccharin, 1,8-diazabicyclo[5.4.0lundec-7-ene,
and 1,5-diazabicyclo(4.3.0)non-5-ene, phthalimide, maleimide, succinimide, pyromellitic acid

diimide, and a mixture of at least two of these substances.

Another advantageous refinement of the invention comprises the use, as polymerisation ac-
celerator, of combinations of heavy metal salts and at least one member of the group com-
prising N,N-dimethyl-p-toluidine, N,N-bis-hydroxyethyl-p-toluidine, N,N-dimethyl-aniline, trioc-
tylmethylammoniumchloride, tetrabutylammoniumchloride, lithium chloride, saccharin, 1,8-
diazabicyclo[5.4.0Jundec-7-ene, and 1,5-diazabicyclo(4.3.0)non-5-ene, phthalimide, maleim-
ide, succinimide, and pyromellitic acid diimide. Combinations of two and combinations of
three different polymerisation accelerators in this context are disclosed in the scope of the

invention.

An advantageous refinement of the invention is that the composition according to the inven-
tion or any of the pastes A, B or monomer component D contains at least one co-
polymerisation accelerator, if applicable, whereby tertiary amines and amidines are preferred
as polymerisation co-accelerators, and whereby N,N-dimethyl-p-toluidine, N,N-bis-
hydroxyethyl-p-toluidine, N,N-dimethyl-aniline, 1,8-diazabicyclo[5.4.0-Jundec-7-ene, and 1,5-
diazabicyclo(4.3.0)-non-5-ene are particularly preferred as co-accelerators.

The composition according to the invention, in particular in a paste or monomer component,
can contain a (total) amount of the polymerisation initiator, polymerisation accelerator, co-
polymerisation accelerator or the polymerisation initiator, polymerisation accelerator, and co-
polymerisation accelerator of up to 10 % by weight, relative to the total weight of the compo-

sition according to the invention or, each independent of each other, relative to the total

weight of any of the pastes A, B or monomer component D.
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The composition according to the invention and, in particular, the pastes A and B as well as
monomer component D and powder component C can contain further ingredients aside from
the afore-mentioned components.

According to a preferred embodiment of the composition according to the invention or of any
of the pastes A, B and monomer component D or powder component C, these can, each
independent of each other, contain at least one radiopaquer. The radiopaquer can be a
common radiopaquer in this field. Suitable radiopaquers can be soluble or insoluble in the
monomer for radical polymerisation. The radiopaquer is preferably selected from the group
consisting of metal oxides (such as, for example, zirconium oxide), barium sulfate, toxicologi-
cally acceptable heavy metal particles (such as, for example, tantalum), ferrite, magnetite
(supramagnetic magnetite also, if applicable), and biocompatible calcium salts. Said ra-
diopaquers preferably have a mean particle diameter in the range of 10 nm to 500 um.
Moreover, conceivable radiopaquers also include esters of 3,5-bis(acetamido)-2,4,6-
triiodobenzoic acid, gadolinium compounds, such as gadolinium chelate involving the esters
of 1,4,7,10-tetraazacyclododecan-1,4,7,10-tetraacetic acid (DOTA). The radiopaquer con-
centrations, in particular the zirconium dioxide concentration, in the composition according to
the invention or any of the pastes A or B and powder component C or monomer component
D can, each independent of each other, be in a range of, for example, 3 to 30 % by weight
relative to the corresponding total composition. Radiopaquers are not considered to be filling

agents herein.

According to a further preferred embodiment, the composition according to the invention or
any of the pastes specified above can contain at least one colourant. The colourant can be a
common colourant in this field and preferably can be a food colourant. Moreover, the col-
ourant can be soluble or insoluble in the at least one monomer for radical polymerisation.
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, colourant, shall also include colour varnishes, such as,
for example, colour varnish green, the aluminium sait of a mixture of E104 and E132.
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According to a further preferred embodiment, the composition according to the invention can
contain at least one biocompatible elastomer. Preferably, the biocompatible elastomer is par-
ticulate. Preferably, the biocompatible elastomer is solubie in the at least one monomer for
radical polymerisation. The use of butadiene as biocompatible elastomer has proven to be

particularly well-suited.

According to a further preferred embodiment, the composition according to the invention can
contain at least one monomer having adsorption groups. An adsorption group can, for exam-
ple, be an amide group. Accordingly, the monomer with adsorption group can, for example,
be methacrylic acid amide. Using at least one monomer with adsorption groups would allow
the binding of the bone cement to articular endoprostheses to be influenced in a targeted

manner.

