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FACET FIXATION AND FUSION WEDGE AND METHOD OF USE

FIELD OF THE INVENTION
The present invention relates to methods and devices for spinal stabilization and

fusion, and particularly to stabilization and fusion of a facet joint.

BACKGROUND OF THE INVENTION

The vertebrae in a patient’s spinal column are linked to one another by the
intevertebral disc and the facet joints. This three joint complex controls the movement
of the vertebrae relative to one another. Each vertebra has a pair of articulating surfaces
located on the left side, and a pair of articulating surfaces located on the right side, and
each pair includes a superior articular surface and an inferior articular surface. Together
the superior and inferior articular surfaces of adjacent vertebra form a facet joint. Facet
joints are synovial joints, which means that each joint is surrounded by a capsule of
connective tissue and produces a fluid to nourish and lubricate the joint. The joint
surfaces are coated with cartilage allowing the joints to move or articulate relative to one
another.

Diseased, degenerated, impaired, or otherwise painful facet joints and/or discs
can require surgery to restore function to the three joint complex. In the lumbar spine,
for example, one form of treatment to stabilize the spine and to relieve pain involves the
fusion of the facet joint.

One known technique for stabilizing and treating the facet joint involves a trans-
facet fusion in which pins, screws or bolts penetrate the lamina to fuse the joint. Such a
technique has associated with it the risk of further injury to the patient as such
translamina facet instrumentation can be difficult to place in such a way that it does not
violate the spinal canal and/or contact the dura of the spinal cord or the nerve root
ganglia. Further, trans-facet instrumentation has been known to create a rotational
distortion, lateral offset, hyper-lordosis, and/or intervertebral foraminal stenosis at the
level of instrumentation.

Examples of facet instrumentation currently used to stabilize the lumbar spine
include trans-lamina facet screws (“TLFS”) and trans-facet pedicle screws (“TFPS”).

TLFS and TFPS implants provide reasonable mechanical stability, but, as noted above,
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they can be difficult to place, have long trajectories, and surgical access can be
confounded by local anatomy. In some instances these implants can result in some
degree of foraminal stenosis.

Accordingly, there is a need for instrumentation and techniques that facilitate the

safe and effective stabilization of facet joints.

SUMMARY OF THE INVENTION

Spinal implants and methods relating to stabilization and/or fusion of a facet
joint via intra-facet delivery of the implants are provided. In general, the implant
functions as a sort of mechanical key that prevents sliding motion between the
diarthroidal surfaces of the facet joint. Further, the spinal implant can include a fusion-
promoting bioactive material thereby allowing for a single spinal implant capable of
providing both fixation and fusion of a desired facet joint. Various aspects of the
implants and method are summarized immediately below.

In one aspect, a method is provided for facet joint stabilization which includes
surgically delivering a spinal implant to a facet joint in an intra-facet configuration. The
spinal implant includes a wedge body having a distal, leading end, a proximal, trailing
end, and opposed bone-facing surfaces running there between. The height of the wedge
body can remain substantially constant from the distal to proximal end, can increase
(continuously or variably) from the distal to proximal end, or the wedge body can
include a tapered leading edge of any desired length. The wedge body further includes
an opening formed in each of the bone contacting surfaces such that each opening
communicates with a cavity formed in at least a portion of an interior of the wedge body.

Next, at least one drive screw can be disposed within the cavity of the wedge
body such that a threaded portion of the screw(s) protrudes from each opening of the
opposed bone-contacting surfaces. The screw can be positioned such that a longitudinal
axis of the screw is substantially collinear with a longitudinal axis of the wedge body.
Furthermore, two screws can be disposed within the wedge body such that each screw is
mounted on opposite sides of a longitudinal axis of the wedge body. Next, a screw head
can extend from a proximal end of the screw such that the screw head is positioned
adjacent the trailing edge of the wedge body so as to be surgically accessible. The screw

head can allow for a user to exert a rotational force on the screw.
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The screw can be configured relative to the wedge body in various manners. For
example, the screw can have a major diameter and a minor diameter such that the major
diameter is greater than a maximum height of the wedge body thereby allowing the
threads to protrude from the openings of the opposed bone-contacting surfaces, while the
minor diameter of the screw can be less than or equal to the minimum height of the
wedge body. In alternative embodiments, the minor diameter can be greater than the
height of the wedge body.

The threads extending from each opening can be configured to serve various
purposes. For example, the threads can be configured to engage opposite inferior and
superior surfaces of a facet joint, and subsequently advance the wedge body between
such faces of the facet joint in an intra-facet orientation. Further, the threads can also be
configured to allow for a desired distraction of the facet joint as the implant resides
within the facet joint.

