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HEMOSTATIC BONE GRAFT

FIELD OF THE INVENTION

The present invention relates to hemostatic bone graft materials, and to a process for

making the hemostatic bone graft materials. More specifically, the present invention relates

to hemostatic bone grafts that, i addition to reducing or stopping bleeding in a surgical-type

setting, may serve as an osteoinductive and/or an osteoinductive material.

BACKGROUND OF THE INVENTION

Hemostasis, or the stoppage of blood flow, results from plugging blood flow or from

forming a blood clot. Plugging blood flow can be accomplished by exerting pressure on or

by sealing the bleeding site. The formation of blood clots results from at least three

pathways: (1) by a clot cascade; (2) by rapid constriction of the injured vessel; (3) and by the

aggregation of platelets to form a plug on the injured surface of the blood vessel.

The clot cascade pathway is initiated by a series of transformations from inactive

zymogens to active proteins. An activated protein, or clotting factor, catalyzes the activation

of the next protein. Because the pathway is catalytic in nature, only very small amounts of

protein need to be activated in order to activate the clotting process.

Clot cascades are calcium-dependent processes and are induced by either intrinsic or

extrinsic means. In the case of induction by intrinsic means, clot formation components

present in blood are triggered by contact with an abnormal surface, as compared to normal

vascular tissue. In the case of clotting induction by extrinsic means, substances not normally

present in blood are added. The clotting cascade can be initiated by denaturing clot proteins,

which can be accomplished by the removal of water, including the rapid removal of water; by

the addition of heat; or by chemical precipitation.

Clotting cascades, whether induced by intrinsic or extrinsic means, ultimately follow

a common pathway. The common pathway includes activating clotting factor X, which then

converts prothrombin to thrombin by its proteolytic action. I addition, activation of

prothrombin is promoted by the presence of calcium ions and by phospholipid surfaces.

Thrombin is responsible for cleaving fibrinogen into fibrin monomers, which results in the

formation of a fibrin clot. Fibrinogen is an elongated protein consisting of six polypeptide



chains. It is highly soluble in plasma. Upon cleavage of fibrinogen by the proteolytic action

of thrombin, four peptide bonds are cleaved, and insoluble fibrin monomers result. Those

fibrin monomers spontaneously associate to form fibrin, which takes the form of long,

insoluble fibers. Fibrin monomers spontaneously associate to form a fibrin clot because of

the removal of negatively charged groups found in fibrinogen. The release of the negatively

charged groups by thrombin changes the surface-charge pattern of fibrin monomers, which in

turn leads to their aggregation and to hemostasis.

Hemostatic agents control blood loss. Bee's wax is generally known to act as a

hemostatic plug and has been used to control bone bleeding. Generally, bee's wax resists

hydrostatic pressure and is cohesive. Bee's wax, however, is not resorbable and does not

allow bone to grow in the site where it is placed. Therefore, bee's wax is undesirable for

controlling blood loss from bleeding bone or in areas associated with bone.

In the field of internal medical care, such as internal surgery, there is a need for

controlling bleeding in order to prevent excessive blood loss or hemorrhage. There also is a

need to provide a product that can be easily applied to a bleeding site that also can promote

both blood clotting and bone growth.

BRIEF SUMMARY OF THE INVENTION

A biocompatible hemostatic bone graft that aids in the reduction of operative and

post-operative bleeding is provided. The hemostatic bone graft may be bioactive and may

induce osteoinductive and/or osteoinductive activity upon implantation.

The hemostatic bone grafts of the present invention may cause blood clotting. The

hemostatic bone grafts of the present invention may be waxy so as to plug a bleeding site. In

one embodiment, a biocompatible material for promoting blood clotting may include

demineralized bone matrix (DBM) and a clot producing material. According to another

embodiment, DBM may be fibrous in order to cause blood clotting. Clot producing material,

according to certain embodiments, may include polyethylene glycol (PEG), aluminum,

hydroxyapatite, which may be unsintered, absorbents, absorbent DBM that has been treated

to alter the surface tension of surrounding liquids to provide for rapid water uptake into the

bone, a hydroscopic agent, a surface tension reducing material, and/or a substance capable of

inducing protein precipitation, such as those materials capable of removing the water of



solvation from protein. In another embodiment, biocompatible materials for blood clotting

include bone, biocompatible polymers, or combinations thereof that are configured as

wicking materials such as capillary tubes, small fibers, or U-shaped materials that allow

blood to clot upon wicking.

