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SHAPEABLE BONE GRAFT SUBSTITUTE 
AND INSTRUMENTS FOR DELVERY 

THEREOF 

FIELD OF THE INVENTION 

This invention relates to porous, shapeable biocompatible 
bone graft materials for repairing bone defects, the applica 
tion of the bone graft materials disclosed herein and tools for 
delivering the bone graft materials. The present invention 
bone graft materials incorporate the benefits of porous inor 
ganic shaped bodies having macro, meso, and microporosity 
and polymers such as collagen. The present invention is par 
ticularly suitable as an injectable for filling bone defects of 
various shapes and sizes. 

BACKGROUND OF THE INVENTION 

The use of natural and synthetic materials for bone repairis 
known. Most of the synthetic materials share numerous 
advantages over natural materials (including allograft bone, 
autograft bone and demineralized bone matrix (“DBM)) 
Such as unlimited Supply, elimination of disease transmission, 
elimination of second Surgery, and the ability to be shaped 
into various shapes and sizes. Many synthetic bone grafts 
include materials that closely mimic mammalian bone. Such 
as compositions containing calcium phosphates. Exemplary 
calcium phosphate compositions contain type-B carbonated 
hydroxyapatite Cas(PO4)(CO)(OH), which is the prin 
cipal mineral phase found in the mammalian body. The ulti 
mate composition, crystal size, morphology, and structure of 
the body portions formed from the hydroxyapatite are deter 
mined by variations in the protein and organic content. Cal 
cium phosphate ceramics have been fabricated and implanted 
in mammals in various forms including, but not limited to, 
shaped bodies and cements. Different Stoichiometric compo 
sitions such as hydroxyapatite ("HAp'), tricalcium phos 
phate (“TCP”), tetracalcium phosphate (“TTCP”), and other 
calcium phosphate salts and minerals, have all been 
employed to match the adaptability, biocompatibility, struc 
ture, and strength of natural bone. The role of pore size and 
porosity in promoting revascularization, healing, and remod 
eling of bone has been recognized as a critical property for 
bone grafting materials. The preparation of exemplary porous 
calcium phosphate materials that closely resemble bone have 
been disclosed, for instance, in U.S. Pat. Nos. 6,383,519 and 
6,521,246, incorporated herein by reference in their entirety. 

Recently, in an attempt to broaden the use of bone graft 
materials throughout the body, pliable and injectable bone 
graft compositions have been fabricated. Some of these 
attempts have been disclosed in U.S. Pat. No. 5,324,519 to 
Dunn, et al., U.S. Pat. No. 5,352,715 to Wallace et al.; U.S. 
Pat. No. 6,287,341 to Lee et al.; U.S. Pat. No. 6,214,368 to 
Lee et al.; U.S. Pat. No. 6,652,887 to Richelsophet al.; and 
U.S. Pat. No. 6.288,043 to Spiro et al. However, these 
attempts Suffer from numerous shortcomings. Some compo 
sitions are made of thermoplastic polymers as opposed to 
calcium phosphate. There are injectable implant composi 
tions that teach having ceramic:collagen ratios requiring a 
collagen dominance. There are also compositions used as 
implants made of poorly crystalline apatitic calcium phos 
phate defined by a specific XRD spectrum and FTIR pattern. 
Other attempts have focused on compositions made from 
calcium Sulfate. 

Furthermore, many of these bone attempts include materi 
als that do not optimally resorb (e.g., thermoplastic polymers, 
amorphous calcium phosphate, calcium Sulfate dihydrate) or 
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2 
structures that do not have the ideal porosity and pore size 
distribution to promote bone formation. Other attempts 
require the addition of a carrier, such as hyaluronic acid or 
glycerol, or a plasticizer in a high percentage so that the 
compositions may be shaped or injected. Several also require 
that the mineral component particle size be smaller than 250 
um to facilitate injection. 
There is a need for resorbable, porous, shapeable bone 

graft materials that maintain ideal osteoconductivity proper 
ties and offer convenient delivery for a variety of applications. 
The present invention includes optimal materials, with opti 
mal porosities in optimal size ranges for promoting bone 
formation. Although generally useful, the present invention is 
particularly Suitable in trauma and orthopaedic applications, 
in which the size and the shape of the defects to be repaired are 
irregular or variable. 

It is an object of this invention to provide biocompatible 
graft materials with Superior osteoconductive properties. 

It is also an object of this invention to provide flowable 
graft materials for restoring defects in bone. 

It is another object of this invention to provide shapeable 
bone graft materials that can occupy voids of varying shapes. 

It is another object of this invention to provide injectable 
bone graft materials with improved handling properties that 
resorb. 

It is yet another object of this invention to provide inject 
able bone graft materials that still retain high degrees of 
porosity over abroad pore size distribution to maintain Supe 
rior resorption and bone ingrowth properties. 

It is yet another object of the invention to provide injectable 
bone graft materials with fluid wicking and retention proper 
ties. 

It is also an object of this invention to provide porous, 
pliable bone graft materials capable of delivering cells and 
molecules to the body. 

It is also an object of this invention to provide a bone graft 
material capable of being mixed with other graft materials 
while maintaining injectability. 

It is a further object of this invention to provide an inject 
able, resorbable bone graft material and instruments for deliv 
ery thereof. 

It is a further object of this invention to provide bone grafts 
with delivery instruments capable of low-pressure delivery of 
injectable bone graft materials. 

Additional objects, advantages, and novel features of this 
invention will become apparent to those skilled in the artupon 
examination of the following descriptions, figures and claims 
thereof, which are not intended to be limiting. 

