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(57) ABSTRACT 

A resorbable bone replacement material made of calcium 
phosphate particles of different phases Which are embedded 
in an inventive-speci?c cross-linked collagen matrix. The 
goal is to form a non-brittle, bone replacement moulded body 
having a positive ?t, i.e. having a shape Which is anatomic 
and/or corresponds to the defect, Which perfectly ?lls the 
bone defect and can be resorbed thereby. Said goal is achieved 
by producing the bone replacement material made of a mix 
ture of calcium phosphate particles Which is embedded in an 
inventive cross-linked collagen matrix. In particular, the col 
lagen cross-linking is achieved by a Laccase-induced peptide 
cross-linking and suitable bridge molecules. Essentially sub 
stituted dihydroxyarmotes and/or substrates of the lignolytic 
polyphenoloxidases, such as Laccases, are suitable as bridge 
molecules. Also, monocyclic ortho-dihydroxyaromates, 
monocyclic para-dihydroxyaromates, bicyclic monohy 
droxyaromates, polycyclic monohydroxyaromates, bicyclic 
dihydroxyaromates, polycyclic dihydroxyaromates, bicyclic 
trihydroxyaromates, polycyclic trihydroxyaromates, or mix 
tures thereof are used. The inventive hydroxyaromates are not 
part of a polymer chain as opposed to the known conchal 
adhesive. 
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RESORBABLE CALCIUM PHOSPHATE 
BASED BIOPOLYMER-CROSS-LINKED 
BONE REPLACEMENT MATERIAL 

TECHNICAL FIELD 

[0001] The invention relates to a resorbable bone substitu 
ent material made of calcium phosphate particles of different 
phases Which are embedded in a collagen matrix cross-linked 
being speci?c to the invention. 

