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(57) ABSTRACT 

The invention relates to a composition Which is self-adhe 
sive to the hard tooth tissue, comprising: (A) 5 to 75 percent 
by Weight of one or more mono or higher functional ethyl 
enically unsaturated compounds Which additionally have an 
acid functional group, Wherein one of said compounds has 
a P—OH group, for instance a phosphoric, phosphonic or 
phosphinic acid group; (B) 2 to 50 percent by Weight of one 
or more mono or higher functional ethylenically unsaturated 
compounds Without any acid functional group; (C) 22.8 to 
85 percent by Weight of ?lling material(s), comprising at 
least one ?lling material that may react With component (A) 
in the sense of causing a ion exchange, neutralization, salt 
formation and/or chelate formation reaction; (D) 0.1 to 8 
percent by Weight of one or more initiators and optionally 
activators; 0.1 to 20 percent by Weight of further 
additives, for example, modi?ers, Wherein the Weight ration 
in % of component (A) relative to component (B) ranges 
from 21 to 90:10 to 79. 
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SELF-ADHESIVE DENTAL MATERIALS 

[0001] The present invention relates to self-adhesive den 
tal materials featuring a high level of adhesion to hard tooth 
substances, simplicity in use, and good mechanical proper 
ties. The compositions of the invention can be used in the 
dental segment as ?llings, cements, core buildups, ?ssure 
sealants and as dental engineering materials. 

[0002] In accordance With the present-day state of the art 
essentially the folloWing classes of substance are used for 
the abovementioned end applications: 

[0003] amalgams 
[0004] glass ionomer cements (GICs) 

[0005] composites 
[0006] compomers 

[0007] resin-modi?ed glass ionomer cements (RMGICs) 

[0008] It is knoWn that amalgams exhibit no self-adhesion 
to the hard tooth substances enamel and dentine. Amalgams 
are ?xed solely by mechanical means, by Way of What is 
knoWn as an undercut preparation. Consequently there is a 
marginal gap betWeen hard tooth substance and the amal 
gam, Which is frequently the cause of unWanted develop 
ment of secondary caries. These circumstances are described 
in detail, for example, in WO 93/12759. 

[0009] In contrast to amalgam, the glass ionomer cements 
(GICs) exhibit Weak adhesion to the hard tooth substances. 
The adhesion levels, hoWever, are in the very loW region of 
1 MPa and are generally achieved only by a conditioning 
step beforehand. A further disadvantage of the GICs are the 
loW mechanical values, in particular the loW ?exural 
strengths, Which limit use in the area exposed to masticatory 
pressure. 

[0010] Composites feature very good mechanical proper 
ties and excellent esthetics. In the cured form, composites 
are composed essentially of a crosslinked polymeric resin 
matrix based on (meth)acrylate monomers and a fraction of 
?llers. In order to protect the bond betWeen resin matrix and 
?ller against hydrolytic decomposition, composites are gen 
erally given an apolar, hydrophobic formulation. A conse 
quence of this is that composites do not exhibit self-adhesion 
to the hard tooth substances and in particular not to dentine. 
Additionally, composites exhibit shrinkage in the course of 
curing, Which alloWs marginal gaps to form and secondary 
caries to develop. In order to ?x the composites adhesively 
to the hard tooth substances and to avoid the marginal gap, 
additional pretreatments and/or Worksteps involving What is 
knoWn as bonding are required. In accordance With the 
present state of the art it is necessary in this case for the 
practitioner to carry out the folloWing Worksteps: 

[0011] incipient etching of the entire hard tooth substances 
by means of a suitable acid such as phosphoric acid (total 
etch technique); 

[0012] application of a primer Which penetrates the hard 
tooth substance super?cially; 

[0013] application of a bonding material Which together 
With the primer forms a hybrid layer; 

[0014] polymeriZation of the bonding material, for 
example, by irradiation With light; and/or redox reaction; 

[0015] application of the actual composite. 
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[0016] In order to reduce the number of Worksteps the 
folloWing, individual neW methods have been developed in 
the meantime: 

[0017] Combination of the primer and bonding material to 
form one component. 

[0018] Combination of the primer and etching agent to 
form one component, Which is no longer rinsed off after 
application. 

[0019] Combining of the etching agent, primer, and bond 
ing material to form one solution, Which noW need only be 
applied and cured. 

[0020] The processing of composites, therefore, is time 
consuming and, moreover, is labor-intensive as a result of its 
sensitivity to moisture during the curing operation (place 
ment of rubber dam). The problems referred to are docu 
mented, for example, in W. Geurtsen, Klinik der Komposit 
fiillung, Carl Hanser Verlag, Munich, Vienna 1989. 