SUMMARY OF THE INVENTION 

An embodiment of the present invention is directed to a 
flowable body comprising from about 15% to about 30% by 
weight of biocompatible polymer, an inorganic composition 
comprising calcium phosphate with a size range of about 100 
um to about 4000 um and all combinations and Subcombina 
tions therein, said flowable body being imbibed with a fluid. 
Another embodiment is directed to a flowable body having 
macro-, meso-, and microporosity comprising from about 
15% to about 30% by weight of biocompatible polymer and 
all combinations and Subcombinations therein, a material 
with a size range of about 100 um to about 4000 um and all 
combinations and Subcombinations therein, comprising the 
oxidation-reduction reaction product of at least one metal 
cation, at least one oxidizing agent, and at least one oxidizable 
precursor anion, and said flowable body being imbibed with a 
fluid. Suitable polymers may include organic materials such 
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as collagen, Soluble collagen, or soluble collagen limited to 
cross-links. The reaction product may be selected to Suit the 
needs of one skilled in the art but may be inorganic compo 
sitions comprising calcium phosphate, biphasic calcium 
phosphate, or beta tricalcium phosphate (B-TCP). The 
present invention is also directed to instruments for delivering 
the bone graft materials to various parts of the body. 

It has been discovered that admixing highly porous resorb 
able inorganic bodies with certain resorbable polymeric 
materials greatly improves handling, yet still provides an 
osteoconductive implant with good resorption and bone for 
mation properties. The materials can be easily shaped after 
contact with a biological fluid with minimal mixing and can 
be delivered via injection through delivery tubes of varying 
diameters while maintaining optimal porosity and pore size 
distribution for resorption, cellular infiltration and imbiba 
tion. These implants offer easy-to-use doses of composite 
material and are a significant advancement over current bone 
graft systems for clinical applications. 
The present invention is an improvement upon the shaped 

bodies disclosed in U.S. Pat. No. 6,383,519 (“519 patent”) 
and U.S. Pat. No. 6,521,246 (“246 patent”), and the RPR 
process disclosed in U.S. Pat. No. 5,939,039 (“039 patent”) 
and U.S. Pat. No. 6,325,987 (“987 patent”), all assigned to 
the present assignee and incorporated herein by reference in 
their entirety. The oxidation-reduction reaction product 
exemplified in the present invention shares the same unique 
porosity of those shaped bodies of the 519 and 246 patents. 
The reaction product confers upon the graft materials of the 
present invention macro, meso, and microporosity, which 
allow the graft material to have extraordinary imbibation and 
absorption properties. Further, the inclusion of the specific 
polymers in the present invention material lends improved 
handling and injectability. The graft materials can have a 
finite shape when dry and can be wetted prior to use to 
produce a putty-like mass that can be injected into the site. In 
this manner, the bone graft can be stored dry so as to not 
compromise shelf-life. For use, the dry shape, whether it be a 
cylinder, block, Strip, sheet, wedge or otherwise is wetted 
preferably with a pre-determined amount of fluid. Fluids such 
as bone marrow aspirate, blood, or saline are useful in 
embodiments of the present injectable bone graft material; 
however, other biocompatible/biological fluids may be used. 
The present invention can be injected using standard off-the 
shelf syringes or, preferably, can be delivered using the novel 
delivery tools described herein. 
Some embodiments of this invention give rise to biocom 

patible, resorbable composites that have from about 15% to 
about 30% by weight of the biocompatible polymer and all 
combinations and Subcombinations therein and from about 
70% to about 95% by weight of the reaction product. The 
amount of biocompatible polymer within the bone graft mate 
rials may be from about 15% to about 20% by weight, or 
alternatively, 15% to about 25% by weight. In some embodi 
ments that may be preferred, the size of the mineral compo 
nent may be between about 250 Lum and about 4000 um and all 
combinations and subcombinations therein. This allows the 
bone graft material to be delivered through small orifices, yet 
maintains enough porosity to allow capillary action, cellular 
infiltration, and vascular incorporation. 
The present invention finds particular suitability in appli 

cations that require irregularly shaped and sized bone Void 
defects to be filled. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1A illustrates one basic dry form of the biocompatible 
graft material in cylindrical shaper. FIGS. 1B and 1C illus 
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4 
trate other exemplary shapes the grafts may take. FIG. 1D 
illustrates that the graft may be shapeable after being wetted 
with fluid such as saline, blood, bone marrow aspirate or other 
Such biological material. 

FIGS. 2A and 2B illustrate other forms of the biocompat 
ible graft material in cup form with an internal cavity sized to 
receive a precise amount of fluid. 

FIG. 3 depicts the graft material 80 injected into a bone 
void 83 below the femur 81 in the tibial plateau 82 within a 
human knee. 

FIG. 4 illustrates the graft material of the present invention 
injected to serve as a cranio-maxillofacial 76, Zygomatic 
reconstruction 72, and mandibular implant 74. 

FIG. 5 illustrates one embodiment of the delivery system 
components of the present invention including a delivery tube 
10, plunger 20, a syringe body 30, and piston 40. 

FIG. 6 illustrates the delivery tube 10, the syringe body 30, 
and piston 40 assembled in the delivery system. 

FIGS. 7A and 7B illustrate an embodiment of the delivery 
system tube 10 in which the end of the tube has a flow adapter 
15 for directing the delivery. 

FIG. 8 illustrates a packaging container for the present 
invention in which the packaging also serves as a mixing 
container with a cavity for receiving a predetermined amount 
of fluid and mixing with the graft material 80. 

FIG. 9 is a representative XRD spectra of a bone graft 
material of the present invention (top) vs. B-TCP standard 
(bottom). 

FIG. 10 is a representative FTIR spectrum of bone graft 
material of the present invention vs. B-TCP. 

