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1. Yo, Emilio FERRERO, identificado como aparece al pie de mi firma, actuando 

como apoderado en el asunto de la referencia, atentamente, solicito se efectUe el examen 

de patentabilidad de la solicitud en referencia presentada de acuerdo con el Capitulo I del 

POT y segUn lo establecido en el artIculo 44 de la Decision 486 de la ComisiOn de ía 

Comunidad Andina. Para tal efecto presento junto con este escrito el recibo por valor de 

$ 420.000.00, que corresponde a la tasa fijada segün lo dispuesto en la resoluciOn 

No. 44372 de 26 de diciembre de 2007. 

2. Ruego atentamente a la Seæora Jefe se sirva ordenar que se anexe este recibo 

para que se efectUe dicho examen y se continUe con el trÆmite de la solicitud. 

Seæora Jefe, 

COLO-161 12-841-001-6 

Or" SDC\NNJ\ID-132040\WPC16II2 
No. M-2008-1 32040\SDC 

NIT 860.041.367-3 
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EMILIO FERRERO 
T.P.A. No. 31.929 



Industria y Comercio 
SUPERINTEND EN CIA 

DIVISION DE NUEVAS CREACIONES 

RADICACION EXPEDIENTE No. 07-92514 

EL EXTRACTO DE LA PRESENTE SOLICITUD DE PATENTE DE INVENCION 

FUE PUBLICADO EN LA GACETA DE PROPIEDAD INDUSTRIAL No 590 DE 

FECHA 31 DE MARZO DE 2008 EL TERMINO HABIL SEI1ALADO POR LA LEY 

EXPIRA EL 27 DE JUN10 DE 2008 

NOTA: Dentro del plazo de los seis (6) meses siguientes a partir de la fecha de publicacion 
en la gaceta de Propiedad Industrial, deberÆ solicitar y cancelar el examen de 
patentabilidad so pena de que la solicitud caiga en abandono, de acuerdo con to 
establecido en el ArtIculo 44 de la Decision 486/2000. 

SE PRESENTARON OPOSICIONES POR PARTE DE TERCEROS. 
SI  NO  



SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO 
DIRECCION DE NUEVAS CREACIONES 

Bogota, D.C., 04 de marzo de 2011 

Apoderado: Emilio Ferrero 

ASUNTO RadicaciOn 07-92514 
TrÆmite 002 
Evento 001 
Actuaciôn 430 
Oficio 
Folios 

Patente de lnvenciOn 

Via PCT fase nacional Cap.! 

No. So!. Internacional PCT/EP2005/055753 

Fecha de Presentación Internal. 04/nov/2005 

Cap. II 71 

Como resultado del examen de fondo, realizado con fundamento en el artIculo 45 
de la Decision 486 de la ComisiOn de la Comunidad Andina, se le comunica: 

1. Documentos estudiados 

1.1.Descripci6n: Folios: 123 a 217como se radicô inicialmente 

1.2. Reivindicaciones: Folios 218 a 229 Como se radicO inicialmente 

1.4Prioridad: Folio 2: GB 0504673.5; 07/mar/2005 

1. Objeto de la invención 

§ Titulo de la solicitud: BIOMATERIAL 

§ El objeto de la invenciôn se refiere a un proceso para la obtenciOn Ia obtenciOn 
de un biomaterial de hueso sintØtico y el biomaterial sintØtico. 

-Reivindicaciones 1-32: Un proceso para la preparaciOn de un biomaterial. 
-Reivindicaciones 33-34,46-52: Un biomaterial. 
-Reivindicaciones 35-36: Un biomaterial. 
-Reivindicaciones 37-38: Un biomaterial. 
-Reivindicaciones 43-45: Un biomaterial. 



-Reivindicación 55: Un biomaterial, obtenido por el proceso de las reivindicaciones 
1 a 32. 

§ El problema planteado en esta solicitud es la necesidad de un material sintØtico 
que tenga una composición y estructura que permita el crecimiento del hueso 
natural. 
§ Para solucionar este problema tØcnico la solicitud en estudio proporciona una 
proceso para la preparaciOn de un biomaterial. 

Se catalogo la invención, segUn la Clasificaciôn Internacional de Patentes (IPC.): 
A61 L27146; A61 L27156 

2. De la solicitud de Patente 

2.1. Reivindicaciones (artIculo 30 0 486 de la C.A.N.) 

-Las reivindicaciones 40-34 son inconsistentes, hacen referencia a una segunda 
capa de acuerdo con las reivindicaciones 33-36 y esas reivindicaciones no 
menciona ninguna segunda capa, de igual manera quedan con la misma 
inconsistencia todas las que son dependientes de estas. 
-Las reivindicaciones 53 y 54, no son claras, ya que no definen "el material Oseo 
sintØtico, imp/ante Oseo, sustituto Oseo, soporte Oseo, relleno, recubrimiento o 
cemento, como tampoco se define el soporte Oseo mono/Itico". 
Las expresiones funcionales no comprenden informaciôn alguna con respecto a la 
conformación inequlvoca de la materia reclamada en estas reivindicaciones, o 
sea, es un resultado por obtener. 

Por 10 tanto las reivindicaciones no cumplen con el requisito de claridad, concisiOn 
o sustento por la descripciôn de acuerdo al art. 30 de la Decision 486. 

3. Unidad de invención (artIcu/o 25 D 486) 

-En el capitulo reivindicatorio se no conserva la unidad inventiva ya que cada uno 
de los grupos no comprende las caracterIsticas tØcnicas especiales de la 
invenciOn, caracterIsticas tØcnicas especiales son aquellas caracterIsticas que 
proporcionan un aporte tØcnico real al acervo tecnolOgico: 

i) Un proceso para la preparación de un biomaterial; un biomaterial, obtenido por el 
proceso de las reivindicaciones 1 a 32. 
ii) Un biomaterial (reivindicaciones 33-34,46-52). 
iii) Un biomaterial (reivindicaciones 35-36). 
iv) Un biomaterial (reivindicaciones 37-38). 
v) Un biomaterial (reivindicaciones 43-45) 
vi)Reivindicaciones 53 Material Oseo sintØtico. 

4. Determinaciôn del Estado de la TØcnica 



Considerando la fecha de prioridad reclamada de la presente solicitud de patente 
071mar12005, se realizo la bUsqueda del estado de la tØcnica, en bases de datos 
donde Østa oficina tiene acceso libre, para bUsquedas de documentos 
relacionados con la materia que se reclama como nueva e inventiva en la presente 
solicitud. 
EncontrÆndose los sigu ientes documentos relevantes 

No Documento Titulo 
Fecha de Publicación* 

Dl W003092759 
Method for preparing porous 

13Inov/2003 
composite material 
Structured composites as a matrix 

D2 W003092760 (scaffold) for the tissue engineering of 1 31nov12003 
bones 
Apattite/collagen crossli nked porous 

03 W02004041320 
material containing self-organized 

21/mayI2004 
apattite/colagen composite and 
process for producing the same 

D4 US5320844 
Composite materials for hard tissue 

141jun11994 
replacement  

5. AnÆlisis de patentabilidad (segün requisito) (artIculo 14 D486) 

5.1. Novedad (artIculo 16 0486) 

La solicitud en estudio reclama un proceso para la preparaciOn de un biomaterial 
compuesto que comprende un material inorganico y un material organico, el 
proceso comprende: 

(a) Suministrar una primera composiciOn de suspension que comprende un 
portador lIqu/do, un material inorganico y un material orgÆnico; 

(b) Sumin/strar un molde para la suspension: 
(c) Depositar la suspensiOn: 
(d) En friar la suspension depositada en el molde a una temperatura en la que et 

portador lIquido se transforma en una pluralidad de partIculas o cr1stales 
sOlidos med/ante subl/maciOn y10 evaporac/On para dejar un material 
compuesto poroso que comprende un material inorgÆnico y un mater/al 
organico; y 

(e) Remover al menos algo de la pluralida de las partIculas o cr/stales sOlidos 
mediante sublimac/On y10 evaporaciOn para dejar un material compuesto 
poroso que comprende un mater/al inorganico y un material organico,’ y 

(f) Remover material del molde. 

-La anterioridad Dl enseæa un procedimiento para producir un material poroso y a 
---- -------------I-- - . . 



cuales es gelatinizada, at resultante se le sublima el portador (liofilizado). El 
material poroso y los materiales obtenidos a partir de este, elaborados por el 
mØtodo de la presente invenciôn con las fuerzas mecÆnicas adecuadas pueden 
tener diÆmetros poro grande, altas porosidades, y buena biodegradabilidad. Por lo 
tanto son adecuado para implantes óseos, por ejemplo los materiales de carga del 
hueso, vehIculos de fÆrmacos para de liberaciôn sostenida y simitares. 
VØase la anterioridad especialmente 

-La anterioridad D2 describe un material compuesto, estructurado como vehIculo 
para la ingenierla del tejidos y el material de implante Oseo, el cual consiste en una 
composiciOn del fosfato cÆlcico poroso que granula desde la composicion que lo 
contiene. El material granulado tiene tamaæos de grano entre de 0.5 y 10 mm con 
macroporos y de microporos; los macroporos tienen un diÆmetro medio entre del 
50-500 pm y estÆn unidos por un agente ligante biocompatible. 
VØase la anterioridad especialmente pÆg. 1, renglones 4-9, el ejemplo, 
reivindicaciones 1,2,4,7,8,12,13. 

-D3 enseæa un procedimiento para producir un material poroso entrecruzado que 
comprende un material inorganico y un material orgÆnico (apatita/colageno), 
comprendiendo gelificandose una dispersion que contiene un material compuesto 
P01 apatita/colÆgeno y el colageno, luego liofilizaciOn del gel de tal modo que se 
forma un cuerpo poroso y reticulación del colageno del cuerpo poroso y el material 
poroso entrecruzado de apatita/colÆgeno producido par este procedimiento. 
VØase la anterioridad especialmente los pÆrrafos [0011] a [0025], junto con las 
reivindicaciones 1, 2,11,12. 

-La anterioridad D4 describe un material compuesto sintØtico, substancialmente 
homogØneo que contiene un componente de colÆgeno y los componentes con 
fosfato y calcio son precipitados de un medio lIquido en el cual se contenga el 
componente de colageno. 
VØase la anterioridad, especialmente colum.2 renglon 16 - colum.3 rengl6n13; 
colum.3 renglones 35 - 54; colum.3 renglon 62 - colum.5 renglOn 31; ejemplos 1 y 
2; reivindicaciones. 

Tal como se puede ver la materia que se reclama como nueva e inventiva en la 
presente solicitud estÆ comprendida en las anterioridades D1 -D4 por lo tanto no se 
observa un aporte que enriquezca al acervo tecnolOgico, diferente at aporte yaa 
hecho par las anterioridades citadas 
Si existen oposiciones por parte de terceros, demostrar cOmo los fundamentos de 
Østas afectan la Novedad es decir coma los objetos se consideran idØnticos. 

6. Conclusion: 

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados 
asI: 

*Una solicitud que no posee novedad obviamente no ostenta nivel in vent/va. 



1-6,20-23,25,28-30,33-
DI W003092759 Novedad  

36,47-51,53-55 ________________ 
1-7,20-23,25,28-30,33-

D2 W003092760 Novedad  
36,47-51,53-55 

D3 
__________________ 
W02004041320 1-55 Novedad  

1-6,20-23,25,28-30,33-
D4 US5320844 

36,47-51,53-55  

En cumplimiento del artIculo 45 de la Decision 486 de la ComisiOn de la 
Comunidad Andina, se le indica que debe dar respuesta dentro del tØrmino de 
sesenta dias contados a partir de la fecha de notificaciOn de la presente 
comunicación. En caso de no dar respuesta at presente requerimiento, o si a pesar 
de la respuesta subsistieran los impedimentos para la concesión, se denegara la 
patente. 

Notifiquese el presente oficio conforme a lo dispuesto en el artIculo 8 de la 
resoluciOn reglamentaria No. 00210 del 15 de enero de 2001, advirtiendo que 
contra Øl no procede recurso alguno en la via gubernativa. 