In another embodiment, the hemostatic bone grafts of the present invention may

contain both demineralized bone and a sealant. The sealant may take the form of a waxy,

sticky substance, including lipids, PEG, lecithin, saccharides such as polysaccharides, fatty

acids, including high molecular weight fatty acids, other suitable sealants, or combinations of

these. Glycerol may be added to the waxy material in some embodiments.

In one embodiment, the invention comprises substantially water-free demineralized

bone and lecithin. The bone may be in a concentration high enough to establish substantial

contiguity of the bone, which may be done using bone fibers or bone particles. A surface

tension reduction material also may be used. For example, PEG may be used, such as to coat

the bone, to provide for increase uptake of water into the bone. This embodiment may be

minimally moldable or generally stiff, and may be capable of being softened at body or

elevated temperatures.

In the various embodiments of the invention, any suitable type of bone materials can

be used, including substantially fully demineralized bone, partially demineralized bone,

surface demineralized bone, or nondemineralized bone, or mineralized bone.

According to some embodiments, a surface tension reduction material may include

glycerol, non-crystalline starch, amphipathic zwitterions, a polyalcohol, and/or aluminum

sulfate, other suitable materials, or combinations of these. In some embodiments, ethanol

may be used.

A protein precipitating agent used in accordance with some embodiments may include

ammonium sulfate, PEG, a hydrogel, unsintered hydroxyapatite, calcium phosphate, other

suitable agents, or combinations of these. Other embodiments may include as a clot

producing material materials that absorb water from blood, leading to clot formation. In

another embodiment, a biocompatible material for promoting blood clotting includes

demineralized bone matrix and a hydrostatic agent, in which case the biocompatible material



may take the form of a sheet, a powder, a matrix, a paste, a wax, a gel, or other suitable form.

Demineralized bone matrix, according to some embodiments, may include fibrous

demineralized bone. A hydrostatic agent used in accordance with particular embodiments

may include the use of waxes, solid fatty acids or derivatives, non-crystalline starches, PEG,

or combinations thereof.

Another embodimenfprovides a biocompatible material for promoting blood clotting

that includes demineralized bone matrix, a protein precipitating agent, and a material that

promotes water uptake by the demineralized bone. Because PEG affects both protein

precipitation and promotes water uptake by DBM, according to certain embodiments, PEG

may be used as either a protein precipitating agent or as a material that promotes water uptake

by DBM.

According to another embodiment, a method for promoting blood clotting is provided

that includes forming a biocompatible product having a mixture of demineralized bone matrix

and a clot producing material, and placing the product on a bleeding site. The method may

include adding lyophilized demineralized bone matrix and/or may include lyophilizing the

mixture. The method may include adding fibrous demineralized bone matrix as the

demineralized bone matrix, according to certain embodiments. The biocompatible material

according to some embodiments may take the form of a sheet, a powder, a matrix, a wax, a

paste, or a gel.

Another method for producing a biocompatible material for promoting blood clotting

includes mixing lyophilized demineralized bone matrix and PEG. The demineralized bone

matrix and PEG may be in a ratio of about 1:9, about 3:2, a ratio in between, or any other

suitable ratio. The mix may further include about four parts water to a mixture of about three

parts demineralized bone matrix to about two parts PEG. According to certain embodiments,

the PEG may be melted in order to facilitate blending with the DBM. The mixture may be

lyophilized and/or the demineralized bone matrix may be lyophilized, according to some

embodiments.

Included in another method for producing a biocompatible material for promoting

blood clotting is mixing demineralized bone matrix and aluminum sulfate, freezing the

mixture, and lyophilizing the mixture. Yet another method for producing a biocompatible



material for promoting blood clotting includes mixing demineralized bone matrix and

lecithin. The mixture may be heated and/or smoothed. Furthermore, the demineralized bone

matrix may be smoothed. In other certain embodiments, the mixture may further include a

carrier and a preservative. In another embodiment, the method may include treating the

demineralized bone matrix with an alcohol, dissolving the lecithin in alcohol, forming a

mixture by pouring the demineralized bone matrix solution over a sieve, pouring the lecithin

dissolved in alcohol over the sieve, and then lyophilizing the mixture.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 depicts one embodiment of a material containing DBM for application to bone

in a surgical setting.