FIG. 11 is an SEM of the bone graft material, 20x. 
FIG. 12 is an SEM of the bone graft material, 50x. 
FIG. 13 is an SEM of the bone graft material, 250x. 
FIG. 14 illustrates a delivery device suitable for producing 

and delivering an injectable hands-free bone graft material. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

In accordance with the present invention, flowable graft 
materials are provided comprising from about 15% to about 
30% by weight of biocompatible polymer and all combina 
tions and Subcombinations therein, an inorganic composition 
comprising calcium phosphate with a size range of about 100 
um to about 4000 um and all combinations and Subcombina 
tions therein, and said flowable body being imbibed with a 
fluid. Graft materials are also provided that comprise a col 
lagen and macro-, meso-, and microporous calcium phos 
phate. As used herein, a “flowable body' is a body that can be 
induced to flow like a viscous liquid while maintaining coher 
ency or, alternatively, is a body that can be injected through a 
tubular structure while maintaining coherency. 
Some embodiments may comprise up to 100% Type I 

collagen. In other embodiments, the collagens used may be 
up to about 90% of Type I collagen with up to about 5% of 
Type III collagen and a small percentage of other types. The 
Type I bovine collagen may be native fibrous insoluble col 
lagen, Soluble collagen, reconstituted collagen, or combina 
tions thereof. In a preferred embodiment, the collagen used is 
predominantly soluble Type I collagen. The biocompatible 
polymer may be combined with the reaction product in slurry 
form, or combined by blending or kneading, to form a Sub 
stantially homogenous mixture. As used in this context, Sub 
stantially homogenous means that the ratio of components 
within the mixture is the same throughout. This, upon treat 
ment using various preferred freeze-drying, heating and pro 
cessing techniques, produces a form of the present invention 



US 9.220,595 B2 
5 

graft material that may be preferred. Upon wetting the form 
with a pre-determined amount of fluid, the material becomes 
a pliable mass that can be delivered to the site or injected into 
the site using standard or custom delivery instruments as 
described herein. 

Collagen has been found to be particularly suitable in the 
present invention for use as a biocompatible polymer. The 
admixture of the collagen with the highly porous reaction 
product results in a graft that is highly porous with a broad 
pore size distribution, increased handling properties, and pli 
ability beyond that which can be achieved with some forms of 
the reaction product alone—for instance calcium phosphate. 
The resorption profile of some of the embodiments of the 
present invention may vary depending upon the amount, 
nature, and Source of the collagen or other polymer used. 
Typically, by twelve weeks in vivo an effective amount of the 
present invention is resorbed. One reason that may explain the 
Superior resorption properties of the present invention is the 
high degree of porosity retained even upon admixing the 
collagen with the reaction product. The collagen may be a 
soluble collagen with limited cross-links. 

Preferable collagens have biochemical attributes such as 
about 10% to about 20% nitrogen content, about 10% to about 
15% of hydroxyproline, or up to about 2.5% of ash content. In 
some embodiments, the collagens may be about 10.5% to 
about 17% nitrogen, about 10.5% to about 14% of hydrox 
yproline, or up to about 2.5% of ash content. The percent 
nitrogen of a collagen is a measurement of nitrogen in a 
sample. In the presence of Sulfuric acid, the amino nitrogen of 
organic material is converted to ammonium Sulfate. The 
ammonium sulfate is distilled from an alkaline medium, and 
further decomposes from which the ammonia is absorbed into 
aboric acid solution containing a pH indicator. The ammonia 
(nitrogen) concentration may be determined calorimetrically 
by back titrating the boric acid solution with a standard acid. 

The percent hydroxyproline of a collagen is a measure of 
hydroxyproline in a sample. Collagen is hydrolyzed with 
dilute Hydrochloric Acid, filtered and diluted. The solution is 
reacted with several reagents and then measured using ultra 
violet (UV)/Vis analysis along with a standard hydroxypro 
line Solution. Using the sample and Standard absorbances, the 
percentage of hydroxyproline can be calculated (Sample 
Abs)(Std)(Weight) (dilution factor)/(Sample weight)(Std. 
Abs) (dilution factor). 
The ash content of collagen is a measure of the amount of 

residual elements in collagen materials. When collagen is 
heated to extremely high temperatures, it is converted to 
mainly carbon dioxide and water. Elements other than col 
lagen and hydrogen are converted to oxides and salts. A Small 
sample of material is heated until there is only ash left. The 
weight of this ash is considered the gross amount of inor 
ganic/organic material of the original sample. 

Bone graft materials of this invention that may be preferred 
are held together in Surgically relevant shapes and sizes by 
forming the inorganic reaction product with the collagen. The 
resulting articles retain Substantially all of the biological and 
chemical properties of the shaped bodies taught in the 519 
and 246 patents, while forming a unit dose, which upon 
wetting, become pliable, shapeable or injectable. 

The bone graft materials may be manufactured into various 
shapes of prescribed dimensions and Volumes. As shown in 
FIG. 1A, the material may take the form of a cylinder. Upon 
being wetted (FIG. 1B), the material reduces to a pliable 
mass, which can be delivered to or injected into the site. 
Following delivery in the surgical site, the graft material will 
resorb and exhibit the same beneficial biological responses 
(e.g., bone formation) as the aforementioned shaped bodies. 
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6 
FIG. 2 is an alternate embodiment of the present invention 

in which the bone graft material takes the shape of a cup with 
an internal cavity sized to receive the optimal amount of fluid 
for forming the bone graft into a pliable mass. This embodi 
ment eliminates the need for the user to determine and mea 
sure the amount of fluid to add to the bone graft. 