BACKGROUND ART 

[0002] Bone defects Which cannot be closed in natural heal 
ing through the organism require the application of bone 
substituent materials Which can be of natural or arti?cial 
origins, and Which Will ?ll the defect and be restructured to 
endogenous bone. 
[0003] The so-called “golden standar ” represents the uti 
liZation of autologous bones then, i.e. the patient Will be 
removed a piece of bone from the sound area, eg from the 
iliac crest (crista iliaca), Which is used to ?ll the defect. 
Having greater bone defects or an inappropriate autologous 
bone, it is also fallen back upon foreign bone material Which 
Will be reconditioned accordingly. The advantage of provid 
ing foreign bones in larger quantities is confronted With their 
disadvantage that varying reconditioning processes may 
result in different mechanical properties (Palmer S. H., Gib 
bons C. L. M. H., Athanasou N. A.: JBJS (Br) 1999, 81-B, 
333-5). Moreover, With foreign bones infections cannot be 
excluded (Boyce, T., EdWards 1., Scarborough N.: Orthop. 
Clin. North Am. 1999, 30(4), 571-81). For the application of 
a debiologiZed animal bone, the same objections apply as for 
the application of foreign bones such that various synthetic 
bone substituents have been developed. 
[0004] The advantages of the synthetic bone substituents 
are in that checking the chemical composition and structure 
exists in addition to the availability, and in?uencing the bio 
logically effective properties can be carried out such that an 
optimum course of therapy is achieved. 
[0005] The plurality of the synthetic bone substituents 
comprise calcium minerals such as calcium carbonate, cal 
cium sulphate and different calcium phosphates. In the past, 
particularly calcium phosphates such as [3-tricalcium phos 
phate and hydroxylapatite have been used, Wherein hydroxy 
lapatite is an essential constituent of the natural bone (Dor 
oZhkin S. V., Epple M.: AngeW. Chemie 2002, 114, 3260-77). 
[0006] Calcium phosphate based bone substituent materi 
als alloW to be made in various embodiments for different 
ranges of application. Granulates are used for dental bone 
defect ?lling, e. g., Whereas injectable cements are used With 
the stabiliZation of vertebral bodies. Load-carrying moulded 
ceramic articles are inserted With defects of the skull and the 
great long bones. 
[0007] In the load-carrying case, particular di?iculties arise 
for bone substituent materials made of calcium phosphates. 
The necessary structure is alloWed to carry de?ned maximum 
forces only, and the naturally available brittleness of synthetic 
calcium phosphates has to be compensated by an adapted 
producing process. The increase of strength is achieved, eg 
by sintering. Disadvantageously, the sintered calcium phos 
phates are reabsorbed then substantially more sloWly than it 
Would correspond to the normal course of therapy (LeGeros 
R. Z.: Clinical Materials 1993, 14, 65-88). Moreover, With 
sintering loss of nanoporosity is notched up. 
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[0008] Another possibility to increase the strength of cal 
cium phosphate based bone substituent materials is compres 
sion by cold isostatic pressing. HoWever, the porosity of these 
mouldings then gets largely lost such that, for compensating 
this effect, macroscopic structuring has to be provided by 
mechanical remachining, e. g. bores (Tadic D., Epple M.: 
Biomaterials 2003, 24, 4565-71). 
[0009] If the mechanical stressability does not play the 
important part, then calcium phosphate based bone substitu 
ents can be produced With further processes permitting a 
better adjustment of the porosity. If one con?nes to inorganic 
components as material constituents, then in particular sol 
gel processes are just right to generate open-pored netWork 
structures (Brinker C 1., Scherer G. W.: Sol-Gel Science: The 
Physics and Chemistry of Sol-Gel Processing, Academic 
Press, 1990). 
[0010] In addition, if organic components are used as bind 
ing agents, then mouldings are alloWed to be generated both 
in immediately shaping processes (Michnaa S., Wua W., 
LeWis J. A.: Biomaterials 2005, 26, 5632-9), eg as a three 
dimensional grid pattern, and produced by press forming 
(Weihe S., Wehmoller M., Tschakaloff A., von Oepen R., 
Schiller C., Epple M., Eu?nger H.: Mund-, Kiefer-, Gesich 
tschirurgie 2001, 5: 299-304). The porosity of these mould 
ings has to be set by the shaping process itself or by mechani 
cal machining (D. Tadic D., M. Epple M.: Biomaterials 2003, 
24, 4565-71). 
[0011] Through the application of bone substituents Which 
comprise adjustable components of calcium phosphates hav 
ing different solubilities Within the body ?uid and thus vari 
ous resorbence rates, the course of resorbence can be con?g 
ured in a de?ned manner. As a result, the strain is additionally 
supported by the bone sub stituent material over a time period, 
in Which neW bone tissue is developing and solidifying. The 
calcium phosphates With less solubility Will be completely 
reabsorbed later during remodelling of the bone (LeGeros R. 
Z.: Clinical Materials 1993, 14, 65-88). 
[0012] In summary, it is to be noted that calcium phosphate 
based bone substituent materials are successfully used for the 
treatment of simple defects. HoWever, at the moment appli 
cation With heavy defects is not carried out due to of material 
related problems. These problems above all rest in that the 
actual processes are not able to meet substantial requirements 
on bone sub stituent material and defect ?lling material bodies 
formed from it, respectively: 
[0013] (1) on the one hand, to produce positive bone sub 
stitute mouldings, i.e. shaped anatomically and according to 
the defect, respectively, Which completely ?ll the bone defect 
perfectly and non-positive as Well, and 
[0014] (2) on the other hand, to implement an easily resorb 
able structure. 

[0015] Moreover, With the application of the actual manu 
facturing processes it is very dif?cult to ?t into the bone 
substituent material additional organic or inorganic matters 
having strongly varying concentrations as Well as to provide 
an improvement of the load-carrying properties by means of 
embedded, permanent and resorbable supporting structures, 
respectively. 

DISCLOSURE OF THE INVENTION 

[0016] The problem formulation according to the invention 
is producing a positive non-brittle bone substitute moulding, 
i.e. being shaped anatomically and according to the defect, 
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respectively, Which completely ?lls the bone defect perfectly 
and Which is resorbable as Well. 
[0017] The solution of the problem formulation is achieved 
by producing the bone substituent from a mixture of calcium 
phosphate particles embedded into a collagen matrix being 
cross-linked according to the invention. 
[0018] In particular, collagen cross-linking is achieved by 
laccase-induced peptide cross-linking and suitable bridging 
molecules. 
[0019] As bridging molecules the substituted dihydroxy 
aromatics and/or substrates of lygnolytical polyphenol oxi 
dases such as laccases are generally suitable. 