Fig. 2 depicts another embodiment of DBM-containing material for application to

bone in a surgical setting.

Fig. 3 depicts embodiments of materials for promoting blood clotting.

Fig. 4 depicts embodiments of products containing DBM and PEG.

DETAILED DESCRIPTION OF THE INVENTION

A hemostatic bone graft is provided herein. The hemostatic bone graft reduces or

stops blood flow from a bleeding site, such as bleeding bone, by promoting denaturing of clot

proteins and/or by absorbing liquid. Additionally, inventive bone waxes are provided that are

sticky and may be used to plug a bleeding site, and in some embodiments, trigger a clot

cascade and promote bone growth. Thus, according to various embodiments, the hemostatic

bone graft may promote clotting, act as a plug, and/or promote bone growth, or combinations

of these and other properties. Hemostatic bone grafts can be described as osteoimplants, the

details of which are further described in U.S. Patent No. 6,843,807, the contents of which are

incorporated by reference herein.

In one embodiment, a reduced surface tension hemostatic lyophilized DBM is

provided that scavenges and/or sequesters liquid from blood and other body fluids and/or

assists in the clotting process to reduce post-operative bleeding. In some embodiments, the

amount of DBM used in these absorptive formulations is such that particles are substantially

contiguous, facilitating rapid water uptake throughout the preparation. For example,

demineralized bone powder particles may be used in the absorptive formulations and is

described in further detail in U.S. Patent No. 5,073,373, the entire contents of which are



incorporated herein by reference. The demineralized bone used in the present invention also

can take the form of fibers, as disclosed in U.S. Patent No. 5,507,8 13, which is incorporated

by reference herein. The use of fibers may allow less bone to be used in the present

invention, since particle contiguity can be assured with less bone than in particle forms.

The hemostatic bone grafts may comprise substantially water-free DBM in

combination with other materials, and may be produced in a variety of forms, including

powders, fibers, sheets, strips, blocks, matrices, putties, gels, and pastes. It should be

understood that other calcium-based materials may be used as hemostats in addition to DBM

or in combination with DBM, including calcium phosphate, unsintered hydroxyapatite, or

calcined hydroxyapatite. This combination may be useful because addition of calcium can

facilitate calcium-dependent processes, such as the clot cascade process.

Hemostatic bone grafts may also be formed of materials other than DBM, such as

from biocompatible mineralized bone and/or polymers.

Fig. 1 depicts one embodiment of a hemostatic bone graft that includes DBM-

containing material for application to bone in a surgical setting. In Fig. 1, the DBM material

is in the form of a sheet 100. Sheet 100 may be applied to a surgical site 110 on bone 120.

Alternatively, the sheet 100 may be placed in areas in close proximity to bone. Sheet 100

may take the form of a woven material. The sheet may be pliable, allowing a surgeon to

mold the DBM material around a bone.

Sheet 100 contains DBM that is a clot-producing product that absorbs liquid,

triggering a clot cascade at a bleeding site where applied. In addition, the absorption

characteristics of sheet 100 may be increased, such as by incorporating biocompatible

materials that act as capillary tubes, or by other suitable techniques. For example, curled

bone fibers (mineralized, nondemineralized, or demineralized) may be included in or on sheet

100. See U.S. Patent No. 5,507,813. The bone fibers may be of any suitable geometry and

surface characteristics to cause blood to be wicked up into the tubes. As a result, in addition

to sheet 100 haying increased wicking capabilities, the wicked blood may clot inside of the

tubes.



Fig. 2 depicts another embodiment of a hemostatic bone graft that includes DBM-

containing material for application to bone in a surgical setting. In Fig. 2, the DBM material

is in the form of a putty 200. Putty 200 contains DBM. It first serves as a plug to stop blood

flow, and then as a clot-producing material. The putty may have cohesive characteristics for

sealing a bleeding site, in addition to possibly containing DBM. The composition may draw

up liquids to trigger a clot cascade. In Fig. 2, putty 200 is applied to a surgical site 210 on

bone 220. The putty 200 may be formed having aany of a variety of desired consistencies,

such as being malleable, waxy, sticky, and/or thick, etc., allowing a surgeon to mold the

DBM material near or around bone. Using a DBM-based putty on or near bone may enable

and promote bone growth.