In some embodiments, the bone graft materials may have 
from about 15% to about 30% by weight of biocompatible 
polymer and all combinations and Subcombinations therein. 
The biocompatible polymer may also be from about 15% to 
about 20% by weight in other embodiments. It will be appre 
ciated that embodiments exist wherein the bone graft mate 
rials have from about 15% to about 20% or from about 20% to 
about 30%. In other embodiments where the polymer chosen 
is a collagen, the present invention exhibits a unique mineral 
(e.g., B-TCP, TCP, TTCP, HAp, HAp/TCP combo) to col 
lagen ratio that is unlike the ratios shared by other bone grafts. 
However, one skilled in the art may obtain bone graft mate 
rials of variable ratios depending on their particular needs. In 
one effective embodiment, the mass ratio of the reaction 
product and the collagen is 80:20. In others, it may be 90:10 
or 70:30. The mass ratio may be altered without unreasonable 
testing using methods readily available in the art. It will be 
appreciated that this ratio is contrary to the mineral B-TCP to 
collagen ratios one skilled in the art would find in previous 
bone grafts while still maintaining all the properties (e.g., 
porosity, pore size distribution) that attribute to an effective 
bone graft (e.g., simultaneous bone formation, strength and 
graft resorption). The bone graft is also capable of maintain 
ing injectability at this ratio without separation of the fluid 
from the inorganic or collagen component or separation of the 
inorganic and collagen components from each other. 

It appears that due to the high porosity and broad pore size 
distribution of many embodiments of the present invention, 
the graft is not only able to wick, Soak, and imbibe materials 
very quickly, but is also capable of retaining them. A variety 
of fluids could be used with the present invention including 
blood, bone marrow aspirate, Saline, antibiotics, proteins 
such as bone morphogenetic proteins (“BMP), molecules, 
vectors, therapeutic agents, and combinations thereof. Unlike 
other injectable bone graft materials, some embodiments of 
the present invention do not require materials such as glyc 
erol, hyaluronic acid, or the like, to serve as the carrier for the 
mineral phosphate; rather, biological fluid or saline is the 
carrier for the present invention. After mixing with biological 
fluids such as blood, bone marrow aspirate, or saline, the 
present invention is capable of being delivered via injection 
through Small orifices such as 17-gauge cannulas or catheters. 

Materials of the present invention can also be imbibed with 
cells (e.g. bone cells such as osteoblasts and osteocytes, fibro 
blasts, and cells such as mesenchymal, Stromal, marrow and 
stem cells), protein rich plasma, other biological fluids and 
any combination of the above. This capability has utility in 
cell-seeding, drug delivery, and delivery of biologic mol 
ecules as well as in the application of bone tissue engineering, 
orthopaedics, and carriers of pharmaceuticals. The cells may 
be seeded onto the graft prior to implantation. Similarly, 
molecules or proteins could be soaked into the graft prior to 
implantation. 
Bone graft materials of the present invention that may be 

preferred exhibit high degrees of porosity. It is also preferred 
that the porosity occur in abroad range of effective pore sizes. 
In this regard, persons skilled in the art will appreciate that 
preferred embodiments of the invention may have, at once, 
macroporosity, mesoporosity, and microporosity. 
Macroporosity is characterized by pore diameters greater 
than about 100 um and, in Some embodiments, up to about 
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1000 um to 2000 um. Mesoporosity is characterized by pore 
diameters between about 100 um and 10 um, while 
microporosity occurs when pores have diameters below about 
10 Lum. It is preferred that macro-, meso-, and microporosity 
occur simultaneously and are interconnected in products of 
the invention. It is not necessary to quantify each type of 
porosity to a high degree. Rather, persons skilled in the art can 
easily determine whether a material has each type of porosity 
through examination, such as through the preferred methods 
of mercury intrusion porosimetry, helium pycnometry and 
scanning electron microscopy. While it is certainly true that 
more than one or a few pores within the requisite size range 
are needed in order to characterize a sample as having a 
Substantial degree of that particular form of porosity, no spe 
cific number or percentage is called for. Rather, a qualitative 
evaluation by persons skilled in the art shall be used to deter 
mine macro-, meso-, and microporosity. 

It will be appreciated that in some embodiments of mate 
rials prepared in accordance with this invention, the overall 
porosity will be high. This characteristic is measured by pore 
Volume, expressed as a percentage. Zero percent pore Volume 
refers to a fully dense material, which, in essence, has no 
pores at all. One hundred percent pore Volume cannot mean 
ingfully exist since it would refer to “all pores' or air. Persons 
skilled in the art understand the concept of pore volume, 
however, and can easily calculate and apply it. For example, 
pore Volume may be determined in accordance with Kingery, 
W. D., Introduction to Ceramics, Wiley Series on the Science 
and Technology of Materials, 1 Ed., Hollowman, J. H., et al. 
(Eds.), Wiley & Sons, 1960, p. 409–417, who provides a 
formula for determination of porosity. Expressing porosity as 
a percentage yields pore volume. The formula is: Pore Vol 
ume=(1-t) 100%, where f is fraction of theoretical density 
achieved. 

Porosity can be measured by Helium Pycnometry. This 
procedure determines the density and true Volume of a sample 
by measuring the pressure change of helium in a calibrated 
Volume. A sample of known weight and dimensions is placed 
in the pycnometer, which determines density and Volume. 
From the sample's mass, the pycnometer determines true 
density and Volume. From measured dimensions, apparent 
density and volume can be determined. Porosity of the sample 
is then calculated using (apparent Volume-measured Vol 
ume)/apparent Volume. Porosity and pore size distribution 
may also be measured by mercury intrusion porosimetry. 