JO  LUIS SLAZAOPE 
Director de Nuevas Creaciones (c) 

El anterior requerimiento fue notificado por fijaciôn en lista, de fecha 

’16 4: 
CONCEPTO TECNICO No. EXAMINADOR TECNICO Cod N°202012 
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1 
(19) 

liii iIlIII iuiiio 1111111 III iiii iii 11111 11111 11111 liii 1111111 11111111 IN 

(43) (10) H*-
2003 IF 11 13 El (13.11.2003) PCT WO 03/092759 Al 

(51) 

(21) 

(22) 

(25) jQ)j: 

(26) 0t1: 

A6IL 27/00 

PCT/JP02/04355 

2002 5 A I F9 (01.05.2002) 

(71) A<1DL’t): N*RAT 
(JAPAN SCIENCE AND TECHNOLOGY 

CORPORATION) [JP/JP]; ¶332-0012 –* 3i WL JlJD Irli 
*TT 1 

(NATIONAL INSTITUTE FOR MATE-
RIALS SCIENCE) [JP/JP]; ¶305-0047 < if 

F�T 2 14 lbaraki(JP). ItAffRMX 
(NATIONAL INSTITUTE OF AD-

VANCED INDUSTRIAL SCIENCE AND TECHNOL-
OGY)[JP/JP]; ¶100-8921 - 
T 2 3 0 14 Tokyo UP). 

(72) JU 
(75) 

- (SOTOME,Shinichi) [JP/JP]; ¶ 108-0023 
4-18-30 7 D i 75710 Tokyo 

(JP). ’ (UEMURA,Toshimasa) [JP/JP}; ¶ 

305-0044 Q JAR -D < 4 711 k * 3-674-101 Ibaraki 
(JP). M 43 H (TANAKA,Junzo) [JP/JP]; ¶ 305-3254 
VIE ThQ ) < ff M ME A t 3-6 Ibaraki (JP). Wt 
(KIKUCHI,Masanori) [JP/JP]; ¶ 305-0032 

< d M tt X 3-15-109-202 Ibaraki (JP). n 9 11 - 
(SHINOMIYA,Kenichi) [JP/JP]; ¶ 114-0014 X%190 It 

5-12-13 /-( >? >> i502 Tokyo(JP), JIM 
(ITOH,Soichiro) [JP/JP]; ¶ 112-0005 IIS 

1-11-7 S, ’c’ .’4�)t../J’JlI901 Tokyo (JP). 
Wth (TATEISHI,Tetsuya) [JP/JP]; 7305-0042 

< ITtTJIJ 670-3 Ibaraki (JP). 

(74) ftA: * 31(HIRAM,Yusuke et al.); ¶ 
105-0001 
0. t’Jl 3 IV Tokyo (JP). 

(81) JP, US. 

(84) ): �II ’/4(AT,BE,CH,CY.DE, 
DK, ES, Fl, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, TR). 

- 

2� F U1thłBIz-D’tt 
PC7’iS4!’y 

(54) Title: METHOD FOR PREPARING POROUS COMPOSITE MATERIAL 

(54) A Oq 0*: *Ø3I5 

J.. 

A: 45"C 30mm B: 45’C 90mm 

(57) Abstract: A method for preparing 
a porous composite material, which 
comprises the steps of freezing a composite 
comprising one or more calcium salts 
selected from among calcium carbonate, 
calcium phosphate and hydroxyapatite, 
and a collagen at least a part of which 
has been gelatinized, and then subjecting 
the frozen composite to a lyophilization. 
A porous composite material prepared 
by the method has a large pore diameter 
and a high porosity, as well as appropriate 
mechanical strength characteristics and 
biodegradability, and thus can be suitably 
used as an implant such as a filler for a 
bone, a carrier for use in the sustained 
release of a drug, and the like. 
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DR PREPARING POROUS COMPOSITE MATERIAL 

n relates to a process for produc-
,osile materials comprising steps 
a containing at least one calcium 
ulcium carbonate, calcium phos-
atite and collagen, at least a part 
i; and then lyophilizing the result-

Fig.2 

A: 45t 30mm 

ant. The porous and composite materials obtained by 
the method of the present invention have large pore di-
ameters, high porosities, and adequate mechanical 
strengths and biodegradability. Thus, they are suitable 
for implants such as bone fillers, drug carriers for sus-
tained-release, and the like. 

B: 451C 90mm 

EP 1500 405 Al 

Description 

Technical Field 

[0001] The present invention relates to a process for 
producing porous and composite materials. More par-
ticularly, the present invention relates to a process for 
producing porous and composite materials having large 
pore diameters, high porosities, and mechanical 
strengths that are suitable for implants such as bone fill-
ers. 

Background Art 

[0002] In the past, bone defects used to be restored 
by a technique of transplanting a part of a subject’s own 
bones or a technique of complementing or replacing 
bones with artificial implants. Such alternative bone im-
plants were required to have properties such as bioad-
aptability or bone conductivity and bone inductivity (a 
property of incorporating bone tissue and accelerating 
bone formation) in addition to mechanical properties 
similar to those of biological bones. Accordingly, porous 
materials such as porous ceramics used to be prefera-
bly employed as alternative bone implants because they 
were easily penetrated by bone tissues and they had 
good bone conductivity and bone inductivity. 
[0003] Currently commercialized porous hydroxyapa-
tite, however, is nonabsorbable. Even though this hy-
droxyapatite was porous, cells could not penetrate 
pores that did not communicate with the exterior be-
cause of this nonabsorbability. Accordingly, the final 
strength was not very high. Also, it was likely to collapse 
upon moisture absorption during surgical operations. 
Thus, the use thereof in surgical operation, which re-
quired strength, was difficult. 
[0004] Bone fillers of porous -TCP, which is bioab-
sorbable and has porosity of 75%, are commercialized 
(Osferionfi, Olympus Optical Co., Ltd.; average pore di-
ameters: 100 m to 400 Fm). This jf-TCP is highly likely 
to collapse when it is handled. Thus, it was difficult to 
prepare this material in a form that is adequate for the 
transplant site, and was difficult to handle since implants 
easily become detached from the transplant site. 
[0005] Under the above circumstances the present 
inventors have conducted various studies to develop a 
composite material of hydroxyapatite and collagen that 
has a structure similar to that of biological bones and to 
improve its properties. For example, JP Patent Publica-
tion (Kokai) No. 7-101708 A (1995) discloses a process 
for producing a complex of apatite and an organic sub-
stance having the Young’s modulus similar to that of bi-
ological bones with the gradual addition of a mixed so-
lution of collagen and phosphoric acid in a suspension 
of calcium hydroxide. .JP Patent Publication (Kokai) No. 
11-199209 A (1999) discloses a complex that has a 
structure similar to that of biological bones can be real-
ized by regulating pH and temperature at the time of re-

action. Further, JP Patent Publication (Kokai) No. 
2000-5298 A discloses a technique for enhancing the 
formation of apatite on a collagen surface with the use 
of organic acid. 

5 [0006] In spite of these efforts, however, many com-
plexes of hydroxyapatite and collagen that were ob-
tained by the conventional technique had small pore di-
ameters (approximately 0 turn to 100 rum) and had low 
porosities (50% or lower), 

10 [0007] An Object of the present invention is to provide 
novel porous and composite materials having large pore 
diameters, high porosities, and mechanical strengths 
that are suitable for implants such as bone fillers. 
[0008] The present inventors have conducted con-

15 centrated studies in order to attain the above Object. As 
a result, they have found that composite materials hav-
ing large pore diameters and high porosities could be 
obtained by gelatinizing a part of the collagen constitut-
ing a complex of hydroxyapatite and collagen, followed 

20 by freezing and lyophilization thereof. They have also 
found that application ofsurfacecrosslinkingto the com-
posite material realized mechanical strengths that were 
suitable for implants such as bone fillers. This has led 
to the completion of the present invention. 

25 [0009] More specifically, the present invention pro-
vides the following (1) to (10). 

(1) A process for producing porous and composite 
materials comprising steps of: freezing a complex 

30 containing at least one calcium salt selected from 
calcium carbonate, calcium phosphate, and hy-
droxyapatite and collagen, at least a part of which 
is gelatinized; and then lyophilizing the resultant. 
(2) A process for producing porous and composite 

35 materials comprising a step of introducing surface 
crosslinking between collagens to the porous and 
composite materials obtained by the process ac-
cording to (1) above. 
(3) The process according to (2) above, wherein the 

40 step of introducing surface crosslinking is carried 
out by immersing the porous and composite mate-
rials in a solution containing a crosslinking agent. 
(4) The process according to any one of (1) to (3) 
above comprising a step of adding a crosslinking 

45 agent to gelatinized collagen to introduce internal 
crosslinking between collagens. 
(5) The process according to any one of (1) to (4) 
above, wherein the calcium salt is hydroxyapatite. 
(6) A process for producing porous and composite 

50 materials comprising the following steps of; 

1) gelatinizing at least a part of the collagen 
constituting a complex containing hydroxyapa-
tite and collagen; 

55 2) introducing internal crosslinking between 
collagens with the addition of a crosslinking 
agent to the complex; 
3) obtaining porous and composite materials by 

il 

P,rnte0 by Jo�, 75001 PARIS(FR) 2 
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complex and then lyophilizing the 

ng surface crosslinking between 
immersing the porous and corn-

rials in a solution containing a 
agent. 

according to any one of (2) to (6) 
iternal and/or surface crosslin king 
ns is introduced using glutaralde-
inking agent. 
according to any one of (I) to (7) 
he resulting porous and composite 
orosities of 80% or higher. 
omposite materials having porosi-
igher, which are produced by the 
g to any one of (1) to (8) above. 
the porous and composite materi-
(9) above. 
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invention relates to a process for 
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tion process according to the 
ereafter described in detail. 
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irt of which is gelatinized, 

xyapatile) 

salt that constitutes the complex 
on is at least one selected from 
ulcium carbonate and hydroxya-
’droxyapatite is the most prefera-

ble. 
[0015] Hydroxyapatite is generally denoted by a 
chemical formula of Ca5(PO4)30H, and it includes a 
group of compounds referred to as calcium phosphate 

S such as CaHPO4, Ca3(PO4)2, Ca40(PO4)2, Ca0(PO4)6 
(OH)2, CaP4011, Ca(P03)2, Ca2 P207, and Ca 
(H2PO4)2.H20. Also, hydroxyapatite is basically com-
posed of a compound represented by formula Ca5 
(PO4)30H or Ca10(PO4)5(OH)2, and a part of the Ca 

IC component may be substituted with at least one mem-
ber selected from Sr, Ba, MG, Fe, Al, Y, La, Na, K, H, 
and the like. A part of the (PO4) component may be sub-
stituted with at least one member selected from VO4, 
B03, SO4, CO3, S104, and the like. A part of the (OH) 

IS component may be substituted with at least one mem-
ber selected from F, Cl, 0, CO3, and the like. Some of 
these components may be deficient. In general, a part 
of apatite PO4 and OH components in biological bones 
are substituted with CO3. Accordingly, the aforemen-

20 tioned components may be partially substituted by in-
clusion of CO3 in the air (about 0% to 10% by mass) 
during the production of the porous and composite ma-
terials of the present invention. 
[0016] Hydroxyapatite is generally microcrystalline, 

25 noncrystalline, or crystalline. Alternatively, it may exist 
in the form of an isomorphic solid solution, substitutional 
solid solution, or interstitial solid solution. The atomic ra-
tio of calcium/phosphorus (Ca/P) in this "hydroxyapa-
tite is preferably in the range between 1.3 and 1.8. In 

30 particular, the range between 1.5 and 1.7 is more pref-
erable. When the atomic ratio is in the range between 
1.3 and 1.8, the composition and the crystal structure of 
apatite in the product (a calcium phosphate compound) 
can be similarto those in bones of vertebrates. This im-

35 proves biocompatibility and bioabsorbability. 