The wedge body can be formed of or include (e.g., a coating) various materials.
For example, the wedge body can include a fusion-promoting bioactive material. The
bioactive material can be any material capable of actively participating in spinal fusion.
For example, the bioactive fusion-promoting material can include allograft bone,
tricalcium phosphate (TCP), hydroxyapatite, biocoral hydroxyapatite, bioglass, and
polymer composites. Additionally, the wedge body can include a wide range of non-
bioactive materials (e.g., titanium, titanium alloys, ceramics, polymers).

The opposed bone contacting surfaces of the wedge body can include various
features which facilitate and/or enhance spinal stabilization and/or fusion. For example,
at least one of the opposed bone-facing surfaces can be textured to help prevent sliding
of the wedge relative to the opposed faces of the facet joint. Next, at least one of the
bone-contacting surfaces can include protrusions (e.g., barbs) capable of enhancing
placement of the implant within the facet joint by increasing a friction between the bone-
facing surface and the corresponding facet face. Additionally, the bone-contacting
surface can be porous thereby allowing for bone in-growth into and/or through the
wedge body thereby allowing the wedge body to be further solidified within the facet

joint.
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The method can further include engaging the thread to opposing faces of the
facet joint, and rotating the thread to advance the wedge body into the facet joint.

In another aspect, the method can include surgically delivering at least one intra-
facet wedge to a facet joint in an intra-facet configuration. Similar to above, a screw can
be disposed within the wedge body such that a threaded portion of the screw protrudes
from the opposed bone-contacting surfaces of the wedge body. Next, the method can
include engaging the threads to opposing faces of the facet joint, and rotating the thread
to advance the wedge body into the facet joint. The method can further include adding a
fusion-promoting bioactive material to the wedge body thereby allowing for a single
spinal implant capable of spinal fixation and fusion. As an added advantage, the method
can allow for the spinal implant to be delivered in a minimally invasive procedure.

In another aspect, a spinal implant is provided which includes a wedge body
formed around at least one drive screw such that a threaded portion of the drive screw
protrudes from opposed bone contacting surfaces of the wedge body. The wedge body
can be configured for placement within the facet joint in an intrafacet configuration. In
this aspect, a portion of the screw can be configured to protrude from the trailing end of
the wedge body.

These and other aspects of the presently disclosed devices and methods are

discussed in detail below.
BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be more fully understood from the following detailed

description taken in conjunction with the accompanying drawings, in which:

FIG. 1A is a top view of an exemplary embodiment of a spinal implant according

to one aspect of the invention;

FIG. 1B is a top view of an alternative embodiment of a spinal implant;

FIG. 2 is a perspective view of the spinal implant of FIG. 1A;

FIG. 3A is a side-view of the spinal implant of FIG. 1A;
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FIG. 3B is a side-view of an alternative embodiment of a spinal implant;

FIG. 4 is a top view of a further embodiment of a spinal implant according to the

present invention;

FIG. 5 is a top view of another embodiment of a spinal implant;

FIG. 6 is a top view of yet another alternative embodiment of a spinal implant;

FIG. 7 is a representation of a human spinal column;

FIG. 8 is a representation of a lumbar vertebrae;

FIG. 9 is a representation of a first facet joint and a corresponding second facet

joint formed as a result of a first vertebrae stacked on a second vertebrae;

FIG. 10A is a representation of prior art trans-facet delivery of fixation screws;

FIG. 10B is a representation of prior art trans-facet delivery of fixation screws

wherein one of the trans-facet screws has impinged the spinal column;

FIG. 10C is a representation of prior art trans-facet delivery of fixation screw
wherein incorrect placement of the trans-lamina screws results in rotational distortion of

the joint;

FIG. 11 schematically represents a first spinal implant being delivered to a first

facet joint, and a second spinal implant being delivered to a second facet joint; and

FIG. 12 is a schematic view representing the first spinal implant placed with the

first facet joint, and the second spinal placed within the second facet joint.
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DETAILED DESCRIPTION OF THE INVENTION

Certain exemplary embodiments will now be described to provide an overall
understanding of the principles of the structure, function, manufacture, and use of the
devices and methods disclosed herein. One or more examples of these embodiments are
illustrated in the accompanying drawings. Those skilled in the art will understand that
the devices and methods specifically described herein and illustrated in the
accompanying drawings are non-limiting exemplary embodiments and that the scope of
the present invention is defined solely by the claims. The features illustrated or
described in connection with one exemplary embodiment may be combined with the
features of other embodiments. Such modifications and variations are intended to be
included within the scope of the present invention.

In general, the spinal implants disclosed herein are configured for intra-facet
placement within a facet joint. That is, the implants are configured to be placed in the
plane of the facet joint, between the diarthroidal surfaces of the facet joint and as a
mechanical spacer to distract the facet faces and relieve forminal stenosis. As such, the
implants function in the manner of a mechanical key that prevents sliding motion
between the diarthroidal joint surfaces. The implants disclosed herein also stabilize the
joint by distracting the facet faces and placing the joint capsule in tension. Such
distraction of the facet face is believed to contribute to alleviating intervertebral
foraminal stenosis. Components of the implant can be adapted in various manners (e.g.,
selection of material, dimensions, surface features, etc.) so as to provide an implant
capable of adapting to various facet joint configurations. Additionally, various
components of the implant can include a fusion-promoting bioactive material capable of
actively participating in joint fusion. As such, the presently disclosed embodiments
provide a versatile, single spinal implant capable of providing both spinal fixation and
fusion of a facet joint via intra-facet placement of the implant within a facet joint.