Pore volumes in excess of about 30% may be achieved in 
accordance with this invention while materials having pore 
volumes in excess of about 50% or about 60% may also be 
routinely attainable. Some embodiments of the invention may 
have pore volumes of at least about 70%. Some embodiments 
that may be preferred have pore volumes in excess of about 
80%, with about 85% being still more preferred. Pore vol 
umes greater than about 90% are possible as are volumes 
greater than about 92%. In some preferred cases, such high 
pore Volumes are attained while also attaining the presence of 
macro-, meso-, and microporosity as well as physical stability 
of the materials produced. 
Due to this porosity, the bone graft materials disclosed 

herein may soak fluids rapidly. Fluids that may be used in the 
present invention include bone marrow aspirate, blood, 
saline, antibiotics and proteins such as BMP and the like. 
Once wetted, soaked or mixed with fluid, the bone graft 
becomes a putty-like mass with a reduction in Volume. The 
material may then be placed in a bone Void such as those 
shown in FIGS. 3 and 4. The bone graft may be placed by 
hand or can be injected or inserted using an appropriate deliv 
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8 
ery device. An exemplary, although not exclusive, embodi 
ment is depicted in FIGS. 5-7B. 
As shown, once the bone graft material of FIG. 1A is 

wetted with fluid, it can be kneaded to form a putty-like mass. 
If desired, the present invention can be mixed with other 
available bone graft materials including autograft and 
allograft bone chips, DBM and synthetic morsels that are 
within the size range of about 250 um to about 4000 um and 
all combinations and Subcombinations therein. After mixing, 
the mass can be transferred to and packed into the Syringe 
body 30. The delivery tube 10 may then be threaded to the 
front of the syringe body 30. Preferably, the delivery tube 10 
is then positioned to the delivery site and the syringe piston 40 
is then completely depressed to deliver the bone graft material 
to the site. Any residual material in the delivery tube 10 can be 
expelled via the plunger 20. Alternatively, after the delivery 
tube 10 is threaded to the syringe body 30 and the bone graft 
material advances into the delivery tube 10 from the syringe 
body 30 by depression of the syringe piston 40, the syringe 
piston 40 can be released and the syringe body 30 can be 
removed from the delivery tube 10. The delivery tube 10 with 
the bone graft material inside can then be positioned to the 
desired Surgical site and the plunger 20 can be advanced into 
the delivery tube 10 to deliver the bone graft material. The 
delivery tube 10 and plunger 20 can be made of various 
plastics or metals, but preferably have a radiopacity that dis 
tinguishes them from the bone graft material and allows them 
to be visualized under fluoroscopy. In this manner, the tube, 
the bone graft material inside the tube and the anatomical 
structures are all radiographically distinguishable. Materials 
Such as polypropylene, polyethylene, polycarbonate, poly 
urethane, nylon, polyolefins and other engineering plastics 
are preferred for the tube and plunger. Additionally, these 
materials may include fillers for radiopacity including barium 
sulfate, bismuth subcarbonate and bismuth trioxide. 
The length of the delivery tube 10 should be such to allow 

delivery in situations requiring longer lengths. Delivery tubes 
that may be used in conjunction with the present invention 
may preferably be from about 5 inches to about 12 inches in 
length or from about 6inches to about 10 inches in length. The 
tubes may preferably house about 10 cc to about 20 cc of 
material. The tubing may be rigid or flexible to suit the appli 
cation. In a preferred embodiment, the tubing is flexible to 
allow manipulation around anatomical constraints during the 
procedure. Features of the delivery system comprise an inte 
gral funnel hub 50 attached to end of the delivery tube 10 to 
allow ergonomic delivery and to prevent inadvertent spillage 
of bone graft material during the loading and delivery stages. 
The funnel hub 50 also includes threads on the inside for 
mating with the threads on the end of the syringe body. The 
assembly of the delivery components of the present invention 
ensures stability of the construct for manipulation prior to and 
during delivery via the shape of grips of the funnel hub 50, and 
prevents spillage of valuable bone graft material. Further, the 
assembly of the delivery components of the present invention 
allows for low force injection. That is, the extrusion force 
required to deliver the material via the syringe body through 
the tube is less than 50 lbs, and preferably less than 25 lbs. in 
some embodiments the extrusion force is between about 20 
lbs to about 25 lbs. Optionally, the delivery tube of the present 
invention may be provided with a flow adapter at one end 
(FIGS. 7A & 7B). The flow adapter can be shaped to mate 
with various openings of a load-bearing implant to aid in the 
delivery of the material to fill all the open cavities. 

In use for repairing bone Voids, the user wets the bone graft 
material with a predetermined amount of fluid. In a preferred 
embodiment, the ratio for wetting the bone graft to obtain the 
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desired mass with an appropriate viscosity for injecting and 
repairing bone voids is 2.0 cc-2.5 cc fluid per 5 cc of dry bone 
graft material. Wetting can either be performed by immersing 
the dry bone graft material in the fluid or squirting the fluid 
onto the bone graft material. The wetted bone graft material 
can be placed aside to let the fluid diffuse into the material 
before kneading or can be kneaded immediately. The kneaded 
mass can then be placed into the Surgical site by hand, via 
standard surgical tools or delivery devices, or preferably 
using the delivery components of the present invention. 

In one embodiment of the present invention, the bone graft 
material is provided inside a cartridge and the fluid is injected 
or aspirated directly into the cartridge. Upon application of 
positive pressure for a period of time, the fluid mixes with the 
bone graft material to provide a pliable, homogeneous mass 
that can be injected into the site without requiring the user to 
touch or knead the material. 

In another embodiment of the present invention, the sur 
face area and porosity of the bone graft material is increased 
by making channels parallel to the longitudinal axis of the 
cylinder. The cylindrical bone graft material is then placed 
inside the barrel of a cartridge. Upon injection or aspiration of 
fluid into the cartridge (without application of a positive pres 
sure), the fluid mixes with the bone graft material to provide 
a pliable, homogeneous mass that can be injected. 