2) Collagen 

(00171 The "collagen" that constitutes the complex of 
40 the present invention includes a general collagen mol-

ecule that has the triple helix structure and gelatinized 
"denatured collagen," the triple helix structure of which 
is destroyed by thermal or other treatment. 
[0018] At present, about 20 different molecular spe-

45 cies of collagens are known to be present in a wide va-
riety of animal tissues ranging from mammalians to fish. 
These are generically denoted as "collagens." The spe-
cies, the location of tissue, the age, and other factors 
regarding the animal that is a starting material for the 

50 collagen used in the present invention are not particu-
larly limited, and any type of collagen can be used. In 
general, collagens obtained from skin, bones, cartilage, 
tendons, organs, or the like of mammalians (such as 
cow, pig, horse, rabbit, or mouse) and birds (such as 

55 chicken) are used. Also, collagen -like proteins obtained 
from skin, bones, cartilage, fins, scales, organs, or the 
like of fish (such as cod, left-eyed flounder, right-eyed 
flounder, salmon, trout, tuna, mackerel, sea bream, sar-

dine, or shark) may be used as starting materials. Alter-
natively, collagen may be obtained by gene recombina-
tion techniques instead of by extraction from animal tis-
sues. 
[0019] Among the molecular species of collagens, the 
quantity of type I collagens is the largest, and they have 
been well studied. In general, when simple reference is 
made to a "collagen," it often indicates type I collagen. 
The molecular species of the collagen used in the 
present invention is not particularly limited, and type I 
collagen is preferably a main component. Further, col-
lagen may be prepared by adequately subjecting an 
amino acid residue of the collagen protein to chemical 
modification such as acetylation, succination, maleyla-
tion, phthalation, benzoylation, esterificatiori, amida-
tion, or guanidination. 
[0020] An example of a process for preparing colla-
gen is extraction from the aforementioned starting ma-
terial (excluding the gene recombination technique) with 
the aid of a neutral buffer or dilute acid such as hydro-
chloric acid, acetic acid, or citric acid. Collagen obtained 
with the aid of the former is referred to as neutral salt-
soluble collagen, and that obtained with the aid of the 
latter is referred to as acid-soluble collagen. However, 
the amount of collagen extracted is small in either case, 
and a majority thereof remains as insoluble collagen. 
Enzyme solubilization and alkali solubilization are 
known as methods for solubilizing this insoluble colla-
gen. Collagen obtained by the former method is referred 
to as enzyme-solubilized collagen, and that obtained by 
the latter method is referred to as alkali-solubilized col-
lagen. Both can be solubilized as molecular collagens 
with yields of substantially 100%. 
[0021] The method for preparing collagen used in the 
present Invention (extraction type) is not particularly lim-
ited. If the molecular weight of solubilized collagen is 
large, however, the strength of a complex becomes in-
sufficient because of steric hindrance. Accordingly, the 
use of monomeric (monomolecular) collagen is prefer-
able. In enzyme-solubilized collagen and alkali-solubi-
lized collagen, the monomeric collagen content is high, 
and non-helical regions (telopeptides) having a majority 
of collagen antigenicity are selectively degraded and re-
moved during the step of production. Thus, they are par-
ticularly adequate for the organic or inorganic porous 
and composite materials of the present invention. If 
these non-helical regions are degraded and removed 
from collagen, this collagen is referred to as "atelocol-
lagen." 
100221 The isoionic point of enzyme-solubilized colla-
gen is different from that of alkali-solubilized collagen. 
The isoionic point is the pH level where both positive 
and negative charges, which are derived from a disso-
ciable group inherent to a protein molecule, repel each 
other. In the case of collagen, when the pH level ap-
proaches the region of the isoionic point, solubilized col-
lagen is known to become fibrous. In general, the isoi-
onic point of the enzyme-solubilized collagen is between 

pH 8 and 9, and that of the alkali-solubilized collagen is 
between pH 4 and 5. In the present invention, it is pref-
erable to use the enzyme-solubili,ed collagen in a re-
action vessel maintained between pH 7 and 11 wherein 

5 the fiberization and self-organization is likely to occur, 
Examples of enzymes for solubilization include pepsin, 
trypsin, chymotrypsin, papain, and pronase. Pepsin and 
pronase are preferably used from the viewpoint of easy 
handleability after the enzyme reaction. 

10 

3) A complex containing calcium salt and collagen 

[0023] At least a part of the collagen in the complex 
used in the present invention must be gelatinized. The 

15 lemr "gelatin" refers to denatured collagen that is ob-
tained by cleavage of salt bonds or hydrogen bonds be-
tween peptide chains of collagen by treatment with boil-
ing water or the like, followed by irreversible denatura-
tion into a water-soluble protein. As mentioned above, 

20 the term "collagen" used herein include this gelatinized 
collagen. Gelatinization of collagen may be realized by 
gelatinizing a part of the collagen constituting a complex 
containing calcium salt and collagen. Alternatively, ge-
latinized collagen such as a commercialized solution of 

25 gelatin powders may be externally added to the com-
plex. 
[0024] In the production process according to the 
present invention, a "complex containing calcium salt 
and collagen" is employed as a starting material for the 

30 reaction. Such a complex may be a commercialized one 
or may be prepared in accordance with a known tech-
nique. A preferable example of the complex is a "com-
plex of hydroxyapatite and collagen." In particular, a 
"self-organized complex containing hydroxyapatite and 

35 collagen" is the most preferable. These complexes are 
described in detail in 2.3 below. 

1.2 Gelatinization of collagen 

40 [0025] Examples of processes for gelatinizing a part 
of the collagen constituting the complex containing cal-
cium salt and collagen include a methodwherein aphys-
iological buffer such as PBS or Tris or water is added to 
the complex, and the resultant is then heated, and a 

45 method wherein a physiological buffer containing a mi-
nor amount of acid or water is added to the complex, 
and the resultant is then heated. 
[0026] The amount of a buffer or water to be added is 
preferably about 24 to 60 ml per g of collagen (in the 

50 case of a complex, 25% of which is constituted by col-
lagen, about 6 to 15 ml of buffer or water per g of the 
complex). By changing the amount of the buffer added, 
porosities, pore diameters, or strengths of the resulting 
porous and composite materials can be adequately con-

55 trolled. When acid is added, a weak acid such as glu-
conic acid is preferably used together with a weak alkali 
such as calcium carbonate in order to control the pH lev-
el. The amount of gluconic acid used is preferably about 

3 4 



EP I 500 405 Al 
( 

EP1500405All 10 

ollagen (in the case of a complex, 
tituted by collagen, about 200 mg 
dc acid per got the complex). The 
is simultaneously added may be 

ud in accordance with the amount 
far to bring the pH level to around 

not added, the reaction temper-
tween 40°C and 50°C, and panic-
nd 45°C. The reaction time is pref-
20 minutes, When acid is added, 
turo is preferably between 35°C 
larly preferably around 40°C. The 
ablyabout60to 120 minutes. That 
rlalinized at relatively low temper-
which is carried out with the addi-

the reaction temperature or reac-
gelatinization can be varied, and 
mechanical strengths of the re-

omposite materials can be ade-
ire specifically, if the reaction tern-
the reaction time is too short, go-
ent. This results in small pore di -
strengths of the porous and corn-
’ntrast, if the reaction temperature 
Lction time is too long, excessive 
This results in lowered strengths 
s and composite materials. 1.3 

y, a complex containing collagen, 
ch is gelatinized, is placed in an 
en allowed to freeze. 

’ntioned complex after gelatiniza-
in a heated state, If it is placed in 
rie complex is precipitated, and a 
g a homogenous structure cannot 
complex is preferably cooled for 
placed in a mold. A method for 

ny limited. Forexample, the com-
to ice cooling, and cooling is con-

a jell or mousse. 
.tap of cooling, gelatinized celia-
ncorporated in a complex and so-
rig thereof results in homogenous 

the complex. These ice crystals 
ubsequent step of lyophilization. 
’reposite materials having large 
)orosrties, and specific mechani-
) can be provided. 

mplex is placed in a mold, an ad-
ent is added to the complex in or-

derto introduce internal crosslinking between collagens 
constituting the complex. This is preferable since the re-
sulting porous body has larger pore diameters and a 
larger number of open pores. 

5 [00331 The term Internal crosslinking" used herein re-
fers to crosslinking that is introduced between collagerrs 
that are present in the complex. Crosslinking occurs ei-
ther between ungelatinized collagens, between gelati-
nized collagens, or between ungelatinized collagen and 

10 gelatinized collagen. Crosslinking mayoccuratany por-
tions of collaqens. Particularly preferable crosslinking 
occurs between a carboxyl group and a hydroxyl group, 
between a carboxyl group and a s-amino group, or be-
tween c-amino groups. 

IS [0034] Any method, such as chemical crosslinking us-
ing a crosslinking agent or condensing agent or physical 
crosslinking using y rays, ultraviolet rays, thermal dehy-
dration, an electron beam, orthe like, may be employed. 
Chemical crosslinking using a crosslinking agent is pref-

20 erable. 
[0035] Examples of crosslinking agents that can be 
used include: aldehyde crosslinking agents such as gl-
utaraldehyde or formaldehyde; isocyanate crosslinking 
agents such as hexamethylene dfsocyanate; carbodi-

25 imide crosslinking agents such as 1 -ethyl-3-(3-dimethyl-
aminopropyl)carbodiimide hydrochloride; polyepoxy 
crosslinking agents such as ethylene glycol diethyl 
ether; and transglutaminase, with glutaraldehyde being 
preferable. The amount of the crosslinking agent to be 

30 added is adequately determined in accordance with its 
type. In the case of glutaraldehyde, it is preferably 0.4 
mg to 40 mg, and particularly preferably about 4 mg to 
10 mg, per g of collagen before gelatinization (initial 
amount) (in the case of a complex, 25% of which is con-

35 stituted by collagen, 0.1 mg to 10 mg, and particularly 
about 1 mg to 2.5 mg, per g of the complex). 

3) Freezing 

40 [0036] The cooled complex is allowed to freeze in ac-
cordance with a conventional technique. The freezing 
spend in a freezer is slowed in order to allow ice crystals 
to grow. These ice crystals become pores in the subse-
quent step of lyophilization. The pore sizes affect the 

45 strengths of the resulting porous and composite mate-
rials. Thus, the use of a refrigerator, the temperature of 
which can be subtly controlled, is more preferable from 
the viewpoint of the controllability of the freezing speed. 
1.4 Lyophilization 

50 [0037] The frozen complex is allowed to lyophilize in 
accordance with a conventional technique. During this 
step of lyophilization, numerous ice crystals, which were 
formed in the complex during the step of freezing, be-
come pores. Thus, porous and composite materials 

55 having desirable porosities and pore diameters are ob-
tained. 

1.5 Surface crosslinking 

[00381 The mechanical strengths of the resulting po-
rous and composite materials can be enhanced by in-
troducing surface crosslinking between collagens. The 
term ’surface crosslinking" refers to crosslinking that is 
introduced between collagens that are present on the 
surface of the porous and composite materials. 
[0039] Any method, such as chemical crosslinking us-
ing a crosslinking agent or condensing agent or physical 
crosslin king using y rays, ultraviolet rays, thermal dehy-
dration, an electron beam, or the like, may be employed 
for surface crosslinking. Examples of crosslinking 
agents include: aldehyde crosslinking agents such as 
glutaraldehyde or formaldehyde; isocyanate crosslink-
ing agents such as hexamethylene ditsocyanate; carbo-
diimide crosslinking agents such as 1 -ethyl-3-(3-dimeth-
ylaminopropy])carboditmide hydrochloride; polyepoxy 
crosslinking agents such as ethylene glycol diethyl 
ether; and transglutaminase. The amount of the 
crosslinking agent to be used is adequately determined 
in accordance with its type. It is preferably at least 1 
ismol per g of the complex. 
100401 Crosslinking as mentioned above may occur 
at any portions of collagens. Particularly preferable 
crosslinking occurs between acarboxyl group and a hy-
droxyl group, between a carboxyl group and a c-amino 
group, or between s-amino groups. Crosslinking is pref-
erably introduced in at least 1 %, and more preferably 
at least 51/6, of reactive functional groups. This is be-
cause sufficient mechanical strengths cannot be ex-
pected if crosslinking is insufficient. Attention should be 
given to the use of a crosslinking agent since the exces-
sive use of a crosslinking agent disadvantageously em-
brittlos a complex. 
[00411 Among the aforementioned methods for 
crosslinking, chemical crosslinking using a crosslinking 
agent such as glutaraldehyde is particularly preferable 
from the viewpoints of controllability of the level of 
crosslinking and bioadaptability of the resulting com-
plex. Chemical crosslinking can be performed by im-
mersing the porous and composite materials obtained 
in the section above in a solution containing a crosslink-
ing agent. 
[0042] A method for crosslinking using glutaralde-
hyde is hereafter described as a preferable embodiment 
of the present invention. At the outset, the porous and 
composite materials obtained in the section above are 
immersed in a solution containing 0.001% to 1%, and 
preferably about 0.005% to 0.1%, glutaraldehyde (de-
gassing and aspiration). Use of 50% to 100% ethanol 
as a solvent is preferable since crosslinking density is 
enhanced. Conditions for immersion are adequately de-
termined in accordance with the concentration of glutar-
aldehyde. Preferably, it is generally slowly carried out 
over the course of a period of approximately 60 minutes 
to 5 hours at room temperature or lower temperature in 
order to allow the crosslinking to homogenously occur. 