Fig. 3 depicts other embodiments of hemostatic bone graft materials that include

biocompatible materials for wicking blood and allowing the wicked blood to clot. Curled

fiber 310 is a biocompatible fiber such as mineralized, nondemineralized, or demineralized

bone, polymers, other suitable materials, or combinations thereof that are shaped like tubes,

including capillary tubes. These may promote blood wicking due to their geometry and

surface characteristics. Curled fiber 310 may be produced from bone, for example, by

milling cortical bone shafts with a milling bit, e.g., with an interrupted helical milling bit, that

results in curled bone shavings resembling small capillary-like tubes. Curled fibrous bone

may wick liquid and may be useful for wicking blood in bone grafting applications.

Elongated fiber 320 is a biocompatible polymer fiber that may be used as a wicking tube or

fiber. Any suitable material may be used. Examples of suitable materials include, but are not

limited to, polymers (such as polyalkylenes (e.g., polyethylenes, polypropylenes, etc.),

polyamides, polyesters, polyurethanes, poly(lactic acid-glycolic acid), poly(lactic acid),

poly(glycolic acid), poly(glaxanone), poly(orthoesters), poly(pyrolicacid),

poly(phosphazenes), etc.), cotton, silk, linen, metal, allograft tissue, autograft tissue,

xenograft tissue, other suitable materials, or combinations of these. Suitable materials may

be resorbable or non-resorbable polymer, or some of each. These materials may be used to

form wicking materials, and may be synthetic, natural, etc. Fig. 3 also depicts U-shaped

fibers 330 that may be formed of milled bone fibers that are not completely curled like curled

fiber 310. U-shaped fiber 330 having a U-shaped cross-section may wick liquid from one

end of the fiber to the other because the inner surface of the U-shaped fiber may enable

wetting action to overcome the surface tension of the fluid, which allows blood to be

transported across the length of the fiber. In some configurations, suitable dimensions for



curled fibers, elongated fibers, and U-shaped fibers may be a diameter of 0.2 to 0.5 mm, and

a length of 0.5 to 5 mm, or diameters and lengths. It is to be understood that "U-shaped"

refers to any of a variety of shapes, where one end curls toward the other, and may include

geometries that resemble in whole or in part a C, and S, or portions of these.

Although one of each of curled fiber 310, elongated fiber 320, and U-shaped fiber 330

is depicted in Fig. 3, it will be understood that a plurality of and combinations of any of the

above-described fibers may be used as a blood clotting material. Furthermore, other suitable

materials having a large surface area may be used in wicking blood in addition to those

described above. Moreover, the above-described fibers may be incorporated into other

materials such as DBM-containing materials including sheet 100 and putty 200.

According to certain embodiments that may incorporate DBM into the hemostatic

bone graft, additives also may be combined with DBM to assist the clotting process. The

additives may aid in water uptake, particularly by the DBM, for example by affecting the

surface tension of water, and facilitating rapid uptake of water by the substantially water-free

DBM. Additives combined with DBM in a mixture may also cause protein precipitation,

may have a cytolytic effect on blood cells, or may serve to plug blood flow. The amount of

DBM/additive-containing material required to have a hemostatic effect depends, in part, on

the amount of DBM in the product. For products having from 25-40% DBM, the amount

required may range from a 1:10 ratio of DBM to blood up to a 1:1 ratio of DBM to blood.

Other suitable ratios, either greater or lesser, maybe used for each of these. In addition,

depending on the form of DBM, a greater or lesser amount by weight is required to trigger a

hemostatic effect. For example, lower amounts of fibrous DBM are required to ensure

contiguity of fibers and transfer of liquid to the interior of the preparation than with powdered

DBM, and therefore wicks more liquid by weight compared to the powdered form. Factors

that affect the amount of DBM/additive-containing material include the dryness of the

mixture. As the dryness of the mixture increases, wicking capability increases.