[0021] Compomers are chemically related to the compos 
ites. They are given a more hydrophilic formulation, hoW 
ever, through the use of acid-functional (meth)acrylates in 
the monomer mixture. With use of these materials, in 
contrast to the composites, there is no longer any need for 
absolute dryness (no placement of rubber dam). Neverthe 
less, these materials as Well require the use of a bonding 
material in order to achieve an effective adhesive bond With 
the hard tooth substances. 

[0022] The RMGICs are composed essentially of a basic 
?ller, acids, Water, (meth)acrylate-based monomers, and 
initiators for a free-radical polymeriZation. The RMGICs 
cure both by Way of an acid/base reaction and by Way of a 
free-radical polymeriZation. The esthetics of the RMGICs 
are improved as compared With those of the conventional 
GICs. Here again a conditioning step is generally necessary 
for adhesion—albeit minimal—to the hard tooth substances. 
Furthermore, the formulations of the products on the market 
include hydroxyethyl methacrylate (HEMA), Which func 
tions as a solubiliZer for the Water-soluble acids and remain 
ing (meth)acrylates. HEMA is toxicologically objectionable 
and adversely affects the sWelling characteristics and hence 
the mechanical properties, such as the ?exural strength, of 
the RMGICs. 

[0023] One object of the present invention can therefore 
be seen as being to provide dental materials Which do not 
have the described disadvantages of the state of the art and 
Which in particular feature simple application, a high level 
of adhesion to hard tooth substances Without pretreatment 
such as the use of a conditioner, bonding material, primer or 
etching agent, for example, and also good mechanical prop 
erties. 

[0024] Surprisingly it has been found that the object of the 
invention can be achieved by means of formulations com 
prising the folloWing components: 

[0025] (A) from 5 to 75% by Weight of one or more mono 
or polyfunctional ethylenically unsaturated compounds 
Which additionally possess at least one acid-functional 
group, at least one of the compounds containing at least one 
P—OH group, such as a phosphoric, phosphonic or phos 
phinic acid group, for example, 
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[0026] (B) from 2 to 50% by Weight of one or more mono 
or polyfunctional ethylenically unsaturated compounds 
Without an acid-functional group, 

[0027] (C) from 22.8 to 85% by Weight of ?ller(s), includ 
ing at least one ?ller capable of reacting With component (A) 
in an ion exchange, neutralization, acid-forming and/or 
chelate-forming reaction, 
[0028] (D) from 0.1 to 8% by Weight of one or more 
initiators and, if desired, activators, 

[0029] from 0.1 to 20% by Weight of additional 
additives and/or modi?ers, the Weight ratio in % of compo 
nent (A) to component (B) being in the range from 21 to 
90:10 to 79, preferably in the range from 25 to 90:10 to 75, 
more preferably from 30 to 90:10 to 70 and very preferably 
from 40 to 80:20 to 60. 

[0030] It has been found that formulations With the above 
composition exhibit an adhesion to bovine dental enamel or 
dentine of at least 2.0 MPa, preferably of at least 2.5 MPa, 
more preferably at least 3.0 MPa, measured in accordance 
With the adhesion determination method indicated beloW, 
“Determination of adhesion”, Without the need for pretreat 
ment of the hard tooth substance. The formulations of the 
invention, moreover, have good mechanical properties and 
are easy to handle. 

[0031] The folloWing properties are characteristic of the 
formulations of the invention: 

[0032] adhesion of at least 2.0 MPa, preferably at least 2.5 
MPa, more preferably at least 3.0 MPa 

[0033] loW Water absorbency of <50 pg/mm3, preferably 
<40 pg/mm3, more preferably <30 pig/mm3 

[0034] ?exural strength of >30 MPa, preferably >40 MPa 

[0035] The term “pretreatment” encompasses steps such 
as etching, priming, bonding, and conditioning, for example. 

[0036] The terms “include”, “contain” or “comprise” 
introduce a nonexclusive enumeration of features. Similarly, 
the term “one” is to be understood in the sense of “at least 
one”. 

[0037] At least one monomer of component (A) contains 
at least one P—OH group, such as a phosphoric, phosphonic 
or phosphinic acid group, for example. This monomer is 
present preferably in a concentration of at least about 5% by 
Weight, more preferably at least about 10% by Weight, based 
on constituents (A) to 

[0038] Based on the fraction Within component (A), this 
monomer is present preferably in an amount of at least 30%, 
more preferably at least 50% by Weight. 

[0039] It has also been found that a formulation Wherein 
the Weight ratio (in %) of component (A) to component (B) 
is in the range from 21 to 90: 10 to 79, preferably in the range 
from 25 to 90:10 to 75, more preferably from 30 to 90:10 to 
70 and very preferably from 40 to 80:20 to 60 has particu 
larly advantageous properties. 