In accordance with the present invention, some bone graft 
materials disclosed may be partially comprised of materials, 
morsels, or particles resulting from an oxidation-reduction 
reaction. These materials may be produced by methods com 
prising preparing an aqueous solution of a metal cation and at 
least one oxidizing agent. The solution is augmented with at 
least one soluble precursor anion oxidizable by said oxidizing 
agent to give rise to the precipitant oxoanion. The oxidation 
reduction reaction thus contemplated is conveniently initi 
ated by heating the Solution under conditions of temperature 
and pressure effective to give rise to said reaction. In accor 
dance with preferred embodiments of the invention, the oxi 
dation-reduction reaction causes at least one gaseous product 
to evolve and the desired intermediate precursor mineral to 
precipitate from the Solution. 
The intermediate precursor mineral thus prepared can 

either be used “as is or can be treated in a number of ways. 
Thus, it may be heat-treated to a temperature greater than 
about 800° C. or greater than about 1100° C. in accordance 
with one or more embodiments to provide a preselected crys 
tal structure or other preselected morphological structures 
therein. In accordance with preferred embodiments, the oxi 
dizing agent is nitrate ion and the gaseous product is a nitro 
gen oxide, generically depicted as NO. It may be preferred 
that the precursor mineral provided by some embodiments be 
Substantially homogenous. As used in this context, Substan 
tially homogenous means that the porosity and pore size 
distribution throughout the precursor mineral is the same 
throughout. 

In accordance with other preferred embodiments, the inter 
mediate precursor mineral provided by the present invention 
may be any calcium salt. Subsequent modest heat treatments 
convert the intermediate material to, for example, novel 
monophasic calcium phosphate minerals or novel biphasic 
B-tricalcium phosphate (B-TCP)+type-B, carbonated apatite 
(c-HAp) ?-Ca(PO)+Cas (PO)(CO)(OH) particu 
lates. More preferably, the heat treatment converts the inter 
mediate material to a predominantly ?-TCP material. The 
size of the mineral component that can be used in the present 
invention may vary depending upon the application and ori 
fice size of the delivery instrument. Preferably the mineral 
component comprises morsels having a size ranging from 
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10 
about 100 um to about 4000 um and all combinations and 
subcombinations therein. More preferably the morsels range 
in size from about 250 um to about 2000 um or 250 um to 
about 1000 um and all combinations and permutations 
thereof. A preferred morsel may maintain a high degree of 
porosity and has pore sizes over a broad distribution. 

It will be appreciated that the porosity of the present inven 
tion is similar to that of inorganic shaped bodies disclosed in 
the 519 and 246 patents. The bone graft materials of the 
present invention are indeed improvements on the inorganic 
bodies disclosed in the 519 and 246 patents, as they are 
capable of being shaped into a workable mass and/or injected. 
For some embodiments of the present invention, the inorganic 
bodies of the 519 and 246 patents are modified using various 
natural and synthetic polymers, film forming materials, res 
ins, slurries, aqueous mixtures, pre-polymers, organic mate 
rials, and other adjuvants. Materials such as collagen, hyalu 
ronic acid, polylactic acid, polyglycolic acid, poly-L-lactic 
acid, poly-D-lactic acid, poly(L-lactide co D.L. lactide), com 
binations of lactic/glycolic acids, wax, glycerin, gelatin, 
polysaccharides, polycaprolactone, polysulfone, pre-poly 
meric materials such as precursors to various nylons, acrylics, 
epoxies, polyalkylenes, and the like, were caused to permeate 
all or part of the inorganic bodies formed in accordance with 
the 519 and 246 patents. Many of the bone graft materials 
have improved clinical handling when compared to the bod 
ies of the 519 and 246 patents. 
The bone graft materials may also have improved handling 

that can provide a unit dose delivery. The addition of a poly 
mer in the present invention graft material greatly enhances 
the ability of the product to be shaped, formed, or injected 
upon being wetted with fluids. This feature finds utility in a 
variety of Surgical applications, particularly since the bone 
graft can be formed “in situ in an operating room to Suit the 
needs of the patient in cases where the bone void to be filled 
is an irregular shape. Some graft materials disclosed may also 
be delivered into the bony site directly, shaped, and allowed to 
wick bodily fluids by an operator while during an operation. 
Others may be injected in the site using standard delivery 
devices such as Syringes, tubes, or the delivery devices as 
disclosed herein. Still other embodiments may be infiltrated 
with fluid in a delivery vessel to produce a shapeable mass and 
can be delivered without requiring hand mixing or some other 
touching by hand. 

FIGS. 8A and 8B depict one embodiment of the present 
invention in which the bone graft material is housed in pack 
aging that also serves as a mixing "bowl. As shown, the graft 
material is seated in one compartment of the inner cavity. The 
remainder of the inner cavity is sized to receive a predeter 
mined amount of fluid, which, when soaked and mixed with 
the graft material, produces a pliable mass with optimal han 
dling features. 

Unlike materials of the prior art, the bone graft materials of 
the present invention are stable and, therefore, may be termi 
nally sterilized by gamma irradiation at a range of about 25 
kGy to 40 kGy. Even after sterilization, the materials are 
stable on the shelf for up to 1 year and preferably up to 2 years 
and do not require refrigeration as with other materials. 
Many of the embodiments disclosed herein are used to fill 

bony voids and defects and may not be intrinsic to the stability 
of the surgical site. It will be appreciated that applications for 
the embodiments of the present invention include, but are not 
limited to, filling interbody fusion devices or cages (ring 
cages, cylindrical cages), placement adjacent to cages (i.e., in 
front cages), placement in the posterolateral gutters in poste 
riolateral fusion (“PLF) procedures, backfilling the iliac 
crest, acetabular reconstruction and revision hips and knees, 
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large tumor voids, use in high tibial osteotomy, burr hole 
filling, and use in other cranial defects. Additional uses may 
include craniofacial and trauma procedures in which defects 
are frequently irregular in shape. 
Due to the wide range of applications for the embodiments 

of the present invention, it should be understood that embodi 
ments of the present invention graft material may be provided 
in a wide variety of volumes. Some embodiments can be used 
with other bone graft Substitutes or materials, such as com 
mercially available allograft, autograft, DBM, and synthetic 
products including those sold by Orthovita, Inc., Malvern, 
Pa., under the tradename Vitoss(R). 