[0020] Therefore, monocyclic orthodihydroxy aromatics, 
monocyclic paradihydroxy aromatics, bicyclic monohydro 
aromatics, polycyclic monohydroxy aromatics, bicyclic 
dihydroxy aromatics, polycyclic dihydroxy aromatics, bicy 
clic trihydroxy aromatics, polycyclic trihydroxy aromatics or 
mixtures thereof are used. In contrast to the Well-known mus 
sel glues, the hydroxyl aromatics according to the invention 
are not part of a polymer chain. 
[0021] These aromatics may be further substituted. Pre 
ferred functional groups are substituents selected from the 
group consisting of halogen, sulfo, sulfone, sulfamindo, sul 
fanyl, amino, amido, aZo, imino and hydroxy. Then, it is to 
ascertain that substituted aromatics, in particular substituted 
dihydroxy aromatics, have very favourable polymerization 
properties such as fast polymerization, loW natural linkage 
and good strength of cross-linking. Appropriate substitution 
of the aromatics results in that monohydroxy aromatics are 
also suitable as bridging molecule for cross-linking. Within 
the scope of this invention, substitution means that in addition 
to the hydroxyl groups 1, 2, 3 or 4 further groups are bonded 
to the aromatics. Further, monohydroxylated biaryl com 
pounds are also suited as bridging molecules. 
[0022] Particularly preferred as a bridging molecule are 
phenol derivates Which comprise a hydroxyl group or a meth 
oxy group corresponding to the formulas 1 and 2, on the ortho 
position or para position, 

Formula 1 
R2 

HO R1 

Y1 

R3 
Formula 2 

R1 

Y1 

HO R3 

R2 

[0023] Wherein 
n:0-10, preferably 0 or 1, in particular 0; 
R1:OH or NH2 or hal, preferably OH, C1 or Br, in particular 
OH; 
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R2:H, CH3, CH0, COCH3, CONH2, CON-alkyl, CON 
alkyl-OH, COOH, COO-alkyl, alkyl, substituted aromatic, in 
particular CON-alkyl or COO-alkyl, and 
R3:H, CH3, alkyl, substituted aromatic, in particular H or 
CH3. 
[0024] Herein, alkyl means branched or non-branched ali 
phatic hydrocarbon chains having preferably 1 to 20 carbon 
atoms, more preferably 1 to 6 carbons, e.g. methyl, ethyl 
propyl, butyl, isobutyl, n-pentyl, n-hexyl. 
[0025] Possible bridging molecules furthermore are com 
pounds of formula 1 and of them the hydroquinone, Which 
may be further substituted. Seen from a point of vieW of fast 
bonding reaction, if possible, substituted dihydroxy aromat 
ics having a loW natural linkage are particularly appropriate 
according to the invention. 2,5 dihydroxybenZamides are 
preferably used, Wherein 2,5-dihydroxy-N-2-hydroxyethyl 
benZamide is particularly preferred. 
[0026] In the case of aromatic trihydroxy compounds it is 
preferred that there are not more than tWo hydroxyl groups 
per unit of benZene. Particularly preferred are polyphenyls, 
i.e. biphenyl or triphenyl of the folloWing formula 3: 

Formula 3 

HO R1 

[0027] Wherein 
n:0-10, preferably 0 or 1, 
and 

Rl:H and R2:OH or R1:OH and R2:H. 

[0028] Then, the phenyls of formula 3 may be substituted, 
e.g., in the ortho position into a hydroxyl group having CH3, 
CH0, COCH3, CONH2, CON-alkyl, CON-alkyl-OH, 
COOH, COO-alkyl, alkyl, substituted aromatic in particular 
CON-alkyl or COO-alkyl and/or in the metha position into a 
hydroxyl group having CH3, alkyl, substituted aromatic in 
particular CH3. 
[0029] Cross-linking of collagen occurs according to the 
invention under the in?uence of polyphenol oxidases such as 
lignolytic polyphenol oxidases, in particular laccases (EC 
1.10.3.2). Laccases are knoWn as cross-linkers. They are 
alloWed to arise from plants, mushrooms, bacteria or insects 
or be derived from natural enZymes. The laccases to be used 
Within the scope of this invention may be produced recombi 
nantly or can be cleaned up. 