[0040] Component (A) comprises compounds Which pos 
sess at least one ethylenically unsaturated group and also at 
least one acid-functional group. The polymeriZable groups 
are acrylic, methacrylic, vinyl and/or styryl groups, With 
acrylic and methacrylic groups being particularly preferred. 
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[0041] Examples of suitable acid groups are carboxylic 
acid residues, acid residues of phosphorus (e.g., phosphoric, 
phosphonic, phosphinic acids), of sulfur (e.g., sulfuric, sul 
fonic, sul?nic acids) and of boron. A feature of the acid 
groups is that they are able to enter into ion exchange, 
neutraliZation, salt-forming and/or chelate-forming reac 
tions With reactive inorganic ?llers. It is also possible for the 
acid residues of component (A) to be present not completely 
in free form but also, in part, in derivatiZed form, for 
instance as a salt, acid halide, acid hydride or readily 
hydrolyZable esters. 

[0042] Suitable components (A) and their preparation are 
described for example in DE 35 36 076 A1, EP 0 237 233 
A, and WO 95/22956. By Way of example mention may be 
made of the folloWing: 4-(meth)acryloyloxyethyltrimellitic 
acid, butenetricarboxylic acid, bis-4,6- and/or bis-2,5-(meth 
)acryloyloxyethyltrimellitic acid, phosphoric esters of 
hydroxyethyl (meth)acrylate (HEMA), glyceryl 
di(meth)acrylate and/or pentaerythrityl tri(meth)acrylate, 
chloro- and bromophosphoric esters of bisphenol A glycidyl 
(meth)acrylate. The use of oligomers or polymeric deriva 
tives of abovementioned compounds also leads to dental 
materials of the invention having good properties. 

[0043] Particular preference is given to the reaction prod 
ucts of nucleophilic acrylates and methacrylates such as 
2-hydroxyethyl methacrylate (HEMA) or glycerol meth 
acrylate esters, for example, With reactive phosphonic or 
phosphinic or phosphoric acid derivatives such as POCl3, 
P205 or PCl3, for example. 

[0044] More preferably the abovementioned ethylenically 
unsaturated acids and/or derivatives thereof have a molecu 
lar Weight in the range from 70 to 5 000, preferably in the 
range from 90 to 2 500, more preferably in the range from 
100 to 1 000 g/mol. 

[0045] Compounds suitable as component (B) are those 
Which possess at least one ethylenically unsaturated group. 
The polymeriZable groups are acrylic, methacrylic, vinyl 
and/or styryl groups, With acrylic and methacrylic groups 
being particularly preferred. 
[0046] Suitable mono- and polyfunctional (meth)acrylates 
and also further ethylenically unsaturated compounds are 
described for example in EP 0 480 472 A, DE 39 41 629 C2 
and in G. Webster (Ed.), Chemistry & Technology of UV & 
EB Formulation for Coatings, Inks and Paints, Vol. II 
Prepolymers & Reactive Diluents, J. Wiley and Sons, Chich 
ester, N.Y., Weinheim, Brisbane, Toronto, Singapore, 1997. 
The ethylenically unsaturated compounds can be used in 
solitary form or in mixtures in the formulations. 

[0047] Examples of suitable monomers are the acrylic and 
methacrylic esters of mono-, di- or higher polyfunctional 
alcohols. By Way of example mention may be made of the 
folloWing: methyl (meth)acrylate, butyl (meth)acrylate, 
2-ethylhexyl (meth)acrylate, lauryl (meth)acrylate, 2-hy 
droxyethyl (meth)acrylate, 2-hydroxypropyl (meth)acrylate, 
glyceryl 1,3-di(meth)acrylate (GDMA), glyceryl 1,2 
di(meth)acrylate, cyclohexyl (meth)acrylate, phenyl (meth 
)acrylate, isobornyl (meth)acrylate, ethylene glycol 
di(meth)acrylate, 1,4-butanediol di(meth)acrylate, triethyl 
ene glycol di(meth)acrylate (TEGDMA), 1,6-hexanediol 
di(meth)acrylate, 1,12-dodecanediol di(meth)acrylate, trim 
ethylolpropane tri(meth)acrylate, pentaerythrityl tet 
ra(meth)acrylate, and dipentaerythrityl hexa(meth)acrylate. 
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[0048] With advantage it is also possible to use bisphenol 
Adi(meth)acrylate and also the ethoxylated and/or propoxy 
lated di(meth)acrylates derived therefrom. Also suitable are 
the monomers described in US. Pat. No. 3,066,112 Abased 
on bisphenol A and glycidyl (meth)acrylate, or their deriva 
tives formed by addition reaction With isocyanates. 

[0049] Also highly suitable are the diacrylic and 
dimethacrylic esters of bis(hydroxymethyl)tricyclo[5.2.1.02’ 
6]decane speci?ed in DE 28 168 23 C and the diacrylic and 
dimethacrylic esters of the compounds of bis(hydroxymeth 
yl)tricyclo[5.2.1.02’6]decane extended With from 1 to 3 
ethylene oxide and/or propylene oxide units. 