According to certain embodiments, a hemostatic bone graft may be formed by treating

DBM with PEG. PEG serves as a surface tension reducer and, when placed on bone, changes

the surface tension in the surrounding area. PEG also is hemostatic and precipitates proteins.

DBM coated with PEG rapidly absorbs moisture. Therefore, when used in a surgical setting,

DBM/PEG products may serve as protein precipitating agents, moisture absorptives, and also



osteoinductive materials. Various forms of PEG may be used as carriers for DBM matrices.

For example, PEG is available in a variety of molecular weights, including 1,000, 1,500, and

10,000 molecular weight (MW) and other suitable molecular weights, each of which may be

combined with DBM. Furthermore, blending various MW PEGs adjusts its handling

characteristics. For example, the melting point and therefore consistency of blended PEG is

different from the unblended form. Therefore, depending on the preparation method, the

DBM/PEG product may have a variety of physical characteristics.

In various embodiments, all of the various constituents of the hemostatic bone graft,

including the carrier and any added materials, are resorbed by the body, leaving the DBM

behind. This allows the hemostatic bone graft to act as a hemostat during the period of time

when bleeding is taking place, and as a bone growth-inducing material after the bleeding has

been stopped. Thus, for example, when PEG is combined with DBM to prepare a hemostatic

bone graft, the PEG will be resorbed by the patient's body, and the DBM will remain behind

to induce bone growth at the defect site.

In one illustrative embodiment, PEG is used by combining 2.5g DBM with 3.33g

sterile deionized water and 1.67g 10,000 MW PEG. The materials are mixed, frozen for 1

hour, lyophilized for 24 hours, and stored. In other embodiments, 0.25g DBM, 1.55-1 .75g

PEG, and 3.33g water are mixed, lyophilized, and stored. Alternatively, solvents may replace

water, and rather than lyophilizing the mixture, solvents may be evaporated off from the

mixture.

In another illustrative embodiment, 1.Og DBM is combined with 3.0g 1,000 MW

PEG. The materials are mixed and stored.

In yet another illustrative embodiment, 3.0g 1,500 MW PEG is heated until pliable

and the pliable PEG is combined with 1.Og DBM. The DBM/PEG combination is mixed and

stored.

Each of the above-described illustrative embodiments of combining PEG with DBM

differs with respect to the handling properties of the finished product. Fig. 4 depicts the

procedures for making each of the above-described embodiments and the physical properties

of each of the resulting DBM/PEG products. According to Fig. 3, when DBM 400 is mixed



with PEG 410 and water 430, is frozen 440, and lyophilized 450, a dry, powder-like

DBM/PEG product 460 results. When DBM 400 is mixed with PEG 410, the resulting

DBM/PEG product is solid 470. In another example, when DBM 400 is mixed with heated,

pliable PEG 420, the resulting DBM/PEG product is waxy 480.

According to alternative embodiments of the present invention, hemostatic agents

other than PEG, or in addition to PEG, may be combined with DBM. For example,

mineralized bone material or DBM may be treated with aluminum sulfate. Aluminum sulfate

acts as a hemostat by constricting blood vessels. Aluminum sulfate-coated DBM may also be

used as an osteoinductive and osteoconductive material. In addition, aluminum sulfate-

coated DBM, when air-dried, holds its form and is more rigid than untreated DBM.

Therefore, aluminum sulfate-coated DBM may be a desirable osteoimplant for areas that

require support and/or rigidity. Using aluminum sulfate in one embodiment includes treating

all sides of a lyophilized, demineralized bone matrix with both 70% ethanol and a solution of

deionized water and aluminum sulfate, where the aluminum sulfate originates from a 8.57g

styptic pencil (90% aluminum sulfate, 10% inert ingredients). The treated bone matrix may

then be frozen and lyophilized for 48 hours, and the aluminum sulfate-coated DBM may be

used as a hemostat in a surgical setting to retard or stop blood flow during surgery.

Additional hemostatic agents may be used in combination with DBM, according to

further embodiments. For example, ethanol, ammonium sulfate, hydrogels, absorptive

(unsintered) hydroxyapatite or calcium phosphate, and hygroscopic materials are

precipitating agents that may be combined with DBM. Hydroxyapatite powder is able to

absorb liquids and provides a large surface area that promotes blood clotting and bone

growth. The combination of DBM and hydroxyapatite powder to form a hemostatic bone

graft is advantageous over hydroxyapatite powder alone because the powder is difficult to

place. Furthermore, the combination of DBM and hydroxyapatite may increase the product's

ability to sequester liquid over DBM or hydroxyapatite alone.