FIGS. 1A illustrates an exemplary embodiment of a spinal implant 10 that
includes a wedge body 12 having a distal, leading end 16, opposed bone contacting
surfaces 18, 20 (bottom facing surface 20 shown in FIGS. 2, 3A, 3B), and a proximal,
trailing end 14. The wedge body 12 further includes an opening 22 formed in the top
bone contacting surface 18, and a corresponding opening 22’ in the bottom bone facing

surface 20. As will be shown, each opening 22, 22° communicates with a cavity formed
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in at least a portion of an interior of the wedge body 12. At least one screw 24 can be
disposed within the cavity of the wedge body 12 such that threads 34 formed on at least
a portion of the screw 24 protrude from each of the openings 22, 22’ beyond the bone
contacting surfaces 18, 20. The threads 34 can be configured to advance the wedge
body between opposed inferior and superior surfaces of a facet joint when implanted in
an intra-facet configuration. Additionally, the threads can be configured to distract
opposing faces of the facet joint in order to provide additional joint stabilization.

FIG. 1B provides an alternative embodiment wherein each bone-contacting
surface 18, 20 includes a second opening 23, 23’ thereby allowing the screw 24 to
extend beyond the distal end 16° of the wedge body 12. In such an embodiment, a
second thread 34’ can be configured on the distal section of the screw 24. As will be
discussed in detail below, either or both of the threads 34, 34’ can be configured to
facilitate placement within the facet joint and/or configured to participate in distraction
of the facet joint. These and other features are discussed in detail below.

In general, the wedge body 12 can take any shape that allows for intra-facet
placement of the implant 10 within a facet joint. For example, the wedge body 12 can
be substantially oval shaped, rectangular, square, circular, etc. In the exemplary
embodiment, shown in FIGS. 1A and 2, the wedge body 12 includes a distal, leading end
16, and a trailing, proximal end 14. Further, the wedge body 12 includes opposed bone-
contacting surfaces 18, 20 extending between the distal 16 and proximal 14 ends. More
specifically, the wedge body 12 includes a top bone-contacting surface 18, and a bottom
bone-contacting surface 20. As will be discussed below, the opposed surfaces 18, 20
can include various features and/or materials that facilitate fixation of the implant with
the joint and/or fusion of the desired facet joint.

The wedge body 12 can include a height defined by the vertical distance between
the opposed surfaces 18, 20. In general, the height of the wedge body can be any height
capable of allowing for the desired intra-facet placement of the implant 10 with the facet
joint. For example, the height of the wedge body 12 can be substantially constant from
the distal 16 to proximal 14 end of the wedge body 12. Alternatively, the height of the
wedge body 12 can vary from the distal 16 to proximal 14 ends of the wedge body 10.
Furthermore, the wedge body 10 can include a tapered leading edge 15 that extends over

any desired distance from the distal end 16. FIG. 3A is a side view of an example of the
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implant 10 of FIGS. 1A and 2 wherein the distal end 16 of the wedge body 12 includes
such a tapered leading edge. As shown, the tapered leading edge 15 includes a length (1)
representing the distance of increasing height (for example, H,) over which the tapered
leading edge extends until it reaches a desired, maximum height (H;). One skilled in the
art will appreciate that a variety of other tapered designs are possible as well. For
example, FIG. 3B is an alternative embodiment of the implant 10’ in which the height of
the wedge body 12 continuously or variably increase from the distal 16 to the proximal
end 14. As will appreciated by those of skill in the art, any such height or height profile
from the distal 16 to proximal end 14 of the wedge body 12 is within the spirit and scope
of the present invention.

As stated above, the width, length, and height of the wedge body can be adapted
for intra-facet placement within the facet joint. In an exemplary embodiment, the width
of the wedge body 12 can range from about 5 mm to about 30 mm, while the height of
the wedge body 12 can range from about 1 mm to about 20 mm. Also, the length of the
wedge body 12 can range from about 3 mm to about 30 mm. As stated above, the height
and/or width of the wedge body 12 can vary along the length of the wedge body.

Referring back to FIGS. 1A, 1B, and 2, the opposed bone-contacting faces 18, 20
can each include an opening 22, 22’ in communication with a central cavity. Generally,
the shape and size of the top opening 22 and the bottom opening 22’ correspond to one
another so as to provide a passageway through the wedge body 12 via the inner cavity.
Further, the shape and size of each opening 22, 22’ can include any desired shape such
as substantially oval, rectangular, square, circular, etc. As will be discussed in detail
below, in an exemplary embodiment, the openings 22, 22’ and cavity are configured to
receive a drive screw 24 such that threads 34 of the screw 24 protrude from each
opening 22, 22’ beyond the bone-contacting faces 18, 20. The various features of the
screw 24 and engagement of the screw 24 to the wedge body 12 will be discussed in
detail below.