[0050] Additionally urethane (meth)acrylates such as 7,7, 
9-trimethyl-4,13-dioxo-5,12-diaZahexadecane-1,16-dioxy 
di(meth)acrylate (UDMA, Plex 6661) can be a constituent of 
component The stated compounds and their derivatives 
preferably have a molecular Weight in the range from 70 to 
5 000, preferably in the range from 90 to 2 500, more 
preferably in the range from 100 to 1 000 g/mol. 

[0051] As component (C) it is possible to use inorganic 
?llers such as glasses or ceramics and/or organic ?llers. The 
?llers can be used in solitary form or in mixtures. Further 
more, in order to optimiZe the product properties, the ?llers 
can be incorporated in different particle siZes into the 
formulas, i.e., the ?llers can have a unimodal or polymodal 
distribution, bimodal for example. 

[0052] At least one ?ller must be used Which is able to 
react With component (A) in an ion exchange, neutraliZation, 
salt-forming and/or chelate-forming reaction (reactive 
?ller). In addition it is possible to use those ?llers Which are 
inert toWard the acid functions of component (A) (nonreac 
tive ?llers). Furthermore, reinforcing materials, such as 
?bers or ?brous compounds, can also be added. 

[0053] Fillers capable of reacting With the acid groups of 
component (A) are used, for example, to produce polycar 
boxylate cements and glass-ionomer cements and are 
described, for example, in D. C. Smith, Biomaterials 19, 
467-478 (1998), DE 20 61 513 A, and WO 95/22956. 

[0054] Suitable in principle are ?nely divided metals such 
as ?nely divided Zinc, metal compounds such as the oxides 
and/or hydroxides of calcium, magnesium, strontium, and 
Zinc. Also suitable are basic glass poWders having a high 
fraction of divalent and trivalent ions, and also silicates 
Which release metal cations, such as phyllosilicates, bento 
nites or calcium silicates, sodium aluminum silicates, and 
Zeolites, including the molecular sieves, and also apatite. 
Likewise suitable as glasses reactive toWard component (A) 
are the borate, phosphate, and ?uoroaluminosilicate glasses 
speci?ed in WO 93/12759. Particularly preferred reactive 
?llers are the ?uoroaluminosilicate glasses and also hydrox 
ides of the alkaline earth metals. 

[0055] Suitable inert inorganic ?llers are, for example, 
quartZ, Zirconium silicates, precipitated silicates (HDKH) 
and loW-solubility metal salts such as barium sulfate or 
calcium ?uoride. Further inert inorganic ?llers are described 
in WO 95/22956. Particularly preferred inert inorganic ?ll 
ers are quartZ and Zirconium silicates. Component (C) here 
does not include, in the sense of the invention, any pyrogenic 
silicas. 

[0056] Examples of organic ?llers include bead polymers 
and copolymers based on methyl methacrylate, Which are 
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available commercially under the designation “Plexidon” or 
“Plex” from the company Rohm. Also particularly suitable 
are the polyurethane-based organic ?llers described in DE 
19 941 738. 

[0057] For better incorporation into the polymer matrix it 
can be of advantage to surface-treat or surface-coat the 
stated ?llers and also, if appropriate, X-ray-opaque additives 
using methods knoWn for the skilled person. An example 
that may be mentioned is surface treatment With a silane 
such as methacryloxypropyltrimethoxysilane. The amount 
of coating agent used is normally betWeen 0.05 and 10% by 
Weight, preferably betWeen 0.1 and 5% by Weight, based on 
the ?ller. 

[0058] By initiators in accordance With component (D) are 
meant initiator systems Which effect the free-radical poly 
meriZation of the monomers, examples being photoinitiators 
and/or What are called redox initiatory systems and/or ther 
mal initiators. 

[0059] Suitable photoinitiators are described for example 
in J. -P. Fouassier, Photoinitiation, PhotopolymeriZation and 
Photocuring, Hanser Publishers, Munich, Vienna, NY. 1995 
or else J. F. Rabek (ed.), Radiation Curing in Polymer 
Science and Technology, Vol. II, Elsevier Applied Science, 
London, NY, 1993 and also in the patent publications EP 0 
073 413 A, EP 0 007 508 A, EP 0 047 902 A, EP 0 057 474 
A, and EP 0 184 095 A. Examples that may be mentioned 
include benZoin alkyl ethers, benZil ketals, and acylphos 
phine oxides. Particularly suitable are aliphatic and aromatic 
1,2-diketone compounds such as camphorquinone in com 
bination With activators such as tertiary amines. 

[0060] Examples of suitable redox initiator systems 
include organic compounds With an oxidative action, such as 
peroxide compounds, together With What are termed activa 
tors. Suitable organic peroxide compounds include, in par 
ticular, compounds such as lauroyl peroxide, benZoyl per 
oxide, and also p-chlorobenZoyl and p-methylbenZoyl 
peroxide. 