After the crosslinking, the porous and composite mate-
rials are washed with pure water to remove excess glu-
taraldehyde. Further, remaining glutaraldehyde may be 
preferably neutralized with the use of a glycine solution 

5 or the like. The porous and composite materials maybe 
further lyophilized after crosslinking. 
[0043] Thus, the porous and composite materials can 
be provided with desirable mechanical strengths by in-
troducing surface crosslinking therein. The degradation 

to rate in an organism can be controlled based on the level 
of crosslinking to be introduced, 1.6 Others 
[0044] In addition, adequate modifications or addi-
tional steps can be added to the aforementioned steps 
within the scope of the present invention. For example, 

15 addition of polysaccharides such as hyaluronic acid pri-
or to the crosslinking can increase the points of 
crosslinking and enhance the mechanical strengths. Al-
ternatively, polysacchandes such as hyaluronic acid can 
be added instead of gelatinized collagen, crosslinking 

20 can be introduced thereto, and the resultant can be al-
lowed to gelatinize and freeze, Thus, a porous body hav-
ing large pore diameters and high porosities can be ob-
tained. 
[0045] A wide variety of treatments can be applied in 

25 order to enhance the strengths of the porous and com-
posite materials after surface crosslinking. For example, 
the surfaces of the porous and composite materials may 
be coated with hydroxyapatite and collagen by immers-
ing them in a slurry of a complex of hydroxyapatite and 

30 collagen. The surfaces of the porous and composite ma-
terials may be coated with hydroxyapatite by immersing 
them in a slurry of hydroxyapatite. Alternatively, by-
droxyapatite may be precipitated not only on the surfac-
es but also on the insides of the porous and composite 

35 materials by alternate immersion in calcium and phos-
phorus. 

40 

2. The porous and composite materials of the present 
invention 

2.1 Properties of the porous and composite materials 
(porosities; pore diameters, and mechanical strengths) 

[0048] The porous and composite materials obtained 
45 by the method according to the present invention have 

high porosities, large pore diameters, and adequate me-
chanical strengths. The porosities of the porous and 
composite materials obtained under preferable condi-
tions are 80% to 95%, and the pore diameters thereof 

50 are about 50 gm to 2,000 sm. However, the porosities 
or pore diameters of the porous and composite materi-
als can be adequately changed by altering the amount 
of a buffer, the reaction temperature, and the reaction 
time in the step of gelatinization, the freezing speed in 

55 the step of freezing, or other factors. Accordingly, po-
rous and composite materials having desirable porosi-
ties and pore diameters can be obtained by changing 
the aforementioned conditions. Further, conditions for 
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rosslinking can be adequately de-
rous and composite materials hay-

parties of porous and composite 

ies and the pore diameters of the 
e materials of the present invention 

evaluated by, for example, image 
rlicrographs. Mechanical strengths 
ed on, for example, the three-point 
the Young’s modulus, determined 
natively, the strength can be oval-
tional analysis of operability when 
ch as during transplantation tests. 

)rous and composite materials 
atite and collagen 

example of the porous and corn-
present invention is a microporous 
ial containing hydroxyapatite and 
--axis of hydroxyapatite is oriented 
ber. 
site material is produced using a 
ex containing hydroxyapatite and 
g material. The term "self-organ-
to the formation of a specific or-

re aggregation of homologous or 
riolecules, fine particles, orthe like 
ling interaction" (Seikagaku Jiten 
mistry), Tokyo Kagaku Dozin Co., 
ovention, this term particularly re-
hydroxyapatite having an apatite 
entation that is specific to biologi-
gen fibers. That is, a microporous 
c-axis of hydroxyapatite is orient-
rs is formed. Self-organized corn-
Iroxyapatite and collagen can be 
ice with, for example, the method 
hi, S. at al., J. Biomater., 22 (13) 
Itoh et al. J. Biomed Mater Res. 

rous structure in which the c-axis 
iented along collagen fibers is par-
ig the production step according 
on. Accordingly, the resulting p0-
raterials have microporous struc-
of biological bones, 

and composite materials of the 
contain other components within 
ant invention. Examples of such 
organic salts such as St, Mg, and 
oes such as citric acid and phos-

pholipids, Bonn Morphogenetic Proteins, and agents 
such as an anti-cancer agent. 

3. A method for utilizing porous and composite materials 
5 

3.1 Implants 

[0052] The porous and composite materials obtained 
by the method of the present invention have high poros-

to ities, and each component thereof is biodegradable. Ac-
cordingly, they are easily penetrated by cells and they 
are excellent in bone conductivity because they contain 
hydroxyapatite and collagen. Further, adequate me-
chanical strengths and retentivity In organisms (ado-

IS quate rate of biodegradation) can be controlled by 
crosslinking. Accordingly, the porous and composite 
materials of the present invention are suitable for im-
plants that are used in the field of orthopedics such as 
bone fillers or implants that are used in the field of den-

20 tistry. 
[0053] The configurations and forms of the aforemen-
tioned implants are not particularly limited. Implants can 
take any desired configurations and forms in accord-
ance with their applications. For example, they can be 

25 blocks, pastes, films, particles, or sponges. 
[0054] The porous and composite materials of the 
present invention have low compressive strengths. Up-
on moisture absorption, they become elastic as spong-
es, they are less likely to collapse even with the appli-

30 cation of forces strong enough to deform (crush) them, 
they reabsorb moisture, and they rapidly regain their 
original forms. This feature results in an excellent oper-
ability at the time of surgical operations. When the po-
rous and composite materials of the present invention 

35 are used as implants by making use of the aforemen-
tioned feature, they may be once immersed in an ade-
quate liquid such as physiological saline before use. 

3.2 Drug carrier for sustain ed-release (cell carrier, DNA 
40 carrier) 

[00551 The porous and composite materials of the 
present invention have large surface areas of hydroxya-
patite or the like that are capable of adsorbing a protein, 

45 DNA, or the like and the densities thereof are not too 
high. Thus, penetration and release of an agent or the 
like can easily occur. Accordingly, the porous and com-
posite materials of the present invention can be used as 
a drug carrier for sustained-release. Drug carriers for 

50 sustained-release using the porous and composite ma-
terials of the present invention have high drug adsorp-
tivity, and theirforms are well preserved. The aforemen-
tioned drug carriers for sustained-release have higher 
drug-adsorptivity and penetrability by cells compared 

55 with a conventional block of hydroxyapatite and colla-
gen. The drug carriers for sustained-release using the 
porous and composite materials of the present invention 
can prevent carcinoma recurrence and induce the gen-

4. Examination of conditions for freezing 

[0078] The HAp/Col porous body was prepared in the 
same manner as in Example 1 except that the HAp/Col 
complex was allowed to freeze in a freezer at -80°C 
without being placed in a case in the step of freezing. 
The resultant was compared with the HAP/Col porous 
body obtained in Example I (Fig. 6). 
[00791 Asa result, the porous body prepared by freez-
ing at -80°C had very small pore diameters compared 
with that prepared by freezing at -20°C. 

[Example 31 Experimentation for transplanting the HAP/ 
Col porous body to a rat thighbone 

1. Preparation of implants for transplantation 

[0080] In accordance with the method of Kikuchi et al., 
500 mg of HAp/Col complex powders (HAp:Col = 3:1) 
were prepared. PBS (4 ml), 300 mg of gluconic acid, 
and 83 mg of calcium carbonate were added thereto, 
and the mixture was incubated at 40°C for 90 minutes 
for gelatinization. The gelatinized complex was allowed 
to freeze in a freezer at -20°C, and further lyophilized to 
obtain the HAp/Col porous body. The resulting porous 
body was immersed in a solution of 0.01 % glutaralde-
hyde for 2 hours to introduce crosslinking between col-
lagens on the surface of the complex (surface crosslink-
ing). 
[0081] Porous bodies were prepared under the above 
conditions. One type thereof was provided with internal 
crosslinking in the same manner as in Example 1, and 
another type was provided with surface crosslinking in-
troduced with 0.5 % glutaraldehyde (GA). 
[0082] The prepared porous bodies were cut into 2 a 
2 x 3  m portions to prepare implants to be transplanted 
into rat thighbones. 

2. Transplantation into rat thighbones 

[0083] A hole (diameter: approximately 3 mm) was 
provided in the distal part of a Wistar rat thighbone, and 
the prepared implants were transplanted thereinto. The 
implants were taken out 1,2,3,4, and 6 weeks after the 
transplantation and stained with hematoxylin and eosin 
for observation (Figs. 7  t 12). 

3. Results 

(1) HAp/Col porous body surface-crosslinked with 0.01 
% GA 

[0084] This porous body had lower porosity and a 
smaller number of continuous pores compared with the 
porous body of (2), which was subjected to internal 
crosslinking. Thus, penetrability by cells was less suffi-
cient. With the elapse of time, however, implants were 
absorbed, and good bone formation was observed. 

[0085] One week after the transplantation, good cell 
penetration in the vicinity orformation of neonatal bones 
was observed in a part thereof (Figs. 78, 7C). In other 
parts, there were pores which cells did not penetrate 

5 (Fig. 7A). Cell penetration was enhanced 2 weeks after 
the transplantation, and formation of neonatal bones 
that were in contact with the implants was observed. 
Three weeks after the transplantation, cell penetration 
and formation of neonatal bones were further enhanced 

10 in parenchyma (Figs. 8A, 8C), and implants were signif-
icantly decreased because of absorption as neonatal 
bones were formed (Fig. 813). 

(2) HAp/Col porous body surface-crosslinked with 0.01 
15 % GA and internally crosslinked 

[0086] The porous body to which internal crosslinking 
had been applied had somewhat larger pore diameters 
and the penetration by cells was better compared with 

20 the porous body of (1). While good cell penetration and 
formation of neonatal bones around the implants were 
observed 2 weeks after the transplantation (Fig. 9A), ab-
sorption of implants by osteoclasts was observed (Fig. 
98). Fourweeks after the transplantation, absorption of 

25 implants and neonatal bones was observed (Fig. t OA to 
bC). It was observed that absorption of implants and 
neonatal bones was further enhanced 6 weeks after the 
transplantation (Fig. ilAto 11C). 

30 (3) HAp/Col porous body surface-crosslinked with 
0.05% GA 

[0087] This porous body had frequent crosslinking. 
Thus, absorption of implants was poor, and implants still 

35 remained even 6 weeks after the transplantation (Fig. 
12D). 
[0088] All publications, patents, and patent applica-
tions cited herein are incorporated herein by reference 
in their entirety. 

40 

Industrial Applicability 

[0089] The present invention enables the production 
of biodegradable porous and composite materials which 

45 have large pore diameters, high porosities, and me-
chanical strengths that are suitable for alternative bone 
implants. The porous and composite materials pro-
duced by the present invention are very useful as im-
plants, various carriers such as drug carriers for sus-

50 tamed-release, and supports for cell culture. 

Claims 

55 1. A process for producing porous and composite ma-
terials comprising steps of: 

freezing a complex containing at least one cal-
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LIkED COMPOSITES AS A MATRIX (SCAFFOLD) FOR TIfF. TISSUE ENGINEERING OF BONES 

ITRIJKTURII3REE KOMPOSITE AI,S MATRIX (SCAFFOLD) I"((R DAS TISSUE ENGINEERING VON 

iventlon relates to a structured composite as a carrier for the tissue engineering and implant material of bones, 
f porous calcium phosphate granulates. The granulated material has a grain size of between 0.5 and 10 mm 
micropores, and the macropores have an average diameter of between 50 and 500 ?m and are bound by a 

g agent. 

tag: Gegenstind der Erfrndung ist cin slrukturiertcst Komposit als Trilger für das Tissue Engineering und Im-
aoclren bestehend aus einer Schtittung von portisen calciumplrosphat-Oranulaten, wobei das Granulat eine 

is It) mm mit Makro- und Mikmporen besitzt, die Makmporen einen wittier-en Durchmesser von 50 his 500 
sin biovertriigliches Bindemittel gebunden sind. 

WO 03/092760 
( 

PCTIEP03I03582 

Strukturierte Komposite als Matrix (Scaffold) für das Tissue 

Engineering von Knochen 

Die Erfindung beschreibt ein strukturiertes Komposit als Trager für das 

5 Tissue Engineering und Implantatmaterial von Knochen (in situ und in vitro) 

bestehend aus einer Schüttung von porösen Calciumphosphat-Granulaten 

mit einer KorngrOfe von 0.5 bis 10 mm mit Makro- und Mikroporen, wobei 

die Makroporen einen mittleren Durchmesser von 50 bis 500 pm haben und 

durch ein bioverträgliches Bindemittel gebunden sind. 

10 

Synthetischer Ersatz für Eigenknochen oder Spenderknochen gewinnt 

zunehmend an Bedeutung, weil einerseits die Qualität der entwickelten 

Materialien zunehmend die Anforderungen der Kunden erfullt und 

andererseits die mit den biologischen Materialien verbundenen Nachteile 

15 vermieden werden, wie insbesondere eingeschränkte VerfUgbarkeit, 

Entnahmeprobleme beim Eigenknochen, Risiko der KrankheitsUbertragung 

beim Spenderknochen. 

