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The present invention is a bone augmentation in a mammalian body by insertion of a mesh (15) comprising one or more fibrillar

wires (10) having a hydroxyapatite coating (12) into a bone cavity or socket. The one or more fibrillar wires are arranged or assembled
into a woolly structure, which may be infused or cultured with a bone morphogenic protein (14). The mesh is sealed in the cavity (21) to
permit new bone to form over time, resulting in an osteo-integrated matrix of bone reinforced by the fibrillar wires of the mesh.
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WO 99/30632 PCT/US98/26983

BONE AUGMENTATION FOR PROSTHETIC IMPLANTS AND THE
LIKE

FIELD OF THE INVENTION

The present invention relates generally to the field of
regeneration of skeletal tissues; more specifically, to devices and
methods for inducing osteogenic bone growth in skeletal areas
supporting a prosthetic implant or in need of reconstructive repair.

BACKGROUND OF THE INVENTION
The use of prosthetic implants for replacing or supplementing

fractured, damaged, or degenerated skeletal bone in a mammalian
body is commonplace in the medical arts. Usually, the prosthetic
implant device is made of a biocompatible metal such as stainless
steel, cobalt-chromium-molybdenum alloy, tungsten, titanium,
cobalt-chromium-tungsten-nickel, and similar alloys. Most often, the
prosthetic implant device is intended to become a permanent part of
the skeletal structure.

One well-known technique for permanently attaching a
metallic prosthesis to an adjoining bone or bones is to secure the
implant in place with a polymethyl-methacrylate cement. By way of
example, U.S. Patent No. 5,360,446 describes a method of
manufacturing prosthetic implant devices that may be secured into
human bodies in this manner.

One of the problems that occur in implant devices is the
gradual loosening of the prosthesis from the bone over time. This
problem is especially prevalent where the prosthesis is subject to large
functional loads and sheer stresses. Crania-facial implants, which are
commonly used in the reconstruction or replacement of single teeth,
are particularly prone to this problem. For instance, the difficulty in
achieving a dental prosthesis that is strongly bonded to maxillary and
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mandibular bone, and which can withstand large sheer and tensile
stress loads, has lead to the development of a variety of attachment
mechanisms. Many of these mechanisms attempt to adaptively
reform bone around the prosthesis, with the newly formed bone
eventually bonding to the outer surface of the implant.

A variety of methods for promoting bone formation and
attachment have been proposed. For example, U.S. Patent No.
5,639,237 describes an endosseous dental implant having a dimpled
surface texture for use in prosthetic reconstruction of crania-facial
bones. The indented surface increases the surface area for bone
proliferation, thereby enhancing the mechanical fixation/anchoring
strength of the dental implant as compared to ordinary dental
implants having a similar geometry.

Other approaches have attempted to strengthen the attachment
of the bone at the site of the implantation. One such method is taught
in U.S. Patent No. 5,344,654, which claims that a strong bond is
achieved between existing bone and the prosthesis by coating the
prosthetic device with an osteogenic protein. To enhance
endochondral bone formation, U.S. Patent No. 5,656,450 teaches
compositions and methods for effecting wound healing, specifically
the activation of latent growth factor through matrix vesicles.
Biodegradable polymeric implants are described which may be
prepared containing latent growth factor, matrix vesicles, or matrix
vesicle extract. An osteogenic device capable of inducing the
formation of endochondral bone when implanted in the mammalian
body is also disclosed in U.S. Patent No. 5,645,591. This device
includes an osteogenic protein dispersed within a porous matrix
comprising a polymer of collagen and glycosaminoglycan.

Yet another approach for improving the strength and stability
of a dental implant is discussed in U.S. Patent No. 5,383,935.
According to the teachings of this patent, a prosthetic device for
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implantation into skeletal bone generates current flow for calcium
phosphate mineral formation between the implant and the
surrounding bone. The formation of calcium phosphate minerals at
the implant-bone interface is described as encouraging bone
attachment to the implant, thereby providing stronger fixation of the
implant into the skeletal structure.

An altogether different technique for enhancing bone density at
the region of the implant is described in U.S. Patent No. 5,344,457.
This reference teaches effectively transferring loading stress from a
dental implant to the surrounding bone through the use of an
implant having a tapered body shape. Application of a vertical force
on the tapered implant produces a sheer force component in addition
to the normal force component acting on the surrounding bone.

Despite the plethora of prior art approaches for securing an
implanted structure into mammalian bone, failures still occur. These
failures are primarily due to the inability of the non-cortical bone to
support the load of the implant. The reason why is because the new
bone growth surrounding the implant surface is usually weaker, or
more porous, as compared to the cortical areas of bone. Since internal
areas of bone tend to be softer, more porous, and less dense than
outer, circumferential regions of bone, implants into these areas are
prone to failure due to movement and a lack of surrounding bone
structure. This is particularly true in the case of dental implants into
the maxilla and mandible. |

Thus, there is a need in the medical and dental arts for improving
the strength and integrity of the bone that surrounds and attaches to a
prosthetic implant device. As will be seen, the present invention
provides a method and a structure for increasing the load bearing
strength of the bone surrounding an prosthesis. In addition, the present
invention provides a novel way to augment both endo and exo bone
formation for a variety of applications.
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_SUMMARY OF THE INVENTION

Bone augmentation in a mammalian body is described. A
primary application of the present invention is to support a prosthetic
implant device. In one embodiment, a method is provided for
enhancing the mechanical strength of the prosthesis by reinforcement
of bone in the region surrounding the implant device.

The method includes the step of inserting a mesh into a bone
cavity or socket. The mesh comprises one or more fibrillar wires
having a hydroxy appetite coating. The one or more fibrillar wires are
arranged or assembled into a woolly structure. In addition, the mesh
may be infused, incubated, or cultured with a bone morphogenic
protein, which coats the one or more wires. After insertion, the mesh
is sealed in the cavity. This permits new bone to grow into the mesh-
filled cavity. Over time, an osteointegrated matrix of bone reinforced
by the fibrillar wires of the mesh is formed.

Once adequate bone growth has occurred, the osteointegrated
structure may be cored or otherwise shaped to create an opening,
which accommodates the implant device. The prosthetic implant
device is then securely inserted into the opening. The resulting
implant structure is characterized by enhanced fixation/anchoring
strength of the implant due to the reinforced nature of the
surrounding bone, which has improved multidirectional stress
loading support capability.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will be understood more fully from the

detailed description which follows and from the accompanying drawings,
which, however, should not be taken to limit the invention to the
specific embodiments shown, but rather are for explanation and
understanding only.
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Figures 1A-1D illustrate various steps involved in the
preparation of a filamentous wire in accordance with one
embodiment of the present invention.

Figure 2 is a conceptual illustration of mesh utilized for in vivo
bone augmentation according to one aspect of the present invention.

Figures 3A-D illustrates various steps involved in a dental root
implant procedure providing enhanced fixation and support strength
according to the present invention.

Figures 4 shows alternative applications of the present
invention in long bone or exo-bone augmentation.

DETAILED DESCRIPTION

The present invention provides a technique for augmenting
bone growth that is particularly well suited for enhanced support of a
prosthetic implant device. In the following description, numerous

specific details are set forth, such as material types, dimensions,
specific tissues, etc., in order to provide a thorough understanding of
the present invention. Practitioners having ordinary skill in the
biomedical arts will understand that the invention may be practiced
without many of these details. In other instances, well-known
devices, methods, and biochemical processes have not been described
in detail to avoid obscuring the invention.

As explained previously, inert implanted materials formed into
various structures have been used to replace bone and bone functions
in mammalian subjects. The implanted structure, which usually
comprises material such a stainless steel, titanium alloys, or
chromium-cobalt alloys are typically cemented or screwed into place
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in the bone using a number of compounds that are well known in the
prior art. In addition, the surface of the prosthetic implant structure
may be roughened to improve bone attachment to the metal
prosthesis. Administrating diphosphonates subcutaneously to obtain
a cement-less prosthesis may further enhance bone growth onto the
implanted material.

One of the primary modes of failure of prosthetic implants is
the inability of the surrounding bone to support the load of the
implant. This is especially true in areas that are weaker due to the
softer, porous, less dense, or spongier nature of the bone. In particular,
dental implants are prone to fail due to movement of the prosthesis
together with lack of a rigid surrounding bone structure.

The present invention offers a solution to the foregoing
problems by providing a mesh that may be placed into a cavity of a
bone to enhance the structural integrity of the bone itself. According
to one embodiment, the mesh comprises one or more fibrillar wires
arranged in a random, woolly structure. After inserting the mesh into
a cavity of a bone, fibroblast/osteoblast infiltration occurs such that
new bone growth fills the internal cavity.

An important aspect of the present invention is that the new
bone growth is integrated with the woolly structure. The one or more
wires of the mesh function as reinforcing rods that provide
multidirectional strength to the newly formed bone. Structurally
reinforcing the bone in this manner means that the bone that
supports and stabilizes the implant device is capable of distributing
the physical forces of the implant over a large internal surface area.
The result is a more structurally secure prosthetic implant that can
withstand greater exerted stress forces. This highly beneficial feature
makes the present invention ideally suited for improving the
strength and fixation of dental implant devices, or any device
implanted into the center of bone.
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With reference now to Figures 1A-1D, various steps in the
preparation of the one or more filamentous wires utilized in
accordance with one embodiment in the present invention are
illustrated. Figure 1A shows a portion of a filamentous or fibrillar
wire 10 that comprises a metal such as titanium, tantalum, gold,
stainless steel, or other inert, implantable alloys that may be
manufactured in a thread-like form. In one embodiment, ordinary
titanium wire is utilized having a preferred thickness in the range of
approximately 100-300 microns. Of course, other thickness’ may also
be used.

Additionally, the shape of wire 10 may have a cross-section that
is elliptical, rectilinear, round, etc. In other words, the precise shape of
the wire is not considered essential to the present invention. The
purpose of the wire (or multiple wire strands) is to provide sufficient
surface area for the bone to attach to, and also strengthen, the
associated bone matrix. This is achieved by arranging or assembling
the wire or wires into a woolly structure. The arrangement of the
wire in the woolly structure may be entirely random or may consist of
a fabric having a more regular pattern. For example, conventional
manufacturing methods for commercial-grade steel wool are
considered acceptable for producing the mesh of the present
invention.

Figure 1B illustrates a cross-sectional portion of wire 10 having
an oxide coating 11 that covers the outer surface of the wire. In the
case where wire 10 comprises titanium, the oxide layer obviously
comprises a titanium oxide which may be formed according to
ordinary methods. The titanium oxide is grown to a thickness in the
range of 3-5 nm thick.

Following oxide layer formation, or simultaneous therewith,
the wire may be sterilized through plasma oxidation, plasma cleaning
and/or autoclaving. Once wire 10 has been oxidized and sterilized,
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the wire is then coated with a synthetic bone material, e.g., a hydroxy
appetite. Figure 1C shows a hydroxy appetite layer 12 coating the oxide
layer 11 which has been grown around wire 10. The application of the
hydroxy appetite coating may be performed according to conventional
methods. However, because wire 10 will be subjected to subsequent
bending and twisting forces, hydroxy appetite coating 12 should be
diffusely applied. In other words, if hydroxy appetite coating 12 is
applied to thickly, cracking and breakage may occur due to the
crystalline nature of the hydroxy appetite itself. Diffusely coating of
wire 10 with hydroxy appetite coating 12 therefore allows the wire to
be randomly bent and matted into a mesh 15.

Figure 1D illustrates a bone morphogenic protein (BMP) coating
14 that has been formed or cultured over hydroxy appetite coating 12.
In one embodiment, BMP coating 14 comprises a protein substance
that is applied to the one or more wires 10 prior to formation of mesh
15. For example, the protein known as BMP_5 or BMP_7 with
collagen, which Creative Biomedical, Inc. commercially produces,
may be utilized. A variety of different types of collagen may be used,
including type_4 collagen or type_2 collagen. Alternatively, heparin
may be employed as a carrier instead of collagen.

In another embodiment, the woolly mesh may be formed first
from a single length of wire (or multiple wire strands), with the BMP
then being infused into the porous mesh.

Figure 2 shows the wooly structure of mesh 15. In the
embodiment of Figure 2, mesh 15 comprises a fibrillar titanium wire
that has been infused with a collagen bone morphogenic protein base.
This base forms coating 14 over the wire. It is appreciated that BMP
coating 14 may comprise other matrix proteins. Fibrinogen, a-
thrombin, FGH, as well as other various antibiotics, growth
hormones, gene therapies, or combinations of these factors may also
be utilized to promote healthy bone growth. The BMP coating 14 may
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be applied as a liquid or viscous gel substance that coats or is cultured
onto wire 10. Incubating wire 10 with the BMP and collagen together
may alternatively form coating 14.

It should be understood that the density of mesh 15 should not
be so low (i.e., porous) so as to provide an inadequate support matrix
for enhancing the strength of the bone which is intended to
supporting the implant device. On the other hand, if mesh 15 were
formed to a very high density, fibroblast/osteoblast infiltration into
the mesh would be inhibited. Therefore, mesh 15 should be formed
of a woolly structure having sufficient porosity so as to allow infusion
of a collagen morphogenic protein base so as to facilitate dense,
fibrillar infiltrate of the augmented bone growth. At the same time,
the density of mesh 15 should not be so high as to inhibit
fibroblast/osteoblast infiltration into the mesh.

Figures 3A - 3D show various stages of one particular
application of mesh 15 according to the present invention. By way of
example, this sequence of drawings shows implantation of prosthesis
25 into bone 20. The implant device may comprise a dental implant
of a type that is commonly used today.

Beginning with Figure 3A there is shown a cross-section of
bone 20 having an opening or cavity 21 surrounded by an epithelial
tissue layer 22. In the case of a dental implant, cavity 21 may represent
the space created by avulsion of the natural tooth previously
occupying that space. In other applications, cavity 21 may be created by
the removal of either damaged or healthy bone in order to provide an
attachment site for the implant device.

Figure 3B shows the cross-section of Figure 3A following
insertion of mesh 15 into cavity 21. Prior to inserting mesh 15 into
cavity 21, the cavity is cleaned and may be shaped utilizing
conventional methods. Likewise, mesh 15 may be shaped to conform
to the size of bone cavity 21. As explained above, cavity 21 may be
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created by the removal of a natural tooth. In other instances, cavity 21
may result from the defect of a long bone created, for example, by
debritement of a dysplasila.

The next step in the process of bone augmentation is shown in
Figure 3C, where barrier membrane 17 is used to seal mesh 15 within
the bone cavity. Ideally, barrier membrane 17 seals mesh 15 within
the bone cavity to prevent epithelia attachment of outer tissue layer 22
to mesh 15. Without a suitable barrier membrane, mucosal
attachment will extend into mesh 15, thereby inhibiting bone growth.
By sealing off the mesh within the cavity, this type of mucosal
attachment or soft tissue growth is prevented; instead
osteointegration of new bone growth to the strands of mesh 15 is
permitted to occur. Membrane 17 may comprise a bio-absorbable
polymer the permits bone growth into mesh 15. Non-absorbable
material such GortexTM may also be used. In some cases it may be
desirable to reinforce the barrier membrane 17 with titanium, or other
medical grade materials. Ordinary thermoset resins or conventional
glues may also be utilized in the formation of barrier membrane 17.

To fixable secure mesh 15 within bone cavity 21, an adhesive
material may be applied to the inner wall of the cavity, and/or to the
outer surface of the mesh itself. Fibron glue is a suitable adhesive
material for this purpose.

Another option is to stimulate bone growth into mesh 15 by
energizing the one or more wires of the mesh. For example, applying
a relatively low-level electrical current such as 5-20 microamperes is
sufficient to stimulate bone growth into the mesh-filled cavity. Of
course, other forms of energy may also be used, such as radio wave
frequencies (RF), microwaves, infrared or ultraviolet radiation, etc.
By way of example, a RF probe may be utilized to energize the entire
wool structure of mesh 15, thereby promoting adhesion of the mesh
to the bone and stimulation of new bone growth.
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An important mechanism by which the present invention
promotes bone growth into mesh 15 is through the use of a BMP
coating. In this respect, it should be appreciated that culturing of the
BMPs onto the wire may be performed in vivo or in vitro. The BMPs
induce new bone growth resembling endochondral bone formation,
which is integrated with the woolly structure of the mesh. The BMPs
also facilitate endogenous bone formation around the coated wire.

Once bone growth into the cavity is complete, the region may
be cored or otherwise shaped to accept the prosthetic implant device
into the bone matrix. Figure 3D illustrates a bottom portion of an
implant device 25 fixably secured/ attached to bone matrix 27. Note
that in Figure 3D membrane 17 has been absorbed or dissolved,
leaving tissue 22 covering the region of newly grown bone matrix 27.
The osteointegrated matrix 27, consisting of new bone attached to and
reinforced by mesh 15, provides improved mechanical strength and
fixation for implant 25. Over time, it is expected that the bone will
further integrate onto the surface layer of implant 25.

Figure 4 illustrates additional applications of the present
invention for use in long bone or exo-augmentation. For example,
this may involve the augmentation of bone onto the surface of
existing skeletal bone. In this case, the wooly structure of mesh 15
may be encapsulated in a bio-absorbable polymer 19. The
encapsulating material can be made from a membrane such a collagen
felt, or a similarly semi-rigid material, such as polylatic acid,
polyether, etc. Moreover, mesh 15 may be woven into a more regular
cross-linked pattern to provide enhanced lateral strength to the bone.

It is appreciated that the present invention is also useful in the
treatment of a fractured or shattered bone. The, encapsulating
material allows for bone integration at the damaged site as well as
soft-tissue attachment to the surrounding soft tissue. It is appreciated
that the capsule may be shaped in a variety of sizes. That is, due to its
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semi-rigid nature, it may be molted or adapted to fit a particular
application or circumstance.
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CLAIMS
I claim:

1. A method of bone augmentation to support a prosthetic
implant device comprising the steps of:

(@) inserting a mesh into a cavity of a bone, the mesh
comprising one or more fibrillar wires having a hydroxy appetite
coating, the one or more fibrillar wires being arranged into a woolly
structure;

(b)  sealing the mesh in the cavity;

(c)  permitting the bone to grow into the cavity until an
osteointegrated matrix is formed;

(d)  coring the osteointegrated matrix to create an opening;
and

(e)  inserting the prosthetic implant device in the opening.

2. The method according to claim 1 further comprising the step,
after step (a), of:
adhering the woolly structure to the bone with an adhesive.

3. The method according to claim 2 wherein the adhesive comprises
a fibron glue.

4. The method according to claim 1 further comprising the step
of:
energizing the mesh so as to promote growth of the bone into the cavity.

5. The method according to claim 4 wherein the step of
energizing the mesh comprises the step of:
applying an electrical current in the range of 5-25 microamperes to
the mesh.
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6. The method according to claim 1 wherein the one or more wires
comprise a metal selected from the group consisting of titanium,
tungsten, gold, and stainless steel.

7. The method according to claim 6 wherein the wires include an
oxide layer.

8. The method according to claim 1 wherein the mesh is cultured
with a bone morphogenic protein prior to insertion into the cavity.

9. The method according to claim 1 wherein the wires have a
thickness in the range of 100 to 300 microns.

10. A method according to claim 1 wherein the hydroxy appetite
coating is diffuse.

11. A method according to claim 1 wherein step (b) comprises the
step of:
covering the cavity with a barrier membrane to prevent epithelial
tissue attachment to the mesh.

12. The method according to claim 11 wherein the barrier
membrane comprises a bio-absorbable polymer membrane.

13. A mesh for bone augmentation comprising:
one or more fibrillar wires arranged in a woolly structure, the
one or more wires having an oxide layer coated with a hydroxy
appetite, the woolly structure being cultured with a bone
morphogenic protein that promotes oseointegration into the woolly
structure when the mesh is placed in a mammalian bone.
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14. The mesh of claim 13 wherein the wires comprise a metal
selected from the group consisting of titanium, tungsten, gold, and
stainless steel.

15. The mesh of claim 13 wherein the one or more wires have a
thickness in the range of 100 to 300 microns.

16. The mesh of claim 13 wherein the hydroxy appetite is
diffusely coated over the oxide layer.

17. The mesh of claim 13 further comprising a semi-rigid
membrane that encapsulates the woolly structure.

18. The mesh of claim 17 wherein the membrane comprises a
material selected from the group consisting of collagen felt, polylatic acid,
and polyether.

19. The mesh of claim 13 wherein the woolly structure includes
a fibron glue coating for adhering the mesh to the mammalian bone.

20. The mesh of claim 13 wherein the oxide layer has a thickness
in the range of 300-500 nanometers.

21. A method for reinforcement of a dental implant device in a

maxillary/mandibular bone comprising the steps of:

(a)  coating one or more fibrillar wires with a hydroxy
appetite;

(b)  forming the one or more fibrillar wires into a mesh
having a woolly structure;

(c)  inserting the mesh into a cavity of the
maxillary/mandibular bone;
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(d) sealing the mesh in the cavity to permit a bone matrix to
form in the cavity, the bone matrix being integrated with the mesh;

(e)  coring the bone matrix to create an opening; and

(f)  fixably securing the dental implant device within the
opening.

22. The method according to claim 21 further comprising the
step, after step (c), of:
adhering the woolly structure to the maxillary /mandibular bone
with an adhesive.

23. The method according to claim 22 wherein the adhesive
comprises a fibron glue.

24. The method according to claim 21 further comprising the step
of:
energizing the mesh so as to promote bone growth into the cavity.

25. The method according to claim 24 wherein the step of
energizing the mesh comprises the step of:
applying an electrical current in the range of 5-25 microamperes to
the mesh.

26. The method according to claim 21 wherein the one or more
fibrillar wires comprise a metal selected from the group consisting of
titanium, tungsten, gold, and stainless steel.

27. The method according to claim 26 wherein the one or more
fibrillar wires include an oxide layer.
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28. The method according to claim 21 further comprising the

step, following step (a), of:
coating the one or more fibrillar wires with a bone morphogenic

protein.

29. The method according to claim 1 wherein the one or more
fibrillar wires have a thickness in the range of 100 to 300 microns.
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