According to a further preferred embodiment, the composition according to the invention or at
least one of the pastes A, B or monomer component D can contain at least one stabiliser.
The stabiliser should be suitable to prevent spontaneous polymerisation of the monomers for
radical polymerisation that are contained in the paste. Moreover, the stabiliser should not
undergo interfering interactions with the other ingredients contained in the paste according to
the invention. 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.

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 (e.g. paste A and paste B) is made in
the following, the kit can just as well contain more than two components, for exampie three,
four, five or more than five components, according to need. The individual components pref-
erably are provided to be 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 the respective kit components separate from each other
and to store them together in a reservoir container.
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Preferably, the kit is designed as a device for producing compositions for use as bone ce-
ment in appropriate manner such that it comprises a first container and a second container,
whereby the first container comprises, for example, paste A and the second container com-
prises paste B, whereby at least one of the containers can be opened to allow paste A and
paste B to be mixed after the opening, and a mixing unit for the mixing of pastes A and B.
Accordingly, the kit as a device for producing the composition according to the invention can
comprise a first container for powder component C and a second container for monomer

component D.

Referring to the first kit, for this purpose, the at least two pastes A and B are mixed with each
other, upon which the composition according to the invention is obtained. The mixing ratio
preferably is 0.5 to 1.5 parts by weight of paste A and 0.5 to 1.5 parts by weight of paste B.
According to a particularly preferred embodiment, the fraction of paste A is 30 to 70 % by
weight and the fraction of paste B is 30 to 70 % by weight, each relative to the total weight of
pastes A and B, respectively. The mixing ratio of powder component C and monomer com-
ponent D preferably is 3:1 to 1:3, in particular 2:2 party by weight. The mixing process can

involve common mixing devices, for example a static mixer or a dynamic mixer.

After the pastes of the kit are mixed, the composition that is ultimately obtained is tack-free in
accordance with the ISO 5833 standard after no more than 1 to 2 minutes.

The antiseptic polymethylmethacrylate bone cement according to the invention can be used

as cement for mechanical fixation of primary total articular endoprostheses, for mechanical

fixation of revision total articular endoprostheses, and for producing spacers.

The invention is illustrated in more detail through the examples presented in the following,

though without limiting the scope of the invention.

The following examples were implemented using Palacos® R cement powder (batch no.
B7457), a PMMA cement powder. Urea-peroxide adduct and calcium peroxide were pro-

cured from Sigma-Aldrich.
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In each case, 10.0 g Palacos® R cement powder and finely powdered urea-peroxide adduct
or calcium peroxide were weighed and placed in 100 ml plastic vessels with screw caps and
then mixed for 30 minutes in a Turbula mixer. The composition of examples 1-9 is listed in

the two tables below.

Subsequently, the mixtures were each mixed with 5 ml Palacos monomer liquid, which is a
monomer liquid. A tack-free cement dough was formed within 60 seconds. Said cement
dough was then pasted into cylindrical plastic moulds. The cylindrical test bodies (height 12
mm, diameter 6 mm) were removed after the curing process was completed.

| Examples l Cement powder composition - j
Palacos® R cement powder [g} Urea-peroxide adduct [g]
1 10.0 | 150 |
2 | 10.0 1.00
3 10.0 0.75 ) l
4 '"T 10.0 | | 0.50
5 10.0 | 025 ’
| Examples | Cement powder composition o
i Palacos® R cement powder [g] 7 Calcium p'é—f'oxide [q]
6 10.0 1.00
7 10.0 | 0.50 ]
8 l 10.0 | 0.25 B

For a reference (example 10), pure Palacos® R powder was mixed with 5§ ml monomer liquid

and cylindrical test bodies (height 12 mm, diameter 6 mm) were produced in this case as

well.

The test bodies were tested for their antimicrobial activity by QualityLabs BT GmbH Nurem-
berg (Report Measurement 20120807-RB01-10). MRSA test strain Staphylococcus aureus
DSM 21979/EDCC 5247 was used as test pathogen in the tests. The test of antimicrobial
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efficacy was carried out in accordance with the SOP for Staphylococcus epidermidis, SOP
3.2 from 2008-08-05 using the MRSA test strain, Staphylococcus aureus. The Certika prolif-
eration test was carried out. The test bodies were first incubated in bacterial suspension for
this purpose. Subsequently, the test bodies were washed and then incubated for 18 hours in
fresh nutrient medium at 37 °C. Then, a 200 ul aliquot was taken and transferred to a micro-
titre plate. The optical density was then measured every 30 minutes for a period of 48 hours.
The optical density increases as a function of time if there is microbial growth. The aim was
to detect the proliferation of the bacterium on the test surface.