[0061] Examples of suitable activators include tertiary 
aromatic amines, such as the N,N-bis(hydroxyalkyl)-3,5 
xylidines knoWn from US. Pat. No. 3,541,068 A and the 
N,N-bis(hydroxyalkyl)-3,5-di-t-butylanilines knoWn from 
DE 26 58 538 A, especially N,N-bis([3-oxybutyl)-3,5-di-t 
butylaniline, and also N,N-bis(hydroxyalkyl)-3,4,5-trim 
ethylaniline. Further highly suitable activators are com 
pounds of sulfur in oxidation state +2 or +4 such as sodium 
benZenesul?nate or sodium para-toluenesul?nate or the bar 
bituric acids or barbituric acid derivatives described in DE 
14 955 20 B and also the malonylsulfamides described in EP 
0 059 451 A. Preferred malonylsulfamides are 2,6-dimethyl 
4-iso-butylmalonylsulfamide, 2,6-diisobutyl-4-propylmalo 
nylsulfamide, 2,6-dibutyl-4-propylmalonylsulfamide, 2,6 
dimethyl-4-ethylmalonylsulfamide and 2,6-dioctyl-4 
isobutylmalonylsulfamide. 

[0062] For further acceleration of curing the polymeriZa 
tion can be conducted in the presence of heavy metal 
compounds based on, for example, Ce, Fe, Cu, Mn, Co, Sn 
or Zn, With copper compounds being particularly suitable. 
The heavy metal compounds are used preferably in the form 
of soluble organic compounds. 
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[0063] One particularly suitable redox system comprises 
the following components: 

[0064] I. from 14.9 to 50% by Weight, preferably from 20 
to 45% by Weight, of a barbituric acid or thiobarbituric acid 
or of a barbituric or thiobarbituric acid derivative, 

[0065] II. from 30 to 75% by Weight, preferably from 35 
to 67.8% by Weight, of a peroxodisulfate compound and/or 
peroxodiphosphate compound, 

[0066] III. from 10 to 35% by Weight, preferably from 12 
to 30% by Weight, of a sul?nic acid compound, and 

[0067] IV. from 0.1 to 5% by Weight, preferably from 0.2 
to 4% by Weight, of a copper compound. 

[0068] Where the dental compositions of the invention are 
cured by photopolymeriZation it is possible to formulate 
one-component systems. Where the dental compositions of 
the invention comprise a redox initiator system, comprising 
for example organic peroxide and activator, then for reasons 
of storage stability peroxide and activator are present in 
spatially separate parts of the dental composition of the 
invention, Which are not mixed With one another until 
immediately prior to application. These, in other Words, are 
at least tWo-component formulations in the form, for 
example, of poWder/liquid or paste/paste. 

[0069] For reasons of storage stability the constituents of 
the initiator system of the invention may be microencapsu 
lated. Methods of microencapsulation are described for 
example in Us. Pat. No. 5,154,762 and EP 0 588 878 B1. 

[0070] In order to set speci?c properties it is possible as 
component to introduce additional additives or modi?ers 
into the formulations. Possible additives and their functions 
are described in U. Zorll (ed.), Lehrbuch der Lacktechnolo 
gie, VincentZ Verlag, Hanover 1998 and P. Nanetti, Lack 
rohstoffkunde, VincentZ Verlag, Hanover 1997. With no 
claim to completeness, representative mention may be made 
of some additives and/or modi?ers: 

[0071] plasticiZers such as phthalates, adipates, sebacates, 
phosphates or citrates, for example to increase the ?exibility 
of the compositions; 

[0072] organic and inorganic pigments and/or dyes such as 
White pigments based on titanium dioxide or Zinc sul?de 
(lithopones), red iron oxide 3395, Bayferrox 920 Z YelloW, 
NeoZapon Blue 807 (copper phthalocyanine-based dye) or 
Helio Fast YelloW ER, for individual coloring of the dental 
compositions; 

[0073] stabiliZers, especially free-radical scavengers, such 
as substituted and unsubstituted hydroxyaromatics (e.g., 
para-methoxyphenol), phenothiaZine, HALS (hindered 
amine light stabiliZers) and/or heavy metal scavengers such 
as EDTA; 

[0074] thixotropic assistants such as pyrogenic silicas 
(Aerosil) or else modi?ed phyllosilicates; 

[0075] ion donor substances, particularly those Which 
release ?uoride ions, such as the ?uoride salts of metals from 
main groups one and/or tWo such as sodium ?uoride. Par 
ticularly suitable are complex inorganic ?uorides of the 
general formula AnMFrn as described in EP 0 717977 A. In 
this formula Ais a mono- or polyvalent cation, M is a metal 
from main or transition group III, IV, V, n is an integer from 
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1 to 3, and m is an integer from 3 to 6. As representatives 
mention may be made of calcium Zinc ?uoride and potas 
sium hexa?uorotitanate. 