Some embodiments include combining DBM with surface tension reducers. PEG is

one type of surface tension reducer. According to certain embodiments, lecithin may be

mixed with lyophilized, mineralized bone fiber to form a wax-like substance for use in filling

voids and controlling blood loss during surgery. Lecithin is a waxy, thick, and sticky

substance mat may serve as a plug-like substance in a surgical-type setting.



One illustrative embodiment using lecithin comprises a 7.14g mixture of lecithin-

added bone fiber combined with 5.31g starch and 3.58g glycerol. The ingredients are ground

to smooth for even hydration. The mixture is placed in an oven at 500C for 32 minutes and

then placed in an oven at 800C for 2 minutes. The resulting mixture may be rolled into a ball

and has the handling characteristics of wax. In alternative embodiments, the bone matrix

may be DBM.

In another illustrative embodiment, a lecithin-added bone fiber mixture weighing

7.69g is combined with 5.3 Ig carrier and 3.58g preservative. Any clumps of fiber may be

loosened and the carrier and preservative added. The mixture may be treated to smooth out

any further clumps of tissue. The product is rolled into a ball and placed in a jar. The

additional loosening step results in a looser yet solid mixture, without waxy characteristics.

In yet another illustrative embodiment, 31.25g of bone fiber may be treated with a

mixture of 469ml HCl and 2ml Triton, and then with 469ml HCl and rinsed. Acid treatment

of bone fiber demineralizes the fibers. According to certain embodiments, acid treatment

may last between 30-50 minutes. After acid treatment, the demineralized bone fiber is treated

with water, rinsed, and mixed with 235ml ethanol. The mixture of ethanol and demineralized

bone is mixed for several hours (i.e., 10-14 hours), poured through a sieve, and dried almost

completely. To the resulting bone fiber product on the sieve is poured a solution of 31.25g

lecithin and 93.75ml ethanol. Excess lecithin may be captured as the product is pressed of

the excess. The resulting product weight can range from 52-67g. The lecithin/demineralized

bone matrix is lyophilized and a dry sheet of bone/lecithin results.

Lecithin is one type of surface tension reducer that may be used to control blood loss

during surgery. In addition to lecithin, other materials may be mixed with DBM to reduce

surface tension according to embodiments of the present invention, including fatty acids of

any type, varieties of PEG, starch (including non-crystalline starch), carboxymethyl cellulose,

maltodextrin, surfactants (such as fatty acids), ethanol, glycerol, salts, polyalcohols,

amphipathic zwitterions, and wicking fibers described above in relation to Fig. 3 may be

combined with DBM. Combinations of two or more of the above materials also may be used.

A DBM and glycerol mixture provides a composition that can absorb liquid upon

implantation, and the reduction of glycerol in the mixture increases the amount of liquid

absorbed by DBM. Some existing bone graft products, including Osteotech's Grafton®



DBM Gel, Grafton® DBM Putty, and Grafton® DBM Flex, include both DBM and glycerol.

Glycerol may affect the surface tension of liquids in vivo. Glycerol-containing embodiments

of the present hemostatic bone graft invention will contain less glycerol than used in the

aforementioned Grafton® DBM products. Amphipathic zwitterions have hydrophilic and

hydrophobic characteristics via positively charged cations and negatively charged anions in a

neutral pH solution, and can be combined with DBM to reduce surface tension in liquids. It

should be understood that combinations of the above-mentioned materials may be included

with DBM to achieve the desired hemostatic result. For example, a combination of DBM,

PEG, and lecithin may be used to form a hemostatic bone graft that precipitates proteins via

PEG and that has cohesive properties via lecithin. In addition, fluidizing agents may be

required to mix DBM and additives, and may include propylene glycol and glycerin.

Additives that have a cytolytic effect on cells may be mixed with DBM to form a

hemostat. Cytolytic materials cause cells to burst, which may trigger clot cascades. In one

embodiment, DBM is mixed with glycerol to form a hemostat. Embodiments may include

mixing surfactants with DBM to form a hemostat. Other embodiments may include mixing

cytolytic additives with DBM and surface tension reducers and/or protein precipitators.