Looking at the embodiment of FIG. 1B, the opposed bone-contacting faces 18,
20 can each also include a second opening 23, 23’ wherein the second openings 23, 23’
allow for a distal portion of the screw having a second thread 34’ to extend beyond the
distal edge 16 of the wedge body 12. Generally, the shape and size of the top opening

23 and the bottom opening 23’ correspond to one another. Further, the shape and size of
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each opening 23, 23’ can include any desired shape such as substantially semi-circular,
U-shaped, etc. As will be discussed in detail below, in an exemplary embodiment, the
openings 23, 23’ are configured such that thread 34’ can protrude from each opening 23,
23’ beyond the bone-contacting faces 18, 20. The various features of the screw 24 and
engagement of the screw 24 to the wedge body 12 will be discussed in detail below.

In one embodiment, the opposed bone facing surfaces 18, 20 can be substantially
smooth and linear. However, in other embodiments, surfaces 18, 20 can be adapted to
enhance spinal stabilization and/or fusion. For example, FIG. 4 shows an embodiment
of the implant 100 wherein at least a portion of the top bone-contacting surface 18
includes a surface texture 40 that allows for increased friction between the bone-
contacting surface 18 and the corresponding face of the facet joint. As will appreciated
by those skilled in the art, any portion of either (or both) opposed surfaces 18, 20 can
include any amount of textured area 40 and remain within the spirit and scope of the
present invention. Further, as will also be appreciated, any type of texturing capable of
increasing friction between the bone-contacting surface 18 of the wedge body 12 and the
corresponding face of the facet joint is within the spirit and scope of the present
invention. Additionally, as will also be appreciated, a surface coating can be applied to
temporarily decrease or eliminate the friction caused by the textured area 40 during
insertion.

By way of example, any number or type of protrusions can be included on either
bone-contacting surface 18, 20 such that the protrusions protrude from the surface 18, 20
to secure the implant to the facet joint and/or to increase the friction between the surface
18, 20 and corresponding face of the facet joint. FIG. 5 thus illustrates an embodiment
of the implant 200 that includes a plurality of protrusions 42 (e.g., barbs) disposed on the
top bone-facing surface 18 of the wedge body 12. FIG. 3B shows a side view of the
protrusions 42 disposed on the top bone-contacting surface 18. As shown, the barbs 42
are configured and disposed on the surface 18 so as to enhance the stability of the
implant by increasing the friction between at least the top surface 18 of the wedge body
12 and the corresponding face of the facet joint. Likewise, any other type (or
combination) of elements (e.g., spikes, keels, blades, barbs, etc.) protruding out from at
least one of the bone-contacting surfaces 18, 20 in order to enhance friction and/or

surface area contact with a corresponding face of the facet joint is within the spirit and
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scope of the present invention. One skilled in the art will appreciate that such
protrusions can optionally be bone penetrating.

Another example of a surface texture is shown in FIG. 6 in which at least one of
the opposed bone-contacting surfaces 18, 20 of the wedge body 12 includes a plurality
of pores 44, 44°. More specifically, the surfaces 18, 20 can include at least one pore 44
extending partially into the wedge body 12. Also, the wedge body 12 can include at
least one pore 44’ extending from the top bone-contacting surface 18 to the bottom
bone-contacting surface 20. Pores 44, 44’ can allow bone in-growth into and/or through
the wedge body 12 thereby allowing the wedge body to be further solidified within the
facet joint. As will be appreciated by those skilled in the art, any number, size, and/or
orientation of these pores 44, 44’ are within the spirit and scope of the present invention.

The wedge body 12 can be formed of various types of biocompatible and
bioimplantable materials. For example, the wedge body 12 can include any type of
biocompatible polymer, resorbable polymer, osseointegrating polymer, bioceramic,
metal, metal alloy, or any such combination. Further, the wedge body 12 can include
any type of material capable of taking the shape of the implant seating area within the
facet joint (e.g., a flexible material) thereby allowing for a better fit of the implant 10
within a wide range of facet joints. In another embodiment, the wedge body 12 can
include a material capable of substantially solidifying once placed within the facet joint.
These formable materials, such as a curable resin or calcium phosphate cement in a
flexible envelope, allow for the implant to adapt to the configuration of the facet joint
prior to taking a final form. Once again, use of such a formable material allows for the
implant 10 to be utilized with a wide range of facet joints of various configurations,
while also enhancing contact between the implant 10 and the opposing faces of the facet
joint.