[0076] Bactericidal or antibiotic substances such as chlo 
rhexidine, pyridinium salts or the customary pharmaceutical 
substances such as [3-lactam antibiotics (penicillins), cepha 
losporins, tetracyclines, chloramphenicol, fosfomycin, anti 
bacterial macrolides or polypeptide antibiotics, for example, 
may likeWise be used. 

[0077] It is also possible to use solvents as How improvers 
and to improve the mixing characteristics. Particularly pre 
ferred in this context are Water, acetone, methyl ethyl ketone 
and/or short-chain alcohols having less than 10 carbon 
atoms such as ethanol or isopropanol, for example. 

[0078] Furthermore, in order to set speci?c properties, it is 
also possible as component to use soluble organic 
polymers such as polyvinyl acetate, polyacrylic acid and/or 
polyvinyl ethers. 

[0079] The compositions of the invention can be used in 
the dental segment, for example, as ?lling materials, ?ssure 
sealants, cements, core buildups and as dental engineering 
materials and/or bone substitute compositions. 

[0080] The invention is described in more detail beloW 
With reference to examples, Which should not be understood 
as limiting the invention in any Way Whatsoever. 

[0081] Experimental section: 

EXAMPLE 1 

[0082] Light-Curing Filling Material as 2 K [2-Compo 
nent] System (Powder/Liquid), Comprising 3.8 Parts PoW 
der and 1 Part Liquid 

[0083] PoWder: 

[0084] (C) 98% by Weight of strontium aluminum ?uoro 
silicate glass, silaniZed With 0.075% by Weight of methacry 
loxypropyltrimethoxysilane 

[0085] 1% by Weight of pyrogenic silica (Aerosil OX 
50), silaniZed With 3% by Weight of methacryloxypropylt 
rimethoxysilane 

[0086] (C) 1% by Weight of calcium hydroxide 

[0087] Liquid: 

[0088] (A) 49.44% by Weight of hydroxyethyl methacry 
late phosphate 

[0089] (B) 30% by Weight of propoxylated bisphenol A 
dimethacrylate 

[0090] (B) 20% by Weight 
dimethacrylate (TEGDMA) 

[0091] (D) 0.26% by Weight of dimethylaminoethyl ben 
Zoate 

of triethylene glycol 

[0092] (D) 0.2% by Weight of camphorquinone 

[0093] (D) 0.1% by Weight of Cu(II) acetate 
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EXAMPLE 2 

[0094] Light-Curing Filling Material as 2 K [2-Compo 
nent] System (PoWder/Liquid), Comprising 3.8 Parts PoW 
der and 1 Part Liquid 

[0095] Powder: 

[0096] (C) 93.5% by Weight of strontium aluminum ?uo 
rosilicate glass, silaniZed With 0.075% by Weight of meth 
acryloxypropyltrimethoxysilane 

[0097] (C) 1% by Weight of calcium hydroxide 

[0098] (D) 0.5% by Weight of dimethylaminoethyl ben 
Zoate 

[0099] 5.0% by Weight of pyrogenic silica (Aerosil 
OX 50), silaniZed With 3% by Weight of methacryloxypro 
pyltrimethoxysilane 

[0100] Liquid: 
[0101] (A) 69.7% by Weight of 1,3-glyceryl dimethacry 
late phosphate 

[0102] (B) 30% by Weight of TEGDMA 

[0103] (D) 0.2% by Weight of camphorquinone 

[0104] (D) 0.1% by Weight of Cu(II) ethylhexanate 

EXAMPLE 3 

[0105] Light-Curing Filling Material as 1K [1-Compo 
nent] Paste 

[0106] A laboratory kneader Was used to produce a paste 
from the folloWing constituents: 

[0107] (C) 74% by Weight of strontium aluminum ?uoro 
silicate glass, silaniZed With 0.3% by Weight of methacry 
loxypropyltrimethoxysilane 

[0108] 5% by Weight of pyrogenic silica (Aerosil OX 
50), silaniZed With 3% by Weight of methacryloxypropylt 
rimethoxysilane 
[0109] (C) 1% by Weight of calcium hydroxide 

[0110] (D) 0.4% by Weight of dimethylaminoethyl ben 
Zoate 

[0111] (A) 13.46% by Weight of 1,3-glyceryl dimethacry 
late phosphate 

[0112] (B) 6% by Weight of TEGDMA 

[0113] (D) 0.04% by Weight of camphorquinone 

[0114] (D) 0.1% by Weight of Cu(II) acetate 

EXAMPLE 4 

[0115] Dual-Curing Fixing Cement as 2 K [2-Component] 
System (PoWder/Liquid), Comprising 3 Parts PoWder and 1 
Part Liquid 

[0116] PoWder: 