The above-mentioned embodiments are not meant to be limiting. Rather, additional

embodiments of the present invention are possible. For example, DBM may be combined

with a sieve material, such as zeolite, see U.S. Patent No. 4,822,349, which promotes

adsorption of blood's water molecules into microscopic holes in the surfaces of its hollow

particles. Clotting factors and platelet molecules in blood are too large to enter the sieve

material, and they remain concentrated in the surgical site, forming a strong, stable, natural

clot that stays in place. Another example includes combining DBM and hyaluronic acid

powder to form a dry hemostatic bone graft. In yet another embodiment, DBM may be

combined with hygroscopic agents that affect fluid pressure or the exertion or transmission of

pressure.

Various modifications may be made to the embodiments disclosed herein. For

example, cancellous bone may be used in the hemostatic bone graft to promote rapid in¬

growth at a bleeding site and result in rapid fixation. In addition, hemostatic bone grafts

material may be poured or placed into molds in order to shape the hemostatic bone graft

material into useful shapes and sizes. The above description should not be construed as



limiting, but merely as exemplifications of, preferred embodiments. Those skilled in the art

will recognize other modifications within the scope and spirit of the present disclosure.



CLAIMS

1. A biocompatible material for promoting blood clotting comprising demineralized

bone matrix and a clot producing material.

2. The biocompatible material for promoting blood clotting according to claim 1,

wherein the demineralized bone matrix is a fibrous demineralized bone matrix.

3. The biocompatible material for promoting blood clotting according to claim 1,

wherein the clot producing material comprises polyethylene glycol.

4. The biocompatible material for promoting blood clotting according to claim 1,

wherein the clot producing material comprises a hygroscopic agent.

5. The biocompatible material for promoting blood clotting according to claim 1

wherein the clot producing material comprises a surface tension reduction material.

6. The biocompatible material for promoting blood clotting according to claim 5,

wherein the surface tension reduction material comprises wicking fiber.

7. The biocompatible material according to claim 6, wherein the wicking fiber comprises

milled bone.

8. The biocompatible material according to claim 6 wherein the wicking fiber comprises

a biocompatible polymer.

9. The biocompatible material for promoting blood clotting according to claim 5,

wherein the surface tension reduction material comprises aluminum sulfate.

10. The biocompatible material for promoting blood clotting according to claim 5,

wherein the surface tension reduction material comprises non-crystalline starch.

11. The biocompatible material for promoting blood clotting according to claim 5,

wherein the surface tension reduction material comprises amphipathic zwitterions.

12. The biocompatible material for promoting blood clotting according to claim 5,

wherein the surface tension reduction material comprises a polyalcohol.

13. The biocompatible material for promoting blood clotting according to claim 5,

wherein the surface tension reduction material comprises a combination of two or more of

aluminum sulfate, non-crystalline starch, amphipathic zwitterions, or a polyalcohol.

14. The biocompatible material for promoting blood clotting according to claim 1,

wherein the clot producing material comprises a protein precipitator.

15. The biocompatible material for promoting blood clotting according to claim 14,

wherein the protein precipitator comprises ammonium sulfate.

16. The biocompatible material for promoting blood clotting according to claim 14,

wherein the protein precipitator comprises a hydrogel.



17. The biocompatible material for promoting blood clotting according to claim 14,

wherein the protein precipitator comprises absorptive, unsintered hydroxyapatite.

18. The biocompatible material for promoting blood clotting according to claim 14,

wherein the protein precipitator comprises calcium phosphate.

19. The biocompatible material for promoting blood clotting according to claim 1,

wherein the protein precipitator comprises a sieve-like material that draws up water and not

clotting factors or platelet molecules.

20. A biocompatible material for promoting blood clotting comprising demineralized

bone matrix and a hygroscopic agent.

2 1. The biocompatible material for promoting blood clotting according to claim 20,

wherein the demineralized bone matrix comprises a fibrous demineralized bone matrix.

22. The biocompatible material for promoting blood clotting according to claim 20,

wherein the hygroscopic agent comprises lecithin.

23 . The biocompatible material for promoting blood clotting according to claim 20,

wherein the hygroscopic agent comprises a non-crystalline starch.

24. The biocompatible material for promoting blood clotting according to claim 20,

wherein the hygroscopic agent comprises polyethylene glycol.

25. The biocompatible material for promoting blood clotting according to claim 20,

wherein the hygroscopic agent comprises a combination of two or more of lecithin, a non-

crystalline starch, and polyethylene glycol.

26. The biocompatible material for promoting blood clotting according to claim 20,

wherein the material is in the form of one a sheet, a powder, a matrix, a paste, a wax, or a gel.

27. A biocompatible material for promoting blood clotting comprising demineralized

bone matrix, a protein precipitator, and a material that promotes water uptake.

28. The biocompatible material according to claim 27, wherein at least one of said protein

precipitator and material that promotes water uptake comprises polyethylene glycol.

29. A method for promoting blood clotting comprising forming a biocompatible product

having a mixture of demineralized bone matrix and a clot producing material; and placing the

product on a bleeding site.

30. The method according to claim 29, wherein the biocompatible product is lyophilized.

31. The method according to claim 29, wherein the demineralized bone matrix is

lyophilized.

32. The method according to claim 29, wherein the demineralized bone matrix is a fibrous

demineralized bone matrix.



33 . The method accoiding to claim 29, wherein the biocompatible product placed on the

bleeding site is in the form of a sheet, a powder, a matrix, a wax, a paste, or a gel.

34. A method for producing a biocompatible material for promoting blood clotting

comprising mixing demineralized bone matrix and polyethylene glycol.

35. The method according to claim 34, wherein the mixture of demineralized bone matrix

and polyethylene glycol is in a ratio of about 1:3.

36. The method according to claim 34, wherein the mixture of demineralized bone matrix

and polyethylene glycol is in a ratio of about 3:2.

37. The method according to claim 34, wherein the mixture further comprises deionized

water in a ratio of about 4 parts water.

38. The method according to claim34, wherein the polyethylene glycol is heated before

mixing.

39. The method according to claim 34, wherein the mixture is lyophilized.

40. The method according to claim 34, wherein the demineralized bone matrix is

lyophilized before mixing.

4 1. A method for producing a biocompatible material for promoting blood clotting

comprising mixing demineralized bone matrix and aluminum sulfate, freezing the mixture,

and lyophilizing the mixture.

42. A method for producing a biocompatible material for promoting blood clotting

comprising mixing demineralized bone matrix and lecithin.

43. The method according to claim 42, further comprising heating the mixture.

44. The method according to claim 42, further comprising smoothing the demineralized

bone matrix.

45. The method according to claim 42, further comprising smoothing the mixture.

46. The method according to claim 42, wherein the mixture further comprises a carrier

and a preservative.

47. The method according to claim 42, wherein the demineralized bone matrix is treated

with an alcohol, the lecithin is dissolved in alcohol, and the mixture is formed by pouring the

demineralized bone matrix solution over a sieve, and then pouring the lecithin dissolved in

alcohol over the sieve, the method further comprising lyophilizing the mixture.

48. A biocompatible material for reducing blood flow, comprising demineralized bone

matrix and lecithin.

49. The material according to claim 48, wherein said material is minimally moldable.

50. The material according to claim 48, further comprising glycerol.



51. The material according to claim 48, wherein said demineralized bone is in fiber form.

52. A biocompatible material for reducing blood flow, comprising substantially water-

free demineralized bone, a surface tension reducer, and a carrier.

53. A method for promoting blood clotting comprising applying to a bleeding site a

biocompatible material for promoting blood clotting that comprises biocompatible fibers,

wherein the fibers are generally formed as a tube for wicldng blood.

54. The method of claim 53, wherein the biocompatible fibers are milled bone fibers.

55. The method of claim 53, wherein the biocompatible fibers are biocompatible polymer

fibers.

56. The method of claim 53, wherein the biocompatible fibers are incorporated with a

biocompatible fabric, the biocompatible fibers increasing the surface area of the fabric.

57. The method of claim 53, wherein the biocompatible fibers are formed as a

biocompatible fabric.

58. The method of claim 53, further comprising a mixture of the biocompatible fibers and

biocompatible fibers having a U-shaped cross-section.
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