Looking in more detail at the flexible envelope embodiment, the envelope can be
formed of a wide range of materials. Additionally, the envelope can be porous or non-
porous. For example, the envelope can include a biodegradable textile, a polylactic acid
(“PLA”) polyglycolic acid (“PGA”) blend, polyethylene terephthalate (“PET”), porous
polytetrafluoroethylene (“PTFE”), bio-engineered silk, etc. Likewise, various filler
materials can be disposed within the envelope. For example, these materials can include

minced biological tissue (e.g., bone graft), demineralized bone matrix, collagen,
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tricalcium phosphate particles, bioglass particles, calcium phosphate cements, dental
resins, polymethyl methacrylate (“PMMA?”), silicone rubber, radio-opaque particles
(e.g., barium sulfate), etc. Those skilled in the art will appreciate that various other
materials capable of forming or being disposed within the flexible envelope are within
the spirit and scope of the present invention.

Embodiments of the wedge body 12 can also include various fusion-promoting
bioactive materials. For example, the entire wedge body 12 or a portion of the wedge
body 12 can include such a fusion-promoting material. Additionally, the wedge body 12
can include a coating of the fusion-promoting material. Also, a core of the wedge body
12 can include the fusion-promoting material such that the fusion-promoting material
can escape from the wedge body 12 once the wedge body 12 is properly placed within a
desired facet joint. As will be appreciated by those skilled in the art, any such fusion-
promoting bioactive material is within the spirit and scope of the present invention.
However, examples of such fusion-promoting bioactive materials can include allograft
bone, xenograft bone, bone morphogenic protein (BMP), tricalcium phosphate (TCP),
hydroxyapatite (HA), biocoral, bioglass, bioceramic, and polymer composites.

As mentioned above, the various embodiments of the implant 10 include at least
one drive screw 24 disposed within the wedge body. As shown in FIGS. 1A-3B, the
drive screw 24 includes a shaft 26 having a proximal 28 and distal end 30. Further, the
screw 24 includes at least one thread 34 running along a portion of the shaft 26.
Additionally, a screw head 32 can extend from the proximal end 28 of the screw 24 such
that the screw head 32 is surgically accessible to the trailing end 14 of the wedge body
12 (for example, recessed within an internal drive feature, or prominent from the trailing
end 14 of the wedge body 12 with internal and/or external drive features). The screw
head 32 can be capable of receiving a driver instrument (such as a screw driver, not
shown) and thereby turning the drive screw 24 and advancing the implant 10.

As illustrated in FIGS. 1A- 3A, the screw 24 can be disposed within the wedge
body 12 such that a longitudinal axis of the screw 24 is substantially co-linear with a
longitudinal axis of the wedge body 12. Such a configuration can allow the threads 34
of the threaded portion of the screw 24 to protrude from the top and bottom openings 22,
22’ and beyond the opposed bone-contacting surfaces 18, 20 of the wedge body 12. As
indicated by dashed lines in FIG. 1A, the distal end 30 of the screw 24 can extend from
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the inner cavity of the wedge body 12 into a corresponding channel (not shown) of the
wedge body 12 so as to secure the distal end of the screw 24 within the wedge body 12.
Likewise, a length 28a of the proximal end 28 can extend through a similar,
corresponding channel (not shown) of the wedge body 12 which allows the screw 24 to
extend from the inner cavity of the wedge body 12, through the cut-out, and terminate in
a screw head 32 positioned, adjacent to the trailing, proximal end 14 of the wedge body
12. The screw 24 can be secured within or the screw 24 can key into the wedge body 12
by a variety of techniques. For example, the wedge body can be treated with heat or
chemically treated to adhere the screw 24 to the wedge body 12. Furthermore, as will be
appreciated by those skilled in the art, various surface treatments and/or adhesives (e.g.,
epoxy) can be applied to the screw 24 to further secure the screw to the wedge body.
Those skilled in the art will appreciate will further appreciate that various other methods
and materials can be employed to engage the screw to the wedge body; all such
alternatives are within the spirit and scope of the present invention.

The screw 24 can likewise be formed from a wide range of materials. For
example, the screw can include any biocompatible metal, metal alloy, polymer, or
combination of such materials. In an exemplary embodiment, the screw is formed from
titanium or a titanium alloy. Furthermore, like the wedge body 12, the screw 24 can
include a fusion-promoting bioactive material.

Although the implant is described and illustrated to have a single screw, one
skilled in the art will appreciate that the implant can include two or more screws. In one
example, the implant can include two screws disposed adjacent to each other such that
each screw 24 is positioned on either side of the longitudinal axis of the wedge body 12.
As will be appreciated by those skilled in the art, any number of similarly positioned
screws 24 are within the spirit and scope of the present invention.