[0117] (C) 88.6% by Weight of strontium aluminum ?uo 
rosilicate glass, silaniZed With 0.3% by Weight of methacry 
loxypropyltrimethoxysilane 
[0118] (C) 1.6% by Weight of calcium hydroxide 

[0119] (D) 0.8% by Weight of sodium toluenesul?nate 
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[0120] (D) 1.2% by Weight of 1,3-dimethyl-5-phenylbar 
bituric acid 

[0121] (D) 2.4% by Weight of sodium peroxodisulfate 

[0122] 5.4% by Weight of pyrogenic silica (Aerosil 
OX 50), silaniZed With 3% by Weight of methacryloxypro 
pyltrimethoxysilane 

[0123] Liquid: 
[0124] (A) 49.5% by Weight of 1,3-glyceryl dimethacry 
late phosphate 

[0125] (B) 20% by Weight of propoxylated bisphenol A 
dimethacrylate 

[0126] (B) 30% 
dimethacrylate 

[0127] (D) 0.2% by Weight of camphorquinone 

[0128] (D) 0.1% by Weight of Cu(II) acetate 

[0129] 0.2% by Weight of 2,6-di-tert-butyl-4-meth 
ylphenol 

by Weight of triethylene glycol 

[0130] Comparative examples (see table 1): 
[0131] Commercially available ?lling materials from dif 
ferent classes of material 

[0132] Ketac Molar (GIC from 3M ESPE AG) 

[0133] Fuji II LC (RMGIC from GC) 

[0134] 

[0135] 
[0136] 
[0137] Commercially available ?xing cements from dif 
ferent classes of material 

[0138] Ketac Cem (GIC from 3M ESPE AG) 

[0139] Fuji Plus (RMGIC from GC) 

[0140] 
[0141] 
[0142] 
[0143] 
[0144] Adhesion tests Were carried out using bovine teeth. 
For each test, ?ve bovine teeth deep froZen folloWing 
extraction are thaWed, cleaned to remove the remaining 
gum, and separated from the roots by saWing With a diamond 
saW. The remaining pulp is removed With the aid of a pulp 
needle and the teeth are then rinsed With mains Water. Planar 
dentine is obtained by labial sanding of the teeth on a 
Water-cooled diamond sanding disk. The teeth are then 
embedded in silicone in such a Way that the sanded-off 
surface, Which is kept Well moistened, points upWard, and 
are subsequently aftertreated Wet With a ?ne silicon carbide 
sandpaper. Then each tooth has stuck to it a small Wax plate 
Which has a round cutout of 6 mm in diameter (test area). 
This test area is ?lled in a planar fashion With the material, 
mixed according to the manufacturer’s instructions, and 
cured in accordance With the manufacturer’s instructions for 
10 to 40 seconds With Elipar II (600-800 mW/cm2). Auto 
polymeriZing materials are cured for 1 h at 36° C. and 100% 
relative humidity. After curing, the small Wax plate is 

Dyract AP (Compomer from Dentsply) 

Tetric Ceram (Composite from Vivadent) 

Comparative examples (see table 2): 

Dyract Cem Plus (Compomer from Dentsply) 

Panavia 21 (Composite from Kuraray) 

Description of Measurements Conducted 

Determination of adhesion: 
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removed, a screw is bonded adhesively to the protruding 
?lling at right angles to the surface of the tooth, and after 
storage for one day at 36° C. and 100% relative humidity the 
adhesion is measured in a take-off test on a ZWick UPM 
1455 With a take-off rate of 1 mm/min. 

[0145] The ?exural strength Was determined in accor 
dance With EN ISO 4049: 2000 (3-point bending test). The 
Water absorption Was determined on standardiZed test speci 
mens in accordance With EN ISO 4049: 2000. 

[0146] The results of the ?exural strength and adhesion 
measurements and also of the Water absorption are compiled 
in tables 1 and 2 (lc=light-cured, dc=dark-cured) 

TABLE 1 

Adhesion Water 
Flexural to dentine absorption 

Material strength [MPa] [MPa] [,ug/mm3] 

Ketac Molar (GIC), dc 40 0.0 61 
Fuji II LC (RMGIC), lo 43 0.4 129 
Dyract AP (Compomer), lo 100 0.0 18 
Tetric Ceram (Composite), 108 0.0 13 
lc 
Example 1, lc 70 3.4 20 
Example 2, lc 72 3.7 23 
Example 3, lc 75 3.3 19 

[0147] The example formulas 1 to 3 of the invention 
exhibit Without pretreatment a much higher adhesion to 
bovine dentine than all other materials. In comparison With 
the glass ionomer cements and resin-modi?ed glass ionomer 
cements, moreover, the ?exural strengths are greatly 
increased. The Water absorptions are Within the range of the 
compomers and composites and are much loWer than in the 
case of the glass ionomer cements and resin-modi?ed glass 
ionomer cements. 