[0030] Examples thereof are laccases being extracted from 
the species of aspergillus, neurospora, podospora, bolrylis, 
c0llybia,f0mes, lenlinus, pleurolus, pycnoporus, pyricularia, 
Zrameles, rhizoclonia, coprinus, psalyrella, myceliophlhora, 
schlalidium, polyporus, phlebia or coriolus. The preparation 
oflaccases is disclosed in EP 0947142. 

[0031] By the application of polyphenol oxidases such as 
lignolytic polyphenol oxidases, preferably laccase (EC 1.10. 
3.2), the substrate spectrum thereof can be employed for the 
cross-linking reaction. Therefore, the invention particularly 
distinguishes in that a Wide range of bridging molecules can 
be used for cross-linking. 
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[0032] Variations of the concentrations approximately of 1 
to 50 mM are possible both With the individual component 
collagen and the bridging molecule matter. 
[0033] Then, it must be considered, that according to the 
selected bridging molecule, an interfering natural reaction of 
the bridging molecule takes place decreasing the formation of 
cross-linking bonds. An excessively loW concentration of the 
bridging molecules results in a too sloW reaction, an exces 
sively high concentration results in stronger side reactions 
through natural linkage. The concentration of the polyphenol 
oxidase in?uences the reaction rate Wherein, according to 
application, faster cross-linking or a longer processability of 
the combination can be achieved by varying the concentra 
tion. Apreferred volume ratio for cross-linking of soft tissues, 
for example, is implemented in the formulation of 8.5 nM of 
collagen, 12.5 mM of 2,5-dihydroxy-N-2-hydroxyethylben 
Zamide, 0.32 U (156 nmol ml“l min_l) of polyphenol oxi 
dase. 
[0034] Cross-linking of a collagen matrix by means of 
bridging molecules With embedding calcium phosphate par 
ticles of different phases and concentrations into the matrix 
results in a solid material With the suitability as bone substitu 
ent. 

[0035] The polyphenol oxidase and the polyphenols are 
dissolved preferably in phosphate buffer such as calcium 
phosphate or sodium phosphate buffer or PBS. The consis 
tency of the used components of laccase and polyphenol is 
from liquid to pasty. The viscosity of the used individual 
components can be varied by solvents. The concentration of 
the solvents in?uences cross-linking. 
[0036] Cross-linking reaction preferably occurs at pH 
value of 5 to 7. The reaction is alloWed to proceed Within the 
temperature range of 2 to 80 degrees centigrade, hoWever, a 
temperature is preferred Within the range of 20 to 37 degrees 
centigrade, in particular Within the range of 25 to 30 degrees 
centigrade. 
[0037] In support of cross-linking another shorter-chain 
peptides can be used. In a particularly preferred embodiment 
of the invention about 50 percent of the amino acids of the 
peptide consist of lysine. Lysine and another amino acid may 
be arranged as a repeating dipeptide unit. Another succession 
or absorbing of further amino acids of, in particular arginine, 
asparagine, glutamine or histidine (instead of lysine or in 
addition thereto), serine or threonine (instead of tyrosine or in 
addition thereto), of cysteine or other amino acids is also 
possible. 
[0038] In a likewise preferred embodiment it exclusively 
concerns Withpolymers consisting of tWo amino acids such as 
(lysine tyrosine)”, Wherein n can assume values of betWeen 5 
and 40 such as 5, 10 or 20. 

[0039] Furthermore, (lysine tyrosine), is advantageously 
used as a peptide. With the use of (lysine tyrosine)” Within the 
matrix, lysine exists in a high concentration in the bone sub 
stituent material and has a positive effect on the proliferation 
and differentiation of bone cells. 

[0040] Prior to cross-linking, the substance mixture has 
viscous properties and can be arbitrarily shaped out. Then, 
simple shapes such as globules as Well as complex mouldings 
can be represented. 