The aliquots from the test bodies of examples 1-9 showed no growth at all of the test patho-
gen over the 48 hour period, as is shown in the table below. The bacteria could not prolifer-
ate in the surrounding medium at 37 °C in a period of more than or equal to 48 hours, and
did not produce daughter cells. This means that the test bodies have a pronounced antim-
iIcrobial effect.

In contrast, the eluates of the reference test bodies of example 10 did not impede the growth

of the test pathogen.
I—Eﬁnple | Onset | Onset ]‘Standa_rcr | CV—[‘V;]—_‘_W_!
| OD[h] OD [h] deviation

Reference | 126 |- !1_2 —IT—‘_ —]

test body

1 >480  |>48.0 00 |00 antimicrobial

2 > 48.0 > 48.0 0.0 0.0 antimicrobial

3 >480 | >48.0 00 |00 antimicrobial

i > 48.0 >48.0 00 Io.o_ antimicrobial ]

5 > 48.0 0.0 i 00 antimicrobial |

6 >48.0 0.0 oo antimicrobial I

7  |>480 > 48.0 0.0 Io.o_ | antimicrobial

8 >480 | 480 |00 |00 antimicrobial |
—_ —— I I N R - i
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WHAT IS CLAIMED IS:

1. A composition for use as an antiseptic bone cement, characterized Iin that the
composition is curable and comprises at least one hydrogen peroxide salt that releases
hydrogen peroxide in the presence of aqueous conditions or an aqueous solution
whereby the hydrogen peroxide is produced in and released from the composition by
body fluids.

2. The composition of claim 1, characterised in that the hydrogen peroxide salt is one or
more compounds selected from the group consisting of calcium peroxide, calcium

peroxide-octahydrate, and sodium peroxide.

3. The composition of claim 1 or 2, characterised in that the composition contains 0.01 to

10 % by weight of the hydrogen peroxide salt.

4. The composition of any one of the claims 1 to 3, characterised in that the composition

comprises at least one buffer substance.

5. The composition of claim 4, characterised in that the composition comprises one or more
buffer substances selected from the group consisting of primary alkali phosphates,
secondary alkali phosphates, primary alkali citrates, secondary alkali citrates, alkali saits
of carboxylic acids having 1 to 20 carbon atoms, alkaline earth salts of carboxylic acids
having 1 to 20 carbon atoms, zinc salts of carboxylic acids having 1 to 20 carbon atoms,
alkali salts of fruit acids, alkali salts of alpha-hydroxy acids, alkali salts of fatty acids,
alkali salts of citric acid, alkali salts of malic acid, alkali salts of tartaric acid, alkali salts of
lactic acid, alkaline earth salts of fruit acids, alkaline earth salts of alpha-hydroxy acids,
alkaline earth salts of fatty acids, alkaline earth salts of citric acid, alkaline earth salts of
malic acid, alkaline earth salts of tartaric acid, alkaline earth salts of lactic zinc salts of
acid, fruit acids, zinc salts of alpha-hydroxy acids, zinc salts of fatty acids, zinc salts of

citric acid, zinc salts of malic acid, zinc salts of tartaric acid, and zinc salts of lactic acid.

6. The composition of claim 4 or 5, characterised in that the hydrogen peroxide salt is

present i) as an adduct including a buffer substance, ii) in a co-crystal together with the



10.

11.

12.

CA 02830573 2015-08-18

29

buffer substance, iii) in a formulation together with at least one of the buffer substances

or iv) in a mixture including at least one of the buffer substances.

The composition of any one of the claims 1 to 6, characterised in that the composition is

an antiseptic polymethyimethacrylate bone cement.

The composition of any one of the claims 1 to 7, characterised in that the composition
comprises at least one monomer for radical polymerisation and at least one organic

polymer, wherein the polymer is soluble in sald monomer.

The composition of claim 8, characterised In that the organic polymer is one or more
compounds selected from the group consisting of poly(alkyl-2-acrylic acid alkylester),
poly(aryl-2-acrylic acid alkylester), and poly(arylalkyl-2-acrylic acid alkylester),

wherein:

each alkyl independently has 1 to 20 carbon atoms,

each aryl independently has 6 to 14 carbon atoms;

each arylalky! independently has 6 to 14 carbon atoms; and

each alkyl ester independently has 1 to 10 carbon atoms.