Urn die biologische Wertigkeit der synthetischen Materialien zu erhohen, gibt 

es die Ansatze, den Knochenersatz mit rekombinanten Wachstumsfaktoren, 

20 autologen Wachstumsfaktoren (Thrombozyten-Praparationen), Adhäsions-

faktoren (RGD-Peptide) und/oder autologen Zellpräparationen (Knochen-

markaspirat) aufzuwerten. 

Urn die gewUnschten Eigenschaften von optimierten 

25 Knochenersatzrnaterialien zu erhalten, gibt es vor allem zwei 

Entwicklungsschwerpunkte, einmal die mechanische Optimierung fur 

lasttragende Anwendungen bzw. strukturelle Irnplantate und zum anderen 

die biologische Optimierung mit dem Ziel einer mOglichst schnelten und 

volistandigen Regeneration von vollwertigen Knochengewebe (wah rend 

30 dabei die mechanische Funktion von Metallimplantaten (lbernommen wird). 
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irungsbeispiel 

tellung 

)mposit kann in unterschiedlichen GrOLen hergesteUt werden. Aus 

Gemisch von 30 g Collagen-Suspension mit 7g Calciumphosphat-

t wird ein Komposit mit der Grole 8 x 2 cm mit 0.7 cm Dicke 

ellt. Das Gemisch wird Ober Nacht tiefgefroren, dann kurzzeitig 

iut. Im Anschluss findet die Gefriertrocknung des Gemisches unter 

rdbedingungen staff. Standardbedingungen bedeutet: Einfrierphase 

1-3 Std.), Erwarmungsphase (00 C, 1-3 Std.), Trocknungsphase 

12-18 Std.) 

ialtene Produkt enthªlt 98 bis 99 Gew. % Calciumphosphat und 1 bis 

% Collagen. 

hung mit Blut: 

rhaltene Komposit zeigt hervorragende Eigenschaften bei der 

ung mit Blut. Es saugt das Blut volistandig auf. Es zeigt sich keine 

g oder Verformung des Komposits. 

PatentansprQche 

1. Strukturiertes Komposit als Trager für das Tissue Engineering und 

Implantatmaterial von Knochen bestehend aus einer SchUttung von 

5 porOsen Calciumphosphat-Granulaten, dadurch gekennzeichnet, dass 

das Granulat elne Korngrofe von 0.5 bis 10 mm mit Makro- und 

Mikroporen besitzt, wobei die Makroporen einen mittleren Durchmesser 

von 50 bis 500 pm haben, gebunden durch ein biovertragliches 

Bindemittel. 

10 

2. Komposit nach Anspruch 1, dadurch gekennzeichnet, dass die 

Mikroporen einen mittleren Durchmesser von 0.5 bis 5 pm besmtzen. 

3. Komposit nach den AnsprUchen 1 und/oder 2, dadurch gekennzeichnet, 

15 dass die Gr61e der Granulatkörner I bis 4 mm betragt. 

4. Komposit nach einen der Anspruche 1 bis 3, dadurch gekennzeichnet, 

dass das Bindemittel Koflagen, vernetzte Gelatine oder Hyaloronsäure 

ist. 
ihtät 20 
tabilitat in Puffer kann Ober zwölf Tage nachgewiesen werden. 5. Komposit nach einen der Anspruche I bis 4, dadurch gekennzeichnet, 

lb dieser zwOlf Tage bleibt das Komposit kornpakt und die Granula dass es aus 0.2 bis 10 Gew. % Bindemittel, bezogen auf das Komposit, 

zusammengehalten. besteht. 

25 6. Komposit nach einen der AnsprUche 1 bis 4, dadurch gekennzeichnet, 

dass es aus 0.2 bis 2 Gew. % Bindemittel, bezogen auf das Komposit, 

besteht. 

7. Komposit nach einen der Anspruche I bis 6, dadurch gekennzeichnet, 

30 dass das Bindemittel Koflagen aus Typ I -Kollagen oder Mischungen aus 

Typ I und III besteht. 
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iposit nach einen der AnsprUche 1 bis 7, dadurch gekennzeichnet, 

s das Bindemittel verrietzt wird. 

iposit nach einen der AnsprUche 1 bis 8, dadurch gekennzeichnet, 

s es mit autologen Faktoren wie Wachstumsfaktoren, 

)mbozytenpräparationen und/oder autologe Zellpraparationen 

fader Zellextrakte/Proteinpraparationen beladen 1st. 

iposit nach einen der AnsprUche I bis 8, dadurch gekennzeichnet, 

s es mit rekombinanten Faktoren oder deren Teilstucke wie 

thstumsfaktoren, Adhasionsproteine und/oder Adhasionspeptiden 

den ist. 

iposit nach einen der AnsprUche I bis 8, dadurch gekennzeichnet, 

s es mit Antibiotika beladen 1st. 

Iahren zur Herstellung elnes strukturierten Komposits als Trager for 

Tissue Engineering und Implantatmaterial von Knochen, 

ennzeichnet durch folgende Merkmale: 

then einer Losung oder Suspension von Bindemittel mit 

iumphosphat-GranuIat mit elner Korngr6f3e von 0.5 bis 10 mm mit 

ro- und Mikroporen, wobei die Makroporen einen mittleren 

thmesser von 50 bis 500 pm haben; 

thlieIend tielgefrieren und auftauen sowie Gefriertrocknung des 

nisches unter Standard bedingungen. 

ahren nach Anspruch 12, dadurch gekennzeichnet, dass das 

Iemittel nachfolgend chemisch vernetzt wird. 
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OLLAGEN CROSSUNKED POROUS MATERIAL CONTAINING SELF-ORGANIZED 
OLLAGEN COMPOSITE AND PROCESS FOR PRODUCING THE SAME 

producing a cross-linked apatite/ body, and further cross-linking collagen in the porous 
comprising the steps of gelling body, and a cross-linked apatite/collagen porous body 

g a dispersion containing an spa- produced by this method. 
le and collagen to form a porous 

EP 1566 186 Al 

Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to across-linked 
apatite/collagen porous body containing an apatite/col-
lagen composite for use in artificial bone, cell scaffold, 
etc., and its production method. 

BACKGROUND OF THE INVENTION 

[0002] Because of excellent compatibility with human 
bone, artificial bone made of apatite can be bonded to 
the human bone directly. Accordingly, the artificial bone 
made of apatite has recently been appreciated for effec-
tiveness, finding clinical applications in cosmetic sur-
gery, neurosurgery, plastic surgery, oral surgery, etc. 
However, artificial ceramic bone such as apatite is not 
necessarily completely identical with human bone in 
terms of mechanical properties and physiological prop-
erties. For instance, a so-called artificial ceramic bone 
made only of apatite is harder and more brittle than the 
human bone. While the human bone is repeatedly sub-
jected to metabolism of absorption and regeneration, 
the artificial bone made of apatite is not substantially dis-
solved but semi-permanently remains in human body. 
The remaining artificial bone breaks human bone at an 
interface with the human bone, making it likely to cause 
bone fracture. 
[0003] Research has recently become active on arti-
ficial bone decomposable in the human body, which is 
closer in composition to human bone than the artificial 
apatite bone, and various proposals have been made. 
For instance, JP 11-513590 A discloses a cross-linked 
apatite/collagen porous body having a network struc-
ture, in which collagen and, if necessary, other binders 
are bonded to hydroxyapatite. Because this cross-
linked apatite/collagen porous body is decomposable in 
human body, human bone is formed in the cross-linked 
apatite/collagen porous body, and the cross-linked ap-
atite/collagen porous body per se is absorbed in a hu-
man body. Accordingly, this cross-linked apatite/colla-
gen porous body can be used for the fixation of vertebra, 
the filling of bone defects, the repair of fractured bone 
and, the grafting of periodontal defects, etc. However, 
this cross-linked apatite/collagen porous body is a sim-
ple mixture of collagen and apatite, which does not have 
a living human bone structure, in which the C-axis of the 
apatite is oriented along collagen fibers. Further, this 
cross-linked apatite/collagen porous body has insuffi-
cient mechanical strength and poor bone neoplasia. 

OBJECT OF THE INVENTION 

[0004] Accordingly, an object of the present invention 
is to provide a cross-linked apatite/collagen porous body 
absorbed in a human body according to the same mech-
anism as in living human bone, and having high bone 

neoplasia, which can be used for artificial bone, etc., and 
its production method. 

DISCLOSURE OF THE INVENTION 
5 

[0005] As a result of intense research in view of the 
above object, the inventors have found that when a dis-
persion containing an apatite/collagen composite and 
collagen is gelled before its freeze-drying, the resultant 

10 cross-linked apatite/collagen porous body has a uniform 
structure with high strength. The present invention has 
been completed based on this finding. 
[0006] Thus, the method for producing a cross-linked 
apatite/collagen porous body according to the present 

15 invention comprises the steps of freeze-drying a disper-
sion containing an apatite/collagen composite and col-
lagen to form a porous body, and then cross-linking col-
lagen in the porous body, the dispersion being freeze-
dried after gelation. 

20 [0007] A ratio of the apatite/collagen composite to the 
collagen is preferably 97/3 to 93/7 by mass in the dis-
persion. An apatite/collagen ratio is preferably 9/1 to 6/4 
by mass in the apatite/collagen composite. 
[0008] In the gelation of the dispersion, the dispersion 

25 temperature is preferably kept at 35 to 43°C, and the 
dispersion preferably has pH of 6.8 to 7.6 and ionic 
strength of 0.2 to 0.8 before the gelation. 
[0009] The apatite/collagon composite is preferably in 
the form of fibers as long as 0.01101 mm. Apatite in the 

30 apatite/collagen composite preferably has a C-axis ori-
ented along the collagen fibers. Apatite in the cross-
linked apatite/collagen porous body also preferably has 
a C-axis oriented along the collagen fibers. 
[0010] The cross-linked apatite/collagen porous body 

35 of the present invention is produced by any of the above 
methods. 

BEST MODE FOR CARRYING OUT THE INVENTION 

40 [1] Production of apatite/collagen composite 

[0011] In the production of the cross-linked apatite/ 
collagen porous body of the present invention, an apa-
tite/collagen composite and collagen as a binder are 

45 used as starting materials. The apatite/collagen corn-
posts preferably has a structure similar to that of a living 
human bone, in which hydroxyapatite and collagen are 
oriented in a self-organized manner. The term "self-or-
ganization means that calcium hydroxyphosphate (hy-

50 droxyapatite) having an apatite structure has orientation 
peculiar to living human bone along collagen fibers, 
namely that the C-axis of the hydroxyapatite is in align-
ment with the collagen fibers. 

55 (1) Starting materials 

[0012] The apatite/collagen composite is produced 
from collagen, phosphates and calcium salts as starting 

FA 

Printed by Jorine, 75001 PARIS (FR) 2 



186  4 ( EP1 566 1Al 6 
_? ) 

A particularly restricted, the celia-
ad from animals, etc. The kinds, 
he animals are not particularly re-

collagen obtained from skins, 
endons, internal organs, etc. of 
ow, pig, horse, rabbit and rat and 
C. may be used. Collagen-like pro-

skins, bones, cartilages, fins, 
a, etc. offish such as cod, flounder, 
tuna, mackerel, red snapper, sar-

also be used. The extraction meth -
particularly restrictive but may be 
of collagen extracted from animal 
luced by gene recombination tech -
used. 

acid or its salt [hereinafter referred 
Or; acid (salt)"] includes phosphor-
rogenphosphate, sodium dihydro-
assiurn hydrogenphosphate, pa-
hosphate, etc. The calcium salts 
nate, calcium acetate, calcium hy-
asphate and the calcium salt are 
he form of a uniform aqueous so-

ngth of the resultant apatite/colla-
a controlled by a mass ratio of the 
ial [phosphoric acid (salt) and cal -
1n used. Accordingly, the mass ra-
:ing material and collagen used is 
tepending on a targeted composi-
te/collagen composite. A ratio of 
1 the apatite/collagen composite 
the present invention is preferably 
e, 8/2. 

ution 

ieous phosphoric acid (salt) solu-
:alcium salt solution orsuspension 
r the concentrations of the aque-
mIt) solution and the aqueous cal-
uspension are not particularly re-
re phosphoric acid (salt) and the 
esired ratio, itis preferable for the 
)pping operation described later 

of the aqueous phosphoric acid 
240 mM, for instance, about 120 
entration of the aqueous calcium 
sion is 50 to 800 mM, for instance, 
gen is added to the abovo-de-
phoric acid (salt) solution gener-

queous solution in phosphoric ac-
rr of collagen in phosphoric acid 

at a concentration of 0.1 to 1% by 
bout 0.85% by mass, and phos-
ntration of I to 40% by mass, for 

(3) Production of apatite/collagen composite 

100161 Water substantially in the same amount as that 
of the aqueous calcium salt solution or suspension to 

5 be added is charged into a reactor and heated to about 
40°C in advance. An aqueous phosphoric acid (salt) so-
lution containing collagen and an aqueous calcium salt 
solution or suspension are simultaneously dropped 
thereinto. The fiber length of the synthesized apatite/col-

10 lagen composite can be controlled by controlling drop-
ping conditions. The dropping speed is preferably 1 to 
60 ml/minute, for instance, about 30 ml/minute. The stir-
ring speed is preferably ito 400 rpm, for instance, about 
200 rpm. 