In applications requiring graft materials with load bearing 
capabilities, the graft materials of the present invention may 
be used in conjunction with standard orthopedic hardware 
including meshes, plates, Screws, rods, Sutures, staples, cer 
clage wire, implants of metal. Such as titanium or stainless 
steel, or of a polymer or composite polymer Such as poly 
etheretherketone (“PEEK), or nitinol. 
The present invention may also be used in conjunction with 

orthopedic load-bearing materials such as vertebral body 
replacement devices and spinal implants, such that the 
present invention material is injected in the openings of Such 
devices. The load-bearing frame may be made of a metal Such 
as titanium or of a load-bearing resorbable composite such as 
PEEK or a composite of some form of poly-lactic acid 
(“PLA'). In the case of the latter, the acid from the PLA 
co-acts, or interacts with the calcium phosphate of the embed 
ded bone graft material to provide an implant with Superior 
resorption features. 

In other embodiments, there is a graft for the restoration of 
bone in the form of a shaped body, the shaped body compris 
ing a polymer and beta-tricalcium phosphate, the material of 
the graft having interconnected macro-, meso-, and 
microporosity; the body shape being capable of being made 
injectable upon wetting and injected in a Volume to conform 
generally to a mammalian, anatomical bone structure. The 
amount of material used will vary depending on the area of 
the body being repaired. 

In another embodiment of the present invention, the graft 
material may be shredded or cut into Small pieces and placed 
in a Syringe body. In this fashion, fluids may be directly 
aspirated into or injected into the Syringe body thereby form 
ing a cohesive, shapeable bone graft mass “in situ' depending 
upon the application requirements. The shredded pieces 
allow for high Surface area exposure for optimal mixing with 
fluids to produce a cohesive injectable putty, which finds 
particular use as filler for irregular bone void defects and can 
be injected to insure maximum contact with adjacent bone for 
beneficial healing. 
One the present invention also includes bone graft systems 

for the repair of bone defects containing a preformed, dry 
bone graft material 80, a delivery tube 10 and plunger 20 with 
a syringe body 30 and piston 40. Illustrative components of 
the systems are shown in FIGS. 5-7B. The dry bone graft 
material 80 has been described throughout this application 
and comprises a flowable body comprising about 15% to 
about 30% by weight, and all combinations and subcombi 
nations therein, of biocompatible polymer, an inorganic com 
position comprising calcium phosphate with a size range of 
about 100 um to about 4000 um and all combinations and 
subcombinations therein, and said flowable body being 
imbibed with a fluid. 

It will be appreciated that methods of treating bony defects 
are foreseen by the embodiments of the present invention. A 
method for restoring or repairing bone in an animal compris 
ing accessing a site to be restored and injecting into a bony 
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12 
space a flowable bone graft material comprising biocompat 
ible, resorbable collagen, the oxidation-reduction reaction 
product of at least one metal cation, at least one oxidizing 
agent, and at least one oxidizable precursor anion. The flow 
able graft material used in this method may be chosen by one 
skilled among those disclosed in the present application. 
Alternatively, a method for restoring or repairing bone in an 
animal comprising accessing a site to be restored; loading a 
Syringe body with a bone graft material; mating the Syringe 
body with a delivery tube; positioning the delivery tube at the 
site to be restored; using a syringe piston to advance the bone 
graft material into the delivery tube; and using the Syringe 
piston and/or a plunger that mates with the delivery tube after 
removal of the syringe body to deliver the bone graft at a force 
of less than 50 lbs extrusion force wherein the bone graft 
material is at least 80% porous with a nominal mineral to 
collagen ration of 80:20. In some embodiments that may be 
preferred, the extrusion force may be between about 20 lbs to 
about 25 lbs. 

EXAMPLES 

Example 1 

One embodiment was comprised of B-TCP with a cation to 
anion ratio of Ca(PO4); and medical grade Type I bovine 
soluble collagen, manufactured in the following manner. 
Inorganic scaffolds were made using the RPR process dis 
closed in U.S. Pat. Nos. 5,939,039 and 6,325,987. The result 
ant inorganic scaffolds were crushed and sieved to obtain 
morsels in the size range of 0.25 mm-4 mm. The morsels were 
added to a soluble collagen slurry in a wet processing room 
and the resultant slurry was further mixed, molded, and pro 
cessed in a cleanroom. The shapes were freeze-dried to pro 
duce resultant bone graft material. The shapes were in 5 cc 
units of bone graft material and were wetted with 2.0 cc of 
blood per unit and kneaded to form a putty-like mass. 

Example 2 

Mineral Component of Bone Graft Material 

Approximately 70%–80% by weight of some bone graft 
materials of the present invention is ?-TCP, with the cation to 
anion ratio of Ca(PO). Each lot of the mineral component 
of these bone graft materials was tested using X-ray diffrac 
tion (XRD) to confirm phase pure f3-TCP in accordance with 
ASTM F1088-87, Standard Specification for Beta-Trical 
cium Phosphate for Surgical Implantation. In addition to 
XRD, Inductively Coupled Plasma Chromatography (ICP) 
was used to demonstrate that the levels of heavy metals in the 
predicate bone graft material are below those established in 
ASTM F-1088-87. Fourier Transform Infrared Spectroscopy 
(FTIR) analyses of the bone graft material were also per 
formed. 
The quantitative XRD results depicted in FIG.9 show that 

the mineral component of the bone graft material is 98.15% 
pure f3-TCP, which matches well with the ICDS standard plot 
for B-TCP pictured with the representative XRD pattern of 
the bone graft material. The ICP results for the bone graft 
material show that the levels of heavy metal contaminants— 
arsenic (AS), cadmium (Cd), mercury (Hg), and lead (Pb), are 
below the method detection limits set forth in ASTM F-1088 
87. Qualitative FTIR results show a good match of the bone 
graft material to B-TCP. A representative FTIR spectrum is 
shown in FIG. 10. 
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Example 3 

Bulk Density 

Bulk density of bone graft material was calculated from 5 
fifteen representative samples, to provide an average calcu 
lated density of 0.191 g/cc--/-0.003 g/cc. 

