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COMPOSITION AND PROCESS FOR BONE 
GROWTH AND REPAIR 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation-in-part of prior 
copending US. patent application Ser. No. 09/746,921, ?led 
Dec. 22, 2000. 

FIELD OF THE INVENTION 

[0002] The present invention relates to methods and com 
positions for the induction of bone groWth in mammals and 
to methods for the production of such compositions. 

BACKGROUND 

[0003] A number of diseases or injuries involving bones 
are knoWn for Which repair, regeneration, or augmentation 
of bone is a desired treatment. Formation of bone in vivo 
involves an interaction of various inductive proteins Which 
act by causing a differentiation of mesenchymal cells into 
cartilage and then bone-forming cell lines. This mechanism 
is not completely understood. HoWever, in efforts to improve 
orthopedic procedures, puri?ed protein mixtures and recom 
binantly produced proteins have been developed Which 
stimulate osteoinductive activity. 

[0004] In general, autogeneous bone grafts have been 
vieWed as the standard for restoring skeletal defects. HoW 
ever, autogeneous sources of bone in human beings are 
limited, expensive and painful to obtain. Accordingly, mate 
rials such as demineraliZed bone matrix have been devel 
oped to augment or replace autogeneous bone grafts. HoW 
ever, an alternative to demineraliZed bone matrix is desired 
to improve the ease of use, economy of product manufacture 
and to eliminate the potential of disease transfer or immune 
system incompatibilities. To date hoWever, an acceptable 
substitute has not been identi?ed. 

[0005] Currently the clinical potential of composite 
implants containing a mixture of bovine tendon collagen and 
a proprietary bone morphogenic protein mixture, With dem 
ineraliZed bone matrix poWders and simulated body ?uid is 
being evaluated. While a number of advances have 
improved the activity of osteoinductive factors such as those 
present in bone morphogenic protein mixtures, their clinical 
application has been limited, in part, by the requirement for 
a superior delivery vehicle. Resistance to the use of dem 
ineraliZed bone matrix in certain cultures, as Well as the 
desire to enhance the activity of the bone morphogenic 
protein mixture to reduce cost, speaks to the desire to 
develop substitutes for demineraliZed bone matrix. 

[0006] The present invention provides compositions that 
can be used as bone graft substitutes to obtain a product With 
an improved osteoinductive response for groWth factors in 
degradable implants for skeletal regeneration. The compo 
sitions of the present invention are easier to use and more 
economical to manufacture than demineraliZed bone matrix, 
and they eliminate or signi?cantly reduce the potential of 
both disease and pathogen transfer and immune system 
incompatibilities. 
[0007] Numerous materials have been experimentally 
evaluated as alternative delivery vehicles for osteoinductive 
groWth factors. The materials previously assessed by recon 
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structive surgeons and scientists include, Without limitation, 
hydroxyapatites, tricalcium phosphates, aliphatic polyesters, 
cancellous bone allografts, human ?brin, plaster of paris, 
apatite Wollastonite glass ceramics, titanium, devitaliZed 
bone matrix, non-collagenous proteins, collagen and auto 
lyZed antigen extracted allogenic bone. None of these mate 
rials have been found to be entirely satisfactory. 

[0008] Other groWth factor carriers containing calcium 
phosphate additives have been developed. For example, a 
macroporous collagen sponge containing a mixture of a-tri 
calcium phosphate ((x-3CaO.P2O5) and hydroxyapatite 
(3.33CaO.P2O5(OH)2) has been developed. Alternatively, a 
macroporous collagen sponge that contains precipitated 
hydroxyapatite has also been disclosed (US. Pat. No. 5,776, 
193). The composition of such products are consistent With 
the prevailing vieW that hydroxyapatite is the preferred 
calcium phosphate source for bone graft substitutes or 
extenders due to its compositional similarity With the min 
eral component of natural bone. 

[0009] There remains a desire for improved compositions 
for the induction of bone groWth in animals that address the 
problems of existing compositions and products. 

SUMMARY 

[0010] As noted above, hydroxyapatite has long been 
considered a preferred source of calcium phosphate in bone 
graft substitutes. Indeed, evidence suggests that the inclu 
sion of hydroxyapatite in bone graft substitutes does provide 
bene?ts related to osteoblast adherence. Thus, hydroxyapa 
tite shares a compositional similarity to naturally occurring 
bone mineral and stimulates certain elements of the bone 
formation cascade. Certain hydroxyapatite bone graft sub 
stitutes have also been preferred as they are generally 
characteriZed by having a neutral or basic pH When 
implanted under normal physiological conditions. Despite 
these long-believed potential bene?ts and the resultant pref 
erence for hydroxyapatite containing bone groWth substi 
tutes, the inventor has noW shoWn that the addition of 
calcium phosphate materials having a neutral or basic pH, 
such as hydroxyapatite, to collagen actually hinders the 
osteoinductive activity of bone groWth proteins in vivo. 

[0011] The present invention is directed to a bone groWth 
composition Which includes an acidic substrate and a bone 
groWth protein, Wherein the bone groWth protein is charac 
teriZed as having a ?rst activity at neutral or basic pH and a 
second, higher activity at acidic pH. The acidic substrate 
preferably comprises a source of calcium and a source of 
phosphate. The composition also may include an acidic 
buffering potential in physiological solution. In another 
embodiment, the composition further includes a biocompat 
ible buffering agent to maintain the acidity of the composi 
tion. In further alternative embodiments, the sources of 
calcium and/or phosphate can be salts such as monocalcium 
phosphate, calcium hydrogen phosphate dihydrate, or cal 
cium pyrophosphate. The substrate can comprise collagen, 
?brin, alginate, one or more synthetic polymers (such as 
polyethylene glycol (PEG), functionaliZed PEG, aliphatic 
polyesters, polylactic acid (PLA), or polyglycolic acid 
(PGA)), or mixtures thereof. The bone groWth protein can be 
one or more puri?ed bone groWth proteins (each protein can 
be puri?ed independently or collectively from allograft, 
xenograft, or autograft bone), recombinantly produced bone 






