[0041] Furthermore, ?lling the porous mouldings With the 
viscous material and curing thereof is possible. 
[0042] In one preferred embodiment the material is con?g 
ured as an interconnectingly porous body. 
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[0043] Preferably, the part by Weight to the total Weight of 
calcium phosphate particles is 70 to 95 percent, of collagen 
and oligopeptides is 5 to 15 percent if necessary, and of the 
bridging molecule substance is about 0.5 to 5 percent. 
[0044] The bone substituent materials according to the 
invention are alloWed to include further substances. In a pre 
ferred mode of implementation the material additionally 
includes SiO2. 
[0045] The bone substituent material can be doped With 
antibiotics. Then, antibiotics having free amino groups Which 
have been mixed to the bone substituent prior to crosslinking 
Will be bonded to collagen during the laccase-induced cross 
linking. On that occasion, it could be demonstrated that the 
collagens doped in this manner With antibiotics have a strong 
antimicrobial effectiveness. 
[0046] The bone substituent material can be inserted With 
and Without a supporting structure. If a resorbable organic 
material is inserted as supporting structure, it is of particular 
advantage according to the invention to select an organic 
material carrying free amino groups. In this case, cross-link 
ing occurs by means of bridging molecules not only toWard 
the collagen but toWard the supporting structure as Well such 
that a solid connection is obtained, hoWever, Which Will be 
substituted by endogenic tissue during the healing process. 
The mechanism of resorbence can be in a hydrolytical or 
enZymatical manner. In particular, the peptides can be decom 
posed, and individual fragments can be taken aWay and be 
separated. Alternatively, the fragments or amino acids are 
also alloWed to be incorporated into the regenerating tissue. 
[0047] In a further embodiment, the porosity of the calcium 
phosphate moulding is directed. Consequently, the mechani 
cal properties of the resulting composite moulding are 
depending on the direction as Well. 
[0048] By cross-linking the contacting surfaces of tWo 
mouldings having directionally depending mechanical prop 
erties Which result in a solid connection of the mouldings, the 
directional dependence of the mechanical properties of the 
resulting moulding Will be reduced. 
[0049] By means of the solid combination of a plurality of 
tWo-dimensional mouldings through cross-linking of their 
paired contacting surfaces, a multi-layer composite moulding 
is made Which has a high mechanical stressability. 

WAY (S) FOR IMPLEMENTING THE 
INVENTION 

First Embodiment 

[0050] A mixture from particles of different modi?cations 
of calcium phosphate and collagen is homogeneously mixed 
With 2,5 dihydroxy-N-2-hydroxyethylbenZamide such that a 
concentration of 12.5 mM is achieved. Cross-linking is initi 
ated by adding of laccase having an activity of 0.32 U (156 
mmol ml'l min_l). After curing of the adhesive the mineral 
constituents together With the adhesive material form, 
depending on the solid matter components, a high viscous or 
solid material. 

Second Embodiment 

[0051] An experimental arrangement such as in the ?rst 
embodiment is selected, hoWever, in addition to the collagen 
an oligopeptide (length of 2 to approx. 100 amino acids, 
preferably approx. 4 to appr. 20 amino acids) is added. Com 
pared With usual proteinaceous amino acids, modi?ed and 
atypical amino acids, respectively, such as hydroxylisine can 
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also be comprised in the oligopeptide. Lysine containing 
oligopeptides are preferably used, and it is of particular 
advantage When lysine is approximately 50 percent of the 
amino acids of the peptide. Additionally, approximately 50 
percent of the amino acids of the peptide may be tyrosine. 
Lysine and tyrosine may be arranged, eg as a repeating 
dipeptide unit. In particular, by adding peptides Which con 
sisted of repeating dipeptide units of lysine and tyrosine ([lys 
tyr]n or [tyr~lys]n, n:5 or n:l0, good cross-linking has been 
achieved With the incorporation of the collagen and inclusion 
of the calcium phosphates. 

Third Embodiment 

[0052] The oligopeptides described in the second embodi 
ment are received in PBS (phosphate buffered saline, 2.7 M 
NaCl2, 54 mM KCl, 87 mM Na2HPO4, 30 mM KH2PO4, pH 
7.4) and laccase is added (Component 1). 2,5-dihydroxy-N 
2-hydroxyethyl-benZamide is dissolved in PBS (Component 
2). After combining both components, mixing With particles 
of different modi?cations of calcium phosphate and collagen 
is carried out. The quantity of solvent is selected minimally in 
order to achieve a solution of the components as concentrated 
as possible. 