TABLE 2 

Adhesion Water 
Flexural to dentine absorption 

Material strength [MPa] [MPa] [,ug/mm3] 

Ketac Cem (GIC), dc 17 0 60 
Fuji Plus (RMGIC), do 18 0.9 171 
Dyract Cem Plus 58 0 51 
(Compomer), dc 
Panavia 21 (Composite), dc 94 0 28 
Example 4 dc 61 4.1 25 
10 66 5.7 24 

[0148] The example formula 4 of the invention exhibits 
Without pretreatment a very high adhesion to bovine dentine. 
The Water absorptions are Within the range of the composites 
and are much loWer than in the case of the compomers, glass 
ionomer cements, and resin-modi?ed glass ionomer 
cements. 

EXAMPLE 5 

[0149] Light-Curing Fissure Sealing Material as 1K 
[1-Component] Paste 
[0150] A laboratory kneader Was used to produce a paste 
from the folloWing constituents: 

[0151] (A) 21% by Weight of di-HEMA phosphate 
[0152] (A) 5% by Weight of trimellitic acid di-HEMA 
ester 
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[0153] (A) 10% by Weight of 1,3-glyceryldimethacrylate 
phosphate 

[0154] (B) 5% by Weight of bis-GMA 

[0155] (C) 55% by Weight of quartZ silaniZed With 3% by 
Weight of methacryloxypropyltrimethoxysilane 

[0156] (C) 1% by Weight of calcium hydroxide 

[0157] (D) 0.9% by Weight of dimethylaminoethyl ben 
Zoate 

[0158] (D) 1.1% by Weight of camphorquinone 

[0159] 1% by Weight of pyrogenic silica (Aerosil OX 
50) silaniZed With 3% by Weight of methacryloxypropyltri 
methoxysilane 

Water 
Adhesion absorption 

Material Flexural strength [MPa] to dentine [MPa] [,ug/mm3] 

Example 5, lc 50 3.1 19 

1. A self-adhesive dental material comprising: 

(A) from 5 to 75% by Weight of one or more mono- or 
polyfunctional ethylenically unsaturated compounds 
Which additionally possess at least one acid-functional 
group, at least one of the compounds containing at least 
one P—OH group, 

(B) from 2 to 50% by Weight of one or more mono- or 
polyfunctional ethylenically unsaturated compounds 
Without an acid-functional group, 

(C) from 22.8 to 85% by Weight of ?ller(s), including at 
least one ?ller capable of reacting With component (A) 
in an ion exchange, neutraliZation, acid-forming and/or 
chelate-forming reaction, 

(D) from 0.1 to 8% by Weight of one or more initiators 
and, if desired, activators, 

(E) from 0.1 to 20% by Weight of additional additives 
and/or modi?ers, 

the Weight ratio in % of component (A) to component (B) 
being in the range from 21 to 90:10 to 79. 

2. The self-adhesive dental material of claim 1, Wherein 
the monomer in component (A) having at least one P—OH 
group is present in a concentration of at least 5% by Weight 
based on the constituents (A) to 

3. The self-adhesive dental material of one of the above 
claims, Wherein the polymeriZable groups of component (A) 
comprise acrylic, methacrylic, vinyl and/or styryl groups 
and the acid groups are selected from carboxylic acid 
residues, acid residues of phosphorus, sulfur and/or of 
boron. 

4. The self-adhesive dental material of one of the above 
claims, Wherein the polymeriZable groups of component (B) 
are acrylic, methacrylic, vinyl and/or styryl groups. 

5. The self-adhesive dental material of one of the above 
claims, Wherein component (C) comprises ?llers Which are 
inert toWard the acid functions of component 
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6. The self-adhesive dental material of one of the above 
claims, Wherein component (D) is selected from photoini 
tiators and/or redoX initiator systems. 

7. The self-adhesive dental material of one of the above 
claims, Wherein component (D) comprises a redoX initiator 
system comprising barbituric acid or thiobarbituric acid 
and/or a barbituric or thiobarbituric acid derivative, a per 
oXodisulfate compound and/or a peroXodiphosphate com 
pound, a sul?nic acid compound, and a copper compound. 

8. The self-adhesive dental material of one of the above 
claims, Wherein component is selected from plasticiZers, 
organic and inorganic pigments and/or dyes, stabiliZers 
and/or heavy metal scavengers, thiXotropic assistants, ion 
donor substances, bactericidal or antibiotic substances. 
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9. The use of a self-adhesive dental material of one of 

claims 1 to 8 as ?lling material, ?ssure sealant, cement or 
core buildup material. 

10. The use of a composition as described in one of claims 
1 to 8 to produce a self-adhesive dental material for use in 
a process comprising the steps of a) carrying out a prepa 
ration in hard dental tissue, b) directly applying the self 
adhesive dental material into the preparation, c) curing the 
self-adhesive dental material, in Which no treatment steps 
are carried out before step b), especially not: conditioning, 
etching, priming, bonding. 