15 [0017] The reaction solution is preferably kept at pH 
of 8.9to9.1. lf the concentrations of the calcium ion and/ 
or the phosphoric acid ion exceeded the above ranges, 
the self-organization of the composite would be hin-
dered. The above dropping conditions provide the apa-

20 tite/collagen composite with fiber length of 1 mm or less, 
suitable as a starting material for the cross-linked apa-
tite/collagen porous body. The apatite/collagen com-
posite is self-organized. 
[0018] After completion of dropping, a slurry-like mix-

25 ture of the apatite/collagen composite and water is 
freeze-dried. The freeze-drying is carried out by rapidly 
drying in vacuum in a frozen state at -10°C or lower. 

[21 Production of cross-linked apatite/collagen porous 
30 body 

(1) Preparation of dispersion containing apatite/ 
collagen composite 

35 [00191 The apatito/collagen composite is mixed with 
a liquid such as water, an aqueous phosphoric acid so-
lution, etc., and stirred to prepare a paste-like disper-
sion. The amount of the liquid added is preferably 80 to 
99% by volume, more preferably 90 to 97% by volume, 

40 based on 100% by volume of the apatite/collagen com-
posite. The resultant cross-linked apatite/collagen po-
rous body has porosity P, which depends on a volume 
ratio of the apatite/collagen composite to the liquid in 
the dispersion as represented by the following formula 

45 (1): 

P = A/(A+B) (1), 

50 wherein A represents the volume of the apatite/collagen 
composite in the dispersion, and B represents the vol-
ume of a liquid in the dispersion. Accordingly, it is pos-
sible to control the porosity Pot the cross-linked apatite/ 
collagen porous body by adjusting the amount of the liq-

55 uid to be added The fibrous apatite/collagen composite 
is cut by stirring the dispersion after adding the liquid, 
resulting in a larger fiber length distribution range, and 
thus providing the resultant cross-linked apatite/colla-

gen porous body with improved strength. 
[0020] The composite dispersion is mixed with colla-
gen as a binder and further stirred. The amount of col-
lagen added is preferably 1 t 10% by mass, more pref-
erably 3 to 6% by mass, based on 100% by mass of the 
apatite/collagen composite. Like in the composite, col-
lagen is preferably added in the form elan aqueous so-
lution in phosphoric acid. Though the concentration, etc. 
of an aqueous solution of collagen in phosphoric acid is 
not particularly restrictive, the concentration of collagen 
is about 0.85% by mass, and the concentration of phos-
phoric acid is about 20 mM from the practical point of 
view. 

(2) Gelation of dispersion 

[0021] Because the addition of an aqueous solution 
of collagen in phosphoric acid (salt) turns the dispersion 
acidic, an alkali solution such as a sodium hydroxide so-
lution, etc. is added until the dispersion has pH of about 
7. The pH of the dispersion is preferably 6.8 to 7.6, more 
preferably 7.0107.4. By adjusting the pH of the disper-
sion to 6.8107.6, it is possibleto preventcollagen added 
as a binder from becoming gelatin in the gelation de-
scribed later. 
[00221 The dispersion is mixed with an about 10-times 
concentrated solution of a physiological buffer saline 
(PBS) of phosphoric acid and stirred to adjust the ionic 
strength of the dispersion to 0.2 to 0.8. The more pre-
ferred ionic strength is as large as about 0.8, on the 
same level as that of PBS. Increase in the ionic strength 
of the dispersion can accelerate collagen added as a 
binder to form fibers. 
100231 The dispersion charged into a molding die is 
kept at a temperature of 35 to 43°C for gelation. The 
heating temperature is more preferably 35 to 40°C. For 
sufficient gelation of the dispersion, the heating time is 
preferably 0.5 to 3.5 hours, more preferably ito 3 hours. 
With the dispersion kept at 35 to 43°C, the collagen add-
ed as a binder forms fibers, thereby turning the disper-
sion to a gel. The galled dispersion can prevent the ap-
atite/collagen composite from precipitating therein, 
thereby producing a uniform porous body. The disper-
sion subjected to the gelation is in a jelly-like state. 

(3) Freeze-drying 

[0024] After the gelation, the dispersion is frozen. The 
freezing temperature is preferably -80°C to -10°C, more 
preferably -80°C to -20°C. The size and shape of pores 
in the porous body can be controlled by a freezing 
speed. For instance, a larger freezing speed tends to 
provide smaller pore size to the resultant porous body. 
[0025] The dispersion is then freeze-dried to form a 
porous body. The freeze-drying is carried out by evac-
uating and rapidly drying in a frozen state at-1 0°C or 
lower, as in the case of thecomposite. The freeze-drying 
needs only be conducted until the dispersion is suffi-

ciently dried. Though not particularly restricted, the 
freeze-drying time is generally about 24 to 72 hours. 

(4) Cross-linking of collagen 
5 

[0026] The cross-linking of collagen may be carried 
out by any methods such as physical cross-linking meth-
ods using 7-rays, ultraviolet rays, electron beams, ther-
mal dehydration, etc., or chemical cross-linking moth-

10 ads using cross-linking agents, condensation agents, 
etc. In the case of the chemical cross-linking, the freeze-
dried porous body is immersed in a cross-linking agent 
solution to cross-link collagen in the porous body. 
[0027] The cross-linking agents maybe, for instance, 

IS aldehydes such as glutaraldehyde, formaldehyde, etc.; 
isocyanates such as hexamethylone dtsocyanate, etc.; 
carbodiimides such as a hydrochloric acid salt of 
1 -ethyl-3-(3-dimethylaminopropyl)carbodiimide; epox-
ies such as ethylene glycol diethyl ether, etc.; trans-

20 glutaminase, etc. Among these cross-linking agents, gl-
utaraldehyde is particularly preferable from the aspects 
of the easiness of controlling the degree of cross-linking 
and the compatibility of the resultant cross-linked apa-
tite/collagen porous body with human body. 

25 [0028] When glutaraldehyde is used as the cross-link-
ing agent, the concentration of a glutaraldehyde solution 
is preferably 0.005 to 0.015% by mass, more preferably 
0.005 to 0.01% by mass. The cross-linked apatite/col-
lagen porous body should be dehydrated. When alcohol 

30 such as ethanol, etc. is used as a solvent for a glutaral-
dehyde solution, the dehydration of the cross-linked ap-
atite/collagen porous body can be conducted simulta-
neously with the cross-linking of collagen. A cross-link-
ing reaction occurs in a state where the apatite/collagen 

35 composite is contracted, by conducting the dehydration 
and the cross-linking simultaneously, so that the result-
ant cross-linked apatite/collagen porous body can have 
improved elasticity. 
[0029] After the cross-linking, the cross-linked apa-

40 tite/collagen porous body is immersed in aqueous solu-
tion of about 2% by mass of glycine to remove unreacted 
glutaraldehyde, and then washed with water. The cross-
linked apatite/collagen porous body is further immersed 
in ethanol for dehydration, and then dried at room tam-

45 perature. 

[3] Properties and applications of cross-linked apatite/ 
collagen porous body 

50 [0030] The cross-linked apatite/collagen porous body 
of the present invention containing a salt-organized ap-
atite/collagen composite has higher water absorption 
properties and elasticity than those of conventional ap-
atite cross-linked apatite/collagen porous bodies. It also 

55 exhibits elasticity in a water-containing State, thereby 
having excellent compatibility with human body and ex-
cellent bone conduction. 
[0031] Because the above-described properties are 

3 4 
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atonal, the cross-linked apatite/col- 99.5%), and cross-linked at 25°C for 1 hour to obtain a an aqueous solution or suspension of a calcium 
of the present invention, which is cross-linked apatite/collagen porous body. After salt. 
electron beams dry-heating, etc., washed with water, this cross-linked apatite/collagen 
ne-regenerating material as a sub- porous body was immersed in a 2-%-by-mass aqueous 3. The method for producing a cross-linked apatite/ 
nan bone etc. Specifically, it is suit- 5 ghjcine solution to remove unreacted glutaraldehyde, collagen porous body according to claim 1 or 2, 5 

artificial joints, materials for bond- and then washed with water again. It was further im- wherein a ratio of said apatite/collagen composite 
Jental implants, etc. rnersed in ethanol (concentration: 99.5%) for dehydra- to said collagen is 97/3 to 9317 by mass in said dis-
I invention will be explained in more tion, and then dried at room temperature. persion. 
to Examples below without inten- [00361 A rectangular-prism-shaped test piece of 5  m 
scope of the present invention. It x5mmxiOmnn was cut out of the resultant cross-linked 4. The method for producing a cross-linked apatite/ tO 

apatite/collagen porous body, to measure its rupture collagen porous body according to any one of 
strength at a stretching speed of 0.1 mm/second. As a claims 1 to 3, wherein an apatite/collagen ratio is 
result, the rupture strength of the cross-linked apatite/ 9/1 to 6/4 by mass in said apatite/collagen compos-

rite/collagen composite collagen porous body was about 0.8 N. ite. 
is 

15 
120-mM aqueous phosphoric acid Example 2 5. The method for producing a cross-linked apatite/ 
0235 g of an aqueous solution of collagen porous body according to any one of 
inc acid (collagen concentration: [0037] A cross-linked apatite/collagen porous body claims 1 to 4, wherein said dispersion is kept at a 
phoric acid concentration: 20 reM) was produced in the same manner as in Example 1 ex- temperature of 35°C to 43°C for gelation. 

e a diluted aqueous solution of col- 20 cept for changing the gelation temperature to 40°C, and 20 
acid. 200 ml of a 400-mM calcium measured with respect to rupture strength. As a result, 6. The method for producing a cross-linked apatitel 
’n was also prepared. 200 ml of the rupture strength was about 0.8 N. collagen porous body according to any one of 
god into a reactor, and heated to claims 1 t 5, wherein said dispersion is gelled after 
Jeous solution of collagen in phos- Comparative Example 1 its pH is adjusted to 6 8 to 7.6. 
ulcium hydroxide suspension were 25 

25 
ed into this reactor at a rate of [0038] A cross-linked apatite/collagen porous body 7. The method for producing a cross-linked apatite/ 

and the resultant reaction solution was produced in the same manner as in Example 1 ex- collagen porous body according to any one of 
im to prepare a slurry containing cept for conducting no gelation, and measured with ro- claims 1 t 6, wherein said dispersion is gelled after 
’lagen fibers. The reaction solution spect to rupture strength. As a result, the rupture the ionic strength of said dispersion is adjusted to 
to 9.1 during dropping. The result- 30 strength was about 0.4 N. 0.2 to 0.8. 30 
5/collagen fibers were as long as 
The slurry containing the apatite/ APPLICABILITY IN INDUSTRY 8. The method for producing a cross-linked apatite/ 
ras freeze-dried. A ratio of the ap- collagen porous body according to any one of 
in the apatite/collagen composite [0039] As described above in detail, the method of the claims 1 to 7, wherein said apatite/collagen com-

35 present invention can produce a cross-linked apatite/ posite is in the form of fibers of 1 mini or less in 35 

collagen porous body containing a self-organized apa- length. 
ss-linked apatite/collagen porous life/collagen composite, which has excellent compatibil-

ity with human body and excellent bone conduction, as 9. The method for producing a cross-linked apatite/ 
well as large mechanical strength such as rupture collagen porous body according to any one of 

eeze.dried apatite/collagen corn- 40 strength, etc. The cross-linked apatite/collagen porous claims 1 t 8, wherein apatite in said apatite/colla- 40 
1.6 ml of pure water and stirred to body having such properties is suitable as a biomateiial gen composite has a C-axis oriented along the cot-
ersion. This paste-like dispersion for artificial bone, artificial joints, etc. lagen fibers 
fan aqueous solution of collagen 
nd stirred, and a 1-N aqueous 10. The method for producing a cross-linked apatite/ 
,dded until the pH reached about 45 Claims collagen porous body according to any one of 45 
s/collagen composite to the colla- claims 1 to 9, wherein apatite in said cross-linked 
u. Tenfold-concentrated PBS was 1. A method for producing a cross-linked apatite/cot- apatite/collagen porous body has a C-axis oriented 
persion until the ionic strength of lagen porous body comprising the steps of freeze- along the collagen fibers. 
i0.8. The amount ofa liquid (pure drying a dispersion containing an apatite/collagen 
us solution of collagen in phos- 50 composite and collagen to form a porous body, and 11. The method for producing a cross-linked apatite/ 50 

is NaOH solution 
+ PBS) added then cross-linking collagen in said porous body, collagen porous body according to any one of 

the apatite/collagen composite, said dispersion being freeze-dried after gelation. claims 1 to 10, wherein apatite in said apatite/colla-
dispersion was charged into a gen composite is tiydroxyapatite. 