Fourth Embodiment 

[0053] The viscous mixture of particles of different modi 
?cations of calcium phosphate and collagen, if necessary, and 
of further oligopeptides according to the second embodiment 
2,5-dihydroxy-N-2-hydroxyethyl benZamide and laccase, is 
inserted by means of capillary action, pressuriZing or vacuum 
into the pores of an interconnectingly porous brittle moulding 
prior to sintering based on calcium phosphate, Which after 
curing forms a solid composite moulding in compound With 
the CaP moulding. In a speci?c embodiment, the intercon 
nectingly porous moulding is formed such that the inner 
surface thereof is largely covered With collagen being locally 
determined, cross-linked. 
[0054] After cross-linking initiated by laccase, a material 
being interconnectingly porous With regard to both the min 
eral and the collagen is obtained. When implanted, due to its 
osteoconductive action this material serves as a biological 
guide bar for the regeneration of missing bone and thus for 
healing the defect. 

Fifth Embodiment 

[0055] A composite moulding according to the third 
embodiment is prepared With the speci?c feature that a sim 
ply open or multiply open holloW body or a closed holloW 
body is created by means of a multilayer cross-linking of 
contacting surfaces.After the implantation the recovery of the 
bone defect occurs While maintaining dimensional stability. 

Sixth Embodiment 

[0056] Preparation of a bone substituent according to the 
?rst embodiment With the speci?c feature that an amino 
group carrying antibiotic has been homogeneously distrib 
uted in the mixture before adding of laccase. After cross 
linking With the laccase the collagen is doped With the anti 
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biotic. Thus, a bone substituent is formed Which is active 
ingredient loaded both inside and on the surface. 

Seventh Embodiment 

[0057] Preparation of a multilayer composite moulding 
according to the sixth embodiment With the speci?c feature 
that identical or different active ingredients Will be embedded 
into one or several layer boundaries. 

1. A resorbable bone substituent material comprising cal 
cium phosphate particles of different phases and collagen, 
Wherein the collagen is in the form of a matrix that is at least 
partially cross-linked by a substituted polyhydroxy aromatic 
compound under the action of a laccase. 

2. A resorbable bone substituent material according to 
claim 1, Wherein the substituted polyhydroxy aromatic com 
pound is selected from the group consisting of: monocyclic 
dihydroxy aromatic compounds, bicyclic dihydroxy aromatic 
compounds, polycyclic dihydroxy aromatic compounds, 
bicyclic trihydroxy aromatic compounds, and polycyclic tri 
hydroxy aromatic compounds. 

3. A resorbable bone substituent material according to 
claim 2, Wherein the substituted polyhydroxy aromatic com 
pound has a molecular Weight of 110 to 1100 g/mol. 

4. A resorbable bone substituent material according to 
claim 3, Wherein the polyhydroxy aromatic is 2,5-dihydroxy 
N-2-hydroxyethyl benZamide. 

5. A bone substituent material according to claim 1, the 
bone substituent material being in the form of an intercon 
nectingly porous body. 

6. A bone substituent material according to claim 1, 
Wherein the collagen matrix additionally comprises a SiO2 
gel. 

7. A bone substituent material according to claim 5, 
Wherein the interconnectingly porous body has an inner sur 
face and is formed such that the majority of the inner surface 
thereof is largely covered by crosslinked collagen Which is 
locally determined. 

8. A bone substituent material according to claim 1, 
Wherein the various material components are arranged in an 
irregular sequence or regular sequence. 

9. A bone substituent material according to claim 1 in the 
form of a moulding. 

10. A bone substituent material according to claim 9, fur 
ther comprising an internal supporting structure. 

11. A bone substituent material according to claim 10, 
Wherein the supporting structure consists of a metal. 

12. A bone substituent material according to claim 11, 
Wherein the metal is resorbable. 

13. A bone substituent material according to claim 10, 
Wherein the internal supporting structure consists of resorb 
able organic material. 
14.Abone substituent material according to claim 1 further 

comprising one or more active ingredients on either orboth of 
external and internal surfaces. 

15. A bone substituent material according to claim 11, 
characterized in that said active ingredients Will be introduced 
into the volume and Will be just released through the resor 
bance of the material. 

16. A bone substituent material according to claim 11, 
Wherein said metal comprises titanium. 

* * * * * 