The composition of claim 8, characterised in that the organic polymer is selected from
the group consisting of poly(methacrylic acid methylester), poly(methacrylic acid
ethylester), poly(methylmethacrylic acid propylester), poly(methacrylic acid

Isopropylester), poly(methylmethacrylate-co-methylacrylate), poly(styrene-co-
methylimethacrylate), copolymers of said compounds, and a mixture of at least two of

said polymers.

The composition of claim 8, characterised in that the organic polymer comprises at least

one poly(methacrylic acid methylester), and the monomer is methacrylic acid

methylester.

The composition of any one of claims 8 to 10, characterised in that the monomer is one
or more compounds selected from the group consisting of alkyl-2-acrylic acid alkylester,

aryl-2-acrylic acid alkylester, and arylalkyl-2-acrylic acid alkylester,
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wherein:

each alkyl independently has 1 to 20 carbon atoms;

each aryl independently has 6 to 14 carbon atoms;

each arylalkyl independently has 6 to 14 carbon atoms; and

each alkyl ester independently has 1 to 10 carbon atoms.

The composition of any one of the claims 1 to 12, characterised in that the composition

comprises at least one particulate inorganic additive.

The composition of claim 13 characterized in that the particulate inorganic additive has a
BET surface of at least 40 m?/g.

The composition of claim 13 or 14 characterized in that the particulate inorganic additive

comprises covalently bound hydroxy! groups.

A kit for preparing the composition of any one of claims 1 to 15, comprising:
(1) a paste A comprising:
(a1) atleast one monomer for radical polymerisation;
(a2) at least one organic polymer that is soluble in (a1); and
(a3) at least one polymerisation initiator;
(i) a paste B comprising:
(b1) atleast one monomer for radical polymerisation;
(b2) at least one organic polymer that is soluble in (b1); and
(b3) atleast one polymerisation accelerator; and
(1) iInstructions how to prepare the composition;
wherein at least one of the pastes A and/or B comprises as component (a4) and/or (b4)

at least one hydrogen peroxide salt.

The kit of claim 16, characterised in that at least one of the pastes A and/or B comprises
as component (a4/a5) and/or (b4/b5) at least one buffer substance or a mixture of buffer

substances.
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A kit for preparing the composition of any one of claims 1 to 15, comprising a powder
component C, a monomer component D, and instructions how to prepare the

composition wherein
(1) the powder component C contains
(c1) atleast one powder-shaped polyacrylate;
(c2) atleast one powder-shaped radiopaquer; and
(c3) atleast one polymerisation initiator; and
(ii) the monomer component D contains
(d1) at least one monomer for radical polymerisation;
(d2) optionally, at least one organic polymer that is soluble in (d1); and
(d3) at least one polymerisation accelerator;

wherein powder component C and/or monomer component D comprise(s) as component

(c4) and/or (d4) at least one hydrogen peroxide salt.

The kit according to claim 18, characterised in that the powder component C and/or the

monomer component D comprise(s) as component (c4/c5) and/or (d4/d5) a buffer

substance or a mixture of buffer substances.

A curable bone cement obtained by mixing:

) the pastes A and B of claim 16 or 17; or

1) the powder component C and the monomer component D of claim 18 or 19.

A cured bone cement obtained by:

) polymerising the composition of any one of the claims 1 to 15;
1) mixing and polymerising pastes A and B of claim 16 or 17; or
1) mixing and polymerizing powder component C and monomer component D of

claim 16 or 17/,
wherein the bone cement comprises from 0.01 to 5 % by weight of the hydrogen

peroxide salt, relative to the weight of the composition.

The cured bone cement of claim 21, wherein hydrogen peroxide produced from the

hydrogen peroxide salt is delayed released.
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23. A form body obtained by:
1) polymerising the composition of any one of the claims 1 to 15;
i) mixing and polymerising pastes A and B of claim 16 or 17; or
i) mixing and polymerizing powder component C and monomer component D of

claim 18 or 19.

24 Use of the composition of any one of the claims 1 to 15 or the kit of any one of claims 16
to 19:
to prepare an implant,
to prepare an antiseptic implant,
to prepare a revision implant,
for mechanical fixation of primary total articular endoprostheses,
for mechanical fixation of revision total articular endoprostheses,
for augmentation of osteoporotic bone tissue,
for vertebroplasty,
for kyphoplasty,
for augmentation of drill holes in osteoporotic bone tissue,
for filling bone cavities,
for femuroplasty,
for the manufacture of spacers,
for mechanical fixation of articular endoprostheses,
for covering skull defects,

for the production of carrier materials for local antibiotics therapy, or

as carrier material for local release of pharmaceutically active substances.
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