The threaded portion(s) of the screw 24 can include threads of various sizes and
dimensions. In general, the threaded portion(s) 34, 34’ can be configured to facilitate
delivery to the facet joint as well as participate in distraction of the opposing faces. FIG.
3A illustrates an exemplary embodiment of a major (Dyx) and minor (Dyyn) diameter of
the thread 34 relative to the height of the wedge body 12. As shown, the major diameter
(Dmax) of the thread 34 can be configured to be greater than the maximum height (H;) of
the wedge body 12 thereby allowing the thread 34 to protrude from the openings 22, 22°
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of the top 18 and bottom bone-contacting surfaces 20. Further, the minor diameter
(Dwmin) of the thread 34 can be adapted to be equal to or less than (as shown) the
minimum height of the wedge body 12. In an alternative embodiment, the minor
diameter can be greater than the minimum height of the wedge body. In an exemplary
embodiment, the screw thread 34 major diameters (Dypax) can vary from about 4 mm to
about 12 mm, and screw minor diameters (Dyin) can vary from about 1 mm to about 8
mm. Those skilled in the art will appreciate that various other dimensions are within the
spirit and scope of the present invention.

As shown in FIG. 3A, the thread 34 can include a substantially constant major
diameter (Dyax) as well as a substantially constant distance between adjacent thread
peaks. In an alternative embodiment, as shown in FIG. 3B, the major diameter of the
thread 35 can continuously increase along the length of the screw 24 as the height of the
wedge body increases. In other embodiments, the height of the thread can increase
variably. As will be appreciated by those skilled in the art, any such profile of the major
and/or minor diameter of the thread is within the spirit and scope of the present
invention.

The size and positioning of the treads 34 can vary and these properties can be
configured to provide various functions. For example, the thread 34 can be configured
to engage opposing faces of a facet joint, and advance the implant 10 into facet joint by
as a rotational force is delivered to the screw 24 via the screw head 32 (or similar
mechanism). Furthermore, the threads 34 can be configured to engage opposing faces of
the facet joint so as to stabilize the joint by providing a desired degree of distraction to
the joint. In such an embodiment, the screw can be adapted to distract the opposing
faces to relieve stenosis. Additionally, the threads 34 can be configured to engage
opposing facets of the facet joint and act as stand-offs thereby preventing the facet faces
from contacting the wedge surface 18, 20 directly. In such an embodiment, the wedge
body can act as a final stop between facet faces. The above-discussion identifies various
aspects of the spinal implant disclosed herein. Those skilled in the art will appreciate
that various modifications can be made to any of these embodiments and the modified
implant will remain within the spirit and scope of the present invention. Additionally,
those skilled in the art will appreciate that aspects from each of the various embodiments

can be combined in a single implant and remain within the spirit and scope of the
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present invention.

In another aspect, a method is provided for placing a spinal implant within a
facet joint in an intra-facet orientation to provide fixation and/or stabilization of the facet
joint. As will be described, the various embodiments of the method provide enhanced
safety, efficiency, and versatility relative to prior art methods.

Before describing such intra-facet methods for stabilizing the facet joint, an
overview of facet joint anatomy and prior art stabilization methods is provided. As FIG.
7 shows, the human spinal column 50 is comprised of a series of thirty-three stacked
vertebrae 52 divided into five regions. The cervical region includes seven vertebrae 52,
known as C1-C7. The thoracic region includes twelve vertebrae 52, known as T1-T12.
The lumbar region contains five vertebrae 52, known as L1-L5. The sacral region is
comprised of five vertebrae 52, known as S1-S5. The coccygeal region contains four
vertebrae 52, known as Col1-Co4.

FIG. 8 shows a normal human lumbar vertebra 52. Although the lumbar
vertebrae 52 vary somewhat according to location, they share many features common to
most vertebrae 52. Each vertebra 52 includes a vertebral body 54. Two short bones, the
pedicles 56, extend posteriorly from each side of the vertebral body 54 to form a
vertebral arch 58. At the posterior end of each pedicle 56 the vertebral arch 58 flares out
into broad plates of bone known as the laminae 60. The laminae 60 fuse with each other
to form a spinous process 62, to which muscle and ligaments attach. A smooth
transition from the pedicles 56 into the laminae 60 is interrupted by the formation of a
series of processes.

Two transverse processes 64 thrust out laterally on each side from the junction of
the pedicle 56 with the lamina 60. The transverse processes 64 serve as levers for the
attachment of muscles to the vertebrae 52. Four articular processes, two superior 66 and
two inferior 68, also rise from the junctions of the pedicles 56 and the laminae 60. The
superior articular processes 66 are sharp oval plates of bone rising upward on each side
from the union of the pedicle 56 with the lamina 60. The inferior processes 68 are oval
plates of bone that jut downward on each side. The superior and inferior articular
processes 66 and 68 each have a natural bony structure known as a facet. The superior
articular facet 70 faces upward, while the inferior articular facet 72 faces downward. As

shown in FIG. 9, when adjacent vertebrae 52, 52’ are aligned (i.e., stacked), the facets
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interlock to form corresponding facet joints 80, 80’ positioned at the same level of the
spine.