it 37°C for   hours for gelation, to 2. The method for producing a cross-linked apatite/ 
ted body. This formed body was 55 collagen porous body according to claim 1, wherein 12. A cross-linked apatite/collagen porous body pro- 55 
her dried by a freeze dryer. The said apatite/collagen composite is produced by si- duced by the method recited in any one of claims 1 
a immersed in a solution of 0.01 multaneously dropping an aqueous solution of to 11. 
lehyde in ethanol (concentration: phosphoric acid or its salt containing collagen and 

5 6 
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COMPOSITE MATERIALS FOR HARD TISSUE 
REPLACEMENT 

BACKGROUND OF THE INVENTION 

This invention relates to composite materials for hard 
tissue replacement, and to methods for producing such 
materials. More particularly, the invention relates to 
collagen-containing composites, substrates coated with 
calcium, phosphate-containing components and nieth  10 

-

ods for producing same. The collagen-containing com-
posite materials can be prepared by precipitation of 
calcium, phosphate-containing materials, such as cal-
cium apatite materials, in a collagen slurry. The coated 
calcium, phosphate-containing substrates can be pre- IS 
pared by contacting an uncoated substrate in a supersat-
urated or oversaturated solution of coating materials, 
such as calcium apatites, to coat the surface of the sub-
strate. 

The composition of hard tissue, such as natural bone, 20 
comprises collagen and inorganic calcium phosphate, 
particularly biological apatite. Bone contains about 
60% to 75% by weight of biological apatite and tooth 
has more than 98% by weight of biological apatite. 
Biological apatite is a naturally occurring calcium apa- 25 
tite-type material which is formed in the body by pre-
cipitation from body fluids at body conditions. This 
biological apatite has a structure which is similar to 
pure hydroxyapatite, but contains some substitute ions 
for the calcium, phosphate and hydroxyl ions. Strictly 30 
speaking, synthetically produced precipitated hydroxy-
apatite is more similar to biological apatite than are the 
hydroxyapatite ceramics. 

Synthetically produced precipitated hydroxyapatite 
is a very fine powder. It has limited application as a 35 
hard tissue implant material because it is somewhat 
difficult to manipulate. 

Recently, premolded collagen incorporated with a 
granule form of hydroxyapatite ceramic (HA) have 

-’ been commercialized. In such collagen-HA composites, 40 
the collagen and hydroxyapatite ceramics form a com-
pletely heterogeneous mixture. In effect, the collagen 
serves as the binder system for the granules of the hy-
droxyapatite ceramics. Such heterogenous composite 
materials are completely different from the natural 45 
bone. It would be advantageous to provide a hard tissue 
replacement material which has an increased similarity 
to natural bone. 

In the last decade or so, many calcium phosphate-
containing ceramics and glasses have been prepared in 50 
granule form or block form for hard tissue substitute 
materials. Among these are hydroxyapatite ceramics, 
tricalcium phosphate ceramics and calcium, phosphate-
containing bioglasses. Clinical studies have confirmed 
that hydroxyapatite ceramics and such bioglasses are 55 
very good biocompatible materials for use at artificial 
hard tissue implant materials. After implantation, by-
droxyapatite ceramics and calcium, phosphate-contain-
ing bioglasses bond very strongly with bone. 

The hydroxyapatite ceramics, as well as the blo- 60 
glasses, are somewhat different from biological apatite. 
In general, hydroxyapatite ceramics and bioglasses after 
implantation take a certain amount Of time to adjust to 
the body’s environment. Biological apatite from new 
bone Starts to grow and bind to the surface of these 65 
implant materials. For example, calcium, phosphate-
containing bioglass, after soaking in body fluid, takes 
several weeks to form a precipitated hydroxyapatite 

2 
surface layer. The time for the formation of a hydroxy-
apatite layer depends strongly on the composition of the 
bioglass. Clinical studies have showed that the bonding 
strength between the bioglass and the bone during the 
initial healing stage also depends on the rate of forma-
tion of this hydroxyapatite surface layer. In general, 
those bioglasses with a fast rate of formation of precipi-
tated surface hydroxyapatite also show a strong bond-
ing with bone. Even though untreated .hydroxyapatite 
ceramics and bioglasses have excellent biocoinpatibil-
ity, it would be advantageous to provide additional 
biocompatibility and to provide hard tissue replacement 
materials which shorten the healing time. 

SUMMARY OF INVENTION 

New hard tissue implant materials and methods for 
producing same have been discovered. The present 
invention provides collagen-containing composite ma-
terials which have properties generally similar to natu-
ral bone. Moreover, these synthetic composite materials 
can be produced so as to substantially eliminate the risk 
of immune system reactions, which often cause implant 
failure if the implant is made of natural bone matter. 
Further, the present materials which comprise coated 
substrates facilitate healing, for example, reduce the 
healing time required relative to the use of uncoated 
implant materials or substrates, from implantation sur-
gery. 

In one broad aspect, the present compositions, which 
are useful as hard tissue replacement or implant materi-
als, comprise synthetically derived, substantially ho-
mogenous composites containing collagen component 
and calcium, phosphate-containing component precipi-
tated from a liquid medium in which the collagen com-
ponent is contained. Methods for producing such ins-
plant materials are also disclosed and are within the 
scope of the present invention. 

In another broad aspect of the invention, composi-
tions, which are useful as hard tissue replacement or 
implant materials, comprise a substrate, preferably se-
lected from calcium apatite ceramics, calcium, phos-
phate-containing bioglasses and mixtures thereof, and a 
precipitated coating material selected from calcium 
spatites (meaning to include therein, for example, cal-
cium hydroxyapatite, calcium fhiorapatite, calcium car-
bonsteapatite and the like) and mixtures thereof depos-
ited on at least a portion of the external surfaces of the 
substrate from a supersaturated or oversaturated solu-
tion of the coating material prior to the composition 
being implanted in the body of an animal. Methods for 
producing such implant materials are also disclosed and 
are within the scope of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

For the preparation of the present collagen compo-
nent, calcium, phosphate-containing component com-
posites, any suitable collagen component may be em-
ployed. The preferred collagen component used in the 
present invention is type I collagen. In one embodi-
ment, the solid collagen component is dispersed in an 
acidic liquid, preferably aqueous, medium to form a 
collagen component-containing slurry, for example, in 
the form of a gel. The concentration of collagen compo-
nent in this slurry is preferably in the range of about 
0.5% to about 3% by weight. Either a calcium-contain-
ing component, e.g., salt, or a phosphate-containing 
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It, may be combined in, preferably 
lagen slurry. If a calcium-containing 
,ined into the collagen slurry, the 
g component is separately corn-
dissolved in, a liquid mediuni, pref- 5 
ably to form a solution. Similarly, if 
dining component is combined into 
the calcium-containing component 
ned in, preferably dissolved, in a 
erably water, preferably to form a IC 
, two separate liquid media, prefer-

vith the calcium-containing compo-
vith the phosphate-containing corn-
sred. 
slurry and the liquid medium are l 
to a level of about 7 or higher, pref-
slgher. If the slurry and two liquid 
ig the calcium-containing compo-
including the phosphate-containing 
id, the two liquid media (and the 2( 
tuid media) are preferably adjusted 
higher, more preferably to a pH of 

In this instance, the slurry itself is 
A acidic to better disperse the calla-
medium (or media) are then corn- 2 

tIter. Before and during this mixing, 
ombination or mixture are prefers-
tation or strong stirring, for exam-
or other conventional mixing ma-
simm is (or liquid media are) prefer- 3C 
to the stirred slurry. This mixing is 
one effective to cause the formation 
f a calcium, phosphate-containing 
nple, hydroxyapatite. 
o limit the invention to any particu- 35 
ion, it is believed that the precipi-
phate-containing component inter-
en component to form a substan-
material. After the mixing is corn-
g collagen-containing material is 4C 
ed, for example, by being filtered 
and/or washed several times with 

of other components, such as en-
insoluble impurities. The wet solid, 
hen be shaped and dried, for exam- 45 
i air drying, oven drying and the 
ike composite material or a porous 
enhance the mechanical strength of 
collagen cross-linking reagent can 
rry before separation and purifies- 30 
can-linking agent is employed, the 
for a sufficient period of time at 
to obtain she desired cross-linking 
tonent. 
the precipitation of a calcium aps- 55 
he collagen slurry, the preferred 
to phosphate is about Ito about 2, 
11.67. However, other mole ratios 
inch other mole ratios of Ca to P 

when the pH of she combined 60 
e of about 10 or higher. 
m component, calcium, phosphate 
g composites may have widely 

provided that such composites 
ided application. Preferably, such 65 

about 25% to about 95% by 
)mponent and about 5% to about 
cium, phosphate-containing com-

4 
ponent. The calcium, phosphate-containing component 
included in the present composites is preferably selected 
from calcium phosphates, calcium apatites; (meaning to 
include therein calcium hydroxyapatite, calcium fluor-
apatite, calcium carbonateapatite and the like apatite-
type materials) and mixtures thereof. Composites in-
cluding calcium fluorapatite can be produced by includ-
ing fluoride (fluoride ion) in one or more, of the materi-
als used to produce the present composites. The present 
composites may include one or more additional compo-
nents useful to provide one or more desired properties 
to the composites. Metals, such as alkali metals, other 
alkaline earth metals and the like, may replace at least a 
portion, for example, a minor portion, of the calcium. 
At least a portion, for example, a minor portion, of the 
phosphate and/or hydroxyl contents of the calcium, 
phosphate-containing material may be replaced by halo-
gen, such as chloride, fluoride and the like, carbonate 
and the like. The precipitated calcium, phosphate-con-
taining material can have a chemical composition which 
resembles or even simulates that of biological apatite. 
Different components may be added to one or more of 
the materials (e.g., slurry and liquid medium or media) 
used to make the present composites to adjust the chem-
ical composition of the product composite, as desired. 

Any suitable, preferably soluble and more preferably 
water soluble, calcium-containing component may be 
employed in the present methods for making collagen-
containing composites, provided that such calcium-con-
taining component functions as described herein and 
results in a useful collagen-containing composite in 
accordance with the present invention. Such calcium-
containing component is preferably substantially free of 
phosphorus. Calcium-containing salts and mixtures 
thereof are particularly useful. Examples of calcium-
containing salts include calcium acetate, other soluble 
calcium carboxylates, calcium chloride, calcium nitrate, 
other soluble calcium organic salts and mixtures 
thereof. 

Any suitable, preferably soluble and more preferably 
water soluble, phosphate-containing component may be 
employed in the present methods for making collagen-
containing composites, provided that such phosphate-
containing component functions as described herein and 
results in a useful collagen-containing composite in 
accordance with the present invention. Such phos-
phate-containing component is preferably substantially 
free of calcium. Phosphate-containing salts and mix-
tures thereof are particularly useful. Examples of phos-
phate-containing salts include alkali metal phosphate 
salts, ammonium phosphate salt and mixtures thereof. 

While any suitable liquid medium may be employed 
(for example, for the slurry and/or the solution or solu-
tions), the use of aqueous liquid media is much pre-
ferred. Various different materials may be employed to 
maintain or adjust the pH of the slurry and/or liquid 
medium or media, as desired. Examples of useful pH 
adjusting agents include alkali metal hydroxides, ammo-
nium hydroxide and mixtures thereof. The slurry can be 
made acidic using any suitable acid which provides the 
desired acidity and does not unduly interfere with the 
methods and products of the present invention. Exam-
ples of such acids include acetic acid, other carboxylic 
acids and mixtures thereof. 

In she present collagen-containing composites, the 
weight ratio of total calcium, phosphate-containing 
component to the amount of collagen component is 
preferably in the range of about 0.03 to about 2.5. 

The present collagen-containing composites are dif-
ferent from previous collagen-calcium phosphate ce-
ramic composite materials. The later are simply physi-
cal mixtures with collagen as binder for the calcium 
phosphate ceramics. No interaction between the colla- 5 
gets and the calcium phosphate ceramics occurs. In 
contrast, the present composites contain a calcium, 
phosphate-containing component which is incorporated 
into the structure of the collagen component, and is 
preferably interacted with the collagen component. The 10 
present composites are substantially homogenous, pref-
erably with little or no phase separation being visually 
apparent. The present composites have substantial com-
positional flexibility and the weight ratio of precipitated 
calcium, phosphate-containing component to collagen 15 
component can be varied over a relatively wide range. 
By doing this, the mechanical strength and/or bi-
oresorption rate of the present composites can be varied 
over relatively wide ranges. In addition, the present 
composites, which contain precipitated calcium apatite 20 

incorporated into collagen structure, have properties 
which are similar to the properties of natural bone. 

It should be noted that in this invention the order of 
precipitation is quite impOrtant. For example, if calcium 

25 apatite is formed in the collagen free solution, the addi-
tion of this calcium apatite into a collagen slurry still 
shows two phases of materials including collagen and a 
separate phase of calcium apatite. This is different from 
the present substantially homogeneous composite mate  30 -
nals. 

The hydroxyapatite ceramics, other apatite ceramics 
and calcium, phosphate-containing bioglasses are nor-
mally prepared by sintering techniques at high tempera-
turns. In one embodiment of the present invention, a 35 
substrate, preferably made from a material selected 
from calcium apatite ceramics, calcium, phosphate-con-
taining bioglasses and mixtures thereof, is contacted 
with, preferably immersed or soaked in, an over-
saturated or supersaturated solution, preferably an 40 
aqueous solution, of a coating material selected from 
calcium, phosphate-containing components, preferably 
selected from calcium apatites and mixtures thereof, 
preferably at a pH of about 6.5 or about 7.0 or higher. 
This contacting results in a coating of precipitated ma  45 -
terial selected from calcium, phosphate-containing 
components, preferably selected from calcium apatites 
and mixtures thereof, being deposited on at least a por-
tion of the external surfaces of the substrates. 

Suitable such oversaturated solutions can be prepared 50 
by mixing a calcium ion-containing solution and a phos-
phate-containing ion-containing solution. The total cal-
cium concentration of such oversaturated solutions is 
preferably in the range of about l.0x 10-3 M to about 
3.Ox 10-3 M and the total phosphate concentration of 
such oversaturated solutions is preferably in the range 
of about 1.03< 10� to about 2.OX 10-3M. 

Suitable calcium salts for the preparation of such 
oversaturated solutions are, for example, soluble cal-
cium salts, such as calcium chloride, calcium nitrate, 60 
calcium acetate, other soluble calcium carboxylates, 
other soluble calcium organic salts and mixtures 
thereof. Suitable phosphate salts for the preparation of 
such oversaturated solutions are alkali metal phosphate 
salts, ammonium phosphate salts and mixtures thereof, 65 
Specific examples include monobasic alkali metal phos-
phates, dibasic alkali metal phosphates, tribasic alkali 
metal phosphates and mixtures thereof pH adjusting 
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agents such as alkali metal hydroxides, ammonium hy-
droxide and mixtures thereof may be employed. 

The solubility of calcium apatites and other calcium 
phosphate salts is very sensitive to the pH of the liquid 
medium. In general, solubility of calcium apatites and 
other calcium phosphate salts decreases with increasing 
PH. The metastable limit of a calcium apatite over-
saturated solution also decreases with increasing pH. In 
principle, any oversaturated solution can be used for 
contacting the present substrates to induce the precipi-
tation of one or more calcium, phosphate-containing 
components, e.g., calcium apatites, on the substrate’s 
surface. However, it is preferred to employ a stable 
metastable solution. By contacting the substrate with 
such a solution, the precipitated calcium, phosphate-
containing component is deposited preferentially on the 
surfaces of the substrate rather than in the bulk of the 
solution. If the solution is excessively oversaturated, the 
solution is very unstable and bulk precipitation occurs 
immediately. In this case, the solution concentration 
decreases rapidly to the normal or saturated solubility 
values and the chances of deposition on the substrate 
surface are reduced. 

The oversaturated solutions can be prepared by mix-
ing required amounts of calcium ion- and phosphate 
ion-containing solutions at low pH (pH<6.0). At this 
low pH, the combined solution is undersaturated. The 
solution pH is then raised, preferably to 6.5 or about 7.0 
or higher, for example, with diluted alkaline solution, 
until it reaches the metastable oversaturated region. 
The substrate can then be contacted with such solution. 
This contacting step can be repeated several times by 
using a different, for example, newly prepared, over-
saturated solution for each contacting until the external 
surfaces of the substrate are covered by the desired 
amount of deposited precipitated calcium, phosphate-
containing component. Other soaking methods which 
may be employed include the continuous flow of a 
metastable oversaturated solution to a reactor tank 
which contains the substrate for treatment. The con-
tacting or contactings preferably continue until the 
newly formed precipitated material is attached to the 
surface of the substrate. The contacting solution is pref-
erably maintained in the oversaturated condition during 
the treatment. 

Because the precipitated calcium, phosphate-contain-
ing component, e.g., one or more calcium apatites, is 
more close to the biological apatite than the sintered 
calcium apatite ceramics or calcium, phosphate-con-
taining bioglasses, the present coated substrates interact 
and bond with bone more quickly than do the uncoated 
substrates. Therefore, the healing time is shortened and 
the ceramic-bone bonding strength is stronger using the 
present coated substrates relative to the uncoated sub-
strates. 

The oversaturated solutions may contain some fluo-
ride luoride ion which induces the deposition of fluorapatite 
instead of hydroxyapatite. In such cases, the fluoride ion 
is preferably contained in the phosphate-containing 
solution before mixing with the calcium-containing 
solution. 

Pure hydroxyapatite ceramic has a surface pH nor-
mally ranging from about 7.0 to about 10.0. In order to 
accelerate the formation of precipitated calcium apatite 
or fluorapatite on the surface of such ceramics, the 
ceramics can be prepared to include about 0.5% to 
about 3% unreacted calcium oxide. Ceramics which 
include excess calcium oxide normally have a surface 



7 
higher. By introducing this ceramic 
ution, the unreacted lime leaches Out 
sm ions and high surface pH, which 
litions for the deposition of precipi-
ites. In such case, the formation of 
in apatites on the surfaces of the sub-
on substrates made of pure hydroxy-
’be oversaturated solution for treat-
ame as before. However, in certain 
the leachable calcium ion is high 
in for treatment can only have phos-
bate ion with fluoride iOn. 
on-limiting Examples illustrate cer-
f the present invention. 

EXAMPLE I 
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that it can be variously practiced within the scope of the 
following claims. 

What is claimed is: 
1. A composition useful as a hard tissue replacement 

5 material comprising a synthetically derived, substan-
tially homogenous, solid composite consisting essen-
tially of about 25% to about 95% by weight of collagen 
component and about 5% to about 75% by weight of 
calcium, phosphate-containing component precipitated 

10 from an aqueous liquid medium in which said collagen 
component and a soluble calcium-containing compo-
nent and a soluble phosphate-containing component 
from which said calcium, phosphate-containing compo-
nent is derived are contained, said aqueous liquid me-

15 dium prior to said precipitation being free of insoluble 

agen (type 1 collagen obtained from orientuu,n 

n) was added into 400 ml water and 
al acetic acid was then added to this 

component. 
2. The composition of claim I wherein said collagen 

ad stirred. At this point, the slurry 2o component is type 1 collagen. 

if a homogeneous gel. 4.4 g CaCl2 3. The composition of claim I wherein said calcium, 
as then dissolved into the collagen phosphate-containing component is selected from the 
mixture was adjusted to higher than group consisting of calcium phosphates, calcium spa-
DH. tiles, and mixtures thereof 
was separately dissolved in 30 ml of 25 4. The composition of claim 1 wherein the mole ratio 

of calcium to phosphate is in the range of about I to 2. 
I phosphate solution was added S. A method for producing a collagen-calcium, plios-
)ve-noted collagen-containing slurry pliate-containing substantially homogeneous solid corn-
mixed vigorously in the blender. posite comprising: 

en filtered and the recovered solid 30 forming a mixture containing aqueous liquid, colla-
td several times with deionized wa- gen, and either a soluble calcium-containing corn-
lid material was shaped and dried in ponent or a soluble phosphate-containing compo-

nent; 
dried material was visually exam- combining said mixture with an aqueous liquid con-

tow separate phases of collagen and 35 mining said soluble calcium-containing component 
This dried material, which was or said soluble phosphate-containing component 

tight collagen and about 67% by which is not present in said mixture, and subjecting 
atite, became very hard and did not said combination to conditions effective to cause 
[ling in water as did pure collagen. the precipitation of a calcium, phosphate-contain-
rial is useful as a hard tissue, e.g., 40 ing component derived from said soluble calcium-
material, containing component and said soluble phosphate-
EXAMPLE 2 containing component, said combination prior to 

ype I collagen derived from ReGen 
said precipitation being free of insoluble calcium-
containing component and insoluble phosphate 

ispersed in 200 ml water containing 45 containing component; and 
.tic acid to produce a slurry in the recovering from said collagen and said precipitated ous gel, 
as dissolved in 10 ml of water. This 

calcium, phosphate-containing component a solid 

d to the above-noted slurry and 
collagen-calcium, phosphate-containing material 

the resulting slurry was adjusted 5o consisting essentially of about 25% to about 95% 

;her than 10. by weight of collagen and about 5% to about 75% 

4 was dissolved in 15 ml of water, by weight of said calcium, phosphate-containing 

4solution was added to the above- component. 

se slurry was strongly mixed in a 6. The method of claim 5 wherein said combination is 
55 agitated while being subjected to said conditiona 

tered, and the recovered solid mate- 7. The method of claim 5 wherein said conditions 
veral times with deionized water. include a pH of at least about 7. 
naterial was collected and shaped, S. The method of claim 5 wherein said conditions 

include a pH of at least about 10. 
ite, which included about 67% by 60 9. The method of claim I wherein said solid collagen-
33% by weight calcium phosphate, calcium, phosphate-containing material is a aubstan-
us. No separate phases of collagen tially homogenous solid composite. 
ate were observed This dried mate- 10. The method of claim 9 wherein said recovering 
ard tissue, e.g., bone, replacement step comprises separating said solid collagen-calcium 

65 phosphate-containing material from one or more corn-
on has been described with respect ponents other than collagen and said precipitated cal-
amples and embodiments, it is to be cium, phosphate-containing component present with 
Invention is not limited thereto and said collagen-calcium, phosphate-containing material. 

5,320,844 
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11. The method of claim 10 wherein said recovering 
step further comprises drying said solid collagen-cal-
cium, phosphate-containing material. 

12. A method for producing a collagen-calcium, 
phosphate homogeneous solid composite comprising: 

forming a mixture containing an aqueous liquid and 
collagen; 

simultaneously combining said mixture with a first 
aqueous liquid containing a soluble calcium-con-
taining component and with a second aqueous liq-
uid containing a soluble phosphate-containing 
component at conditions effective to cause the 
precipitation of a calcium, phosphate-containing 
component derived from said soluble calcium-con-
taining component and said soluble phosphate-con-
mining component, provided that said mixture, said 
first aqueous liquid and said second aqueous liquid 
prior to said precipitation are free of insoluble cal-
cium-are free of insoluble calcium-containing com-
ponent and insoluble phosphate-containing coanpo-
net; and 

recovering from said collagen and said precipitated 
calcium, phosphate-containing component a solid 
collagen-calcium, phosphate-containing material 

consisting essentially of about 25% to about 95% 
by weight of collagen and about 5% to about 75% 
by weight of said calcium, phosphate-containing 
component. 

13. The method of claim 12 wherein said first aqueous 
liquid and said second aqueous liquid each have a pH of 
at least about 7. 

14. The method of claim 12 wherein said first aqueous 

10 
liquid and said second aqueous liquid each have a pH of 
at least about 10. 

15. The method of claim 12 wherein said solid colla-
gen-calcium, phosphate-containing material is a sub-
stantially homogenous solid composite. 

15 16. The method of claim 15 wherein said recovering 
step comprises separating said solid collagen-calcium, 
phosphate-containing material from one or more com-
ponents other than collagen and said precipitated cal-
cium, phosphate-containing component present with 

20 said collagen-calcium, phosphate-containing material. 
17. The method of claim 16 wherein said recovering 

step further 
comprises

 drying said solid collagen-cal-
cium, phosphate-containing material. 
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