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DEMINERALIZED CORTICAL BONE IMPLANTS

FIELD OF THE INVENTION
[0001]  Implants comprising a plurality of separate cortical bone units, which have been
at least partially demineralized and are osteoinductive, are described herein. The implants
can be used in methods for treating bone. Also disclosed are methods for treating spinal
conditions using these implants. The spinal conditions include but are not limited to

repairing damage to or defects in the spine, such as fractures in a vertebral body of a patient

or degeneration of a spinal disc in a patient.

BACKGROUND
[0002] Fractures, such as compression or burst fractures, in the vertebral bodies of the
spine are common in elderly patients who sutfer from osteoporosis. There are
approximately 700,000 cases of pathologic vertebral body compression fractures reported
annually in the United States. As the patient’s bone weakens, the vertebral bodies lose
height and collapse, leading to severe pain and deformity. Burst and compression fractures
of the vertebral bodies also occur in trauma cases, again leading to pain and deformities.
[0003] To treat fractures in vertebral bodies, bone cement (e.g., PMMA) is often used
either in procedures that involve direct injection of the bone cement into the fractured
vertebral body (i.e., vertebroplasty) or injection of the bone cement into the vertebral body
after the height of the vertebral body is restored using a pressurized balloon (i.e.,
kyphoplasty). One of the disadvantages of using bone cement is that, once it is injected
inside the patient, the bone cement is an inorganic material that acts as a foreign body, and
thus, does not allow for complete healing and may instead lead to bone disease. Moreover,
bone cement is typically stitfer than bone, which may increase the incidence of adjacent
level fractures in the spine. Also, bone cement leakage may cause complications, and has
been reported to occur in vetebroplasty and kyphoplasty procedures. [f leakage does occur,

PMMA bone cements can cause soft tissue injury due to the high temperatures of the
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exothermic polymerization reaction. In addition, PMMA forced into the vascular system
can cause emboli.

[0004] Accordingly, minimally invasive approaches to repairing fractured vertebral
bodies are desirable. Also a bone material for repairing the fracture that does not leak, and
allows for easy handling and delivery, as well as complete healing post-implantation, is also
desirable.

[0005] Another common spinal condition is mild to severe degenerative disc disease. A
healthy intervertebral disc facilitates motion between pairs of vertebrae while absorbing and
distributing compression forces and torque forces. The disc is composed of two parts;
namely a tough outer ring (the annulus fibrosis (AF)) which holds and stabilizes a soft
central core material (the nucleus pulposus (NP)) that bears the majority of the load forces.
With degenerative disc disease, the onset of the degenerative cascade in the intervertebral
disc(s) is typically associated with dehydration and loss of volume of the NP. The NP may
then leak or bulge into the AF, and either or both of the NP and AF may come into contact
with spinal nerves. This can cause inflammation or micromotion instability, resulting in
pain, and loss of motion.

[0006] When an intervertebral disc is deformed, ruptured, diseased, or degenerating,
surgical treatment can consist of augmenting or repairing the disc. For example, materials
may be implanted or injected into the disc to replace or augment the NP. Also, to treat
intervertebral discs, surgical treatments have been used to create a fusion between the two
adjacent vertebral bodies. Prior approaches to vertebral fusion have involved substantial
invasive surgery. It would be advantageous to have a vertebral fusion using an implant that
is minimally invasive. In order to achieve a successful minimally invasive delivery of the
implant into the disc space for fusion, the implant material must be able to easily pass
through a small diameter cannula into the surgical site without jamming or wedging.
Moreover, it is desirable to have a maximal amount of surface area onto which new bone
can begin to grow or form. In addition, certain materials that have been used do not allow
bone healing through the entire implant to achieve complete interbody fusion since they
may be synthetic materials that do not remodel into bone. Additionally, while implants
have been used for spinal fusion, it has not always been possible to size an implant to fit the

implant site. Also, the implants have not necessarily had the ability to conform to the shape
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of the implant site such that the contact between the implant and the endplates of the
vertebral bodies is maximized. Moreover, the materials that have been used for vertebral
fusion, such as titanium and polyether-etherketone (PEEK), do not always provide the
optimal degree of mechanical support. Also, implant materials that are radiopaque do not
allow for newly formed bone to be readily detected during follow-up x-rays.

[6007] Accordingly, minimally invasive approaches, in which the implant materials do
not jam or wedge during extrusion from delivery tubes or containers to implant sites, are
desirable. Also desirable are implant materials that promote bone growth or healing, can be
sized and can conform to the shape of the implant site, provide adequate mechanical

support/load bearing and/or are at least partially radiolucent.

SUMMARY OF THE INVENTION

[0008] The implants described herein comprise a plurality of separate cortical bone

units that are at least partially demineralized. The cortical bone units are osteoinductive.
The cortical bone units can have at least one dimension greater than about 1.0 mm. When
the cortical bone units are implanted into a cavity that has a volume, there are void spaces
between the cortical bone units in the cavity. In certain embodiments, the cavity is located
in a patient. Also, in some embodiments, the cortical bone units can be implanted into an
implantable container, (e.g., an expandable, porous container), located within the cavity.
The implantable container can be a mesh bag. The cortical bone units can have a
cylindrical, spherical, pyramidal, ovoid, discoid, oblong, or cuboidal shape. Also, in some
embodiments, the cortical bone units can have at least one dimension from about 1.5 mm to
about 5.0 mm, from about 2.0 mm to about 3.0 mm, or greater than or equal to about 2.5
mm.

[0009] In certain embodiments, the implants can be tree of cortical bone units having at
least one dimension less than about 1.0 mm, or include about 5% by weight or less, or about
1% to about 5% by weight of cortical bone units having at least one dimension less than
about 1.0 mm. Also, in certain embodiments, the implants can be tree of cortical bone units
where all the dimensions are less than about 1.0 mm, or include about 5% by weight or less,
or about 1% to about 5% by weight of cortical bone units where all the dimensions are less

than about 1.0 mm. In addition, the cortical bone units of the implants can be derived from
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allograft bone. Furthermore, the implants can be free of cancellous bone, or include about
1% by weight or less, or about 1% to about 5% by weight of cancellous bone.

[0010] Moreover, the implants can include cortical bone units that are at least partially
or fully demineralized. In some embodiments, the implants can be free of non-
demineralized bone or include less than or equal to about 1% by weight, or about 1% to
about 5% by weight of non-demineralized bone. Preferably, the cortical bone units are
demineralized to have a calcium content of less than or equal about 0.5% wt. At this level
of demineralization, the cortical bone units of the implants will be radiolucent prior to or
during implantation of the implant into a patient. The implants will remain radiolucent in
the patient until new calcified bone has begun to form at the surgical site. In some
embodiments, the implants remain radiolucent for up to about 15 weeks or up to about 6
months. In certain embodiments, the implants remain radiolucent for about 2 weeks to
about 6 months, for about 6 weeks to about 24 weeks, or for about 6 weeks to about 12
weeks. In certain embodiments, the implants can comprise a radiopaque marker.

[0011] Furthermore, the implants described herein can also comprise a carrier. In
certain embodiments, the carrier can comprise saline, sodium hyaluronate or hyaluronic
acid. The carrier can be mixed with the cortical bone units. In other embodiments, the
implants can be free of a carrier, or includes less than or equal to about 1% by weight or
about 1% to about 5% by weight of a carrier. In yet other embodiments, the carrier can
comprise a lubricant. Alternatively, the carrier can be free of a lubricant, or includes less
than or equal to about 1% by weight or about 1% to about 5% by weight of a lubricant.
[0012] In addition, in certain embodiments, when the cortical bone units of the implants
are implanted, the cortical bone units can occupy about 75% to about 99%, or about 80% to
about 90% of the volume of the cavity or implantable container. Also, when the cortical
bone units of the implants are implanted the packing density of the cortical bone units in the
cavity can be about 0.5 g/ce to about 1.0 g/cc, or about 0.6 g/cc to about 0.8 g/cc based on
the dry weight of the bone units or implant material.

[0013] Moreover, described herein are methods of treating bone, including but not
limited to spinal vertebrae. The methods comprise forming at least one cavity, having a
volume and at least one opening, within the bone. The methods further comprise

implanting into the cavity an implant as described herein. For example the implant can
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comprise a plurality of separate cortical bone units that are at least partially demineralized
and osteoinductive. The cortical bone units can have at least one dimension greater than
about 1.0 mm. Also, after the implant has been implanted in the cavity there can be void
spaces between the cortical bone units in the cavity.

[0014] In some embodiments, the methods further comprise sealing the opening of the
cavity after the implant has been implanted in the cavity. The opening can be sealed with a
biocompatible sealant, such as an allograft bone plug, a ceramic plug, polymeric plug,
metallic plug, or a fibrin glue. Also, the methods can further comprise inserting an
implantable container into the cavity prior to implanting the implant into the cavity so that
when the implant is implanted into the cavity, the implant will be contained in the
implantable container. The implantable container can be expandable and/or porous to allow
for bone formation between the surrounding bone and the implant material. In certain
embodiments, the container can be a mesh bag. In addition, when the implant is contained
in the implantable container, the implant can have a volume that is greater than the volume
of the cavity.

[0015] Moreover, prior to implanting the implant in the cavity, the plurality of cortical
bone units can be packaged in a delivery container, such as a cannula, syringe, cartridge,
hollow rod, hollow delivery tube, or fill tube. The plurality of cortical bone units can be
situated in a single row in the delivery container. The methods can comprise dispensing one
cortical bone unit or multiple cortical bone units at a time from the delivery container into
the cavity.

[0016] Also described herein are methods of treating a vertebral body in a patient, such
as methods of treating fractured vertebral bodies. The methods comprise forming at least
one cavity, having a volume and at least one opening, within the vertebral body. The
methods further comprise implanting into the cavity an implant as described herein, e.g., the
implant can comprise a plurality of separate cortical bone units that are at least partially
demineralized and osteoinductive, and the cortical bone units can have at least one
dimension greater than about 1.0 mm. Also, after the implant has been implanted in the

cavity of the vertebral body there can be void spaces between the cortical bone units in the

cavity.
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[0017] In some embodiments, the methods of treating a vertebral body further comprise
sealing the opening of the cavity after the implant has been implanted in the cavity as
described above. The opening can be sealed with a biocompatible sealant. Also, the
methods can further comprise inserting an implantable container into the cavity prior to
‘implanting the implant into the cavity so that when the implant is implanted into the cavity,
the implant will be contained in the implantable container. The implantable container can
be expandable and/or porous to allow for bone formation between the surrounding bone and
the implant material. The container can be a mesh bag. In addition, when the implant is
contained in the implantable container, the implant can have a volume that is greater than
the volume of the cavity.

[0018] Moreover, prior to implanting the implant in the cavity, the plurality of cortical
bone units can be packaged in a delivery container, such as a cannula, syringe, cartridge,
hollow rod, hollow delivery tube, or fill tube. The plurality of cortical bone units can be
situated in a single row in the delivery container. The methods can comprise dispensing one
cortical bone unit or multiple cortical bone units at a time from the delivery container into
the cavity.

[0019] Additionally, described herein are methods of treating a spinal disc in a patient,
such as methods for treating degenerated spinal discs in the patient. The methods comprise
forming at least one cavity, between two adjacent vertebral bodies, wherein the cavity has a
volume and at least one opening into the cavity. In some embodiments, the cavity can be
located in the spinal disc. The methods further comprise implanting into the cavity an
implant as described herein. After the implant has been implanted in the cavity there are
void spaces between the cortical bone units in the cavity. In some embodiments, the
implant can be used to create a fusion between the two adjacent vertebral bodies.

[0020] Furthermore, in some embodiments, at least one of the vertebral bodies has an
endplate and the methods can further comprise decorticating the endplate prior to
implanting the implant into the cavity. Also, the methods can comprise the step of sealing
the opening of the cavity after the implant has been implanted into the cavity with a
biocompatible sealant such as an allograft bone plug, a ceramic plug, polymeric plug,

metallic plug, or a fibrin glue.
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[0021] As with the methods for treating a vertebral body, the methods for treating a
spinal disc can further comprise the step of inserting an implantable container, such as an
expandable and/or porous container, into the cavity prior to implanting the implant into the
cavity so that when the implant is implanted into the cavity, the implant will be contained in
the implantable container. The container can be a mesh bag. Also, when the implant is
contained in the implantable container, the implant can have a volume that is greater than
the volume of the cavity. In addition, prior to insertion of the implant in the cavity, the
plurality of cortical bone units can be contained in a delivery container, such as a cannula,
syringe, cartridge, hollow rod, hollow delivery tube, or fill tube. The plurality of cortical
bone units can be situated in a single row in the delivery container. The methods can
turther comprise dispensing one cortical bone unit or multiple bone units at a time from the
delivery container into the cavity.

[0022] The implants and methods of treatment described herein provide certain
advantages. One advantage is that the implants comprise a plurality of separate cortical
bone units, which are harder, firmer, and denser than other materials, such as spongy,
cancellous bone or bone powders, which are used in other spinal implants. Thus, the
implants described herein are well suited to load bearing applications when inserted inside a
cavity. When the implants are used in a spinal application, they may be used to stabilize the
surrounding vertebrae after implantation.

[0023] An additional advantage of the implants described herein is that the cortical bone
units are relatively large, e.g., having at least one dimension greater than about 1.0 mm,
compared to other materials used for treating spine conditions. Because of their size, when
the cortical bone units are inserted or packed into a cavity or implantable container located
within a cavity in a patient, there are void spaces between the cortical bone units, i.e., the
cortical bone units occupy less than 100% of the volume of the cavity or container. These
void spaces help promote healing of the surrounding bone by providing channels for blood
and growth factors to pass through and create more surface area for cell attachment and
remodeling.

[0024] Furthermore, compared to powdered materials, such as bone powders, for
treating spinal conditions, the implants comprising cortical bone units described herein can

be easier for surgeons or other medical personnel to insert into a patient during the time of
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minimally invasive spine surgery through a small diameter cannula. Powdered materials
that are used to treat spinal conditions are often placed in tubes or containers. The surgeons
or medical personnel deliver the powdered material to the patient by extruding the
powdered material from the tube or container. Because the powdered material has
relatively small particle sizes, the material has a tendency to become packed and forms a
dense mass in the tube or container. The packing of the powdered material in the tube or
container can cause a jam therein that makes it difficult for the surgeon to extrude the
powdered material. In contrast, because of the relatively larger size of the cortical bone
units described herein, the cortical bone units do not form a dense mass that can jam the
tube or container from which they are being delivered. In certain embodiments, the cortical
bone units can be delivered from the tube or container in which they are placed, so that they
are dispensed in single file from tubes or containers. The size of the cortical bone units may
also eliminate the need for a carrier, which may be needed when using powdered material
where the carrier is included to create flowability and avoid or reduce the jamming
problems that occur when using powdered material.

[0025] As discussed above, because of the relatively large size of the cortical bone
units, when the cortical bone units are placed into a cavity or container located within a
cavity in a patient, there are void spaces between the individual cortical bone units. Due to
these void spaces, and despite the greater density of cortical bone compared to cancellous
bone, the overall packing density of the implants described herein has been found to be
lower than the packing density of similar implants comprising a mixture of smaller particles
of cortical and cancellous bone mixed with cortical bone powder, i.e. corticocancellous
implants. Surprisingly, despite their lower packing density, the implants described herein
have been found to have the same or better capacity for load bearing than the
corticocancellous implants.

[0026] Another advantage of the implants described herein is that the cortical bone units
of the implant are demineralized such that the cortical bone units are radiolucent before or
during insertion of the implant. More specifically, it is often desirable to be able to
visualize the formation of new bone at the implantation site over time with standard
radiographic imaging techniques. Since the implant material is demineralized, it will appear

radiolucent until new calcified bone appears. If non-demineralized bone were to be used in
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the implant, the implant would appear radiopaque at the time of surgery and it would be
difficult to discern the implant material from the surrounding mineralized bone. Therefore,
the physician will not be able to easily differentiate between the formation of new bone and
the bone that was used to make the implant. Indeed, the implants described herein may be
radiolucent for up to about 15 weeks, or for up to about 6 months as the implant material
begins to remodel and new bone begins to form. In some embodiments, the implants may
be radiolucent for about 2 weeks to about 6 months, for about 6 weeks to about 24 weeks, or

for about 6 weeks to about 12 weeks.

BRIEF DESCRIPTION OF THE DRAWINGS
[0027] Figures 1A and 1B a perspective view of a plurality of cortical bone units, that

are box, cube, cylinder, disc, sphere or pyramid shaped. Figure 1B shows the cortical bone
units contained in a fill tube container. The cortical bone units are situated in a single row
in the fill tube container so that the cortical bone units can be dispensed from the fill tube
container a single-file order.

[0028] Figure 2 shows a cavity within a vertebral body having a compression or burst
fracture. An implantable container, which has been placed within the cavity, is being filled
with cortical bone units from a delivery container.

[0029] Figure 3 shows a cavity located between two adjacent vertebral bodies. An
implantable container, which has been placed within the cavity, is being filled with cortical
bone units from a delivery container.

[0030] Figure 4 shows a comparison between the packing density of a test sample
comprising demineralized cortical bone units rehydrated with saline and the packing density
of a control sample of demineralized cortical powder, corticocancellous granules, and
sodium hyaluronate carrier, when the samples are exposed to certain sustained applied
pressures.

[0031] Figure 5A shows a histology sample of an unfilled or empty void in a sheep
vertebral body 6 weeks after the void was created. Figure 5B shows a radiograph of the
vertebral body shown in Figure SA.

[0032] Figure 6A shows a histology sample of an unfilled or empty void in a sheep
vertebral body 12 weeks atter the void was created. Figure 6B shows a radiograph of the

vertebral body shown in Figure 6A.
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[0033] Figure 7A shows a histology sample of a void in a sheep vertebral body 6 weeks
after the void was filled with a test composition comprising demineralized cortical bone
units and sodium hyaluronate. Figure 7B shows a radiograph of the vertebral body shown
in Figure 7A.

[0034] Figure 8A shows a histology sample of a void in a sheep vertebral body 12
weeks after the void was filled with a test composition comprising demineralized cortical
bone units and sodium hyaluronate. Figure 8B shows a radiograph of the vertebral body
shown in Figure 8A.

[0035] Figure 9A shows a histology sample of a void in a sheep vertebral body 6 weeks
after the void was filled with a test composition comprising demineralized cortical bone
units and phosphate buffered saline. Figure 9B shows a radiograph of the vertebral body
shown in Figure 9A.

[0036] Figure 10A shows a histology sample ot a void in a sheep vertebral body 12
weeks after the void was filled with a test composition comprising demineralized cortical
bone units and phosphate buffered saline. Figure 10B shows a radiograph of the vertebral
body shown in Figure 10A. |

[0037] Figure 11A shows a histology sample of a void in a sheep vertebral body 6
weeks after the void was filled with a control composition comprising non-demineralized
corticocancellous granules, demineralized cortical bone powder and sodium hyaluronate.
Figure 11B shows a radiograph of the vertebral body shown in Figure 11A.

[0038] Figure 12A shows a histology sample of a void in a sheep vertebral body 12
weeks after the void was filled with a control composition comprising non-demineralized
corticocancellous granules, demineralized cortical bone powder and sodium hyaluronate.

Figure 12B shows a radiograph of the vertebral body shown in Figure 12A.

DETAILED DESCRIPTION OF THE INVENTION

Definitions
[0039] As used herein, and unless otherwise defined. the term “separate cortical bone
unit” or “cortical bone unit” refers to a unit ot bone that is made of cortical bone and that is

not connected to another bone unit.

- 10 -
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[0040] As used herein. and unless otherwise defined, the term “osteoinductivity™ or
“osteoinductive™ refers to a material’s ability to lead to the formation of new bone.

[0041] As used herein, and unless otherwise defined, the term “osteoconductivity™ or
“osteoconductive™ refers to a material’s ability to provide a suitable structure or scatfold for
the growth of new bone.

[0042] As used herein, and unless otherwise defined, the term “at least partially
demineralized,” when used in connection with bone, refers to bone that has had at least a
portion of its calcium content removed.

[0043] As used herein, and unless otherwise defined, the term “fully demineralized,”
when used in connection with bone, refers to bone that has had calcium removed from the
bone so that the residual calcium content is less than or equal to about 0.5 weight percent of
the bone.

[0044] As used herein, and unless otherwise defined, the term “non-demineralized,”
when used in connection with bone, refers to bone that has not had calcium removed from
the bone.

[0045] As used herein, and unless otherwise defined, the term “radiolucent™ refers to a
material, such as bone, that cannot be visualized with radiological techniques.

[0046] As used herein, and unless otherwise defined, the term “radiopaque” refers to a
material, such as bone, that can be visualized with radiological techniques.

[0047] As used herein, and unless otherwise defined, the term “void spaces between the
cortical bone units” refers to spaces between cortical bone units that are not occupied by
cortical bone units or any other solid material.

[0048] As used herein, and unless otherwise defined, the term “packing density of the
cortical bone units™ in a container or cavity refers to the dry mass of cortical bone units

present in the container or cavity per unit volume of the container or cavity.

Cortical Bone Units

[0049] The implants described herein comprise a plurality ot separate cortical bone
units. Figure 1A shows a plurality of separate cortical bone units 10. As shown in this
figure, the cortical bone units 10 are discrete or not connected to each other. Figure 1B

shows a plurality of the cortical bone units 10 contained in a delivery container 15, such as a

-11 -
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delivery tube or cannula, which can facilitate the delivery and implantation of the cortical
bone units 10 to a patient. In this embodiment, the cortical bone units 10 are situated in a
single row in the delivery container 15. In other embodiments, the cortical bone units can
be situated in the delivery container in different arrangements.

[0050] As shown in Figure 1A, the cortical bone units 10 can have a variety of
geometric shapes. For example, the cortical bone units may have a particular shape,
including, but not limited to, a cylindrical, spherical, pyramidal, ovoid, discoid, oblong (i.e.,
box) or cuboidal shape. In addition, the implant can comprise cortical bone units having the
same shape or a variety of shapes. For instance, at least one of the cortical bone units can
have a particular shape, while other cortical bone units have a different shape.

[0051] In some embodiments, the cortical bone units have at least one dimension from
about 0.5 mm to about 10 mm, about 0.75 mm to about 9 mm, about 0.85 mm to about 8
mm, 1.0 mm to about 10 mm, about 1.0 mm to about 9 mm, about 1.0 mm to about 8§ mm,
about 1.0 mm to about 7 mm, about 1.0 mm to about 6 mm, about 1.5 mm to about 5 mm,
about 1.5 mm to about 4 mm, about 1.5 mm to about 3 mm, or about 2 mm to about 3 mm.
In particular embodiments, the at least one dimension may be the height, width, length,
thickness and/or diameter of the cortical bone unit.

[0052] In addition, in some embodiments, the cortical bone units may have at least one
dimension that is greater than or equal to about 0.1 mm, about 0.25 mm, about 0.5 mm,
about 0.75 mm, about 0.8 mm, about 0.85 mm, about 0.9 mm, about 0.95 mm, about 1.0
mm, about 1.25 mm, about 1.5 mm, about 1.75 mm, about 2.0 mm, about 2.25 mm, about
2.5 mm, about 2.75 mm, about 3.0 mm, about 3.25, about 3.5 mm, about 3.75 mm, about
4.0 mm, about 4.25 mm, about 4.5 mm, about 4.75 mm, about 5.0 mm, about 5.5 mm, about
6.0 mm, about 6.5 mm, about 7.0 mm, about 7.5 mm, about 8.0 mm, about 8.5 mm, about
9.0 mm, about 9.5 mm or about 10.0 mm.

[0053] In certain embodiments, the cortical bone units have an oblong shape and
comprise a first dimension and a second dimension. The first and second dimension may
each be about 1 mm to about 3 mm.

[0054] Furthermore, the implants may be free of or contain less than or equal to about a
certain percent by weight, such as about 0.5% to about 25% by weight, of cortical bone

units having at least one or more dimensions less than or equal to about 0.1 mm, about 0.2
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mm. about 0.3 mm, about 0.4 mm. about 0.5 mm, about 0.6 mm, about 0.7 mm, about 0.8
mm. about 0.9 mm, or about 1.0 mm. In some embodiments, the implant may contain about
0.5% to about 25% by weight, about 1% to about 10% by weight, or about 1% to about 5%
by weight of cortical bone units having at least one or more dimensions less than the above
dimensions. In certain embodiments, the implants may contain less than or equal to about
0.5% by weight, about 1.0% by weight, about 5.0% by weight, about 10.0% by weight,
about 15.0% by weight, about 20.0% by weight or about 25.0% by weight of cortical bone
units having at least one or more dimensions less than the above dimensions.

[0055] Also, the cortical bone units may be derived from autograft bone, allograft bone,
or xenograft bone. In particular embodiments, the cortical bone units are derived from
allograft bone. In some embodiments, the cortical bone units are derived from a mammal,
such as a human. The cortical bone used to make the cortical bone units may be derived
from any bone, including, but not limited to, the femur, tibia, humerus, fibula, radius, and
ulna.

[0056] Moreover, in some embodiments, the implants may comprise cortical bone units
that are made exclusively or primarily of cortical bone. The implant can comprise cortical
bone in an amount greater than or equal to about 5% by weight, about 10% by weight, about
15% by weight, about 20% by weight, about 25% by weight, about 30% by weight, about
35% by weight, about 40% by weight, about 45% by weight, about 50% by weight, about
55% by weight, about 60% by weight, about 65% by weight, about 70% by weight, about
75% by weight, about 80% by weight, about 85% by weight, about 90% by weight, about
95% by weight, or about 100% by weight. In some embodiments, the implant can comprise
cortical bone in an amount about 50% to about 100% by weight, about 75% to about 100%
by weight, or about 85% to about 100% by weight.

[0057] Also, the implants described herein may be free of cancellous bone or
substantially free of cancellous bone. The implants can comprise cancellous bone in an
amount less than or equal to about 0.1 % by weight, about 0.25 % by weight, 0.5 % by
weight, about 1% by weight, about 5% by weight, about 10% by weight, about 15% by
weight, about 20% by weight, about 25% by weight, about 30% by weight, about 35% by
weight, about 40% by weight, about 45% by weight, about 50% by weight, about 55% by
weight, about 60% by weight, about 65% by weight, about 70% by weight, about 75% by
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weight, about 80% by weight, about 85% by weight. about 90% by weight, about 95% by
weight, or about 100% by weight. In certain embodiments, the implants can comprise
cancellous bone in an amount of 0% to about 50% by weight, 0% to about 25% by weight,
or 0% to about 10% by weight. Also, the cancellous bone can have dimensions like those
described above in connection with the cortical bone units.

[0058] The cortical bone units described herein are preferably osteoinductive. The
cortical bone units may also be osteoconductive. The osteoinductive and/or
osteoconductive nature of the implants described herein may engender biological repair of a
damaged vertebral body or bone with new bone formation and tissue remodeling.

[0059] The cortical bone used to prepare the cortical bone units can be cleaned to
eliminate undesired substances. These undesired substances can include without limitation
lipids, cells and microorganisms, e.g. viruses, bacteria. The bone can be cleaned by
exposing it to a detergent or an agent that eliminates microorganisms, such as an alcohol,
e.g. ethanol, or hydrogen peroxide.

[0060] Furthermore, the bone used to form the cortical bone units of the implant can be
at least partially demineralized. The bone can be cleaned before and/or after it is at least
partially demineralized. Also, the bone can be at least partially demineralized before or
after it is milled into the cortical bone units. For example, the cross-sections of bone can be
at least partially demineralized before the cross-sections are milled into the cortical bone
units having the desired shape. In alternative embodiments, the bone may be milled into the
cortical bone units having the desired shape prior to the demineralization process.

[0061] To at least partially demineralize the bone, the bone is placed in acid. The bone
may be partially demineralized, such as surface demineralized. In some embodiments it is
preferred that the bone is fully demineralized so that the bone contains less than or equal to
about 0.5 weight % residual calcium. In certain embodiments, the bone can be
demineralized such that it contains residual calcium in an amount less than or equal to about
0.1% by weight, about 0.2% by weight , about 0.3% by weight, about 0.4% by weight,
about 0.5% by weight, about 0.6% by weight, about 0.7% by weight, about 0.8% by weight,
about 0.9% by weight, about 1% by weight, about 2% by weight, about 3% by weight,
about 4% by weight, about 5% by weight, about 6% by weight, about 7% by weight, about
8% by weight, about 9% by weight, about 10% by weight, about 15% by weight, about 20%
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by weight, about 25% by weight, about 30% by weight, about 35% by weight, about 40%
by weight, about 45% by weight, about 50% by weight, about 55% by weight, about 60%
weight, about 65% by weight, about 70% weight, about 75% by weight, about 80% by
weight, about 85% by weight, about 90% by weight, or about 95% by weight. In some
embodiments, the bone can be demineralized such that it contains residual calcium in an
amount of 0% to about 25% by weight, 0% to about 10% by weight, 0% to about 5% by
weight, or about 0% to about 0.5% by weight.

[0062] Also, the implants described herein may be free or substantially free of non-
demineralized, i.e., mineralized bone. The cortical bone units can comprise non-
demineralized bone in an amount less than or equal to about 0.1 % by weight, about 0.25 %
by weight, about 0.5 % by weight, about 1% by weight, about 5% by weight, about 10% by
weight, about 15% by weight, about 20% by weight, about 25% by weight, about 30% by
weight, about 35% by weight, about 40% by weight, about 45% by weight, about 50% by
weight, about 55% by weight, about 60% by weight, about 65% by weight, about 70% by
weight, about 75% by weight, about 80% by weight, about 85% by weight, about 90% by
weight, about 95% by weight, or about 100% by weight. In some embodiments, the cortical
bone units can comprise non-demineralized bone in an amount of 0% to about 25% by
weight, 0% to about 10% by weight, 0% to about 5% by weight, or 0% to about 1% by
weight.

[0063] In some embodiments, the demineralization causes the cortical bone units, and
thus, the implant, to be radiolucent. In particular embodiments, the implant will be
radiolucent and not radiopaque before or during implantation into a subject. In such
embodiments, the implant will not be seen in x-rays immediately upon implantation. After
time, as new bone grows, the implant site will become radiopaque and will be visible in X-
rays as a way of tracking the patient’s bone growth. In some embodiments, as the implant
material begins to remodel and new bone begins to form, the implants described herein may
be radiolucent from the time of implantation up to about 2 weeks, up to about 4 weeks, up
to about 6 weeks, up to about 8 weeks, up to about 10 weeks, up to about 12 weeks, up to
about 15 weeks. up to about 18 weeks, up to about 24 weeks, up to about 28 weeks. or up to

about 32 weeks. In certain embodiments. the implant may be radiolucent from the time of
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implantation for about 2 weeks to about 6 months, for about 4 weeks to about 28 weeks. for
about 6 weeks to about 24 weeks, or for about 6 weeks to about 12 weeks..

[0064] In yet other embodiments, the implants described herein may include the
addition of a radiopaque marker to the cortical bone units in order to make the implant
visible during surgery. The radiopaque marker may be derived from, but is not limited to,
beryllium copper, brass, bronze, carbon steel, clad metals, copper, kovar, molybdenum,
nickel, niobium, stainless steel, tantalum, titanium, zirconium, or other radiopaque material.
Other suitable materials may include, without limitation, barium, platinum, platinum
iridium, gold, and iodine-containing compounds. In a particular embodiment, the
radiopaque marker may be incorporated into the implant as a separate unit in the form of a
pellet or wire. In another embodiment, radiopacity may be attained by chemically binding a
radiopaque marker to single or multiple cortical bone units prior to implantation. The
radiopaque marker may be permanent or have a temporary lifetime. In some embodiments
in which the radiopaque marker has a temporary lifetime, it has a temporary lifetime of at
least one month, at least two months, at least three months, at least four months, at least five
months, at least six months, or at least one year.

[0065] As seen in Figure 1B, a plurality of cortical bone units 10 may be contained in a
delivery container 15, such that the cortical bone units are capable of being dispensed from
the delivery container in a single-file order. It can be advantageous for the cortical bone
units to be of a size and shape that enables them to be dispensed in a single-file order. This
avoids problems of the cortical bone units sliding, wedging, and jamming during delivery of
the cortical bone units to the implantation site from the delivery container. The delivery
container may be, without limitation, a fill tube, a syringe, a cannula, a cartridge, a hollow
rod, or a hollow delivery tube. In Figure 1B, the delivery container 15 is depicted as a fill
tube. The delivery container may vary in diameter. In some embodiments, the delivery
container has a diameter of about 1 mm to about 10 mm, about 1 mm to about 5 mm, or
about 2 mm to about 4 mm. Furthermore, the container can be made of a radiopaque
material or have at least one radiopaque marker, which would make the container visible
during implantation, even though the cortical bone units are radiolucent.

10066} In addition to cortical bone units, the implants described herein may further

comprise a carrier. In embodiments having a carrier, the cortical bone units can be mixed
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with the carrier. Additionally, the carrier may act to preserve osteoinductivity of the
cortical bone units and/or provide other biological effects, e.g., support vascularization.
Also, the carrier can be used to rehydrate the cortical bone units. Therefore, in certain
embodiments, the carrier may comprise a hydrating agent. In some embodiments, the
cortical bone units may be suspended in the carrier. In other embodiments, the carrier may
be absorbed by the cortical bone units so that surfaces of the cortical bone units are
surrounded by no carrier or only small amounts of a carrier.

[0067] In some embodiments, the carrier can comprise a lubricant to reduce or eliminate
any friction between the cortical bone units and the devices used to deliver the cortical bone
units to an implantation site. For instance, the carrier comprising a lubricant may facilitate
loading of the cortical bone unit into a delivery container, such as a fill tube, as well as
delivery of the cortical bone units from the delivery container during implantation. Also,
the carrier comprising a lubricant can reduce or eliminate the friction among the cortical
bone units.

[0068] The carrier may be, without limitation, saline, e.g., phosphate buffered saline, or
an organic carrier. Organic carriers may include, but are not limited to sodium hyaluronate,
alginate, dextran, gelatin, collagen, and other suitable carriers. In particular embodiments,
the organic carrier is sodium hyaluronate. Other possible carriers include glycerin, glycine,
glycerol, polyethylene glycol, oils, fatty acids, saccharides, polysaccharides, glycoproteins,
and water soluble polymers. In some embodiments, the implants described herein are free
of a carrier. In particular embodiments, the implants described herein include a carrier that
is free of a lubricant. Alternatively, the implants can include a carrier in an amount less
than or equal to about 0.5 % by weight, about 1 % by weight, about 5 % by weight, about
10 % by weight, about 15 % by weight, about 20 % by weight, about 25% by weight, about
30 % by weight, about 35 % by weight, about 40 % by weight, about 45 % by weight, about
50 % by weight, about 55 % by weight, about 60 % by weight, about 65 % by weight, about
70 % by weight, about 75 % by weight, about 80 % by weight, about 85 % by weight, about
90 % by weight, or about 95 % by weight. In certain embodiments, the implants can
include a carrier in an amount of about 10% to about 90% by weight, about 20% to about
85% by weight, about 30 % to about 80 % by weight, or about 50 % to about 75 % by

weight of the implant. Furthermore, in embodiments where the carrier comprises a
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lubricant, the amount of lubricant in the implant can be in the amounts described above in
connection with the amount of carrier in the implant.

[0069] In certain embodiments, the implants described herein may include cortical bone
units that are supplemented with synthetic material(s) of similar physical dimensions as the
cortical bone units. Such synthetic material(s) include, but are not limited to, polymeric
hydrogels, biodegradable polymers, rubbers, or other materials that are elastic in nature.
[0070] In other embodiments, the implants described herein may include the addition of
cells and/or biological or bioactive agents to the cortical bone units, either prior to
implantation or post-implantation. Supplementation with cells and/or biological or
bioactive agents may induce or accelerate new bone formation within a bony defect
tollowing implantation. Such cells may be transplanted cells, and may include, without
limitation, autologous cells, allogenic cells, cells derived from bone marrow, e.g., bone
marrow aspirate, stem cells, e.g. mesynchemal stem cells, other pluripotent cells,
osteoblasts, progenitor cells, chondrocytes, and nucleus pulposus cells. Biological or
bioactive agents may include, without limitation, viral particles, plasmids, hormones,
extracellular matrix proteins, platelet rich plasma, or growth factors such as those in the

TGF-B, FGF, VEGF, IGF, and BMP families.

Method of Preparing Cortical Bone Units

[0071] The cortical bone used to make the cortical bone units can be obtained from
long bones. The long bones are first processed into cross-sections of varying thicknesses.
In certain embodiments, the cross-sections of cortical bone are at least 0.25 mm thick. In
some embodiments, the cross-sections are about 0.25 mm to about 10 mm thick, about 1.0
mm to about 5 mm thick, or about 1.5 mm to about 3 mm thick.

[0072] After processing the long bones into cross-sections, the cross-sections ot bone
are milled into cortical bone units having the desired shape and dimensions. The milling of
the bone can be achieved by using a mechanical press, a punching device, a cross-cutting
device, or any other art-known device suitable for creating shaped bone units. Furthermore,
the bone can be cleaned before and/or after it is milled. As discussed above. the bone can
be cleaned using, for example, hydrogen peroxide or ethanol. The bone can be

demineralized before or after milling. Following demineralization, physiological pH levels
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of the bone can be restored by soaking the at least partially demineralized bone in a buftered
salt solution. The cortical bone units can then be lyophilized.

[0073] Following lyophilization, the dehydrated, freeze-dried cortical bone units may be
re-hydrated using a saline or a buffered salt solution, e.g., phosphate butfered saline (PBS),
or a suitable lubricious carrier solution, such as, but not limited to, sodium hyaluronate,
such as that discussed above. If a carrier is added, excess carrier solution can removed from
the cortical tissue, and the tissue can be loaded into a delivery container that is designed to

facilitate minimally invasive delivery of the cortical bone units.

Implants Comprising Cortical Bone Units

[0074] The implants described herein comprise a plurality of the cortical bone units as
described herein. They may generally be delivered to and implanted in a cavity that has a
volume and is located in the body of a patient for treating the patient, such as repairing
defects in bone. Also, as discussed below, the implants are designed to be delivered
through a minimally invasive route into a cavity in a patient.

[0075] The implants can use used to treat various bones. These bones include without
limitation long bones, (e.g., a femur, tibia, fibula, humerus), bones of the spine, pelvic
bones, the skull and bones of the extremities. In certain embodiments, as discussed further
below, the implants may be used to treat defects of the spine, such as ones in a vertebral
body or in an interbody space between two vertebrae.

[0076] In one embodiment, the implants described herein may be used to repair a
fractured or collapsed vertebral body, such as one resulting from a vertebral compression or
burst fracture. In some embodiments, the method of treating a vertebral body compression
or burst fracture in a patient can comprise the steps of accessing a target vertebral body of
the patient, creating a cavity having a volume within the vertebral body, and implanting into
the cavity an implant comprising a plurality of separate cortical bone units. Figure 2 shows
an implant being implanted into a vertebral body.

[0077] More specifically, first, a target vertebral body 30 in a patient is accessed by
positioning a guide wire either into the pedicie or parallel to the pedicle under fluoroscopic
guidance. Subsequently. a cannula is placed over the guide wire that serves as an access

portal. After the cannula is secured to the vertebral body, the guide wire is removed and
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cavity creation tools are utilized in order to create space tor the implant and/or the
implantable container for the implant.

[0078] Next, at least one cavity 20 having a volume is created within the target
vertebral body 30. Although only one cavity is shown in Figure 2, in other embodiments,
there may be more than one cavity. The cavity 20 has at least one opening 25. The opening
25 of the cavity 20 may be created by, for example, removal of bony vertebral material by,
e.g., reaming, drilling, or scraping, followed by evacuation of the bone particles. The cavity
may also be enlarged by the expansion of the expandable container under pressurized
tilling.

[0079] After the formation of a cavity 20 in the vertebral body 30, the resulting cavity
can be sized, e.g., as described in United States Publication No. 2008/0027546 to Semler et
al., which is incorporated herein by reference in its entirety. The sizing step may consist of
inserting an inflatable balloon in the cavity and filling the cavity with radio-contrast fluid to
a specific pressure between about 30 psi to about 60 psi such that the cavity is visible under
tfluoroscopy. This step allows visualization of the cavity created and also provides a
measurement of the cavity volume, which is used to determine the amount of material
needed for the implant.

[0080] Next, an implant as described herein, comprising a plurality of separate cortical
bone units 10, is inserted into the cavity. As shown in Figure 2, the cortical bone units 10
can be contained in a delivery container 15, such as that shown in Figure 1B, for delivery
into the cavity 20. In certain embodiments, in order to facilitate delivery, the cortical bone
units may be loaded into the delivery container prior to the time of surgery. In alternate
embodiments, the cortical bone units may be loaded into the delivery container during the
time of surgery. The implants described herein are designed so that it is easy for a surgeon
or other assisting persons to load the cortical bone units into such delivery containers.
|[0081] In some embodiments, as shown in Figure 2, the delivery container 15 is
inserted into the opening 25 of the cavity 20 and the cortical bone units 10 are passed into
the cavity 20 located in the vertebral body 30. The cortical bone units 10 are passed into the
cavity 20 until the desired amount of cortical bone units 10 is placed into the cavity 20. In
some embodiments. the cortical bone units of the implant are inserted directly into the

cavity in the patient.
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[0082] In other embodiments, such as that shown in Figure 2, an implantable container
35 is inserted into the cavity 20 through the opening 25 before the cortical bone units 10 of
the implant are inserted into the cavity 20. The implantable container 35 is initially empty
and in a collapsed state such that it can be passed through the opening 25 of the cavity 20.
The implant is then inserted into the implantable container 35 that is already located within
the cavity 20. After the implant has been implanted, the implantable container 35 and/or
cavity 20 may be closed or sealed.

[0083] In some embodiments, the implantable container is expandable. The implantable
container may be expanded in the cavity before the cortical bone units are inserted therein
or expanded by the process of inserting the implant into the container. The implantable
container may be made from synthetic materials such as, but not limited to, polyester, or
from biological materials such as, but not limited to, allograft bone, dermis, or fascia,
hyaluronic acid, collagen, or other structural protein.

[0084] In some embodiments, the implantable container is porous and comprises, e.g., a
mesh, such as a woven fabric mesh. The implantable container can be a mesh bag. In these
configurations, the pores of the implantable container will allow bone to grow into the
implant site. The pores of the implantable container may also serve to allow the transfer of
fluid and materials, such as cells, between the surrounding tissue and the implant site. Also,
the implantable container may have pore sizes that are sutficiently small such that the
cortical bone units do not readily fall through the pores. In particular embodiments, the
implantable container may also possess radiopaque properties such that it is visible during
implantation.

[0085] As shown in Figure 2, when the cortical bone units 10 are implanted into the
cavity 20 or implantable container 35 within the cavity 20, there are void spaces 40 between
the cortical bone units 10. The void spaces facilitate the transfer of fluid and materials
between the surrounding tissue and the implant site, which may facilitate cellular
penetration and graft incorporation.

[0086] In certain embodiments. the cortical bone units occupy less than 100% of the
volume of the cavity or implantable container. For example, the cortical bone units may
occupy about 25% to about 99%. about 75% to about 95%. about 75% to about 99% or

about 80% to about 90% of the volume of the cavity or implantable container. In some
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embodiments. the cortical bone units may occupy equal to or greater than about 99%. about
98%. about 97%. about 96%, about 95%, about 94%. about 93%, about 92%. about 91%,
about 90%, about 85%, about 80%, about 75%, about 70%, about 65%. about 60%, about
55%, or about 50% of the volume of the cavity or implantable container when implanted
therein.

[0087] The percentage of the volume of the implantable container occupied by the
cortical bone units may be directly related to the size and shape of the cortical bone units.
For instance, in certain embodiments wherein the cortical bone units are larger in size, this
may create larger void spaces in between each cortical bone unit, leading to a decreased
percentage of the volume of the cavity or implantable container occupied by the cortical
bone units. Conversely, in certain embodiments wherein the cortical bone units are smaller
in size, this may allow for smaller void spaces in between each cortical bone unit, leading to
an increased percentage of the volume of the cavity or implantable container occupied by
the cortical bone units. Moreover, in certain embodiments wherein the bone units have a
certain shape, such as a spherical or cuboidal shape, this may also create larger void spaces
in between each cortical bone unit, leading to a decreased percentage of the volume of the
cavity or implantable container occupied by the cortical bone units.

[0088] In some embodiments, when the implant is implanted in the cavity or
implantable container, the packing or bulk density of the cortical bone units in the cavity or
implantable container can be about 0.01 g/cc to about 5.00 g/cc, about 0.10 g/cc to about
2.00 g/cc, about 0.20 g/cc to about 1.40 g/cc, about 0.40 g/cc to about 1.00 g/cc, about
0.50g/cc to about 0.80 g/cc, or about 0.50g/cc to about 1.00 g/cc based on dry weight of the
bone. In particular embodiments, the implants described herein have a packing density of
about 0.50 g/cc to about 0.80 g/cc based on dry weight of bone. In other embodiments. the
implants described herein have a packing density of about 0.60 g/cc to about 0.80 g/cc
based on dry weight of the bone units or implant material.

[0089] The amounts of cortical bone units that are implanted into the implant site may
be varied for the specific size of the cavity. In certain embodiments. the volume of the
implant comprising the cortical bone units can be greater than that of the initial volume of
the cavity. In such embodiments, the implant may provide a degree of restoration of

vertebral body shape or height in a collapsed or fractured vertebral body. The implants
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described herein may also possess mechanical properties that withstand the compressive
loads in the spine when implanted into the cavity of the patient.

{0090] After the cortical bone units are inserted into the cavity or implantable container
within the cavity, the opening of the cavity and/or implantable container may be left open.
Alternatively, after the implant is implanted into the cavity, the opening to the cavity and/or
implantable container may be sealed with a material including, but not limited to, a
biocompatible sealant. Materials that may be used as biocompatible sealants include,
without limitation, an allograft bone plug, a ceramic, polymeric or metallic plug, and fibrin
glue.

[0091] Moreover, in certain embodiments, the implants can be used to treat spinal discs
located between adjacent vertebrae. In some embodiments, the implant can be used to
create a fusion between two adjacent vertebral bodies. This type of procedure can be used
to address conditions associated with mild to severe disc degeneration or other spinal
deformities. In one embodiment, the fusion procedure may comprise forming at least one
cavity, having a volume and an opening, between two adjacent vertebral bodies. An
implant comprising a plurality of the cortical bone units described therein can then be
implanted into the cavity.

[0092] Figure 3 shows an implant being implanted in the space between two vertebral
bodies. In this embodiment, a targeted intervertebral disc space 33 is accessed. The disc
space in a patient can be accessed by positioning a guide wire either into the disc from
either an anterior, posterior, posterolateral, anterolateral, or lateral approach to the spine
under fluoroscopic guidance. Subsequently, a cannula is placed over the guide wire that
serves as an access portal. After the cannula is secured to the disc, the guide wire is
removed and cavity creation tools are utilized in order to create space for the implant and/or
the expandable container for the implant.

[0093] Thereatter, all or a portion of the intervertebral disc is removed to create a cavity
20, having a volume, between the two adjacent intervertebral bodies 30a and 30b. The
cavity may be created by removing at least a portion of the intervertebral disc, e.g., by
microdiscectomy, minimally invasive nucleotomy, or by, e.g., reaming, drilling, gouging or
scraping followed by evacuation of the disc fragments An opening to the cavity may be

created during the formation of the cavity as described herein.
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[0094] After the cavity is created, the endplates 37 of the vertebral bodies 30a and 30b
can be decorticated to access bleeding bone. The endplates 37 can be decorticated by
gouging, scraping, cutting or piercing tools. Also, the cavity can be sized before the implant
is implanted by, for example, the methods discussed above.

[0095] An implantable container 35, such as that discussed herein, can be used. As
shown in Figure 3, an implantable container 35 is inserted into the cavity 20 before the
cortical bone units 10 of the implant are inserted into the cavity 20. The implantable
container 35 may expanded before the implant is placed into the implantable container. A
delivery container 15 is inserted into the opening 27 of the implantable container 35 and the
cortical bone units 10 are passed into the implantable container 35 in the cavity 20. If an
implantable container is not used, a delivery container 15 can be inserted into the opening of
the cavity 25 and the cortical bone units 10 can be passed into the cavity 20. The cortical
bone units 10 are passed into the container 35 or cavity 20 until the desired amount of
cortical bone units 10 is placed into the implantable container 35 or cavity 20. After the
implant has been implanted, the implantable container 35 and/or cavity 20 may be closed or
sealed.

[0096] As illustrated in Figure 3, when the cortical bone units 10 are implanted into the
cavity 20 between the vertebral bodies 30a and 30b or implantable container 35 within the
cavity 20, there are void spaces 40 between the cortical bone units 10. As discussed above,
the void spaces facilitate the transfer of fluid and materials between the surrounding tissue
and the implant site, which may facilitate cellular penetration and graft incorporation.

[0097] In addition, in certain embodiments, as described above, the cortical bone units
may occupy a certain percentage of the volume of the cavity or implantable container.

Also, in some embodiments, when the implant is implanted in the cavity or implantable
container, the packing or bulk density of the cortical bone units can be a certain value.
[0098] As with the implants used to address vertebral fractures discussed previously, the
amount of cortical bone units that is implanted into the implant site may be varied. For
instance, the volume of the implant comprising the cortical bone units can be greater than
that of the initial volume of the cavity so that the implant may provide mechanical

properties that withstand the compressive loads in the spine when implanted into the cavity

of the patient.
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[0099] Additionally, in certain embodiments, the implants described herein may be used
to repair or replace a part or all of a spinal disc without fusion of the vertebrae. Also. the
implant may be used to augment the spinal disc or restore the height of the spinal disc. For
example, the implant may be used to replace all or part of the nucleus pulposus of the spinal
disc. In these embodiments, an opening is made in the spinal disc. All or part of the
nucleus pulposus is removed to create a cavity in the spinal disc that is located between two
adjacent vertebrae. The methods described above in creating a cavity for spinal fusion may
be used to remove the nucleus pulposus and create the cavity in the spinal disc. The implant
is then inserted into the cavity in the spinal disc. Moreover, an implantable container may
be used as described above. The methods described for inserting the implant and
implantable container in connection with spinal fusions can be used to insert the implant
and implantable container into the cavity in the spinal disc. ’

[00100] Furthermore, in certain embodiments where the implants described herein are
used to repair or replace a part of a spinal disc without fusion of the vertebrae, at least some
or all of the cortical bone units can be non-osteoinductive. The cortical bone units can be
rendered non-osteoinductive by, for example, exposing the cortical bone to hydrogen
peroxide for a certain amount of time during the preparation of the bone used in the
implants. In one embodiment, after the cortical bone is demineralized, it can be exposed to
hydrogen peroxide for at least 1 hour. In other embodiments, the cortical bone can be
rendered non-osteoinductive by exposing the cortical bone to heat, radiation or chemicals.
[00101] The description contained herein is for purposes of illustration and not for
purposes of limitation. The methods and constructs described herein can comprise any
feature described herein either alone or in combination with any other feature(s) described
herein. Changes and modifications may be made to the embodiments of the description.
Furthermore, obvious changes, modifications or variations will occur to those skilled in the
art. Also, all references cited above are incorporated herein, in their entirety, for all
purposes related to this disclosure.

[00102] The following illustrative examples are set forth to assist in understanding the

methods and constructs described herein and do not limit the claimed methods and

constructs.
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EXAMPLES
EXAMPLE 1: Preparation of Demineralized Cortical Bone Units
[00103}] Fully demineralized cortical bone units were processed by cutting a long bone
shaft into 2.4 mm thick cortical rings using a band saw. Lipids were then removed from the
cortical rings using Tween 80 solution, cleaned using hydrogen peroxide, and then
demineralized with an extended soak using 0.6N HCI to reach a residual calcium level
below 0.5 wt%. The demineralized cortical rings were then cut into cubes with 2.4 mm
sides. Afterwards, the pH was restored to physiological levels using a buftered salt
solution. The demineralized cortical bone units was then soaked in ethanol, rinsed with

water, and then lyophilized to a residual moisture content of less than 6 wt%.

EXAMPLE 2: Comparative Example - Preparation of a
Composition of Non-Demineralized Corticocancellous
Bone Granules, Demineralized Cortical Bone Powder
and Sodium Hyaluronate

[00104] A mixture containing non-demineralized corticocancellous bone granules,
demineralized cortical bone powder and sodium hyaluronate was produced as follows.
Pieces of cortical and cancellous bone were cut into smaller pieces and delipidized using a
surfactant solution. Subsequently, the cortical bone pieces and then the cancellous bone
pieces were separately milled into granules with a size range of 212um to 850um. The
cortical bone granules were then divided into two portions. The first portion was combined
with cancellous granules in an 80:20 cortical to cancellous ratio by weight and then further
cleaned with peroxide and ethanol. Following this step, the non-demineralized
corticocancellous granules were lyophilized to a residual moisture content of less than 6
wt%. The second portion of cortical bone granules was used to make demineralized cortical
bone powder or demineralized bone matrix (DBM). The second portion of cortical bone
granules was milled into powder. The cortical bone powder was soaked in peroxide and
ethanol and then demineralized using 0.6N HCI to reach a residual calcium level below 0.5
wt%. The DBM was then lyophilized to a residual moisture content of less than 6 wt%.

Subsequently, the final composition was obtained by mixing together 4 parts sodium
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hyaluronate. 4 parts ot the non-demineralized corticocanellous granules, and | part of the

DBM.

EXAMPLE 3: Comparative Packing Densities Required to Sustain
Loads in Confined Compression

[00105] Sustained loading testing was performed to determine the comparative material
packing or bulk densities of (1) the demineralized cortical bone units prepared as described
in Example 1 above (“the test samples™), and (2) the composition prepared as described in
Example 2 above (“the control samples™), which was a mixture of non-demineralized
corticocancellous granules, DBM and sodium hyaluronate. A Bionix 858 Test System
(MTS, Minneapolis, MN) was used to determine the packing densities.

[00106] For the test samples, aliquots of the lyophilized demineralized cortical bone units
of Example 1 (0.6 g dry weight each) were re-hydrated in excess saline and then loaded into
a porous confined compression chamber. The demineralized cortical bone units were in the
shaped of cubes, in which each side was about 2.4 mm. The chamber was 12.5 mm in
diameter and contained equally spaced 1 mm pores around its circumference to allow for
fluid exchange between the chamber and a surrounding saline bath. A custom piston (12.3
mm in diameter) was fabricated to provide compression to the test sample inside the
chamber. Prior to testing, the saline bath was filled with sufficient saline in order to cover
the pores of the compression chamber.

[00107}] For the control samples, approximately 1 cc of the formulation of Example 2
was added into the contined compression chamber prior to testing. After testing, the control
samples in their entirety were carefully collected and lyophilized in order to determine the
dry weight of material.

[00108] During the test procedure, the samples were first preconditioned by cycling the
piston up and down so that it applies pressure between 20 psi and 150 psi 100 for cycles at
0.5Hz. Following preconditioning, the piston applied constant pressure to the samples for
ten minute intervals at four increasing fixed pressures in a stepwise process. In this manner,
the samples were subjected to 20. 50, 150, and 400 psi in order to cover a wide range of
physiologically relevant loading levels for the spine. The height of each sample was
recorded during the testing at each applied pressure with a data sampling trequency of 10

Hz.
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[00109] Following the completion of the test, the data was analyzed by determining the
average of the last ten height values that were recorded for each sample at each fixed
pressure. The packing density was then calculated by using this value along with the
original dry weight of the samples and the dimensions of the confined compression
chamber. Figure 4 represents the average of multiple test and control samples of each
condition, and the error bars reflect one standard deviation from the mean.

[00110] As can be seen from Figure 4, for each of the sustained applied pressures, the
packing density of the test samples or “Test Formulation” ranged from about 0.5 g/cc to
about 0.8 g/cc based on dry weight. For each of the sustained applied pressures, the packing
density of the control samples or “Control Formulation” ranged from about 0.8 g/cc to about
1.0 g/cc based on dry weight. As shown in Figure 4, the test samples were able to sustain
the same amount of pressure with a lower packing density than the control samples at each

level of applied pressure tested.

EXAMPLE 4: Study of Bone Compositions Implanted into Sheep

[00111]  An animal study involving sheep was performed to evaluate (A) two
compositions comprising demineralized sheep cortical bone units (“Test Compositions 1
and 2”) and (B) a composition comprising non-demineralized corticocanellous granules,
demineralized cortical bone powder and sodium hyaluronate (“Control Composition™). The
compositions were implanted into vertebral bodies of the sheep’s spines using a sheep
vertebral bone void model.

[00112] Test Composition 1 was comprised of demineralized sheep cortical bone units,
which were in the shape of cubes having sides of about 2.4 mm, and sodium hyaluronate
(HY). Test Composition 2 was comprised of demineralized sheep cortical bone units,
which were in the shape of cubes having sides of about 2.4 mm, and a phosphate butfered
saline solution (PBS). The demineralized sheep cortical bone units of Test Compositions 1
and 2 were prepared in a manner similar to that described in Example 1 above. The Control
Composition was comprised of non-demineralized sheep corticocancellous granules,
demineralized sheep cortical bone powder and sodium hyaluronate. The Control

Composition was prepared in a manner similar to that described in Example 2 above. Test
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Compositions 1 and 2 as well as the Control Composition were packaged in small diameter,
stainless steel tubes for convenient delivery of the compositions into the implantation site.
[00113] Vertebral body augmentation procedures were performed on thirteen skeletally
mature sheep of approximately equal size. The procedures were performed under general
anesthesia and under sterile conditions. For each sheep, a lateral retroperitoneal approach to
three vertebral bodies, (L3, L4, and LS), was made. A standard-sized 8 mm diameter by 15
mm deep hole was drilled into each of the three vertebral bodies in the sheep. A small
amount of bone was removed from each of the vertebral bodies to create voids. Each void
was either left empty or filled with Test Composition 1, Test Composition 2 or the Control
Composition. The voids that were left empty were used as a negative control. Animals
were sacrificed at either 6 or 12 weeks. The vertebral bodies were harvested and CT
scanned to obtain radiographs thereof. Furthermore, the vertebral bodies were labeled,
fixed in 70% ethanol and subsequently prepared for histology evaluations.

[00114] The voids in the vertebral bodies that had been left empty showed little or no
new bone formation, with many being filled with fibrous tissue and fat. Figures 5A and 6A
show histology samples of voids in vertebral bodies that were left empty at 6 weeks and 12
weeks, respectively, after the voids were formed. As shown in Figures 5A and 6A, there
was a lack of bone formation throughout the voids. Figures SB and 6B are radiographs,
(obtained by CT imaging), of the voids of the vertebral bodies shown in Figures SA and 6A
respectively. The radiolucent areas inside the voids show that lack of new bone growth.
[00115] Histological results from the study showed that the voids in the vertebral bodies,
which were filled with either Test Compositions 1 or 2, contained much more newly formed
bone at 6 weeks and at 12 weeks after the voids were formed and filled than the empty
voids. Figure 7A shows a void of a vertebral body at 6 weeks after the void was filled with
Test Composition 1 (demineralized cortical bone units and HY). This figure shows the
remodeling of the demineralized cortical bone units of Test Composition 1 as new bone
formation is beginning to occur throughout the void. Figure 8A shows a void of a vertebral
body at 12 weeks after the void was filled with Test Composition 1. As shown in the figure,
at 12 weeks. there was new mineralized bone throughout the void. Figure 9A shows a void
of a vertebral body at 6 weeks after the void was filled with Test Composition 2

(demineralized cortical bone units and PBS). This figure shows the remodeling of the
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demineralized cortical bone units of Test Composition 2 as new bone formation is
beginning to occur throughout the void. Figure 10A is a histology sample of a void of a
vertebral body at 12 weeks after the void was filled with Test Composition 2. The histology
sample in Figure 10A shows the formation of new mineralized bone throughout the defect.
[00116] Radiographs obtained by CT imaging showed that by 12 weeks, new mineralized
bone had formed in voids filled with Test Compositions 1 and 2. At 6 weeks, the
radiographs of the voids in the vertebral bodies that were filled with Test Compositions 1
and 2 were mostly radiolucent since new mineralized bone had not yet formed. By 12
weeks, radiographs of the voids that were filled with Test Compositions 1 and 2 were more
opaque than similar voids at 6 weeks and also more radiopaque than the empty control
voids, which appeared radiolucent at both 6 and 12 weeks. Figures 7B and 8B are
radiographs, obtained from CT imaging, of the voids of the vertebral bodies shown in
Figures 7A and 8A, respectively, that were filled with Test Composition 1. The radiograph
in Figure 7B shows a radiolucent area inside the void as new mineralized bone has yet to
form by 6 weeks. In Figure 8B, the void is radiopaque at 12 weeks, indicating the
formation of new mineralized bone in the void. Figures 9B and 10B are radiographs,
obtained from CT imaging, of the voids of the vertebral bodies shown in Figures 9A and
10A, respectively, that were filled with Test Composition 2. The radiograph of Figure 9B
shows a radiolucent area inside the void since new mineralized bone has not yet formed by
6 weeks. Figure 10B shows a void that is radiopaque at 12 weeks, which indicates that new
mineralized bone has formed.

[00117]  The histology results showed that voids that were filled with the Control
Composition appeared to be filled with mineralized bone at both 6 and at 12 weeks. But at
6 weeks, a large portion of this mineralized bone appeared to be the non-demineralized
corticocancellous granules that was originally present in the Control Composition. Figure
11A shows a histology sample of a void of a vertebral body that was tilled with the Control
Composition at 6 weeks after the void was filled. This sample indicated the presence in the
void of the non-demineralized corticocancellous granules that were present in the Control
Composition. Figure 12A shows a histology sample of a void of a vertebral body that had
been filled with the Control Composition for 12 weeks. This figure shows the presence of

newly remodeled woven bone in the void.
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[00118] Radiographs ot the voids filled with the Control Composition show that these
voids appeared radiopaque at both 6 and 12 weeks. Figure 11B is a radiograph obtained by
CT imaging of a void of a vertebral body filled with the Control Composition at 6 weeks.
There is a radiopaque signal inside the void that is the result of the non-demineralized bone
in the Control Composition. Figure 12B is a radiograph of a void of a vertebral body that
had been filled with the Control Composition for 12 weeks. This radiograph shows a
radiopaque signal inside the void that is similar to the one seen at 6 weeks in Figure 11B.
Given this observation, it was more apparent from the radiographs that newly formed bone
was present in the voids filled with Test Formulations 1 or 2 versus the radiographs of the
voids filled by the Control Composition that contained non-demineralized corticocancellous

granules.
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THE CLAIMS

What is claimed is:

1. An implant comprising a plurality of separate cortical bone units that are at

least partially demineralized and osteoinductive,

wherein the cortical bone units have at least one dimension greater than about 1.0

mm, and

wherein when the cortical bone units are implanted into a cavity that has a volume,

there are void spaces between the cortical bone units in the cavity.
2. The implant of claim 1, wherein the cavity is located in a patient.

3. The implant of claim 1, wherein the cortical bone units are implanted into an

implantable container located within the cavity.

4. The implant of claim 1, wherein at least one of the cortical bone units has a

cylindrical, spherical, pyramidal, ovoid, discoid, oblong, or cuboidal shape.

5. The implant of claim 1, wherein the cortical bone units have at least one

dimension from about 1.5 mm to about 5.0 mm.

6. The implant of claim 1, wherein the implant includes less than or equal to

about 5% by weight of cortical bone units having at least one dimension less than about 1.0

mm.
7. The implant of claim 1, wherein the cortical bone units are formed from
human bone.
8. The implant of claim 1. wherein the implant includes less than or equal to

about 1% by weight ot cancellous bone.
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9. The implant of claim 1, wherein the cortical bone units are fully

demineralized.

10. The implant of claim 1, wherein the implant includes less than or equal to

about 1% by weight of non-demineralized bone.
11. The implant of claim 1. further comprising a radiopaque marker.

12. The implant of claim 1, further comprising a carrier, wherein the carrier
comprises saline, sodium hyaluronate or hyaluronic acid, and wherein the carrier is mixed

with the cortical bone units.

13.  The implant of claim 1, wherein the implant includes less than or equal to

about 1% by weight of a carrier.

14.  The implant of claim 3, wherein the cortical bone units occupy about 75% to

about 99% of the volume of the cavity or implantable container.

15. The implant of claim 1, wherein when the implant is implanted in the cavity,
the packing density of the cortical bone units in the cavity is of about 0.5 g/cc to about 1.0

g/cc based on dry weight of the cortical bone units.
16. A method of treating bone comprising:

(a) forming at least one cavity, having a volume and at least one opening, within the

bone; and

(b) implanting into the cavity an implant comprising a plurality of separate cortical bone

units that are at least partially demineralized and osteoinductive,

wherein the cortical bone units have at least one dimension greater than about 1.0

mm. and

- 33 -
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wherein after the implant has been implanted in the cavity there are void spaces

between the cortical bone units in the cavity.

17. The method of claim 16, further comprising the step of sealing the opening

of the cavity after the implant has been implanted in the cavity.

18.  The method of claim 16, further comprising the step of inserting an
implantable container into the cavity prior to implanting the implant into the cavity so that
when the implant is implanted into the cavity, the implant will be contained in the

implantable container.

19.  The method of claim 18, wherein the implantable container is a mesh bag.

20.  The method of claim 16, wherein prior to implanting the implant in the
cavity, the plurality of cortical bone units are contained in a delivery container which

comprises a cannula, syringe, cartridge, hollow rod, hollow delivery tube, or fill tube.

21. The method of claim 16, wherein at least one of the cortical bone units has a

cylindrical, spherical, pyramidal, ovoid, discoid, oblong or cuboidal shape.

22. The method of claim 16, wherein at least one of the cortical bone units have

at least one dimension from about 1.5 mm to about 5.0 mm.

23. The method of claim 16, wherein the implant includes less than or equal to

about 5% by weight of cortical bone units having at least one dimension less than about 1.0

mm.
24.  The method of claim 16, wherein the cortical bone units are formed from
human bone.
25.  The method of claim 16, wherein the implant includes less than or equal to

about 1% by weight of cancellous bone.
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26. The method of claim 16. wherein the cortical bone units are tully

demineralized.

27.  The method of claim 16, wherein the implant includes less than or equal to

about 1% by weight of non-demineralized bone.
28. The method of claim 16, further comprising a radiopaque marker.

29. The method of claim 16, further comprising a carrier, wherein the carrier
comprises saline, sodium hyaluronate or hyaluronic acid, and wherein the carrier is mixed

with the cortical bone units.

30.  The method of claim 16, wherein the implant includes less than or equal to

about 1% by weight of a carrier.

31.  The method of claim 18, wherein the cortical bone units occupy about 75%

to about 99% of the volume of the cavity or implantable container.

32.  The method of claim 16, wherein when the implant is implanted into the
cavity, the packing density of the cortical bone units in the cavity is of about 0.5 g/cc to

about 1.0 g/cc based on dry weight of the cortical bone units.
33. A method of treating a vertebral body in a patient comprising:

(a) forming at least one cavity, having a volume and at least one opening, within the

vertebral body; and

(b) implanting into the cavity an implant comprising a plurality of separate cortical bone

units that are at least partially demineralized and osteoinductive,

wherein the cortical bone units have at least one dimension greater than about 1.0

mm. and
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wherein after the implant has been implanted in the cavity there are void spaces

between the cortical bone units in the cavity.

34, The method of claim 33, wherein the vertebral body is fractured and the

method is for treating the fractured vertebral body.

35. The method of claim 33, further comprising the step of sealing the opening

of the cavity after the implant has been implanted in the cavity.

36.  The method of claim 33, further comprising the step of inserting an
implantable container into the cavity prior to implanting the implant into the cavity so that
when the implant is implanted into the cavity, the implant will be contained in the

implantable container.
37. The method of claim 36, wherein the implantable container is a mesh bag.

38.  The method of claim 33, wherein prior to implanting the implant in the
cavity, the plurality of cortical bone units are contained in a delivery container which

comprises a cannula, syringe, cartridge, hollow rod, hollow delivery tube, or fill tube.

39, The method of claim 33, wherein at least one of the cortical bone units has a

cylindrical, spherical, pyramidal, ovoid, discoid, oblong or cuboidal shape.

40. The method of claim 33, wherein at least one of the cortical bone units have

at least one dimension from about 1.5 mm to about 5.0 mm.

41.  The method of claim 33. wherein the implant includes less than or equal to

about 5% by weight of cortical bone units having at least one dimension less than about 1.0

mm.

42, The method of claim 33, wherein the cortical bone units are formed from

human bone.
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43.  The method of claim 33, wherein the implant includes less than or equal to

about 1% by weight of cancellous bone.

44, The method of claim 33, wherein the cortical bone units are fully

demineralized.

45.  The method of claim 33, wherein the implant includes less than or equal to

about 1% by weight of non-demineralized bone.
46.  The method of claim 33, further comprising a radiopaque marker.

47. The method of claim 33, further comprising a carrier, wherein the carrier
comprises saline, sodium hyaluronate or hyaluronic acid, and wherein the carrier is mixed

with the cortical bone units.

48. The method of claim 33, wherein the implant includes less than or equal to

about 1% by weight of a carrier.

49. The method of claim 36, wherein the cortical bone units occupy about 75%

to about 99% of the volume of the cavity or implantable container.

50. The method of claim 33, wherein when the implant is implanted into the
cavity, the packing density ot the cortical bone units in the cavity is of about 0.5 g/cc to

about 1.0 g/cc based on dry weight of the cortical bone units.
51. A method of treating a spinal disc in a patient comprising:

(a) forming at least one cavity, having a volume and at least one opening, wherein the

cavity is located between two adjacent vertebral bodies: and

(b) implanting into the cavity an implant comprising a plurality of separate cortical bone

units that are at least partially demineralized and osteoinductive,
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wherein the cortical bone units have at least one dimension greater than about 1.0

mm, and

wherein after the implant has been implanted in the cavity there are void spaces

between the cortical bone units in the cavity.

52. The method of claim 51, wherein the spinal disc is degenerated and the

method is for treating the degenerated spinal disc.

53. The method of claim 51, wherein the implant is used to create a fusion

between the two adjacent vertebral bodies.

54, The method of claim 51, wherein at least one of the vertebral bodies has an
endplate and the method further comprises decorticating the endplate prior to implanting the

implant into the cavity.

55. The method of claim 51, wherein the cavity is located within the spinal disc.

56. The method of claim 51, further comprising the step of sealing the opening

of the cavity after the implant has been implanted into the cavity.

57.  The method of claim 51, further comprising the step of inserting an
implantable container into the cavity prior to implanting the implant into the cavity so that
when the implant is implanted into the cavity, the implant will be contained in the

implantable container.

58. The method of claim 57, wherein the implantable container is a mesh bag.

59.  The method of claim 51, wherein prior to insertion of the implant in the
cavity, the plurality of cortical bone units are contained in a delivery container which

comprises a cannula, syringe, cartridge, hollow rod, hollow delivery tube, or fill tube.
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60. The method of claim 51. wherein at least one of the cortical bone units has a

cylindrical. spherical, pyramidal. ovoid, discoid. oblong, or cuboidal shape.

61. The method of claim 51, wherein the cortical bone units have at least one

dimension from about 1.5 mm to about 5.0 mm.

62.  The method of claim 51, wherein the implant includes less than or equal to

about 5% by weight of cortical bone units having at least one dimension less than about 1.0

mm.
63. The method of claim 51, wherein the cortical bone units are formed from
human bone.
64.  The method of claim 51, wherein the implant includes less than or equal to

about 1% by weight of cancellous bone.

65. The method of claim 51, wherein the cortical bone units are fully
demineralized.
66. The method of claim 51, wherein the implant includes less than or equal to

about 1% by weight of non-demineralized bone.
67. The method of claim 51, further comprising a radiopaque marker.

68. The method of claim 51, further comprising a carrier, wherein the carrier
comprises saline, sodium hyaluronate or hyaluronic acid, and wherein the carrier is mixed

with the cortical bone units.

69.  The method of claim 51. wherein the implant includes less than or equal to

about 1% by weight of a carrier.
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70. The method of claim 57, wherein the cortical bone units occupy about 75%

to about 99% of the volume of the cavity or implantable container.

71. The method of claim 51, wherein when the implant is implanted into the
cavity, the packing density of the cortical bone units in the cavity is of about 0.5 g/cc to

about 1.0 g/cc based on dry weight of the cortical bone units.
72. A method of treating a spinal disc in a patient comprising:

(a) forming at least one cavity, having a volume and at least one opening, wherein the

cavity is located within the spinal disc; and

(b) implanting into the cavity an implant comprising a plurality of separate cortical bone

units that are at least partially demineralized and non-osteoinductive,

wherein the cortical bone units have at least one dimension greater than about 1.0

mm, and

wherein after the implant has been implanted in the cavity there are void spaces

between the cortical bone units in the cavity.

73.  The method of claim 72, further comprising the step of inserting an
implantable container into the cavity prior to implanting the implant into the cavity so that
when the implant is implanted into the cavity, the implant will be contained in the

implantable container

74. The method of claim 72, wherein the cortical bone units have at least one

dimension from about 1.5 mm to about 5.0 mm.

75. The method of claim 72. wherein the implant includes less than or equal to
about 5% by weight of cortical bone units having at least one dimension less than about 1.0

mim.
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76. The method of claim 73. wherein the cortical bone units are formed from

human bone.

77. The method of claim 72. wherein the cortical bone units are fully

demineralized.

78. The method of claim 72, wherein the implant includes less than or equal to

about 1% by weight of non-demineralized bone.

79.  The method of claim 73, wherein the cortical bone units occupy about 75%

to about 99% of the volume of the cavity or implantable container.

80.  The method of claim 72, wherein when the implant is implanted into the
cavity, the packing density of the cortical bone units in the cavity is of about 0.5 g/cc to

about 1.0 g/cc based on dry weight of the cortical bone units.
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International application No.
INTERNATIONAL SEARCH REPORT PCT/US2011/057011
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.: 16-80

because they relate to subject matter not required to be searched by this Authority, namely:

No International Preliminary Examining Authority shall be required to search
an international application on an international application if, and to the
extent to which, its subject matter are methods for treatment of the human or
animal body by surgery (Rule 39.1(iv) PCT).

2. IXI Claims Nos.: 1'15(partia]]Y)

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

see FURTHER INFORMATION sheet PCT/ISA/210

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

-

2. As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

w

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.

Farm POT/AKA210 fanntinniatinn wf firet thn%%TWEﬂ'E SHEET (RULE 26)



International Application No. PCT/ US2011/ 057011

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Continuation of Box II.1

Claims Nos.: 16-80

No International Preliminary Examining Authority shall be required to
search an international application on an international application if,
and to the extent to which, its subject matter are methods for treatment
of the human or animal body by surgery (Rule 39.1(iv) PCT).

Continuation of Box II.2

Claims Nos.: 1-15(partially)

The method features " when the cortical bone units are implanted into a
cavity" Teave at least some doubts if the International Preliminary
Examining Authority shall be required to search the present international
application in total and to carry out an international preliminary
examination on an international application because, and to the extent to
which, its subject matter are methods for treatment of the human or
animal body by surgery (Rule 39.1(iv) PCT/ Rule 67.1(iv) PCT). Although
claims 1-15 are directed to a method of treatment of the human/animal
body, the search for said claims have been carried out and based on the
alleged device features of the implants.

SUBSTITUTE SHEET (RULE 26)



Information on patent family members

International application No

PCT/US2011/057011

Patent document

Publication

Patent family

Publication

cited in search report date member(s) date

WO 2008013763 A2 31-01-2008 CA 2658934 Al 31-01-2008
EP 2076220 A2 08-07-2009
US 2008027546 Al 31-01-2008
WO 2008013763 A2 31-01-2008

US 5910315 A 08-06-1999  NONE

WO 0232348 Al 25-04-2002 AU 1086201 A 29-04-2002
AU 2001210862 B2 29-06-2006
AU 2006225230 Al 26-10-2006
CA 2425556 Al 25-04-2002
DE 60025278 T2 27-07-2006
EP 1324723 Al 09-07-2003
ES 2254243 T3 16-06-2006
JP 2004512870 A 30-04-2004
NZ 525734 A 29-04-2005
WO 0232348 Al 25-04-2002

WO 0035510 Al 22-06-2000 AT 270905 T 15-07-2004
AU 2040400 A 03-07-2000
CA 2355046 Al 22-06-2000
DE 69918717 D1 19-08-2004
DE 69918717 T2 21-07-2005
EP 1140239 Al 10-10-2001
ES 2224737 T3 01-03-2005
JP 2002532159 A 02-10-2002
US 2001014831 Al 16-08-2001
WO 0035510 Al 22-06-2000

US 5314476 A 24-05-1994  NONE

US 2003039676 Al 27-02-2003 US 2003039676 Al 27-02-2003
US 2007233272 Al 04-10-2007
US 2008188945 Al 07-08-2008

US 2007082058 Al 12-04-2007 US 2007082058 Al 12-04-2007
US 2009162445 Al 25-06-2009

US 2007162132 Al 12-07-2007 AT 466532 T 15-05-2010
AU 2006330939 Al 05-07-2007
BR PI0620452 A2 08-11-2011
CA 2634762 Al 05-07-2007
EP 1962705 A2 03-09-2008
ES 2342117 713 01-07-2010
JP 2009521279 A 04-06-2009
KR 20080085058 A 22-09-2008
US 2007162132 Al 12-07-2007
WO 2007076049 A2 05-07-2007

WO 0045870 Al 10-08-2000 AT 296643 T 15-06-2005
AU 770196 B2 12-02-2004
AU 2756400 A 25-08-2000
CA 2362046 Al 10-08-2000
DE 60020526 D1 07-07-2005
DE 60020526 T2 11-05-2006
EP 1150725 Al 07-11-2001
ES 2242600 T3 16-11-2005
JP 4732587 B2 27-07-2011

Form PCT/ISA/210 (patent family annex) (April 2005)

SUBSTITUTE SHEET (RULE 26)




Information on patent family members

International application No

PCT/US2011/057011

Patent document

Publication

Patent family

Publication

cited in search report date member(s) date
JP 2002536076 A 29-10-2002
WO 0045870 Al 10-08-2000
US 2009074871 Al 19-03-2009 CA 2699487 Al 26-03-2009
EP 2187984 A2 26-05-2010
US 2009074871 Al 19-03-2009
WO 2009038676 A2 26-03-2009
WO 0205750 A2 24-01-2002 AU 7599901 A 30-01-2002
CA 2416481 Al 24-01-2002
DE 60115902 T2 29-06-2006
EP 1301222 A2 16-04-2003
ES 2254452 T3 16-06-2006
JP 2004503330 A 05-02-2004
NZ 524157 A 24-12-2004
WO 0205750 A2 24-01-2002
US 5510396 A 23-04-1996  NONE
US 2003009235 Al 09-01-2003 US 2003009235 Al 09-01-2003
US 2006030948 Al 09-02-2006
US 2004054414 Al 18-03-2004 AU 2003267269 Al 08-04-2004
AU 2003285198 Al 15-06-2004
CA 2499111 Al 01-04-2004
CA 2505169 Al 03-06-2004
EP 1562652 Al 17-08-2005
US 2004054414 Al 18-03-2004
US 2004228901 Al 18-11-2004
US 2005197707 Al 08-09-2005
WO 2004026189 A2 01-04-2004
WO 2004045667 Al 03-06-2004
US 5571189 A 05-11-1996 AT 258772 T 15-02-2004
AU 691925 B2 28-05-1998
AU 2592095 A 18-12-1995
CA 2189677 Al 30-11-1995
DE 69532528 D1 11-03-2004
DE 69532528 T2 05-01-2005
DK 764008 T3 17-05-2004
EP 0764008 Al 26-03-1997
ES 2211906 T3 16-07-2004
HU 219272 B 28-03-2001
JP 3336317 B2 21-10-2002
JP H10501710 A 17-02-1998
us 5549679 A 27-08-1996
us 5571189 A 05-11-1996
WO 0531948 Al 30-11-1995
WO 2009052492 A2 23-04-2009 AU 2008311785 Al 23-04-2009
CA 2702499 Al 23-04-2009
EP 2211921 A2 04-08-2010
US 2009226523 Al 10-09-2009
WO 2009052492 A2 23-04-2009

Form PCT/ISA/210 (patent family annex) (April 2005)

SUBSTITUTE SHEET (RULE 26)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - wo-search-report
	Page 56 - wo-search-report
	Page 57 - wo-search-report
	Page 58 - wo-search-report
	Page 59 - wo-search-report
	Page 60 - wo-search-report
	Page 61 - wo-search-report