Looking in more detail at FIG. 9, the spinous process 62 and inferior articular
processes 68 of the top vertebrae 52 are positioned adjacent to the superior articular
processes 66 of the bottom vertebrae 52° and form facet joints 80, 80°. As shown in
FIG. 10A, prior art trans-facet fixation procedure involves the insertion of trans-facet
screws 82, 84 through bone and across the facet joints 80, 80°. However, such a
procedure has been known to result in various problems. For example, FIG. 10B shows
that a minor miscalculation in screw placement can result in a trans-facet screw 82
impinging upon the central spinal canal (as indicated by (1)) and/or impinging upon
surrounding nerves (as indicated by (2)), thereby resulting in patient discomfort or
injury. Additionally, trans-facet screw placement procedures can result in unwanted
and/or unpredictable rotational distortion (or lateral offset) of the facet joint because of
the difficulty of approximating the final position of the trans-facet screws 82, 84 in these
procedures. As shown in FIG. 10C, trans-facet placement of the screws 82, 84 can result
in significantly different gap sizes in corresponding facet joints 80, 80°, thereby resulting
in unwanted tension on the spine and ultimately injury to the patient.

As shown in FIG. 11, an exemplary embodiment of the method can include
delivering a first spinal implant 10 to a first facet joint 80 in an intra-facet orientation.
Additionally, the method can include similarly delivering a second spinal implant 10 in a
intra-facet configuration to a corresponding, second facet joint 80’ positioned at the
same height of the spinal column. The first and second implants can be substantially
identical in size, or the implants can sized differently so as to allow proper positioning
within facet joints of different sizes (or joints in need of different amounts of
distraction.) As discussed above, the spinal implants 10 can be configured to engage a
distal portion of the thread 34 of the implant 10 to opposing faces of the facet joint 80,
and utilizing a rotational force applied to the threads 34 via the screw head 32 in order to
advance the implant into the facet joint 80.

FIG. 12 shows the first implant 10 placed within the first facet joint 80, and the
second implant placed within the second facet joint 80°. In such a position, the threads
34 of the implant 10, as well as the wedge body 12, can secure the implant and provide

stabilization of the facet joint 80, 80’. Further, as indicated by arrows in FIG. 12, the
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implant can provide a desired amount o distraction to the facet joint. In addition, as
discussed above, a fusion-promoting bio-active material of the implant 10 (or screw 24)
can be applied to the implant before or after installation to actively participate in
promoting spinal fusion.

As an added benefit, the intra-facet spinal implant 10 and procedures disclosed
herein are particularly well suited for minimally invasive surgery. That is, screws or
similar devices can be placed in an intra-facet orientation using one or more small,
percutaneous incisions, with or without the need for an access port. Such procedures,
which are generally well known to those skilled in the art, tend to result in less operative
trauma for the patient than a more invasive procedures. Minimally invasive procedures
also tend to be less expensive, reduce hospitalization time, causes less pain and scarring,
speed recovery, and reduce the incidence of post-surgical complications, such as
adhesions.

One skilled in the art will appreciate further features and advantages of the
invention based on the above-described embodiments. Accordingly, the invention is not
to be limited by what has been particularly shown and described, except as indicated by
the appended claims. All publications and references cited herein are expressly
incorporated herein by reference in their entirety.

What is claimed is:
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CLAIMS:

1. A method for facet joint stabilization, comprising:

providing a spinal implant having a wedge body with opposed bone-contacting
surfaces, a distal, leading end and a proximal, trailing end, an opening formed in each of
the bone contacting surfaces, such that each opening communicates with a cavity formed
in at least a portion of an interior of the wedge body, and at least one screw disposed
within the cavity of the wedge body such that threads formed on at least a portion
of the screw protrude from the openings formed in the bone contacting surfaces;

surgically delivering the spinal implant to a facet joint in an intra-facet
configuration;

engaging the thread to opposing faces of the facet joint; and

rotating the thread to advance the wedge body into the facet joint.

2. The method of claim 1, wherein the screw has a major diameter greater than a
maximum height of the wedge body from the distal, leading end to the proximal, trailing

end.
3. The method of claim 2, wherein the screw has a minor diameter less than or
substantially equal to a maximum height of the wedge body from the distal, leading end

to the proximal, trailing end.

4. The method of claim 1, wherein the screw includes a head at a proximal end of

the screw, the head being positioned adjacent to the trailing end of the wedge body.

5. The method of claim 1, wherein a height of the wedge body increases from the

leading end to the proximal end.

6. The method of claim 1, wherein at least a portion of at least one of the bone-

contacting surfaces is textured.

7. The method of claim 6, wherein the bone-contacting surface is a porous surface.
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8. The method of claim 1, wherein two screws are disposed within the wedge body,

the screws mounted on opposite sides of a longitudinal axis of the wedge body.