Example 4 
10 

Porosity and Pore Size Distribution 

In one embodiment of the present invention, as determined 
by mercury intrusion porosimetry, pore diameters in the graft 
range from 1 um to 1000 um. Approximately 50% to 65% of 15 
the pores are greater than 100 um, approximately 15%-40% 
of the pores are between 10 um-100 um, and approximately 
10%-15% of the pores are less than 10 um. The larger macro 
pores (greater than 100 um) allow bone to grow in apposition 
to the calcium phosphate surfaces of the implant. The Smaller 20 
meso (10 um-100 um) and micro (less than 10 um) intercon 
nected pores allow for fluid communication and nutrient 
transport. Total porosity is approximately 80%-96%. 

Example 5 25 

Scanning Electron Microscopy Evaluation 

Scanning electron micrographs (SEM) of one embodiment 
of the present invention graft material are provided in FIGS. 30 
11 through 13. 

Example 6 

In-Situ Hands-Free Delivery 35 

Three 2.5 cc cylindrical bone graft units were packed into 
a 15 cc custom canister delivery device as shown in FIG. 14. 
Blood was injected into the front Luer 105 of the custom 
canister delivery device using a standard off-the-shelf a 
Syringe. Constant pressure was held on the front end of the 
custom canister delivery device using the off-the-shelf 
Syringe and constant pressure was held on the back end of the 
custom canister delivery device using a custom Syringe 
device that mated to the piston of the custom canister delivery as 
device. After approximately 2 minutes, the bone graft mate 
rial and blood formed a homogenous pliable, injectable mass. 

Example 7 
50 

Extrusion Force of a Bone Graft Material 

Six 2.5 cc units of gamma-sterilized bone graft material 
were kneaded after wetting with 12-15 cc sterile 0.9% Oper 
ating Room (OR) Grade Saline. The samples easily trans 
formed into a homogenous mixture free of any clumps within 
2 minutes from the time of hydration. The samples were then 
tested for extrusion force. The test set-up included an Instron 
testing apparatus with 200 lb load cell, 10cc custom Syringe, 
and threaded metal funnel (ID 4.5 mm, 2" long). The piston of 

55 

14 
the custom Syringe was removed and the Syringe was packed 
with 10 cc of the kneaded bone graft material. The syringe 
piston was re-mated with the Syringe body and set in the test 
apparatus for testing. The test apparatus held the filled Syringe 
body at the finger tabs of the Syringe. The test apparatus 
insured that the longitudinal axis of the Syringe body was held 
parallel to the applied load as the load was applied to the flat 
head of the piston. The load (via the crosshead) was applied at 
a displacement rate of 15-25 mm/min. The extrusion force 
was marked as the highest load measured by the load cell. On 
average (n-6), the maximum extrusion force was less than 20 
lbs. for this test set-up. 
What is claimed is: 
1. A bone graft delivery system comprising: 
a Syringe containing a dry bone graft material comprising a 
homogeneous composite comprising collagen and cal 
cium phosphate, wherein about 15% to about 30% by 
weight of the dry bone graft material is collagen, 
wherein the dry bone graft material has macroporosity, 
mesoporosity and microporosity, and has pore Volume 
of at least about 50%; and 

a delivery tube, 
wherein said dry bone graft material is constructed Such 

that the dry bone graft material becomes a flowable body 
when wetted with a fluid, and 

wherein homogeneous means that the porosity and pore 
size distribution is the same throughout the composite. 

2. The bone graft delivery system of claim 1 further com 
prising a plunger that mates with the delivery tube. 

3. The bone graft delivery system of claim 1 wherein the 
flowable body is at least 75% porous. 

4. The bone graft delivery system of claim 1 wherein the 
flowable body is at least 80% porous. 

5. The bone graft delivery system of claim 1 wherein the 
flowable body is at least 90% porous. 

6. The bone graft delivery system of claim 1 wherein the 
biocompatible polymer is collagen. 

7. The bone graft delivery system of claim 1 wherein about 
15% to about 25% by weight of the flowable body, comprises 
the biocompatible polymer. 

8. The bone graft delivery system of claim 1 wherein about 
15% to about 20% by weight of the flowable body, comprises 
the biocompatible polymer. 

9. The bone graft delivery system of claim 1 wherein about 
20% to about 30% by weight of the flowable body, comprises 
the biocompatible polymer. 

10. The bone graft delivery system of claim 1 wherein the 
calcium phosphate comprises calcium phosphate morsels in a 
size range of about 250 um to about 2000 um. 

11. The bone graft delivery system of claim 1 wherein the 
calcium phosphate comprises calcium phosphate morsels in a 
size range of about 250 um to about 1000 um. 

12. The bone graft delivery system of claim 1 wherein said 
calcium phosphate comprises calcium phosphate morsels in a 
size range of about 100 um to about 4000 um. 

13. The bone graft delivery system of claim 1 wherein the 
dry bone graft material is cylindrical-, block-, strip-, sheet- or 
wedge-shaped. 