9. The method of claim 1, wherein the wedge body comprises a fusion-promoting

bioactive material.

10.  The spinal implant of claim 9, wherein the fusion-promoting bioactive material is
selected from the group consisting of allograft, tricalcium phosphate, hydroxyl apatite,

biocoral, bioglass, and polymer composites.

11.  The method of claim 1, wherein the surgically delivering step is conducted in a

minimally invasive surgical procedure.

12. A method for facet joint stabilization, comprising:
surgically delivering a wedge body to a facet joint in an intra-facet configuration,
the wedge body having a screw being disposed therein such that a threaded portion of
the screw protrudes from each of opposed bone-contacting surfaces of the wedge body;
engaging the thread to opposing faces of the facet joint; and

rotating the thread to advance the wedge body into the facet joint.

13. The method of claim 12, further comprising adding a fusion-promoting bioactive

material to the wedge body.

14.  The method of claim 13, wherein the fusion-promoting bioactive material is
selected from the group consisting of allograft, tricalcium phosphate, hydroxyl apatite,

biocoral, bioglass, and polymer composites.

15.  The method of claim 13, wherein the fusion-promoting bioactive material is

allograft.

16.  The method of claim 12, wherein the surgically delivering step is conducted in a

minimally invasive surgical procedure.
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17. A spinal implant, comprising:

a wedge body formed around at least one drive screw such that a threaded
portion of the drive screw protrudes from opposed bone-contacting surfaces of the
wedge body, wherein the wedge body is configured for placement within a facet joint in

an intrafacet configuration.

18.  The spinal implant of claim 17, wherein the wedge body has a height that

increases from a leading end to a trailing end.

19.  The spinal implant of claim 18, wherein a portion of the screw protrudes from

the trailing end.

20.  The spinal implant of claim 17, wherein the wedge body includes two drive

screws, each disposed on opposite sides of a longitudinal axis of the wedge body.



WO 2008/127976 PCT/US2008/059886

1/13

FIG. 1A

32

10\

[ 1 { - ) 12
Zaa{: 28 T
| :
24— =34
22— | 2
26
P
22 —
ST
30-7 7T 18
12—

SUBSTITUTE SHEET (RULE 26)



WO 2008/127976 PCT/US2008/059886

2/13

FIG. 1B

10\ 32\ /_1 4

]
28a{i i«\~28 12
24——T> Y
22— |2
P 126
22— —
23 A
~N N ,
23| 16
12/ el =

SUBSTITUTE SHEET (RULE 26)



WO 2008/127976 PCT/US2008/059886

3/13

FIG. 2

SUBSTITUTE SHEET (RULE 26)



WO 2008/127976 PCT/US2008/059886

4/13
FIG. 3A
34 .
MAX
10\ 18
30 14
15\ \ \\ i ’ /
/] Vb P
Ho H1 :—¢ ________________________ =
_/ l"—__-"‘T_"_T___r__-l"_"_l_" _A‘\
"’ '12 l R ?f \\\32
~28
Rl \20 N\ (] | }
—
34
FIG. 3B
10'\ 35
42 18
14
16— %
. 32
20
35

SUBSTITUTE SHEET (RULE 26)



WO 2008/127976 PCT/US2008/059886

5/13

FIG. 4

100\ 32\

34

22—

/J//;f//_;—/-‘“)

SUBSTITUTE SHEET (RULE 26)



WO 2008/127976

200
\

PCT/US2008/059886

6/13

FIG. 5

32\

22—

42

SUBSTITUTE SHEET (RULE 26)



WO 2008/127976 PCT/US2008/059886

713
FIG. 6
300\ 32\
( & o—* 44
/‘.
44— /12
RN
>34
L
22— | 26
_0 ®
44— ® .O ® o ,_./18
- o
18— o o e ©
° °

SUBSTITUTE SHEET (RULE 26)



WO 2008/127976

8/13

L
®
~N

-

rC1-C7

R 2
}?}r 5

/g
57

T1-T12

5

L
N

LS

~.

rL1-L5

rS1-S5

Co1-Co4

SUBSTITUTE SHEET (RULE 26)

PCT/US2008/059886



WO 2008/127976 PCT/US2008/059886

9/13

SUBSTITUTE SHEET (RULE 26)



WO 2008/127976 PCT/US2008/059886

10/13

FIG. 9

62

52\

68 68

80 /80'
\ 66

66

52'

SUBSTITUTE SHEET (RULE 26)



WO 2008/127976 PCT/US2008/059886

11/13

FIG. 10A PrIORART

SUBSTITUTE SHEET (RULE 26)



WO 2008/127976 PCT/US2008/059886

12/13

FIG. 10C PRIORART

SUBSTITUTE SHEET (RULE 26)



WO 2008/127976 PCT/US2008/059886

13/13

FIG. 11

10 10
34
f /-

12

34 NS Ve 34
12

FIG. 12

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 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings

